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CONFERENCE PROGRAMME

Registration and scientific sessions will take nlace in the grounds
of the law school of the University, avenue Léon Duguit.

SUNDAY 20 JULY
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rence Hall
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MONDAY 21 JULY

09.00 - 09.20 Official Welcome
—SVaertiql et i/
SESSION A —THEOGRY AND DYNAMICS-)

09.20-10.00 A1 Mﬁynamical bottlenecks and tunneling path for

10.00 - 10.20

10.20 - 10.40

10.40-11.20
11.20-11.40

11.40-12.00

12.00-12.20

A3

A4

A5

A6

chemical reactioryh ]
D.G. Truhlar

Study of the H + H, (V = 1) reaction and its
isotopic analogs.

V.B. Rozenshtein, Y.M. Gershenzon,
A.V. lvanov, S.D. llin, S.!. Kucheryavii and
S.Y. Umanskii

Reduced dimensionality rate constant calcu-
lations for O(*P) + H, (D,, HD)— OH (OD)
+ H(D) : comparison between theory and
experiment.

A.F. Wagner, T.H. Dunning, Jr. and
J.M. Bowman

Coffee

Reactions on attractive potential energy
surfaces : connections between rate and
potential parameters.

J. Troe

A theoretical prediction of rate coefficients
for reactions involving intermediate complex
formation.

J.A. Miller, C.F. Melius and N.J. Brown

The dynamics of the reactions of O(!D,)
with hydrogen-containinyg halocarbons.

P.M. Aker, B. Niefer, J.J. Sloan and
H. Heydtmann.

!
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MONDAY 21 JULY

12.20-12.40 A7 LIF measurements on product state distribu-

13.00

14.30 -

156.10 -

16.30 -

15.50 -

16.10 -
16.40 -

tions in radical-radical reactions.
B.J. Orr, WM. Smith and R.P. Tuckett

Lunch
'S
\h/('u(
SESSION B — MOLECULAR BEAMS; ~
~ ‘

156.10 B1 Reactivity of Van der Waals complexes;
C. Jouvet, M.C. Duval, W.H. Breckenridge,
B. Soep.

156.30 B2 The dynamics of reactive collisions of atomlc
carbon.
G. Dorthe, M. Costes, C. Naulin, Ph. fubet
C. Vaucamps and G. Nouchi

156.50 B3 Molecular beam study of the ([adi’cal group
effect in the K + Rl = Kl +" R(R = CH;,
C, Hs, nC3H,) reactive collisions.
V. Saez Rabanos, F.J. Aoiz, V.J. Herrero,
E. Verdasco and A. Gonzalez Urena

716.10 B4 Laser induced fluorescence study of reactions
of Ca with CH;1 and CF;1l in the molecular
beam-gas, apparatus
Guo-zhong_He, Jue Wang, R.S. Tse and
Nan-quan Lou

1640  ( Coffee

17.00 B5 Energy and angular momentum disposal in

chemiluminescent  electronically  excited V

atomic reactions; T and b P

PPPIRITISEPES A

K. Johnson, A. Kvaran, J.P. Simons and
P.A. Smith

I




MONDAY 21 JULY

17.00-17.40 B6 Topological study on three and four atom

17.40-18.00 B7

19.00

indirect exchange reactions. Application to
the processes C(3P) + NO(X2II) and C(3P)
+ N, O(X! z%),

M.T. Rayez, P. Halvick, B. Duguay and
J.C. Rayez

Dynamical processes of detachment in
Cl7H,.

M. Barat, J.C. Brenot, M. Durup-Ferguson,
J. Fayeton, J.C. Houver and J.B. Ozenne

Reception at City Hall.
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TUESDAY 22 JULY ]Q%&
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SESSION C — ATMOSPHERIC REACTIONS ~ 3

T
et 2

e ey St ks T S - ST

~=TTTT
09.00-09.40 C1 Some current problems in atmospheric trace

G9.40 - 10.00

10.00 - 10.20

10.20 - 10.40

10.40-11.20
11.20-11.40

11.40 - 12.00

12.00 - 12.20

c2

C3

C4

Cb

C6

C7

gas chemistry, the role of chemical kinetics; .

R.A. Cox

Absolute rate constants for the gas-phase
reaction of NOj radicals with reduced sulfur
compounds.

T.J. Wallington, R. Atkinson, A.M. Winer and
J.N. Pitts

Thermal stability of peroxynitrates.
A. Reimer and F. Zabel

The sticking of gas molecules to water
surfaces.

J. Gardner, L. Sharfman, Y.G. Adewuyi
P. Davidovits, M.S. Zahniser, D.R. Worsnop
and C.E. Kolb

Coffee

Discharge flow determination of the rate
constants for the reactions OH + SO,
+ He and HOSO, + O,.

D. Martin, J.L. Jourdain and G. Le Bras

High resolution Fourier transform spectro-
scopy of gas phase radicals and reaction
products.

J.B. Burkholder, P.D. Hammer and C.J. Howard

Kinetics and mechanism of atmospheric CS,
oxidation.
A.R. Ravishankara, E.R. Lovejoy, N.S. Wang,
C.J. Howard, P.H. Whine, J.M. Nicovich and
AJ. Hynes

n
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TUESDAY 22 JULY

1220-12.40 C8 Examination of the temperature dependence
for the reaction of OH radicals with hetero-
cyclic aromatics (imidazole, furan, pyrole
and thiophene) and the unimolecular decay
of the adducts imidazole-OH and thiophene-
GCH.

E. Witte and C. Zetzsch

13.00 Lunch
[

- b
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! SESSION D -’;—BUNIMOLECULAR REACTIONS- ~

14.30-15.10 D1 “The chemical dynamics of highly vibra-
tionally excited moleculgg; .

‘ F.F. Crim

156.10-15.30 D2 Mode selectivity in reactions induced by '

vibrational overtone excitation.

J.E. Baggott, D.W. Law, P.D. Lightfoot and

.M. Mills

16.30 - 15.60 D3 Analytic solution of relaxation in a system
with exponential transition probabilities.
W. Forst and Guo-Ying Xu

1660 - 16.10 D4 Mode specificity in intramolecular vibra-
tional relaxation and unimolecular reactions :
a semi-classical analysis.
V. Aquilanti, S. Cavalli and G. Grossi

16.10 - 16.50 Coffee

16.60-17.10 D5 The "a priori’ calculation of collisional
energy transfer in highly vibrationnally
excited molecules.
K.F. Lim arnd R.G. Gilbert

\/
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TUESDAY 22 JULY

17.10-17.30 D6 Multiphoton ionization studies on collisional

energy transfer and unimolecular reactions of
excited benzene derivatives.
H.G. Lohmannsroben, K. Luther and K. Reihs

17.30- 1760 D7 s propylene oxide cation radical behaving

non-ergodically in its dissociation reactions ?
C. Lifshitz, T. Peres, N. Ohmichi, I. Pri-Bar
and L. Radom

1750-18.10 D8 Energy selected ion chemistry by photo-

electron photoion coincidence and laser
induced dissociation.
T. Baer, L. Bunn, S. Olesik and J.C. Morrow

18.30 Dinner
19.20 - 20.10 F. KAUFMAN Memorial Conference by
D.M. Golden.

SESSION E — POSTER SESSIONS

20.10-21.00 0Odd numbers.

21.00-21.50 Even numbers.

E1

E2

E3

E4

Direct versus indirect microscopic mechanisms in the Li 4+ HF reaction :
an isotopic and orientational study. .

J.M. Alvarino, F.J. Basterrechea and A, Lagana

A trajectory surface-hopping study.of CI™+H, reactive collisions.

M. Sizun, E.A. Gislason and G. Parlant

Quasiclassical trajectory study of X + H, type reactions on realistic
potential energy surfaces.

B. Laszlo, G. Lendvay and T. Bérces

Dynamics of Collision-Induced Dissociation.

J.E. Dove, M.E. Mandy, N. Sathyamurthy and T, Joseph

/i
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TUESDAY 22 JULY

ES

E6

E7

E8

ES

E10

E11

E12

E13

E14

E15

E16

E17

E18

A dynamical investigation of the Li +HCI reaction.

A, Lagana, E. Garcia, J.M. Alvarino and P. Palmieri

Theoretical study of the O(3P) + CS, gas phase reaction. Potential
energy hypersurface.

R. Sayos, M. Gonzalez, J. Bofill and A. Aguilar

Molecular beams studies of atom-molecule interactions : the adiabatic
route from scattering information to anisotropic potentials.

V. Aquilanti, L.. Beneventi, G. Grossi and F. Vecchiocattivi

Reactive collision of O + H, produced with excited states in a crossed
beam experiment.,

A. Lebéhot, J. Marx, F. Aguillon and R. Campargue

Rotational excitation of the MgCl reaction product in the harpooning
Mg (!S) +Cl, reaction.

B. Bourguignon, M.A. Gargoura, J. McCombie, J. Rostas and G, Taieb.
A (>Z*) production by 193 nm photolysis of nitrous acid.

D. Solgadi, F. Lahmani, E.Hontzopoulos and C. Fotakis

U.V. photoexcitation of rovibrationally excited NO.

J. Deson, C. Lalo, F, Lempereur, J. Masanet and J. Tardieu de Maleissye
193 nm photolysis of ammonia : The intermediate in the 2-photon
formation of NH(A3T]),

R.D. Kenner, F. Rohrer, R. Browarzik, A. Kaes and F. Stuh|
Photodissociation of molecular beams of chlorinated benzene
derivatives,

T. ichimura, Y. Mori, H. Shinohara and N. Nishi

Single- and two-photon dissociation of CCIF,NO in the visible.

J.A. Dyet, M.R.S. McCoustra and J. Pfab

HgBr(B — X) fluorescence emission induced by KrF laser multiphoton
dissociation of HgBr,.

P. Papagiannakopoulos and D. Zevgolis

Picosecond laser fluorescence study of the coilisionless photodisso-
ciation of nitrocompounds at 266 nm,

J.C. Mialocq and J.C. Stephenson

Product Vibrational State Distributions in the Photodissociation of
lodine - Rare Gas Clusters.

J.M. Philippoz, H. Van den Bergh and R. Monot

Vibrational and electronic collisional relaxation of Cz(dal'Ig, v’} and
(C*IT, v') states.

P. Bartolomé, M. Castillejo, J.M. Figuera and M. Martin

N T
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TUESDAY 22 JULY

E19

E20

E21

E22

E23

E24

E25

E26

E%?

E28

E29

E30

E31

E32

E33

The cullisional quenching of Ca(4s3d(!D,}) by H, and D,.

D. Husain and G. Roberts

Collisional Electronic Quenching of OH{A? Z*) radical.

A. Vegiri, S.C. Farantos, P. Papagiannakopoulos and C. Fotakis
Collisional quenching of OH(A2Z *, v = 0) by NH; from 250-1400K.
J.B. Jeffries, R.A. Copeland and D.R. Crosley

Formation of XeCl(B*Z,/,) and Xel(B? Z,/,) by reaction of electro-
nically excited ICl with Xe.

4.P.T. Wilkinson, E.A. Kerr, R.J. Donovan, D. Shaw and |. Munro
Quenching of NO4 (*E’') by N, : a potential photochemical source of
N,O0.

K.G. Pettrich, F. Ewigand R.Zellner

The electron swarm method as a tool to investigate the three-body
electron attachment processes.

l. Szamrej, |. Chrzascik and M. Forys

The role of Van der Waals dimers in the electron capture processes.
|. Szamrej, I, Chrzascik and M. Forys

Reactions of ion-pair states of Ci,.

E. Hontzopoulos and C, Fotakis

The association reactions of NO * with NO and N, in N, carrier gas.
R.R. Burke and {.Mcl.aren

Hot atoms in ionosphere.

|.K. Larin and V.L. Talrose

The Chemistry of Sodium in the Mesosphere : Absolute Rates of the
Reactions Na + 03 ~> Na0 + 0, and Na0 + 0—>Na {*P, 2Sy/;) +0,.
J.M.C. Plane, D. Husain and P, Marshall.

Parameters of Activation Barriers for Hydrogen Atom Transfer
Reactions from Curved Arrhenius Plots.

H. Furue and P.D, Pacey

Mass spectromstric determination of rate constants and mechanism of
atomic fluorine reactions in gas phase.

N.1. Butkovskaya, E.S. Vasiliyev, 1.1, Morozov and V.L. Talrose

Kinetic study by mass spectrometry of the reaction of hydrogen atoms
with isobutane in the range 295-407 K,

J.P. Sawerysyn, C. Lafage, B. Meriaux and A. Tighezza

Kinetics of some gas phase muonium addition reactions between 155
and 500 K,

D.M. Garner, M, Senba, |.D. Reid, D.G. Fleming, D.J. Arseneau,
R.J. Mikula and L,Lee

.
Vi




TUESDAY 22 JULY

E34

E35

E36

E37

E38

E39

E40

E41

E42

E43

E44

E45

E46

E47

E48

Rate constant measurements for the reactions of ground state atomic
oxygen with tetramethylethylene, 299 K < T < 1005 K, and isobutene,
296 K <T<1019K.

J.F. Smalley, R.B. Klemm and F.L. Nesbitt

A discharge flow-mass spectrometry study of the rates of the reactions
of diacetylene with atomic oxygen and atomic chlorine.

M. Mitchell, J. Brunning, W. Payne and L. Stief

Reaction of O(*P) +SiH, in the gas phase.

0. Horie, P. Potzinger and B. Reimann

Rate constant for the reaction of O(*P) with 1-butene ;
300 < T<900K.

R.B. Klemm, F.L. Nesbitt and J.F. Smalley

Direct measurements of the reactions NH, + H, = NHj; +H at tempe-
ratures from 670 to 1000 K.

W. Hack and P. Rouveirolles

Laser studies of gallium atom reaction kinetics.

S.A. Mitchell, P.A, Hackett, D.M. Rayner and M. Cantin

Reaction kinetics of gas-phase boron atoms and boron monoxide with
oxygen,

R.C. Oldenborg and L. Baughcum

Pulsed laser photolysis study of the O +CIO reaction.

J.M. Nicovich, P.H. Wine and A.R. Ravishankara

The kinetics of CI0 decay and spectroscopy of species formed.

R.A. Cox, J.M, Davies and G.D. Hayman

Kinetic study of the reactions of N,Os with OH, HO,, Cl and CIO.
A. Mellouki, G. Poulet and G, Le Bras

The reactivity of the nitrate radical with alkynes and some other
molecules.

C. Canosa-Mas, S.J. Smith, S. Toby and R.P. Wayne

The gas phase reaction of ethy! radicals with NO,.

1. Shanahan

Kinetic measurements on the NO + NO, = N,0; reaction using a
pulsed photolysis - IR laser absorption technique.

LW.M, Smith and G, Yarwood

Temperature and pressure dependence of the rate constant for the
association reaction CF3 +0, +M=>CF;0, +M.

F. Caralp, A.M. Dognon and R, Lesclaux

CX3 =0, Bond Dissociation Energies

L. Batt and P, Stewart,

IEN
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TUESDAY 22 JULY

E49

E50

E51

E52

E53

E54

E55

ES6

E57

E58

E59

E60

E61

E62

Dissociation energy of C-O bond in the CF 30, radical.

V.l Vedeneev, M.Y. Goldenberg and M.A, Teitelboim

Relative rate studies for reactions of silylene.

C.D. Eley, HM, Frey, M.C.A. Rowe, R. Walsh and |.M, Watts

Detection of radicals in the photo-oxidation of aldehydes,

G.K. Moortgat, J.P. Burrows, G.S. Tyndall, W. Schneider, R.A. Cox,
B. Veyret and K. McAdam

Optical detection of OH(*Z *) radicals during oxidation of ethylene in
a jet-stirred reactor.

A. Chakir, F. Gaillard, P. Dagaut, M. Cathonnet, J.C. Boettner and
H. James

Probe sampling and ESR detection of labile species for kinetics studies
in flames.

J.F. Pauwels, M. Carlier and L.R. Sochet

Two-photon laser-excited fluorescence study of H and O atoms :
temperature-dependent quenching and laser photolysis for combustion
applications.

U. Meier, K, Kohse-Héinghaus and Th. Just

An expert system for gas phase reaction mechanisms.

P.B. Ayscough, D.L. Baulch and S.J. Chinnick

Simulation of the three P-T explosion limits in the H, — O, system
including detailed chemistry and multi-species transport.

U. Maas and J. Warnatz

Study of reaction mechanisrns by sensitivity analysis.

T.Turanyi, T. Bérces and S. Vajda

Implementation of the rapid equilibrium approximation on a computer
for kinetics in complex systems.

R.A. Alberty

The selfreaction of CH,OH — radicals and the CH;0H —~ CL — CL,
system,

H.H. Grotheer, G. Riekert and Th, Just

The role of decomposition reactions in flames.

J. Vandooren, B. Walravens and P.J. Van Tiggelen

Pyrolysis of cyclohexane/n-decane/steam mixtures at ca. 810°C.
F. Billaud and E. Freund

High temperature pyrolysis of toluene at very low initial concentrations.
M. Braun-Unkhoff and P. Frank

N




TUESDAY 22 JULY

E63 Kinetic study and modelling of propene hydrogenation-hydrogenolysis
in pyrex vessels at about 500°C,
J.M. Beral, C. Richard and R. Martin
E64 Kinetics of the hydrogenation of propylene at 950 K,
D. Perrin and M.H. Back
EG5 The chain NF, reactions.
Y.R. Bedjanian, Y.M. Gershenzon, O.P. Kishkovitch and V.B. Rozenshtein




——— e e

WEDNESDAY 23 JULY

09.00 - 09.40

09.40 - 10.00

10.00 - 10.20

10.20 - 11.00

11.00-11.20

11.20-11.40

11.40 - 12.00

12.00-12.20

12.30

G

SESSION F — EXCITED STATES— -

F1

F2

F3

F4

Fb

F6

F7

--'_/

Transient gain-versus-absorption laser probing

of spin-orbit states, kinetics and dynamics,

S.R. Leone

Energy partitioning in the electronically
excited NO formed by the photolysis of the
NO dimer. -

0. Kajimoto, K. Honma, Y. Achiba,
K. Shobatake and K. Kimura

The Raman spectrum of predissociating H,S.
K. Kleinermanns and R. Suntz

Coffee

Vibrational and rotational distributions of the
CO product of H +CO{v = 0, J = 0) with hot
hydrogen atoms.

P.L. Houston

Energy disposal in O(! D) + NH; = NH, + OH
reaction.

S.G. Cheskis, A.A. logansen, P.V. Kulakov
A.A. Titov and O.M. Sarkisov

Formation and reactions of electronically
excited HCI.

M.A. Brown, P.C. Cartwright, RJ. Donovan,
P.R.R. Langridge-Smith, K.P. Lawley

ArF-laser photolysis of hydrazoic acid
formation and kinetics of NH(C'H).
F. Rohrer and F. Stuhi

Lunch

. .
S/ 0 v}
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WEDNESDAY 23 JULY

13.45 Excursions (departure from university).

20.00 Banquet
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THURSDAY 24 JULY

09.00 - 09.40

09.40 - 10.00

10.00 - 10.20

10.20 - 10.40

10.40 - 11.20

11.20-11.40

11.40 - 12.00

12.00 - 12.20

12.20-12.40

13.00

Ly
Y14l
SESSION G : BIMVOLECULAR REACTIONS — - )

G1

G2

G3

G4

G5

G6

G7

G8

!

Recent advances in free radical kinetics of
oxygenated hydrocarbon speciesy . =

R. Zellner IR

Structure-reactivity relationships in the reac-
tion series OH - RCHO.
S. Dobé, T. Bérces and F. Marta

On gas phase kinetics probed by a diode
laser.
R.J. Ballaand L. Pasternack

Kinetic microwave spectroscopy of reaction
intermediates : atomic oxygen reactions with
olefins.

S. Koda, S. Tsuchiya, Y. Endo, C. Yamada
and E. Hirota

Coffee

Kinetics of the CH; + D reaction : an ano-
malous isotope effect.
M. Brouard and M.J. Pilling

The reaction O,* + CH; = H,COOH* + H.
E.E. Ferguson

Kinetics of ion molecule reactions at very
low temperature : the cresu technique.
C. Rebrion, J.B Marquette, B.R. Rowe and
G. Dupeyrat

Neutral reactions on ions.
A.A. Viggiano, C.A. Deakyne and J.F. Paulson

Lunch

Xy
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THURSDAY 24 JULY

14.30 - 15.10 H1

16.10 -

16.30 -

156.50 -

16.10 -

16.50 -

17.10 -

17.30 -

15.30

15.50

16.10

16.50
17.10

17.30

17.50

H2

H3

Ha

H5

H6

H7

oy

SR
SESSION H — HIGH TEMPERATURE REACTIONS —

!

‘Lfritegration of theory and experiment in high-
temperature chemical kineticsy . ;C‘u e

D. Gutman PEINN

oy /1/
The mechanism of the reaction C,H; + O,
- C,Hy +HO,.

R.R. Baldwin, K. McAdam and R.W. Walker

Hydroxyl-radical reactions with unsaturated
hydrocarbons : effects of deuterium substi-
tution.

F.P. Tully, A.T. Droege and J.E.M. Goldsmith

OH + olefin reaction rates at high tempe-
ratures.
G.P. Smith

Coffee

The keteny!l yield of the elementary reaction
of ethyne with atomic hydrogen at
T = 280 — 550 K.

J. Peeters, M. Schaekers and C. Vinckier

The reaction of CH radicals with H, from
372 to 675 K.
S. Zabarnick, JW. Fleming and M.C. Lin

A direct study of the reaction CH,(X®B,)
+ C, H, in the temperature range

296 K< T< 728K,

T. Bohland and F. Temps

Y




THURSDAY 24 JULY

17.50 - 18,10 H8 Kinetics and thermodynamics of the reaction

H + ‘NH; == NH, + H, by the flash photo-
lysis-shock tube technique.
J.W. Sutherland and J.V. Michael

18.30 Dinner

SESSION | — POSTER SESSIONS

20.00 - 20.50 Odd numbers.
20.50-21.40 Even numbers,
I Reaction of atomic hydrogen with monosubstituted halomethanes.

A MNDO analysis of the importance of the different channels.

M. Gonzalez, R. Sayos, J. Bofill and M. Alberti

Experimental determination of the energy distribution in photode-
composition. Diazirines and diazocompounds.

M.J. Avila, J.M. Figuera, J. Medina and J.C. Rodriguez

A study of energy transfer processes at the collision of a polyatomic
molecule with an inert gas atom by the method of classical trajectories.
V.. Vedeneev, M.Y. Goldenberg, A.A. Levitsky, L.S. Polak and
S.Y. Umansky

Transition-state theory calculations for reactions of OH with
haloalkanes. }1. Haloethanes.

N. Cohen

Theoretical studies of hydrogen atom addition to carbon monoxide
and the thermal dissociation of the formy! radical.

A.F. Wagner and L.B. Harding

Resonant electronic excitation in electron-0, collision.

D. Teillet-Billy, L. Malegat and J.P. Gauyacq

Van der Waals, charge transfer and “‘mixed’ states of molecular
complexes formed in supersonic jets.

M. Castella, A. Tramer and F. Piuzzi

MV




THURSDAY 24 JULY

110

111

112

113

114

116

116

117

118

119

120

Electronic structure of mercury-argon complexes.

0. Benoist d'Azy, W.H. Breckenridge, M.C. Duval, C. Jouvet and
B. Soep

Reactions of metastable rare gas atoms with N,O ; chemiluminescence
of Rg0* ; Rg = Xe, Kr, Ar,

A, Kvaran, A, Luoviksson, W.S. Hartree and J.P. Simons

A lifetime study on the second maximum of predissociation of the
iodine B® I1(O}] ) state.

F. Castano, E. Martinez and M.T. Martinez

Measurement of rotational energy transfer rates for HD(v = 1) in
collisions with thermal HD,

D.W. Chandier and R.L. Farrow

Laser induced fluorescence of SiH, A'B; — X!A, in the supersonic
free jet.

K. Obi and S. Mayama

High temperature collisional energy transfer in highly vibrationally
excited molecules. |l. Isotope effects in iso-propy! bromide systems.
T.C. Brown, K.D, King and R.G. Gilbert

Unimolecular reacticns following single uv-photon and multi ir-photon
excitation,

B. Abel, B. Herzog, H. Hippler and J. Troe

Laser pyrolysis of dimethylnitramine and dimethylnitrosamine.

S.E. Nigenda, A.C. Gonzalez, D.F. McMillen and D.M. Golden
IR laser-induced decomposition of oxetanes and alkanols.

K.A, Holbrook, G.A. Oldershaw, C.J. Shaw and P.E. Dyer

Use of Doppler broadening by the 254 nm Hg absorption line to
monitor v—r, t energy transfer in vibrationally excited gases.

W. Braun, M.D. Scheer, R.J. Cvetanovic and V. Kaufman

Analysis of multiple decompositions in chemically activated reactions.
P.R. Westmoreland, J.B. Howard and J.P. Longwell

Wavelength dependent isomerization of allyl isocyanide.

J. Segall and R.N, Zare

A study of the effect of excess energy on the collisional deactivation of
highly vibrationally excited 7—ethylcycloheptatriene.

Gui-Yung Chung and RW., Carr, Jr
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Asimple FTIR instrument for emission studies.

P. Biggs, F.J. Holdsworth, G. Marston arc 8,F. Wayne

Multiphoton ionization as 2 kinetic probe.

H.H. Nelson and B.R. Weiner

Intracavity detection applied to reaction rate measurements.

J.E. Allen, Jr. and W.D. Brobst

On the errors of arrhenius parameters and estimated rate constant
values.

K. Héberger, S. Kemény and T. Vidoczy

The Nationai Bureau of Standards chemical kinetics data base.

J.T. Herron and R.J. Cvetanovic

Spectroscopy of HO, and CH30, radicais and kinetics of their mutual
reaction,

K. McAdam, H. Forges and B, Veyret

The kinetics of hydroxyl radical reactions with alkanes studied under
atmospheric conditions.

S.J. Harris and J.A, Kerr

Rate constant and mechanism of the reaction OH +HCOOH.

G.S. Jolly, D.J. McKenney, D.L. Singleton, G. Paraskevopoulos and
A.R. Bossard

The reactions of hydroxy! radicals with aromatic compounds.

D.L. Baulch, |.M. Campbell and S.M, Saunders

Measurement of the rate constant of the reaction OH +H,S —*>products
in the range 243 - 473 K by discharge flow laser induced fluorescence.
P. Devolder, C. Lafage and L.R. Sochet

Reactions of OH radicals with reduced sulphur compounds.

I. Barnes, V, Bastian and K.H. Becker

Reactions of hydroxyl radicals with sulphur containing compounds.
P. Pagsberg, OJ. Nielsen, J. Treacy, L. Nelson and H. Sidebottom
Rate constants for the reactions of OD with DNOj and NO,.

A.R. Bossard, D.L. Singleton and G. Paraskevopoulos

The kinetics of the reactions of the hydroxyl radical with molecular
chlorine and bromine.

R.B. Boodaghians, 1.W, Hall and R.P, Wayne
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Reactions of OH radicals with acetates and glycols,

D. Hartmann, D. Rhisa, A, Gédra and R. Zellner

Kinetics of the reactions of SH with NO, and O,.

R.A. Stachnik and M.J. Molina

Laser-induced fluorescence studies of the CH3S radical.

G. Black and L.E. Jusinski

Oxidation of the H, S by the atmosphere components.

V.P, Bulatov, M.2. Kozliner and O.M. Sarkisov

Relaxation and reactions of NCO (X* IT).

C.J. Astbury, G. Hancock and K.G. McKendrick

Kinetic measurements of the NCO radical reaction with ethene over
an extended temperature range.

R.A. Perry

Direct rate studies of HCO radical reactions.

J.E. Baggott, H.M. Frey, P.D. Lighfoot and R. Walsh

Reactions of CH(X? 1) radicals with selected species at low pressure.
K.H. Becker, P. Wiesen and K.D, Bayes

The temperature and pressure dependence of the reaction : CHz + O,
+M—=>CH30, +M.

M. Keiffer, M.J. Pilling and M.J.C. Smith

Kinetics of the reactions of polyatomic free radicals with molecular
chlorine.

R.S. Timonen, J.J. Russell and D. Gutman

On the methyl radical-initiated thermal reaction of 2,3-dimethyl-
butene-2,

T. Kortvélyesi and L. Seres

Rate constants for some hydrocarbon radical combinations.

L. Seres and A. Nacsa

Kinetics of the chlorination of C,HsBr and the competitive bromi-
nation of C;HsCl, CH3CHCI,, C; HsBr, and CH3CHBr,.

E. Tschuikow-Roux, D.R. Salomon, F. Faraji and K. Miyokawa

The chemistry of triplet vinylidene radicals : reaction with molecular
oxygen.

A. Fahr and A,H. Laufer
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149 On the kinetics and thermochemistry of cyanoacetylene and the
ethynyl radical.
J.B. Halpern and G.E. Miller

160  The radical-radical NF, reactions.
Y.R. Bedjanian, Y.M. Gershenzon, O.P. Kishkovitch and
V.B. Rozenshtein

151 Formation of molecular hydrogen by the thermal decomposition of
n-dialkylperoxides in oxygen.
K.A. Sahetchian, A. Heiss, R. Rigny and J. Tardieu de Maleissye

152 Reaction mechanisms for decomposition of energetic materials.
C.F. Melius and J.S. Binkley

153 The pressure dependent decomposition of the trifluoromethoxy radical.
L. Batt, M. MacKay, I.A.B. Reid and P. Stewart

154 Synthesis and Pyrolysis of Perfluoroazo -2- propane,
K.V. Scherer Jr., L. Batt and P, Stewart

1556 Experimental and theoretical study of the ethyl radical unimolecular
dissociation.
Y. Simon, J.F. Foucaut and G, Scacchi

I56 The photochemical and thermal decomposition of some simple «
— dicarbonyl compounds in the gas phase.
R.A. Back

157 UV-laser induced decomposition of 1,2—dichloropropane.
M. Schngider, R. Weller and J. Wolfrum

158 The thermal decomposition of unsymmetrical dimethylhydrazine.
K. Brezinsky, F.L. Dryer, D, Schmitt and D. Lourme

159 Oxidation of formaldehyde at low oxygen concentration.
M. Vanpee, K. Sahetchian, V. Viossat and J. Chamboux

160 Pseudofiame front for methane in a lean methane air mixture.
M. Vanpee

161 Dilute hydrocarbon oxidation in the presence of the CO/H,0/0,
reaction between 960 — 1250 K at 1 atm.
R.A. Yetter and F.L. Dryer

162 Kinetic and chemical study of the gas-phase oxidation of isobutane and
propane.
B. Vogin, G. Scacchi and F. Baronnet
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A simplified chemical kinetic reaction mechanism for propane oxidation.

A.Y. Abdalla, J.C. Boettner, M. Cathonnet, P. Dagaut and F. Gailiard

Gas-phase oxidation of benzene and derivatives ; formation and further
conversion of phenols.

R. Louw and P, Mulder

High-temperature propane oxidation.

R.I. Moshkina, S.S. Polyak and L.B. Romanovich

The initial stage of methane oxidation at high pressures.

V.l. Vedeneev, M.Y, Goldenberg, N.I. Gorban’, M.A. Teitelboim
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09.00-09.40 POLANY! Memorial Conference : Bond disso-
ciation energies : a continuing story.
S.W. Benson

Sendtryd
SESSION J = COMPLEX REACTIONS.(A11))

09.40 - 10.00 J1 Kinetics of the halogen catalysed elimination
of HCI from 1, 1, 1-trichloroethane.
A.S. Rodgers and J. Perus

10.00-10.20 J2 Computer programs and data bases for the
kinetics of gas phase reactions.
G.M. Come, G. Scacchi, Ch. Muller,
P.M. Marquaire and P. Azay

10.20 - 1040 J3 The thermal decomposition of n-hexane.
F.E. Imbert and R.M. Marshall

10.40- 11.20 Coffee

11.20-11.40 J4 Chain kinetics in igniting hydrocarbon-air
mixtures studied by transient OH fluorescence
following photolytic perturbation.
C. Morley and L.J. Kirsh

11.40-12.00 J5 Modeling nitricoxide formation in combustion.
A. Miller

12.00-1220 J6 Modelling of the gas phase free radical
chemistry of the plasma etching process :
CF, and CF;/0, mixtures.
{.C. Plumb and K.R. Ryan

12.20-12.40 J7 Reaction of CF; radicals on SiO, and Si

surfaces between 300 - 600 K.
R. Robertson, M.J. Rossi and D.M. Golden
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12.40
13.00

Concluding remarks.
Lunch
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DYNAMICAL BOTTLENECKS AND TUNNELING
PATHS FOR CHEMICAL REACTIONS

Donald G. Truhlar
Department of Chemistry, University of Minnesoia,
Minneapolis, Minnesota 55455 U.S.A.

I will present the concepts involved in variational
transition state theory and multidimensional semiclassical
tunneling calculations. Emphasis will be placed on
vibrationally adiabatic potential curves, free energy of
activation profiles, and a least-action varational principle
for the analytic coéntinuation of classical mechanics to
tunneling regimes. The concepts will be illustrated by
applications to deterine dynamical bottlenecks and tunneling
probabilities for microcanonical, thermal, and state-selected
reaction rates.

This work is supported in part by the United States

Department of Energy, Office of Basic Energy Scieunces.
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Study of the H + Hé v=1 ) reaction and its isotopic analogs.

Rozenshtein V.B., Gershenzon Yu.M,, Ivanov A.V., I) in S.D.,

Kucheryavii S,I,, Umanskii S.Ye

Institute of Chemical Physlics, Moscow 117977, USSR

The goal of the present study is to determine the rate cons-
tants of different channels of the reactions of vibrationally exci-
ted hydrogen molecules with hydrogen atoms and its isotopic analogs.
The rate constants of following processes have been measured ( ki
in em3/molecule 8 ) :
r->H2(v= 03+ H

1e H + H2( val) -4

-11
k.= 5.107 " exp(~1450/T)
L->H o+ Hy (ve0) ' '

255-300 K

2, D+ Hy( val 3 ==> DH( v=1 ) + H , ky= 2,110 Oexp (~1600/1),
254-367 K

30 D+ Hy( va1 ) =->DH( v=0 ) + H , ly= 1.0.10” Vexp(-1550/m),
254-367 K

40 D+ Hz( v=1 ) =D + HZ( v=0 ) [ k4 é 2.7'10- 13 'y 254 - 300 K
5. H + D2( vai ) =>>~HD( v=1 ) + D, k5= 4,8 10.409@("3325/'1‘))
298~-367 K

6o H4 Dy( val ) =->HD( v=0 ) + D, k= 1.3-10"1Oexg(-2125/T),
367 K

298
Te Ha Do vl ) == H + Dy{ veO ) , ko= 310" lexp(~2125/1)
2 2 T 2982367 K
r"'>- D2( v=0 ) + D

‘s D 4 Dy( v=0 )
The experiments were carried out in a flow-tube apparatus.

8. D+ Dy( va=1 ) » kg £1.0 10713, 300 K

Atoms were produced in microwave discharge. Vibrationally excited H,

and D, molecules were generated in quartz furnace or in microwave
discharge. The H- and D- concentrations were measured by EPR method.
The thermometric method was used to measure the concentrations of

H2(v=1) and D2(v=1) molecules,
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There were the experimental conditions the V-V exchange between
HD(v=1) molecules and H?(v=0) or D,(v=0) molecules proceeded or was

abaent.This gave us an opportunity to find the rates of Aifferent
channels of {he reections studied,

The results obtaned are in a good agreement with the results of

the recent theoretical studles,
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Reduced Dimensionality Ratie Constant Calculations for
O(3P) + Ho(D2,HD) - OH(OD) + H(D):
Comparison between Theory and Experiment

A. F. Wagner, T. H. Dunning, Jr. and J. M. Bowman'
Argonne National Laboratory
Argonne, IL 60439
USA

Exact quantum dynamics and quasiclassical trajectory dynamics calculations
on an ab initio and a semiempirical LEPS collinear effective potential energy
surface are presented. The surfaces adiabatically incorporate the bending
degree of freedom. All hydrogenic isotopic combinations of the O(SP) + Ho
reaction are examined. The results display the effects of skew angle and
adiabatic barriers. The collinear dynamics studies are incorporated with
reduced dimensionality techniques into transition state theory to produce
fully dimensional rate constants for comparison to experiment. The resuits
for the ab initio surface are in near quantitative agreement with available
experimental results. The results for the semiempirical surface are less
satisfactory. In particular, even though the two potential energy surfaces
have almost exactly the same barrier to reaction, the experimental isotope
effects alone (ie., ratios of rate constants) clearly distinguish between

these two surfaces. These calculations can also be compared favorably with
variational transition state theory rate constant calculations by Truhlar and
Garrett.

*Consultant. Permanent address: Emory University, Atlanta, GA., 30322, USA
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Reactions on Attractive Potential Enexgy Surfaces:

Connections between Rate and Potential Parameters.

J. Troe

Institut flir Physikalische Chemie der Universitdt Gdttingen,

TammannstraBe 6, D-3400 Gottingen, Germany

Simple short~range/long-range switching models of attrac-
tive potential energy surfaces are implemented in the
statistical adiabatic channel model. By explicit determi-
nation of channel eigenvalues, state~resolved channel
threshold energies are determined and investigated with
respect to their dependence on the potential parameters.
The treatment is applied to thermal ion-molecule capture
processes over very wide temperature ranges (1 - 1000 K),
to elementary thermal bimolecular reactions with redisso-
ciation of the collision complex (0 + 0H:;=$=02 + H and
other examples), to thermal radical and ion recombination
processes at high pressures, and to state-resolved simple
bond fission reactions of excited neutral and ionic mole-
cules. With known short-range and long-range potential
data, the model becomes free from further adjustable para-
meters. In a series of thermal reactions, the comparison
with experimental results indicates excellent agreement

over very wide temperature ranges.
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A THEORETICAL PREDICTION OF
RATE COEFFICIENTS FOR REACTIONS
INVOLVING INTERMEDIATE COMPLEX FORMATION*

Jases A, Nillerfand Carl P. Helius, Combustion Research Pacility, Sandia
National Labormtories, Livermore, CA 94550

and
Nancy J. Brovn, Applied Science Division, Lavrence Berkeley Laboratory,
Berkeley, CA 94720

The emphasis in this vork is on the prediction of rate coefficients

and branching ratios for chemical reactions that occur over one or more
Such reactions are complicated by a number of factors.

potential vells.

One factor is that the complex formed initially from the reactants may
{somerize any number of times and each isomer may dissoclate into several
different product channels. In the first tvo projects discussed here,

ve use the strong-coupling (or RRKM) approximation to treat tvo such
reactions important {n the nitrogen chemistry of flames, In the third
project, ve use quasi-classical trajectory methods to elucidate the
apparent violation of the strong-coupling approximation in the reaction
0 +08 — 0+ B, This latter reaction, vieved from the reverse
direction, {s the single most izmportant reaction in combustion

k
0 + HCN -3 NCO + § (a)

1)
k
Y (b)

Using BAC~-MP4 potentiml surface parameters, ve have treated this reaction
vith several statistical-theoretical methods:

(a) Canonical theory, CT
(b) Canonical theory vith Vigner tunneling correction, CT-V

(c) Microcanonical theory, HCT (conserves energy)

(d) Hicrocanonical/) - conservative theory, #JT (conserves
energy and anguler momentum)

(e) Hicrocanonical/J - conservative theory vith
one-dimensional tunneling, WT-T.

At the high end of the temperature range investigated (500 K to 2500 K),
the experimental results available are predicted accurately by even the
crudest theoretical treatment (canonical theory). At lover temperatures,
the theoretical predictions, at all levels of approximation, using the
basic BAC-HP4 parameters are too lov. Hovever, adjustments to the BAC-HP4
energy barriers vithin their anticipated error limits lead to satisfactory
agreement vith experiment over the entire temperature range. At high
temperature, both k and k are independent of the level of approximation
of the statistical theory.” At lov temperature, the total rate

coefficient, k_ » k 4 k , is also relatively independent of the level of
k ) strongly

approxiution.r Hoviver,bat lov T the branching ratio kbl(k +
depends on energy and angular momentum conservation and

successive refinement in the theory produces larger velues of kb.

on tunneling. Each
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k

2) OH + HCN -3 HOCN + H (a)
k
-3 BNCO + B (b)
k
-5 NH, + CO (e)

Ve have treated these reactions using CT, wJT, and wJT-T vith BAC-HP4

potential parameters. As shown in Pig. 1, our prediction for

k wk +k +k 15 In excellent agreement vith the high-temperature

flame tesults. Ve find that k is the dominant part of k_ at high

temperature, vheress k is domfnant at lov temperature; k’ is never more

than 10 percent of the’total. Energy and angular momentuk ccuservation

have no 2ffect on either k or k ; hovever, tunneling has a very large

effect on k. at the lov end of the temperature range investigated (500 K to 250
As indicated by Fig. 1, the importence of this reaction in flame chemistry ia
lirited to conditions vhere the abstraction reaction

k
o + BN ~4 o + B0 (4)
is nearly equilibrated.
3) 0+ 0B — 03 + H.

Ve have compared quasi-classical trajectory calculations of this
rate coefficient (Melius-Blint potential) vith experiment and vith the
variational transition-state theory calculations of Rai and Truhlar
using the same potential. The most important result of this study is
that all the discrepancy vith experiment of the VIST predictions is
made up by the trajectories. Host of the difference is due to
recrossing effects, apparently violating the strong-coupling (RRKN)
sssumption. Figure 2 shows the comparisons.

Tt Author to whom correspondence should be addres:ed.
* Work supported by the U,S. Department of Energy, Office
of Basic Energy Sciences, Division of Chemical Sciences.
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The Dynamics of the Reactions of 0(1D,) with
llydrogen~Containing Halocarbons

P.li. Aker, B, Niefer and J.J. Sloan
National Reseatrch Council of Canada
100 Sussex Drive, Ottawa, Ontario, Canada KIA OR6

and

H. Heydtmann
Institut f. Physikalische Chemie
J.H, Goethe~Universitat
D-6000 Frankfurt/Main, West Germany

We have used an implementation of time=-resolved Fourier transform
spectroscopy, recently developed in this laboratory, to study the dynamics of
V.V, laser-initiated reactions of O(!D,) with several small hydrogen—~containing
freons. The reagent atoms are prepared im the 1p, electronic state with a
narrow translational energy distribution by the 228 nm laser photofragmentation
of ozone. State- and time-resolved observations of the products are made via
low-pressure Fourier transform infrared emisslon spectroscopy. The instrument
used for this is a slightly-modified commercial Fourier transform spectrometer
to which a timing computer has been added. This timing computer monitors the
operation of the computer in the commercial instrument and synchronizes the
initiation of the reaction with the operation of the interferometer. A4s a
result, the high~resolution infrared spectra of the reaction products are .
measured at a known time after the creation of the 0(1D2) reagent. The
time~dependences of the energy distributions give both the initial product
energy distributlons and the way these change due to gas phase energy transfer
processes. This permits the considerable (throughput and multiplex) advantages
of the Fourier transform technique to be used in kinetics and dynamics
measurements.,

Presently, the accuracy of the time-resolved measurement is limited
to about %5 microseconds, The spectral resolution is limited to about 0.02
en™}, The experiments are carried out in the millitorr pressure range so that
the collisfon time approximately matches the minimum time~resolution. In most
experiments, the products can be observed before vibrational deactivation
occurs and Iin selected cases, before rotational deactivarion as well. Energy
transfer information can also be obtained using this technique. By increasing
the pressure in the reaction chamber and by delaying the observation time, the
number of gas phase collisions involving the products can be increased in a
known, controllable way. Thus observations of the distributions can be made at
known times during their deactivation and the way in which their shapes change
during deactivation can be observed directly. Using a master equation or other
suitable procedure, this information can be used to obtain detailed energy
transfer rate constants.

This technique has previously been applied to the measurement of
energy partitioning in the reactions of 0(1D2) with several small molecules.,
The first study was the reaction with H2. llere, the product on(2m,v',J') was
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obgerved at a minimum time corresponding to about 10 gas kinetic collisfons
after its formation. Although the OH deactivation probability in collisions
with ozone is very high, this measurement provided the initial vibrational
distribution for the reaction. The rotational distribution had been
thermalized before observation, however. The observed vibrational
distribution, P(v'=]1:2:3:4) = 0,29:0,32:0,25:0.13, {8 slightly inverted,
suggesting specific, rather than statistical energy partitioning. These
results, combined with dynamical calculations and laser-induced fluorescence
measurements of the rotational distributions made in other laboratories,

provide a complete picture of the reaction dynamics. The very high rotational

excitation observed in the laser induced fluorescence experiments suggests an
ingertion mechanism which forms highly-excited HOH. The inverted vibrational
distribution dictates that this intermediate exists for only one or two
vibrational periods before decomposing into OR and H. Thus, although this

reaction is an insertion, it has the same time scale as a direct abstraction in

which products are formed in a single ONH collision without the formation of
the HOH intermediate.

The work to be discussed in this Symposium involves reactions of

0(102) with small hydrogen-containing halocarbons. These are all very fast and
arve typical of many similar reactions which make a substantial contribution to
cycles. The initial
measurements include the reactions with CHCla, LHF3 and 5HF Cl. These systems

the chomistry of the ozone layer through the “OK and Cl0

are more complicated than the triatomic case as they have tﬁe possibility for

multiple reaction channels forming chemically different products. In addition,

the vibrational deactivation rates in collisions with the unused halocarbon
reagents are high and there is the possibility for fast secondary reactions
among the radical products of the primary reaction. All of these factors
complicate the interpretation of the long-time behaviour observed in these
systems., In the work to be discussed, we have observed two primary reaction

branches ~ one a direct abstraction forming OH and one an addition-elimination
in which the primary product is a hydrogen halide. Work in other laboratories
has suggested that there is also a channel in which the halogen oxide is formed

directly, but this process would not be observable in our experiment.

3
In the CHCla reaction, the branching ratios indicate that the direct

hydrogen abstraction channel and the addition-elimination (forming HCl) have

comparable importance. The dynamics of the two channels, however, are not the

same, The initial distribution of the HCl is very “cold” - the vibrational

populations decrease rapidly with increasing vibrational level. This indicates
that the intcraction time for this process is long and a statistical amount of
the large reaction exoergicity (650 kJ/mole) is retained by the CoCl, fragment.
CO 1s also observed as an initial product of this reaction, suggesting that the
energlzed COCL, decomposes into CO and either 2 Cl or Cl,. The OH vibrational
distributicn is more excited than that of the HCl, indicating that it is likely
formed in a simple, direct abgtractlion process. A secondary reaction, forming

HC1l with strong vibrational excitation, is observed at later times in this
gystem. The identity of the latter reaction is presently unknown.

Results of experiments of the CHF, reaction are broadly similar to

these, but differ in some details. 1In this case, no OH is observed within the

signal to noise of the present data. Since the infrared transition
probabilities of OH are extremely weak, however, the abstraction reaction may
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still be occurring. No CO is observed in this reaction and since this product
should be observable, its absence suggests that the euergetic COF, does not
decompose as readily as COCl,. Although the lunitial HF vibrational excitation
is low, it has substantial rotational excitation, indicating that the HF
eliminactfon involves the transfer of the H atom from an extended C-H
configuration so that an orbiting motion about the F atom 1s created. The
results of the CHF2C1 experiments are similar in many ways to the CilF 5
observations. In this case as well, HF 1s formed with low vibrational, but
high rotational excitation. HCL is produced in substantially less than the
statigtically-expected amount, however, and the initial data contain no
w¢ldence for the H-abstraction channel or for any detectable secondary reaction

within the time-frame available to the experiment.
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LIF Measurements on Product State Distributions in Radical~Radical Reactions

Brian J, Orr,1 Ian W.M. Smith, Richard P. Tuckett

Department of Chemistry, University of Birmingham,

P.0. Box 363, Birmingham B15 2TT, U.K.

Collisions between free radicals (species with one or more unpalred electron)
are likely to proceed via a transition collision complex, since the foxmation

of a new chemical bond can lead to a deep minimum on one of the potential

energy surfaces which correlate with the reaction products. Such reaction«

have no activation energy, and measurements of the rovibrational preuck state

distribution can indicate the role, if any, played in the dynamics by the

formation of the complex. Measurements of this kind are rare, and we are

using laser-induced fluorescence (LIF) to probe the product state distribution

from a number of such reactions, especially those producing NO X *H. We
expect to report detailed vibrational, rotational, spin-orbit, and A-doublet

distributions for the products of the following exothermic reactions:

B kJ/mol
HES) 4 NO, (A1) + OM(X*T) + NO(X'T) -123.6
0O(°P) + NO, (X*Ry) + O, (X’ L) + No(x'm) -193.0
H("s) + OH(XT) - H(IS) + NO(X*N) ~203.7

The reactions are carried out in a low pressure chamber under neaxr collision-
free or arrested relaxation conditions, so that we try to observe the initial
product state distributions prior to relaxation occurring.

The H + NO, reaction is exothermic enough to populate up to OH v"=3
and NO v"=5., We have probed both fragments by single photon LIF via the
O A?E* - XN (308 nm) and NO A?L* - X1l (226 nm) band systems. This reaction

has been studied by other groups {e.g. 1,2,3], but they have all only probed




A7

the OH distribution. This is the first published observation of the NO
distribution by LIF. Our initial results can be summarised as follows:

a) The OH is produced rotationally and vibrationally hot.

b) The OH X*Il A-doublets are unequally populated, with the HI* levels
(from which P,R branches originate) preferentially populated
over the II” levels (from which Q branches originate).

c¢) The NO is produced vibrationally cold with Population (v=1)}/
Population(v=0) < 0.02.

d) We have not yet attained a low enough pressure to prevent
rotational relaxation of NO, so NO(v=0) shows a thermalised

rotational distribution.
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REACTIVITY OF VAN DER WAALS COMPLEXES

C. Jouvet, M.C. Duval, W.H. Breckenridge, B. Soep
Laboratolre de Photophysique Moléculalre
Bat. 213 -~ Unlversité de Parls-Sud
91405 - ORSAY Cedex - France.

We have developped a method which Initlates selaclively a photochemical
reaction. We prepare the reactants wlthin a van der Waals complex which Is then
lifted Into the reactive surface by tunable seleclive laser excitation. These reaction
conditions simllar 10 a photodissoclatlon at the low temperatures of supersonic froe
Jets, ure experlmentally simple and provide the leasl averaging over the varlous
colllslon parameters,

This technique applled to the complex Hg, Hp has revealed an orbhafly
selective reaction. The reactlon pathways within the exclied complex (SP\) ragion
depend upon the orlentation of the 6p mercury orbltal perpendicular or parallel 1o the
Hlg = Hpo Internuclesr axls.

The reuaction Is shown to proceed direclly when the 6p orbltal Is orlented
perpendicular to the Internuclear axis by an Insertion mechanlsm through the
hydrogen band exacily as could be foresighted. On the contrary, the reaction Is
Indlrect for a non perpendlicular orlentation of the Hg 6p orbltal.

turthermore the method prepares the reactants with very low angular
momentum thus reducing the averaging over .the final distrlbutlons. The rotational
distribution of the HgH fragment glves us some insight Into the transition state reglon
of the reactlon.
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THE DYNAMICS OF REACTIVE COLLISIONS OF ATOMIC CARBON

G. Dorthe®, M. Costesa, C. Naulina, Ph. Caubet®, C. Vaucar’npsb and G. Nouchib

a - Laboratoire de Photophysique et Photochimie Moléculaire
b - Centre de Physique Moléculaire Optique et Hertzienne
Université de Bordeaux I - 33405 Talence Cedex - France.

Many reactions of atomic carbon are very exoergic, presumably exhibi-
fing pathways with no or very small activation barriers and leading to electro-
nically excited products. These reactions could be of interest for electronic
transitions chemical lasers, interstellar chemistry and combustion.

In flow experiments at 300 K the reactions with N,0, ND,, S0,, OCS
and HyS have been shown to give electronic chemiluminescence from CN, NO, SO
and CS. The chemiluminescences from C + N0 and C + SO, appear interesting for
an electronic transition chemical laser. Rate constants for these reactions at
300 K will be given.

The study of the dynamics of such reactions has been undertaken in
crossed pulsed supersonic molecular beams. Atomic carbon is generated by
graphite vaporisation with an excimer laser. Products are probed by laser
induced fiuorescence with a pulsed dye laser. Collision energies are ranging
from 0.05 eV to 0.3 eV, The C + NO -+ CN + O reaction has no activation barrier
since CN signal remains inchanged when increasing collision energy. Conversely
the C + Ny0 + CN + NO reaction has an activation barrier < 0.08 eV since CN
signal begins to be detected at a collision energy of 0.08 eV and increases
sharply when increasing collision energy. CN vibrational distribution
decreases smoothly from v" = 0 to v" = 4 with a sharp cut-off at v" = 5 for
the C + NO reaction. CN produced from C + NoO + CN 4 NO exhibits a vibra-
tional popular inversion with a maximum population at v" = 4, The study of
the dynamics of other reactions is in progress.
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MOLECULAR BEAM STUDY OF THE RAVICAL GROUP EFFECT IN THE K +

RI ——> KI + R(R=CH,, C,Hg, nCgH,) REACTIVE COLLISIONS(*)

V. Sdez Rébanos, F.J. Aoiz, V.J. Herrero, E. Verdasco and 4.

Gonzdlez Urefia.

Departamento de Quimica Ffsica. Facultad de Quimica. Univer-
sidad Complutense, Madrid~28040, SPAIN.

(*) Support of this work by the Comision Asesora of Spain
(grant 963/81) is gratefully acknowledged.
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ABSTRACT

Differential reaction cross-section for the K + RI —>
KI + R(R:CH3, CZHS’ 03H7) systems have been measured ac 2
function of the collision energy by using our molecular beam
apparatus. The analysis of the center~of-mass angular and
recoil velocity distribution of the products indicated: (a)
a backward peak character as correspond to a direct, rebound
mechanism (b) that the average translational energy of the
products <E%> increases approximately linearly with
(increasing)collision energy,<Efa as follows <[-:',I,>/K.I.mol_1 =
a <ta,r>/x.l.mol"1 + b where (a,b) are (0.65, 66.5), (0.56,
58.4) and (0.28, 30.3) for the methyl, ethyl and propyl
iodide reactions respectively. Whereas in the methyl and
ethyl reactions the fraction of the available energy that

appears in translation, f is about 0.65-0.55 in the propyl

Tl
case it reduces to ca. 0.3.

A comparison with photofragmentation studies Tfor the alkyl
iodides, RI, has shown a similar dynamics 1involving a
"quagsi-diatomic" C-I excitation followed by recoil o' a
"soft" radical. An information theoretical analysis of the
products' recoil velocity distribution revealed that the
(direct) dynamics involving the rupture of the same C-I bond
can recover the experimental differential reaction
cross-sections providing that the statistical contribution,
assoclated with the degrees of freeedom of the different
radical groups, is properly increased. In particular the
enhancement of the energy disposal for the propyl reaction
could be associated to the presence of the symmetric C-C-C

bending motion.
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LASER INDUCED FLUORESCENCE STUDY OF REACTIONS OF Ca WITH CHI AND

CFBI IN THE MOLEGULAR BEAM-GAS APPARATUS

-
Guo-zhong He, Jue Wang, R. S. Tse, and Nan-quan lou
Dalian Institute of Chemical Physics, Academia Sinice, P.R. China

One of the major topics in molecular dynamics is to atudy the distribution
of available energy to internal state of the nascent reaction products by the
molecular beam techniques as well as the lager induced fluorescence method,

In this paper we present a beam-gas experiment on ths exothermic reactions

Ca + CHBI mmcemmaeeys 081+ CH3 {a)
and

Ca  + CF,l mememeess Col + OF, (v)
for which the vibrational populations of nascent product Cal are probed by
means of LIF, The beamwgas apparatus employed is shoun schematically in Fig.1.

" A calcium beam effuses from an orifice(0.8 mm) on the top of a cylindrical

crucible, heated to 1050 k by thermal radiation from a sleeved graphite
electrical resistant heating tube, and passes through u slit (2.5 ne) into
the scattering chamber, which is filled with CH I (or CF I) at pressures

of (1-20)X10-5 torr. The pulsed laser beam from a YAG:ND laaer pumped tunabie
dye laser (Quanta Ray, DCR~1 and PDL) intersects the Ca beam perpenticularly
in the center of the scattering chember. The dye laser is scanned in wave-
length to generate an excitation spectrum of the Cal product using the

%I -X*%" band sydten, Tile linewidlh of the dye laser beam is about 0.2 A.
The fluorescence is viewed by a photomultiplier (R943). A PAR model 162,165
boxcar integrator is used to amplify and average the fluorescence signals,
The output of the boxcar drives a 8tripchart recorder,

Laser excitation of the ASTY 3/2 -X s¥CaI band system in the region 6375~
6395 & ‘is used to determine the internal state distribution of the reaction
product, Fig.2 shows the variation of total fluorescence intensity with
excltation wavelength for the Cal AV=0 sequence of the 0a+CH31 and Ca+CF31
reactions. In the Cal A2Tr3/2-xzifband system, heads are formed in the Q,

and P, 21 branches at almost the same frequency and value of J,

"
Qu#P,,  (28"-B,,.) (Bgt28)
5. 2%z —-—--l%f,- and 4n the P, branch at 3, %2, =
head ] heiid ")’
20 Q,t
For the (0,0) bend of the A°TF 51X transition, 532021 5y

Jhe%d =104,
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The presence of the heads of the (0,0),(1,1),(2,2),(3,3),(4,4) bands
for reaction (a) and the (8,8),(9,9),(10,10),(11,11) bands for reaction (b)
indicated that the substantial rotational excitation of the product Cal
occured.

Computer sinmulation of the observed LIF spectra revealed that the
average vibrational energy of the CaI for reaction (a) was about 10% of
the total available energy , and that of the reaction (b), about 40%. The
relative vibrational state distribution of CaIl formed in the reactions(a)
and (b) are shown in Fig.3. For reaction (a}, the vibrational distribution
of Cal was produced preferentially around V=2, while for react@on(b) the
peak shifted to V=10,

A comparison is made of the fraction of the total energy going into
vibrational energy ,<f¢ =Ev(CaI)/Etot, for four reactions. The results are
shoun in the following table:

CH, I CF,I
Ba AT 69% (from reference" /)
Ca 19% 40%

For the series of reactions M+ CHBI (GFBI) with M+Ca,Ba, there is an
increasing (fv> as the atomic mass of the alkaline earth metal atom
increase,

Surprisal analysis of the vibrational population suggests that the
vibrational excitation of radical CH3(0F3) must be taken into account
for reaction mechanism analysis,

DIPR model is used to calculate the (fv>of thece two reactions,

Comparisons with other reactions, such as K+CH31 (CF3I) and BatCH
(CFBI), are given and some similar features are pointed out.

31

Reference
(1)a.p. Smith, J.C. Whitehead,and R.N, Zare, J.C.P. 67,1912 (1977);
P.J.Dagdigian, H.W.Cruse and R.N. Zare, C.P. 15,249(1976)

*Visiting scientist froz Dept. of Chemistry, University of Hong Kong
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Energy and Angular Momentum Disposal in Chemiluminescent Electronically

Excited Atomic Reactions
Keith Johnson, Agust Kvaran+, John P Simons and Peter A Smith

Chemistry Department, The University, Nottingham NG7 2RD, England

* Science Institute, The University of Iceland, 107 Reykjavik, Iceland

In"addition to their intrinsic interest in the field of u.v./visible
laser systems, the chemiluminescent reactions of electronically excited
atoms have many features attractive to the student of molecular reaction
dynamics. Translational energy utilisation can be probed through
measurements of the intensity of the chemiluminescence excited by
collision of superthermal reagent beams; internal energy disposal and
prdduét branching ratios can be determined from the analysis of resolved
chemiluminescence spectra under both static and molecular beam conditions;
differential cross-sections can be obtained through measurements of the
depletion of elastically scattered reagent beams at large scattering
angles; the influence of molecular spatial or electronic orbital
a%ignment prior to collision can be probed by polarised laser excitation
techniques; the collisional energy dependence of product rotational
alignment and angular momentum disposal can be obtained through
measurements of the chemiluminescence polarisation excited under molecular
beam conditions; resolution of the chemiluminesence spectrum may reveal
the dependence of the alignment on the product vibrational state. Many
more measurements are possible when the excited atom is itself
fluorescent. The chemiluminescent interaction of electronically excited

rare gas atoms Rg(npS(n+1)s) provides an ideal system for dynamical
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studies which exploit this wide variety of techniques. Resembling in
some ways the ‘harpoon' chemistry of the alkali metal atoms [1] their
dynamics are both complicated and enriched by the electronic excitation;
excitation transfer channels can now compete with the alternative atom
transfer reactions.
¥eX(B, C, D) + X (1}
e.g. X¥e(3PJ) vty X= Cl, Br, I
T e (4, (0" (28) ...) (11)
Unravelling the dynamics of such systems requires a careful and systematic
analysis of the intensities of the overlapping bound -free oscillatory
spectral continua, their polarisations and their dependence on the
collision energy. Interpretation of the experimental data shouid address
the degree to which purely kinewatic rather than dynamical factors govern
the observed behaviour, the degree to which the competing physical
channels (II) may influence the dynamics of the reactive channels (I) and
an assessment of which observables are most sensitive to particular
features of the potential energy surfaces. The chemiluminescence
polarisation for example, reflects the degree of product rotational
aligoment which in turn reflects the partitioning of angular momentum
between orbital and internal motion: this, in its turn, may be sensitive
to the repulsive release of potential energy in the exit channel, to the
preferred collisic, geometry at the head of the exit channel and/or to the
duration of the collision.
The lecture will review recent experimental studiesof the reaébion
dynamics in the kinematically constrained systems
Xe(*P)) + HY » XeX(B, C) + H, X = Cl, Br, I (I11)
and in the unconstrained systems (I) and (II){2]). These will be compared -

with the analogous alkali metal atom reactions to see how far the analogy
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is realistic, and measured against the predictions of a hierarchy of
'minimum detail' theoretical models. These include a purely kinematic
model ('physics-free') [3), the DIPR model (exit repulsion and collision
geometry) {43, a phase space model [5) (purely statistical) and a

constrained phase space model ('conservation laws plus').

[1) D W Setser, T D Dreiling, H C Brashears, Jr. & J H Kolts, Far.
Discussion Chem. Soc. (1979) 67 255

(2] K Johnson, J P Simons, P A Smith, C Washington and A Kvaran, Mol.
Phys., (1986) 57 255.
K Johnson, R Pease, J P Simons, P A Smith and A Kvaran, Faraday
Trans. Chem. Soc. (1986), in press.

(3] I R Elsum and R G Gordon, J.Chem.Phys., (1982) 76 3009.

[4) D R Herschbach, Faraday Discussion Chem.Soc. (1973) 55 116
M G Prisant, C T Rettner and R N Zare, J.Chem.Phys. (1984} 81 2699

(5] D A Case and D R Herschbach, J.Chem.Phys., (1976) 64 4212
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Topological study on three and four atom indirect
exchange reactions. Application to the processes
c(3p) + No(x2m) and C3p) « Ny0(x x4

M.T. Rayez, P. Halvick, B. Duguay and J. C. Rayez
Laboratoire de Physicochimie Théorique
Université de Bordeaux 1 - 33405 Talence Cedex

Stnce the work of Polanyi and coworkers, it is now admitted that
the location of the barrier, the inner repulsive wall and the relative values
of the masses of the atoms play an important role on the nascent energetic
distribution on the producis of a three atom exchange reaction.

Due to the diflicuity of the theorelical approach joined to the lack
of experimental dynamical studies, few analogous investigations have been
undertaken in the case of reactive processes involving three and four
atoms and exhibiting at least one well along the route from the reaclants to
the products i.e. indirect processes. A recent paper of M. K. Osborn and 1.
W. M. Smith {Chem. Phys. 91, 13, 1984) reports a quasi classical trajectory
(QLT.) study of vibrational energy transfer in inelastic collisions on
potential energy surfaces (P.ES.) possessing potential minima.

In order 10 analyze the role played by different topological factors
on the products energetic distribution of a reactional process, we present a
Q.CT. study based on three and four atom modet analytical potentials
describing the reactions A + BC --> AB + C and A + BCD --» AB + €D {masses :
A~12,B=14,C~16inBC C=14and D = 16 amu in BCD)

In the case of a three atom reaction, ID and 3D approaches have
been performed, but jn the case of a four atom reactios, only a D study
has been undertaken owing to the difficulties we encountered for the
elaboration of realistic 3D analytical potentials.

The 3-atom analytical models are built by the mixing of a LEPS.
function and a polynomial expression containing quadratic, cubic and
quarlic terms which describes the well. The L.EPS. function simulates the
asympiotic behaviours of the system,

The 4-atom analytical models are constructed on the same scheme
byt the polynomial expression must obey several requirements : i)- the
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representation of the stable BCD system alone by an ad hoc well, ii)- the
simulation of the four atom well which lies on the reaction route and {ii)-
the continuous passage from the first welf to the second as long as the A
atom approaches the BCD molecule.

These models are flexible enough to allow the change almost
independently of their topological features. Therefore, we have modifyed
the energetic difference between products and reagents, the focation of the
well, its concavities and its depth. in fact, the location of the well and its
curvatures at the minimum (quadratic, cubic and quartic forces constants)
are kept linked by an empirical relation which has been well established
on real molecules. The 1D-QCT calculations are performed with the initial
conditions : relative translational energy T = 0.1 eV, zero point vibrational
levels for BC and BCD,

Among the different topological parameters investigated at the 1D
level (3 and 4-atom cases), we show that the anisotropy of the intermediate
well and its location are the important factors which govern the nascent
distribution of the energy of the reaction on the products, the others,
playing a minor role. Hence, a mapping of the percentage of the average
vibrational energy of the newly formed diatomic molecules versus the
focation of the well - that is to say the curvatures at the minimum - can be
easily elaborated. As long as the intermediate well becomes more and more
elongated in the products direction, it appears an increase of the energy
channeled on the vibration of the diatomic molecule formed. A
consequence of this fact is the reduction of the number of reactive
¢1itcomes since the transfer of momentum in the direction of the products
is less and less efficient.

The 3-atom - 3D investigation (rotational leve! Jgc = 0) does not
change drastically the previous conclusion. In fact, we observed that the
complex ¥eeps a small bent shape associated with a less deep well than the
linear structure. This change leads to a greater anisotropy of the well and
consequently, favours an increase of the vibrational excitation of the AB
molecule.

Ab-initio determination of the fondamental sheet potential energy
implied in the reaction C(3P) + NOUX2E*) --> CN(X2E*) + O(3P) (exoergicity =
-1.35 eV) shows an intermediate well of 4.2 eV depth (with respect to
reaclants energy), related to a linear structure CNO (equilibrium distances :
feN ™ 1.22A and No ™ 1.23A) of principal force constants respeclively

equal to ke = 18 mdyne/A and kno= 15 mdyne/A. QCT calcufations on an

analytical surface possessing these features lead to vibrational population
of CN(X2E*) which does not exhibit any inversion and which is in




satisfying agreement with supsrsonic putsed crossed beams experiments.
Semi-empirical determination of lowest energy sheet of potential
energy associated with the process C(3P) + NZO(XIZ’) > CN(X2E") +

NO(X2TT) reveals the existence of a well of 4.65 eV depth corresponding to
a structure CNNO of principal force constants equal to ken = 17.6 mdyne/A,

kN = 12.8 mdyne/A and kyq = 19.2 mdyne/A. QCT calculations performed

on an analytical representation of the potential energy surface leads to an
inversion of the vibrational population of CN(X2Z*) around V" = 2
which is only in fair agreement with experiments {the maximum is located
around V" = 4), Several arguments can be raised to explain this difference,

B6
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DYNAMICAL PROCESSES OF DETACHMENT IN C1/H,

M. Barat, J.C. Brenot, M. Durup-Ferguson*, J. Fayeton, J.C. Houver and
J.B. Ozenne

L.C.A.M., Bdtiment 351, Université de Paris-Sud, 91405 Orsay
A*L.P.C.R., Bdtiment 3560

The various channels inhanced by kinetic energy of C1™ ion in €17 on Hp
collision produce two independentely detectable species : a fast neutral
HC1 or C1 and an ionized particle H™ or e”. A coincident detection of the
two detectable products allows an unambiguous analysis of the various
competing channels,

In this crossel beam experiment a multicoincident detection is used fig. (1)
which has been previously settled in Leadd This technique directly gives
complete time and spatially resolved product distributions. At a given
collision energy the ultimate result of the data processing gives the
relative probability of each channel as a function of the CM deflectien
angle of the fast neutrals and of the amount of kinetic energy transferred
to internal energy of the products. The contour map of each competing
channel can be drawn fig. (2). ,

The main conclusions for the C1~H2 system are the following : the two
reactive channels giving CIH + H™ and CIH + H + e~ proceed through the same
reactive path on ihe potentiel surface they are both severely peaked at the
same ¥ angle, The reactive detachment occurs when the trajectory would Vead
to HC1 vibrational excitation above v=3 a transition through a tempovary
HC1™...H occurs which immediatly autodetaches giving HC1 < e™ + H.(z)

The generality of this competition process between reaction and reactive
detachment has been checked on other halogene™/Hp systens. In I7/H, the
transitoiy IH"H does not detach therefore the reactive detachment is not
observed. In Br7/Hp the reactive detachment proceeds from the reaction path
for vibrational excitation of BrH of v =2 in agreement with the position

of the surfaces crossing BrH H™ - HBr™ H, At collision energy lower 10 eV

the reactive detachment is the most important detachment process'at higher
cotlision energy other detachuent processes compute : one invelving vibrational
excitation of Ho but not yet fully understood. An other one proceeding through
a spectator mecanism by which just one H atom is involved in the collisional
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process the other one staying at rest. The C1 atom is backward scattered
arffd Hy molecule dissociates.

An other process still more strange where the Hp vibration is frozen.
The Hp molecule reacts Vike an He atom of masse 2 which can be
accompanied with an excitation of C1 which in this case is back scattered,

References

(1) J.C. Brenot, J.A. Fayeton, J.C. Houver, Rev. Sci.Instr. 51, 1623 (1980)
(2) M. Barat, J.C. Brenot, J.A. Fayeton, J.C. Houver, J.B. Ozenne, R.S. Berry
and M. Burup Ferguson, Chem.Phys. 97, 165 {1985)
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Some Current Problems in Atmospheric Ozone Chemistry - Role of

Chemical Kinetics

R.A., Cox

Combustion Centre, Harwell Laboratory, Didcot, Oxon, U.,K., OXl] ORA.

Atmospheric ozone 1is produced and removed by a complex series of
elementary gas-phase photochemical and chemical reactions involving Ox,
“Ox’ NOx, CIOx and hydrocarbon specles. Concern about changes in the
bhalance and distribution of ozone as a result of mans activities has led
to an intense research effort to study the kinetics and mechanisms of the
reactions controlling atmospheric ozone.

At the present time there 18 a good knowledge of the basic processes
involved in ozone chemistry in the stratosphere and the troposphere and
the kinetics of most of the key reactlions are well defined., There are a
number of difficulties in the theoyetical descriptions of observed ozone
behaviour which may be due to uncertainties in the chemistry. Examples
are the fallure to predict present day ozone in the photochemically
controlled region above 35km altitude and the large reductions 1in the
ozone column in the Antarctic Spring which has been ohserved in recent
years.

In the troposphere there 1s growing evidence that ozone and other
trace gases have changed appreciably from pre—-industrial concentrations,
due to chemical reactions {nvolving man-made pollutants, Quantitative
investigation of the mechanisms by which these changes may occur requires

a sound laboratory kinetics data base. ‘
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ABSOLUTE RATE CONSTANTS FOR THE GAS-PHASE REACTION OF

NO3 RADICALS WITH REDUCED SULFUR COMPOUNDS

Timothy J. Wallington, Roger Atkinson, Arthur M. Winer and James H. Pitts,
Jr., Statewlide Alr Pollution Research Center, University of Califoruia,
Riverside, California 92521, U.S.A.

In-situ long pathlength spectroscopic studies have shown that the N03
radical is a common constituent of continental nighttime atmospheres [1],
with mixing ratios of 10-100 parts—per-trillion being routinely observed at
several ar‘d/semi-desert locations in California [2]. Laboratory kinetic
studies huve shown that the NO; radical reacts rapidly with the more highly
alkyl-substituted alkenes (including the monoterpenes), hydroxy-substituted
aromatics and dimethyl sulfide, and that these reactions can be important
ag nighttime tropospheric loss processes for the NO4 radical and/or these
organic compounds (3}. Until very recently [4,5), however, the available
kinetic data were all obtalned from relative rate studies carried out at
room temperature and atmospheric pressure of air.

In order to allow the determination of absolute NO4 radical reaction
rate congstants, we have constructed and utilized a flash photolysis-visible
absorption apparatus, and report here recently obtalned rate constant data
for a series of reduced sulfur compounds over the temperature range 270-
350 K.

NO, radicals were generated by the flash photolysis of FZ—HNO3 nix~

tures in helium, nitrogen or argon diluent
F2 + hv »2 P
F + HN03 + HF + N03

and monitored by iong pathlength visible absorption at 662 nm.
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Absolute rate constants have been determined for the reduced sulfur
compounds CH350H3, CH3SSCH3 and CH3SH over the tempetrature and pressure
ranges 280-350 K and 50-400 torr total pressure, respectively. These reac-
tions are all at the high pressure limit, and the rate constants obtained
are glven in Table 1. 1In addition, upper limit rate constants were obtain-
ed at 298 K for the reactions of the NO3 radical with "28 and 302, and

these data are also given in Table 1.

Table l. Absolute Rate Constants for the Gas-Phase Reaction of the N03
Radical With al3SH, CH3SCH3, CH3SSQl3, 302 and “25

1013 % k (cm® molecule”! s™1)2

Reactant 280 K 298 K 350 K
450 (8.0 & 1.4) (8.1 £ 0.6) (5.4 + 0.7)
Cil;SCH4 (8.8 £ 1.2) (8.1 £ 1.3) (7.7 £ 0.7)
CH355CH4 (5.3 + 0.8) (4.9 £ 0.8) (4.3 & 0.6)
50, - £0.004 -

1,8 - £0.3 -

3Indicated errors represent two standard deviations.

Least squares analyses of these data yleld the Arrhenius expressiouns

6

. +2, -1
K(OHy5CEy) = (47030

y x 10713 (170 % 130)/T (3 [ oyacute™ s

k(C“3ssc“3) = (1~°tg°g) x 10713 9(600 £ 400)/T op3 molecule-l s71

K(CHySH) = (1.9 & 0.3) x 10713 (290 £ 50)/T (3 \s1ecule™) &7t
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where the error limits gliven are two least squares standard deviations,

These rate constants will be compared with the avallable literature data,

and the atwmospherfc implications discussed.
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Thermal Stability of Peroxynitrates

A. Reimer and F. Zabel

Bergische Universitdt - GH Wuppertal, Physikalische Chemie
Fachbereich 9, 56 Wuppertal 1, West Germany

Within the last ten years evidence has increased that, in the at-
mosphere, a large part of NOx and of peroxy radicals may be tied
up in peroxynitrates. For example, acetyl peroxynitrate (PAN)
seems to be an ubiquitous compound in the troposphere, with a
background mixing ratio of 50 - 100 pptv [1]. Other peroxynitrates
(including peroxynitric acid, HOONOZ) have not been detected yet
in field experiments, but their existence in higher altitudes is
suggested from the results of laboratory experiments (e.g. [2-4) .
The importance of peroxynitrates for the chemistry of the
atmosphere will largely depend on the rate constants of reactions
(&) ROO + NO, ———> ROONO

(2) ROONOE ——> ROO +2NO2

(3) ROO + NO ——> RO + NO,

(4) ROONO2 + OH ~——> products

(5) ROONO2 ++hy —— products
and on the products of reactions (4) and (5). In this work, react-
ion (2) has been investigated for R = CH3, CH3CO, CC13, and CCle

in a temperature controlled 420 1 reaction chamber from Duran
glass which is surrounded by 20 photolysis lamps. The reaction
chamber has a buildt-in White mirror system for long-path absorpt-
ion measurements which is coupled to a Fourier-transform infrared
spectrometer (NICOLET 7199). Experimental conditions include tem-
peratures between ~20 and +50 O¢ and total pressures between 10
and 800 mbar. N2 and 02 were used as buffer gases. The peroxynitr-
ates were prepared in situ by photolysis of the following gas
mixtures: azomethane/Nz/Oz/NO2 (for CH3OON02), Clz/C“3CH0/02/N2/
NO2 (PAN) , Clz/CHCl3/02/N2/NO2 (CC1300N02), ClZ/CH012F/02/N2/NO2
(CC12F00N02). The initially established equilibrium between react-
ions (1) and (2) was disturbed by addition of large amounts (~ 0.3
mbar) of NO, giving rise to reaction (3). Using high [FO]/[NOzj
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ratios, the effective first order decay rate constant of ROONO

as measured by IR absorption, was equal to k2.

Rate constants k2 thus obtained are strongly temperature and
pressure dependent. They are presented in figures 1 and 2 for

log (k1Y

e

253.1K

[)
_35/ M=Ny 4
110 s 180 5 0 195
log [MI (molecule/cm3)
Fig. 1 7Thermal decomposition of methyl peroxynitrate
1 1 L) 1]
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(73
J200K " ©
-20f =
" R o
- @ ——y——
Y /0/. -
xg ® Key—
5 Pr 3063K =
-30} / i
e )
o 3023K
1 1 1 i
170 175 180 185 130 195
logl{Mlmolecute-cni3)
Ply, 2

Thermal decomposition of acetyl peroxynitrate

c11300N02 and C“3C (0)00N02, respectively. Each point represents at

least 4 individual measurements. The rate data were evaluated

according to the modified Kassel treatment of unimolecular react-
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ions as proposed by Troe [5]. Fitting the experimental data points
to the 3-parameter-equation

ko/K 19 F
- = Q 2 <
log (k/kg) = log-~— K /Koo * [1og {k /km)-l2
T T
N (F, J

NC(FP) = 0,75 - 1,27 loyg Fc,
with the Fc val *es held fixed at their theoretical strong colli-
sion values [2], the following parameters were obtained:

CH;00NO, —>("1,00 + NO,: .
F_ = 0.47
¢ -4 , -1 3 -1 -1
ko/[pz] = 8.5 x 10 ' X exp{~20.5 kcal.mol '/RT) cm’molecule 's
Koo = 2.3 x 1015 x exp(~21.4 kcal.mol™ '/rT) 5~ °

0 N . +
k°2/k°2 = 1.2 X 0,¢

Aﬂg zg9g = (21.9 * 0.8) kecel/mol (using literature data on ky)
1]
CH3C(0)00N02-——>CH30(0)00 + N02:
F. = 0,27
¢ -2 -1
ko/[N,] = 6.3 x 1077 x exp(-25.4 kcal'mol ' /RT)

Koo = 2.2 x 100 % exp(-26.7 keal-mol™ ' /RT)

0 N . n
k02/k°2 = 0.9 £ 0.2

Experiments on the thermal decomposition of CCl300N02 and
CClZFOONO2 are skill in progress.

When these results are combined with literature data it may
be estimated that in the uppex trxoposphere mola fractions of the
same order of magnitudz (10 - 100 ppt) are present for the
different reactive nitrogen species (N0+N02), HOONOZ, CH300N02,

and CH3C(O)OON02. Similarly, the halomethyl peroxynitrates possib-
ly represent reservoirs for reactive halogen and NOx in the

stratosphere.
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Abstract for the 9th Interxnational Symposium on Gas Kinetics,
Zordeaux, Frznce, July 20-25, 193¢

THE STICKING OF GAS MOLECULES TO WATER SURFACES
James Gardner, Lyn Sharfman, Yusuf G, Bdewuyi and Bapl Davidovits,
Dustor Collegs, Department of Chomistry, Chestnut Hill, HA 02167
U.S.A.
Mark S. Zahniser, Douglas R. Worsncop and Chawles E. Kolb

herodyne Reseaxch, Inc. 45 M:ynning Road, Billerica, Ma 01821
¢.S.A.

Many importznl. atmdupheric reactions ocenr inside the water
druplets of clouds and mists. These procef8sz2s begin 9ith the
precursor gas moleculszs such 2&¢ SO or NOp, for example, hitting
the surface of the drcplet and crossing into the interior. The
probability that a molecule striking the sgurfice, sticks *o it and
enters the droplet is called the sticking ox accommodation
coefficient. This is the key parameter Llirking gas phase to
liquid phase chemistry and it often guverns the kinetics of
heterogeneous reactions in the atmosphere. An experiﬁental
technique has been developed to measure these accommodation
coefficients. The apparatus is, shown schematically in figure 1.
A controllable stream of mono-d!spersed drop.: '3 is produced by a
vibrating nozzle jet. The droplets enter a flow system containing
the atmoapheric trace species. The droplets are turned on and off
while the density of the species is monitored spectroscopically,
The details of the flow system, temperuture control and droplet
switching are not shown. The reacting gas ¢an be introduced at

three different points in the flow tube. In this way the length

of ‘the interaction region can be varied. S0, was the first gas
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studied in this way. In the insert of figure 1 we show a plot of
the change in SO, density due to the water droplets as a function
of the length of the interaction region. With the flow rates

and other experimental parameters known, the accommodation

coefficient can be calculated frxom such a plot. For SO, the value

of this parameter is (2.4 + 0.4) x 10-3. The results of
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accomodation coefficient measurements. for several other gases of
atmospheric interest will be presented.

A kinetic model has been developed which predicts the size of
the accommodation coefficients. In this model it is assumed that
a molecule which hits the water surface will enter the interior if
during its residence time on the surface a hole in the liquid
sufficiently large to accommodate the molecule appears at the
surface site. The predictions and implications of this model will

be discussed.
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DISCHAKGE FLOW DETERHINATION OF THE RATE CONSTANTS FOR THE REACGTIONS
ol + SO, + He AND HOSO, + 0,.

D. MARTIN, J.L. JOURDAIN and G. LE BRAS.

(Centre de Recherches sur la Chimie de la combustion et des Hautes
Températures - C.N.R.S 45071 ORLEANS cedex 2 - FRANCE.)

The main atmospheric oxidation steps of S0, : SOp + OH + M wue
1050, + M (1) and HOSO, + Oy —» HO, + 50, (2) have been studied at
room temperature using the discharge flow - EPR - mass spectrometric
method. The rate constants of these reactions were determined by EPR
monitoring of the OH decay in the presence of excess 850,, successively
in the absence and presence of 0,. H0, produced ir reaction (2) was
converted into OH by NO addition either together with the reactants
50, and 0, or separately, just upstream of the EPR cavity. Heteroge~
necous processes were minimized by coating the wall of the reactor with
halocarbon wax.

The reaction S0, + OH + M —w H0SO, + M (1) was studied in the
absence of 0, at pressures ranging from 1 to 6.4 Torr of helium, with
partial pressures of 50, fn the range 0.01 - 0.15 Torr. Both graphical
and mathematical treatments of the data led to the following values of
the rate constants for reaction (1) with respectively 50, and He as
the third body :

(1.33 + 0.40) x 10730 cmd molecule~? 51
(8.1 +0.2) x 10-3% ¢ fHe] + (2.4 + 0.4) x 10~15 c¢m3nmolecule=! s~!

S0
kﬁIIZ
€

kII

n

The third order rate constant obtained with 50, as the third body
and the apparent second order rate constant determined with Hle as the
third body are in good agreement with the data of LEU |1]. This
experimental expression of k'Il*I3 compares well with recent theoretical
calculations of WINE et al [2] wich indicate that the reaction would
be in the fall of f regime in the pressure range considered (1 - 6.4
Torr).
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The rate constant for the reaction H0S0, + 0y — HO, + 504 (2)
was measured from a computer fitting of the OH decay curves obtained

.in the absence and presence of 0, and NO. in a first series of experi-

ments where NO was added separately, just upstream of the EPR cavity,
the possible MOS0, + NO reaction was negligible. However a first order
reaction rate of 50 s~ had to be considered for 1050, to fit the data
obtained over the cntire range of 0, concentrations used (3.5 x 1014 -
1.5x 1015). This additional sink of 1050, could be a wall reaction.
An example of experimental data is given in the figure below {the
solid lines represent the experimental decay curves of OH and the
dashed lines the calculated ones).

10H1 » 10" (cm?) toH),... 45 10"
- =0y |SO,|._3.5 90‘5
+0,1150, 22 10'°

INOI,w 8.5 10

10; L= 7.2 0%

10 15

il

In a second series of experiments where NO and 0, were flowed
together, an upper limit of § x 10~13 was determined for the HOS0, +
NO reaction,

From the series of experiments, tue foilowing value was obtained
for ko ¢

ky = (3.5 ¥ 1) x 10713 a3 molecule™! -1
This valuc is in good agreement with the flash photolysis measurement

of MARGITAN |3] (kg = (4 + 2) x 10~13) also obtained from a computer
simulation of his experimental data, The agreement is also good with a
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further discharge flow determination of HOWARD |4] (ky = (4.4 + 0.9) x
10‘13) where HO, and HOS0, were respectively detected by LMR and
chemical ionization.

The present value of k, confirms the STOCKWELL and CALVERT |5]
hypothesis concerning the occurrence of reactions (1) and (2) in the
atmosphere and the subsequent HO, conservation in the gas phase oxida-
tion of S0, in the atmosphere.
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HIGH RESOLUTION FOURIER TRANSFORM SPECTROSCOPY OF GAS

PHASE RADICALS AND REACTION PRODUCTS

James B. Burkholder, Philip D. Hammer, and Carleton J. Howard

National Oceanic and Atmospheric Administration
Aeronomy Laboratory, R/E/AL2
Boulder, Colorado 80303
U.S.A.
and

C.I.R.E.S,, University of Colorado
Boulder, Colorado 80309
U.S.A.

Recent results using a high resolution Fourier transform spectrometer opti-
cally coupled to a fast flow multipass absorption cell for the spectroscopic
study of gas phase radicals and reaction products will be presented.

High sensitivity infrared and microwave spectroscopic techniques are viable
methods for wmonitoring transient species in both laboratory and field studies.
For these techniques to be successful detailed spectroscopic information of the
transient species is required. Ian the past high resolutiocn infrared spectra of
transient species have been recorded using LMR, diode laser, and difference
laser techniques. To date high resolution Fourier transform spectroscopy (FTS)
has been used to study relatively stable species. In this report FIS high reso-
lution infrared absorption spectra of HOp, DOy, FO, CLO, 50, CS and several
other short lived radicals will be presented.

The implication of these results to atmospheric chemistry will be
discussed.
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KINETICS AND MECHAN1SM OF ATMOSPHERIC 082 OXIDATION

A.R. Ravishankara, E.R. Lovejoy, N.S. Wang, and C.J. Howard
NOAA, ERL, R/E/AL2 ~
Boulder, CO 80303, USA
and
P.H. Wine, J.M. Nicovich, and A.J. Hynes
Georgia Teéh Research Institute
Atlanta, GA 30332, USA

Oxidation of 082 in the earth's atmosphere is believed to yleld COS and
SO,.

p Previous work had indicated that the reaction of OH with CS2 Wwas too
slow for it to be important. Recently we have obtained evidence to show

that OH adds very rapidly to CS2 to form CSZOH adduct which in the presence

of 02 undergoes further reactions. In the absence of 02 (or other
reactants) the 6320H adduct thermally decomposes to give back OH and CSZ'
Using 248 nm pulsed laser photolysis of H202 to produce OH followed by

pulsed laser induced fluorescence detection of OH, we have directly observed
the equilibrium,

k i
*1 k‘
CS, + OH + M CS,OH + M; K, = — (1)
2 “ 2 1
kK 2
-1
CH + TS2 = £3201, RAVISTEL.3 28
3 Figure 1. Temporal Profile
:: of OH in the presence of
b 1.84 x 10'0 cs, em >, 43
NN torr N, and 3.5 x 10" 10
R 32 272
1% em 7 at 262K.
: \‘\‘—.—.I__“
7] .0 [ as we s
N3P0 o’
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Figure 1 shows a temporal profile of OH following H202 photolysis in csa.
Using such temporal profiles, the equilibrium constant Kl has been measured
as a function of temperature in the range 259-318K. Figure 2 shows a plot

45
]

£ Figure 2. Temperature
- 9
. dependence of the
3 9// equilibrium constant.
g //'°
///(
y
> Gatte ety

30 330 330 110 330 M0 30 340 30,
vt ‘

of log Kp vs 1/T. From the slope of this plot the heat of reaction 1 is
calculated to be = (12.4 % 0.5) kecal/mole and the heat of formation of CSZOH
at 298K calculated to be 25.0 kcal/mole. In addition, using the same

experimental method as above, the rate coefficient for the reaction,
0320H + 02 + Products (2)

has also been measured. The absolute rate coefficlents for the reaction of
OH with CSZ in N2/02 mixtures have been measured as a function of total
pressure, composition, and temperature and they are listed in Table I.
Lastly, experiments are underway to jdentify and quantify the products of
reaction (2) using an LMR spectrometer coupled to a discharge flow system.
When completed, this work will map out the course of 082 oxidation in the

atmosphere, It already has shown that OH indeed initiates CS, oxidation in

2
the troposgphere.

Work performed at NOAA was supported by NOAA as a part of the National
Acid Precipitation Assessment Program. Work performed at Georgla Tech was’
funded by the National Science Foundation.
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Table I. The rate coefficients for the reaction of OH with 082
under various conditions of composition and Temperature.

1

12
12
12
12
12

=12
=12
-12
~12
~14

13

-12

t2

~12

Total Pressure

Temp, Pressure, of 0 loul,,  [cs,), k' @y,

K torr torr 10 'em> 10'%em™> 103 87! cndmolecute™'s”
251 690 T y 0-2 0.07-6  ~3x10"'2

253 690 345 12 0-9 0.03-68  (5.94£0.16)x10"
251 690 145 3 0-10 0.06~68  (5.86£0,78)x10
253 280 140 16 0-12 0.5-51  (3.46£0.10)x10"
253 680 680 6 0-9 0.2-63  (5.80£0.20)x10"
253 140 tho 9 0~17 0.3-43  (2.27£0.12)x10"
261 689 144 20 0-7 0.47-42  (4.16£0.39)x10
270 690 15 7 0-7.7 0.05-31  (3.6110.15)x10
287 690 145 12 0-17 0.24-32  (1.68£0.22)x10
296 685 143 3 0-25 0.08-37  (1.50£0.09)x10
295 700 1. 2 0-0.9  0.03-27 (2.56£0.18)x10
295 690 it 2 0-12 0.06-2.5 (1.9710.03)x10"
295 280 140 17 0-12 0.47-17  (0.96£0.04)x10
295 690 345 23 016 0.45-35  (2.06£0.10)x10"
295 700 7 y 0-15 0.1-23  (1.51£0.09)x10
295 690 0 3 0-60 0.06-0.09 (5:3)107'6

295 140 mo 20 0-17 0.4-13  (6.80£0.30)x10" '3
295 690 ws 13 0-8.3  0.3-23  (2.630.19)x10”'3
303 688 1wy 1-3 0-20 0.08-20  (9.3£0.9)x10™ '3
303 683 143 9-50  0-40 0.13-40  (9.90£0.20)x10” '3
328 686 14y 5 0-27 0.13-8.% (3.40£0.10)x10™'3
348 688 14y 5 0-56 0.07-7.3 (1.48:0.08)x10™ '3

a. k'= k x [CSZJ + kd; and kd is the first order loss rate of OH in the

absence of CS,.

2
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EXAMINATION OF THE TEMPERATURE DEPENDENCE FOR THE HEACTION OF OH RADICALS
WITH -HETEROCYCLIC AROMATICS (IMIDAZOLE, FURAN, PYRROLE AND THIOPHENE) AND
THE UNIMOLECULAR DECAY OF THE ADDUCTS IMIDAZOLE-OH AND THIOPHENE-OH

Franz Witte and Cornelius Zetzsch

Fraunhofer Institut flir Toxikologie und Aerosolforschung
Nikolai Fuchs Str. 1, D-2000 Hannover 61

‘In the reaction of OH radicals with aromatic compounds an addition of
O and a subsequent unimolecular decay of the aromatic-OH adduct back to
the reactants is assumed to be the main reaction path1. We have been able
to evaluate the temperature dependence of this equilibrium reaction of OH
with benzene and some benzene-dﬂnivative52’3. Since only a few investi-
gations have been performed on the reaction of OH with aromatic heterocyc-
lic compoundsu'11, we tried to get some more information about the mecha-
nism for the reaction of OH with imidazole, pyrrole, furan and thiophene.

We use a flash photolysis-resonance fluorescence apparatus to inves-
tigate the temperature dependence of these reactions between room tempe-
rature and 471 K. All experiments have been performed at a total pressure
of 133 mbar with argon as inert gas using a water concentration of
1.6'10150m'3. A low flash energy of 2 J has been applied to avoid photoly-
3is of the reactants. The initial OH-concentration can be estimated to be
2:10"%n"3 and the detection limit of OH to be ~107en™3.

In the presence of furan single exponential decays of OH are observed.
Biexponential decays of OH are obtained in the presence of thiophene (442
K <T < 471 K) and imidazole (353 K < T < 425 K). Nonexponential decays of
OH are observed in the presence of pyrrole within the whule temperature
region, and only the initial slope of the decays was considered 1in the

evaluation.
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Figure 1: Arrhenius plots of the addition of OH to heterocyclic

compounds pyrrole, imidazole, furan and thiophene.

Figure

reaction of OH with the reactants.

1 shows Arrhenius plots of the rate constants for the primary

All reactions show negative activation

energies indicating an electrophilic addition of OH to the heterocyclic

aromatics,

The biexponential decays of OH observed in the presence of

thiophene and imidazole confirm this assumption.

The evaluation of the ratio of the amplitudes of the biexponential

decay curves yield equilibrium constants and hence rate constants for the
unimolecular decay of the heterocyclic-OH adduct leading back to the
reactants. The corresponding Arrhenius plots are shown in figure 2. Using
both activation energies it is possible to derive the bond dissociation
energies of these adducts forming back OH. These energies (AH + 2G7) can
be determined to be (7547) kJ/mol for imidazole and (92+14) kd/mol for

thiophene.
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Reaction Archenius expression

pyrsole + Ol (1.520.5)*10™  lexp(+(690+120)K/T) ems™)
furan + OH (1.420.5)- 1071 Yexp(+(380+120)K/T) em's™
imidazole + Ol (1.720.4) 10" Pexp(+(920480)K/T) em s~
thiophene + OH (2.940.2) 107 2exp(4(100440)K/T) ems™!
imidazole-OH -> imlidazole + OH 5‘109exp(-(780Qi700)K/T) s
thiophene-OH_=> thiophene + 0l 5°10'Cexp(-(10300+1600)K/T) s-!
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The Chemical Dynamics of Highly Vibrationally Excited Molecules

F. Fleming Crim
Department of Chemistry
University of Wisconsin

Madison, Wisconsin
USA

The combination of direct excitation of overtone vibrations
with time resolved spectroscopic detection is a means of probing
the spectroscopy, kinetics, and dynamics of highly vibrationally
excited molecules in great detail:,

Spectroscopic studles, in both room temperature samples and
free Jets, monitor the products of a vibrational overtone
initiated unimolecular reaction as a function of excitation
wavelength. The resulting vibrational overtone predissociation
spectra help reveal the nature of the prepared state and the types
of interactions that are likely to be responsible for the
structure in the spectrum., Measurements on both bound and
predissociative states of molecules cooled in a supersonic
expansion are particularly informative in this regard.

Kinetic measurements directly determine the rate of a
vibrational overtone initiated unimolecular reaction of a fairly
complex molecule (tetramethyldioxetane) that is cocled in a free
jet expansion. The small initial thermal energy content of the
molecules permits a particularly straightforward comparison with
theory.

Dynamics studies use laser induced fluorescence detection to
probe the individual quantum state populations of the OH fragments
from the vibrational overtone induced reaction cf hydrogen
peroxide., Comparing the measured populations with theoretical
predictions shows a clear distinction between different models
that is most apparent near the threshold energy for the reaction.

.
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Mode Selectivity in Reactions Induced by Vibrational Overtone Excitation

J.E. Baggott, D,W. Law, P,D. Lightfoot and I.M., Mills

Department of Chemistry, The Univerzinvy, Whiteknights, P.0. Box 224,
Reading RG6 24D, U.K.

1. Introduction

Unimolecular reactions indnced by direct one-photon excitation of
stretching overtones of X~H bonds {X « C or 0) have been studied
extensively in recent years in attempts to observe mode-selective
photochemistry.l The basis for the suggﬁs:ionz that such states might
not satisfy the requirements of rapid statistical energy redistribution,
a fundamental assumption of RRKM theory, comes from the interpretation of
overtone spectra in terms of the local mode model. In this model, the
overtone transitions and intensities are analysed according to a diatomic
morse oscillator formalism implying localisation of excitation energy
within selected bonds.

However, the problem of 'contamination' remains, i.e. it is unclear in
many cases to what extent the local mode might be mixed with other
molecular vibrations. Such mixing may be thought to provide channels for
ulcrafast relaxation from some initially prepared pure local mode state3
or to simply prevent the preparation of such a state. Such contamination
night explain why statistical (RRKM) behaviour has been observed in many
of the reactions studied, although the sensitivity of some overtone
excitation experiments to subtle deviations from statistical behaviour

is open to quescion.4

Recent spectroscopic studies by Quack and co-workers3 have revealed the
presence of 'mear-universal' stretch-bend Fermi resonances in molecules
containing isolated C-H bonds. This is exactly the kind of interaction
vwhich may lead to contamination of local mode states and consequent

rapid energy redistribution and we have, therefore, studied the C-H
stretch fundamental and overtone spectra of cyclobutene in order to
determine if such resonances arise in polyatomic molecules with
symmetrically equivalent C-H bonds. Cyclobutene was chosen as an example
of one of the few molecules which undergo unimolecular reaction following

overtone excitation in the visible region.5
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2. Experimental

Infrared spectra of gns phase cyclobutene below 900 c:m'-l were taken on
a Nicolet 7199 FTIR system using Si/quartz and Ge/KBr beamsplitters and
Hg~Cd~Te and In-As detectors. Overtone spectra in the near infrared
and visible regions were measured using intracavity laser photoacoustic

techniques as described previously.6

3. Results and Discussion

A portion of the infrared spectrum of gas phase eyclobutene in the
region of the C-H stretch fundamentals is shown in fig. 1. We have
analysed these bands in terms of separable effective vibrational
Hamiltonians for the olefinic and methylenic C-H bond systems, using
both a local mode and normal mode basis.7 Our modelling studies reveal
that the vlefinic C-H stretch fundamental of A] symmet*y is in Fermi
resonance with 2v3. where v3 is the ring C=C stretch. Similarly, the
methylenic C-H stretch fundamental of Al symmetry is in Fermi resonance
with both 2v4 and 2“16’ where va and V) are the in-phase and out-of-
phase combinations of the >CH2 group scissor vibrations, and the stretch
fundamental of BZ symmetry is in Fermi resonance with the va + Ve
combination.

Using our model vibrational Hamiltonians, we are able to predict that
these resonances are of little consequence in the region of the v=4-6
C-H stretch overtones which lie above the threshold to unimolecular
reaction. However, for the methylenic C-H we do observe additional
splitting at va5 (see fig. 2) which we have analysed in terms of a Fermi
resonance with ring C-C stretch vibrations using an approximate model
Hamiltonian.

With evolution operator techniques we can use our model vibrational
Hamiltonians tou determine the timescale of the decay of probability of

an initially prepared pure local mode. For the methylenic C-H bond

at vs5 the presence of Fermi resonant ring C~C stretch vibrations causes
decay of the initial state with a lifetime of ca., 0.12 ps, destroying
rapidly any selectivity obtained. These results contrast with the
olefinic G~H bond which, according to our modelling calculations, behaves
as an ‘'almost' pure local mode. Further details of our calculations will
be presented and the implications for mode-~selective photochemistry

discussed.
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ANALYTIC SOLUTION OF RELAXATION IN A SYSTEM WITH EXPONENTIAL TRANSITION
PROBABILITIES
Wendell Forst* and Guo-Ying Xu, Departnant cf Chemistry and CRAM,
Laval University, Quebec, Canada GI1K 7P4

Several years ago1

we have cbtained an analytic solution for what we
call the exponential model Model B in the form of an infinite series expansion
for c(x,t), the fractional population, per unit energy, of molecules having
energy X at'time t (see eqs. 7-13 in ref. lc). The number of terms which ef-
fectively contribute to the c(x,t) series increases from one {(the first term)
at equilibrium (t->®) to infinity at time zero (t->0). Sinca it is obviously
impractical to generate an infinite, or even very large, number of terms, the
analytic solution suffers from the disadvantage that c(x,t) cannot be obtained
in 1its infinite series expansion form at very short times. The purpose of this
work is to show that the problem can be.solved by an alternative approach which
leads to simple and tractable expressions.

Let o(x,y) be the per-collision probability of the transition x &« vy,
and suppose that at t = 0 the energy distribution of the molecule of interest
is a delta function at y = y.. Thus c(y,0) = &8(y - y ). The first collision
results therefore in the energy distribution e(x,n=1) = q(x,y,) where the num-
ber of collisions {(n) now replaces time (n = ¢t, where &w = collision
frequency). This distribution of final energies becomes the initial distribu-
tion of initial eneryies for the next cocllision, and so on; thus the eneréy

distribution after n collisions is

c(x,n) = /c(y.n-l) q(x,y) dy 1)
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For this kind of approach to be reasonably tractable, it is necessary to take

the exponential transition probability in the simple form!a,2

oy = § € expl=(y - x)/a) N
q(x,y) { c exﬂ(-(x - y)/8] x>y

(2)

where a measures the strength of the coupling to the heat bath, C = 1/(a + B)
and B = akT/(a + kT). Substituting (2) into (1) yields, after some lengthy but
straightforward manipulation, the result that the energy distribution after the

n-th collision is

- § P(n) C® exp[-(y, - x)/a], x<y
c(x,n) { P(n) C" exp{~(x°- y )/8], x >¥O ()
vhere P(n) is a polynomial of dégree n-1 given by
n -k ;
= n-2tk] 2R k-1
P(n) kgl [n - l] R ) (4)
with C; = of/(atB) and z = (x - yg) or (y, - x) for x>y, and x<yg,

respectively. Fig. 1 shows a plot of c(x,n) of eq. (3) for n = 1,2,3,4,5 and

10, assuming y = 5000 em™!, a = 250 em”l.

Various bulk averages can be now easily calculated, in particular the
decay,afterhpollisions, cf average energy and its square:
«y»> =y, - nla +0) (6)
Ky = yg + 2ny (B - a) + n(a? + p2) + n(a - B)2 (7)
Figs. 2 and 3 show <<y>> and <<y2>> of eqs. (6) and (7) as the continuous line,
while the dotted line represents result obtained from the more accurate series
solution. It can be seen that eqs. (6) and (7) give the correct result for the
first 500 collisions or so, i.e. until the cnergy has decayed to less than
1/10th of its initial value.
From egs. (6) and (7) the mean square deviation of average energy is,

after n collisions
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02 = <<yy> + «yd>>2 = n(a? + p2) (8)

which may be used to construct a gaussian approximation to c(x,n):
elx,n) & (V2m)L expl-(y - <«y>»)2/2 o?) (9)

with <<y>> and o2 from eqs. (6) and (8), respectively. This is shown in Fig. 4
which shows the population distribution after 91 collisions for an initial
delta function distribution at 20,000 cm~! (left) and 30,000 em™1 (right)
calculated from eq. (9) (continuous line) and compared with the more exact
series solution (dotted line).

The analytic formula of eq. (3) for c(x,n) gives an accurate repre-
sentation of the initial decay of the population distribution for a delta func-
tion distribution initially, and thus is useful as an adjunct to the more ac-
curate series solution at later times. Similar comments apply to any bulk
average obtained from c(x,n). The gaussian approximation (eq.9) cannot be used
very close to t = 0 since c(x,n) is asymmetric on account of detailed balance
(cf. Fig. 1%, but as soon as energy has decayed such that the entire contribu-
tion to c(.,r 'mes from the down-part (x<y), c(x,n) becomes symmetric (see

also Fig. 1), and ~-n be usefully and simply approximated by the gaussian.

¥ Present address:Département de Chimie Physique des Réactions, 1 rue
Grandville, 54042 Nancy Cedex, France.
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MODE SPECIFICITY IN INTRAMOLECULAR VIBRATIONAL RELAXATION AND
UNIMOLECULAR REACTIONS: A SEMICLASSICAL ANALYSIS

V. Aquilanti, $. Cavalli and G. Grossi
Dipartimento di Chimica dell’Universita’
06100 Perugia, Italy

Advances in experimental techniques (in particular, laser
and molecular beams, are promoting developments in the study of
intramolecular vibrational relaxation and unimclecular
decompositions, thus making it possible Lo test the statistical
assumptions which underlie the curvent theories. An jmportant
goal also for practical purposes is to succeed In obtaining
substantial deviations from statistical behavior, thus opening
the experimental possibility for greater seleclivity for the
elementary processes of chemical kinetics and photochemistry.

An analysis of the specificity of unimolecular
decompositions and of intramolecular vibrational relaxation can
be developed by starting with simple models for coupled
oscillators, for which different modes (and transitions hetween
them) have bheen well characterized in this laboratory. The
asymptotic techniques introduced, which are essentfially
semiclassical in nature, include: the introduction of a reaction
radius as an adiabatic variable, the construction of adiabatic
curves along which the system evolves in the zero approximation,
Lhe evaluation of nonadiabatic coupling terms, responsible of
t.ransitions between curves. The present investigation relates
resonance lifetimes and unimolecular dissociation rates:
veference problems are studied, for the inclusion of the
nonadiabatic couplings which are responsible of the
intramolecular redistribution of energy. Such a redistribution is
localized to take place at orthogonal trajectories in the
potential energy surface (ridges). Computational examples are
presented.
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The a priori calculation of collisional energy transfer
in highly vibrationally excited molecules,

Kieran F, Lim and Robert G. Gilbert

Department of Theoretical Chemistry, University of Sydney,

N.S.W. 2006, Australia.

Information on collisional energy transfer between a highly vibrationally
excited molecule and a bath gas is important in the study of unimolecular and
termolecular reactions. One wishes to find P(E,B’) (the probability that a
molecule with initisl internal energy Ej=B’, will have a final energy E;=E,
after collision with another molecule) or its first moment (<A E>, the
a‘verage energy transferred per collision).

An a priori calculation of P(E,E’) has been carried out, based on the
"biased random walk” modell., The mathematical derivation and all technical
details for' this model are given in Ref. 1, but cen be summarised as follows.

The biassed random walk model assumes that, during a collision, energy
exchange between the internal degrees of freedom (of the excited molecule)
and the other degrees of freedom is essentially random but for certain
constraints, This implies that the time evolution of the internal energy
distribution (of an ensemble of molecules) would be governed by a
Smaoluchowski equation. The required P(E,E’) will be the value of the
internal energy distribution at the end of the collision, subject to the
constraint that the energy distribution before the collision is a delta
function centred on E’. 'Two important constraints on the internal energy
must be considered. First, the activation and deactivation rates are related
by detailed balance: the Smoluchowski equation must contain a term which
arises frow this microscopic reversibity. Second, total energy (of the two

body system) must be conserved: this places a boundary condition on the
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Smoluchowski equation.

The Smoluchowski equation can be szolved with these constraints, yielding
a specific form for P(B,E’) for a given impact energy of the bath gas. This
form of P(E,B') is then averaged over a Boltzmann distribution of impact
energies to yield the final expression for P(E,R'). This final expressien is
in terms of a single quantity, s2=Dgt,, where Dy is an "energy diffusion
coefficient" and t, is the average duration of a collision. The value of s2
can be obtained from classical trajectory simulations by assuming that for
any one trajectory, a generalised Langevin equation can be used to described
the flow of energy in and out of the molecule. The overall energy transfer,
<A E>, or the downwurd average energy transfer, <& By,,,>, con then be eszily
calculated from P(Z,E').

The assumptions given above permit P(RB,E’) to be evaluated a priori from
only a small number (say, 10-50) trajectories. This use of a dynamical
assumption to give a vast reduction in the number of trajectories is
completely analogous to fundamental assumptions in the molecular dynamics
simulation of transport properties in 1liquids, where the linear response
formulation yields transport coefficients from only a small sample of phase
space. The only difference between this method and our treatment for
collisional energy transfer in gases is that our linear response hypothesis
is made in "energy space".

Calculations for the deactivation of excited azulene by various monatomic
bath gases, employing reslistic inter—~ and intra-molecular potentials show
good egreement with the experimental results of Rossi et al.2 and Hippler et
al.3 This suggests that the extended model may be reliably and economically
used to calculate appropiate energy transfer quantities.

Moreover, a number of general trends seen in experimental results can be

rationalised with the model.
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Table I:

Average downward energy transfer values? for the deactivation

of azulene by three bath gases at 300 K.

(A1l quantities in cm™1.)

This work Hippler et al3 Rossi et al.2
(B> 17 500 17 500 17 500
30 644 30 644 30 644
He 160 225 190 184 117 190
Ne 295 353 330 332 185 279
Ar 218 344 354 360 250 366

. 1) R. G. Gilbert, J. Chem. Phys., 80, 5501 (1984);
K. F. Lim and R. G. Gilbert, J. Chem. Phys., in press (1986).
2) M.J. Rossi, J.R.Pladziewicz and J.R. Barker, J. Chem. Phys., 78, 6695
(1983).
3) H. Hippler, L. Lindemann and J. Troe, J. Chem. Phys., 83, 3906 (1985).
4) "Experimental” average downward energy transfers have been calculated

from published data by an exponential P(E,R').
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MULTIPHOTON IONIZATION STUDIES ON COLLISICNAL ENERGY
TRANSFER AND UNIMOLECULAR REACTIONS OF EXCITED
BENZENE DERIVATIVES.

H. G. L6hmannsr6ben+), K. Luther, and K. Reihs

Institut fir Physikalische Chemie der Universitdt Gbttingen,
TammannstraBe 6, D-3400 GBttingen, FRG

+) Institut fiir Physikalische und Theoretische Chemie der
Universitit Brauns. weig, Hans-Sommer-Strafe 12,

D~3300 Braunschweig, FRG

Intramolecular reaction steps and energy transfer in colli-~
sions of highly excited molecules are observed by tinme-
resolved resonant MPI.

Vibrationally highly excited molecules are prepared niono-
energetically via laser excitation followed by a fast intra-
molecular step like an internal conversion or a dissociation.
A detection scheme of selective ionization by kinetic control
(SIKC) allows to follow the time evolution of the molecular
population in a narrow section on the vibrational energy
scale during the course of collisional deactivation. Thus
information is gained on the average energy removal per
collision and on changes in time of the energy distribution
in the relaxing molecular manifold. Specific rate constants,
k(E), of intramolecular reaction steps like intersystem
crossings from vibrationally highly excited states are
measured in direct pﬁhp and probe experiments.

Recent results from our studies on anilin, benzene, and
alkylated benzenes will be presented.
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IS PROPYLENE OXIDE CAT!ON RADICAL
BEHAVING NON-ERGODICALLY IN ITS DISSOCIATION REACTIONS?

C. Lifshitz*, T, eres*, N, Ohmichi*, |, Pri-Bar** and L, Radom**¥
%#Department of Physical Chemlstry
The Hebrew Unlverslity of Jerusalem, Jerusalem, {srael
**Radiochemistry Department
Nuclear Research Centre —~ Negev, Beer Sheva, lsrael
***Research School of Chemistry

The Australian National University, Canberra, Australla

Intramolecular energy redistribution In polyatomic molecules is a
topic of great current interest in chemical kinetics and dynamics. In-
tramolecular energy redistribution in polyatomic catlons has been re-
viewed recently.l It has been demonstrated that isomerization can lead
to nonrandom dlssoclation paths by channeling vibrational energy into a
limited number of degrees of freedom,

We have studied the unimolecular dissociation reaction of propylene
oxide cation-radical to acetyl catlon plus methyl radical, We have em-
ployed carbon-13 labelling, tandem mass spectrometry techniques and ab
initio calculations, Propylene oxide cation radical isomerizes to the
methoxyethylidene radical catlon, CH3-C-0-CH3f, which may either disso~
ciate dlrectly in a reaction possessing a high reverse activation ener-
gy or In turn Isomerize to acetone radical-catlon, having an internal
energy of ~51 kcal/mol, in large excess.-of the critical energy for dis-
soclation (see Figure ).

The main question which we have addressed 1s, — if acetone jon is
Indeed an intermediate, — is the newly formed methyl lost preferential~
ly to the preexisting methyl. This would mean non-ergodic dissoclation

following isomerization — as has been observed previously for the enol
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fon of acetone, In order to answer this question, we have measured the
13 12 “i3pp, ¥
relative abundances for losses of °CH3 versus *“CH3 from CHa-Qﬂ'O/EHZ-
as well as Kinetic energy releases for these reactions and have calcu-
lated transition state energles along the potential energy profile. The
possible roles of excited electronic states and Isomeric fon structures

such as CH30€+ have also been explored.
L' ¢, Lifshitz, J. Phys. Chem. 87, 2304 (1983).

33

ENERGY, kcal/mole

CHy-C-0-CHY
+
CH,CO™+CHy
6

Figure |




D8

[}
Euergy Selected Ion Chemistry by Photoelectron Photoion Coincideace and
Laser Induced Dissociation

Tomas Baer, Thomas L. Bunn, Susan Olesik, and J.C. Morrow
Chemistry Department
University of North Carolina
Chapel Hill, NC 27514

ABSTRACT

Ions can be energy selected in photoionization experiments by
detecting ions in coincidence with energy selected electrons.,  The
electrons serve not only to identify the ions of interest, but also provide
a start signal for measuring the ion time of flight (TOF)., The ion TOF in
turn yields information about the mass, and more interestingly, about the
dissociation rate and kinetic energy released in the dissociation process.
The derived microcanonical decay rate, k(E), can be easily compared to that
predicted from the statistical theory of unimolecular decay (RRKM or QET).

Recent applications to be discussed include the dissociation of
halogen atom loss from the4dih8109en57ne ions.” The measured rates, shown
in Figure 1, are in the 10" to 10" s ~ range., However, extrapolation of
these rates to the dissociation onset indicate that the ion lifetimes at
the onset are in excess of 10 sec., The calculated rates of dissociation in
conjunction with other thermochemical information are used to obtain C-X
bond dissociation energies, which are listed in the Table. It is evident
that the C-X bond energies in the mono~ and di-halobenzenes are similar.
However, the C-H bond energies are different,

TOTAL 10N ENERGY (eV)
140 14.5

T
CeH I — + °
ol Gt 4l N TABLE 1. OK C-H and C-X Boud Energies {n
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Fig. 1. Heasured dissociatiun rates and
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Previous photoelectron photoion coincidence (PEPICO) studies of
isomeric systems have demonstrated that some of these ions isomerize to the
lowest energy structure prior to dissociation. This is concluded on the
basis of the similarity of the dissociation rate of the various isomers,
even though they have different apparent activation energies, The heights
of these barriers is not known, however. A new technique for probing such
barriers has been developed by combining the energy selection capability of
PEPICO with laser induced dissociation. Figure 2 shows the

['— -4 ~g~+ _Ton ¥light Tube "'"‘l I
E &
1x107tore L‘:&?l' ¥ig. 2. Diagram of the photoelectron-
Aroplit - photoion coincidence photo-
dissociation spectrometer
|Discrizmt-|_ |

nator Time - 1o+ Pulss Height Pu PEPICO-PDS. Taken frem
Converter and Ti T Reference 5,

Multichannel Analyser
ﬁk—‘ Excimer/ Dye
Variable Laser
Delay

experimental set-up. Ions are prepared in the usual PEPICO manner, by
photoionization using a vacuum UV cw light source and energy selected by
collecting only zero energy electrons. Although ions are formed in a
distribution of internal energy states, pulsing the laser only when a zero
energy electron has been detected, insures that ions of a specific internal
energy are photodissociated, Both the internal energy of the ion as well
as the laser wavelength can be varied thereby making this a very versatile
technique for the study of ion spectroscopy and dynamics.

The initial investigations have included the photodissociation of
nitrobenzene ions (see Figure 3) and C Ho ions. In the latter study,
butadiene, l-butyne, and 2-butyne icns have been photodisscciated, and the
results used in order to probe the ion structure as a function of the ion
internal energy. Butadiene and butyne ions can be easily distinguished
because the former ion has several accessible dissociative excited states
that can be reached with the laser photon, where as the butyne ions have
large energy gaps between the ground and excited states, However, when the
butyne ions are prepared with sufficient internal energy to cause them to
isomerize to the butadiene structure, they can be photodissociated. This
onset for photodissociation is shown in Figure 4. This determination makes
possible the construction of the energy diagram shown in Figure 5. Not
surprising is the fact that the barriers for 1- and 2-butyne ion are the
same, because the reaction involves just H atom transfer steps.
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DIRECT VERSUS INDIRECT MICROSCOPIC MECHANISMS IN THE

Li+HF REACTION: AN ISOTOPIC AND ORIENTATIONAL STUDY

J.M. Alvarifio, Departamento de Quimica Fisica, Facultad de

Quimica, Universidad de Salamanca, 37008 Salamanca, Spain,

F.J. Basterrechea, Departamento de Quimica Fisica, Facultad

de Ciencias, Universidad del Pais Vasco, Bilbao, Spain, and

A. Lagana, Dipartimento di Chimica dell' Université, Perugia,
Italy.

Introduction

In a previous paper /I: J.M. Alvarifio et al., J. Mol.
Structure, 120, 187 (1985)/ we have reported a peculiar effect
of the incoming atom orientation for the reaction Li+HF(v=]=0)
LiF+H. By running batches of quasiclassical trajectories on the
CSCM potential energy surface /S. Carter and J.N. Murrell,
Molec. Phys., 41, 567 (1980)/ at different collision energies
we found, in fact, that reactive attacks onto the HF target
preferentially occur via approaches from the H side in spite of
the fact that the product molecule is LiF. Such an indirect
mechanism was tentatively interpreted in paper I in terms of
the vibrational excitation to be pumped into the HF ground
state molecule in order to allow the overcuming of the late
barrier. This mechanism should be influenced by changes in the
mass of the F partner in HF, and so we extended the investiga-
tion to the Li+XF(v, J=0) systems with X=Mu,1H,3H and 10", v=0,
1 and 2, and collision energy of 15 kcal mol_1. The dynamical
study was carried ocut by running batches of 200 trajectories
in three dimensions starting from a given value of the approach-
ing angle ¢ ( ¢ called e in paper I is the angle included between

Li and F distances froﬁ the centre of mass of HF and centered
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on it).

Results and discussion

A study of the angular dependence of the total cross
section led us to suspect that the nature of the indirect
mechanism is not exclusively related (as suggested in paper I}
to the amount of vibrational energy pumped into the target
molecule, but it has to do with some other quantity depending
on the mass of the F partner. Therefore in order to assess in
more detail the nature of the indirect reactive mechanism, we
have studied the evolution of the trajectory by following step
bv step the variation of the internuclear distances during the
int :gration of the motion equations.

The most important finding of the present study was
evidentiated in this way. In fact, by looking at the Li+MuF sys~
tem starting from v=0 and attack by the Mu side ( ¢=180 degree),
it was put in evidence that during the central paft of the col-
lision the MuF molecule can easily rotate so as to end up in a
geometry with ¢ about 90 degree. In fact, at the beginning of
the collision r(LiF) equals r(LiMu)+r(Muf) indicating that the
initial collinear configuration is kept up. However, when
r(L,iMu) decreases to about 2 A the MuF molecule rotates up to
about ¢=140 degree. Then, after being reflected back to 4<90
degree it ends up with an orientation of about 90 degree at which
the curves r(LiMu) and (r2(LiF)+r2(MuF))% cross, and Mu can be
more easily expelled into the exit channel. This explains the
high reactivity of this system: the very small mass of Mu leads
to a very small reduced mass and, consequently, moment of iner-
tia of MuF which in turn facilitates the rotation of the mole-
cule up to the perpendicular configuration. For this geometry
the barrier height is minimal and slightly above the vibratio-

nal energy content of v=0, so that it can be overcome. Therefore
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at least for the Mu case, it can be concluded that an energy
transfer from translational to the more effective (from the
point of view of reaction) vibrational motion, as we specula
ted in paper I, is not the leading mechanism for reaction.

The role of T+V transfer ig, eventually, to supply an amount
of energy of few kcal mol"1 needed to reactants for having,

at the saddle point, enough velocity paralell to the exit chan

nel to end into it.

An extensive graphical research of this kind undertaken for
all isotopomers, vibrational energy and angles of attack leads
us to the following conclusions. The unexpected reactivity at
the X end (as compared to the one at the F end) of XF when X=Mu
or 'H and v=0 is essentially due to potential (dynamical) induced
rotation of XF which brings the system into a perpendicular confi
guration where the vibrational energy defect is minimal and reac-
tion can thus take place. The strong angular forces operating in
this system are able to induce a considerable rotation of MuF or
1HF on Li attacks by the light end of the molecules, but the ro-
tation is only modest when the heavy (F) end is attacked. On the
other hand, rotation of the heavier molecules (3HF, 10HF) is very
difficult and reactivity in these cases is only appreciable when

no rotation (v=2) or little rotation (v=1) is necessary.
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A TRAJECTORY SURFACE-HOPPING STUDY OF C1~ + H, REACTIVE COLLISIONS

2
* (2] L2 2

Muriel SIZUN ,Eric A. GISLASON and Gérard PARLANT

* Laboratoire de Collisions Atomiques et Moléculaires, Bat 351,

nuw Laboratoire de Résonance Electronique et Ionique,BaAt 350,
Université Paris-Sud 91405 Orsay Cedex France

** pDepartment of Chemistry,University of Illinois at Chicago,Chicago
Illinois 60680,USA

The collision of Cl~ + H2 produces different accessible channels indicated
in table 1. Experiments on this system were conducted recently by Barat et
al(1l) in the relative energy range of 5.6 to 12 eV. They observe all the
various channels, except those involving the €1~ ion. Relative cross
sections are measured and normalized to the total cross-section measurements
of Hug (2). The most remarkable feature of the experiment concerns the R and
RD channels : products HC1l were strongly peaked in the com frame near 50-60
deg, by constrast éhe HCl vibrational distributions were quite different in
the two channels. ’

In our theoretical approach we want to obtain a semi-quantitative
interpretation of the experimental results and a better understanding of the
reaction dynamics., The first step is to construct potential energy surfaces
(p.e.s.) for the ClH; system. So the DIM (Diatomics -in Molecules) method is
used in the zero-overlap approximation to obtain the two lowest p.e.s. of
the system. The atomic basis set is restricted to the ground state of each
neutral atom or atomic ion. The diabatic curves are introduced in the DIM
matrix for all the diatomic fragments, neutral(HCl 12*.1n. H2 12;) or
negative resonance ion (HC1™ 2H.the two H; 22+with their coupling and the
two HC1™ 22+ with their coupling given by the formula of Olson) . From the
DIM matrix (5x5) it is possible to extract the adiabatic p.e.s. of ClHé.or
the diabatic p.e.s. which are more useful to carry out trajectory
calculations : on figure 1 are represented the diabatic p.e.s correlated to
the configuration Cl™+ H + H (a) and the lowest of the four p.e.s.
correlated to Cl +(H-H} (b), in the colinear geometry. The dashed curve
shows the seam between the surfaces. For the neutral CIH2 surface which is
needed to describe detachment products, the LEPS surface of Persky (3) is
used. The seam between the neutral surface and each diabatic ionic surface
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is indicated on figure 1 by the dotted line.
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The set of 3 surfaces is used to calculate the reaction dynamics with the

''classical trajectory surface-hopping method''. The calculations are

performed as usual except when a trajectory on either ionic surface reaches
a crossing with the neutral surface. In this case, we do npot allow it to
continue on the ilonic surface, rather we assume that the electron is
immediatly ejected, and consequently the trajectory remains on the neutral

surface until the collision ends.
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In this way the various detachment products such as HCl + H + e are
obtained., Our procedure assumes that all electrons are ejected with zero
energy. This agrees reasonably well with the experimental values (1) which
lie in the range =~0.2 % 0.2 eV.

Five different sets of trajectories were run at Ere1=9.7ev. The
preexponentiel factor in the coupling between the 2 p.e.s. and the position
in energy of the neutral surface relative to the ionic p.e.s. are treated as
variable parameters. In each case the sum of all of the crogss-sections is of
the order of 2 AZ. The small overall reactivity is due to the fact that all
product channels are endothermic by at least 2.9 eV. Our best result are
obtained when the neutral surface is raised by 0.2 eV,

bev | o % exp (Az)
HCL + H~ R 2.91 | 0.6} 0.3
CL+H+H ocr | 7.34 | o.04] 0.0
C1” +H+H D i.49 | 0.07
HC1 + H +e” RD | 3.66 | 0.96] 0.3
Cl + H, + e SD | 3.60 | 0.26] 0.3
CL+H+H+e DD | 8.09 | 0.04] 0,06

The overall agreement between these values and the experiments of Barat et
al{l) and Huq et al (2) is fairly good. The angular and energy distributions
for the six product channels were determined for each of the 5 sets of
calculations., It was found that the shape of a particular distribution wes
rather insengitive to the particular choice of potential parameters used in
the calculation. All of the computed differential cross-sections agree well
with experiments as do most of the internal energy distributions (See figure
2). The one exception is P(Eint) for the R channel which peaks at a much
higher energy than the experimental distribution. Qur calculations indicate
that the dynamical model which appear to work the best to explain the R and
RD channels results is the elastic stripping model.

(1) M. Barat,J.C. Brenot,J.A.Fayeton,J.C, Houver,J.B.0Ozenne, R.S. Berry,and
M, Durup-Ferguson, Chem. Phys. 97,165, (1985). '

(2) M.S. Huq,D.S. Fraedrich,L.D. Doverspike,R.L. Champion and V.A. Esaulov,
J.Chem,Phys. 76,4952, (1982).

(3) A. Persky ,J.Chem.Phys. 66,2932, (1977).
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QUASICLASSICAL TRAJECTORY STUDY OF X-Hi2 TYPE REACTIONS ON
REALISTIC POTENTIAL ENERGY SURFACES
B.Laszl46, G.Lendvay and T.Bérces

Central Research Institute for Chemistry,
Hungarian Academy of Sciences, Budapest, Hungary.

The recently proposed BSBL (Bond-Strenqth-Bond-Length)
method {l) proved to be successful in the estimation of
rate coefficients and Arrhenlus parameters for A+BC-— AB+C
type atom transfer reactions. The treatment defines a mini-

mum energy path ( MEP ) as
exp(-ZQABXAB) + exp(=28p0%p0) = 1
= _ pO
where xi. = R, . Rij is the extension of the bond and Bij

J ij
is the appropriate Morse parameter., The potential energy

along the MEP is obtained in terms of variable a= exp(—ZGNQﬁ“ﬂ

by

Bon/B BanlB
via) = VO, + (l-a)v a BCTTAB {1-a) ACT"BC

BC + A

c * aVpp AC

where the energies for AB and BC are given by the Morse functions

1/2
AB / ]l

respectively and Apc 1s a constant in the endgroup contri-

= vO fnoall2 ) YT
v, = VAB[a 2a ) and Voo = VBC[(l a)-2(1l-a)

bution éerm.

In this work we extended the BSBL treatment and made
it suitable for the calculation of collincar potential encrgy
surfaces (PES). Potential profiles perpendicular to the MEP
were calculated from a Morse-type function in which the 8
parameter was taken as

B = ap,, + (l-a)ﬂnc




£3

The PES rbtained by the described procedure has a triple-
valued region which is normally of little importance at
energies considered in trajectory calculations made for
thermal rate coefficient determinations. In cases where
this *s not so, the deficiency can be mitigated by inter-
polation over the triple-valued region.

PES calculation and trajectory study was carried
out for the series of X+, (X=F,Cl,Br,I) reactions. As the
PES is given in terms of variables a and 6 (whexe 6 is
the least linear distance from the MEP in the Xap ~ ¥pe
plane) and no explicite formulas exist for these variables
beyond the MEP, the derivatives avlaxAB and av/ach were
stored in a tabulation. Actual values for the forces were
obtained from the data of the table by quadratic inter-
polation. In the trajectory calculation, the energy was
conserved to 0.0l%.

State-to all one dimensional rate coefficients were

obtained for a vibrational level v from

v, QCT - wy-1/2 (= _ v .
kip (T) = (2npkT) Soexp( Erel/k’l‘) P(Erel)dbrel
where E is the collisional energy. As an illustration

rel
we present one dimensional Arrhenius parameters for v = O,

together with some PES characteristics in the Table below:

-1 o ) -1
Reaction V /kJ mol R"x/A R"“/A EAIkJ mol log Al
FHHH 13.59 1.40 0.77 11.46 4.89
CLl+HH 38.17 1.38 1.03 14.30 4. 80]
B+l 92.10 1.45 1.26 68.43 4.39
non-reactive
I+HH 168.40 1.63 1.46 trajectories only




Three-dimensional rate coefficients were obtained by
a method (2] called "collinear QCT transmission coefficient
correction to TST". In this method, dynamical information
is introduced into TST through a collinear transmission
coefficient calculated as the ratio of one dimensional QCT
and TST rate coefficients:

_ v, 0CT TSP
(r) = “k35Nr) 1 Yk (T)

M
Finally, the method which actually corresponds to a
dynamical treatment for the collinear motion and a statisti-
cal treatment for all other degrees of freedom yields the

correctaed state-to-all TST rate coefficient:

k() = Vryp(T) nggT(T)

Equilibrium rate coefficients were obtained by Boltzmann
averaging of state-to-all rate coefficients.

Kinetic results calculated and non-Arrhenius behavior
observed for the hydrogen atom transfer reactions X+H

2 will

be discussed.

[1} T.Bérces and J.DPombi, Int.J.Chem.Kinet., 12, 123 {1980).

[2] J.M.Bowman et al., J.Chem. Phys., 75, 141 (1981).
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Dynamics of Collision-Induced Digsociation

John E, Dove and M. E. Mandy
Department of Chemistry, University of Toronto,
’ Toxonto, Ontario, Canada M55 1Al

and
N. Sathyamurthy and T. Joseph
Department of Chemistry

Indian Institute of Technology,

Kanpur 208 616, India

Quasiclassical trajectory studies have been made of collision-
induced dissociation in the atom~-diatom systems H + Hy, He + "2' and
He + H2+ over a wide range of initial translational, rotational, and
vibrational energies. The dependence of the dynamics of the
dissociation process on the initial energy distribution and on the
interaction potential is examined. While there are substantial
differences in the behavior of these three systems, in general
collinear approach is disadvantageous for dissociation. A substantial
contribution to the dissociation process comes from low impact

parameter broadside collisions.




A DYNAMICAL INVESTIGATION OF THE Li + HCL REACTION
8 .8 .. b . .c
A. Lagana', L. Garcia, J.M. Alvarino, P. Palmieri
®pipartimento di Chimica, Universita' di Perugia (I) .
bncpartamcnto de Quimica Fisica, Universidad de Salamanca (E)

Istituto di Chimica Fisica ¢ Spettroscopia, Universita' di Bologna (I)

Crossed molecular beams measuraments of reactive cross sections and

product distributions for the reaction

Li + JIC]l - LiCl 4 H

have been reported in the literature./1/ For this recaction, a DIM
potential energy surface has been suggested by Zeiri and Shapiro/2/.
This PES has a collinear transition state located in the entrance
channel 11.3 kcal/mol above the reactants' asymptote. Collinear
quantum calculations have shown that the barrier of the DIM PES is too
large for allowing a rationalization of both the low threshold cnergy
and the large recactive cross section obtained from the experiment and
that the collinearity of its transition state is in contrast with the
experimental product distribution/3/.

For these recasons, we decided to perform an accurate quantum
calculation of the potential energy of the Li + HCL system/4/. At each
value of the approaching angle(d) considered (¥ is defined as the LiClH
angle) the potential energy was calculated for a matrix of 56 points.

Additional values were calculated for geometries close to that of the

ES
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transition state.

As anticipated in ref./4/, in order to render the calculated
potential energy values suitable for scattering calculations, we fitted
the computed ab initio points using a Bond Order(BO) functional
form/5/. A large fraction (80%) of the fitted points deviate less than
1kcal/mol. from the modified ab initio values. Larger deviations occur
in the repulsive part of the BO1 surface which are of scarce relevance
for dynamics. The overall rms deviation is 2.5kcal/mol. On the
interpolated surface it is possible to localize the transition state
and to single out its geometry. [For our system it corresponds to ﬂ‘=53°
and to LiCl and HClL internuclear distances of 2.30X and l.SSX
respectively.

As alrcady mentioned, experimental data of the Li + HC1 reaction for
reactants in the ground vibrational state and at a'tempcraturc of about
060K, show that the LiCl product is mainly scattered sideways in the
forward hemisphere with respect to the incoming Li atom/1/. The
strongly bent geometry of the transition state given Dby our
calculations is in agreement with these data Also its almost half-way
location along the minimum energy path agrees with the non-negligible
translational energy dependence of the reactivity upon collision
energy. On the contrary, the height of the transition state of the BO1
surface is of 11.43kcal/mol (similar to the one of the 2S PES) and

therefore still inadequate to explain experimental reactivity in terms

k)
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of classical trajectories.

Therefore, we decided to modify the height of the transition state
to a value approximately corresponding to the lowest total energy at
which the experiment gives reaction and to fit to the modified points a
new B0 surface. On this surface we have performed trajectory
calculations. Our results show that, although the threshold energy
slightly high, the dependence of the reactive cross section upon the

collision energy is reasonable.

REFERENCES

1/ C.H. Becker, P. Casavecchia, P.W. Tiedemann, J.J. Valentini
and Y.T. Lee -~ J. Chem. Phys. 73,2833(1980)

2/ M. Shapiro, and Y.J. Zeiri - J. Chem. Phys. 70,5264(1979).

3/ L. Cicearelli, E. GCarcia, and A. lagana', Chem. Phys.
Letters 120,75(1985)

4/ E. Garcia, A. Lagana', and A. Palwieri, Chem. Phys. Letters
(in press)

5/ E. Garcia, and A.Lagana' - Mol. Phys. 56,629(1985)
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THECRETICAL STUDY OF THE O(BP) + CS
TIAL EhERGY HYPERSURFACE.

a) a) * D) a)
Ramén_Savés,ltiguel Gonzdlez,Josep Bofill and Antonio Aguilar .

2 GAS PIASE REACTIOII, POTEN-

a) Departament de Quimica Fisica.
b).Dcyartament de quimica Orgédnica.

Facultat de Quimica, Universitat de Barcelona.
Avda, Diagonal 647,08028 Barcelona,SPalll.

Abstract .

The gas-phase reaction 0(39) + 032 constitutes an important
step in the mechdanism of C52/02 chemical lasers/l1/. This reac-
tion has been widely stndicd exnerimentally, but not so theore-
tically. Three rehction channels have bacen identifiicd for thic
systen/2/:

1) cs ety + so(x3E) + 21-31 Real/mol
0(’p) + csz(xlch) 2) ocs (x15) + s(3p) +54 Keal/mol

3)-» S, (L) + co(x* LY + 83 Keal/mol
with channel (1) being the most importznt onc(~80%).

In scveral crossed molecular beams experiments made until
novw, following only the main channel, a strong forward scatte-
ring in products,(»75%) has been found and a stripping mecha-
nism has been concluded for collisional encrgies ranging 3.2~
9.2 Kcal/mol. In addition, a considerable large fraction of the
reaction ener¢y is disposed into vibrational +26%) and rotatio-
nal @40%) enerqgics of €S- and SO products/3,4/.

Scant attention has hetn ¢iven to theoretical internretation
of threce reaction channels.Only collinear trajectories/3,5/ on
several LEPS-like hypersurfaces and a CNDO/B study/6/ on the
lovest sinqglet potential cnerqgy hyvpersurface (PEH) have ﬁeen,pqg
formed about this interesting system,

In order to rationalize this bulk of information, we have
carried out an extensive study of the ground triplet PEH by
means of the MINDO/3 UHF semiempirical method. In the search of
tronsition states (TS's) and intermediates along minimum energy
reaction paths (MERP'S), connecting reactants and vroducts on the
OCS2 lowest triplet gﬁy, it was found that all planar structu-
res helonged to the “A' PEI which correlated adiahacically rcac-
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tants with products from all threce channels (under Cs symietry).
Several intermediates,wells on the PEH, and TS connecting them
each other have been located., These intermediates are connected
with recactants and products along KERP's without significant
TS's (barriers of potential arising only from cndocrgicities). It
was onserved that vhen an incoming oxygen atom approaches to 032
molecule, firstly a cis or trans planar O0SCS intermediate vas
formed which can dissociate to CS 4 SO or evolve to another in-
termediates vhich originate the products of reaction channels
(2) and (3). Thesc intermediates allow to explain better the vi~
brational and rotational encrgy distributions into CS and SO
vroducts with regard tb a simple MERP(only with a °S betuween reac
tants and nroducts).

Oon the other hand, the short lifetimes estimated by the RRK
mwodel for the rossible collision conplexes arc even compatible
with the strippin¢ mechanism of channel (1). Furthermore, thesc
short lifetimes and the difificult O-migration to the carbon atom
across sinuous MERP's which originates products of channels (2)
and (3), scem to indicate that channel (1) will have a greater
extent, as can be seen experimentally. In fact, channel(l) only
implices one new bond formation and one bond brealing, while chan
nels(2) and (3) involve manf more nevw bond formations and brea-
Jkings.

A dynamical study/7/, however, would be necessary in order
to account quantitatively for the differcnt branching ratios of
these three cliannels and other interesting dynamical features.

references

/1/ M.Trtica and Z.Babarogié,Appl.Phys.B37(1985)87,

/2/ I.R.Slagle,Jd.R.Gilbert and D.Gutman,J.Chem,Phys,.61(1974)704,
/3/ I.W.Smith,Discuss.Faraday Soc.44(1967)194,

/4/ P.A.Gorry,C.V.Nowikov and R.Grice,Mol,Phys.37(1975)329.

/5/ H.Blgersma and G.Schatz,Chem,Phys.54(1981)201,

/6/ L.Carlscn;J.Comput.Chem,.3(1982)23,

/7/ R.Saybs,M.Gonzdlez and A.Aguilar,In progress.
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MOLECULAR BEAMS STUDIES OF ATOM-MOLECULE INTERACTIONS: THE

ADIABATIC ROUTE FROM SCATTERING INFORMATION TO ANISOTROPIC
POTENTIALS

V. Aquilanti, L. Beneventi, G. Grossi and F. Vecchiocattivi
Dipartimento di Chimica dell’Universita’
06100 Perugia, Italy

Detailed experimental information is being accumulated in
our laboratory on scatltering properties of atoms by diatonmic
molecules, This information, which includes absolute integral
.cross sections for scattering of atomic beams with magnetic
analysis, and differential cross sections by crossed atomic and
molecular beams, requires an accurate theoretical inversion
scheme for the extraction of properties of the Interaction
potentials. A iechnique developed for this purpose is presented:
it is based on the construction of adiabatic states which
descrihe the systems in ktheir evolution from a given molecular
rotational state to the inner interaction region where the role
of potential anisotropy is strongest; nonadiabatic coupling terms

are also computed and their localization

the potential energy surface is assessed.

* introduced, the technique- i5 essentially
Infinite Order Sudden Approximation when
allows to very simply go: beayond when the

in terms of features of
When coupling is

exact and tends to the

-the latter is valid, but
rotational structure of

the target is important. In particular, it is possible by this
technique to take into account the effect on the glory structure
due to the rotational temperature of thce molecule: such an
effect, which has been well documented by experiments in this

laboratory, cannot be dealt with by a simpler approach such-as
the IO0S.
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REACTIVE COLLISION OF 0 + H, PRODUCED
WITH EXCITED STATES IN A CROSSED BEAM EXPERIMENY

A. Lebéhot, J. Marx, F. Aguillon, and R. Campargue

Laboratoire des Jets Moléculaires
Département de Physico-Chimie

Centre d'Etudes Nucléaires de Saclay, 91191 Gif-sur-Yvette, France

The investigation of chemically reacting systems, with excited state
channels, is of fundamental interest in the dynamics of molecular colli-
sionsl, In this work, the small triatomic system 0 + Hp is investigated in
the following channels which are important in the combustion of hydrogen and

also in the upper atmosphere chemistry:

00p) + Wy(x15y, v) + OH(X2M, v*) + H (1)
0("0) + Hp(XV gy, v) » OH(XEN, v?) + W (2)
> OH(AZZ*,v') + H (3

®

Reaction (2) is exothermicZ, while the other resclions are possible only if
a minimum amount of -energy is available in the entrance channel because of a
small activation barrier for reaction.(1), or an endo-ergicity1 which is far
instance 2.2 eV for reaction (3) produced with Hy, (v = 0). The missing
energy can be obtained by vibrationally exciting Hy at least up to v = 1 for
reaction (1) yielding OH with only rovibrational excitation and up to v = 5
for reaction (3) yielding OH with electronic excitation.

The reactive scaltering experiment is performed by crossing 0O and 'H,
molecular beams skimmed from free jet zones of silence’. The dissocialion
of 0y is produced by radiofrequency discharge (22 MHz) in the resecvoir of a

quartz nozzle, with an eVficiency of about 50 or 90%, in He or Ar seeded

mixtures, respectively“'s. Thus, the atomic oxygen beam is generated wilh
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at least two electronic states 0(10,3P).

Reaction (2) is produced selectively thanks to Lhe barrier encountered
for reaction (1). The internal energy distribution of the OH emitted in the
direction of the 0 beam axis, is probed by the time-of-flight technique with
s good vibrational resolution. The results (Fig., 1} derived from the TOF
spectra, show that the OH(XZH, v') products are vibrationally excited up to
v! = 4, with minimum populations on v' = 1 or 2,

Also, reaction (3) is produced when H, is excited vibrationally up to
v > 5, by means of a low energy electron beam (< 100 eV) operated coaxially
to the H, molecular heam. Thus, the vibrational levels of the ground state
Hz(x1§g, v') are populaled by radiative decay from singlet electronic states
excited by electron impact6. In these conditions, reaction (3) is observed
by analyzing the spontaneous fluorescence signal emitted from 0H(A22+) in
the reactive collision zone. The experimental results are compared to a cal-
culated statistical distribution (Fig., 2) taking into account the predicted
populations of Lhe vibrational levels of H, and only -the spin s = + 3 of OH.

Oue to the difficulty of producing 0(10) alone, reaction (1) has not
yet been observed in this experiment.

References
1. G. Durand and X. Chapuisat, Chem. Phys. 26, 381 (1985)
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Fig.1- Typical velocity spectrum derived from TOF measurements, {n the axis
of the O beam, for OH obtained in-reaction (2) with Hy(v=0). The arrows
show the theoretical velocities corresponding to-the vibrational levels
v'= 0 to 4 of OH(X?N). Also the velocity of O('D) is indicated (4).
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Fig.2-Fluorescence spectrum of the (0-0) band for the AZE"+ X*n transition
of OH obtained in reaction (3), compared to a theoretical spectrum
(dashed line) derived from a statistical model with only the +% spin
component, of OH.




ROTATIONAL EXCITATION OF THE MgCl REACTION. PRODUCT
IN THE HARPOONING Mg (ls) + Cla REACTION,

HBernard BOURGUIGNON, Mohammed-All GARGOURA, June McCOMBIE,
Jodlle ROSTAS and Guy TAIEB ¥,

Laboratolre de Photophysique Moléculalre du C.N.R.S."
Unlversité de Parls-Sud, Batiment 213, 91405 Orsay-Cédex, krance,

Harpooning reactions of alkall and alkaline-earth atoms with halogens are
known to lead 10 high vibratlonal excltation of the reaction product. in the reaclions
that were exparimentally studled, eleciron Jump from the M metal atom to the Xp
molecule- occurs at “large® Internuclear distance, with respect to the equilibrium
distance bondlength of the MX molecule. The dynamics of these reaclions was
extensively studled in the case of the alkall: although the reactlon product may be
electronically exclted In the alkaline-earth case, experimental data (MX ro-
vibrational excitatlon) show that the reaction dynamics Is simllar for alkall and
alkaline-earth *. The Xo~ lon Is formed by the vertical Xp + e -» Xg™ transition, on
the repulsive part of the Xo™ potential curve. The sirong sle..lrlc fleld of the M* jon
causes fast dissoclation of Xo~, where X~ takes most of the kinellc energy. The
MX bond Is formed by electrostatic attraction of the M* and X~ lons, which allows
the X~ kinetic energy to be transfared Into MX vibrational saxcltation 2.

We present here a LIF study of the Mg (1S) + Cly system. The AZn -
X2c* (av=0) bands of nascent MgCl were recorded at 0,2 em~! resolution In a
beam gas apparalus, at Clp scatllering gas pressure of 5 10=% Torr. The
experlmental spectrum was compared with simulated spectra, assuming a
Boltzmann rotatlonal population distribution., We have obtained a rotatlonal
temperature as high as 6000 ¢ 2000 K (56 % of the exothermiclly aE of the
reacilon). Specirum congestion precliudes more detalled analysis of the rotationnal
populatlon at the present resolution. The MgCl vibratlonal population dlistribution is
not Boltzmann, and tha vihrational aexcltallon Is only 0.13 eV (14 % the
exothermicity of the reaction). Therefore the energy disposal of the Mg as) + Ch

* Laboratolre assoclé & I'Unlversitd de Parls-Sud
¥ and: U.E.R. Claude Barnard, Université de Rennas |, 35043 RENNES-CEDEX
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system contrasts strongly withthal of previously reported syslems In which the
reaction proceeds through the harpooning mechanlsm. For example, In the Ca
sy + Clp system, 70 % of the exothermicily goes Into CaCl vibratton and 10 %

(2000 K) In CaCl rotatlon

I 65 4 3 2 9 % 3,
teHth Tk f °':] For the Mg (1S)
7 s 1la ) or the
7 re“?s CRN EXIRETIANEIRE] M m‘:z Py 9
i TTATITTY T T Regy + Clp system, the distance

}
Cosorved at which the electron jump
| occurs was estimated to
W %) d be 2.7 A, which Is close
YM)MA to the MgCl equillbrium
-

ﬁ ltocrca’n-x T

Cakuloted k

L 1 - 1 1 H
3742 3752 3762 3172 ML

bondlength (2.20 A). The
corresponding  dlstances
u for Ca + Clp are 3.7 and

2.44 A, respectlvely.

Consequantly, the MqClI
vibratlon Is restrained In

the reaction Intermedlate.
Flgure | The energy Is released
through dissoclatlon of the

MgClp or CaClp Inlermaedlate along the CI-ClI™ bond, providing a large Impulse on
the CI” lon. This Is Hlustrated on fllgure 2, where the diabatic lonic potentlal
energy surface (PES) Is represented In Cyy geometry. Entrance on the surlace

. occurs at point 2 for the
relCly)ey re(Cly)

r Ca + Clo system. It s
M-Cl PR 1\ 2 System
? : M S.ClmeCY
(| ¥ - . 2 clear that the reaction
exoergiclly Is preferentiaily
o L 25  channelled Into- CaCl vi-
[ i 3 bration, In order to attain
4l /8 35 the equlllbrlum CaCl bond-~
24 45 length (ligure 3a). The
I J o «e'e Mg + Cla system enters on
2 e Ea =S e )= 426,
0 2 4 [ 8 10 the surface at point 3 and
r(c1-cI)(A) '
Flgure 2 goes directly into the exit

‘ channel. There Is nc
possibllity of lurthar stabilizatlion of the MgCl molacule along the RMg-CI
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coordinate, and the evolution of the system looks llke a dissoclation of MgClp

along the Rg)-¢j coordinale, where the alfect on the Rygc distance Is no greater

Cl
al Y
“mel”
Ca*
.\N\M}
b) <
\\
Cl”
MQ.A\
Flgure 3

Refarences:

1. M. Menzinger, In:

than the difterence beiween the bondtength In
the diatemlc and the trlatomlc molecules. In
a simple mechanica! plcture where MgC! Is
consldered as a rigid rod, the CIT lon
impulse results in rotatlonal excitation of
MgCi, equal to (mpg / mpmgcp AE x 40 %
AE (figure 3b).

In concluslon, the harpooning me-
chanlsm provides an explanation for the
change from vibratlonal to rotatlonal exclla-
tion of the reaction product from Ca to Mg.
The key factor to delermine whether rotatlon
or vibration Is most exclled Is the electron
jump distance. A more delalled analysis of
the (0-0) rotatlonal populallon, based on
higher resolutlon spectra, Is In progress.
Reactllons of other halogen molecules with Mg
are also being Invesiigated,

Gas Phase Chemlluminescence and Chemi-lonization, A.

Fontlln (editor), North Holland, Amstaerdam, p. 25 (1985).

2. D. R. Herschbach, Adv. Chem. Phys., 10, 319 (1966).

3. P. J. Dagdiglan, In: Gas Phase Chemlluminescence and Chemi-lonization, A.
Fontlln (editor), North Holland, Amsterdam, p. 203 (1985).
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A (2pty PRODUCTION BY 193 nm PHOTOLYSIS OF NITROUS ACID
D. SOLGADI, F. LAHMANI
Laboratolre de Photophysique Moléculalre

Bat. 233 - Unlversité dv Parls-Sud

91405 - ORSAY Cedex ~ trance

&. HONTZOPOULOS, C. FOTAKIS
Research Center of Crete
HERAKLION, (Greece).

The vibratlonal and rotatlonal state distributlons of the OH exclted A2t
fragment produced by photodissoclation of nltrous acld (HONO) excited at 193 am
have been Invesilgated. The fluorescence spectrum of the OH A21* fragment shows
that the v' = 0, 1, 2 levels are formed and the relalive population has been found to
be 1/0.18/0.017. The OH A2t (v'= 0) fragment exhibits a non HBoltzmann rotational
distributlon peaking at N’ = 12 and levels up to N’ = 20 are populated.

From the llnear Intenslty dependence of the OH A-: signal and its ilme
evolutlon, a single photon dissoclatlon process of HONO seems to be the most
probable mechanism and the results show that the most of the excess energy
avallable in the reaction (~3000 cm~!) Is channelled Into the Internal degrees of
freadom of the OH A fragment, Population of rotational levels abqve the limit Imposed
by energy conservatlon may result from thae excltation of parent HONO molecule which
possesses substantial thermal energy.
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4.V. Photoexcitation of rovibrationally excited NO.

J. DESON, C. LALO, F. LEMPEREUR, J. MASANET, J. TARDIEU de MALEISSYE.
C.N.R.S UA 40870 - Laboratoire de Chimie Générale -
Université P, et M. Curie - Tour 55 - 4 Place Jussieu

75005 PARIS -~ FRANCE

Absorption cross sections in the U.V. range of small molecules can be
increased by modifying the rovibrational excitation of initial state.

in the experiment reported here, gaz heating by a C.W. 002 laser, allows the
Boltzmann energy distribution in rovibrational levels of the ground state
to be shaded toward higher levels.

Electronic transitions from these high rovibrational levels of the ground
state molecule to excited states (dissociative or no) can then be more
readily induced by U.V. absorption of the radiation at 193 nm from-an ArF
laser. The formatjon of these excited states and of excited photofragments
can be observed through their emissions in the visible or near U.V.

The experimental set up allowing this double laser excitation I.R..-U.V.
is described and some results are presented concerning the photoexcitation
at 193 nm of rotationally excited NO.

Experimental.

The I.R, excitation is done with a continuous wave multimode CO2 laser
(Cilas 260) which is grating tunable between 9 and 11 pm wich a maximum
output power of 160 watts at 10,6 pm.

The U.V. excitation is done with an excimer lasef Sopra delivering pulses
of 140 mJ at 193 nm (Arf) and 25 ns width at 2 Hz. Both radiations are
driven into a stainlessteel cell fitted with ClNa and MgF2 windows :
iuminescences in visible and near 'U.V. are observed using quartz optics.

Time resolved spectral analysis-'is carried out by a Commodore CBM 4032
computer monitoring lasers triggering, monchromator Jobin et Yvon scanning
and photocounting system.




Ell
U.V. absorption of rotationally excited.

The spectroscopic analysis of the NO fluorescence induced by laser
excitation at 193 nm shows that rotational levels of three excited
electronic states are strongly mixed (1). It appears that at this wavelength
the preparation of NO (A, v' = 3) can be performed quasi resonantly from
high rotational levels of the NO (X, v" = 0, J" = 50,5).

At room temperature the population of rotationally excited NO with J"--50,5
is about 106 times smaller than J" = 28,5 with an energy gap between
NO (X, v" = 0) 3 = 28,5 and J" = 50,5 close to 3000 cn™'.

Gas heating by an I.R. laser excitation should allow to modify the Boltzman
energy distribution to the benefit of these higher rovibrationnal levels.

NO is not an absorber of the CO, laser radiation. But this one oparated ac
the on line at 10,595 pm,is absorbed by SF6 which acts as a photosensitiser
(2) in irradiated SFé-NO mixtures. Equimolecular mixtures of SF6-NO have
been irradisted at 0,7 mbar total pressures by the two laser beams ; an
important increase of the signal corresponding to the emissioin from

NO(B,v'= 7) has been observed: Moreover a spectroscopic analysis shows that
this emission is red shifted. An energy gap close to 600 cm'l has been
evaluated.More SFg must be added to the gaseocus mixtures in order to

get anhigher energy gap.

References.

(1) Shibuya K., Stuhl F.
Chemical Physics 79 (1983) 367.

(2) Tardieu de Maleissye J., Lempereur f., Lalo C., Masanet J.
J. of Photochem., 27 (1984) 273,
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193 nm PHOTOLYSIS OF AMMONIA:
THE INTERMEDIATE IN THE 2-PHOTON FORMATION CF NH(A 317)

R. D. Kenner, F. Rohrer, R. Browarzik, A. Kaes and F. Stuhl
Physikalische Chemie I, Ruhr-Universitit Bochum
D-U630 Bochum 1, Federal Republic of Germany

Recent results from this labor‘al:or'y1 have shown that the mechaniam for
production of NH(A 311) in the 193 nm photolysis of ammonia is secondary
photolysis of an intermediate species.

NH3 + hy(193) — intermediate + products
intermediate + hv(193) ~» NH(A 31T) + products 2

It was shown at that time that the intermediate species had a lifetime
greater than 10 ps. Consideration-of the known photochemistry of
ammonia (taking into account the energy restriction in reaction 2)
indicates that this intermediate species must be either NH,(A) or
internally-excited NHZ(X). It was previously shown2 that both these
species are produced in the 193-nm photolysis of NH3.

We have measured lifetimes for the intermediates in the photolyses of
NII3 and ND3 using two ArF (193 nm) excimer lasers in pump-probe
experiments. The measured quenching rate constants for each of the
parent molecules and for several added gases-are shown in columns 2 and
3 of Table I. Note the close similarity of the results for both the
protonated and deuterated species. In addition, we have obtained the
zero pressure lifetimes by extrapolation of plots of the reciprocal
lifetime as a function of the argon pressure.at constant concentration
of the parent molecules. The derived values are 250 and_ 600 ps for the
protonated and deuterated species respectively. Both these values have
been corrected for diffusion and quenching by the residual concentration
of the parent molecules.
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TABLE I: Summary of Measured Quenching Rate Constants

Quenching gas ~ Tntermediates from NHy(A);  NDy(A);  NHy(A)g
NH5 ND3
NHg 110 _— 190 -— 500 @
NDy — 115 — 180 _—
Ar iy ] 6 5 100
Hy 10 14 14 30 90
0; 7 6 ——- 12 —
N, 12 -— 7 - —-
He 2 — 3 — 30

All values are given in units of 10712 om3 -1,
Entries marked --- were not measured.
3value from reference 2.

Since the NH2(A) formed in the first photolysis step fluoresces,

its kinetic properties can be easily measured and directly compared with
those reported above, As has been shown previously2 , this fluorescence
shows a2 multi-exponential dzcay. We have investigated the species
monitored by the faster decaying.component of the NH2(A-X) emission
(1labled NHZ(A)s in Table I) and find that it shows very different
quenching behaviour than the.corresponding intermediate (compare columns
6 and 2 of Table I). This "short-lived" component of the NHo (A-X)
fluorescence -has been attributed to emission from "pure" NH,(A) levels®,
Based on our results these levels cannot be the intermediate species in
reactions 1 and 2-above.

On-the other hand, for bott} NH3 and ND3, the species characterized by

the “long-lived" component of the fluorescence (labled NH,(A); and

ND,(A), respectively in Table I) does appear kinetically similar to the

intermediate (compare columns 2 and 3 to 4 and 5 in Table I). The

differences in the measured results are, however, outside the combined i
experimental uncertainties. To study this long-lived component of the

‘NHo(A-X) fluorescence further we have recorded emission spectra using a
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delayed gate (10-160 i3) to minimize the contribution from the fast
decaying component. In the case of NH3, the delayed spectrum seems to
be dominated by emission from the NHy(A) (0,v,,0)2 states with v, = 5
and 3 ("’2 = 1 lies outside the sensitivity range of* our photomulti-
plier). The "long-lived" component of the NHZ(A-X) fluorescence has
been attributed to emission from levels of NH,(A) which are weakly
coupled to high levels of the ground state?. If this is true, the
emission would be a monitor for a particular set of states in the
ensemble of energetic ground state NHy molecules formed in the first
photolysis step. The NH(A-X) fluorescence produced in the second
photolysis step could be a monitor for a somewhat different set of these
states. In view of the similarity cbserved in these experiments between
the kinetic properties of the "long~lived" component of the NHZ(A-X)
emission and those of the intermediate species, we propose that the
intermediate species in the production of NH(A 31T) in the 193 nm
photolysis of NH3 are highly excited levels of the NH,(X) state (with a
similar conclusion for NDB).

1. R. D. Kemner, F. Rohrer and F. Stuhl, Chem. Phys. Lett. 116 374

(1985).
2, V. M. Donnelly, A. P. Baronavski and J. R. McDonald, Chem. Phys. _11_3_
271 (1979); ibid. 43 283 (1979).




PHOTODISSOCIATION OF MOLECULAR BEAMS OF
CHLORINATED BENZENE DERIVATIVES

Teijiro ICHIMURA, Yuji MORI,

Hisanori SHINOHARA® and Nobuyuki NISHI™

Department of Chemistry, Tokyo Institute of Technology,
Qhokayama, Meguro~ku, Tokyo 152, Japan
Institute for Molecular Science,
Myodaiji, Okazaki 444, Japan

Molecular beams of chlorobenzene", isomers of o-, m-, and p-
chlorotoluene‘% dichlorobenzenes?) and pentafluorochlorobenzene3) were
photodissociated using an excimer laser at 193 or 248 nm to measure the
time-of~flight distributions of fragments (Cl, m/e=35) to investigate
the primary processes and the photodissociation dynamics.

A supersonic molecular beam is irradiated by 193 nm ArF or 248 nm
KrF excimer laser pulses ( 50000 shots) at a frequency of §5 Hz. The
time-of -flight(TOF) spectrum is generated by synchronously gating a
multichannel scaler with the laser firing pulse and detecting
photofragments by a quadrupole mass filtef(Q—mass) as a function of time
after the laser pulse. The Q-mass, operating at unit mass resolution,
is. separated from the reaction chamber and pumped differentially by a
turbo molecular pump and an ion pump, The TOF spectrum is then converted
O a center-of-mass tctal translational energy distribution(P(Eq)) by
using a suitable Jacobian factor after subtractiny the drift time in the
O-mass tube. The flight path was 16 cm and tﬁe time resolution was 1 us.
Low energy fragments than 3 kcal/mol seems to be distorted since the
detector axis is perpendicular to the molecular beam axis.

For example, fig. 1 shows the TOF signal of Cl at m/e = 35 for the
photolysis of p-ClC6H4Cl molecular beams at 193 nm. The total
translational energy distribution, P(Eq), of photofragments in figz2

has tnree peaks at about 3, 13 and.30 kcal/mol. The energy difference

£13
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between each two peaks of distributions is far beyond the spin-orbit
splitting between C1(?P3/5) and C1*(?py/p), about 2.5 kcal/mol.
Thus, the fragment translatiopal energy distributions should be assigned
to the difference in dissociation processes.

The broad distribution with the peak Eq value of ~3 keal/mol in
fig. 2 can be represented by a Maxwell-Boltzmann function (P(Ep) «
E‘T1 / 2exp(-E1./kT)) and higher' energy distributions may be explained by a
Gaussian function(P(t) « t3 (12/t2 + c)1/2 exp[—(t-to)zlA]) . Here the
apparatus shape factor and the width originated in the narrow
vibrational distribution around the central state 0 were considered.

The fast photofragment energy distribution(Ep =30 Kcal/mol) may be
compared to those of photodissociation of the C-ClL bond in alkyl .
chlorides, which are excited into the continuum of a repulsive state bys
the (o*, n) transition and immediately undergo direct photodissociation.
The Ep value of about 30 kcal/mol observed for chlorobenzene and
chlorotoluenes méy be explained by a similar mechanism. This fast
fragment was not observed for pentafluorochlorobenzene. This is due to
the effect of fluorination to reduce the kinetic energy of fragments.

Two other lower energy components in P(Ep) observed in fig. 2
should indicate the occurrence of slow dissociation process in the
photolysis of p-dichlorobenzene at 193 nm. The broad distribution with
peak Ep value of 13 kcal/mol in fig. 2 cannot be repre;?ented by a
Maxwell-Boltzmann distribution, Accordingly the most probable exit state
to give the slower photofragments may be the highly vibrationally
excited triplet state, presumably the ( 11*, n ) transition, generated by a
fast intersystem crossing from the initial excited singlet state.

The distribution with the smallest peak E; value of around
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3 kcal/mol in fig. 2 may be represented by a Maxwell-Boltzmann
distribution. The photodecomposition process to give the statistical
distribution should occur after thermal randomization of the excess
energy. Thus the dissociation process seems to occur from vibrationally
excited S, state to give vibrationsily hot chlorophenyl radicals.

Some results obtained in this work are summarized in Table 1.

1-3} T. Icijmura, Y. Mori, H. Shinohara and N. Nishi, Chem. Phys. Lett.
122, 51 and 55 (1985), ard 125, 2o3 (1986) .

Fig, 1 #DIORLOFCBINZENE |- . Fig, 2 #+DJCHLOROBENZENE
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SINGLE- AND TWO-PHOTON DISSOCIATION OF CCIF2N0 IN THE VISIBLE

J.A. Dyet, M.R.S., McCoustra and J. Pfab

Department of Chemistry, Heriot-Watt University,

Edinburgh, EH14 4AS, Scotland.

The electronic spectroscopy, photophysics and photodissociatién
dynamics of chlorodiEluoxonitrosomethane(CCIFZNO) in the 550-710 nm
region have been studied both at 300K and in a nozzle-~cooled jet.
Yluorescence excitation spectra of the K(,A") + y(lA“)(n,n*)
transition have been recorded in the 670 to 710 nm region and
partially assigned to obtain information on the geometry changes
and potential functions associated with the transition. From
time rasolved measurements of jet-cooled-CchzNO we have obtained
the non-radiative decay rates of most well defined vibronic levels
active in the fluorescence excitation spectrum.

Detailed information on the electronic, vibrational and
rotational population distributions of the nascent NO ground state
fragment has been obtained using pulsed dye laser photolysis and
delayed two-photon LIF probing of NO. Photolysis at 300K in the
range 560 to 690 nm produces predominantly NO(v=0). The
proportion of nascent NO(v=1) is negligible but increases towards
short wavelength where a competing two-photon dissociation becomes
important leading to a non~linear increase of the NO yield with
photolysis pulse power. The rotational population distributions of
the nascent NO conform well to a statistical model.

State-selective photolysis of jet-cooled CCIF2N0 has been

performed at a number of narrow features in the fluorescence
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excitation spectrum of the cold parent. Fig. | shows a two-photon
LIP spectrum of NO(v=0) from the state-selective photolysis of
cold CCIF2N0 at 646.6 nm as an example., Competition between
molecular fluorescence and photodissociation occurs from the
electronic origin at 14,187 cm-'l up to roughly 15,000 cm“l where
fluorescence becomes weak due to rapid dissociation. An
uncorrected NO photofragment yield spectrum is displayed in Fig. 2.
Such spectra have been obtained by monitoring the production of
NO(v=0) by two-photon LIF with a fixed probe wavelength while
scanning the photolysis laser through the absorption of the cold
parent.

The variation of the delay between the dissociation and probe
lager pulses provided the appearance times of the NO fragment for
several vibronic levels of the A-state including the origin of
the system. No pronounced state-specific effects have been observed
indicating that CF,C1NO undergoes relatively slow predissociation with

energy randomisation preceding the separation of the fragments.
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HgBr(B - X) FLUODRESCENCE EMISSION INDUCED BY KrF LASER

HULTIPHOTON DISSGCIATION OF HgBry

P. Papagjannakopoulos* and D. Zevgolis**
Research Center of Crele, Institute of Electronic
Structure and Laser, and University of Crete,

Hersklion, Crete, Greece

The UV muitiphoton excitation and dissociation of small molecules in
the gas phase with an excimer laser has been &n adequate technique for
generation of electronically excited free radicals {{]. In this work we

studied the Krf laser (248 nra) raultiphoton excitation and dissocistion of

HgBry vapors, end the resulting fluorescence emission of electronicelly

excited HgBr radicals. This strong emission in he green, corresponds to
the B25 » xzz transilion of HgBr radicals, and provides s good chence of
schieving laser action at 502 nm, with great propagation in sir and sea

water.

{' The photolysis 'éxperimenls of HgBr, vapors performed with a Krf

excimer 1aser and with a setup described previously 2], For sn unfocused

laser beam with intensity 1230 MW/crn? and & HgBr2 vaper pressure about

0.1 torr strong-fluorescence emission was observed in the visible region
460-502 nm [3], Figure 1, This erission bend presents discrete vibrational
structure end wes identified ss the B2z +¥2¢ trensition of HgBr radicals.
s vibrational analysis showed geod resolution for the v'=0 » v'=17-22

¥ Also Department of-Chemistry, University of Crele.
*#Also Department of Physics, Universily of Crete.




E15

transitions, and the eblained melecular constants are in good agreement
with the literature. Furthermore, the fluorescence intensity st 502 nm
(v'=0 + v"= 22 transition) was found to depend on the laser intensity, with
o power law dependence two. This indicetes that the fluorescing HgBr

radical has been formed by a two-photon excitation process of the parent

HgBr, malecule.

The KrF laser photodissociation of HgBr, molecules proceeds vio two
different channele. In the first channel the HgBr, molecules are excited by

a single KrF photon absorption to s '"u siate, which correlates with &

repulsive state of HgBr,-and therefore undergo atomizstion,

HgBrz(X'iZ;) by HgBrz(llnu) > Hg('S)+QBr(2P)

In the second channel the HgBr, molecules are excited to & higher

electronic state with the absorption of & second Krf photon and
subsequently are decomposed to electronically excited HgBr(BZz) radicels
and Br(2P) atoms

S

HgBry(X 't ™ HgBry**  HgBr(6%) + Br(?P)

Therefore, the formstion of electranically excited HgBr redicals lakes

place vio the latter mechanism of t¥o-photon excitation.

For higher laser intensities 300 MW/cmz, the HgBr(B + X) emission
disappears and strong Hg -emission lines are observed. Those lines

correspond {o the transitions (63D -~ 65P) (73P2+ 738,) and (73S, + 65P)

of excited Hg atoms.

e et 2 o St VP e M =



The observed emission band B - X of HgBr has been found to increase
with the sddition of an inert gas, with different efficiency depending on

the nature of the gas. The obtained order of efficiency was N, Ar, Xe and

Ne.
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Figure 1: Emission band B2 +X2x of HgBr from the KrF laser photolysis of
HgBr2 vapor and 675 Lo of Ar; cel) temperature is 100,
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PICOSECOND LASER FLUORESCENCE STUDY OF THE COLLISIONLESS PHOTODISSOCIATION OF
NITROCOMPOUNDS AT 266 nm, .

Jean-Claude MIALOCQ (CEA - CEN/SACLAY, IRDI/DESICP/DPC/SCM UA 331 CNRS
91191 GIF sur YVETTE Cédex, France) and John C. STEPHENSON (National Bureau
of Standards, Molecular Spectroscopy Division, Gaithersburg, MD 20899, USA)

The picosecond UV photodissociation of nitroalkanes (R-NO,) and dimethyl-
nitramine (DMNA) is investigated by observing excited NO_* flliorescence and
by laser induced fluorescence (LIF) probing of ground stite NO, fragments,
After photolysis by picosecond laser pulses at 266 nm, efficie&t monophotonic
colligion-free photodlssocxatxon of R-NO, (R = CH , C»ﬂs, n-C3H and i-CqH )
or DMNA occura within 6 ps, in good agreement witn ca culated R {KH lifet mes
by consxdering that these electronically excited molecules undergo internal
conversion to high vibrational levels of the ground electronic state followed
by a statistical vnimolecular vibrational predissociation,

Formation of excited NOp* from DMNA is monophotonic ; for nitromethane
the excited NOy* formation is much less efficient and increasea faster than
linearly with fncreasing energy in the UV pulse,

EXPERIMENTAL

The laser was an active-passive mode-
locked Nd3+- YAG oscillator-amplifier
system which delivered a 30 mJ (1064 nm)
single pulse at 10 Hz, The frequency
doubled 532 nm probe pulse was 31 ps
duration (FWHM) as monitored by a streak
camera, After frequency doubling the
green pulse, the 266 nm pump was separated
from the optically delayed 532 nm probe
pulse., The two pulses were then collinearly
recombined as in the experiment of
Goldberg et al (1). The areas of the grcen
-3 and UV laser beams were estimated to be
2.7 % 10~ cm? und 3 x 10 cm’ respectively, Maximum energies of 200 uJ (uw)
and 1.0 mJ (green) were fairly constant from pulse to pulse. The zero time delay
between the pump and the probe pulses wvas determined by probing with 532 nm pulses
the photobleaching of rhodamine 6G cauged by the 266 nm pulses, RNO, or DMNA
contained in a Tee shaped 4 cm diameter glass cell equipped with three fused silica
windows were excited at 266 nm and the NO, ground stage fragment was probed by
laser -induced fluorescence- (LIF) using the delayed 532 nm pulse, The.-fluorescence
emitted in the observed 2 mm long interaction region was collected, spatially
and spectrally (A > 580 nm) filtered to discriminate against scattered laser
light and analyzed with a photomultiplier, The signal was averaged with a boxcar
averager—integrator, the 50 ns gate being scanned over the NOy* decay curve in
100 - 1000 seconds accordxng to the nitrocompound investigated, N0, diluted in
argon was used as an actinometer. No LIF was observed when this mixture was
excited at 266 nm above the NOp dissociation limit (398 nm). Under 532 nm
excitation, the initial NOo* fluorescence was proportional to the gas pressure
and to the laser energy. The Stern-Volmer plot of tbe NOy* decay rate constant

f£ig, 1 - Experimental Setup
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versus the pressure is a straight line, The estimation of the NOj quantum yxelds
is based on the courageous hypothesis that the 532 nm absorption cross section
of No2 is the same for thermal and photoproduct NO2

RESULTS AND DISCUSSION

012 torr CH:,NO2 The fluorescence signal

from NO;* formed by 266 nm
photolysis of CH3N02
followed by

(tp = 300ps) 532 nm

LIF probing of the ground
stage N02 photoproduct is
shown in Figure 2, There
is a 266-only component of
the fluorescence which is
about 5 X of the value
caugsed by the 532 nu

LIF of N0, [2].

[— ps ——————n

* PFig. 2 - Plot of the NO,* fluorescence intensity

as a function “of time,

The picosecond kinetics of the NO, formation follows closely that of the
R-6G photobleaching observed with che“same pump and probe pulses (£1gure 3)
showing that the photodissociation occurs within 6ps, This is consistent with
our RRKM lifetimes for CHyNO, (0.21 ps) and DMNA (4 ps) calculated from literaturz
Archenius A factors and Vibra:xonal frequencies 2].

The fluorescence signal from NO,* formed by 266 nm photolysis of DMNA and
532 nm probing is shown in Figure 4 [3].

The quantum yields of ground stage NO and excited NO * formation are

gathered in table, 1 [2 3] 2
No2 N02*
+ -3
CH3N02 0.17 = 0,11 <10
DMNA 0,13 < ¢ < 0,95 0.02 < ¥ < 0,12

Table | - Quantum yields of NO, and NO,* formation in

the photolysis of clIJNO2 and DMNA at 266 nm,
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Fig, 3 - Photobleaching kinetics
of a R-6G solution at
532 nm, NOy* LIF formation
kinetics (lower curve).

In dimethylnitramine, efficient monophotonic NO,* formation is due to the
greater available energy after the N-NO, bond breaking (D(N-NO,) = 44,1 kcal/mole,
B(C-NO2) = 58,5 kcal/mole), In the RNO,“under Study, the efficiency of ground

" stage NO, formation does not depend on the nature nf the alkyl group.
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Product Vibrational State Distributions in the Photodissociatiun

of lodine -~ Rare Gas Clusters

J.M. Philippoz and H. van den Bergh
Leboratoire de Chimie Technique
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1015 Lausanne, Switzerland

and

R. Monot

Institut de Physique Expérimentale
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CH-1015 Lausanne, Switzerland

Abstract:

The photodissociation of I,M van der Waale clusters is studied at several
wavelenghts above the B state dissociation limit with M = He, Ne, Ar, Kr and
Xe. The I, product vibrational state distributions are obtained by measuring
the dispersed B + X fluorescence and analysing the resulting spectra. Excita-
tion above the B state dissociation 1limit leads to significantly different
reaction dynamics compared to excitation of the bound levels of the B state
studied previously. Anong others the recoil energies of the I, and M fragments
are much larger, and the distributions of rovibrational states in the I,
product are much wider in the present experiments. For the five rare gases
etudied, the photodiesaciation af I,Ar leads to the smallest amount of relative

translational energy in the products, in contradiction with recent quasi-

classical trajectory calculations. The fragment recoil energy does not vary:;

strongly with the excitation wavelength,
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VIBRATIONAL AND ELECTRONIC COLLISIONAL RELAXATION. OF
c,(d°n gr V') AND (Clllg, v') STATES

P. Bartolomé, M. Castillejo, J.M. Figuera and M. Martin, Int®
de Quimica Fisica "Rocasolano", CSIC, Serrano 119, 28006 Ma-

drid, Spain.

The collisional processes of the two 1,3

llg'states of
the diatomic carbon molecule, are studied for Xe, N2 and 02 as
collision partners.

The Clllg and d3n fragments are produced in the Arf

g
laser multiphoton dissociation of vynil chloride or vynil bro-
mide (1) and their fluorescence spectrs are recorded in the
presence of different pressures of the above collisional ga-

8es.

In the presence of NZ’ population transfer from the
higher to the lower vibrational levels is observed to compete

with rotational relaxation within each vibrational state.

For Xe as the collision partner, a rate constant in
reasonsble agreement with previously measured values (2), is
obtained for the electronic relaxation of the d3H g state,
this velue being moderately dependent upon the vibrational

quantum number. X

More than twice faster rate constant is measured for
the electronic quenching by 02, with no measurable dependence
on vibrational excitation. Faster rate constants (about 1.5

times faster) are obtained for electronic relaxation of the
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observed levels of the Clllg state, and the fastest relaxation
rate is obtained for Xe, which quenches the cln g state at

nearly every collision.
REFERENCES
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The collisional quenching of Ca(ds3d(lD2)) by Hy and Dy,

by David Husain and Gareth Roberts,
Department of Physical Chemistry,
University of Cambridge,
Lensfield Road,
Cambridge, CB2 1EP, .
England.

The collisional behaviour of the low-lying, optically metastable states of the alkaline earth nistal
atoms, Mg, Ca and Sr (nsnp(3PJ)) in the-gas phase, has received considerable attention during
recent years from both a theoretical and experimental point of view. Characterisation of the rate
of removal of these atomic states by Hy and Dy in particular, is of special interest for both
quantitative and qualitative description of the appropriate potential hypersurfaces involving the
triatomic species MH, and MD,, as such systems are clearly most amenable to theoretical
investigation. In our taboratory, we have recently determined the temperature dependence of these
removal processes for Ca(43P_|) and Sr(53P_,) [1,2], following the earlier studies of Breckenridge
and co-workers on Mg(33P]) + Hy, Dy [3,4], and have employed the results to differentiate
between the competing réles of physical energy transfer and chemical reaction. Simandiras and
Handy have carried out ab initio calculations of-the potential hypersurface for the Ca(43PJ) +Hy
reaction [5], and have concluded that the activation energy is not significantly higher (< 5 kJ
mol'l) than the reaction endoergicity, in support of our earlier kinetic observations.

In this paper, we report an investigation of the collisional removal of Ca(4s'3d(lD2)), 2,709 ev
above the ground state [6], by H, and D, over the temperature range 750 - 1100 K. Ca(4lD2)
atoms were generated in a slow-flow system by direct optical excitation at A = 457.5 nm via the
weak electric-quadrupole allowed transition Ca(4s':»d(lD2)) - Ca(4sz(lso)) using a pulsed dye-
laser. The subsequent time-resolved smission at this sesonance wavelength was optically isolated
and monitored photoelectrically with boxcar integration,

The pseudo first-order decay coefficient representing overall removal of Ca(4lD2) by all
processes may be written:

| ZAnm + B,PHC + k"2[H2] (I)

. with an analogous expression for D5. The terms on the sight hand side of equation (i) represent

removal by spontaneous emissior, diffusion and collisional quenching respectively. At a given
temperature and pressure of helium buffer gas equation (i) becomes:
k' =K + kHZ{HZl (")

where K is fixed for a series of decay measurements in which {H,] or [Dy] is varied al a given
temperature and constant total pressure. Absolute second-order rate constants for the collisional

removal of Cu(4|DZ) atoms by Hy and Dy, us determined from equatian (i), are accurately
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described by the following Arrhenius expressions:

kigy = (5.5 * §9) x 10710, exp(-14.4 #1315 mor'!) em? motecute 57!

RT

and,

kD2 =39 t04)x 10°10, exp(-222 Y 0.8 kJ mol‘l) em? molecule”! 57!

RT

The activation energies so derived can be considered within the framework of chemical removal
to yield electronic and vibrational ground state CaH and CaD plus H(D)(28 12k

AHIKI mol'! (6,7
Ca(4!Dy) + Hy = CaH(X2E¥, v'u0) + H 6.7
Ca(4!Dy) + Dy - CaD(X2E¥, v'=0) + D 2123

Thus the present results are seen to be consistent with the hypothesis that removal of the
metastable atomic state by both isotopic species is dominated by a chemical pathway in which
there is a small energy barrier over and above the reaction endoergicities yielding the ground state
diatomic hydride or deuteride. These measurements do not permit isolation of any quenching
pathway, however minor, involving removal of Ca(4lD2) by physical energy transfer. Finally in
this context, it is of interest to note that our earlier study of the quenching of Ca(43PJ) by Hy
and D, yielded activation energies for total removal which were also found to be in close
agreement with the appropriate reaction endoergicities [1).

The Arhenius pre-exponential factors also support a model based upon chemical removal of
the metastable state, as seen from symmetry arguments employing the weak spin-orbit coupling
approximation. We have previously observed that the pre-exponential factors for Ca(43PJ) + Hy,
Dy are in reasonable agreement with calculated collision numbers, in accord with a direct
correlation between Ca(43PJ) + Hy(D,) and CaH(D)(Xzz*) + H(D) via a surface of 3a
symmetry [1). Hence the significamly lower pre-exponential factors determined for the Ca(41D2)
+ Hy, Dy reactions may be presumed to reflect the occurrance of non-adiabatic transitions on the
chemical pathways connecting the reactants with ground state products.
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Collisional Llectronic Quenching of 0n(A22+) Radical

+ . +
A. Vegiri*, S.C. Farantos , P. Papagiannakopoulos , and

C. Fotakis*.

Research Center of Crete, Institute of Electronic Structure

and Laser,
Iraklion, Crete, Greece.

Abstract

Recent kinetic studies of‘OH(A28+) colliding with CoO,

uzo and N2 have shown the dependence of the decay efficiencies
on the rotational quantum mumber N of the diatom Iﬂ. In

order to understand the quenching and energy transfer mechanisms
of these systems we carry out quantum chemistry calculations[2].
The potential energy surfaces for the ground and excited

states of OH with He and CO are constructed. The potentials

of He + OH(XZH, A22+) are found to be repulsive but with
interesting topology. Interaction potential of OH with co

are under investigation.

1. P. Papagiannakopoulos and C. Fotakis, J. Phys. Chenm.
89, 3431, 1985.

2. S.C. Parantos, Hol. Phys. 54, 835, 1985,

* Also Physics Department, University of Crete,
Iraklion Crete, Greece
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COLLIS IONAL QUENCHING OF on(A%rt, v'=0) BY Nity FROM 250-1400K

Jay B, Jeffries, Richard A. Copeland, and David R. Crosley
SRI International, Menlo Park, CA 94025
The rate constant for collisional removal of the v'=0 level of the AZgt
excited state of the OH radical by NH3 is measured over the temperature range
250-1400 K. The variation of this rate with collider temperature provides
more insight into the mechanism than does just the magnitude of the rate at a
single temperature. When long range attractive forces are important, the
cross section decreases as the relative translational energy increases. When
such a cross section is averaged over a thermal distribution of velocities, it
will decrease with increasing temperature. We examine the temperature
dependence of quenching rate constants, ko, for O colliding with HHj, a
quencher with a permanent dipole moment which generates a large dipole-dipole
attractive term in the interaction potential. The temperature dependence
observed 18 consistent with a quenching mechanism dominated by long range

attractive forces.

Two different experimental apparatus were used to cover the range 250 to
1400 K, Between 840 and 1425 K the laser pyrolysis/laser fluorescence (LP/LF)
techniquel is used, and at 255 and 300 K the experiments are performed in a
fast flow reactor.2 The LP/LF technique uses a pulsed Co, laser to irradiate
a slowly flowing mixture of bath gas (N, or CF4), infrared absorber (SF¢),
radical precursor (H,0,), and quencher (NH3). Some of the IR energy is
absorbed by the SFg and collisional energy transfer heats the entire irradi-

ated volume to a temperature determined by the COp laser pulse energy and the

2 uses

ratio of infrared absorber to bath gas. The low pressure flow reactor
Ar buffer gas; a microwave discharge in the flow reactor generates hydrogen
atoms from the Hy impurity present in the Ar, and OH is produced from H +

NGy In both apparatus, laser-induced fluorescence is used toc measure a rota-

tional temperature of the OH,

At room temperature the magnitude of the electronic quenching of
0H(A22+,v'-0) varies with rotational level in the A-state. Observed by
McDermid and Laudenslager3 for quenching by Ny and 0,, this phenomenon has
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measured for a more extensive set of rotational levels and collision partners

to include Nu3.4 That 1nvcatigation4

showed that kg decreases as the rota-~
tional quantum number N' is increased; this produces a variation of the
observed quenching rate for different rotational population distributions in
the A-state. In both our high and low temperature apparatus, there is suffi-
clent path gas to produce, by collisional transfer, a thermal rotational popu~-
lation” distribution in the excited A%tt state. Neither Ar or CF, is an effi-
cient quencher of the electronic state, but each is an effective colliston
partner for rotational relaxation of the molecules from the single rotational
level initially excited into a thermal population distribution. The flow
measurements are done in 8 Torr of Ar and the LP/LF measurements made between
15 and 40 Torr of CF4/SF6 mixture, Both model calculations and diagnostic
experiments varify that the quenching rates are obtained for a thermal distri-
bution of rotational level populations of the A2£+ state as well as a thermal
distribution of collislon velocities.

To measure the quenching rate, light from a pulsed, frequency-doubled dye
laser excites the OH molecules to a specific rotational level in the A2ﬁ+,
v'=0 state. Following excitation we monitor the temporal evolution of the
total fluorescence. By examining the pressure dependence of the fluorescence
decay, we obtain the quenching rate constant and the thermally averaged cross
section, oQEkQ/<v>, where <v> is the average relative collisfon velocity. The
eleven measurements (e¢) of the thermally averaged cross section between 255
and 1425 K are plotted versus temperature in Fig, 1. Two important results
are evident from the data. First, the quenching cross section, thermally
averaged over the rotational level distribution and collision velocity,
decreases roughly a factor of two between 300 and 900 K. Second there is no
obgervable change in the value of 9 between 850 and 1400 K.

The temperature dependence of % contains two distinct contributions.
First, oq may depend on relative collision velocity., The attractive inter-
actions are modeled? by a multipole expansion; the dashed line in Fig, 1 1s
the temperature dependence of aq as calculated by this model. Second, because
% decreases as N' increases, a rotationally averaged 9 will decrease as the
temperature increases hecause the population in the excited A22+ state shifts
toward higher N'. With the assumption that the variation of quenching cross

section with rotational level is independent of temperature, we use the data
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from Ref. 4 to calculate this effect. The dotted line in Fig. 1 shows the
variation in gq predicted from.only the rotational level dependence.

The solid line in Fig. 1 is the prediction of 9% from the combination of
the votational level dependence and the attractive forces model. The calcula-
tion predicts a slightly greater temperature variation than we observed over
the entire temperature range studied. In the high temperature region (850~
1400 X), the measured oQ remains constant while the model predicts a 207%
decrease. Nonetheless, the comparison between model and measured oq repre~
gents surprisingly good agreement for such a simple model. The data indicate
that the quenching mechanism is dominated by attractive forces in the tempera-
ture range 250-1400 K.

This work was supported by the Division of Basic Energy Sciences of the
Department of Energy. )

1. G. P. Smith, P. W. Fairchild, J. B. Jeffries, and D. R. Crosley, J. Phys.
Chem. 89, 1269 (1985).

2. R, A. Copeland and D. R. Crosley, J. Chem. Phys. 84, 3099 (1986).

3. 1. S. HcDermid and J. B, Laudenslager, J. Chem. Phys. 76, 1824 (1982),

4. R. A. Copeland, M. J. Dyer, and D. R, Crosley, J. Chem. Phys. 82, 4022

(1985). .
5. P. W. Fairchild, G. P. Smith, and D. R. Crosley, J. Chem. Phys, 79, 1795
(1983).
1 1
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Formation of XeCl(B25y,p) and XeI(B2py/p) by Reaction

of Electronically Excited ICl with Xe

J.P.T, Wilkinson, E.A. Kerr and R.J. Donovan
Department of Chemistry, University of Edinburgh,

West Mains Road, Edinburgh EH9 3JJ

DP. Shaw and I. Munro

SERC Dareshury Laboratory, Daresbury, Warrington WA4 4AD

Abstract

The ion-pair states of the halogens present an interesting
challenge to the spectroscopist, They are difficult to observe
using conventional techniques due to both unfavourable Franck-
Condon factors ‘from the ground state to low vibrational levels

and also because the Franck-Condon accessible regions are

dominated by strong transitions to Rydberg states. However, as

these Rydberg states are often strongly predissociated they are
not observed in fluorescence and thus by observing fluorescence
excitation spectra the jon-pair states can often be studied in

the absence of overlapping transitions to Rydberg states [1}.

‘ : We present in Figure 1 the fluorescence excitation spectrum

L

for ICl in the 150~190 nm region recorded using synchrotron
radiation, Fluorescence from the first optically accessible
ion-palr state of ICl is excited in the 170-190 nm region. wpen ;
fluorescence excited in this ragion is dispersed we obtain a

spectrum with the characteristic oscillatory continuum structure,

N
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typical of the emission from higher vibrational levels of
ion-pair states {2]. Between 160 nm and 170 nm in the
fluorescence excitation spectrum we see a second, highly
structured, fluorescence system which is probably the result of
the interaction between a Rydberg state and an ion-pair state.

As well as direct fluorescence excitation spectra, we h?ve
also recorded action spectra for both Xecl(n2 21/2f and
XeI(BZZ1/2) formation using synchrotron radiation to excite ICL
in the presence of excess xenon, see Figure 2. We find that the
formation of Xecl(82£1/2), which is thermodynamically feasible
for X < 200 am [3], occurs throughout both the 160-170 nm and
170-190 nm systems whereas XeI(Bzz1/2) is formed only when the
160-170 nin system is excited.

Further work on both the ICl fluorescence excitation spectra
and the XeI(B25y/y) and XeCl(B25y/2) action spectra will be

reported at the conference.

(1] E. Kerr, M. MacDonald, R.J. Donovan, J.P.T. Wilkinson, D.
Shaw and I. Munro, J.Photochen,, 31, 149, 3985.

[2] M. MacDonald, J.pP.T. Wilkinson, C. Fotakis, M. Martin and
R.J. Donovan, Chem, Phys. Letts., 99, 250, 1983.

[3] G. Herzberg and X.P. Huber, Constants of Diatomic Molecules,

Van Nestrand Reinhold, New York, 1979,
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QUENCHING OF N03‘(28') BY NZ' A POTENTIAL

PHOTOCHEMICAL SOURCE OF NZO'

K.G. Pettrich, F. Ewig and R. Zellner
Institut fir Physikalische Chemie, Universitit
Gdttingen, 3400 Gdttingen, FRG

The origin of atmospheric N,0 is almcst exclusively at the
earth's surface. In-situ photochemical sources in the topospherz
and stratosphere are presently unknown. However, recent evidence
obtained in our laboratory suggests that a significant:source

of Np may arise from the reaction.

(1) w0 " (A% ") + 4, (x'2g") - 002" 2+ wo, (k%))
where the 2E'-stateofNO3 is produced upon exclitation of NO4

(X 2A') by solar radiation at wavelength between 620-700 nm.
Reaction (1} is exothermic by 134 kJ/mol and spin as well as
orbital symmetry allowed. However, it will be in strong
competition with the simple energy transfer reaction which is
usually assumed to dominate collisional electronic quenching.
Direct measurements of the N,0 yield are in progress and their
result will be presented at the meeting.
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THE ELECTRbN SWARM METHOD AS A TOOL TO INVESTIGATE
THE THREE~BODY ELECTRON ATTACHMENT PROCESSES

I.5zamrej, I.Chrzadcik and M.Forys

Chemistry Department, Agricultural and Teachers University,
08-110 Siedlce, POLAND

) In the recent years a large body of evidence has been
collected which demonstrates the importance of the three~body
processes in the electron capture in the gas phase. The elec~
tron swarm method has been widely used to investigate elec~
tron attachment, However up to date was scarcely applied to
the important claess of the three body processes especially
those where the two molecules of the electron scavenger take
a part in the reactionl/. This contribution was aimed to deve-
lop the approach which enables one to measure rate constants
for such processes which occur at thermal energies.

The swarm chamber has been built basing on the experience
; of authors from Christophorou's lsboratory and the technical
details are essentially similar.

Carbon dioxide was used as a diluent gas with wide range
of the thermal aquilfbrium region. To resolve the drift velo-
city /W/ problem in the prusence of higher concentrations of
scavengers /M/ the reaction of electron capture by SFg was
applied.

First, the k = 3.1x10"7 cn+molecTl.s"! was measurcd.

' e+SF6
‘ in €O, to be constant over the 0.3-0.9 V.Torr 1.5~ of E/P

; using W from ref.1. Then an electron attachment coefficient

; /A / for SF6 was measured in different M-CO, mixturos and W

was determined as W s k/ol . The results are shown in Fig.1.
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3 Fig.1 The influence of the
~
- scavengers concentration on
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It is seen that W changes strongly at lowest concentrations of

admixtures and then is practically constant over the two-four~
fold changes in pressurc used in further experiment. Also the

changes are not very specific owing to similar polarity of the
admixtures.
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Next thool values hsve been measured for CH.Br, H,S, HBr and
HCl. The k values were calculated using W shown in Fig.1. The
example results are given in Fig.2. As in the case of SF6 the .
k values were constant over the whole range of used E/P which

means that the investigated reactions are the thermal ones.

As it is known from our2/ gnd Armatrong's3/ viorks by gamma
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radiolysis method compounds enlisted above tend to accept
thermal electrons in more then two-body reactions. Thus, the
proper orders were determined by changing consecutively pressu-
feé of the participant gases. The results in Table 1 show that

exept CH.Br all the processes are of the third order with co,

3
or HZS acting as the third body. This suggested that neutral
van der Waals molecules can possibly be involved in the reac-
tion.

Table 1, The rate constants for the electron capture reactions.

k/cma'molecule-3's'1/
Reaction
this work literature
™ + CHBr * 6.5x10™ 12 1.0x10"2 48/ 544012 44
3.6x10"12 4¢/
o™ + 2H,8 5.0x10" 33 1.9%1.0x10°3% &/
e~ + HBr + 002 1.0x10~30
~e” + HCL + CO, 2,2x10"32

% two body rate constant
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THE ROLE OF VAN DER WAALS DIMERS IN THE ELECTRON
CAPTURE PROCESSES

I.Szamrej, I.Chrzgdcik end M.Foryd

Chemistry Department, Agricultural and Teachers University,

08-110 Siedlce, POLAND

The gamma radiolysis of the low pressure hydrogen
sulphide-methyl bromide mixturcs has been used as a method to
investiga;o the three~body clectron capture processes in the
gas phase. Xenon has been chosen as a diluent ges as its sbil-
ity to stabilize negative ions in a three-particles encounter
is known to be very low while -the equilibrium- constant for for-
mation of VdW dimers is comparable with that for molecular con-
stituent.

The concentration of the final product, methanes, was messu~
red gas-chromatografically. A strong dependence of the rate of
formation of negative ions on the xenon and hydrogen sulphide
total pressure has been observed.

On this basis the following set of reactions has been

proposed.
HyS + H,S J— (Has)2 /1/
CHLBr + H,8 e 4 (cn3arvuas) 72/
CH.Br + Xe e (CHsBr'Xe) /3/
e~ + (CH,Br+H,S)g————s (CH.Br-H,S)™" /5/
3 2V = 3 2

o= + (CHBr.xe) z————=t (CH,Br-Xe)™" /6/
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e + (cusar-nas)"" + M ——3 Products 77/
L— CH,
o~ +(CH,Brexe)™ + M ——> Products /8/
b—— CH,

where M is the total concentration of the molecular compo-
nents. The rate constants for the formation of the double
negative ions have been calculated. They are equal to

(ltz)x10°11 cn’-molecule~d.s™1 for (HZS)E and (6%3)x10

en®.molecule™3.s1 and (E!34)>(1O"'28 cn®.moleculte 3571 for

-28

(CH38r'H28)" and (CH3Br-Xe)',mglecu1es, respoctively,
Three~body kinetics of electron capture by H,S at low
hydrogen sulphide pressures shows that reasction (4) gives
the stable (HZS); dimer ion, which does not decompase as any
such process should lead to hydrogen production, which was
not observed. It is rather striking behaviour as it is un-
likely to othsr known dimer ions. The observed kinetics

s )~

excludes also the eiectron transfer from (st)g or (Hn n

to CH;Br as it would lead to CH, production and, in consequ-
ences, independence of G(CH4) on CH38r concentration in the
CH3Br-H2$ mixture.

The dependence of the rate of CH, production on the
UHZS] + [Xe])term leads to the conclusion that VdW (CH3Br-Xe)
and(cHsﬁroHZS) molecules are responsible for the CH4,produc-
tion in electrun cagpture processes by CH3Br. Otherwise tho
unlikely supposition should have been made thsat the effecti~
veness of Xe and HZS in stabilizing the excited dimer ion is

nearly equal. If the first statement is true, the used method
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appears to be a new one to distinguish between Bloch-Brad-

bury and VdW molecules ways of formation of dimer negative
ions in the case when stabilizing efficiency of the species

differs strongly while the equillibrium constants are simi-

lar,
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Reactions of ion-pair states of 012

E. Hontzopoulos1 and C. Fotakis!
Institute of Electronic Structure and Laser
Research Center of Crete

P.0. Box 1527, Iraklio, Crete, Greece

Chemiluminescent reactions between the D(’iu) fon-pair state
of molecular halogens and noble gas atoms have recently
received great attention [1,2]}. Fluorescence from this
state and intramolecular energy transfer leading eventually
to the population of the lowest lon-pair state D'(3ﬂ29) are
competitive to reaction and have been studied 1in some
detail. The reactivity of the D' state of Br2 has also been
studied [3]. In the present work lon-pair states of Cly
having a “gerade" ©parity are populated directly and
selectively 1in a two-photon excitation process from the
ground state, by means of a narrow-band tunable KrF laser.
Evidence for relaxation processes and chemiluminescent
reactions, which are observed in the presence of Ar, Kr and
Xe will be opresented and compared to those obtained in
single photon excitation for the D('Zu) halogen state.
Reaction rates are found ¢to bé fast, corresponding to a
magnitude of several times the hard sphere collision cross
sections. This will be 1Interpreted on the basgis of a
harpooning mechanism. Finally, data will be presented for
the reaction of 1on-pair states of C1 with various

2

hydrocarbons.




vl

atinensin

E26

1

Also

1.

References

T. Mbller, B. Jordan, P. Gurther, G. Zimmerer,
D. Heaks, J. Le Calve and M.C. Castex, Chem. Phys.

76, 295 (1983).

B.V. 0'Grady and R.J. Donovan, Chem. Phys. Lett.

122, 503 (1985) and references therein.

D.J. Ehrlich and R.M. Osgood,

Jr. J. Chem. Phys. 73, 3038 (1980).

Dept. of Physics, University of Crete

P.0. Box 470, Iraklio, Crete, Greece




£27

~ The association reactions of NO* with NO and Ng in Ny carzier gas

Rudolf R. Burke® and Ian M€Laren**, LPCE, CNRS, 45071 Otlecans Cedex 2
* now at PM1, USMG & UA 844 du CNPS, CNS-CNET, BP 98, 38243 MEYLAN CEDEX
** now at Department of Chemistry, Howard University, Washington, D.C.20059

The LPCE supersonic flowing afterglow permits the study of
association reactions between 120 and 180 K, and from 0.4 to 0.8 mmHg. For
five temperatures- and three pressures, the loss rate of NO* : - d[NO*|/dt -
k![NO*]was measured as a function of NO addition. The pseudo~first-order
rate constant is a linear function of ‘[NO] with a positive intercepl:kl -
klyg + ,kQNo[NO]. The slope kQNO yields information on the NO' + NO -
NO*(NO) association and the intercept klN2 on the NO* + Ng-
NO*(No)association (the NO*(Ng) cluster is scavenged by the NO*(No) + NO -
NO*(NO) + Ng switch). The energy transfer mechanism-(ETM). for association
reactions predicts k2NO"‘ k3N0[N2], but the experimental results give k2NO
o« [N2]2'8. If third-order is imposed on the data, one obtains ksNO -

4 x 10727 (150/’1‘)8-5 molecule™2 emb 51, Extrapolation to 300 K yields the

-value reported by Kebarle.

The intercept klNQ is independent of [No}, whereas the ETM predicts
kIno = K3NoINgl2. Furthermore, klyg ~ 6 x 103 57! is independent of
temperature. The mechanism proposed 1o account for the experimental data
consists of chemical activation (ca) NO* + Ng - NO¥(Ng)*, and radiative

stabilisation (1) NO*(Ng)* - NO¥(Ng) + hv in competition with efficient

collisional’ dissociation (cd) NO*(Ng)* + Ng - NO* + 2Ng. Applying the
quasi-stationary-state approximation, onc obtains klN2 = kkealked» and
klN2 = kyif ko, = k.q. This mechanism implies a slow unimolecular

decomposition (ud) NO*(Ng)* » NO¥ + Ny with K4 <¢ 107 571,
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HOT ATOMS IN IONOSFHERE

I.K.,Tarin and V,L,Talrose

Institute of Chemical Physics of the Academy of
Sciences of the USSR, Moséow, USSR

Mechanisms end processes of hot atoms formation in
ionosphere and their possible effect on chemical composition of
ionosphere are discussed, The following processes are considered
to be the sources of hot atoms: photodissociation, dissociative
recombination and precipitation of energetic ions of it ang o*
in high-latitudinal and medium~latitudinal ionosphere,

In particular it is shown that under conditions of magnetic
storm fiows of hot oxygen atomy formed as & result of a cnarge
transfer of energetic 0% 1ons on oxygen atoms, may increase
nitrogen oxide content in upper ionosphere of high latidudes by
3-4 orders as compared with undisturbed conditions,

Posgible effect of the processes with hot atoms -participation
on ionic composition and total content of charged particles in

; lonoaphere are analyzed,
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The Chemistry of Sodium in the Mesosphere: Absolute Rates of the

Reactions Na + O, > NaQ + 0, and Na0 + 0 — Ha (2PJ, 281/2) + 02

3 2

by

J.M.C. Plane, Rosenstiel School of Marine and Atmospherlc Science, University
of Miami, 4600 Rickenbacker Causeway, Miami, FL 33149-1098, U.S.A.

D. Husain, Department of Physfcal Chemistry, University of Cambridge,
Lensfield Rd., Cambridge, CB2 1EP, U.K.

P. Marshall, Department of Chemical Engineering and Environmental Engineering,

Rensselaer Polytechnic Institute, Troy, NY 12180, U.S.A.

The reactions

Na + 02 —> Nal + 02 kl

2
/Na (3% 5, 40, Kk,
\b) 2

Na (3 PJ) + 02 k2b

have long been recognized as important in governing the distribution of atomic

0 + NaO

sodium in the 90km region above the earth's atmosphere, as well as the
component of the alr-glow emission due to the Na D-~line ( )\.= 589nm), and
D-1ine cmission in meteoric trails.

We present determination of k, and kz uging two different and novel

i
experimental techniques., Reaction 1 was investigated by time~resolved atomic
absorption spectroscopy of Na atoms at X. = 589 um, following the pulsed

photolysis of NaIl, in an excess of 03 that was monitored simultaneously by

£29
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steady abgorption of the Hg line at ‘,\. = 253.7 nm. We obtain a value for kl -

(4 tg) x 10710 ¢nd molecule ~'s”! at T = 500 K.
The absolute rate constant, kz, was determined by time-resolved atomic

chemiluminescence at )\, = 589nm, following reaction 2(b) as a spectroscopic

marker for resction (2), overall, subsequent to the pulsed photochemical

generation of 0(23PJ) in the presence of excess NaO.

A flow of a known concentration of NaO was created by mixing together a
flow of NZO with an excess of Na vapour entrained in a carrler gas from a
The overall rate constant was cstimated to be

10 <:m3 molecule —ls'.' at T = 573 K,

heat-pipe oven.
ky = (3.7 0.9) X 107
upper limit of 0.0l to the branching ratfo of reaction (2) was also

obtained, which is a rough estimate but may indicate that mechanisms other

than reaction (2) are respousible for the obszerved D-line night-glow emission.
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Parameters of Activation Barriers for Hydrogen Atom Transfer Reactions from
Curved Arrhenius Plots

H. Furue and P. D, Pacey

Chemistry Department, Dalhousie University, Halifax, Nova Scotia, Canada B3H 4J3

Experimental data on the temperature dependence of the rates of gas phase,
hydrogen atom transfer reactions have been reviewed and assembled.

The following expression, incorporating a factor, K, for tunneling through
an Eckart barrier of effective height Ee and thickness, AS]/Z’ at half height,
was fitted by least squares methods to the data for each reaction. Here A, Ee
and AS]/2 were

k = KAT" exp(-Ee/RT)
adjustable parameters; n was fixed to match the temperature dependence
contributed by other degrees of freedom. For four reactions of CH3 with organic
molecules, values of AS]/2 were found to be consistently between 0.05 and 0.06 nm.
For reactions of D, 0, F, C1 and CH3 with H2' fitted values of A agreed
within two standard deviations (~20%) with values calculated from ab initio
potential energy surfaces using transition state theory (TST). Similar
agreement (2 to 5 kJ mo]'l) was obtained for effective barrier heights.

It is concluded that TST with a tunnel factor can be applied to such
reactions and that curved Arrhenius plots can provide information about the

barrier to reaction.
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MASS SPECTROMETRIC DETERMINATION OF RATE CONSTANTS AND
MECHANISM OF ATCMIC FLUORINE REACTIONS IN GAS PHASE
N,I.Butkovskaya, E.S.Vasiliyev, I.I,Morozov, V,L,Talrose

Institute of Chemical Physics of the ‘Academy of Sciences
of the USSR, Moscow, USSR

Reactions of fluorine atoms have been studied in the
reacter with a diffusion cloud in flow, Reagents and reaction
products, including atoms and free radicals, are directed, as
a modulated molecula. “eam, to a focused electric or magnetic
field in which particles with magnetic or dipole monents are
focused onto an iplét hole of an ion source of a mass spectro-
meter. In such a way identification of free radicals is
accomplished, It is for the firat time that fluorine atoms
have been identified by double-cherged ions. Rate constants
of a series of halogen-containing molecules with fluorine
atoms have been determined at a pressure of inert gas of
several torr and a room temperature,

Chemical activity of an atomic fluorine is so high that
it reacts with glass and quartz walls of the reactor, yielding
SiF4 and 02 into a gas phase, To eliminate this effect a
discharge tube made of synthetic sapphire has been used, In
most of the experiments fluorine atoms have been detected

by the line M/e *9,




KINETIC STUDY BY MASS SPECTROMETRY OF THE REACTION OF HYDROGEN ATONS VITH

ISOBUTANE IR THE RANGE 205-407 K.

by LP. SAYERYSYH, C. LAFAGE, B. MERIAUX, A. TIGHEZZA
Université des Sciences et Techniques de Lille, Flandres Artois
Laboratoire de Cinétique et Chimfe de la Combustion. UA CNRS 876

59655 VILLENEUVE D'ASCQ cedex (France)

If the seactlon of hydrogen atoms with alkanes has baen largely
investigated, only few studies have been devoted to the resction of hydrogen
atoms with isobutane. The rate constant for this reaction has been essentially
measured by indirect methods involving the addition of iscbutame to a reacting
ilz - Oz system (1, 2) or investigating the radiolysis of isobutane-propylene
system (3).

The present paper describes a study using a discharge-flow systen
coxupled to a quadrupole mass spectrometer in order to make a direct
measurement of the rate constant by monitoring the decay of H atoms with tine

and to propose a mechanism from the analysis of reaction products.

EXPERIMENTAL
All experiments were carried out using a conventionnal discharge-flow
system coupled to a modulated molecular beaw-mass spectrometric sanpling
technique (4). -A pyrex tube (2,4 cm internal diameter and 60 cm length) was
used as isothermal fast flow reactor. It was thermostatted by an ofl jacket
making constant to * 2K the temperature along the heated zone.
Hydrogen atoms were produced by a 2450 Klz microwave discharge in

highly diluted in lle in a side tube. The Hz flow passed a liquid nitrogen trap

to freeze traces of water.
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All surfaces expused to H atoms were coated with orthophosphoric acid
in order to reduce heterogeneous recombinations. Mass spectrometric calibration
of i ators was determined Ly the measurement of the extent of the Hz - to - H
converszion and/or by titration with NO:.

' laobutane (purity 99,95%) was introduced into the reactor through an

injector terminated by a multihole sphere. The injector covld be moved along

. the axis of the flow veactor, varying the reaction time which was calculated
from the measured flow rates using the assunption of plug flow,

The temperatur= of the gases was measured by means a chromel-alumel
thermocouple mounted in the tip of the moveable injector. Flow rates of
different reactants were measured by calibrated moss-flow controllers. The
pressure in the flow tube was measured upstream by a capacitance manonatar,
The linzar flow velocity in the reactor was set at about 2v m/s at about |

tarr.

RESULTATS ARD DISCUSSION
The reaction Dbetwean hydrogen atons and isobutane has bean
investigated under pseudo-first order conditions with <, « (i=-Cullis). over
' the Lempzrature range of 295-407 K. At 295 % 2K, the initial concentration of
I atoms ranged from 1,3.19'° to 1,25.10'% atoms/cm<, while the {initial
concentration of i~CaHyv. ranged from 1,15.10'* to 3,8.10'" molecules/cm*. The
ratio R = ({-Callvod/ (., was varied between 16 and _?.66. Results obtained at
raom temperature (fig.l) show an increase of the overall rate constant k for
the lower values of the ratio R. For R higher than about 80, k tends to a
' constant value equal to 2,2 & 0,4.10'" cm*/molecule.s at 295 % 2K. Such a
. behavior of k as a function of the ratfo (i-Callyu)s/ (.. indicates the
occurenze of fast secondary reactions of H atoms with products of the nitial
and/mt secondary steps (Call., i-Calla,...). A mechanism i3 proposed to interpret ;

the tormation of analyzed szecondury compounds. The computer simulation of the
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values of the rate constant oi the rate constant k.

k as a function of th2 initial

ratio aof reactants.
rmechanism enables to obtain a gouod apreement batween the experimental and
calculatad curves.

In order to minimize the role played by secondary steps, the tenperaturs

dependence of k has been determinad far a ratio (i-Calvwu/tid, o1 atout 266
(fig.2). The lzast squares treatment of the dala yields :

k .snt/molesulzsy = 93,107 1 2up(~1808/T)

REFERENCES
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2 - R.R. BAKER, R.R. BALDVIN, R.W. VALKER, Trans. Far. Soc. 65, 2812, 1670
3 = K. YANG, j. Phys. Chee. 67, 992, 19493
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Kinetics of Some Gas Phase Muonium Addition Reactions
Between 155 and 500K

D.M. Garner, M. Senba, I.D. Reid, D.G. Fleming, D.J. Arseneau,
R.J. Mikula, and L. Lee, TRIUMF and the Department of Chemistry,
4004 Wesbrook Mall, Vancouver, B. C. CANADA, V6T 2A3.

‘ It is well established that the chemical behaviour of
muonium (Mu), the neutral atom consisting of an electron bound to
a positive muon, is that of a light isotope of hydrogen with an
atomic mass of only 0.114 amu. We report here the bimolecular
rate constants for Mu addition to ethylene, fully deuterated
ethylene, propene, actylene, propyne, allene, acetone vapour,
carbon monoxide and sulfur dioxide from about 500K to 155K (or
the temperature of limiting vapour pressure of the reagent in
some cases). All measurements were carried out above the high
pressure limit in nitrogen moderator, typically at 800 torr. No
préssure dependence was detected in the rate constants at

moderator pressures from 500 - 1500 torr.

The data presented in the figures are the results of
preliminary analysis, except for the ethylene and ethylene-D4

data which have undergone final data analysis. Final data

analysis will have the effect of reducing the error bars in most
cases. The lines are not fits, but are simply sketched in to
guide the eye. Data for the Mu addition reactions with benzene
and 2,3-dimethyl butadiene from an earlier study (Garner,

: ~ Roduner, et al., unpublished) are included in the figures for

comparison.

The dominant features of the data are:
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1. Strong Arrhenius plot curxvature in the unsaturated

hydrocarbon reactions, interpreted as evidence for strong

guantum tunnelling in the Mu reactions.

2. The lack of any strong secondary isotope effect in the
ethylene versus fully deuterated ethylene data, consistent
with the experimental data of Sugawara et al. for the
analogous H atom addition reactions. However, a slight .
secondary isotope effect appears to be indicated with the

ethvlene-D4 rate constants greater than those for ethylene at

h .gh temperature- probably due to the difference in
vibrational partition functions; conversely, at low
temperature addition to ethylena-D4 is slower than ethylene
possibly due to the suppression of guantum tunnelling due an

: increase in reduced mass.

3. Almost perfect overlap over the whole temperaturxe range for
the rate constants for Mu addition to the isomers propyne and
allene despite the naive expectation the the allene reaction

! would be faster due to the availability of an extra addition

site -and entropy considerations.

4. A negative activation energy iﬁ the CO reaction and in the

low ‘temperature acetone and S02 reactions.

5. A strong break in the S02 and acetone data, possibly
indicative of a two component branching ratio indicative of

Mu addition to O versus Mu addition to C or s.

We- expect to present the results of the final data analysis at

the conference.
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Rate Constant Measurements for the Reactions of Ground State
Atomic Oxygen with Tetramethylethylene, 299K<T<1005K, and
Isobutene, 296K<T<1019K
by
J. F, Smalley, R, Bruce Klemm and Fred L. Nesbitt

Brookhaven National Laboratory
Upton, New York 11973 (USA)

The title reactions were studied by the method of flash photolysis-resonance
fluorescence. For each reaction, the photolytic source of 0(3P) atoms was 0y
between room temperature and ~500K while NO was the photolytic source of these
atoms at higher temperatures.

In previous studies of the reaction of O(3P) atoms with
tetramethylethylene(THE) between room temperature and -~-500|(,1'2 the rate
constant was shown to decrease with increasing temperature. The results of the
present study confirm this behavior. However, at the higher temperatures
attained in the present study, the rate constants for this reaction first became
constant between about 550 and 770K and they then began to increase at the
highest temperatures (see the figure labeled THE). The curve in this figure is a
fit of the bimolecular rate constant (k(THE)) data to the following sum of
exponementials expression:
k(THE) = (1.8310.01 x 10-11 cm3-molecule~l-s-1)exp (4.3430.02 x 102K/T)+

(1.7140.24 x 10710 cn3-molecule~l-s"1)exp (-2.0540.08 x 10%k/T) (1)
It is apparent from this figure that eq. 1 is an excellent representation of this
data.

Similarly, the rate constants for the reaction of 0(3P) atoms with isobutene
also decrease with increasing temperature for T<500K and increase with increasing
temperature for T>S00K (see the figure labeled ISOBUTENE), The following sum of

exponentials expression (see the curve in this figure) also provides an excellent
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£34
fit of the bimolecular rate ‘constant data for fsobutene:
k(Isobutene) = (1.2040.01 x 10~ em3-molecule~l-s~l)exp (1.2540.01 x 102K/T)
+ (8.0941.13 x 10710 cnd-molecule~l-s~1)exp (-3.7240.0% x 103k/T)(2)

, The present rate data for the title reactions will be compared to the

results of previous studies. Possible reasons for the anomolous behavior of the
' rate conutants for these reactions will be discussed.

1. Davis, D. D,; Hule, R, E.; Herron, J, T. J. Chem, Phys. 1972, 39, 628.
: 2. Singleton, D. L.; Furuyama, S.; Cvet.novlcl, R, J.; Irwin, R. S. J. Chenm,
- Phys. 1975; 63, 1003.

This work was supported by the Division of Chemical Sciences, U.S. Department of
Energy, Washington, DC, under contxact No. AC02-76CH00016.
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A DISCHARGE FLOW-MASS SPECTROMETRY STUDY
OF THE RATES OF THE REACTIONS OF
DIACETYLENE WITH ATOMIC OXYGEN AND ATOMIC CHLORINE

M. Mitchell, J. Brunning, W. Payne and L. Stief
ASTROCHEMISTRY BRANCH, LABORATORY FOR EXTRATERRESTRIAL PHYSICS
NASA/GODDARD SPACE FLIGHT CENTER, GREENBELT, MD 20771, USA

The reactions of diacetylene (C4H2) with -atomic species are
of interest for several reasons. Comparison of rate data for
this molecule with the more extensive data for acetylene (CZHZ)

) may contribute to our understanding of the factors which control
the kinetics of the addition of atoms to the carbon-carbon triple

bond. The reactions of H and 0 (3

P) with 04H2 are iiportant for
models’ of the atmosphere of Titan, a satellite of the planet

Jupiter, and for their roles in the combustion of acetylene.

The rate constants for the reactions 0(3P) + C4H2 (1) and Cl

§ + C4H2 (2) have been determined at 298 K using a discharge flow

1

system with collision-free sampling to a mass spectrometer, The

total pressure in the flow tube was approximately 1 Torr (He) and

the flow velocity was typically 2000 cm3 s-l. The rate constants

were determined by monitoring the decay of C4H2 in excess 0(3P)
or Cl. The experiments were carried out under pseudo first-order

conditions; the ratio CO0J to CC4H23 varied from 10 to 75 while




that for LCl1l1 to EC4H23 ranged from 2 to -15. Small corrections

were made to allow for depletion of the atomic species during the
course of the reaction and for axial diffusion of C4H2 in the He
carrier gas. The result for O(BP) + C,H

472
10 12 cpd 57 (1 0). his is in good agreement with our

is k; = (1.49 £ 0.17) x

previous result based on the decay of 0(3P) in a flash
photolysis~-resonance fluorescence experiment.2 It is also in good
agreement with the results of Niki and Weinstock,3 but not with
the results of Homann et al? and Homann and Wellmami5 which are

respectively 50% and 80% larger.

The result for Cl + C,H, 1s k, = (4.90 % 0.92) x 10 ~! cn?

s1 (1 0). This study represents the first determination of k,

and the result will be compared with our results for the

analogous Cl + CZHZ reaction.6 Similar comparisons will also be

made for the reactions of 0 (3P), H and OH with CZHZ and C4H2.
The role of the reactions of C4H2 with atomic species in the

photochemistry or aeronomy of the atmosphere of Titan will be

briefly discussed.
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Reaction of O(JP) + 31u4 in the Gas Phase

0. lorie?, p. Potzinger, and B. Reimann
Max-Planck-Institut fiir Strahlenchemie, D~4330 Mﬂlheih/Ruhr, EF.R.G.

3present address: Max-Planck-Institut fir Chemie, D-6500 Mainz, F.R.G,

Two kinetic studies’’? have been published so far for reaction (1). !
sil, + 0('P) + products (1)

However, the nature of the elementary step remains unclear.
In a recent publication3 we have shown that the reaction of
*(CHS)SSiH with O(SP) proceeds via H qbstraction with

k (298 k) = (2.6 £ 0.3) x 10" '2cw3s™7. Smaller rate constants
have been measured for reaction (1), namely 4.8 x 10"13cm35']
(ref.1) and 3.3 x 107" 3em3s™7 (ref£.2), although the Si-li bond
dissociation energies in silane and trimethylsilane are very
similar?. This suggests cither that different primary processes
are operating in both cases or that H abstraction by O atoms is
not a direct process. A matrix isolation study5 revealed that
insertion of O into the Si-l bond of Si}l4 is an important primary
step under these conditions,

Using a discharge flow system coupled to a mass spectrometric

detection systems, absolute rate constants for reaction (1) were
measured and stable reaction products determined. With ;
(01, >> (SiH,], or [8iD,]  (at least 70 fold excess), the silane %
decay was exponential, yielding

(2.1 ¥ 0.4) x 107 3cnds? ,

k (0+Siﬂ4)

k (0+SiDy) = (7.4 % 0.4) x 107 Mends™!
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1 ‘ ¢

] ) Hy, 812”6’ and Hy0 were detccted as stable recaction products.
When the silane concentration was raised such that
[0]0/[Sill4]o S 50, the system became increasingly complex.
Non-exponential silane decays and O atom consumptions of up to
20 atoms per Sill4 molecule were observed.

In static experiments using mercury sensitized N,O photolysis

as a source of atomic oxygen the same products as in the flow

system were found. ”2 formation could be completely suppressed
upon adding NO.

. Of the three most likely primary processes

0+ Sill4 + 0Ol + Sill3 (1a)
+ b0+ Sin (1b)
-+ HSiOH + ”2 (1c)

(1c) can be dismissed owing to the fact that H, formation is
apparently a secondary reaction. A detailed analysis shows that
most experimental results can be explained by (la); the Sizll6
yield suggests that step (ib) contributes a maximum of 15% to
the overall recaction.

The large isotope effect and the fact that the rate constant de-
creases from (CHS)SSiH to SiH4 both suggest that (1a) is not a
direct abstraction reaction but proceeds rather via a complex,
[Sill40], that subsequently decomposes into Ol + Sill;, to a minor
extent into H,0 + Silly, and back to 0 + SiH4.
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Rate Conaztant for the Reaction of 0(3P) with 1-Butene;
3004T< 900K

by

R.- Bruce Klemm, Fred L. Nesbitt and John F, Smalley
Brookhaven National Laboratory
Upton, New York 11973 (USA)

The kinetics of the elementary reaction of ground state atomic oxygen with

l-butene,
o(3p) + 1-C4Hg <> products, (1)

was studied using both the discharge flow-resonance fluorescence (DF-RF) m~thod

and the flaah photolysis-resonance fluorescence (FP-RF) method, The FP-RF
investigation was quite extensive and covered the entire temperature range from
298K to 875K. The photolytic source of 0(3P)atoms in the FP-RF experiments was
0; at temperatures between ambient and ~500K; at tempertures above 500K, NO
was utilized.! DF-RF experiments were performed at only two temperatures, 294K
and 453K, In the range of temperature overlap, the DF-RF results are in
reasonably good agreement with those from the FP-RF study although they are
consistently lower by about 10-20%,

This study has attained the highest temperature to date for measuring the
rate constant, ki(T), for reaction (l1). The previous observation that k;(T)
increases very gradually with temperature and displays definite non-Arrhenius
behavior we~ conf?vmed in the present study as is shown in the figure. The
combined data from ei;.:t FP-RF sets and two DF-RF sets were fitted to a sum of i
exponentials expression to yield:

ky(T) = (1.3140.07)x10- exp(-359+20/7)
+ (5.9840.29)x10"10exp(-3618443/T),

where the unli: are cm® molecule~ls=l and the exponential term is in degrees

’

"+ represented in the figure as a solid line. It is

Kelvin., This expression
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noted that the highest temperature point, at 942K, is above the extrapolation
of this expression. This result remains uncertain even though the Bperatlng
parameters of flash energy, preqixture flow rate, total pressure and isobutene
concentration were all varied extensively. Finally, over the common
temperature range (298-821K), the agreement of the present results with those
reported by Perryz is remarkable.

The present kinetic data for reaction (1) are thoroughly compared with
previous results and the tempexature dependence of k)(T) is contrasted to the

rate constant for the reaction of 0(3P) with ethylene.
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Direct Measurements of the Reactions NH,+H, * NH, +1

at Temperatures from 670 to 1000 K

W. Hack and P, Rouveirolles

Max~Planck-Institut £ir Strémungsforschung
Bunsenstr., 10, D-3400 GSttingen / West Germany

The N, radical reactions and the N atom reactions at high temperatures
are both of theoretical and applied interest in the chemistry of ammonia

combustionii) The knowledge of the Arrhenius parameters of the reaction

‘NI, + W, ~——> N, +H (@8)) ,
and the reverse reaction

0+ NI, -—*  NH, +H, (-1

enables a direct determination of the H,N-H bond energy in NiH, .

The rates of the reaction (1) and (~1) were measured independently in a
discharge flow system. k (T) and k ,(T) were obtained in the temperature
range  673ST/KS1003  at a pressure of p=4mbar . The main carrier gas
was Helium. The surface of the quartz reactor was heated via two coaxial
silver cylinders. The NH, radicals were produced in the fast reaction
F4Nll; -+ NH,+HF , where the H atoms were obtained in a discharge of H,/lle
mixture, Pseudo~first order conditions [H,] >>[NM,] and [NH,] >>[H] !
were applied; the [NH,] radical profiles were measured with laser—induced
fluorescence and the [H) atom profiles were followed by Lyman t~absorption.

, Gases with highest commercially available purity were used, where F,
, and H, were further purified by liquid N, and/or without NaF traps, re-
spectively.

The first-order rate constants were obtained from the slopes A(in[NH;}/
[NH,]O)/At and A ln[H]/[HIOIAt , respectively, The heterogeneous react-
ions (kw(NH,), kw(n)) , which determine the NH, and M depletion in the
absence of reactant, were followed independently for all experimental con-

ditions.

e A e A
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At the experimental conditions (6+102S[H,) /([Ni,]) $15¢10%)  and
(2.6'IO‘S[NH,JO/IHJOSZZ-IO’) the stoichiometric factors were found to be
close to unity, although NH; and H, were present in the system from the
NH, and H atom source, respectively.
The measurements For rveaction (1) were done at 13 different temperatures.
The temperature dependence of the rate constant obeyed an Arrhenius behavi-

our. The Arrhenius parameters:
ki (T) = 3.6410%2 exp(~(38£3) kJ mol™}/RT) cm® mol-! s-!

were deduced from least squares treatments of the bimolecular rate constants,
obtained from the plots of.the first order rate constants against the rveac-
tant concentrations for each temperature, corrected with the stoichiometric '
factors,

The rate of reaction (-1) was measured at 7 different temperacuresiin
the temperature range 673ST/KS1003 . The following Arrhenius expression: ,

k(1) =" 8,1010%% exp(~(60.9t4) kJ mo1™!/RT) cm® wol~? s~?

was obtained with the procedure, described above. No curvature was observed
in the Arrhenius plot k_,(T) versus 1/T . .

The Arrhenius expressions kx(T) and k_z(T) , obtained in this study,
are in fair agreement with earlier determinations by DEMISSY and LESCLAUX™
and MICHAEL et al.,a)

The bond energy D(H,N-H) has been determined either from the mea~

respectively,

sured activation energies EA1 and EA_1 vias

° = - - - -
A (Tmean) EA! BA—I = DT (H-H) DT (H,N-0) ,
mean mean

where AH°(Tmean) is the enthalpy of the reaction at a mean temperature

Toean ¢+ 2nd DT(H-H) and D (H,N-H)  are the dissociation energies at

that temperature,or via the-equilibrium constant KP(T): i
~RT 1n K (T) = AR°(T) - TAS®(T) = Dy(H-H)-Dy(,N-H) ?

E

Both methods give as a result: :

- = ~1
D, ggx (HN-H) = 455 kJ mol
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and the enthalpy of formation.of N, :

i (298K) = 192 kJ mol™* .,

Yewn,

v The bond dissociation energy D298K("2N-“) lies at the limit of the data,

reported in the literature and supports the recommendation of BENSON.

1)
.2
3)

4)

4)

R, Lesclaux: Reviews of Chemical Intermediates, 5, 347 (1984).

M. Demissy and R. Lesclaux: J.Am.Chem.Soc., 102, 2897 (1980).

J.V. Michael, J.W. Sutherland, and R.B. Klemm: J.Phys.Chem. 90, 497
(1986). 7
S.W. Bencon: "Thermochemical Kinetics"
Pubhlication, 1976.
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Laser Studies of Gallium Atom Reaction Kinetics. S.A. Mitchell,
P.A. Hackett, D.M. Rayner, and M. Cantin. Laser Chemistry Group,
Division of Chemistry, National Research Council Canada, 100 Sussex

Drive, Ottawa, Ontaric KA OR6 Carada

Ground state Ga(dp! 2P, ) atoms are produced by visible
multiphoton dissociation of trimethylgallium and monitored by resonance
fluorescence excitation in a pump and probe arrangement. The time
dependence of the Ga concentration is ohserved by scanning the delay
time hetween the pump and probe dye laser pulses, Reactions with CF X
(X = F, C1, Br, 1), SF¢, C,F,, N,0, CH,, CH,, 1-C,Hy (1-butene), and i
Ga(CH3)3 are studied under pseudo first-order conditions in a gas cell
at room temperature. In most but not all cases an equilibrium is
preserved between ground state Ga(4 2P1/z) and metastable Ga(4'2P3/2)
(excitation energy 826 cm-!) atoms. Abstraction and association
reactions are observed and characterized with respect to Ar huffer gas
6ressure dependence,

For several of the association reactions an equilibration is
observed hetween free Ga atoms and Ga atoms bound in complexes with the
reactant molecules. A simple kinetic analysis is used to evaluate
equilibrium constarts from series of Ga decay traces at different
pressures of reactant. From these equilibhrium constants and estimated
partition functions, approximate gallium atom hinding energies
(kcalemo1-1) are obtained for C,H, (912), 1-C H, (92), and Ga(CH,),
(1422). Bimolecular and termolecular rate constants will he reported

and discussed in relation to reaction products and mechanisms,
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REACTION KINETICS OF GAS-PHASE BORON ATOMS AND BORON MONOXIDE WITH OXYGEN

Richard C. Oldenborg and Steven L. _Baughcum. Chemistry Division, Los Alamos

National Laboratory, Los Alamos, NM 87545

The volatile boron-containing compound, 8013, is photolyzed in a
multiple-photon process using a rare gas~halide excimer laser operating at
193 nm (Arf) to provide an essentfally instantaneoug source of boron atoms.
The boron atoms are produced in a reactive environment containing a known
éoncentrablon of 02 in an excess of argon diluent and at a controlled tempera-

ture (298 to 1300 K). The rate of oxidatlon of the atomie boron to BO,

k1
B + 02 ~—> B0 + O (1)

and the subsequent oxidation of BO,

BO + 02 — 802 + 0 (2)

are studied by examining the temporal histories of the boron-containing spe~
cies (B, BO, and BO,) using laser-induced fluorescence (LIF) and chemilumi-

nescent techniques,

The depletion of B atoms under our experimental conditions is due primar-
fly to two reactions, namely Reaction (1) with 0, and the reaction with

undissociated BCl3 precursor molecules)

(3)

K
B + BCl3 —39 BC1 + 8012 .
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The rate constant k1 1s obtalned from the slope of pléts of the B atom decay
rate vs O, pressure and has been measured over the 298-1180 K range. No
change in this rate constant is observed with variation In the Ar diluent
pressure from 2.5 to 200 torr. The rate constant 1s large over the entire
temperature range, and increases slightly at elevated temperatures.- The data

have been fit to both an Arrhenius expression and a T"-bype function, The

results are, respectively, "

| =1

kl(T) » (1.19 & 0.04) x 40~ 0 exp(~158 % 13/T) cm3 molecule”' s

and

0.29£0.02 _ 3

K (T) = (1.00 £ 0.02) x 10710 (1/1000) em - -

molecule ! s .

Neither form {3 obviously a beatter representation of the data. The
temperature dependence of this rate constant {is conststent with the results of
Fontijn, Felder, and Houghton for the analogous Al + 02 reaction.

By studying the depletion of the atomic B in the absence of 02 as a func~
tion of 8013 concentration, we obtain a room-temperature rate constant
k3(298 K) = (8.5 £ 0.9) x 10711 em3 molecule™ s”!. To our knowledge, no
previous measurements of this rate constant exist,

The depletion of BO under our experimental conditions appears to be
entirely due to the reaction with 02. In contrast to the B removal data, a
dramatic change in this rate constant is observed with changes in diluent
pressure. The rate constant increases rapldly with Ar pressure at low pres-
sures, bui {s essentfally independent of diluent pressure above 25 torr. The
limiting value at high pressures is (2.47 0.2) x 107! cm3 molecule™ 871, t

This pressure dependence {s clearly inconsistent with the simple direct atom-

transfer reaction mechani{sm between BO and 02. Rather, it suggests that this
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This pressure dependence is clearly inconsfstent with the simple direct atom-
transier reaction mechanism between BO and 02. Rather, 1t suggests that this
is not a simple elementary reaction and may involve a stable intermedliate. Our
SCF/CI molecular orbital calculations show that an 0BO, intermediate complex
has a potential energy relative to reactants of -57 kcal/mole. This suggests
a reaction mechanism analogous to that proposed for the OH + CO reaction,
vhere collisions can stabilize the energized HOCO* intermediate making the

overall rate constant pressure dependent. Expanding Reaction (2) in this way

ylelds,
QO
BO + 02 ¢ 3 OBO2 > BO2 +0
cM
0 02

The pressure dependent data are well fit by this expanded model, and the re-
sulting fit parameters imply that the stabilized 0802 is the primary product
of the BO reaction with 02 at all Ar pressures employed in our experiments
(2.5-250 torr).

The temperature dependence of the BO removal rate constant by 02 at high
diluent pressures (Ar 2 8 x 10'7 molecules/ce) has also been investigated in
the 298-1180 K range. The rate constant shows non-Arrhenius behavior and
decreases Wwith Increasing temperature, which is consistent with a termolecular
reaction to form a 0802 product. The data is best fit by a T - type fune-~

tion with a small activation barrier in the entrance channel,

1

-2°23io'5exp(—716 + 288/T) cm3molecu1e-ls-.

Ky(T) = (1.7 £ 0.4) x 10”1 (1/1000)




PULSED LASER PHOTOLYSIS STUDY OF THE 0+Cl0 REACTION

. *
J. M. Nicovich, P, H, Wine, and A. R. Ravishankara ,
Molecular Sciences Branch, Georgia Tech Research Institute,
Georgia Institute of Technology, Atlanta, GA 30332

*Present address: Aeronomy Laboratory, NOAA-R/E/ALZ,
325 Broadway, Boulder, CO 80303

Recently, we reported on the development of a pulsed laser
photolysis technique for studying the kinetics of radical-
radical reactions at pressures up to one atwmosphere and
application of the technique to the 0 + MO0y reaction [A. R.
Ravishankara, P, H. Wine, and J. M, Nicovich, J., Chem. Phys. 18,
6629 (1983)]. We have cmployed an extension of the same
approach to investigate the temperature and pressuxre dependence
of kj. Kk
0+ clo—iscl + 0, (1)
ACly/03 mixture was photolyzed at 351 nn (XeF laser)-to produce
Cl atoms in excess over 03, After asllowing sufficient time for
reaction (2) to tigtyrate O3 to Cl0, a small fraction (typically
3%) of the Cl10 was photolyzed at 266 nm to produce O(3P). The
decay of 0032) in the presence of (a known concentration of) Clo
was followed by time resolved resonmance fluorescence
spectroscopy. Two important aspects of the experimental
approach are 1) small spatial non-uniformities in the 351 an
laser beam have no effect on the Cl0 concentration (as long as
C! atoms are in excess) and 2) the 0(3P) signal strength
immediately after the 266 nm laser fires can be related to the
Cl0 concentration.

Our results are summarized in Table I. Reported rate
constants were obtained from the slopes of plots of pseudo~first
order 0(3P) decay rate (k') versus Cl0 concentration. Each
reported rate constant determination involved the measurement of
5~8 0(3p) temporal profiles, Within experimental uncertainty,
exponential 0(3P) decays and linear dependencies of k' on [Clo]
were observed under all experimental conditions although, as

discussed below, small systematic deviations from expopential

E41
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behavior and linear k' versus [Cl0)J behavior were expected, and
vere accounted £for in the data analysis,

The "uncorrected” rate constants in Table I were obtained
using measured pseudo-first order rate constants and Cl0O
concentrations determined from the relationship

[clo} = (03],(1-x) (2)
where x is the fraction of Cl0 photolyzed by the 266 nm laser

and {03], is the ozone concentratiou before the XeF laser fired.
To obtain the “corrected" rate constants in Table I, k' values
were corrected for slight deviations from strict pseudo-first
order behavior (these corrections seldom exceeded 1X) and CloO
concentrations were corrected for loss of Cl0 during the time
period between C10 formation and the 266 nm laser pulse. ClO

lose was observed to be second order and, therefore, due to the

Clo + Cl10 reaction. Cl0 removal was investigated by monitoring
the dependence of fluorescence signal intensity and k' on the
time delay between the two lasers. For P € $0 Torr and T 2

298K, very little Cl0 loss occurred on the time scale of our

experiments. However, at lower temperatures and higher
pressures Cl0 removal became much more rapid and rather large
corvections to the ClO concentration obtained from equation (2)
vere required.

Our results show that k; is independent of pressure but
increases with decreasing temperature. A weighted linear least
équares analysis of the In ky versus !/T data gives the
Arrhenius expression kjy(T) = (1.61+0.33)x10;1lexp[(255+60)/T1

t:msmolec:ule'l -1,

11

8
1

This expression gives a3 value of 3.79x107
cudmolecule ls™? for k3 (298K), in good agreement with tne four
recent discharge flow studies. However, our results suggest
that, at stratospheric temperatures, chloxine catalyzed ozone
destruction may be somewhat more efficient than previously
thought.

This work was supported by The Fluorocarbon Program Panel of

the Chemicsl Manufacturers Association.




TABLE I: Summary of ki determinatione.(a)

Temperature Pressure k xlou(uncorrfctfd) kixlon(correc edl
%) )

(x) (Torr) cc molecule” cec molecule "5

- 231 25 4.6440.16 4,9910,17
238 25 4.2540,43 4.4740.43
252 200 3.1040,22 3.7210.24
255 25 4,1540,20 4,4240.20
255 200 3.2530.,20 3.76%0.28
257 25 3.8640,15 4.1040.11
257 25 4,3040.,15 4.4740.19
275 25 3.9440.17 4.1040.16
298 15 3.7310.28 3.7940,27
298 15 4,17%0.10 4,3130,12

298 25 3.,5510.21 3.6140.21 -
298 25 3.47%0.25 3.59%0.25
208 25 3,5130.14 3.6240.13
298 25 3.87+0.36 3.9340.36
298 25 3.89%0.15 4,07%0,17
298 50 3.9140.23 4,0640.24
298 50 3,62%0.15 3.9030,11
298 50 3.7040.12 3.8910.11
298 50 3.53%0.19 3.7430.14
298 50 3,7630.16 3.970.14
298 100 3.7330.68 3.9530.67
298 200 3,3940,27 3.6210.24
298 200 3.3970.28 3.62%0,31
298 200 3,5540.12 3.7240.13
298 500 3.1840.,16 3.80%0,12
338 25 3.1640.60 3.2640.12

1

359 200 2.3940.14 3.0940,15
' 360 25 2.8940.13 2.9640.12
367 25 3.3540.13 3.4440,13

(a) Errors are 20° and represent precieior; oniy.
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"The kinetics of Cl10 decay and spoctroscopy of species formed.®

— ————

R.A.Cox, J.M.Davies and G.D.Havman
Environmental and Medical Sciences Division,
A.E.R.E. Harwell,
‘ Oxon.,0X11 ORA.
. England.

The role of Ci0 in the catalysis of Os decomposition in the
stratosphere has been recognised since 1974 and the rate constants
i ) for the reactions involved in the Cl0x catalytic cycle have been
’ determined with qood precision. In the present day stratosphere,

the catalytic efficiency of the ClOx cycle has been reduced due to
the coupling with the NOx chemistry. In a possible future *high
chlorine scenario’, the concentration of chlorine containing
species will be higher and many reactions of minor significance now

may become important.

Despite the wealth of data available on the reactions of
C10, there is considerable uncertainty in the rate constants for
its bimolecular and termolecular se=lf-reactions (1-4). This program
was undertaken to remove some of the uncartainty.

Ci0 + C10 —~-~> Clz + O P & ¥

-~-=>Cl + €100 cenead (2)

( --==>Cl1 + OCl0 PN ¢
"

{===> Cl=0 ceese. (4,8

"

’ The kinetic experiments were performed by using a molecular
) modul ation technique. Cl10 wes produced by photolysis of Clz in

. ' mivtures either with Oz or with 02 and Na. Total pressures from
2 to 760 torr were used at given temperatures in the range 268 to
338 K. The formation and decay of the Cl0 radical were followad
by monitoring its ultraviolet absorption at 277.2 nm, corresponding
to the 11-0 vibrational band of the A-X electronic transition.

On photolysis of Cla, €10 was produced and reached a steady
state concentration when its production and decay rates were equal.
When the photplysis ceased, the C10 radicals decayed, but at a
; slower rate, In both cases, the decays were szcond order with
‘ respect to Cl0. In the ’light-on’ phase of the modulation cycle,
there was a high concentration of Cl atoms present which scavenged
€iz02 very efficiently through reaction (9. When the photolysis

Clz0= + C1 —~—-—=> L1202 + C100 casnes (D)

stopped, the Cl1 atom concentration dropped rapidly so that the back
thermal decomposition reaction (-4) of the dimer became significant,

leading to a slower net removal of C10.

e e e e it
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The abserved bimolecular rate constants for the decay of Cl10
vere plotted ag a function of pressure at a fired temperature as
shown in figure 1. At low total pressures, the plots are linear.
Due to the complication introduced by reaction (~4) in the
*light-off® period, the analysis concentrated aon the rate constants
governing the rise to and establishment of the steady state. The
temperature dependences of the slope and intercept obtained from
’light-on’ decays yielded the followirng expressions.

2.8

kerome = (2.1 1210732 eupl( 312:215)/T] cam® molecule—2 s—12
—-1.0
-J.9

Kinvercuer = (1.4 IN1071Z expl (~156442400) /T1 cn™ molecule—® g—1
-1 .0

The slope of the plots of the observed rate constant versus
the total pressure can be tentatively assigned to the termolecular ®
rate constant, ka. The zZero pressure intercept is the sum of tha
rate constants far the effective bimolecular reactions removing
cio.

Complamentary to the kinetic experiments, spectrascopic
studies ware undertaken in an attempt to record the ultraviolet
absaorption spectrum of Clz0-.

The apparatus used in the kinetic euperiments was modified
to allow mintures to flow through the reaction vessel. Ultraviolet
absorption spectra were recorded using a diode array camera which
allowed intensities in the wavelength range from 220 to 300 nm to
be sampled simultaneously. Three systems were chosen for study.

(1) Cl /0x(02) /N
(2) Clz0/Clz /N
(3) 0OC10/N=2

In each case, the differences in absorption with and without
photolysis were obtained. After correction for the characteristic
absorptions due to Os, OC10 etc and the C10 produced by photolysis,
a residual absorption was seen in all three systems (Fiqure 2).

The absorption, which became stronger as the temperature was
reduced, is similar to C100, but is shifted some 10 nm to the blue.
The most conclusive evidence for assigning the spectrum to Glz0-
was the dependence of the absorption on the square of the [€C103.

In the three systems used, the Cl atom concentration was kept low
by the presence of an efficient scavenger (O3, Clz0z or DC1l0).
This allowed the equilibrium between C10 and Clz0- to become
established and for high concentrations of the dimer to be praduced
in contrast to the kinetic experiments.

Current and future work will concentrate on quantifying the
absorption spectrum to obtain cross—sections for the dimer in this
wavelength region.




k6 710% cms~!

ALATITE RESORPTION (RRSITRARY UNITS3

S T s et e e e s e T

20 T
'LIGHT-ON'
10 |~ -
s 'LIGHT-OFF*
. L
)
0 '
0

Total pressure /10'® molecules cm~3

FIGURE { - PRESSURE DEPENDEN.E OF THE OBSERVED BINDLECULAR

RATE CONSTAHTS AT 30BK

u/

o

ocLg q'n'nd
i ,,ga’u f

iﬁNW«'EWJ“&

KAVELENOTH /128 2020

FIGURE 2 -~ RESIDUAL ABSORPTIONS FROH THE THREE SYSTEHS AT 263K




KINETIC STUDY OF THE REACTIONS OF N;O5
WITH OH, HOp, ClI and-CIO

A. Mellouki, G. Poulet and G. Le Bras

Centre de Reclle}ches sur la Chimie de la Combustion
et des Hautes Températures
C.N.R.S.
45071 Orléans Cedex 2 - France

Recently, N2Os has been detected in the stratosphere-(l) at concentrations
fully consistent with model predictions (2). If the thermal dissociation of N20s
is the main cropsspheric fate of N20Os in day-time, in the stratosphere where
the N2O5 photolysis is an important process, the reactions of free radicalswithNz05
could also play a role. Speculative calculations (3) have shown that, except for

the CJ+N05 reaction, the other title reactions could contribute to NOychemistry if

their rate constants were higher than 10-13 cm3 molecute-! s-1.

The present study was performed using the discharge-flow method. N2Os,pre-
pared from the reaction of NO with O3 (4) was used in high excess (up to 4x 1615
molecules cm-3) over the free radical concentrations. All measurements were done in

_ helium carrier at room temperature and at low pressure (between 0.8 and 2.6

Torr) in a halocarbon wax coated reactor Free radicals were detected by E.P.R..
NO», resulting from the slow decomposition of N20s5 (I to 10% of N20s5), was
aleo calibrated by E.P.R. after conversion into NO via the addition of excess

ms. HNO3, which was an unavoidable contaminant in N205 (3 to 7% of

was analyzed‘by mass spectrometry. The side reactions of NOz and HNOjwith
the icer. 7als were taken into account in the data analysis. And independent
experimeins ..re done under the same conditions to re-measure the rate constants
for the reactions of NOy with the four free radicals, generally leading to a good
agreement with previous literature data (Table 1).

E43
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TABLE t s SUMMARY OF THE SECOND-OR;)CR HATE CONSTANTS
FOR NOz REACTIONS IN HELIUM AT 293K.

; N* of Pk
Reaction experilgcms {Torr] {cm3 molecule =1 501
OH +NO3 ———p HNO; 1 0.62 (6.6 2 1.9) x 1014
T 1.34 (1,29 20.01) x 10-13
18 199 | (1392013 x 10°13
15 2.4% | (1,702 0.20) x 10-13
HOZ ¢ NOy ——> HNO, 13 2,40 ta)
Cl+NO3 ~—4CINO, 17 210 | 2.5:0) x 10-t4
Cl0 + NO3 = CINO} 1] 1,50 (8.7:0.0) x 10-15

(a) 5 The rate constunt wuas obtained from computer simulation of the data
(due to the interterence o) the recombination ceaction of HOR ) and agrecd with
the low presaure limit of eel, 5 :{7.82 1.9) x 10°}3 cm3 motecute=! 3=t at 2.4Tore
n helivm,

. Reaction OH + NyO5-¢

The apparent first order rate constant for the reaction of OH (produced
from the reaction H+NOy —» OH+NO} with N20s5 ranged from 48 to 123 s-1

at 2.44 Torr, After corrections for the interfering reactions (wall loss of OoNn,”

OH+NO2 +He reaction and OH+HNOj3 reaction) and considering both random
errors and experimental uncertainties, the upper limit of the rate constant for
this 1eaction was : 5x 10~15¢m3 molecule-! s-1

. Reaction HO2+ NyO5 ¢

HO; radicals wereproduced from the chemical source Cl+ CH3 OH +()2 and
were analyzed after conversion jnto OH through the addition of excess NO upstream

from the E.P.R. cavity. The wall loss of HC2 and the reaction !0 +NO3 +He

were found negligible leading to the upper limit for the rate constant : 1x 10-15
cm3 molecule-! s-1,

. Reaction Cl +N2O5 ¢

The apparent  decays observed for the Ci atoms, produced by microwave
discharge in Clp, were mainly due to the side reaction Cl 4+ NOy + He. The appro-
priatecorrection for cach measurement led to the upper limit for the rate constant:
5x 10-15 em3 molecule-1 s-1,




E43

. Reaction CIO +N»Os5:

CIO radicals were produced from the reaction CI+OCIO —»2 CIO, with
an excess of OCIO. In this case, the corrections due to secondary chemistry were
negligible and the upper limit obtained for the rate constant was : 6 x 10-16cm3

molecule-! s-1.

All the data are summarized in Table Il.

TABLE Il : SUMMARY OF THE UPPER LIMITS OF THE RATE
CONSTANTS FOR Nz O5 REACTIONS AT 293K,

A Neof |k

Reaction j caltuole] cxp. (cm3 mol.=l s=1)
1INOj + NO3 =27.3

OH 1N205 6 {5 x 015
HNOy +NO2 | -19.1
HNOy, + NO3 29

HOZ + N205 14 {1x 10715
HNO31NO2+ 07 | -29.6

Cl+N20s —» CINOj + NO2 -18.8 20 s xtots

C10 + N30, —p CINOj + NO3 X 19 <6 x 10°16

The present kinetic results indicate a very low reactivity of N20s5 with
free radicals. That confirms the result of a previous study of O1N205 reaction
(6) for which an upper limit of the rate constant was also given : 3 x 10-16.cm3 mo-

lecule-1 s-1,

Finally, these reactions -with the pathways indicated in Table Il- cannot

be significant stratospheric sources of HNO3, HNO jand CINO; and, more generally,
the reactions of N3Os5 with frec radicals can be disregarded in atmospheric chemistry.
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The Reactivity of the Nitrate Radical with Alkynes and some other

Molecules

C. Canosa-Mas, 8.J. Smith, 8., Toby and R.P. Wayne
Physical Chemistry Laboratory, Oxford University, U.X.

Recent observations on the abundances of alkynes in the atmosphere

(1) hes stimulated renewed interest in the interactions of these species

with atmospherically reactive intermediates (2). We report for the first

time the rate constants for the reactions at 295 + 2 K of the nitrate

radical (Noa) with acetylene, propyne, l-butyne, 2-butyne, l-pentyne and

1-hexyne. In addition, rates were measured of the reactions of Noa with

NO 02, 80,, 02H4, 1,3-butxdiene and Z-methyl propene (isobutene). An

2'
absolute method for determining the rate constants was used.

Nitrate radicals were formed in a flow syatem by the veaction

F + llNO3 + HF + N03. Molecular fluorine diluted with heliuwm was passed
through a microwave discharge and into a stream of nitric acid vapour in
a He carrier. The No3 concentration was measured by absorption of

A = 662 + 2.1 nm light using a four-pass White cell, the system being

reactions were studied.
%

calibrated by titration with NO. In most cases NO3

under pssudo-first order conditions. For the Zfastest reactions, however,

the NO3 and reactant concentrations were sometimes comparable and the data
were then treated assuming second order kinetics with 1:1 NOa/reactant

stoichiometry., Results using both sets of conditions were compared and

computer simulation was used to investigate the influence of possible

secondary reactions which could affect the stoichiometry.

We measured k(NO3 + NO, + M N205 + M) in 'the range 1-8 torr (He

diluent) and good agreement with literature values (5) was obtained. No
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direct measurements ot NO3 decay along the 1 m long reaction tube were
mado in the absence of added co-reactant but computer simulatlon showed
that any such loss could not have been important, as has previously bheen
noted (3). In the presence of reactants, plots of pseudo first order
constants vs reactant concentration sometimes gave small poaitive inter-
cepts (typically v 0.4 8-1) which may have resulted from the reaction of

N03 with adsorbed reactant,

No detectable loss of NO3 in the presence of SO2 or 02 was found
-17 3 -1 -1
which enables us to put an upper limit of 1 x 10 cm molecule ~ 8 ~ on
the rate constants for those reactions, thus justifying the use of added
02 in some experiments as a check for possible radical chain reactions.
Rate constants are tabulated in Table I. Camparisons between runs where

reactant was used pure, was diluted with helium or was diluted with oxygen

showed no significant differences.

In the casés of 2,butyne,l,3-butadicne and isobutene, where [N03] >

[reactant), second order kinetic plots were curved. This curvature could

.

be accounted for by additional consumption of NO, according to the

3
sequence:
NO3 + X —-1-> Y+2
2
NO3 + Y ~——> Pruducts
- -14 3 -1 =1
where kz = (1-10) x 10 cm molecule = 8 ', These values of kz are

close to those expected when the intermediate Y E N02, and thig is in

accord with the postulation of epoxides ‘and NO2 elimination when NO3

rehcts with unsaturated hydrocarbons (8).

Comparisons between the rate constants for NO, with alkynes and

3

alkenes and those for the corresponding reactions with OH, 0(3P) and 03

are made and discussed. In addition, the relationship of k(No3 + alkynes)
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and ionigation energies will be given.

Work is being continued on these systems in order to determine the

temperature dependences of the rate coefficients.

e R e e 1 ———— &

. Table X. Rate Constants for Reactions of NO3 at 295 + 2 K
Roactant k295K x 1016 cn3 molecule 1 [ ] 1 Total pressure
Literature values This work * range, Torr
(ref.)
acetylene - 0.6 + 0.3 0.6 -8
propyne - 6.2 + 1.0 2-7
1-butyne - 6.81 + 0,35 3~-5
2-butyne - 870 + 150 1.5 - 10
1-pentyne - 11.6 +1.3 1 -2
1-hexyne - 16,4 + 2.9 2
sulfur dioxide £4 ) < 0,1 1-3
oxygen - < 0.1 1.7- 5
ethylene 1.1 (6,7); 10.9 (8) 8.8 +1,1 2 - 12
2-methyl propene 3100 (6,7); 3300 (3) 3400 + 700 2'=- 5
1,3-butadiene - 2200 + 600 2 -4
® error limits are + 20
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The gas phase reaction of ethyl radicals with NO,.

SHANAHAN, 1.
School of Chemical Sciences,
National Institute for Higher Education,

Glasnevin, Dublin 9, Ireland.

The gas phase reaction of ethyl radicals with NO, was studied at ambient temperature
(298 + 3 K). Ethy! radicals vere produced by the photolysis of ethyl bromide

in the wavelength range 220 - 400 nm., The major reaction products were

nitroethane and acetaldehyde, but a careful search indicated that ethyl nitrite and
formaldehyde were not products of the reaction. The results are interpreted in

terms of a mechanism involving the production of nitroethane and ethoxy radicals:

Cafls* + NO, == G HsNO* —1_5 C,HsNO, (1)

Coflse + NO, ~——> CoHs0- + NO (2)
followed by a complex reaction of CyHsO: to form acetaldehyde:
CaHs50 ~————>  Acetaldehyde (3)
The experimental evidence is consistent with the involvement of bromine atoms in

the decomposition of the efhoxy radicals, and it is proposed that CH4CHO is

produced as a result of process 4a and / or 4b:

> CH3CHO + HBr (4a)

C2Hs0- + Bre

> CH3CHOBr (4b)

The importance of heterogeneous processes on the production of acetaldehyde will ‘
also be discussed. The relative importance of the two addition routes of C,ls-
radicals to NO; was determined over a wide pressure range, providing an estimate ;

of the high-pressure limiting value of therate constant ratio, ki/ka. ;
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Kinetic Measurements on the NO + NO, = N,0, Reaction using a Pulsed

Photolysis - IR Laser Absorption Technique
Yan W.M. Smith and Gregory Yarwood

Department of Chemistry, University of Birmingham,

P.O., Box 363, Bixmingham Bi5 2TT, U.K.

Kinetic measurements using time-resolved spectroscopic obsexvations in the
infrared are comparatively rare. They are especially useful if the ultra-
violet transitions of the transient species are broad dissociative continua,
particularly if overlap hetween such continua occuxr. Resonance detection
methods are then impossible and standaxd absorption techniques are insensitive
and may be difficult to interpret. On the other hand, all molecular species
possess relatively narrow, characteristic infrared bands. Using a cw laser
as a background source, small abgsorptions in infrared bands can be measured
and the sensitivity is fairly independent of total pressure.

In this paper, we shall rxeport the measurement of rate constants for the

system:
ki
NO + NO, (+M) S=* Mn,0, (M) (1)
k-1

at 210 K and total pressures (M = He,Ar,CFy) from 50 Torr to several atmospheres.
Besides demonstrating the potential of tbe pulsed photolysis - infrared
absorption technique, this investigation is the first in a series designed to
study the kinetics of assoclation-dissociation in weakly bound systems. The
main components of the apparatus are (1) a conventional, low temperature,

flash photolysis reaction cell, and (ii) a line-selective cw CO laser operating

at ca 100 K. Mixtures are prepared containing ca 50 mTorx NO,, 4.5-10 Torr NO,




£46

«

and diluent gas. The lasev is usually operated on the P (14) line which

11,10

is coincident with a Q branch of the v, (NO stretch) mode in N,O,.l'2 Pulsed

1
photolysis (200 J flash, FWHM ~ 5 us) perturbs the equilibrium represented by
equation (i) to the left and relaxation to equilibrium is observed by

monitoring the transmztted intensity ‘It) of the laser line using a room
temperature InSb detector.

The single-shot traces of I, against time are well-matched by single
exponentials with the first-ordex constant corresponding to kj [NO}[M] + k.1({M} =
k1 (NO) [MI{1 + (k_1/k1[NO))}. The term in brackets can be calculated from the
known equilibrium constant, K = (ky/k_1), with alluwance being made for the
small rise in gas temperature as a result of the photodissociation of N,0,.
Preliminary analysis of the results yields the following third-order rate

constants (T = 210 K).

k1 (MsHe) = (2.0 % 0.5) x 10-2? cm® molecule~? s~!
k] (M=Ar) = (2.4 % 0.8) x 10-*? cm® molecule™ s~}
Ky (M=CFy) = (4 % 1) x 107 cmf molecule™? s~}

At the meeting we shall report (i) the results of measurements at total
pressures greatex than one atmosphere, in order to examine the transition into
the fall-off region, and (ii} comparisons of the obsexved rate constants with

those estimated using the methods developed by Troe.3
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Temperature and pressure dependence of the rate constant for

the association reaction CF3 + 02 + M- CF302 + M

F. CARALP, A.M. DOGNON and R. LESCLAUX
Laboratoire de Photophysique Photochimie Mol&culaire - UA CNRS N°348
Université de Bordeaux I - 33495 TALENCE CEDEX (France)

The association reaction of methyl and halomethyl radicals
with oxygen are important steps in the oxidation processes occuring
in the atmosphere. However the only experimental kinetic data
available are limited to room temperature (see for instance : [1]
for CHy radical, [2| for CF, and CCl4 radical, [3]for CFC1, radical).
In the case of the CHy radicals, calculations of the fall-off
parameters as a function of temperature are presented in [4].

In the scope of the study of the chlorofluoromethane
oxidation, we reporte a .detailed investigation of the reaction
CF3 + 02 + M- CF302 + M in the pressure and temperature range
1-12 torr and 233-473 K respectively. M2asurements have been
performed using pulsed laser photolysis and time resolved mass
spectrometry.

The reaction was found to be in its fall-off region over
our range of experimental conditions. The principal goal of this
study was the determination of the temperature dependence of the
fall-off parameters.

The experimental results have been modelled using the
equation proposed by TROE and coworkers. The three parameters
ko' ks Fe have been determined by fitting this equation to our
experimental data taking into account that the relative values
of these parameters have the constraints imposed by the follewing
equations :

ko = kgcx Be (1)
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where kzc is the low pressure limiting strong collision rate
coefficient and Be the collision efficiency

Fo= FiCx F3° (2)

where cm and cm are the strong and weak collision factors

respectively
Fic = gort4 (3)
Bc <AE>

= (4)
1'3c1/2 Fg RT

where <4E> is the average energy removed by collision and FE
a coefficient which accounts for the energy dependence of the
density of states.

kzc and Fic have been calculated from the values of
molecular parameters of CFy0, (MHg,qqs = -147 keal mole”! (s
and vibrational frequencies [ﬁ]) using the expression developped
by TROE.

This analysis has led to a fairly good consistency between
the present and previous experimental results, the theoretical
approach and the molecular parameters used in the calculations.
The expression obtained for the temperature dependence of ko
with N2 as buffer gas is :

ko = (1.9 ¢ 0.2) x 1072(1/208) (47 * 0y morecune™ 57!
The rate expression proposed for k_

k= (9 = 2) x 10722(1/298)(® £ Va3 motecure™ 57}
is consistent with the calculated expression

FC = exp-{T/395)

and preceeding values reported at room temperature.
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CX3 -02 Bond Dissociation Energies

by
L. Batt and P, Stewart, University of Aberdeen,

Aberdeen AB9 2UE, Scotland.

The experimentally observed pressure dependence for the reaction
CX3 + 02 + M CX302 + M, where X = ll or halogen, was modelled using a
full-scale RRKM program. This involved the reverse unimolecular
decomposition reaction and‘the employment of the principle of microscopic
reversibility.

An excellent fit with experiment was obtained in each case, giving

the CX3 -02 bond dissociation energies below

D(CX, -0,)Keal mol™ 2000 21.6  24.8  35.6

CX3 Cll3 CCl3 CFCl2 CF3
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DISSOCIATION ENERGY OF C~O BOND IN THE CF302 RADICAL

Vedenssvy V.I., Goldenberg M.Ya., Teitelboim M,A.

The role of halogenated peroxide radicals in the oxidation of
halogenated hydrocarbons, specifically freomns, is as important as
that of alkyl peroxide radicals in the oxidation of hydrocarbons.
Therefore, thermochemical and kinetic data on these radicals are of
considerable interest. by.

In the present worg:\compering new experimental data on the
pressure dependence of the reaction rate constant for

CRg + Op (+ M) —- CF400 (+ M) -

with calculations performsd in accordance with the RREM theory, the
C.- 0 bond diseocyation energy in the 03300 radical has been deter-
mined: D (CF3 - Qa) = 143 kJ/mole, This value differs substantially
from D (CP3 - 02) = 204 kJ/mole, obtained by the addif%vity method,
and, on the whole, 1s in agreement with the value of D (CPB - 02) =
= 134 kJ/mole, previously calculated by us basod on comparing the
calculations performed in accordance with the RRKM theory and the
* kinetic data then available.
The value of C — O bond dissociation en=zgy in the CF302 ra-
dical, obtained in the present work, and the reference data on the
enthalpy of focmation CF;. o, CFBO, and CFBOOCF3 make it possible

to arrive at the following thermochemicai quontities:

o o
nfo(CFBOZ) » =609 kJ/moles Bt298(0P302) = -615 kJ/mole;

S ———————— . _
e ettt




RELATIVE RATE STUDIES FOR REACTIONS OF SILYLENE

by C.D. Eley, H.M. Frey, M.C.A. Rowe, R, Walsh and I.M. Watts

Department of Chemistry, University of Reading, Whiteknights,
P.0. Box 224, Reading RG6 2AD, England

ABSTRACT

The photochemical decomposition of gasecrys phenylsilane has been
investigated at 206 nm at 298 K (and also 373 K). The formation of
benzene and phenyldisilane, with and without added oxygen, supports

the following mechanism

. hv .
CelgSilly =5  CH, + SiH, .

51H2 + 06H581H3 — C6H5812H5

Experiments with added methylsilane give two new products, methyldisilane

and phenylmethyldisilane, thus further demonstrating SiH2 trapping via

SlH2 + CH381H3 —> CH,Si H

377275
and also indicating the presence of phenylsilylene, C_H,SiH as an

65
intermediate which is trapped via

C6H581H + CH331H3 - C6H531H281HZCH3

. : . s ] :
This supports earlier evidence ° for a second primary process

congsin, 2 CoHGSiH + H,
Photolysis in the presence of added substrate gases yields rate constants
for the reaction of SiH2 with these species relative to reaction with ;
phenylsilane. These may be put on an absolute basis by use of recently
measured absolute rate constants for Sin by Inoue and Suzuki2 using LIF
detection, as shown in the Table.

Further investigation of the reaction of SiH2 with H2 supports the pressure
dependent process

Silly + Hy(+M)  —)  SiH, (+}0)
RRKM modelling with weak collisional deactivation (Ar’<AE>down= 200 cmhl) :

leads to a value of k°° = 1,9 x 10-12 cm3 molecule-l s-l (within a factor

of 2). This is consistent with recent direct measurements by Jasinski.3
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Taken in conjunction with the reverse decomposition rate constant and

measured thermodynamic properties this leads to

MO (SiH,) = 63.3 ¢ 1.5 keal mol™}  (at 298 K)

The presentation will include discussion of the significance of this

value in the light of previous measurements and theoretical calculations.
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Table Rate constants for reaction of SiH7(lAl) at 298 K.

Reactant 10'2 k/cm3 molecule-’ s—l Ref.
SiHa 110 £ 20 2
812H6 570 % 20 2
. . .
C6H581H3 110 £ 16 this work
MeSiH, 132 35 P this work
Me3SiH 52+ 9 this work
a

02“4 97 t 12 2
02H2 90 + 16 this work
MeCZCMe 110 % 27 this work
02 1.2 £ 0.2 this work

a. Reference value.

Relative rates measured at 373 K,

-
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DETECTION OF RADICALS IN THE PHOTO-OXIDATION OF ALDEHYDES

G.K. MOORTGAT, J.P. BURROWS, G.S. TYNDALL, W. SCHNEIDER
R.A. COX¥, B. VEYRET** and K. McADAM**

Max-Planck-Inst. flir Chemie, Air Chemistry Dept. D-6500 Mainz

% AERE Harwell, U.K., ** Université de Bordeaux I, F-Talence

A novel apparatus has been built at the MPI to study the be-
haviour of reactants, products and intermedlates (radicals)
during and after photolysis. The apparatus consists of a "dou-
ble multi-path" spectrometer, combining both ir- and uv-ab-
sorption spectrometry with additional capability of modulated
photolysis for transient detection. Photolysis experiments
were performed in a 46 liter quartz cell equipped with two in-
dependent sets of White-optic mirrors, one being used in con~
nection with the Bomem FTIR-spectrometer, the other for uv-
visible absorption measurements. Uv-absorption-time profiles
are fed into a signal averager and processed by an Apple
micro~computer. A schematic diagram is shown in Figure 1.

Absorption-time profiles at selected wavelengths in the 210~
275 nm region were recorded in the modulated photolysis of
HCHO- and CH3CHO-air mixtures. Transient absorptions showed a
characteristic rise and fall during the alternating photolysis
and dark periods. -

In the HCHO-air system, HOp radicals are produced in the
primary photo-oxidation: HCHO + hv,02 —w 2 HO2 + CO. However,

the observed transient absorption (see Figure 2) contained an
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additional superimposed broad band spectrum with a maximum
near 240 nm which was assigned to the 00CH2{OH) radicai formed
by the reaction of HOp with HCHO:

HO2 + HCHO =——= 0OCH2(OH) (RO2)

Additional experiments were done in Bordeaux by flash-photo-
lysing up to 20 torr of HCHO and observing the formation of
the radicals after the flash using optical obsorption at dif-
ferent wavelengths. A value of the equilibrium constant K was
obtained: K = 4 x 10~17 em3 molecule-! at 305 nm. The absorp-
tion cross section at 250 nm was estimated to be near 5 + 1 x
10-18 om2.molecule-1. A spectrum of the OOCHp(OH) radical ob-
tained at Bordeéux {black dots) is shown in Figure 3, together
with the uv absorption spectra of HOz and CH302.

Measurements of absorption-time profiles at 250 nm and 220
nm during modulated photolysis of CH3CHO-air mixtv -es were ma-
de using photolysis periods of bs. Initial CH3CHO~photo-oxida-~
tion products are CH302 and HO2 radicals:

CH3CHO + hv,02 -—» HO2 + CH302.

At lower concentrations (0.1 Torr CH3CHO in 700 Tory Air)
absorption at 250 nm was expected to be dominated by CH302 ra-
dicals, whereas that at 220 nm was expected to contain compo-
nents due to HOp and CH302. Kinetic analysls of the data as-
sisted by computer simulation, using several combinations of
absorption cross sections of CH302 (best fit = 3.2 x 10~-18
em2.molec.~1) resulted in a value k = 3.7 x 10~12 cm3.mole-
cule.~1.s-1 for the reaction

HO2 + CH30p —»-CH300H + 02 ,
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in excellent agreement with the results obtained from recent
computer simulations of the photo-oxidation endproducts by
FTIR-analysis.

At higher concentrations, near 10 torr CH3CHO, the transient
spectrum (see Figure U4) contained an additional component,
which was attributed to the acetylperoxy radical, CH3C002.
This radical is formed by a chain mechanism initiated by the
CH30 radical reacting with CH3CHO. The formation of acetic
acid in the gas phase oxidation of CH3CHO is believed to occur
from the addition reaction of HOp to CH3CHO to form the
CH3CH(OH)O2 radical. A complete mechanism of the CH3CHO photo-

oxidation will be presented.
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OPTIGAI. DETECTION OF Oﬂ(lis RAD1CALS
DURING OXIDATION OF ETHYLENE IN A JET-STIRRED REACTOR

A. CHAKIR, F. GAILLARD, P. DAGAUT, M. CATHONNET, J.C. BOETTNER, H. JAMES

) C.N.R.S., Centre de Recherches sur ia Chimie de la Combustion

et des Hautes Températures, 45071 Orléans-Cedex, France.

The recent devclopment in the digital computers and numerical
techniques makes possible to model the kinetics -§ hydrocarbon oxidation.
The models have to be validated through comparison with experimental re-
sults at wide ranges of operating conditions. The availability of power-
ful diagnostic techniques would allow to get these required.experimental
results.

The data we obtained in the past were from plug-flow and jet-stir-
red reactors. These reactors are suftable for studying the slow oxida-
tion of hydrocarbons in the intermediate temperature range (900-1200 K)
and pressures up to 1 Mpa. Up to now, kinetic models have been established
for ethylene (1,2) and propane oxidation (3), and only validated through
comparisons with experimental results for the molecular species concen-
trations.

In order to obtafin more detalled information on the oxidation pro~
cess, a new jet-stirred reactor, similar to that used previously (4),
was:bullt with quartz windows to allow optical access and detectlion of
some radlative species produced during the reaction. To minimize the quen-
ching due to collisional deexcitation, the experimental rig was designed
to be operated at subatmospheric pressures.

Fluorescence light is collected, focused »n the entrance slit of
a monochromator Jobin-Yvon HRS 2 and detected by a photomultiplier EMI
6256 S connected to a photon counter EGG Instruments.

In the visible range, the existence of a strong continuum prevents
the observation of characteristic bands of carbon containing excited spe-
cies. However, in the near U.V.,, {t has been possible to observe a signi-

ficant emission whose maximum occurs at 308.9 nm, due to electronically




e e vt e s

£52

excited 0"(%{3 cadicals (Lig. 1) The profiles of fluorescence against resi=-
dence times (0,02 < & 0.2 s) have been obtained tor pressures between
0.005 MPa and 0.02 Mra, in a wide range of equivalence ratios 2.4 (7.‘( 2);
. these experimental conditions allowing a good mixing of the reaccor.

Gas samples were collected by a quartz sampling probe for analysis
by gas phase chromatography, during the same time of optical measurements,
An example of concentration profiles of main molecular compounds is given
on flgure 2, together with profile of emission intensity at 308,9 nm.

The ethylene oxidation at pressures above atmosphere was modelled
by a comprehensive detailed kinetic mechanism (5). The same mechanism
is used to reproduce the 'experimental results at sub-atmospheric pressu-
res, after changing some rate coefficients. This is necessary to account
for pressure dependant rate constants. A sensitivity amalysis is carried
out to define these reactions.

This work is in progress and satisfactory comparisons are being

- obtained between experiments and computations for concentrations of mole-
cular compounds. On the basis of cthis agreement, computed profiles for
radical species could be used to explain the origin of ou(225 formation
in the mechanism:

~ firstly, the kinetic model is investigated to select the exoenerge~
tic processes able to generate these excited species ( f.e.:
H+0+H — OHCE ci + 0, — co + on(’h

CH + HO ~—>» HCO + OH* HCO + 02 —> CO, + Olix ,,.)

2 2
- then, owing to the assumption that emission results from a balance
between the production of OH(Z:S and their collisional deexcitation, com-
parison between the product of computed concentrations of ch; above reac~-
tant species and the level of fluorescence experimentally measured might
. lead to determine the part played by each process towards generation of
these excited radicals.

REFERENCES

(1) M. CATIHONNET, F, GAILLARD, J.C. BOETTNER, P. CAMBRAY, [. KARMED,
J.C. BELLET: 20" Symp. (Intern. ) on Combustion, Ann Arbor, 1885,819,
(2) P. DAGAUT, M. CATIIONNET, F. GAILLARD, J.C. BOETTNER, J.P. ROUAN,
. JAMES: Proc. of Xth 1.C.D.E.R.S., A.1.A.A. journ, 1985 (to appear).
(3) M. CATHONNET, F. GAILLARD, J.C. BOETTNER, H. JAMES: "Propulsion and
Energetics Panel” 629 Symposium, AGARD, Turquie, 1983,
(4) P, DAGAUT, M. CATHONNET, J.P. ROUAN, R. FOULATIER, A. QUILGARS, J.C.
BOETTNER, F. GAILLARD, 1. JAMES: J, Phys. E: Sci, lnstrum., 1986, 19,
(5) . DAGAUT et coll.: {n progress.
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PROBE SAMPLIRG AND ESR DETECTION OF LABILE SPECIES

FOR KINETICS STUDIES IN FLAMES.

J.F. PAUVELS - M. CARLIBER - L.R. SOGHET
Laboratoire de Cinétique et Chimle de la Combustion.
UA CNRS 876. Université des Sciences et Techniques de Lille.

59655 Villeneuve d'Ascq Cedex. France.

The analysis of microsiructure of flames is an important method to
study the kinctics of elementsry rcactions at bigh temperature. Recently we
have proposed a new development of Vestenberg and Fristrom’s method to
daetect labile species by ESR in flawes ¢ H, 0, 06, Cl, Br, S0, S ). The
species extracted by a sampling probe are detected at a low pressure of
3.10"2 Torr after a residence time close to 3.5 ms. In order to take iuto
account the poseible destruction of the species within the probe befare ESR
detection, the pressure inside the probe was changed and the quantitative
measurenent of the mole fraction X of the species in the flame was obtalned
by an extrapolation methcxi to zero pressure.

To support the validity of thls extrapolation a modelling of the main
reactions occuring in the sumpling probe (OH + O --> 1iz0 + 0 , k, = 1,08
10'%cu®nol™'s™'),¢ O+ 0K ~-> H + 02 k= = 198 10'%cm®mol™'s™') with
wall destruction of H, 0 and Qff has been achieved fn the case of un undoped
flame. Although the contribution of homogeneous reactions may be relatlvely
impartant, the results of modelling Justlfy. the validity of the linear
extrapolation to zero pressure of Log X = {(p), for the determinstion of the
mole fraction of the species in the flame. Examples are provided for the

application to the analysis of flame structure,
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TWO-PHOTON LASER-EXCITED FLUORESCENCE STUDY OF H AND O ATOMS:

‘CEMPERATURE-DEPENDENT QUENCHING AND LASER PHOTOLYSIS FOR

COMBUSTION APPLICATIONS

U. Meler, K. Kohse-H8inghaus, Th. Just
DFVLR - Institut f£iir Physikalische Chemie der Verbrennung

Stuttgart, West Germany

The understanding of the behaviour of complicated kinetic
systems like flames requires the knowledge of number densi-
ties of the reacting species and temperature. It is there-~
fore important to obtain experimental data on absolute con-
centrations of atoms in a combustion environment.

Relative concentration profiles of hydrogen and oxygen atoms
in a flame can be measured by laser-induced two-photon ex-
citation followed by fluorescence detection.

To derive absolute number densities from such fluorescence
measurements, we demonstrate a calibration method using the
ietection of known concentrations of H and O atoms produced
in a discharge~-flow reactor.

wWhen this calibration technique is applied to flame condi-
tions, the large influence of fluorescence quenching has to
be taken into account. The fact that fluorescence signals in
a flame are strongly affected by quenching is illustrated in
fig. 1. Time-resolved fluorescence signals of H atoms in

a low pressure H,-0, - flame are compared to those re-

sulting from a discharge-flow reactor at about 2 mbar.
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Fig. 1 Time - resolvéd H atom fluorescence signals;

curve a from discharge-flow reactor at 2 mbar,

curve b from Hy/0; - flame at 95 mbar
The reduction of fluorescence intensity from a certain atom
concentration due to quenching is taken into account by cal-
culation of an "effective local quenching rate" under flame
conditions. This rate is, in turn, derived from measurements
of individual quenching rate constants for different flame-
relgvant collision partners in the discharge-flow system.
Table 1 shows some examples for guenching of the n=3 - level
of H atoms which was excited by two-photon - absorption in
our experiments. Similar measurements were performed for G
atoms. .
For Hy, O and H70 we also investigated the temperature de-
pendence of the quenching rate constant. No noticeable tem-
perature dependence was found within a range from 300 to
650 K. This result, together with the very high rate con-

stants for most collision partners at room temperature sug-

gests that long-range interactions are responsible for the

E54




E54

energy transfer during the collision process.

Table 1.

Quenching rate constants for the n=3 state of H atoms

collision| kg (em3/s) collision| kg (cm3/s)
partner partner
He no effect * Hy0 (1.1 ¢ .1)-1078
Ar (4.6 ¢ .5)-20"10 § co, (3.9 ¢ .2):1079
0 (2.6 + .1)-107° CHy (3.5 £ .2).1079
Hp (2.2 ¢ .1)-1079 CoHy (5.6 + .4).10"9

* within the pressure range 0.5 to 10 mbar

Two-photon éxcitation of atomic species requires very high
laser intensities. Therefore, care must be taken to avoid
production of additional atoms by laser photolysis of po-
tential precursor molecules. Since this effect may have an
influence on absolute concentration measurements, we studied
the production of H and O atoms from the parent molecules O,,
Hy, Hy0, and OH. The experiments led to the result that laser
photolysis can be neglected at the wavelengths and power
levels we usually employed for H and O detection; however, it
may become a problem at sufficiently high intensities.

Based on the results on quenching and laser photolysis, ex-
periments are currently under way in which absolute H- atom
coycentrations as well as spatial concentration profiles are
measured for various Hy-0; - low-pressure -~ flames. This
procedure should basically also be applicable to hydro-

carbon flames.




AN EXPERT SYSTEM FOR GAS PHASE REACTION MECHANISMS ESS

P.B.Ayscough, D.L.Baulch and S.3.Chinnick

Department of Physical Chemistry, University of Leeds, U.K.

Two objectives of modelling complex chemical systems are
(1) to simulate an experiméntal or industrial process. (ii) to gain
an understanding of the kinetics involved. For (i) it is often sufficient
-to involve a simple model with a small number of empirical parameters.

The model may be conveniently derived by considering a small number of

. elementary reaction steps in a pseudo-mechanism. The rate parameters may
then be fitted to experimental observations, but the fitted valves have no
fundamental significance.

In order to gain a proper understanding of a complex chemical system,
it is usually necessary to construct an extensive mechanism from a
systematic evaluvation of all possible steps to a given order of complexity.
The rate parameters for each step -must be found or estimated and the
mechanism translated into a set of differential equations for numerical
integration.

The predicted time-concentration profiles may be compared with
experiment, and further information may be obtained from a sensitivity
analysis, allowing the mechanism to be refined. However, for a
mechanism of 200 steps involving 50 species there are ~ 10000 1st order
sensitivity co-efficients to interpret.

The development of computer environments for use in Artificial ,
Intelligence has enabled an alternative approach to be explored. Using
the programming language PROLOG, a computer-representation for chemical
species has been derived which closely parallels simple chemical notation.
It is possible to manipulate these data-structures so as to 'mirror' the
rupture and formation of chemical bonds. In this manner, the following

classes of (free-radical) reactions have been 'coded' :
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Reaction Type

Decomposition, Molecular Elimination, Radical Decomposition,
Abstraction, Addition, Isomerisation, Radical Conversion, Olefin Conversion,
Recombination, Disproportionation.

In its crudest form, the computer can thus be used as a systematic
generator of reaction steps in the usual process of modelling. However,
it is possible to constrain the reaction generator by .defining cets of
rules representing chemical knowledge or intuition. This then constitutes
an EXPERT SYSTEM.

The phases in which reactions are generated and expert-xules are

invoked is illustrated in the following diagram :

EVALUATE reactants

4

SELECT

next reaction

STOP " ‘L

PERFORM selected reaction
ELIMINATE minor pathways
EVALUATE products

ach distinct phase of the process is described belcw :
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EVALUATE - For a previously unencountered species (i.e. a reactant
or new product), the program finds the set of all reaction-~types for which
the specics is a valld reactant. All feasible combinations with existing
species for each reaction-type axe stored (implicitly) for later
consideration. Some ‘embryo' reactions may be discarded at this stage
using rules of the type :

"Ignore ABSTRACTIONS involving a radical X if the estimated rate

of decomposition of X is considerably faster than the maximum rate

of abstraction by X. "
SELECT - The order in which reactions are 'performed' can have a
considerable effect upon the efficiency of the EXPERT SYSTEM. Rules are
defined to give priority to the faster steps e.g :

"Decompose radicals as soon as they are generated."

"Delay termination steps until after propagation steps."
PERFORM - Once an émbryo reaction has been selected, all possible
products of the reaction step are generated.
ELIMINATE - For reactions with more than one possible pathway, the
rate of each reaction is estimated, and compared. Slow paths are not
included in the mechanism e.qg.

"Decomposition via C-H fiission is discarded in favour of C-C fission"

An EXPERT SYSTEM for the pyrolysis of small hydrocarbons has been
constructed in this manner. The program has been tested by considering
ethane and propane at low pressures at around 700K since a body of good
experimental data is available for these systems. On entering the
structural formula for ethane, the program generated a pyrolysis mechanism
involving 18 species in 44 elementary steps, without recourse to any
“merical integration or sensitivity analysis. Approximately 400 reactions
were considered. Similarly for propane, the program selected 140 steps
involving 53 species after consideration of over 3000 possible reactions.
The mechanisms produced by the EXPERT SYSTEM are comparable to, and usually

form a .superset of, those derived empirically in the literature.
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SIMULATION OF THE THREE P~T EXPLOSION LIMITS IN THE H,~- O, SYSTEM
INCLUDING DETAILED CHEMISTRY AND MULTI-SPECIES TRANSPORT

U.Maas, J.Warnatz
Physikalisch-Chemisches Institut und Sonderforschungsbereich 123,
Universitidt Heidelberg
Im Neuenheimer Feld 294, 6900 Heidelberg, W.Germany

Since the detection of P-T explosion 1limits in hydrogen-oxygen
mixtures 4in the thirtieth and fourtieth, many efforts have been
made to explain this phenomenon gquantitatively. But all of
these attempts had to include some serious restrictions like
truncation of the reaction mechanism, quasi-steady state
assumptions, or reduction to zero-dimensional systems etc.

The present status of knowledge on reaction kinetics in the
hydrogen-oxygen system and recently developed methods for -the
solution of time-dependent one-dimensional partial differential
equation systems now allow the simulation of all of these
explosion 1limits, wusing a common detailed reaction mechanism
(consisting of 37 elementary reactions /1/), a multi-species
transport model /2/, and realistic surface chemistry basing on
surface ccllision numbers and experimentally determined surface
destruction efficiencies /3/. None of the restrictions
mentioned above has to be applied. Solution of the partial
differential equation system is done by spatial discretization
by finite differences, leading to an ordinary differential/
algebraic equation system, which is solved numerically using the
computer codes DASSL /4/ or LIMEX /5/.

Calculated P-T explosion limits in the hydrogen-oxygen system at
various conditions are presented in Fig.1. As can be seen,




% —

o e et it

E56

.

these values are in quite good agreement with the experimental

results. Sensitivity analysis jdentifies the rate-limiting

processes and shows areas which should be object of further

research.
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STUDY OF REACTION MECHANISMS BY SENSITIVITY ANALYSIS

T.Turdnyi and T.Bérces

Central Research Institute for Chemistry,
Hungarian Academy of Sciences, Budapest, Hungary

S§.vajda

Laboratory for Chemical Cybernetics
L.EStvbs University, Budapest, Hungary

The kinetics of homogeneous chemical processes can be
described by a system of ordinary differential equations:
y = £(y,k)

where k is the vector of,rate coefficients, y .designates the
vector of concentrations and y is its derivative with respect
of time. The dependence of the model’s predictions on the k
parameters is usually given by the sensitivity coefficients
defined as ayi/akj. These sensitivity coefficients show how
the solution of the system of kinetic differential equations
changes as a result of variation of the parameters. The sensi-
tivity coefficients are given by the response of the system at
time t, on the change of parameter at tiﬁe tl. The lower integ-
ration time limit in the solution of the system of kinetic
differential equations and in that of the system of sensitivity
equations is normally taken to be the same. The sensitivity
matrix of a complex chemical reaction for time t, is not only
a function of the rate parameters and species concentrations at
t, but depends on the pre~history of the system, i.e, it depends
on the concentration trajectory connecting t2 with tl.

A sensitivity matrix which depends only on the values

of kinetic parameters and on the actual concentration of the




e it i e S s S

E57

reactive species appears to be nore suitable for the analysis

of the reaction mechanisms, We fintroduce a function of the type

. 2
- m 91(3)-Yt(g?)

in order to represent the effect of kinetic parameters on the
rate of reaction, where a = ln k, while 91(50) and §i(g) are
the rates of formation of species i calculated with the initial
Lgo) and with che changed (a) vectors of the kinetic parameters.
The 3£/9k is considered as a sensitivity matrix (desiqgnated

I matrix) with elements qiven by

afi - vy R.
8kj kj

where R, and k. are the rates and rate coefficients, respec-
tively, of reaction j and Vg is the stoichiomeiric coeffi-
cient of species i in reaction j.

The F matrix can be obtained very simply. Principal
component analysis of the matrix supplies information on the
importance and on the interactions of the elementary reactions
of the mechanism. The relation of the F matrix to the conven-
tional sensitivity matrix shall be discussed.

Two complex reaction mechanisms are analysed. These
are: pyrolysis of propane and oxidation of formaldehyde. Both
the F matrix and the conventional sensitivity matrix have been
constructed and orders of importance for the elementary steps
have been derived by using the method of principal component

analysis. A study of the F matrices corresponding to various
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phases of the reaction (i.e. to various reaction times) supply
information on the actual order of importance of the elementary
steps and on the interactions of elementary reactions. Consi-
dering all results obtained for different phases of the reac-
tion, a simplified mechanism is derived (mechanism reduction)
which proves to be practically equivalent to the original

one.

1. s.vajda, P.Valké and T.Turdnyi, Int.J.Chem, Kinet. 17,
55-81 (1985).

2. S§.vajda and T.Turdnyi, J.Phys.Chem. 90, 1664-1670 (1986).
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Implementation of the Rapid Equilibrium Approximation on a Computer for
. Kinetics in Complex Systems
Robert A, Alberty
Department of Chemistry
Massachusetts Institute of Technology
Cambridge, Massachusetts, USA

When a complicated organic system approacheslequilibr1um, most of the
reactions may remain very close to equilibrium while some slow reaction comes
to equilibrium and eventually determines the composition of the system. An
example is the conversion of methanol to gasoline using a zeolite catalyst at
700 k(1), .For simpler reactions, the rapid equilibrium approximation may be
useh to derive the rate equation, but for the methanol. conversion thousands
of species and reactions are involved and so calculations must be implemented
on a computer. Since many species of alkanes, alkenes, and alkylbenzenes are
produced, equilibrium ca]Fulations can be greatly simplified by use of
thermodynamic properties of isomer groups(2)~ The standard Gibbs energy of
formation of an isomer group A¢G°(I) is given by

AgG°(I) = -RTIn [ )_!‘I exp(-Afsi’/RT)] (1)

1=1
where AfG: is the standard Gibbs energy of formation of isomer 1.

The concept of isomer groups can be extended to whole homologous series
by fixing the ethylene partial pressure so that the ratios of successive
isomer groups become a function of only temperature. The Gibbs energy of
formation of the alkylbenzene isomer groups at fixed partial pressure of
ethylene as given by

8¢6*(1,CoH2n-6) = 8¢6°(1,Col2n-6) - ((n-5)/2)(AfG°CZH4 +RT 1n Pcz"a) (2)
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The standard Gibbs energy of formation of the homoloyous series is given by

€N

AfG*(HSG) = -RT ln[z exp[-AfG*(I,CnHzn-(;)/RT] (3)
n=6
and the equilibrium mole fractions of successive isomer groups are given by
~ag6*(1,CoHon-6)/RT
YCotzn-6 = = T (4)
n2n-6 ie A ¢G*(T,CoHop-6)/RT
n=é6

The concept of the Gibbs energy of formation of a homologous series may
be used to calculate the composition at various stayes in the conversion of
methanol to gasoline. In this reaction alkenes are formed rather quickly and
polymerize to an equilibrium distribution of molar masses. This mixture fis
converted more slowly to a 1:3 mixture of alkylbenzenes and alkanes that
eventually, according to thermodynamics, will yield CgHg + 3CH3. At

intermediate times the stoichiometry can be represented by

CHyOH = Hy0 + 3 Cyflay.g * g Citanee * L Cfag (5)
where X is the exteat of conversion (0 to 1) to alkanes and alkylbenzenes.
In this equation the molecular formulas represent average compositions for
the alkane, alkylbenzene, and alkene homologous series groups, Experimental
data can be represented quite well by assuming that CgHg and CHg are
alkylated to equilibrium at each value of X by the ethylene that is present.

Equilibrium compositions can be computed at a series of values of PCZH4
starting with the high values that occur early in the conversion to
essentially zero when the composition is represented by Cgllg + 3CHq. The
equilibrium composition at any stage ia the conversion depends on the

pressure, At a given Py, the equilibrium mole fraction of ethylene is
2l
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calculated using an analog of Eq. 4. The partial pressure of the alkene
homologous series group calculated from
P = P 6
CoHag = PCoH AYCoHy (6)

is subtracted from the total pressure of the hydrocarbons to obtain the sum
of the partial pressures of the alkane and alkylbenzene homologous series

groups. Each value of Pc2H4 corresponds with a certain extent of conversion

X and a certain time. For a first order conversion

kt kt

X = (? -1) /e (7)

The Benson-group method has been used to estimate chemical thermodynamic
properties of organic substances at high temperatures when data is lacking.
These calculations show that within a homologous series, the chemical
thermodynamic properties of isomer groups become linear functions of carbon
number as the carbon number increases. Since AfG°(l) is a linear function
of carbon number after the first several members of a homologous series,

analytic functions can bhe dervved for N, M, Q, yCNH , and

2n-6" Youtan+2
Yeqlog:

References

(1) C. D, Chang and A, J. Silvestri, J, Catal, 47, 249 (1977).

(2) R, A, Alberty, Ind. Eng. Chem. Fund. 22, 318 (1983},

(3) R. A, Alberty, J. Phys. Chem, 89, 880 (1985),

(4) S. W. Benson, Thermochemical Kinetics, Wiley, New Yérk, 1976.
(5) R. A. Alberty and 1. Oppenheim, J. Chem. Phys. 84, 917 (1986),




E59

H.H.Grotheer, G,Riekert, and Th. Just

THE SELFREACTION OF CHZOH -~ RADICALS AND

- o s G e T e o Gt Tt 6 R e e o o 0 G

THE CH30H - CL - CL, SYSTEM

e . o s P T . e B T S e T e e O

The CH,OH selfreaction was investigated due to its
potential importance particularly in the modelling of rich
methanol flames. We used the mass spectrometer discharge
flow technique with the fast reaction Cl + caéoﬂ —-——>

CH,OH + HCl as a radical source ( All measurements at
ambient temperature ). In that case besides the radicals
there is always an excess of methanol in the reactive flow,
together with 012 surviving the discharge. Therefore, for
the measurement of the concentration dependent selfreaction

of CHZOH radicals, we had to account for the mechanism:

CH30H +Cl  —eme- > CH20H + HCl (1)
CH20H +Cl @ ee--- > CH20 + HCl (2)
CH20H + 012 ————— > CH2C10H + Cl (3)
CH20H + CHZOH + M ~--> C2H602 + M (4)
CH20H + CHZOH y e > CHZO + CH3OH (5)
CH20H + wall  -e--- > (6)

This complication cannot be circumvented since there
is no other cuzoa source available.

kl is up to now the only known rate coefficient in that
mechanism. It has been measured by flash photolysis techni-
ques /1/. We obtained in our flow tube for kl the values

of ( 6.2 + 0.9)+ 10 "1 cm? 571 in an excess of methanol

and of ( 5.6 + 1.2)- 10 -1l cm3 s"l in an excess of chlorine
atoms. The absolute chlorine concentrations were determined
by titration with Br2 as well as by their reaction with

C,He /2/.
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Reaction (2) was investigated by measuring the'CHZOH yields
as a function of {Cl] and [CH30H] for a very short fixed
residence time which was determined separately. Computed

i ‘yields could be fitted to the measured data by using

iy =2 10710 on® §71

s .

Also the reaction of CH,OH radicals with molecular chlorine
is of some importance in our system. Due to the presence

of cl2 surviving the discharge, reaction (3) cannot be
measured under pseudo first order conditions in an excess

of CH20H. On the other hand, in an excess of Cl2 , the

CH,OH decays are interfered by CHZOH reformation via
reaction (1). Therefore, we chose conditions for the chain
(3) + (1) wunder which reaction (1) is fast compared to re-
action (3), i.e. [CH30H] >> [012] > ICHZOH]. k3 was deduced
from the measured ~ cl2 and HCl profiles, respectively,

to be k; = 1.5- 10711 o3 71,

Reactions (4) to (6) were measured in a concentration range
of 5- 101! em™? ¢ [CH,0H] < 10- 1012 en™? at pressures
ranging between 0.3 mbar and 20 mbar. The measured decays
are of mixed order, with a strong wall loss rate of k6

20 s”1 to 40 s71 depending on the coating {usually Teflon)

and the reactor diameter (19,29 and 40 mm,respectively).

The initial radical concentrations were determined

by an absolute detection of the produced form-

aldehyde while scavenging the radicals at the end of the
flow tube via the fast reaction CH,OH + O, /3/.
Particularly at low concentrations ( about 1'1012 ém-a)
this method yielded results in good accord with the
initial Cl concentration., Under our conditions the self-
reaction (reaction 4) is in its fall off regime. By

fitting our data with the expression




K, [M)
ko (M] {1 + (log -—---- )2)-1
k(M) S emmemmmmecocame - .006 k o0
k, (]
1 4 ==mmeeme
L

we get for reaction 4:

K (2.2 +0.8) * 10727 cnb 71

o4 -
Koy = (2.4 £0.6) . 10711 e’ 571,

and

These data are similar to current data on CH3 re-
combination /4/.

We could not find a significant contribution from the
disproportionation channel, i.e. reaction (5).
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THE ROLE OF DECOMPOSITION REACTIONS IN FLAMES
by J. VANDQOREN, B. WALRAVENS and P.J. VAN TIGGELEN

LABORATOIRE DE PHYSICO-CHIMIE DE LA COMBUSTION
UNIVERSITE CATHOLIQUE DE LOUVAIN
B-1348 LOUVAIN-1a-NEUVE BELGIUM

Jode gk ke
The overall stoichiometric chemical equation corresponding to the

combustion process for a fuel with a formula cxHyozNw (noncyclic compounds)
can be written as follows

y_Zz y ¥
CxHyOZNw + (x + 1 2) 02 -+ xCO2 +3 H20 ) N2 (1)

Such an overall reaction corresponds to a variation of the total number of
particles an. It can refer to molecules or moles. An is the difference
between the number of mole (or molecules) of products and reactants. It
will be dependent on the values of y, z and w, Three cases can be consi-
dered according the value of y + 2 z + 2 w :

an is positive ify +2z + 2w > 4
bn is zero ify+2z+2w=4 (2)
an is negative if y + 2z + 2w < 4

- Most of the usual fuels will burn with an increase of the total number of
particles (an > 0) for instance

C2H6 + 3.5 02 > 2C02 + 3H20 aAn = 0.5
CH30H +1.5 02 > 002 + 2H20 aAn = 0.5
NH3 + 0.75 02 > 0.5 N2 + 1.5 H20 4n = 0.5

- Other fuels as CH4, CH,0, C2H4 should burn without change of the total
number of particles (An = 0), if the overall stoichiometric equation (1)
is valid ’

CH4 + 202 + CO2 + 2H20 an =0

CZH4 + 302 -+ 2C02 + 2H20 An = 0

CH20 + 02 + €0

Hovever, even when an = 0, the number of particles in the burnt gases is
usually larger than those in fresh gases, since species like CO, OH, H,
0 are always occurring in the burnt gases.

o ¥ H20 an =20
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- Nevertheless, some fuels as Hz, €O, HCN, 02”2' as well as polyacetylenic
compounds will burn with a decrease of the total number of particles
{an < 0).

-According to these considerations, it comes out that the majority
of fuels burns with an increase of the total number of particles. It means
that decomposition reactions must occur and a combustion mechanism has to
include this kind of -elementary processes besides the usual bimolecular and
termolecular reactions.

The analysis of the flame structure, i.e, the measurement of profiles of
concentration (Ni) of the individual species (i), and of the temperature
profile ,may provide informations on the decomposition processes. However,
since for flames diffusion processes are quite important, one has to con-~
sider the mole fluxes (Fi) of the individual species, instead. They are
related to each other by Fi = Ni (v + Vi) when v stands for flow velocity
and Vi for the local diffusion velocity of species i. Moreover, the total
number of particles and the number of chemical bonds are connected directly.
The flux of chemical bond (Fb) can be estimated at any point throughout the
flame by the expression Fb =5 biFi where bi is the number of bonds in the
species i characterized by a mole flux Fi‘ If we assume that the total
number of particles doesn’t vary {an = 0), the number of chemical bonds
will. remain also constant throughout the flame. On the contrary, any vari-
ation of Fb will lead to a gradient of the total number of bonds and will
correspond to a gradient of the total number of particles. Such gradients
have to be ascribed to the occurrence of both termolecular and decomposi-
tien reactions

df
__b=R - R

=R
dz t

d =B (3)

where- z is the distance, Rt the reaction rate of recombination, Rd the rate
of decomposition and Rb the net reaction rate varying the total chemical
bond in the system across the flame front. then Rb > 0, the recombination
processes dominate. The reaction rate of decomposition, especially in the
main reaction zone of low pressure flames, is faster than the reaction rate
of recombination.

So, to a first approximation, we get Ry ~ - Rd‘
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Using this approach, the rate of decomposition has been determined
flames burning in CHy/0y, CH,0H/0y, Hy/N,0, CH0/0, mixtures.(1-%)
For instance for HZ/NZO flames, the elementary process
NZO + Mo N2 + 0 + M (r.1) is unquestionnably the unique decomposition
reaction. Thus, one can write - Ry =k, [N,0] [M], and deduceé therefore
the value of kl‘ One obtains the following expression for
k1 = 1.3 1015 exp (-28500/T) cm3 mol"1 s'1 which agrees fairly well with
those measured in shock tubes.

. A similar analysis in formaldehyde flames leads to ascribe the main

decomposition path ot the reaction CHO + M + CO +H + M (r.2) with
k, = 2.5 103 exp (~9300/T) emd mo1™t 57t

In conclusion, the analysis of the flame allows to deduce rate

constants for decomposition reactions and to estimate their incidence in
the combustion mechanism.

We
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PYROLYSIS OF CYCLOHEXANE / N-DECANE / STEAM MIXTURES
AT CA. 810°C
F. BILLAUD* and E. FREUND**

* Département de Chimie-Physique des Réactions, UA n® 328 CNRS,
INPL-ENSIC, 1, rue Grandville 54042 NANCY Cedex

*%  Département de Physique et Analyse, Institut Frangais du
Pétrole, 1 et 4, avenue de Bois Préau, BP 311,
92506 RUEIL-MALMAISON Cedex

The present work is a part of a more general vesearch project
aiming at understanding the reaction mechanism of the production of 1light
olefins from naphthenic feedstocks. Such feedstocks are currently of great
commercial interest because catalytic hydrogenation processes are under
active consideration as a means of upgrading olefin feedstocks of high
aromatic content ; such hydrogenation tends to saturate the aromatic
molecules originally present without ring rupture yielding a high
proportion of alicyclic compounds in the upgraded feedstock that is

eventually pyrolysed.

The model reactant chosen for the present study, cyclohexane,

stands for unsubstituted cycloalkanes within the naphtha boiling range.

From another practical point of view, 05 cyclanes and especially
cyclohexane are important elements in industrial and fuel mixtures. A
better knowledge of the elementary steps and of the resulting closed
sequences is thus of importance for the understanding of hydrocarbon

cracking and combustion.

The naphthenes have not -received nearly so much attention from

the investigators of pyrolytic decomposition as the paraffins. At most, the

E6l
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few papers found in the literature concern the ‘pure reactants and never
mixtures of naphthenes with alkanes ; some investigations were also
performed in a shock tube by W. TSANG.

As a result of these limited experimental investigations the mechanism of
décomposition of cyclanes has not been well established and published data
are not sufficient to predict the distribution-of the primary products even

in the case of one of the simplest compounds, cyclohexane.

The apparatus and the analytical procedures have been described
previously [BILLAUD (1983) (1984)] for the pyrolysis of a mixture of
n-alkanes chiefly 012-018 at 1053 K.

N-decane pyrolysis ([BILLAUD (1984)] is the reference reaction and the

pyrolysis of the mixture n-decane-cyclohexane is compared to it.

We describe the primary decomposition of cyclohexane by three

closed sequences which lead to the following primary stoichiometries :

cyclohexane = 3 CZH4 (1)
(Cghy)

cyclohexane = H2 + CZH4 + 1,3 C4H6 (2)
(Cghyz)

cyclohexane = H2 + c CGHIO (3)
(Celtyo)

If we consider the yields of cyclohexene and benzene as a
function of residence time, it appears that cyclohexene deshydrogenates
easily into benzene and, even at very low conversions, primary
stoichiometric equation (3) can be replaced by the secondary stoichiometric

12 = 3 Hy + Cghg.

equation (3') : CGH
In order to determine the distribution of the primary
stoichfometries from the yields versus residence time, we define the

selectivities in the various decomposition products. As a definition, we
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call selectivity of the reactant A into a product B, SA(B), the ratio :

$,(B) = number of moles of product B
A number of moles of A transformed

In order to confirm the primary mechanism of decomposition of
cyclohexane in the presence of n-decane, we have made the following
assumptions : the margin of selectivity for each product obtained in the
pyrolysis of n-decane and in the pyrolysis of mixtures cyclohexane-n-decane
is essentially due to the decomposition of cyclohexane (Hypothesis of
non-interaction). Then the selectivities in C3H6, CH4, 1-C4H8 and other
products of decomposition of n-decane are the same in the presence or in
the absence of cyclohexane ; therefore these products are not due to
cyclohexane decomposition. On the other hand, the selectivities in CH

2"4»

H,, 1,3 C4H6, and cycliohexene depend on the conversion of n-decane and we

2’
can determine for the lowest conversion of 66 % the distribution of the
three above-mentioned stoichiometries, respectively 41, 43 and 16 %. H2 is
representative of reactions (2) and (3), C?_H4 of reactions (1) and (2) and

cyclohexene of reaccion (2).

The presence of cyclohexane in a feedstock of pyrolysis is

therefore not noxious towards its conversion. Cyclohexane produces 02H4,

i,3 C4H6 and H2 in large yields. In a similar way, cyclohexane leads to
cyclohexene which can give a secondary deshydrogenation into benzene, which
is a valuable molecule, leading to an increase of octane number in gasoline
(nevertheless, its toxicity might be a drawback) and above all is largely

used as an intermediate in the chemiccl chemistry.
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Righ Temperature Pyrolysis of Toluene at Very Low Initial Concentrat.ions
4. Braun-Unkhoff and P. Frank

DFVLR Inst. f. Phys. Chemie der Verbrennung, Stuttgart, W. Germany

The thermal decomposition of toluene to benzyl radicals and li-atoms has been
investigated behind reflected shock waves. The results reported here are from
a series of investigations on aromatics carried out using a shock tube in
conjunction with atomic resonance absorption spectrometry (ARAS) in the
temperature range of 1400 to 1800 K and at total pressures between 1.5 and
7.8 bar. The test gas mixtures consisted of argon with relative concen-
trations of 2 to 30 ppm toluene which were permanently controlled by a
chemical analytical method (Ac/c .5 ppm). Due to the very low initial con-

centrations of toluene it was possible to conduct the experiments under

conditions where the influence of subsequent reactions is considerably

reduced. 1Lz high sensitivity of the ARAS-technique allowed to monitor

12

absorption signals of H-atoms "*ith absolute concentrations of 10°° to 2 x

1013 atows cm 3.

Due to the low initial concentration of toluene it was possible to evaluate

the rate coefficient k' for the initiation reaction Ri: C7H8 -+ C7H7 + H

directly from the H-atom formation rate: k =(d[H]/dt },_o x [Cyhgly”™" . The

t=0

evaluated values for k1 showed within the limits of experimental scatter no

dependence upon the total pressure in the investigated range. Therefore we

EAL s i b —————— ettt
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conclude that cthe reaction proceeds in the "upper part” of the fall-off

regime, not far from the high pressure limic.

®

; . . 1
A least square analysis of all measured points gives rise to k,= 5.1 x 10'>

exp(-45990/T) s! in the cemperature range of 1400 to 1700 K.
The kl-values following from recent measurements of Mueller-Markgraf and
Troe /1/ are in very good accord with our derived expression. The values
derived by Rao and Skinner /2/ from D-atom measurements are about a factor
of 2 smaller, but if we take corrections for isotopic effects into account,
then sufficient agreement with the present values is obtained.

In the later stages of the reaction time either a maximum (at Ps = 1= 2

-5 -5

x10 ~ mol cm'3) or an only moderate increase (at Pg= 5 - 6.7 x 10 mol

cm'3) of the H~atom concentration was observed. For both cases a preliminary
interpretation of the experimental profiles was possible with the following

additional reactions:

ol3

R2: C7H8 + H C7H7 + H2 k, =1.2x10" "exp(~7520/T)

2

R3: C7H7 d CSHS + 02H2 k3= 2 -5 x k1

Ra: Celic + Ar » C.H, + H + Ar k= 5-10 x Ky

Besides this, a s;cond decomposition path of toluene involving cleaving of
the C-C bond between the phenyl and methyl. group has been discussed /3 /.
By restricting our efforts on modelling the experimental profiles only in
the early stages of the reaction period, it is possible to derive k-values
for the reaction Ria: C7H8 *C6H5 + CH, with 8 crude reaction scheme con-

’

sisting of reaction R2 and the phenyl decompusition reaction:
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Rla: C7H8 ~ C6Hs + CM3 kla/kf 100 for T=1460 K and 4 for T=1650 K

RS: Cyllg *Cylly + Gty kg =3 -5 x kK

3 ~1

R6: CHy + Ar = C,li, + B + Ar kg = 107-10% co® mol™' s
The methyl association reaction CH3 + CH3 i c2“5 + H, with k = 1.4 x 10 13
exp (-S%éO/T) em® mol ~V 5™ for T £1700 K /4/, has no influence under the
experimental conditions. The evaluated Arrhenius expression for I»c'8 exhibits
a very small value for the energy of activation (Ea = 10 kcal / mol ), which
is in severe contrast-to theoretical and experimental /1,5/ findings.

Together with the results of Troe et al. /1/ , who measured the decrease in
the toluene concentration during the reaction time, we consider our findings
as evidence against an important contribution of an unimolecular process

involving cleavage of the C-~C bond of the side chain to the overall disso-

ciation reaction rate of toluene.

/1/ W. Hueller-Markgraf and J. Troe, to be published in the 2ith. Symposium
(Int.) on Combustion, (1986)
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KINETIC STUDY AND MODELLING OF PROPENE HYDROGENATION-

HYDROGENOLYSIS IN PYREX VESSELS AT ABOUT 500°C

. " by J.M. BERAL, C. RICHARD and R. MARTIN
Université de Nancy I, BP 239

54506 VANDOEUVRE LES NANCY, France

The thermal decomposition of propene at about 500°C yields a large va-
riety of primary products : H2, CHA, CZHQ, c2"6’ 03H4, C3H8’ C4H8, I,3-CQH6,
CsHg, methylcyclopentane, methyl-3-cyclopentene,... When mixed with molecu-
lar hydrogen, propene gives rise to hydrogenation-hydrogenolysis stoichiome-
tries :

Hz + C3H6 - C3H8

H2 + C3H6 = CH4 + C2H4
which add to the properly so-called decomposition stoichiometries. Thus, mo-
lecular hydrogen causes a selective orientation of the reaction and tends to
convert propene into methane, ethylene and propane. This trend is greatly de-
pendent on the nature of the wall reactor. For instance, the initial yields
of methane + ethylene + propane in absence and presence of molecular hydro-
gen (190 7 at 520°C) are respectively 57 and 80 in a pyrex reactor, 62 and
92 in a stainless-steel reactor, in percent of the total products.

The formation rates of several products have been studied at low extent
of reaction, in Pyrex vessels. The experimental results are interpreted in
terms of a free-radical chain mechanism, the processes of which are mostly
homogeneous. From the rates of allene production, it is shown that the main

jnitiation and termination steps in presence and in absence of hydrogen are :

2 C,lg > products (1)

2 03“5'

and one computes for process (1) :

> products (t)
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C3H5.

K, = 10'% exp(-51500/

tadiene-1,4, we write the following primary processes :

C3H5. + “2

C,H.. + 03“6 <

[ IR S

H. + C3H4 (4))]

RT) s“l (RT in cal.mol_l)

For the production rates of methylcyclopentane, methylcyclopentene and pen~

3
> H. + 03“6

4

2 AN/ @

ats =
CH .+l =T )\/\ (11n)
375" 7 U376 <=5 / N g
9 10
1 > . > 1L
“To <>/ 3

O/ (or I or 1II) + H,

I11

Rate constants for processes (3)

It is shown that process (10) is

> G/ + .

12
> CH3‘ + l\\,/ﬂ

(5) (9) (10) and (12) have been evaluated.

almost as difficult as the unimolecular

deshydrogenations of (I) (I1I) and 0<iz>//fand that‘mechylcyclopentene rate

is second order in propene at 518°C (process l1).

From this point, the kinetic scheme is completed in order to account

for the production of methane, propane and ethylene, in presence and absence

of hydrogen. Any r., free-radical

rise to competitive processes :

(., CH3., i 03H7., n 03H7., «s) glves

r. + C3H6 > rH + C3H5.
r. +'C§H6 = rc3n6.

r. + H2 > ril + H.

r. > H. +m

A detailed modelling of the reaction is achieved by adjusting to the experi-

-
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mental values the initial formation rates computed for methane, ethylene
and propane in presence and in absence of hydrogen and in the q.s.s. and
long chain approximations. An analysis of sensitivity makes it possible to
. isolate the determining steps and to evaluate their rate constants. A set
of rate constants is obtained which ig consistent with all the experimen-

tal data and with the thermochemistry or the rare values of the literature

M.

¢) c. COLLONGUES, C. RICHARD and R. MARTIN, Int. J. Chem. Kinet. 15, 5
’ {1983).




KINETICS OF THE HYDROGENATION OF PROPYLENE AT 950 K

D. Perrin, Universite de Nancy, Nancy, France

and

M.H. Back, Chemistry Department, University of Ottawa, Ottawa, Canada

Rate constants for atomic and radical reactions involved in hydrocarbon

pyrolyses have, for the most part, been measured at temperatures below -
about 700 K, yet these values are often required to describe reactions

occurring in the neighbourhood of 1000 K., Clearly, measurements of

these rate constants in the region of temperature where they will be

used would be valuable.

For this purpose the kinetics of the hydrogenation of propylene was
studied in the temperature range 900 -~ 950 K where the reaction occurs
through formation and disappearance of n- and iso-propyl radicals. The
reaction system was similar to that described in the study of the -hydro-
genation of ethylene at 1150 K (l). Mixtures of hydrogen with small
quantities of propylene, 30 - 120 ppm, were admitted to a quartz reaction
vessel of approximately 200 cm3 and the reaction was followed by measure~-
ment of the disappearance of the reactant and the appearance of the
products, methane, ethylene, ethane and propane. Acetylene was produced

only in trace amounts.

In the presence of the large excess of hydrogen, the reaction is initiated
by the hydrogen atoms present in thermal equilibrium with hydrogen
molecules. Contrary to the situation in the previous studies at 1150 K,

the establishment of the equilibrium concentration of hydrogen atoms at

950 K was not fast compared to the other radical reactions occurring in

the system, and the assumption of constant concentration of hydrogen atoms
throughout the course of the reaction was not valid, Under these conditions
the measurement of absolute values for rate constants becomes uncertain and

the system is better suited to the extraction of the relative values.

Analysis of the results was based on the mechanism given on the following
page. A steady-state solution of these equations gave a series of
equations for the rate of disappearance of propylene and appearance of
products in terms of the concentration of hydrogen atoms. To obtain
equations independent of the hydrogen atom concentration, the rates of
formation of the products were expressed in terms of the rate of ‘

disappearance of propylene, according to equations A, B, C and D. *




£64

H, A M -n
o+ .
H + C,H, & i-CH, (2)(-2)
-+ 1y (=91
H + CH, « n-C H, (2" (2"
i-03H7 + Hy « CjHg + R (3)(-3)
nCH. + H, % CH +1H (3'(-3")

37 2

378

n=C,H, + CH, + CH, 4)

CH3 + Hz -+ CHI‘ + H (5)
CH, + H 4 CyHg + H, (6) (-6)
cH, + ¥ CHg (M
CHg + Hy ¥ C,H, + 1 (8) (-8)
Cyllg + CHe + Cil, (10)
C,H, -+ 2CH, (11)

R

CH

) R ® P €5"g 441 P ‘3 R
Y + . + - T
ca, e * FITAG A1 TE, * e, ) T2 TH, fogn

273 36 736

R
(®) Rew, ™ Reu ¥ Pl/;CSHg]H xciul’ *Re H)'Pzg—sﬁa - Roy
2 S SRR ST 2 TR,  Ro
.o K Kg[H,3LC,H, 1-EC,H, ]
3 C3H6 C3“6
R + R
© &, =p |28 Cogty * Mogng) A T s R
R
= N
®) R = -p ( K Ko[H,JEC)H, 7= [C)H,] Y CyHg C
CHe 3 C,H, C,H, I TCHTH, ] KK,
b b b
. 3 6 2
with P, &« ——=——— 3 P, = — ; P, =
l b3+b5’ 2 b3+b5 3 b3+b5
kqlH,) Ky,CH))
and By = by k__a’f_lz_ff_ i Y %[H N
gt kalHy] Y TS
k,
be =k, ¢
5 2" k_, vk, * k) [H)]
-2 4 " T2
X, k_,
b b

6" k-J"k_z. Tk, ¥ Ki[H,]




The equations were analyzed using rates and concentrations of reactants
and products measured during the reaction of up to 90Z of the propylene.
P‘ and P2 were obtained from equation C, P3 from equations B and D.
Equation A was not useful because the yields of methane and loss of
propylene were too close., Values were calculated over the pressure

range 135 - 300 Torr and the temperature range 906 - 956 K,

The ratios of the rate constants for H-transfer from propane to H-
addition to propylene may be expressed in terms of the coefficients

P., P, and P, as follows:
1 2 3

@ 2 . ol :
B ot T ek Y
k2' 1 P‘ K2K3[H2]

where the fraction Y may be shown, under the present conditions to be

close to one.

= 2
® =3

¢

Using the value for k2. given by Allara and Shaw ,

- 109-9 - 2900/6 !

K (R = 1.987 cal deg ! mol™})

2'

the following values were obtained:

10.36%.27-(7300£1200) /6 =1 s-l

= 10 M )

11.074.90~-(10800£3800) /6

= 10 (M-ls_l)

~3!

Values of k_3 and k_3, are in good agreement with expressions
recommended by Allara and Shaw. Nevertheless the measurements of the
relative values are possibly more useful in the application to thermal

reactions of hydrocarbons in this temperature regiom.

1. J.-R. Cao and M.H. Back, Can. J. Chem., 60 3039 (1982),
2, D.L. Allara and R. Shaw, J. Phys. Chem. Ret. Data, 9, 523 (1980).
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THE CHAIN NF, REACTIONS £65
Bed janien Yu.R., Gershenzon Yu.M., Klabkovitch O.P.
Rozenshtein V,B,
Institute of Chamical Physilcs,Moscow 117977, USSR

The study was carried out by means of EPR/LMR spectroniseter
combined with a& flow-tube system [1] .
Reaction NF, + H,0,. Recently we found that in the reaction NF, + HO,

->»0H + F + FNO a nonactive radical H02 interacting with a stable ra-~
dical NF, ( at 300 K and ~10 Torr ) gave two chemically active par-
ticles OH and F. This fact brought us to discover the branch chain
reaction NF2 + }I202° Its mechanism at 300 K and 10 Torr is

(0) Hy0, + NF, == NFP,H + HO, k = 1.5.10"Tends™?
(1) HO, + NF, -=>F + OH + FNO k = 2.4-10" cp3g™
(2) ¥ + H,0, ~=>1H0, + HP k = §,0.10"Mends™?
(3) Ol + Hy0p =-3 HO, + HyO k = 1.7:10"2cn3g™1
(4) HO, + wall -=> termination X = 12,5}

(5) OH + NP, -3 FNO + HP k= 1.5.10" 1 em?s™?
(6) HO, + HO, =-> Hy0, + O, X = 1.65.10"1cmIs™1

The rate constants of reactions (1),(4~6) we measured separately.
This mechanism discribes very good the chain concentration limits
and kinetic curves for NF, and HO,. '
Reaction N224_i_g292& The reaction was studied under the following
conditicns: p = 13 Torr, [NZF4] - (1‘0”20)‘1014cm"?, [Haozl -
= 5.10'% cn™3, In this case the limiting stage is the decomposition
of N2F4 and therefore the stationary regime is reached during 1 s.
High concentrations of the intermediate sctive spieces NF2 and HO2

are conserved during at least several seconds,

Reaction NF, + H,. This reaction was investigated under the conditi-
ons: p = 12 Torr ([Hal/[nelz 1), 2= (500 - 850) K, [NP]=
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(0.5 - 5).10Mon™3, The specifio kinetic features of the branch
chain reactions were observed: the induction period, the ignition
limit etc. The kinetic data were treated basing on the simplified
scheme:

(0) NF, + Hy --» NF,H + H

(1) H + NF, -=> NF + HF

(2) RP + NFy =-> 3F + N,

(3) F + Hy ~~>H + HF

(4) NF ~-> termination
and preliminary value 2-10_10exp(~3000/T) em’s”! for k, was ob-

tained.,

Reference. {,Gershenzon Yu,M.,, Il'in S.D., Kishkovitch 0.P.,
Lebedev Ya.S., Malkhasian R.T., Rogenshtein V.B., Trubnikov G.R.
Doklady Akad.Nauk SSSR, 1980,v.255,N¢ 3, p.620 - 622,
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Abstract

Transient gain-versus-absorption laser probing of

spin-orbit states, kinetics and dynamics

Stephen R. teone’
Joint Institute for Laboratory Astrophysics
National Bureau of Standards and University of Colorado
and Department of Chemistry and Biochemistry

University of Colorado
Boulder, Colorado 80309-0440

A tunable F-center laser at 2710 nm and a diode laser at 1315 nm are
used to probé spin-orbit populations of Br and 1 atoms, respectively, by
time-resolved gain-versus-absorption techniques. Highly accurate quantum
yields are obtained for pulsed laser photolysis of various compounds by
measuring the early time gain or absorption signal relative to the final
absorption amplitude when all of the excited atoms are quenched. Inherent
in the method is an intrinsic normalization which eliminates many variables
that usvally contribute to the error in the determination. Thus the yields
are insensitive to the pressure of the gas, the absorption coefficient, the
tuning of the probe laser, and the power of the photolysis laser. Yields

from molecules such as Brz, IBr, CHsl, and C3F7I are considered in detail.

TSeaft Mewber, Quantum Physics Division, National Bureau of Standards.
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In the case of Bry, the continuum yields arising from hot bands are in-
vestiyated as a function of temperature to fit the shape of the upper
repulsive states. The high resolution of the probe lasers allows Doppler
velocity effects to be explored. In addition, the differing reactivities
of Br(zPllz) and Br*(2P3/2) are studied. For 8r + IBr, the ground state
atom is 40 times more reactive than the total rate of quenching plus reac-
tion of the excited state.

These laser probe techniques #ad infrared fluorescence methods
are used to investigate the process of collisional release in Bryp. In
this process, Br, molecules are excited with a narrowed laser to single
vibration-rotation levels in the B3n0+u state at energies between 1-5 kT
below dissociation. Collisional release is monitored and determined on an
absolute scale by measuring the Br* yield and the total quenching rates.
The results show substantial dissociation upwards in energy, even for ener-
gies 3-5 kT below dissociation. Resuits for several collision partners,
including He, Ar, Kr and Br, show that all these molecules, reéardless of
their strenyth of interaction with the Brz(B) state, have essentially equal
efficiencies of collisional release when compared to the quenchiny rate of

the partner. These results will be discussed in terms of simple models.
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Energy Partitioning in the Elecl:-onically Excited NO

Formed by the Yhotolysis of the NO Dimerx
0. Kajimoto, K. Honma, Y. Achiba*, K. Shobatake* and K. Kimura*

Department of Pure and Applied Sciences, College of Arts and
Sciences, the University of Tokyo, Komaba, Meguroku Tokyo 135
Japan
*Institute of Molecular Sciences, Myodaiji, Okazaki, Aichi 444
Japan

Nitric Oxide dimers, produced by a supersonic expansion
of NO/He mixture, were photolyzed at several wavelengths between
193 and 218 nm. The emission appearing upon irradiation were
identified as the * and ﬂ bands of NO monomer, indicating the
formation of electronically excited NO in its A and B states,
respectively.

(NO)2 ~> NO + NO*(Aa,B)
The laser power dependences of the emission intensity and the
No* jon current further revealed the mechanism of the (NO)2
photolysis as shown in Fig. 1.

The change of the emission spectra in the r'band region
with varing photolysis wavelength is shown in Fig 2. By the
photolysis at 217.8 nm only the the emission from v'=0 level
of the A state was observed whereas, at 193 nm, v'=3 for the A i

state and v'=5 for the B state are found to be present. On
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the basis of the energetics, this observation suggests that
the binding energy of the (NO)2 should lie between 350 and 700
cm'l. The computer simulation of the observed spectra has been
performed in order to derive the electronic, vibrational and
rotational energy distributions in the electronically excited
fragments (Fig., 3). The distributions obtained for the four
photolysis wavelengths are given in Fig., 4. The vibrational
distribution shows no population inversion except for the B
state in the 193 nm photolysis. The total amount of the B
state is greater than that of the A state. The rotational
temperature for v'=0 of the A state at 193 nm was also
evaluated to be 1500 K from the emission spectra of higher
resolution.

The above mentioned features in energy partitioning will
be discussed in terms of the modified phase space theory and
the crossings between various potential surfaces during the

photofragmentation,
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The Raman Spectrum of Predissociating H,8

K. Kleinermanns, R. Suntz
UniversitHit Heidelberg, Institut fiixr Physikalische Chemie,
Im Neuenheimer Feld 253, D-6900 Heidelbergq,

Federal Republic of Germany, Tel.: 06221/562508

Emission spectroscopy of photodissociating molecules provides
interestir insights into the shorttime dynamics of bond ruptures
/1,2/. We report here a resolved st photoemission spectrum after
excitation at 193 nm, although its electronic spectrum in this
wavelength region is diffuse. The electronic spectrum of HZS
between 250 and 170 nm is nearly continuous probably due to
predissociation S(“(IAI) > lBl > 1A2 /3/.

The lifetime of H,S excited at 193 nm H,s 12200 y(%g) 4 su(xap)

is guessed from photofragmentation measurements to be £ 10"14 s

/3/, hence the re-emission efficiency is very small (210_6). A
sensitive apparatus is necessary to observe such weak emission.
Optimized 1light baffles consisting of Al/MgF2 coated highly
reflective scimmers as used in molecular beam experiments sup-
press the scattered light from the 500 mJ excimer laser pulse at
193 nm almost two orders of magnitude better than traditional
baffles. The light further outside from the laser beam center is
mirrored into the exit baffle system instead of being reflected
back into the view region of the photomultiplier /4/. The Hzé is
flowed through the cell at 0.2 mbar pressure. The sidearms and

the fluorescence window are purged with helium to prevent exces-
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give absorption of the pump beam and re-absorption of the Raman
light.

A typical Raman spectrum of H,S excited at 193,4 nm is dominated
by the fundamentals, overtones and combinations of the bending
and stretch vibrations. Up to five quanta in the bend and 6
quanta in the stretch are seen in the wavelength region 193 -
320 nm. The spectral resolution of the monochromator is 0.6 nm,
while the excimer laser bandwidth is ~ 0.5 nm FWHM. This spectral
resolution has to be improved further to distinguish between
excitation of the symmetric and antisymmetric stretch (£(100) =
2622 cm™} = 203,7 nm and £(001) = 2684 cm™! = 204,0 nm). The
intensities of the stretching mode overtones initially decrease
in the progression, but regain intensity in combination with the
hending mode v, further along in the progression. The strong
activity in the stretch and bend modes indicates that the corres-
ponding normal coordinates are initially, i.e. in the Franck-
Condon region, considerably displaced on the upper surface.
Further experiments are directed to improve the spectral reso-
lution of the measurements and to measure the spectrum up to the

energy limit at 502 nm (with 3.91 eV as st-dissociation energy) .

/1/ D. Imre, J. L. Kinsey, A. Sinka, J. Krenos, J. Phys. Chem.
88, 3956 (1984)

/2/ B. A. Rohlfing, J. J. Valentin, Chem. Phys. Lett. 114, 282
(1985

/3/ G. N. A. van Veen, K. A. Mohamed, T. Baller, A. E. De Vries,
Chem. Phys. 74, 261 (1983)

/4/ J.E. Butler, Appl. Optics 21, 3617 (1982)
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Vibrational and Rotational Distributions of the CO
Product of H + CO(v=0,J=0) with Hot
Hydrogen Atoms

Paul L. Houston
Department of Chemistry
Cornell University
Ithaca, NY 14853
U. S. A.

H,S is dissociatzd at excimer laser wavelengths in an pulsed
nozzle beam containing CO. The H atoms produced by the dissocia-
tion make 1-2 collisions with the cold CO and excite it vibra-
tionally and rotationally. CO products are then probed by wvacuum
ultraviolet laser induced fluorescence using a tunable VUV source
made by four-wave mixing in Mg vapor. Because of the photolysis
conditions for the H,S, the initial translational energy is
well~-specified, and because of the expansion, nearly all of the
CO is initially in v=0, J=0. The final product distribution can
be completely determined; vibrational and rotational distri-
butions will be reported and compared to results predicted by
trajectory calculations on an ab initio surface.
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1
ENERGY DISPOSAL IN 0( D)+ NH - NH + OH
3 2
REAGTION.
S.G.Cheskis, A.A.Iogansen, P,V.Kulakov, A.A.Titov,

and O.M.Sarkisov.

The NH and OH(v) radicals kinetics were directly moni-
tored by %IF-technique after lager photolysis of ozone in
0 :NH :Ar gas system. Room-temperature rate constant for
the reaction
0('D ) + N ~-> NI+ OH A H=-40 keal/mole (1)

3 -10 3 -1 -1
was measured to be (3.3 + 1)-10 cm molecule s by
studying the ground state NH accumulation profiles.
A kinetic approach was emp%oyed for invesgtigation of

nascent vibrational energy distribution of NH and OH
in the reaction (1). This approach consfsts in the
standard kinetic measurements of colilisional quenching of
vibrationally excited products and subsequent restoration
of their initial distributions on the basis of this kinetiec
data.

The detailed initial OH(v)-distribution was determined:
P(v=0):P(v=1):P(v=2):P(v=3) = 0.2 : 0,32 : 0.33 : 0.15.
The fraction of NH formed in reaction (1) in the
vibrationally excitid states was found to be (58+8) %.

Comparison of the obtained data with the previously 1
reported results shows that kinetic approach is a powerfull
means of the vibrational energy distribution mgéurements.

The interaction rate constants of the vibrationally

excited NH and OH radicals :1ith ozone and ammonia

2
was also obtained.
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FORMATION AND REACTIONS OF ELECTRONICALLY EXCITED HC)

M.A, Brown, P.C. Cartwright, R.J. Donovan,
P.R.R. Langridge-Smith, K.P. Lawley

Department of Chemistry, University of Edinburgh,
West Mains Road, Edinburgh EH9 3JJ (U.K.)

The reactions of electronically excited xenon atoms (Xe 3P2 o)
with ground state hydrogen chloride leading to XeCl exciplex chemi‘ﬂm1nescence
have been well studied [1,2]. However, little work has been done on the
complimentary reaction, namely that of electronically excited HC1 with the
ground state noble gas atom. Selective excitation of HCl is difficult
because of the highly energetic nature of the electronic states involved.
From previous high resolution V.U.V. absorption spectroscopic studies [3]
and recent ab initio CI calculations [4], it is also clear that these high
lying excited state potentials are complex, being dominated by considerable
mixing between the valence .o + o* “Ion-pair" state and "Rydberg" states of
the same symmetry [5]. Recently Zimmerer et al [6] have reported single
photon excitation of HCl using tunable V.U.V. synchrotron radiation. Our
approach has been to use laser multiphoton excitation, with tunable U.V.
radiation in the reagion 230-240 nm, produced by optical non-linear frequency
doubling and mixing techniques.

Figure 1(a) shows a [2+1] multiphoton ionisation spectrum of HC1 for
two typical vibronic levels near 10.5 eV. One vibronic level being v' = 11
of the "Ion-pair" state and the other, the v' = 0 level of a "Rydberg"-1ike
state that is strongly vibronically coupled to the “Ion-pair" state [5].
Dispersed fluorescence spectra following excitation at the Q(3) feature of
each vibronic band are shown in Figure 1(b). Fluorescence to the vibrational
continuum and highly excited vibrational levels of the ground state is
observed. The apbearance of XeCl exciplex (B2E* + X2£+? chemiluminescence is

seen (Figure 1(c)) following excitation of HC1 in the presence of Xe (10 torr).
]

The XeCl exciplex action spectrum (monitored at 308 nm) follows that of the
HCT MPI spectrum, showing that electronically excited HC1 is responsible
for the reactive channel. This and additional results involving reactions
with both other electronic states of HC1 and different rare gases will be
further discussed.

References

(1) K. Johnson, J.P, Simons, P.A, Smith, C. Washington and A. Kvaran,
Mol. Phys., 57 (i986), 255.

(2) M. de Vries, G.W. Tyndall, C.L. Cobb and R.M. Martin, J. Chem. Phys.,
84 (1986), 3753.

(3) A.E. Douglas and F.R. Greening, Can. J. Phys., 57 (1979), 1650.

(4) M. Betterdorff, S.D. Peyerimhoff and R.J. Buenker, Chem. Phys.,
66 (1982), 261,

(5) M.A. Brown, P.C. Cartwright, R.J. Donovan, P.R.R. Langridge-Smith, and
K.P. Lawley, unpublished results.

(6) G. Zimmerer, “Kinetics of Excited States Produced by Synchrotron

Radiation” in Photophysics and Photochemistry above 6 eV. Ed. F. Lahmani,
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Figure 1(a) [2+!) MPI spectrum of electronically excited HC1.
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Figure 1(b) Dispersed fluorescence spectra of electronically excited HC).
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ArF-t.aser Photolysis of Hydrazoic Acid:
Formation and Kinetics of NH(c )

F. Rohrer and F, Stuh!
Physikalische Chemle 1, Ruhr-Universitit Bochum, D-436C Bochum 1,
Federal Republic of Germany

Long Abstract

Recently we have observed the generation of four different ex-
cited NH(a'A, blst clt, ASI) states in the ArF-laser photolysis
of HNi;. Since kinetic data on the quenching of NH(c'-ﬁT.) is
scarce ) and details of the quenching mechanisms of excited small
molecules are not well understood we have used this photolysis
system to investigate its kiretics in the presence of a number of
added cases.

In these experiments, gaseous HN4 at pressures ranging from 0,013
to 13 Pa was irradiated by the unfocussed ArF-taser beam (30
mJ/cm'z; 15 ns; 193.3 nm)., Excited NH(c) radicals were detected
by emissions from their NH(c —» a and b)-transitions. The NH{c,
v'=0 and 1, J') radicals were produced with a rotational distri-
bution close to that corresponding to Trot=800 K. About 10% of
the available energy appears as rotation and ~1% as vibration.
The quantum yield for the production of NH(c¢c) was estimated to be
0.0005 assuming no ground state NH(X) is formed.

Lifetimes of the NH(c) fluorescence were determined using a time
constant of 30 ns. The zero pressure lifetimes of v'=0 and t were
measured to be 470 + 15 and 65 + 20 ns, respectively. The value
for v'=0 is taken to represent the radiative lifetime while that
for v'=1 is shortened by predissociation. !

: Rotational relaxation was observed to be very efficient. in the
presence of Ar, for example, the addition of 6600 Pa was suffi-
cient to generate a rotational distribution corresponding to room
temperature within 50 ns. Quenching cross sections were deter-
mined in the presence of Ar, hence, to render a completely re-
laxed rotational distribution (T ,,=300 K). This way, the mea-
sured quenching cross sections represent a weighted average over
the collisionally coupled, rotational states at room temperature,.
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Table |. Cross sections/10°16 cm=2 for the quenching of several
excited hydrides

Gas NH(c)2@) NH(A)D)  oH(a)C)

He €0.0004 £0.0046 <0.0007 a) this work

Ar  £0.001 20,011 <0.005 b) Ref. 2

Ke 2.58 2.443,d) c) Ref. 3 for N'=0-7

Xe  32.9 6.0 15.63:9) d) for the rotational

SFg  0.032 0.0262+9) distribution given

Ny 1.64  £0.0061 6.7-2.5 in Ref. 4

Hy  8.01 4.4 11.6-6.5

D,  7.63 11.0-5.9

coO  41.8 6.4 49.6-27.6

0, 24.2 4.3 21-10.5

NO  71.6 17 47.7-30

co, 27.4 0.97  69-20.9

FyO 88.9 92.9-73.9

‘0 58.0 70.7-28.2 ‘
CHy 27.3 8.0 34.4-26.3 (

Fig. 1. Fluorescence
intensities of NH(c)
NH({c-a) NH{A-X) O and NH(A) in (a) the

absence and (b) the
presence of 02. Pres-
sures: 0.27 Pa HNg4 |
and 5§3.2 Pa O,. f

-(0,0)
| b
(1.1) i
t (0,0) /
/\/\\W J\m

325 33 345nm
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The values obtained are listed in Table | together with those
previously reported on the quenching of NH(A3.TI)2) and OH(AZJE)"’).
Similarities and differences in Table | will be discussed in
terms of attractive forces and calculated potential curves.

The quenching of the unrelaxed original rotational distribution
(in the absence of Ar) was observed to be siightly less efficient
for several added gases. This trend was found to be reversed for
the addition of O, and NO. For these quenchers, the removal rate
for NH(c) can be correlated with the growth rate observed for the
NH(A) fluorescence. Fig. 1 shows the resulting overall fluores-
cence intensity changes during a time intervall 1 us after the
laser shot. While the intensity of the NH({c — a) fluorescence
significantly decreases by the efficlent quenching by Og, the
intensity of the NH(A) increases in spite of some quenching by
the added 02. Figure 1 additionally shows that NH(A) is formed
also as a primary product. The relative quantum yields for the
primary production of NH(c) and NH(A) and the appropriate quen-
ching constants were taken into account to calculate the effi-
ciency of the collision induced intersystem crossing to be close
to one for both O, and NO.

For the addition of O,, Fig. t clearly demonstrates the enhance-
ment of NH(A) in v=2 and 1 (besides v=0). We propose Og(a'A) in
the vibrational states v=0, 2, and 4 to be formed in the reaction
05 + NH(c). For this set of products, total spin is conserved and
near resonances exist being slightly endothermic.

The authors acknowledge financial support by the Deutsche For-
schungsgemeinschaft (SFB 42).
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RECENT ADVANCES IN FREL RADICAL KINETICS OF OXYGENATED HYDRO-
CARBON SIECIES

Reinhard Zellner

Institut filr Physikalische Chemie, Universitdt Gdttingen,
Tammannstrafie 6, 3400 Gbttingen

The kinetics of oxygenated hydrocarbon radicals are a
central element of hydrocarbon oxidation at both low and high
temperatures. Among the larqe variety of such radicals a few
of them are accessible to isolated generation and direct time
resolved detection using presently available laser techniques.
In this presentation recent results obtained for the kinetics

and energetics of reactions involving such radicals will be
reviewed.

Methoxy (CH30) and methylperoxy (CH302) are the simplest
oxygenated hydrocarbon radicals that appear in methane
oxidation. From their chemical behaviour they may be con-
sidered as the hydrocarbon analogues of OH and ”02’ re-
spectively. The kinetics of their reactions therefore deserves
special attention both in view of the absolute rate coeffi-
cients as well as their theoretical interpretations. As an
example for which there is thorough comparative information
available for the corresponding reactions of Hox we will pre-~
sent recent results obtained for reactions of CH30x with 0O
atoms and NO. Although the hydrocarbon system has in qeneral
more than one product channel, it will be shown that the gross
features of the kinetics can well be represented by assuming
the reactions to occur via bound intermediates.

Unlike OH, oxy-radicals of the hydrocarbon system also re-
act with 0,. As a representative oxample we will first pre-
sent recent results for CH30 + 0y, for which we have measured
k(T) and the yield of CH,0. Both quantities indicate that the
reaction is more complex than simple H atom abstraction.

Gl
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Pnssible alternatives will be discussed. A mechanism of still
larger complexity is observed for the reaction of vinoxy
(cuzcno) with 02. Here the primary process is probably the
addition of 0, to the carbon radical center. This is re-
flected by the pressure dependence of the overall rate co-~
efficient and its negative activation energy. However, the
formation of "bimolecular" products, including OH and quo.
is also observed. These probably result from the unimolecular
break-up of the 1,4-H atom-shifted vinoxy'o2 adduct., A

potential diagram accounting for these observations will be
presented.

Reactions of OH radicals with arxomatics at low temper-
atures are assumed to form tle corresponding adducts. For
OH + benzene we have recently succeeded to directly monitor
the formation of hydroxy-cyclohexadienyl (HCHD) by long-path
UV-laser absorption. The same technigue has also heen used
to study reactions of HCHD in isolation. Results will be
presented for direct investigations of the thermal stability
of HCHD and for its reactions with NO, NOZ' and 02. The con-
sequences of these results for the low temperature oxidation
of benzene will be discussed. '
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STRUCTURE-REACTLIVLTY RELATIONSIEPS IN THE REACTION SERIES

Oolt + RClHIO

S.Débé, T'.Bérces and F.Marta

Central Research Institute for Cehmistry,
Hungarian Academy of Sciences, Budapest, Hungary

the kinetics of OHl radical recactions
Ol + RCHO — products (1)

has been investigated in an isothermal fast ‘f£low reactor.
The OH radicals are generated in the reaction of H-atoms with
excess NO2 and the decay of Oll is monitoxed by resonance
fluorescence technique. The reaction temperature has been
varied in a wide range using oil thermostating jacket and
electric heating.

Rate coefficients and Arrhenius parameters have been

determined for reaction (1) for R groups R = Cil 5, ccl,, CF

3 3
Reactivities and activation energies follow a trend
expected on the basis of the strengths of the formyl C - H
bonds. Comparison of exp?rimental kinetic data with esti-~
mations based on semiempirical schemes indicate, however,

that the correlation with bond energies is only gualitative.

Polarity effect appear to play some role in these reactions.
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The Arrhenius activation energies wexre found to be
small and to change with temperature. Reasons of deviations
from the Arrhenius low are discussed and experimental tem-

perature dependences of the rate coefficients are compared

with theoretical results.
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CN GAS_ PUASE KINETICS PROBED BY A DIODE [LASER

R, Jelfrey_Bally and Louise Pasternack, Chemistry Division, Naval Research Laboratory,
Washington, D.C. 20375-5000,

The room temperature Kinetics of CN with H,, D, and CH have been studied using a

diode laser as a probe for both CN disappearance and HCN appearance. CN is produced

by ArF excimer laser (193 nm) photolysis of cyanogen. The P(7) v=0 -> us} absorption

of CN (X2Bt) at 2015.2 cm~Y is monitored as it decays following photolysis under
pseudo-first-order conditions. We also measure the rise of HCN by monitoring the vy

vibration near 3311 cm-1, Buffer gases are added to ensure vibrational and rotational

equilibration. A typical time resolved scan of the CN absorption is shown in Figure 1.
Absotute rate constants for CN+H,, CN+D,, and CN+CH, have been measured and are

shown in Table |,

Table {: Reaction rates of CN

Reaction Rate constant (cm¥s-1) (+20) Pressure Range (Torr)

CN+H, (2.5810.28) x 10-}4 10-100

CN4D, {7.1540.86) x 10715 10-200 :
, CN:CH,  (7.8210.86) x 1013 1-10

e i attarsmsutatny



These rates are constant over the pressure range shown in Table 1. A typical plot of
the CN+D, pseudo-first-order reaction rate vs D, pressure is shown in Figure 2. The

reaction of CN+H, has been studicd using ab initio calculations by Bair and Dunning!

! ‘ and Wagner and Bair.2 In cooperation with the NRL Laboratory for Computational

Physics, we have extended these calculations to the CN+D, reaction in order to
determine the predicted kinetic isotope effect. The predicted value of k(H,)/k(D,) is
3.5, in excellent agreement with our experimental results.

We have also measured the integrated line strength for the P(7) v=0 -> v=1 CN(X2E*)
absorption. These experiments are performed under low pressure conditions to ensure
only Doppler broadening. A value of S=(1.5 ¢ 0.5) x 10~1%cm? molecule~! em™! is

measured, :

REFERENCES:
! R.A. Bair and T.H. Dunning, Jr., J. Chem. Phys,, 82, 2280-2294 (1985),

2 A.F. Wagner and R.A. Bair, Int. I. of Chiem. Kinetics, to be published.
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Figure 1. Time resolved scan of CN absorption. In this scan, P(CN), = 0.12 Torr,
P(D,) = 2.5 Torr, and total pressure = 98 Torr.
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‘Figure 2. A plot of the pseudo-first-order reaction rate constant, k!, versus reactant
pressure for the reaction of CN+D,. The slope corresponds to a second-order rate

constant of 7.8 x 10715 cm3 s°1, The intercept reflects CN removal by diffusion and
reaction with the precursor,
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Kinetic Microwave Spectroscopy of Reaction Intermediates:

Atomic Oxygen Reactions with Olefins

Seiichiro KODA*, Soji TsucHIYa**, Yasuki ENDO, Chikashi YAMADA

and Eiji HIROTA

Institute for Molecular Science, Okazaki 444, JAPAN
* Department of Reaction Chemistry, Faculty of Engineering,
*University of Tokyo, Hongo, .Bunkyo-ku, Tokyo 113, JAPAN
Department of Pure and Anwn it <d Sciences, College of Arts and

Sciences, University of T kyo, Xomaba, Meguro-ku, Tokyo 153,
JAPAN

A microwave spectroscopic method has been developed: for
kinetic studies of elementary reactions, in which reaction
intermediates such as free radicals with lifetimes as short as 1
ms are directly analysed in situ condition. This method was
applied to clarifying the primary mechanism of the atomic oxygen
0(3P) reactions with ethylene and tetraf luoroethylene,

Recent studies!) on the reaction of 0(3P) with ethylene have
shown that both of channel (a) to yield vinoxy + H and channel
(b) to yield CHy + HCO play important roles. But the pressure-
dependency of the branching ratio has not been fully
investigated. A low-pressure experiment is invaluable in order
to clarify whether channel (b) is induced by intermolecular
collisions or not. Microwave kinetic spectroscopy can pursue the
reaction progress at a low pressure such as 0.1 Torr or less by
observing the spectra of transient species as well as. products in
real time.

The reaction was initiated by pulsed irradiation of the
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253.7 nm mercury resonant line onto an N20/ethy1ene mixture
containing a trace amount of mercury vapor. A gquartz tube of 1 m
in length and 9 cm in inner diameter was used as a
reaction/absorption cell, which was surrounded by 15 germicidal
lamps of 30 W each. The light pulse was chosen to be typically
of 4 ms duration., Sample gases were passed over a mercury
reservoir to be saturated with mercury vapor and were then passed
through the cell, The time evolution of vinoxy, HCO and H,Co
during and after the light pulse was pursued in terms of the
absorpt:i«n of the 170,17’160,16(342311'5 MHz), 40,4-3013(J=4.S—
3.5, F=5-4, 346708.5 MHz), and 5y g-4;,4(351768.6 Mliz)
transition, respectively. The effective absorption coefficients
were estimated on the basis of the dipole moment and the measured
line-width at the cell pressure.

Both vinoxy and HCO were found to be formed right after the
onset of the light pulse. After some kinetical treatments, the
branching ratio was determined to be 0.4:0.1 and 0.5+0.1 for (a)
and (b), respectively, at the pressure of 30 mTorr. 1In the
presence of additional argon up to 300 mTorr, the branching ratio
remained almost the same within experimental uncertainty. Taking
into account the previous studies') altogether, the ratio seems
to be almost insensitive to the pressure over the wide range from
30 - Yorr "~ 760 Torr. Moreover, the present pressure of 30 mTorr
crrresponds co the collision frequency of about 3x105 s-1
assuming a hard-sphere collision cross section, and a collision
complex of O and ethylene, if exists, is unlikely to survive as
long as 3x10"6 s. Therefore, channel (b) is not collisionally

induc-:  but may take place through an intramolecular path. An
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intramolecular conversion between the potential surfaces leading
to channel’s (a) and (b) may easily proceed if these two surfaces
come close each other at some reaction coordinates.

In the reaction of 0(3P) with tetrafluorocethylene, the
production of 3CF2 was established on the basis of its
phosphorescent emission,z) but its guantum yield is not
determined. Though we have not yet succeeded in detecting 3CF2
with the present microwave spectroscopic method, the time
evolution of the ground state 1CFZ was pursued in terms of the
absorption of the 141'14—130,13 transition at 343135.4 MHz It
was strongly suggested that the 1CFZ was mostly produced via
quenching of the primarily produced 3CF2. The reaction of 0 with
tetrafluoroethylene is thus considered to proceed on a triplet

reaction surface.

References
1) J. F. Smalley, F. L. Nesbett, and R. B. Klemm, J. Phys. Chem.
90, 491 (1986), and 1lit. cited therein.
2) 3. Koda, J. Phys Chem. 83, 2065 (1979).
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Kinetics of the C"3 + D reaction : an snomalous

isotope effect
M. Brouard and YM.J, Pilling

Physical Chemistry Laboratory, South Parks Road,

Oxford, 0X1 30Z, U.K,

We recently developed a laser flash photolysis technique for
measuring atom plus radical reactions, in which the atom is monitored by
time~resolved resonance fluorescence and the radiczl by time-resolved
absorption spcctroscopyl. The technique has been applied to the Cll3 + H

reaction,

! i, - Do, (1)

over the temperature and pressure rangos 300 ¢ T/K ¢ 600;
25 ¢ P/Torr ¢ 600 (Fig. 1)2. Undor these conditions the reaciion is
woll into the fall-off regime and, whilst k: may be obtajned by

extrapolation using, for example, the Troec fzctorisation technique, the

uncertainty in k? is significant but difficult to assess,

Over the past few yesrs, consliderable theorctical effort has been
devoted to reaction (1) and, in particular, to the calculation of k:.
Precise experimental data =zre required for comparison with these

calculations, We have investigated the reaction between CH3 and D:

. ‘, k, cligb + 1
ci, +p = cupot < (2)
kp k (] cip
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using the technique employed for reaction (1), Decause of zero point

energy differences k) k, and the overall rate constant for
deuterium atom loss, kz. should be close to k.. The determination of ka
should enable the limiting high pressure rate constant for reaction (1),

k;. to be evaluated by simple correction for.mass differences.

As oxpected, k, was found to be independent of pressure over the
range 50 ( P/Torr ¢ 600 and it is also independent of temperature over

the range 289 { T/K ¢ 401 with a mean vsiue of (1,75 + 0.045) x 10710

cm3 lm’alecnle'-z 3-1. The corresponding value for k is

1
(2.47 + 0.06) x 10710 3 molecute™ s1 and Fig. 2 shows an attempt to
fit the 300 X fall-off data for kl with this high pressure limit, The
data are clearly incompatible with such a value. Filg, 2 also shows a
fit to the data with k? 2 4,7 x 10730 3 motecute™ &7, which is much
more satisfactory., It appears from these experimental data that the

limiting high pressure rate constant for reaction (1) may not be

evaluated from k2 by a simple transition state calculation,
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The Reaction 0," + Ci, + Hco0H" + i
Eldon E. Ferguson
Aeronomy Laboratory

National Oceanic and Atmospheric Administration

Boulder, Colorado 80303

There have been a number of studies of the reaction between 02+ and
CHu during the past 20 years., Recent studies at Colorado University have
established the product lon to be methylene hydroperoxy eatlon,1 in con-
trast to published reports that it is protonated formic acid. The HZCOOH’
product lon undergoes H transfer from alkanes larger than ethane and other
hydrocarbons. It transfers the OH; group to 082 and many other neutrals

and it proton transfers to H. 0, NH, and other neutrals of large proton

3
affinity. The fon follows all three of these reaction paths with CH3C(0)H

and CZHSC(O)H’ The lon does not exchange H atoms with D_0. This chemistry

2
is completely different than that of the very much more stable protonated
formic acid in HC(OH)2+. The value .of AHf(HZCOOH+) is found to be

185 ¢ 3 keal mol-l.

The reaction rate constant has been measured2 over the temperature
range 20-560K and as a function of relative Kinetic energy from 0.01 eV to
2 eV.3'll The reactlion rate constant has been determined for the five
cH D,_ isotopes.”

From this wealth of experimental data it has been possibie to deduce
the reaction mechanism in great detall. The reaction proceeds over a

double potential minimum surface. A reversible electrostatically bound

complex (well depth 9 keal mol ') with a lifetime ~ 10~ '0 sec at 300K is
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formed initially. On ~ 0.5% of the collisions (at 300K) an irreversible

hydride ion transfer occurs over an 8 + 1 kecal mol‘-I barrier, ylielding the

stable (but highly excited) ion H3COOH+. The electrostatic well-depth and

the barrier height are deduced from recent measurements of Bbhringer and

Arnold.6

Following the irreversible H transfer from CHll to 02+ to produce

H3COOH+, an H atom i3 rapidly ejected from carbon to yield the final
product HchOH+ + H. The overall reaction is 22 t 3 kecal moln1

The product fon is stable against exothermic (by 49 kcal moln‘) decom—

)

exothermic.

position into HCO‘ + "20 or the even more exothermic (by T4 kcal mol
decomposition into H30+ + CO. A barrier of 23 + 5 kcal mol-1 exists for
decomposition into HCO+ + H20. Th1§ leads to a proton bonding energy of
- 162 keal mol_1 for H2000H+. We believe the neutral products of proton

transfer are CO + H20. A simple proton transfer leaving H2000 would be
very endothermic.

The reaction rate constant increases almost llnearly with number of H
atoms going from CD, to CH, due to the H/D isotope effect of 3 for H /D
transfer in the rate-controlling hydride ion transfer step. The product
ion composition, however, i{s almost statistical (or random) due to the
fortuitously off~setting H/D isotope effect in the ejection rate {n the
final step. Eleven measured fsotopic parameters (including internal
isotople distributions for CH0202+ and CH2002+) are explained with the two

isotoplic parameters, one of which is a theoretically determined parameter.

The reaction rate constant dependence on temperature is well fit by a

statistical theoretical model,
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KINETICS OF 10N MOLECULE REACTIONS AT VERY LOW
TEMPERATURE : THE CRESU TECHNIQUE

C. Rebrion, J.B. Marquette, BR. Rowe, G. Bupeyrat
Laboraloire d'Aérothermique du C.NR.S.
4ter, route des Gardes, 92190 Meuden (France)

| - INTRODUCTION

A detailed understanding of the formation of complex molecules in
dense interstellar clouds requires a good knowledge of ion-molecule
reaction kinetics at extremely low temperatures (in the range 10-100K).
From a fundamental point of view, very low levels are involved in the
reaction at such temperalures, leading to a-more tractable theoretical
problem. Also, this could allow the delerminatlion of the rolational stale
influence on the reactivily. When the formation of an excited complex is
involved, its lifetime is considerably enhanced at the lowest temperatures
yielding large effects on the kinetics.

The CRESU technigue that we have developped in our laboratory ic able
to measure rate coefficienls with condensable species under true thermatl
condilions in-the range 8-160K. Detailed descriptions of the technique are
published elsewhere /1-3/. The low temperature is obtained by the
isentropic expension of a buffer gas, containing both ion parent and neutral
reaclant gases, through a suitably contoured Laval nozzle. lons are created
close downstream from the nozzle exit by en electrbn beam. Primary and
product ions are monitored by means of & moveable quadrupole mass

spectromeler associated with a particle counting system.

2 - RESULTS
in case of fast reactions all theories-assume that they.are dominated
by long~range intermolecular forces /4/. For non-polar molecules lhe

Langevin io.n-induced-dipole theory predicts no veriation in the rate
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coefficient with-temperoture ; for these molecules quadrupole moments or
anisotropy of polarizability yield additional. terms in the interaction
potential, which may cause variaticns of the kinetics with temperature. In
the case of polar molecules various theories (ADD, AADO /4/, ACCSA /5/)
predict an increase of the rate coefficient at the.lowest temperatures.
Three sets of experimental date have been obtained concerning fast

reactions of He*, N* and C* ions occuring with non-polar or slightly poler
molecules (0,, CH,, CO) /6/, with very polar molecules (H,0, NH3) /7/ and
with non-polar molecules presenting very large quadrupole moments (Cst,
CeHyo).

It follows from these experiments that, within the slated
experimental uncertainity (+ 30%), there is no significant change in the
reaction rate coefficient for neutrals with important anisotropic
polarizabilities or very large quadrupole moments. In contrast the rate
coefficients largely increase at the lowest temperatures for polar
molecules. This is gualitatively in agreement with ADO theory. For some
reactions (C*, N* + H0) there is a very good agreement with the ACCSA

theory (D.C. Clary, private communication).

Several other reactions have been studied using our technique :

association reactions of Nz+ with N, and 0,* with 0, leading respectively
to N; and 0,* /2/ and slow reactions at room temperature like
Nyt + 0720, + N, and 0, + CHy -=> CH0,* + H /1/. In this case the

large increase of the rate coefficient towards the lowest temperatures can
be seen as a result of the much Tonger reaction complex lifetime.at very low
temperatures.

For 02" + (:H.,_n D, 0<n=<4 ajoint research by various groups

including our low temperature measurements has led to a very detailed
understanding of this reaction /10/.

The reaction of N* with H, and D,, is & striking exception to the general




behovior. The rate coefficient dramatically decreases from 300K to 8K, This

has been interpreted as a very slight endothermicity /10/.

3 ~ CONCLUSIOHS

The CRESU measurements yield new insights on ion-molecule reaction
kinetics. Our present program includes the study of the influence of
rotational states on the reactivity using deuterated neutrals to vary the

rotational states populations.
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Neutral Reactions on Jons

AA. Viggiano, C.A. Deakyne and J.F, Paulson
AFGL/LID, Hanscom AFB 01731-5000

Several years ago Rowe et al.! observed for the first time an interesting set of reactions in
which a neutral clustered to an alkali jon reacts with another neutral. In these reactions, the alkalj ion acts
mainly as a bystander providing a farge electric ficld in which the reaction can take place. Rowe et all
found that the reaction (1),

(¢)) N7Os + NO — 3NO,,

proceeds atarateatle 9 orders of magnitude faster when the NyOs is clustered to a Li* ion than does
the purely neutral reacaon, Several reasons can be suggested for the origin of this rate enhancement: (1)
the kinetic energy gained during the acceleration in the jon-dipole or jon-induced dipole field is sufficient
to overcome the activation energy barrier; (2) the electric field alters the potential energy surface; (3) the
lifetime of the complex is enhanced.

In the present work we studied experimentally several systems for which the rate enhancement
is seen. We tried to pick systems that would help to distinguish between the various mechanisms for the
enhancement, Molecular orbital calculations on the energies and structures of the cluster ions were also
performed to aid in understanding the rate enhancement.

The measurements were done in a variable temperature flowing afterglow. The alkali ions
were made by heating rhenium filaments coated with a mixture of alkali nitrate, A1yO3 and SiO;. This
resulted in good pure signals of the alkali ion of interest after several hours of use. Clustering was
enhanced by adding a diaphragm (5 mm hole diameter) between the ion source region and the flo v tube.
The pressure in the ion source region was-on the order of 10 torr and the flow tube pressure was
approximately 0.5 torr, The neutral to be clustered to the alkali ion was added downstream of the
filament and upstream of the diaphragm. In order to get the best signal of the cluster *on of interest
without interference from othar ions, the temperature, pressure and buffer gas were varied. Three
buffers were used; He, Arand N,

The preliminary rate constants measured in this study are given in Table 1. These rate
constants are all considerably larger than those for the corresponding neutral reactions2. The largest
enhancement is seen for the reaction of Li*(NO;) + CO, whose rate is augmented by 30 orders of
magnitude over that for the gas phase reaction of NO; and CO! The other rate enhancements are not so
dramatic as this, but all are at least four orders of magnitude larger in the presence of the alkali ion.

The reaction of NO, with CO has a gas phase activation energy2 of 28 keal mol-!. The
encrgy-gained during collision of CO with a Li* (radius=0.6A) ion due to the ion-induced dipole
interaction is 108 kcal mol"!. Thus, the kinetic energy gained during_the_collision is sufficient to
overcome the activation barrier in this case. In the case of Na* (radius=0.95A), the energy gained from
the ion-induced dipole force is only 17 kcal mol-1, which is not sufficient to overcome the barrier. To




this one must add the jon-dipole term. The latter is harder to estimate due to the fact that the dipole is
rotating. For a locked dipole the energy gained is 9 kcal mol"1, Therefore, the energy gained during the
collision is at most 26 kcal mol-1, This is not quite sufficent to overcome the activation barrier, yet the
rate is still enormously enhanced.

We have performed molecular orbital calculations on Li*(NOjy). The equilibrium geometry
shows that one of the N-O bond lengths has increased compared to its value in NO,, indicating that the
bond strength has decreased. A similar effect can be expected for Nat(NO5). This decrease in bond
strength may well translate into a decrease in the activation energy barrier. The latter decrease may be
sufficiently large for the kinetic energy gained during the collision to overcome the reduced activation
barrier. The fact that the rate is slower in the presence of Na* than Li* supports the above suggestion.
Decreasing rate constants with increasing size of the alkali ion have also been seen by Rowe et al.! The
activation barriers (for the neutral reaction) for the reactions studied with O as the reactant ncutral are
also smaller than the energy gained during a collision of O with Na*. We conclude from this that the
major reason for the rate enhancement may be the kinetic energy gained during the collision, aithough it
is not the only effect.

Unfortunately, it has been impossible to study reactions of O with neutrals clustered to Xi¥,
which would give furthur insight into the reaction mechanism. The reaction,

@) KX + 0 - K+ + X(O)

where the negative ion has a mass of either 24612 or 79amu, produces 20.times more K than is seen
before O is added. The unknown neutral KX is emitted from the K filament. Therate constant for
reaction 2 is 1-4 x 10710 ¢m3 571,

The products in the reaction of Li*(NOZ) with CO deserve furthur attention, In He and-Ar
buffers the major product is Li*(CO), with 2 small amount of Li*(CO5) formed. Ina Nj buffer, the
only product is Li*(CO5). The most likely explanation for this is that the Li*(CO5} preduct is formed in
an excited state (electronic or vibrational), since the reaction is exothermic by 54 keal moi-1 (neglecting
the difference in cluster bond strengths). The excited Li+(C02) isquenchedina Ny buffer but not in the
atomic buffers3, In the atomic buffers the COy can then be switched out of the cluster-by CO, even
though the switching reaction of the ground state ions would be endothermic,

It is also interesting to note that for the reaction of HpS with © the product is different
depending upon whether one or two HyS ligands are attached to the afkali metai ion, When two are
attached, an association to form HySO occurs; and when only one is attached, reaction to form HSO and
H occurs.

In conclusion, we have studied a number of reactions that proceed faster in the presence of an
inert alkali jon. The enhancement is enormous, being on the order of 1030 for the most dramatic case.
The main reason for the enhancement appears to be that the kinetic energy gained during collision is
sufficient to overcome the neutral activation barrier. This appears to be a neccessary but not sufficient
condition for the rate enhancement to occur. Secondary causes, such as bond weakening in the presence
of the alkali ion also appear (o play a role.

Gt
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Lit(NpO) + O - Lit 4 Nz +Oy

Table 1. Rates of lon Enhanced Reactions
Reaction Rate Constant Temp(K) Rate
(et sh Enhancement®
Li¥(NO,) + CO — Li* (CO) + NO? 7-12)b 213-294 1030
Na*(NO5) + CO — Nat (CO;) + NO- 112} 213-28% 1029
Li*(NOy) + Hy — producis <1(-14) 219 -
Li*(HBr) + O ~ Lit + HBO 2(-10) 178-219 105
= Li* + Br + OH—
Lit(¥Br)y + 0 — Li* + HBiO + HBr 2-10) 178 105
Nat(HBr) +.0 — Nat + + HBO 1¢-10) 219 2x104
~» Nat 4+ Br + OH
Lit(Hy8) + O — Li*(HSO) + HA 2(-10) 219 sx104
- Lit + H,S0
Lit(HpS)z + O = Li*(H,S0) + Hy8? 2(-10) 219 5x104
- Li* + HpSO + H,§
Na*(H,S$) + O — Na*(HSO) + H? 1(-10) 178-219 152105
- Nat + HpS0
Nat(H,Sjp + O — Nat(HpS0) + H, S 2(-10) 178 3x10°
~ Nat + HySO + HyS
5(-13) 219 1025

a, for detailed information on the products sge text. b. 7(-12) means 7x10°12, ¢. the rate constant in
the presence of the alkali ion divided by the rate constant for the corresponding neutral reaction at the

coldest temperature listed,
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INTEGRATION OF THEORY AND EXPERIMENT IN HIGH-TEMPERATURE

CHEMICAL KINETICS

David Gutman
Department of Chemistry, Illinois Institute-of Technology

Chicago, Illinois 60616, U.S.A.

The technical difficulties associated with most experimen-
tal investigations of free-radical reactions at high tempera-
tures usually impose significant restrictions on the range of
conditions which can be covered and the degree of detail which
can be obtained. Interpretation of results, particularly
extrapolating laboratory findings far outside of the range of
experimental conditions covered, requires not conly a clear
conceptual picture of the reaction dynamics but also quantita~
tive information on the reaction energetics as well as proper-~
ties of reactants and products along the reaction coordinate.

Today modern theoretical studies of chemical reactions are
providing this kind of basic information on larger and larger
systems. Through close cooperation between theoretical and
experimental programs, knowledge on elementary reactions is
being merged to develop more insightful and more comprehensive
understandings of many free-radical reactions. In addition
this cooperation is providing guidance for planning -future
theoretical and experimental studies of free-radical reactions
in -those directions where these efforts will be mutually

supportive.

Examples of this kind of cooperation and the results it

.is producing will be presented. Particular emphasis will be

placed on recent investigations of the followiny reactions:

C2”5 + 021 CH3 + 0”31 H + HCO, and HCO + M.
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The Mechanism of the Reaction C_H + 0. —> CH + 110
25 2 24 2

by Roy R. Baldwin, Kevin McAdam, and Raymond W. Walker.

Chemistry Department, Hull University, Hull, N. Humberside,

HU6 7RX, England.

There is considerable interest in the mechanism of the reaction of
02H5 radicals with 02, which at low temperatures gives muinly c2“502 but
at higher temperatures { »300°C) gives Czlla + Hoz. Gutman et al have
suggested that 02H4 is formed in the scheme

0 W
2
Czl’l5 —y CZHSOZ .__.._)CZHI‘OOH —— 02H4 + H02.

Although their experimental results are supported by one experimental
study at Hull, another suggests that their mechanistic interpretation
requires modification.
1. The relative yields of CZH4 and 62H6 from the oxidatlon of CZHSCHO
have been.measured over the temperature range 320-500°C. In the early
stages of reaction, these products are formed svlely in reactions (1) and
(2).

02H5 + 02 —_— Czll{’ + llO2 (¢}

CZHS + CZHSCHO-—> 02“6 + CZIlSCO (2)

The initial values of the relative rate of formation are given by

equation (1)

d[c,u, J/afc,H,] = k,[0,1/k,[c,H cH0] ' (i)

which gives an-excellent interpretation of the results over a wide range
of mixture composition. Accurate values of kI/kZ are obtained, from
which Arrhenfus plots give BZ-EJ. = 3842 kJ mol"1 and A2/Al = 20,0+ 4.5.
Use of literature values for 82 and A2 glves E1 = (-~ 8% 5) kJ mol"1 and
3 ls-l

Al 2 (1,58 % 0.7) x 107 dm” mol” , which provide stroong evidence thac
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2!& {s not formed by a direct bimolecular process involving simple

H atom transfer.
2. The decomposition of tetramethylbutaune in the presence of 02 has been

used as a source of 10, radicals to study the competition betwveen reactions

2
(3) and (4).

HO +  CH, ———> 02H 0 + OR (3)

2 274 4

H02 + C3H6 —_— C3H60 + o (4)

Measurement of the relative yfelds of ethylene oxide and propene oxide,

and use of (4) as the reference reaction give A, = 109’45 £ 0.3

dm3 Amol.-1 s_1

3

and By = 71.6 % 5 kJ mol™) between 400 and 500°C.

The formatfon of ethylene oxide is likely to take place in two
stages a b

———
H02 + 02"1. —_— CZHI’OOH —_— c2“1¢0 + OH

~-a

Taken in conjunction with independent work, there is ample evidence to
suggest that the above Arrhenius parameters do refer to the addition sc%p
(a), so that kb.§> k—a' Similar conclusions have been reached in related
reactions. This is not unexpected because as the energy diagram below
shows ethylene oxide is formed exothermically (aHl ca ~40 kJ mol'l)
whereas ethylene is formed endothermically (AH ca 40 kJ mol_l). As
indicated by the diagram, the decomposition (-a) to give GZHQ + H02 has
a very high energy barrier of about 110 kJ mol'l, which raises
difficulties for the explanation given by Gutman's group for the negative
temperature coefficient for cZ“S + 02 at the higher temperatures. In
contrast, a value of only 69 kJ mol-l is suggested for the energy barrier

.

of reaction (b), the formatfon of ethylene oxide. The effect of the much

lower value of Eb could be balanced by a very adverse A factor. However,

transition state calecutations suggest that A_a/I\b :P 30, so that at 500°C
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would be formed

kb/k~a i8 ac least 16, and negligible amounts of czua

from che decomposition of CZHAOOH. As in the range 350-550°C, the

product ratio [czu4]/[c2n4o] is about 100, then clearly C must arise

2ty
from another source than CZHQOOH.

It is suggested therefore that 02H4 is not formed in the direct

bimolecular reaction nor from the CZHGOOH radical, but is formed directly

*
from the c2H500 or CZHSOO radical.

Energy Diagram for czll5 + 02_

200

TS2

100

E/kJ mol T

02H400H

CZUSOZ 02“40

Path




HYDROXYL-RADICAL REACTIONS WITH UNSATURATED
HYDROCARBONS: EFFECTS OF DEUTERIUM SUBSTITUTION*

Frank P, Tully, August T. Drocgef, and J. E. M. Goldsmith
Combustion Research Facility
Sandia National Laboratories
Livermore, California, 94550
U.S. A.

_ Detailed kinetic studies of the reactions of Ol with ethene, propene, and acetylene are
repoited. Reactions are initiated by 193-nm photolysis of N2O in N,O/ 11,0/ h)’dfOCﬂl:bOIII helium
gas mixtures, and monitored via time-resolved Oil fluorescence excited using an intracavity-
doubled, single-mode, cw ring dye laser. The dependences of the rate coefficients on pressure and
temperature are being investigated over the ranges 3-700 torr of helium and 295-1000 K, respec -
tively, Complex chemical mechanisms, involving OH addition, atom migration, adduct dissocia -
tion, and direct hydrogen-atom transfer, are observed. Deuterium substitution in the unsaturated
hydrocarbons produces several interesting effects. The pressure-falloff behavior for the reactions
OH + CoHy and OH + CyDy are significantly different; efforts to model these using the Troe
formalism are underway. Significant OD concentrations are detected in the reactions of OH with
C,D; and C3Dg; the {OD] profiles are compatible with a mechanism involving OH addition, H-
and D-atom intramolecular migration, and redissociation of OD. At high temperatures, significant

kinetic isotope effects are observed in H (and D)-atom abstraction reactions.

* This research is supported by the Division of Chemical Sciences, the Office of Basic Energy Sci-

ences, the U. S. Department of Energy.

t Sandia National Laboratories Postdoctoral Research Associate.
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OH + GLEFIN REACTION RATES AT HIGH TEMPERATURES
Gregory P. Smith

Chemical Physics Laboratory
SRI Internaktional, Menlo Park, CA 94025 USA

There are many studies of OH reactions with olefins in the 250-500 K
temperature range, where a pressure-~dependent addition mechanism dominates,
but very few direct determinations of rate conskants at temperatures impor-
tant in combust:ion, above 1000 K. We recently reported measurements for OH
plus acecylene1 and propylene2 at 900-1300 K, which indicate 2 new mechanism
replaces addition, perhaps hydrogen abstraction. These measurements have
now been extended Lo ethylene and a series of butenes.

The laser pyrolysis/laser fluorescence technique2

uses a pulsed infra-~
red COy laser beam, 1 cm in diameter, to irradiate the center of a thin,
cylindrical gas cell containing 10 torr SF6 infrared absorber, up to 30 torr
CF, bath gas, 2 mtorr Hy0p radical source, and varying amounts of olefin
reactant. Within rhe first 40 ps, the gas 1s heated by absorption and
energy transfer, OH is produced by thermal decomposition, and parrial cool-
ing occurs as the result of a shock-driven expansion. There follows a qui-
escent period of over 150 ps during which bimolecular kinetics can be mea-
sured, using a varlably delayed, frequency doubled, YAG pumped dye laser to
excite laser-induced fluoresrence in the OHN(A-X) (0,0) band near 308 nm.
Temperature is measured by scunning several OH rotational lines, and the
pressure is assumed to return to its initial value. Plots of the pseudo
first~order decay rates of OH versus olefin concentration give the rate

constant.
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Table 1
SUMMAR{ OF HIGH TEMPERATURE OH + Olefin RATE CONSTANTS

tumber  Number

Reactant T(K) Expmt. Decays k(10"12cm3/s) £ 1 o
ethylene 900 7 25 2.54 % 0.38
1220 6 24 2.49 £ 0.5
propylene? 1150 2 8 8.0 % 1.2
1-butene 1225 3 9 19.7 * 4.2
2-butene 1275 2 8 27.0 = 3.6
iso-butene 1260 1 5 29.6 £ 6.8
dimethyl-butene 1237 1 5 37.0 & 5.6

Averaged results are given in the table above. Our previous propylene

2, those of Tully and GoldsmithJ, and the observatjon of no abstrac~

results
tion products at 300 Ka, indicate a surprisingly large barrier for abstrac-
tion of weakly bound allylic hydrogens. The much larger butene rate con-
stants suggest this unexpected barrier is absent for larger alkenes. Note
also that the rste constants increase with the number of allylic hydrogens.
The transition state theory approach applied by Cohen? to butane and propane
was applied to the alkenes. The predicted rate constants for 1= and 2-butene
are 95X and 80X of those measured, with no energy barrier. ‘The propylene
barrier so determined by fitting rhe 1200 K data is 1.5 kcal/wol, surprisingly
about: the game as that for propane.

Our RRKM calculations and Tully's measurement:s6 findicate the addition
reaction of OH to ethylene to form an adduct is insignificant above 800 K.

The rate constants measured above represent a direct process, either abstrac—

tion of vinyllic hydrogens or some rearrangement channel. It is believad the
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apparent lack of a temperature dependence is Inaccurate, since no significant
direct reaction was observed at low pressure at 300 K.7 A transition stare
theory fit for abstractfion to our data at 1200 K gives a barrier of 2 kecal/mol,
which is somewhat below that expected,given the ethylene bond energy and known
correlations for alkanes.? There 1s, however, other conflicting evidence

concerning this reaction,8

and rearrangement cannot be ruled out without high
temperature product studies. The various mechanisms and available data on OH
plus ethylene will be discussed in more detail, from the perspective of tran-
sition state and RRKM theories.

This- work was supported by the Offjce of Basic Energy Sciences, U.S.

Department of Energy, Contract No. DE-~AC03-81ER10906.
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The keteny! yield of the elementary reaction of ethyne
with atomic oxygen at T = 280 - 550 X

J. Peeters, M. Schaekers and C. Vinckier

Bepartment of Chemistry
Katholieke Universiteit Leuven
Celestijnenlaan 200F, B-3030 leverlee, Belgium

In a previous study 1 of the CZHZ + 0 reaction, it was shown that
both HCCO and CHZ are important primary products :

C2H2 + 0~ CH2 + C0 {la)

CZHZ + 0 » HCCO + H; {1b)

the kinetics of subsequent reactions of HCCO with both 0- and H-atoms
was also investigated.

The purpose of the present work was to determine the absolute NCCO
yield of the elementary C2H2 + 0 reaction, at T = 290 - 540 K. The de-
termination was carried out using the discharge-flow technique, combined
with molecular-beam mass spectrometry (MBMS). The total pressure in the
flow reactor was 2 torr, with He as the diluent gas.

The tota]_rate constant k1 of the Czn2 + 0 reaction being Known,
the HCCO yield klblkl can be obtained from an absolute measurement of
the quasi-stationary HCCO concentration in a Czﬂzlo—system :

(HCCO]st = klb ICZHZIIOIIE ki [Xil (Eq. 1}
where [ kitxi] is the -total removal frequency Ve of HCCO due to the
various destruction reactions gith the coreagents Xi =0, H, 02 and
CZHZ; the associated rate constants ki are known from previous work.

It 1is clear that the crucial factor in the determination of 8 =
klb/kl along these lines is the absolute sensitivity of the-MBMS appara-
tus for the HCCO radical S(HCCO) = i(HCCO)/LHCCO}, with i(HCCO) the MBMS
signal for HCCO.

HS
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A large part of the work reported here was invested in the measu-
rement of the calibration factor S(HCCO), with the reaction

W+ C302 «+ H6CO + CO (2)

used as HCCO scurce. Reaction (2), which has been investigated extensi-
vely by Faubel et al. 2. is a "clean" source of HCCO, all other path-
ways being highly endoergic.

Establishing the absolute HCCO concentration in a c3021H system
requires knowledge of k2 as well as of the total HCCO removal frequency
vr' = L kjlle. The rate constant k2 at 535 K was derized frou;1 thg
first-order decay of [c3021 at excess [H] : k2 = (9.1 - 0.7)10°" cnm
mole'ls'l, in good agreement with Faudbel et al.z. The sensitivity
SCHCCO) was obtained in experiments where the time-dependent HCCO remo-
val frequency vr‘(t) was derived from the known time-dependent HCCO
formation rate and from the observed time history of the i(HCCO) signal;
the method can be regarded as an extension of the well-known “approach
to the stationary state® technique. Once vr‘(t) is known, the absoiute
LHCCO) can be calculated at each point in time; combination with the
corresponding i(HCCO) signals yields the calibration factor sought here.

In the actual procedure, HCCO-removal was attributed to the known
reaction

HCCO + H - prod. (3)

as well as to a (pseudo-)first-order process
HCCO -+ prod. (4)

that includes termination on the wall; the unknown parameters S(HCCO)
and k4 in the equation

d i(HCCO)/dt = § k2lC302][Hl - (k3[H1 + k,)i(HCCO) (Eq. 2)

4
were eviiuated simultaneously by means of the non-linear-least-squares
*DUD" algorithm 3. The result for § was found to be only slightly affec-
ted by the inclusion of secundary HCCO formation via

OH + C302 + RCCO + 002 (8)

with O generated in reactions of 02-traces with products of reactions
(3) and (4).




The sensitivity factor S(HCCO) having been determined in this way,
the ketenyl yield 8 = klb/kl of the czH2 + { reaction was determined
from measured i(HCCO) signals in CQHZIO systems at quasi-stationary
(HCCO), as expressed by {Eq. 1) :

8= [HCCO]St(kSIOJ + kqlH] + k6[02])lk1[C2H2][0] {Eq. 3)

The value of the rate constants k3, k5 and k6 of t?eqHCCO-reactions with
H, 0, respect. 02, were taken from previous work ~‘°, The results : 8 =
0.59 X 0.20 at 287 K and 8 = 0.64 X 0.19 at 535 K (with 20 uncertain-
ties) show that the elementary c2H2 + 0 vreaction leads for the larger
part to HCCO formation and that the HCCO-yield is nearly independent of
temperature. Both these findings agree with the recent theoretical
predictions by Harding and Wagner 5
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THE REACTION OF CH RADICALS WIIH lp FROM 372 10 675 K

§. Zabarnick*, J.W. Fleming and M.C. Lin

Chemistry Division
Naval Research Laboratory
Washinqlon, D.C. 20375-5000

Two-laser photolysis/LIF probe experiments have been
performed to measure absolute rate coefficients for the reaction
of CH radicals with Hyp., Multiphoton pholtolysis of CHBr3 produces
CH(X2M) radicals. The CH radicals are probed by LIF at 429.8 nm.
These experiments have been performed over the temperature ranqe
297 to 675 K at 100 torr arqgon total pressure in order to better
characterize the abstraction reaction

CH + Hp ---> CHy + N (1)
At low temperatures the insertion reaction predominates

CH + Hy ---> CHj (2)
Subtraction of this low Lemperature insertion channel results in
data that covers the temperature range 372 to 675 K for reaction
(1). An Arrhenius plot yields the expression kqy = (2.38%0,31) x
10-10 exp[-(1760£70)/7) cm3/s, as shown in Fig. 1. Also shown
in Fig. 1 is a transition-state theory fit which yields a value
for Ey, the barriér height at N K, equal to 3.0#0.3 kcal/mole.
With this value and the known heats of formation of CH and H, we
obtain an independent value for the heat of formstion of CHyp,

Mg (CHy) = 92.610.4 keal/mole,

*NRC/NRL Postdoctoral Research Associate
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The principle of microscopic reversibility allows calcula-

Lion of k.q if kq 8nd Kgq are known,
CHa(X389) + M <> CH(XZ) + Hlp (-1)

The results are plotted in Fiq. 2. The data is wel)l fit by the
form, k_q = (4.7:0.6) x 10-10 exp[-(370:60)/71 cm3/s. Also shown
are the other literature measurements of the rate constant for
this reaction. The broken line in fiq. 2 presents results of a
transition-state theory calculation for reaction (-1). fhe
calculation predicts an upward curvature at temperatures above
~1000 K and leveling off of the rate constant at lower tempera-

tures,
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A Direct Study of the Reaction
CH2 (‘)f 3Bl) + C2114 in the Temperature
Range 296 K £ T ¢ 728 K

'I'y Bshland, F, Temps

Max~Planck-Institut fiir Strémungsforschung, Bunsensirafle 10,
D - 3400 Gbttingen, Wesl-Germany

1. Introduction: The reactions of methylene~-radicals (Cllz) with unsaturated hydro-

carbons proceed via electrophilic addition to the T -bond system of the atkene, The

low=-lylng singlet first excited state (lCIlz) has been found to add stereospecifically to ;
C=C double bonds,whereas reactions of the triplet electronic ground state (30112) are
non~stereospecific. Direct Investigations of reactions between 3Cll2-radicals and alke~

nes have not yet been carried out. In two recent publications we have reported on the

kinetics of 3C1{2-radlcals and selected saturated hydrocarbons ]‘2), data for the reac-

3)

tion of 3CH2 with acetylene ™’ will be reported elsewhere, The present results are

published in 4). The reaction

3C112 + Czll_l —_— products 48]
was Investigated in the gasphase at temperalures between 296 K ¢ T £ 728 K using a
far-infrared Laser Magnetic Resonance (L.MR)-spectrometer 5) for direct detection of
‘SCHZ. The reaction mechanism was studied by observing the pressure dependence of
the rate constant and by studying the {sotope labelled reaction of 3CD2 with 02114.

2. Experimental: Reaction (1) was Investigated In an electricelly thermostated pyrex flow
reactor of 1 m length and 4 cm {,d, equipped with & moveable probe, Hellum served as

the main carrier gas, The temperature was measured directly within the gag stream 1
using a calibrated thermocouple, AW gases were of highest commercially available

!
purities, ketene (CHzCO, CDZCO; = 99 % purfity) was prepared by pyrolysis of acelone, |
Radicals were generated either in the moveable probe using a chemical source or pho- ‘

tolytically fn a cell attached to the upper end of the flow tube, 30!12 (3CD2) wag de-
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tected with the far-infrared LMR-gpectrometler at A = 157,9 pm (103,65 pm) and Bo =
0,323 Tesla (0,606 Tesla), both with T -polarisation,

3. Results: The rate constant k, was determined under pseudo-first order conditions

by following the [C!{zl-decay alonlg the reaction distance in the presence of a large

excess of C H » The first CH g-source was the reaction O+ CH CO -— CH +CO
Q-atoms in He were admixed to a large excess of C112C0 wlthh;sthe probeé where CH -
radicals are generated at low concentrations, i.e. [Cllzl £2-10 molfem”, The se-
cond source was the photodissociation of CllZCO with an exciplex laser at A = 193 nm,

At inert gas pressures around 1 mbar cu -radicals formed in excited states are

rapidly quenched to the ground state, At laser pulse energies of 100 mJ and [Cll CO]

-10 ~-13

= 10" mol/cm around | CH2] s 107 mol/cm3 was produced,

In the absence of Czll the reactions of Cll with the wall and, at higher temperatures,

also with CH,CO can.‘be described by an "effecuve wall rate constant" which could be
measgured dlrectly. A second minor CH2 depletion channel arises due to partial ther-
mal equmbratlon between the two spin states of CH followed by the very fast reac-
tlon of CH with 02H4. Using the rate constants for collisionatl deactivation of lCH
to CH2 and for its reaction with C 114, which was measured separately, small correc-

tions (¢ 30 %) were appled for each experiment,
The rate constant for the direct triplet reaction is described by the Arrhenius expres-
sion

k, = 104250 L0100 o0 22 1 4 1,0) k3 mot™ T} em®/mot 5.

No pressure dependency of the rate constant was found in a series of experiments at

T = 535 K over a pressure-range of 0,48 mbar £ p £ 7,52 mbar,
A complementary study was performed of the Isotoplcally labelled reaction

k k other products
®
CD2 + Czll4 x——k—-:/-;- C3H4D

k_ajz> Ci, + C1,CD,

The experiment lead to an upper limit for the channet distribution of k-a/kx < 0,04,
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4. Discusslon: In previous studies of reaction (1) only upper limits for the room tem-
perature rate constant had been established, Laufer and Bass, and Frey et al. reported
k <2+ 10" and k 3+ 10°

barrier by Dewar et al, have lead to E

cma/mol 8, respectively, Calculations of the energy

A C 21 kJ/mol very close to the experimental

value [Refs, In 3)1. Under our conditions the measured rate constant is independent of

pressure and corresponds to its high-pressure value. Concerning the products the follo-

~

wing channels are possible: :

3 o = .
CH2 + 02114 —_— CH3 + Czll3 HORZSJB = - 28 kJ/mol (1a)
T H ¥ Call5 "011298 =~ 59 kJ/mol (tb)
—> c¢- Cg"g H n298 = " 389 kJ/mol (ic)

M N o ..
-— Cll2 = CH - CH3 H nees ° 421 kJ/mot (1d).

Stabilfsation to cyclopropane and propene (lc, 1d)} can play a role only at sigaificantly
higher pressures than used here, For the direct abstraction reaction (1a) an activation
energy of EA = 50 kJ/mol can be estimated from the Evans-Polanyi correlation in 1),
much higher than the experimental value found here, Fragmentation of chemically
activated cyclopropane to H + Cslls- radicals was observed to be the major channel

(> 90 %) in the reaction of H-atoms with cyclopropyl-radicals at T = 298 K and p =
. 6)

0,3 mbar ', Hence, channel (1b) Is expected to be of major fmportance under the ex-

perimental conditions used here,
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inetlecs and Thermodynamics of the Reaction,
N+ Ny < Ny -k Hy by the Flash Photolysis-Shock Tube Technique.

J. W, Sutherland, and J, V., HNichael

Department of Applied Science
Brookhaven National Laboratory
Upton, New York 11973

in a previous study! the forward rate constant, k) (T), for the
reaction, ‘

. It -+ i3 ':.—J’ Hy 4+ Hllp m
koy
was measured over the temperature xange 908K - 1777K by the flash
photolysis~-shock tube technique using atomic resonance absorption to monitor
the {ll]. The Arrhenius rxate expression was,
k1(T) = (3.0210.30) x 10710 exp (-8067+ 117/T) cn3 molecule~l s-1.

If the equilibrium constant for reaction (1), Kj(T), were known, then

the rate constant for the reverse procéss k_j(T) could be calculated.

Unfortunately, present uncertainities? in Au?nnz lead to large variations
in K3 (1) and, hence, in k_j(T). The values of K), that are calculated at
1000K from the tabulated thermodynamic functions3d for Hi, HH3 and ly and from

$° for MHy, range from 0.52 to 17.8 depending on the value chosen for

Au%zga. These values have been discussed vecently by LesclauxZ, (Table 1V
reference 2).
This paper reports experimental measurements of K;(T) obtained over the

teoperature range 900-1620K with the flash photolysis-shock tube (FP-ST)

technique. From these results, values for A"gNHZ and k.1 (T) are
determined,
Mixtures of Hy and 3 were shock heated to the desired temperature and

were lmmediately flash photolyzed in the reflected regime to produce equal
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concentralions of N-atous and Ny-radicals, The tewperature, density and
pressure in the reflected shock repime were calculated from velocity
measurcnents of the incident shock wave, initlal couditions and fdeal shock

theory. Corrections for non-ideal shock wave behavior were made using a

method based on experimentally measured pressures and the isentropic
equation of state. 1143  The concentration of H-atoms, which ranged from
1.0x1011 < 2,0%1012 atoms/cc, was monitored by the sensitive atomic

resonance absorption technique. At these low atom and radical

concentrations, depletion of [H] by atoﬁ-atom, or atom-radical reactions

can be neglected during the time of the experiment (0.15 - ~1.5 msec).
Since the [Ni3] and [1;] are always maintained in a large excess the

reaction

kinetics of rxeactions (1) and (-1) are pseudo-first order; i.e.,

(1) simplifies kinetically to a first ovder relaxation process that is
described by the following expressionm,

2k.1' A, (kop'-k3")
Ap = - Aqexp (-(ky'+k.y')t) 2
4 k1'+k_1' k1'+‘:_1| aCXp ( ( 1 1 ) ( )

where A, = initial absorbance by H-atoms, Ap = absorbance at time t, k' =
ky (W3], kog' = koy [Hp) and Ag = 2k 1'Ag/(ky' + k.1'), at equilibrium.

If the initial concentration of W, and HHj in the reflected regime are the
equilibrium concentrations, there will be no net change in the li-aton

concentration with time, ky' = k_y', and Ky = [Hy),/(ti3),.

At any other initial ratio of [H;]/[NH;) the absorbance will either

{nerease or decrease to the Ay value according to equation (2). Hence by

varylng the{Hy)/[Hll3] ratio at a fixed temperature until no net change in
absorbauce with time is obsexved, Ky can be simply detexmined from the known

initial concentrations of Uy and HNii3. Too high a ratio results in an !
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increase In Ay vllereas too low a vatlo results in a decrcase of At with time
to the equilibrium values,

The experimental values of Ky(T) ranged from 1.0 at 900K to 2.2 at
1620K. The results were analyzed according to the second law of
thermadynamics to give AlI®; = 3.lkcal/mole from 900-1600K. The analysis by
the third law gave a value of AH°1 = 4,2 kcal/iwole, This value is

independent of temperature in the range 900-1620K within experimental

error, The results lead to a value of An?zgs(uuz) of 45.3 kcal/mole and a
D(NHy-N) value of 107 kcal/mole. The Arrhenius rate expression derived for

reaction (-1) in the temperature range 900 - 1620K is
k. (T) = 5.40x10"11 exp(-6496/1).
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REACTION OF ATONIC HYDROGHN VITH LOHOSUBSELITUTSD HALOLSYWIANES,
A MNHNDO ANALYSIS OF THE INPORT.MICE OF THE DIFFERENIT CHINHELS,.

a) a) a)
Miqguel Gonz&lez,Ramén Sayds,Joscp Bofill and Margarita Albertf.

a) Departament de Quimica FMsica,
b) Departament de Quimica Orgdnica.
racultat de Quimica,Universitat de Barcclona.

.Avda. Dlagonal 647,08028 Barcclona,SPAIN,

Abstract

The reactions of atomic hvdrogen with monosubstituted halo-
methanes (X=F,Cl,Dr,X) and with some of the isotopically subhsti-
tuted species, have been extensively studied esxperimentally/1-3/,
nany of these works being directed towards the characterization
of the rcactions in terms of the Arrhenius' kinetie parameters,
In these wvorks, it is thought thut the reaction vhich produces
methyl radical and the corresponding hydrogen halide is the vrin
cipal one in the temperature range 300~1000 I.. The same considce-
ration has been employed by the present authors in récent theo-
retical studics on the reactions of atomiée hydrogen with chloro-
and bromo-methanc by means of cuasiclassical trajectory method
/4-5/. However, in the system considered here, vhen only a sin-
¢gle chemical bond breaks, a total of four primary reactions
can occur. Assuming that these reactions lead to products in
their electronic ground states, we have the following rcaction
channels ¢

H(%sg) + ay(ta) ————amx(*gh + o3 @
——— 1, (*Egh + ax(®y) (2)
——) x(zpu) + CHy ("Ag)  (3)
> i (*ay)+ H( 2Sg) (4

The very limited experimental information available on
competitive reactions (2)-(4) in the thermal encrgy range, and
the general belief that rcuction(l) is the principal one in the
se energy conditions, led us to study the H + cnax system using
the semiempirical IIDO-UIIF method in order to clarify the rela-
tive importance of the differcent reaction channels at thermal
energics.

The calculations were perforied using an improved version

of HOP~C swwooaran/G/ with standard parameters. Tt o, mears that
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FIDO-UIE nothod cun be used to obtadn sadale Loint structures
(rs) and cnergics for the rfeactions studied(disregiarding of re-
action (4) vhose T8 was not locataed); but in the caue X=l,houc-
ver, it geems that G0 staudard parameters arce not sultible for
the ty.e of reactions consideraed.

Once the 15's for the dliforent channels vere locataed, thc
arrhenius! parameters were deternined within the on francuork.,
Duc to the scarcity and dispersion of vuhlished oxerinental Qit
ta- on Ea and A, the chaecking of our calculated results has been
seriously curtailed. This eserimontal infomiation is only avai
lable on reaction (1) /1-3/, and even for this one, iodine data
are laclking.

For reaction(l), INDO predicls activ.tion energics that are
underastinatod and. frequency fectors overuutimntod,’hut thedr
relative viluoy are in recoonable agr.oenent with oesperinental
ones. loreover, tlils method pradicts that st thernal energlas
only austraction rcactions ( (1) and (2) ) are iuort.nt, uvith
Teaction (1) predominatingythe subsﬁitution reactions ( (3) angd
(4) ) bocoming important, probably, at wuch higher cnergies,in
good accord with the general belicf of oxperinmentalists,

/1/ L.l llart,C.Grunfelder and R.HGFrigstrom, Conts.Flanc, 23 (1974)
109, : .

72/ A.aMestenberyg and . déllsas,J.Chew.Phvs,62(1975) 3321,

/3/ W.K.Aders,D.Pangritz and H.Gg.llagner, er. bun,.Phys ;Chem
79(1975) 90. - '

74/ R.S&yég,h.ﬂguilar.J.H.Lucps,n.Solé and--J.virgili, chem.
Phys.93(1985)265,

/5/ R.sayés,li.Gonzdlez and A.Aguilar,Chem,Phyd, 98(1985) 409,

/6/ 5,01ivella, QCrE 486 (Indiana-University,1664).,
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CAXPERIMENTAL DETERMINATION OF THE ENCRGY DISTRIBUTION IN PHO-
TODECOMPOSITION. DIAZIRINES AND DJAZOCOMPOUNIS.

M.J. Avila, Dept? Quim. Inorgénica, facultad de Ciencias, Uni-
versidad a Distancia, Ciudad Universitaria, 28040 Madrid.
J.M. Fiquera, J. Medins and J.C. Rodriguez, Int2? de Quimica Fi

sica "Rocasolano”, CSIC, Serrano 119, 28006 Madrid, Spain.

The initial aim of the present work was to study the
partitioning of energy between the fragments produced by photo
disociation of complex molecules. We selected for this study
a group of diazirines and diazocompounds whose experimental
photolysis has been reported. We planned to use the recently
developped "exact" deconvolution method (1,2,3) in order to de
termine the energy distribution on the hydrocarbon fragment.
As the initial energy "pumped” into the system can be known
we expected that some conclusions about the energy partition

could be obtained.

Preliminary calculations showed an apparent "loss" of

activated molecules. Therefore, we decided to investigate theg

retically this problem before going on with the initial proyect.

We have studied two cases. The first was the production of
deactivated molecules by parallel reaction mechanism. Wall and
manipulation induced decomposition may be very severe in high
ly unstable systems as those investigated here. The second

was the extension of the energy distribution below Eo’ the
minimum energy required for an excited molecule to react. The

two causes origin slightly different effects. In the first

1-2
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case only the ares under the normalized energy distribution
function was changed while in the second case, both Lhe wsrea
and the profile of the curve were altered. With this informa-
tion in mind we proceed to deconvolute the experimental resul-
ts and obtain the hydrocarbon fragment energy distributions
for the following photodecompositions: diazoethane (250 nm

and 436 nm) (4), diazopropane (436 nm) (5), methyldiazirine
(313 nm) (6) and dimethyldiazirine (313 nm) (7). The recently
reported results of 3,3' chloromelhyldiazirine at 416, 365

and 337 nm have also been included (3).

Analyses of the experimentally obtained energy distri-
bution functions have shown that no statistical distribution
( 8,9 ) alone can explain the origin of the distributions ob
tained. Using purely impulsive models we have arrived to simi

J~r conclusions.

Finally we have developped another model based on the

individuality of the phase spaceof ecach fragment al the time of

- fragment separstion or inmediately afler. We consider that the

molecule enters the volume of phase space corresponding to the
transitibn state; then, fragmentation occurs and two phase spa
ces corresponding one to the hydrocarbon fragment and the
other to the rest molecule (transition modes, and nitrogen)
are formed, but they are still able to interact and transfer

energy statistically to and fro.

The model seems Lo be able to give a reasonable inter-

pretation of the photodecomposition results.
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A STUDY OF ENERGY TRANSFER PROCESSES AT THE COLLISION OF A .POLY-
ATOMIC MOLECULE WITH AN INEBRT GAS ATOM BY THE LETHOD OF CLASSICAL
TRAJBCTORIBS

Vedenesv V.I., Goldenberg M.Ya., Levitsky A.A.,
Polak Y.S., Umansky S.Ya,.

A technique based on the method of classical trajectories has

been developed for studying the energy transfer processes taking
place at tha colliscion of highly excitad tetrahedral molecules of the

methans type with the atoms of an inert gas.
Detailed characteristics were calculated for the energy transfer

he mean squares of th total internal vibrational and ro-

ehange,
tational energy; as well as the correlator of the variation of rota-

tional and vibrational energies,
These values were calculated for different models of tetrahedral

processaess t

molecules and collision partners, The influence exerted on the enexrgy
tranafer processes by the symmetry of molacules, the presance of low-~
~-frequency internal degrees of freedom end the weight ratio of mole-

cules and the inert gas atom :asbinveetigated.
o be
The V-R exchange is shownYfhe most effective energy axchange

process in the case under consideration, its effactiveness increasing
in the presence of low-fresquency vibrations,characterisiic, e.g., for
tﬁégiiaeggtations. wWith an increass in inert gas weight,direct V-T
exchange becomes effective, which ie associated with ths kinematic
condition of the-conservation of the system's total anguiar moment .

It has been established that in the systems in question intensive

bromeeiEtifin] energy exchange can be observed at a relatively low
variation of the total energy of the moleculs, which substantially

modifies the consideration of energy relaxation and molscular disso-

clation processes in diffueigg approximation,
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TRANSITION-STATE THEORY CALCULATIONS FOR

REACTIONS OF OH WITH HALOALKANES. 11, HALOETHANES

N. Cohen
Aerophysics Laboratory
The Aerospace Corporation
P. 0. Box 92957
Los Angeles CA 90009

U, S. A,

ABSTRACT

A method previously used for extrapolating rate coefficients for
reactions of OH radicals with halomethanes is extended to reactions of OH with
eighteen halogen-substituted ethanes. The model for the activated complex is
the same for all the reactions except for two difference between the a-
hydrogen and the B-hydrogen atom abstractions: (1) In the former case, there
are two new low-frequency bends in the activated complex, while in the latter

; there is only one. (2) There is a much larger increase in entropy due to
internal rotations in the B-hydrogen abstractions. In both models the
internal rotations are assumed to be free. These two models for activated
complexes, when combined with experimental data at 298 K, give good
temperature extrapolations for the rate coefficients for the 12 different

reactions for which data at higher temperatures exist. For all the a~hydrogen

W——-"-_“gt
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abstraction reactions (including the halomethanes of Part I), AS*(298) could
be fitted, with a maximum error of l.4 cal mol”l K—l (entropy units, or eu)
and an average error of 0.3 eu, by AS*(298) = =2,2 In M - 18,0 + R 1In g
where M = molecular weight of the haloalkane and ny = the number of a-hydrogen
atoms. The activation energy at 300 K, E(298), can be fitted, with an average
error of 0.3 kcal/mol and a maximum error of 1.0 kcal/mol, by
E(298) /R = 2100 -~ 85np - 515ng; - 950nc“3 - GOO“CHZX - 650nCHX2 - 250ncx3,
where the ny indicate the number of H atoms on CH, replaced with the indicated
substituents, and X is either Cl or F, These two relations for AS*(298) and
E(298) have been used to generate a “universal" rate coefficient expression
that depends only on the molecular weight and the number of abstr;ccable H
atoms in the reagent haloalkane:

k() = 10833 31 ole5 oo (r(298) /R - 450} /T

where E(298)/R is given by the preceding equation. This expression in most

cases predicts rate coefficients within s factor of 3 of the experimental data

and offers promise as a predictive tool when no reliable data are available.
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Theoretical Studies of Hydrogen Ator Addition to Carbon Monoxide
and the Thermal Dissociation of the Formyl Radical

A. F. Wagner and L. B. Harding
Argonne National Laboratory
Argonne, IL 60439
USA

A global ab initio potential energy surface has recently been calculated for
HCO including both the H+CO asymptote and the high energy isomer COH. This
calculated surface is used in an RRKM study of both the addition reaction
H+CO and the HCO thermal dissociation as a function of temperature and
pressure for buffer rare gases. The calculation incorporates.tunneling
through an Eckhart formalism and explores the effect of semi-empirical
corrections to the ab initio surface. Comparison is made with the few low
pressure addition rate constant measurements aind with the many indirect
measurements of the thermal dissociation rate constant.
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RESONANT ELECTRONIC EXCITATION IN ELECTRON-02 COLLISION

* % *
D, Teillet-Billy , L. Malegat et J.P. Gauyacq
*
L.C.A.M., Bat. 351, Untversité Paris-Sud, 91405 ORSAY Cedex,France
*®
ER 261, Observatolre de Paris, 92195 MEUDON, France

Scattering via the 0 ( H ) shape resonance is well known to dominate

the vibrational excitntion process of the ground state of 0 (X3Eg). However,

1

three different electronic states. 328. a A and b 1Bg.are associated to

g
the ground configuration of 0 (r x ). and can be considered as parents of
the 0 (x 13) n resonance, As a consequence. the resonant zﬂg scattering is

contributing directly to the electronic excitation

- h 2 3q- - b3 2 - 4y 2 3~
e + 02 (ru xs) X Eg - 02 (xu xg) ng - e + O2 (xu xg) X Pg :

- e 4+ 0, (rﬂ xé) a 1Ag

- y 2 1.+

- e +0, (xu xg) b "B

through the ejection of a lg electron, and also to the electronic excitation
of the 02( 13 xz ) excited states through the ‘ejection of a L electron,

However the 0; (zﬂg) resonance is located at a rather low energy
(2100meV) whereas the excitation cross section have their maximum around 7
eV ; the resonant contribution thus comes from the far wings of the
resonance. The proposed theoretical description is based on the extension of
the effective range approximation ~ERT-(3) that can handle this multichannel
resonant process far from the resonance position, associated with an ab
initio calculation of the 05 system, In the ERT approximation, the space
for the electron is separated in two regions ¢ in the internal region r(r ,
the system is described by the 02 ( ﬂg) resonance wave function, in the
external region r)rc , the system is described as a superposition of channel
wave functions (e 402). In this region, the outer electron is assumed to
interact with the molecule via the local potential V1=2(r)( V1=1(r)) of the
first adiabatic angular mode (4§) of the V(®) potential experienced by a
xg(xu) electron of the 0; (an)system. The ERT method then reduces to the




matching of the inner end outer region wave functions at the border r=r,

The 0; (xﬂ xg) zﬁg resornance width is calculated through the Siegert
definition of a resonance -pure outgoing wave condition in all channels-,
taking into sccount all the‘electronic channels coning.from the detachement
of a tg and L elzfgfon. It sppears that the width follows, over an extended
energy range, &8 E '~ energy law corvesponding to a dr Wigner threshold law.
The absolute value of the width is in very good agreement with the value (2)
that fit the vibrational excitation cross sections of 02 (X 32; )y (1). The
theoretical resonant electronic excitation cross sections are presented in
fig.2, together with previous experimental (1,5,6,) and theoretical (7)
results. The an rescnant contribution dominates the electronic excitation
to the a 1Ag and b 12; states, since our results are typicelly lying inside
the experimental error bars. It is worthnoting that this resonance, located
below the excitation threshold, dominates the excitation process over a
large energy range (3-15 eV). This resonant approach results are also
consistent with the ‘R-matrix results of Noble and Burke (7) that include the
non-resonant contribution to the processes.
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VAN DER WAALS, CHARGE TRANSFER AND "MIXED" STATES OF MOLECULAR
COMPLEXES-'FORMED IN SUPERSONIC JETS.

M. CASTELLA*, A. TRAMER™®, and F. pruzzi®.

% Commissariat & 1'Energie Atomique, IRDI/DESICP,
Département de Physico-Chimie, CEN/Saclay
91191 Gif-sur-Yvette Cedex, France,

++ Laboratoire de Photophysique Moléculaire,
Université Paris-Sud,
91405 Orsay Cedex, France.

The spectroscopic and dynamic properties of molecular complexes invol-
ying a large aromatic hydrocarbon {perylene, anthracene), acting as an
electron acceptor, and different large size molecules, acting as electron
donnors, with decreasing fonization potentials (dimethylaniline-DMA, monome-
thylaniline-MA-, aniline, anisole and phenol), have been studied by the
supersonic jet technique.

The analysis of the electronic {excitation and fluorescence) spectra
and of the 1ifetimes allows us to explain the different systems behaviours
by the relative position of the molecular excited Van der Waals state and
of the charge transfer state. Then, we can distinguish schematically three
complexes classes .:

a) the perylene-phenol and perylene-anisole complexes : they behave
as typical Van der Waals complexes. In this case, the molecular excited
state, having an-energy lower than the charge transfer state, gives rise
to a perylenic type emission.

b) the perylene-DMA complex : for this system, the position of both
states is inversed : the lower jonic state is responsible for the exciple-
xic type emission. The anthracene-aniline complex also belongs to this
category.

¢) the perylene-aniline and perylene-MA complexes : they present an
intermediary behaviour hetween the precedent complexes ones, mainly charac-
terized by an emission which is neither resonnant, nor exciplexic but ra-
ther "quasi~exciplexic". The molecular excited and charge transfer states
are close, and this strong coupling results in a "mixed" state shifted to
smaller intermolecular distance values, with a potential energy well
shallow and strongly anharmonic.
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The 1ifetimes measurements are in agreement with this interpretation.
For the perylene-anisole and phenol systems, the fluorescence 1ifetimes,
characteristic of the excited molecular state, is the same as the bare
molecule one {~ 11 ns). It is much larger for the fluorescence issued
from the charge transfer state of the perylene-DMA complex (~ 94 ns)
(Yarge fluorescence 1ifetimes characterize emission from pure charge
transfer states).Perylene-aniline and -MA systems present intermediary
values (respectively ~ 16 and ~ 50 ns).

On the other hand, we have observed for some of the complexes (an-
thracene-DMA and perylene-MA) ‘the existence of isomers with drastically
different spectral properties. In fact, the main features can be explained
by the simultaneous presence of two isomeric complexes of tha a and b clas-
ses, separated by a potential energy barrier.

To verify the precedent hypothesis, we have performed theoretical cal-
culations giving the binding energy between the complex acceptor and donnor
molecules in-different states. Theses calculations are based upon an exchange
perturbationned treatment, aliowing to express the interaction energy as the
sum of four components : electrostatic, polarization, dispersion and repul-
sion energies. Every term itself is the sum of interactions between small
sub-units of the compiex. For the perylene-DMA and -aniline complexes ground
states, the results show that these systems are mainly maintained by the
dispersion forces. The interaction ‘energies obtained are large (about 2000
cm'l) : they support the experimental observations, especially the lack of
predissociation in the perylene-DMA case. The more stable configurations
have been determined : the donnor prefer positions parallel to the longitu- :
dinal and transversal axes, as well as the central ring of the perylenic
molecule. The calculations about the molecular excited Van der Waals and
charge transfer states are in progress. The major difficulty ccmes from the
refinement of the dispersive term for the molecular state, which has never
been performed up to now.
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ELECTRONIC STRUCTURE OF MERCURY-ARGON COMPLEXES

) O. BENOIST d'AZY, W.H. BRECKENRIDGE,
M.C. DUVAL, C. JOUVET and B. SOEP.
Laboratolre de Photophysique Moléculalre
Batiment 213 - Unlversité de Paris-Sud
81405 -~ Orsay Cedex France

The tig—-Ar complex formed In a supersonlc expanslon has been studled by
laser double resonance and emlsslon speciroscopy It can be shown as a prototype for
the study of electronlcally excited dlatomlc van der Waals complexes.

The emission from the upper |lg (7381) ~ Ar states to the metastable

~a, ~b, ~c, ~d slales of Hg-Ar correlated- with Hg (83Pp) and Hg (83Pp) provides a
wealth of Informatlons on thelr spectroscopic constants and potentlals, difficult 10
obtaln experimentally by other methods, as those states are not optlcally accessible
from the ground state. A slmple model has been developped which allows the
description of the relevant polentlals by electrostatic Interactlons beiween the argon
In the ground state and the excited 6°P marcury, where the average orlentatlon of
the 6p mercury orbltals with respect to the complex Internuclear axis, accounts for
the bindling.

In additlon the observatlon of other electronic states, such as the Rydberg
tg (7381) states, offers even more Insight In the electrostatic binding nature of the
, complex. The argon atom can elther be nested In the last node of the 7s orbital and
closely resembles to the Hg~-Ar* lon or, outside the 7s cloud forms a van der Waals
molecule very lightly bound.




Reactions of Metastable Rare Gas Atoms with N, 0;
Chemiluminescence of RgO*; Rg = Xe, Kr, Ar.

Agist Kvaran and Aubunn LUBviksson,
Science Institute, University of Iceland,
Dunhaga 3, 107 Reykjavik, Iceland,

and

William S. Hartree and John P, Simons,
Department of Chemistry, University of Nottingham,
Nottingham NG7 2RD, England.

Chemiluminescence spectra of rare gas oxides due to
reactions of metastable Xe, Kr and Ar with N,0 have been
recorded in the UV/VUV region using a discharge £low
gystem, Spectra due to electronic transitions from bound
excited ionic states to repulsive ground statesl (X3 ) were
identified for XeO peaking at 235 nm (see fig. 1), KrO at
180 nm and ArO at 150 nm. The ArO spectrum is overlapped
with nitrogen emission spectrum. An absence of fine
structure in the tail of the Xe0 and KrO spectra suggests
that the excited states are formed with 1low vibrational
excitation, but significant rotational excitation?r3, Broad
continua, due to transition§ to A3Z states have also been
found for XeO and KrO on the long wavelength side of the
peak spectra. Analyses of the XeO (235 nm) and KrO (180 nm)
spectra were carried out in order to determine vibrational
energy disposals. Spectra were analysed by systematic

simulations? and by the inversion technique4, using
calculated vibrational contributions assuming fixed
rotational energyz. Ground state potential curves

calculated by S.R. Langhoff5 were used, while upper state
potential curves were varied as Rittner potentials.
Transition moment functions, decreasing with increasing
internuclear distance, were used. The analyses led to
evaluation of spectroscopic parameters for the excited
states:




(An)e/cm"l re/ﬁ '1‘e/cm"'1

Xe0 360720 2.59%70.04 459207350

Kro 365125 2.43%0.05  59600%400
~as well as vibrational population distributions. Boltzmann
distribution functions, valid up to maximum vibrational
levels, determined by the energetics of Rg(3P2)/N20; Rg =
Xe, Kr for T = 3000%1000 K (Xe0) and T = 3500%1500 K (KrO)
gave best fits in the simulation calculations (fig. 1).
Vibrational distributions determined as histogram
representations by inversion showed fair agreement (fig. 2).
Analogous to the rare gas halide formation reactions, RgO*
formation follows electron transfer from Rg* to N,0. N,0 is
an efficient electron scavenger and N20" is believed to be
quite stableb (D(Ny-07) = 0.43 ev’). The reactions with Rg*
therefore may proceed via long lived complexes. The
vibrational distributions obtained are consistent with such
a mechanism. That would contrast with findings for BaO
formation reaction from Ba + N,O, vwhich occurs by direct

reactiona.

1, M.F. Golde and B.A. Thrush, Chem. Phys. Lett., 29, 486,
(1974).

2. M,F., Golde and A. Kvaran, J. Chem. Phys., a) 12, 434,
(1980)., b) 22, 442, (1980).

3. a) J.H. Kolts, J.BE. Velasco and D.W. Setser, J. Chemn.
Phys., 11, 1247, ('79), b) K. Tamgake, J.H., Kolts and D.V.
Setser, J. Chem. -Phys., 21, 1264, ('79).

?. K.;Johnson, A. Kvaran, J.P. Simons, Mol. Phys., 50, 981,
1983).

5. S.R. Langhoff, J. Chem. Phys., 13, 2379, ('80).

6. H. Shimamori and R.W. Fessenden, J. Chem. Phys., a) 68,
2757, ('78), b) 69, 4732, (*718), ¢) 10, 1137, (*79)

7. D.G. Hopper, A.C. Wahl, R.L.C. Wu and T.0. Tiernan, J.
Chem. Phys., 65, 5474, ('76).

8, T.P. Parr, A. Freedman, R. Behrens and R.R. Herm, J.
Chem. Phys., 61, 2181, ('77).
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A LIFETIME STUDY ON THE SECOND MAXIMUM OF PREDISSOCIATION OF

THE IODINE B’H(O:) STATE.
by F.Castafio, E.Martinez and M.T.Martinez

Departamento de Quimica Fisica. Facultad de Ciencias.

Universidad del Pais Vasco. Apartado 644. Bilbao. SPAIN.

The natural and magnetic predissociation of the io-
dine B’H(O:) state have been studied extensively in the last
few years (1-8). The nature of the spontaneous predissociation
has been attributed to the rotational and hyperfine coupling
between the B’H(Oz) state and the ’H(lu) repulsive state. Leh-
mann et al. (6) showed that the decay rate for a given hyper-
fine sublevel can be given by r=rrad+rcol+rIJF’ where Prad and

r stand for the radiative and collisional decay rates, and

col
rIJF takes into account the gyroscopic and hyperfine predisso-

ciation rates plus an interaction term,

=02 . 2 ., . - . . .
PIJF = cv,J (J(J+1)) + agy, g £(x-3) ay, g Cv,J g(1-J)

where the explicit forms of the functions £ and g are given in

reference 6a.

No precise information of the predissociation parame
ters C; and aé is available for levels near the second maximum
of predissociation, i.e. v'=24-25. The aim of the present work
is to get the values of the coefficients Cé and aé for gyrosco
pic and hyperfine interactions, from fluorescence decay rate

measurenents of these levels.




Fluorescence decay lifetimes for specific rovibratio
nal levels of the X B’H(Oz) state, have been obtained by time-
~resolved laser induced fluorescence. Laser excitation spectra
of the I, B-X system were obtained between 545 and 555 nm by
using a pulsed (v15ns-FWHM) Quantel dye laser. In this wave-
length region, sections of the relatively intense 24-0, 25-0,

26-0, 26-1 and 27-1 bands were observed.

Lifetime measurements were usually made at 30 mTorx
of iodine, and collision free lifetimes were obtained by extra
polation to zero iodine pressure, using a collision cross-sec-
tion of 65 A2(7), which is coincident with our value of
65.8:0.4 A? obtaine for the level (24,40). Table 1 shows the
collision free lifetimes obtained for selected (24,J') and

(25,3') levels of the ilodine B state.

Table 1- Collision free lifetimes for (v',J') levels of I, (B)

EXCITED LEVEL EXCITED LEVEL

v' J' T, (ns) v' J! T, (ns)
24 38 745 & 21 24 73 682 + 17
24 40 785 & 22 24 94 638 + 18
24 46 796 z 50 24 102 662 * 37
24 50 800 » 37

24 55 844 + 20 25 0-5 745 1+ 25
24 56 740 + 30 25 30 745 ¢ 21
24 60 754 + 32 25 88 625 15
24 62 756 3 18 25 95 * 653 + 27
24 67 772 &+ 30 25 106 625 + 11




The predissociation parameters C; and aé have been
obtained from the time evolution of the fluorescence intensity
for specific rovibrational levels. See table 2. Assuming the
Franck-Condon apgroximation, aé and Cé should be proportional
to the same Franck-Condon Densities (FCD) between the B’H(O:)
and 1Il(lu) states, times the corresponding electronic matrix
elements involved. However such a dependence for Cé is not
observed for levels near the second maximum of predissociation

(8).

Table 2- Best fitted predissociation parameters cé and aé

[] 2 2
v I‘rad Cv av
(10%s71) (s™) (10%s71)
24 0.61 67+ 7 95410
25 0.60 5510 115£12
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Measurement of Rotational Energy Transfer Ratgs for HD (v « 1) in
Collisions With Thermal HD
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Abstract

Ve report state-to-state rotational energy transfer rates for HD
excited to the first excited vibrational level of the ground electronic
state. Stimulated Raman scattering is used to produce the rotationally
selected, vibrationally excited HD. Subsequent collisional energy transfer
from the prepared state, upon collision with a thermal distribution of HD,
is monitored by multiphoton ionization through the E,F electronic state. The
data are analyzed by solving the rate equations coupling the lowest six
rotational states of the first excited vibrational level. In this wanner,
both the absolute rate constants and the optimum shape of the energy
transfer probability density function are determined. The best fit of the
data to trial probability density functions indicates that the HD-HD
collisions preserve the magnetic sublevel, m,. The total rotational
energy transfer rate out of a particular rotdtional level is compared to
high resolution Raman linewidth measurements in order to determine the
degree to which the rotational énergy transfer rate contributes to the
linewidth.

In this paper, we report the state-to-state measurement of :
rotational energy transfer from one rotational energy state of the first
excited vibrational level of the ground electronic state of HD to another
rotational level of the same vibrational level in collisions vith a
Boltzmann distribution. of ground state HD molecules at 298 K. The technique
of stimulated Raman pumping is used to prepare a single
rotational-vibrational level of HD. The multiphoton ionization technique is
then used to monitor the population of states occupied as a result of
collisions with the initially prepared state. By temporally delaying the
lasers with respect to each other, we determine the details of the dynamics
of rotational energy transfer.

Most previous studles of rotational energy transfer have been
rerformed on upper electronic states, due to the utility of the technique of
state-selective preparation by a narrowband lamp source or laser followed by
resolved emission. By monitoring satellite emission bands as a function of
pressure, rotational energy transfer in the upper electronic state can be
readily measured. This resonance lamp technique was used by Moore and
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covorkers to study the rotational energy transfer in the electronically
excited B state of HD. Data from these excited state gtudies have been
Instrumental in determining empirical scaling and fitting laws. 4n
excellent discussion of the proposed laws is contained in Reference 6. 1In
this study we use several forms of an exponential energy gap scaling law, to
parameterize our results. Procaccia and Levine have shown the exponential
gap model to be successful at fitting close coupling calculations of Green
for HD collisions with He and calculations of Chu for collisions of HD with
H..
2 There have been very few studies performed on ground electronic
state surfaces. This is primarily due to the difficulty of preparing a
single rotational level and detecting rotational energy transfer on a time
scale short enough to resolve the relaxation process. Previous ground-state
studies have utilized an infrared double-resonance technique. This technique .
has beels applied to heteronuclear-diatomics: To HP (v=1) and DF (v=1) by
Hinchen and Hobbs; to CO (v=1) by Bréchignac et al; to HClL (v=1l) by
Menard-Bourcin et al; and to HF (v=2,3 and 4) by Crim and cowvorkers.
These studies rely on infrared absorption to monitor rotational states not
initially populated. The use of this technique limits the sensitivity and
time response of detection. In our work, these problems are minimized by
using stimulated Raman pumping and multiphoton ionization detection. Both
processes occur on the time scale of the laser pulses (nanoseconds). The
preparation scheme is a very efficient process for HD when moderately
narrowband lasers are used, and the detection scheme is highly sensitive.

Recently, variations on this scheme have been used to study !
rotational and vibrational energy transfer in polyatomic molecules. Orr et
al have used a Raman excitation/laser-induced fluorescence (LIF) method to
study rotational and vibrational energy transfer in ground state
formaldahyde and glyoxal. A resonant variation of the Raman-LIF scheme has
been used by Knight and coworkers to study energy transfer in even larger
polyatomics, Ve have selected the hydrogenic systems to study, due to
their historical and theoretical importance. Previous studies of energy
transfer in hydrogen have been hampered due to the inherant difficulty of
state-selective detection of a molecule with no dipole (or very small dipole
in the case of HD) and whose first excited electronic state is 11 ev above
the ground state. Recently, three coherent laser techniques have shown ‘
great promise for detection of hydrogen: (1) Coherent anti-Stokes Raman !
scattering (CARS), (2) tvo-photon resonantly enhanced, three-photon
ionization (2+1 REMPI), and (3) direct laser- induced fluorescence, using
non-degenerate four-wave mixing in a rare gas to produce the necessary
tunable UV radiation. Ve have used the 2+1 REMPI technique due to its
relative simplicity and high sensitivity.

Other non-laser based techniques have been used to study rotational
energy transfer in hydrogen molecules. Of particular relevance to our study
are the impressive series of molecular beam experiments of Buck and
co-workers, and those of Gentry and Giese. Both groups use time-of-flight
measurements of scattering distributions from crossed molecular beams to i
determine the differential cross-section for rotational energy transfer from
J=0 or J=1 hydrogen molecules (depending upon the isotope and whether the
ortha or para form vas used) to other rotational states upon collision with
various partners (rare gases or other isotopes of hydrogen). 1In this
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manner, they are able to obtain extremely detailed information (i.e.,
angular resolved differential scattering cross sections) at a few relative
collision energies. In contrast to our measurements, however, they are
unable to determine tetal crogs-sections. Although our measurements are
thermally averaged, in contrast to the crossed molecular beam studies, they
are capable of providing a wealth of data for elementary systems to which
theory can be directly applied.

Additionally, the linevidths of high-pressure Raman spectra are
dominated by relaxation phenomena and give an upper limit to the rotational
relaxation rate. Our measurements are compared to the recent room
temperature, high pressure line wvidths of Rosasco and May.
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Laser Induced Fluorescence of SiH, R’B, -X1A1

in the Supersonic Free Jet.
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Ohokayama, Meguro, Tokyo, Japan 152

The pulsed supersonic free jet of SiHy was generated in the
ArF laser photolysis of phenylsilane, The fluorescence and
its excitation spectra of the X1B1 - X1A1 transition and the
fluorescence lifetimes of single rovibronic levels (SRVL) in
the X’B] state have been measured. ‘

The fluorescence excitation_spectra have been observed in
the region 466 ~» 640 nm. The spectra only consist of the P~
type subband from the K,"=0 level, Pp1(N), PQ1(N) and’pR1(N),
of the (0,n,0)+« (0,0,0) progression. The (0,7,0) band is
first assigned in this work. With increase of the vibrational
energy of the bending mode, the line intensities for rota-
tionally excited levels, such as Pg (1), Pry(1), Ppi(2),
become weak in comparison with the 991(1) line of the rota-
tionally ground state and finally the spectra are reduced to
only one rotational line pP1(1) for n>4. These facts indi-
cate the presence of the predissociation which strongly de-~
pends on J values in the excited state rotational levels.

The fluorescence spectra have revealed the vibrational
energy levels of the bending mode (vz) in the ?1A1 state up to
vy''=T. The potential parameters of the bending vibration of
the ground state have been determined from the fluorescence

spectra:
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wy = 1007.6 ¢+ 4.1 cm™?

X953 = =3.7 ¢ 0.7 em-1,

The Franck-Condon factors of the X-& system have been calcu-
lated using the molecular constants obtained. The calculated
Franck-Condon factors have well reproduced the observed fluo-
rescence spectra,

The SRVL fluorescence lifetimes of the 3181 state slowly
decreased from 1.2 us of the (0,1,0) level to 0.54 us of the
(0,6,0) level. The fluorescence lifetime of 0.35 ps for the
newly assigned (0,7,0) level obtained is short with respect to

the fluorescence

.

other lower vibrational levels. In Fig. 1,
decay rates are plotted against cube of transition energy
corrected by the Franck-Condon factors. The presence of

intercept and the shortening of the fluorescence lifetime for
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(0,7;0) indicate that (1) non-radiative process occurs in all

vibronic levels studied and (2) another non~radiative channel
opens at (0,7,0). The first non-radiative channel is ex-
plained as predissociation to Si(3Pg) + H2(1E;) and the second
is predissociation to Si(1Dg) + H2(1z§). This mechanism leads
the upper limit of the dissociation energy Dg(SiH-H) of 26600
em=1 (318 kJ/mol).




HIGH TEMPERATURE COLLISIONAL ENERGY
TRANSFER IN HIGHLY VIBRATIONALLY EXCITED
MOLECULES. Il: ISOTOPE EFFECTS IN i2-PROPYL

BROMIDE SYSTEMS

Trevor C. Brown and Keith D. King-

Department of Chemical Engineering,

University of Adelaide, Adelside, S.A. 5001, Australia
and

Robert G. Gilbert

Department of Theorelical Chemistry,

University of Sydney, Sydney, N.S.W. 2006, Australia

Of fundamental importance in interpreting rate data for nnimolecular and termolecular reactions in
the fall-off regime is the determination of the form of the probability distribution function for collisional
energy exchange between a highly vibrationally excited reactant and a bath gas {1]. The development of
models for this process requires experimental energy transfer data under conditions where the dependent
parameters (eg. temperature and bath gas mass) can be varied and eflectively interpreted. This paper
is a continuation of our studies into the effects of deuteration of both the reactant and bath gas on
collisional energy transfer quantities |2] Deuteration changes the masses of the species, but leaves
unchanged the potential function governing the interaction dynamics.

The technique of pressure-dependent very low-pressure pyrolysis {3,4] combined with conventional
very low-pressure pyrolysis (VLPP) {5] has been used here to initially create therinal systems of highly
vibrationally excited undeuterated and per-deuterated iso-propyl bromide molecules, and then collide
these reacting systems with the inert bath gases - Ne, Xe, CoHy, and CyD,. Measurements of the
increase in reaction rates of the i{so-propyl bromide decompositions with these bath gas collisions, and
a comparison of these rates with the deuterated analogucs give valuable insights into the collisional

probability distribution function.
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The overall experimental technique is well established |3,4,5]. Briefly, the temperature dependence
of the reaction rate under conditions where only gas/wall collisions occur (ie., in the absence of any
reactant/reactant or reactant/bath gas collisions) is firstly obtained. These data is then fitted with
RRKM theory, taking into account the temperature-dependent non-unit gas/wall collision efficiency,
Bu(T) [3,6]. The energy dependences of the microscopic reaction rate, k(E) are consequently calculated.
By maintaining the temperature constant, and increasing the pressure of bath gas in the system so that
reacéam/bath gas collisions compete with reactant/wall collisions the pressure-dependent rate coeffi-
cients are obtained. These values are fitted by solution of the reaction-diffusion master equation [4],
using the parameters from the RRKM calculutions and varying < AEg,ua > ~ the average downward
collisional energy transfer.

The iso-propyl bromide systems decompose thermally via liBr elimination, e.g. for the undeuterated
systen:

(CHs):CHBr —~ CH;CHCH; + HBr

The extrapolated high pressure rate coefficient (ko) for CsH;Br decomposition Is given by ko =
1013:6203 exn(-200:8 kJ mol=! [RT). This is in excellent agreement with the high-pressure parameters
reported by other authors [7): A = 10'37%~1, Eo, = 197.5 kJ mol™}. For CyD;Br the high-pressure
parameters are Ao, = 1013940:35—1 B = 207:k 8 kJ mol~!. There is no previously reported study of
Cs Dy Br decomposition, however our results are in accord with the expected isotope effect.

The average downward collisional energy transfer (< AEgoua >) values (cm™?) for C3H1;Br at ca.
8§70 K are 486 {Ne), 539 (Xe), 825 (C,l1,), and 743 (C3D,), and for C3D7Br, 442 (Ne), 570 (Xe), 729
(CzHy), and 812 (C3D,). Reactant internal energies to which the data are sensitive are in the range 170 -
250 kJ mol™!. The < AE4,un > values for the inert bath gases Ne and Xe show good agreement with the
theoretical predictions of Gilbert's biased random walk model for monatomic/substrate collisional energy
exchange |8] The relative effects of deuteration of the reactant molectle on < AE4own > also compare
favourably with the predictions of this theoretical model, The energy transfer parameters resulting
from the undeuterated and per-deuterated ethene bath gases suggest the vibrational frequencies of the

polyatomic colliders will play an important role in any future model.
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UNTMOLECULAR REACITONS FOLLOWING SINGLE UV-PHOTON AND MULTI
IR-PHOTON  EXCITATION

B. Abel, B, Herzog, H. Hippler and J. Troe
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TammannstraBe 6, D-3400 Gsttingen, West-Germany

Unimolecular reactions are governed by two dynamically different pro-
cesses. The activation of molecules above the reaction threshold and
the real reaction. In thérmal systems the activation occurrs via-
intermolecular energy transfer between highly excited molecules in
collisions with the heat bath. The reaction itself is determined by
the intramolecular time evolution of molecules excited above the
reaction threshold. The intermolecular energy transfer can be charac-
terized by the averaged amount of energy transferred per collision
{aE). The intramolecular dynamics are described by the specific rate
constant k(E). Both quantities present key quantities in unimolecular
rate theory. We present a method to directly measure under collision
free conditions the specific rate constants and in the presence of

collisiuns Lhe (AE) values.

In our experiments vibrationally highly excited polyatomic molecules ‘
are produced in the electronic ground state by two different weys.

First, absorption from a pulsed UV-laser followed by fast internal

conversion is a very elegant way to create an almost microcanonic

ensemble of vibrationally highly excit-d molecules, In the past, we

have intensively used this Lechnique for studies of Lhe dynamic prop-




erties of these molecules, Second, IR multiphoton absorption from a
pulsed 002 laser may produce an ensemble of vibrationally highly
excited molecules with different properties., Populations of exited
states are monitored directly by time resolved hot band UV absorption
spectroscopy. A calibration of the UV spectra by shock wave experi-
ments allows for an analysis of the absorption changes during the
laser pulses in terms of exited state populations and dissociation.
Under collision free conditions the rate of unimolecular reaction of
isolated molecules are measured. A comparison of the results of the
two methods will be presented. For bond fission reactions the influ-
ence of total angular momentum J on the specific rate constant k(E,J)
is discussed. In the presence of collisions with an inert bath gas,
collisional deactivation is observed and analyzed via the dependence
of the hot UV absorption spectra on the excitation energy. We conclude
that time resolved hot band UV absorption spectroscopy after pulse
excitation .provide a particularly attractive access to the specific
rate constant and to collisional ehergy transfer. It also allows to
obtain in situ information of the emergy distribution of the ensemble
of vibrationally highly excited molecules produced in IR multiphoton

excitation experiments.,




LASER PYROLYSIS OF DIMETHYLNITRAMINE AND DIMETHYINITROSAMINE

S. Esther Nigenda, Alicia C. Gonzalez,
Donald F. McMillen, and David M. Golden
Department. of Chemical Kinetics, Chemical Physics Laboratory
SRI International, Menlo Park, CA 94025 U.S.A.

Lager-powered homogeneous pyrolysis (LPHP) has been used o study the
gag-phase thermal decouwposition of dimethylnitramine (DMNA) and dimethylnitro-
samine (DMNO) as wodels for the decomposition of the cylic nitramines. In the
LPHP technique a pulsed CO, laser is used to indirectly heat the substrate via
an absorbing but unreactive gas (e.g., SF6). in a bath of an inert polyatomic
such as C0,. Under these condtions there is no surface component to the reac-
tions, since only a small portion of the cell volume is heated by the laser
and the reaction time before cooling'by the expansion wave is about 10 ps, far
shorter than the millisecond time scale for diffusion to the walls. The rapid
cooling tends to minjmize secondary reactions; however, as in shock-tube
studies, hydrogen atoms and other very reactive species need to be chemically

scavenged or trapped.

The cell 18 incorporated in a flow system that can be heated to temper-
atures well below substrate decomposition temperatures, but high enough to
maintain low vapor pressure materials in the vapor phase. Operation of the :
system involves flowing the reaction mixture through the cell while the laser .
is pulsed at a consrant repetition rate, typically about 0.2 Hz. The flow
rate and irradiated volume are such that that during the residence time of the
substrate in the ce.l, the laser will have been pulsed 20 to 40 times (with
complete diffusfonal wixing in the cell between laser pulse;), and the average
molecule will have been heated two to four times. The product mixture flows
continously from the cell through a heated gas sampling valve from which
samples are perlodically sens to a capillary GC/MS system.

The need to explicitly measure the temperature corresponding to any '

particular measurement of k is eliminated by concurrent determination of the '
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fractional decomposition of a temperature standard. Modeling of anticipated
time~temperature-~location varjiations as well as tests on substrates whose
parameters are already known have shown that this "comparative rate" method
accomodates wide temperature fluctuations in accurately reproducing the liter—
ature values. In the present case, Arrhenius paramet.ers have been determined
relative to isobutylbutylbromide and tert~butylbromide decomposition, respec-
tively.

The DMNO decomposition proceeds, between 950 and 1050K, via the simple
N-N bond cleavage. The dimethylamino radical thus formed rapidly eliminates an
H-atom and is detected as N-methylmethyleneimine. The H-atoms are scavenged by
reaction with ortho-fluorotoluene. Preliminary results yleld Arrhenjus para-
meters of log k/s~! = 15.0-46.0/0. ‘These yield, when corrected for pressure
dependence, log k®/s”! = 15.4 - 48.3/0. These values are completely
consistent with the expéectation of reaction via unimolecular bond scissfion and
a N-N bond strength in the vicinity of 48 kcal/mol.

The DMNA decomposition is more complex in that both unimolecular bond
scission and HONO eliminarion are expected to be accessible pathways. Since
both of these pathways lead 1o the imine, they are difficult ko distinguish.
Furthermore, the major product is DMNO, leading to the conclusion that the
imine adds NO in the cooling period after the laser pulée.‘DMNA was pyrolyzed
between 845 K and 970 K, leading to log k/s~! = 10.4 ~ 28.2/6. These para-
meters are difficult to reconcile with the expected values for the two above
pathways, and the kinetic measurementa are being repeated with a different

internal standard.




IR laser-induced decomposition of oxetanes and alkanols

by K.A. Holbrook, G.A. Oldershaw and C.J. Shaw
Department of Chemistry, University of Hull

and P.E, Dyer
Department of Applied Physics, University of Hull

Following earlier work on the infrared laser-induced decomposition
of 2,2—dimethyloxetanel we have examined the infrared laser-induced
decomposition of 2-methyloxetane and-of tertiary butanol, two molecules

of similar molecular complexity.

The products of the decomposition of 2-methyloxetane caused by
absorption of pulses from a TEA 002 laser (R34, 10 um line) are the same
as those observed in the thermal decomposicion,2 namely propene plus
formaldehyde and ethene plus acetaldehyde.
C,ll, 4 ClLO (1)

ci, __—T 36 2
\\\\\‘sa 2
CZHA + CH30H0 (2)

Measurements have been made of the energy absorbed by 2-methyloxetane
and of the extent of decomposition as a function of the gas pressure
and laser fluence. The effect of added inert gases helium, xenon and
cyclohexane has also been examined.

Similar experiments have been carried out with tert-butanol (P30,

10 um line) for which the major decomposition product is isobutene

(CH3)3COH 4-(CH3)2C = CH2 + H20 (3)

In both cases it is found that, for irradiation under ‘collision-
free' conditions (5 x 10-2 Torr), the decomposition is much less in dilute
mixtures of the absorber with an inert gas than in the pure reactant.
We have modelled the decomposition as a function of absorbed energy by
using specific rate coefficients calculated from RRKM theory. In both
cases it is concluded that a large fraction of the irradiated molecules ;
interact with the. laser radiation. Results obtained for other alkanols !

and oxetanes may also be discussed. .

References

1. K.A. lolbrook, G.A. Oldershaw, C.J. Shaw and P.E. Dyer, submitted
for publication, '
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Use of Doppler Broadening by the 254nm Hg Absorption Line to
Manitor v=r,t Energy Transfer in Vibrationally Excited Gases

Walter Braun#, Milton D. Scheer##, R. J. Cvetanovicx»

and Victor Kaufmanxx

*Center for Chemical Physics
»#Guest Scientists in the Center for Chemical Physics
##xCenter for Radiation Research

National Bureau of Standards

A new method for measuring v=r,t energy transfer rates has
been developed. It involves the use of Hg atoms as a tracer for
translational energy in a v{brationally excited gas. Absorption
by Hg of its 254nm resanance radiation, derived fraom an
extensively self-reversed Hg resonance lamp, is dependent upon
the line width and hence the translational temperature. By
matching the hyperfine spectrum of a Hg resonance lamp in the
neighborhood of 254nm with a computer model that takes into
account Doppler and Lorentz line broadening (Fig. 1), a
temperature calibration is readily attained (Fig.2). The methad
was tested by vibrationally eéciting a 3500:1 mixture of SF, and
Hg with varying fluences from a CO. TEA laser employing the
apparatus shown schematically in Fig.3. By measuring the
initial slopes of the temporal changes in the 254nm absorption by
the Hg tracer, which 1is related to changes in temperature and
thus energy, energy transfer rates could be measured as a
function of initial vibrational excitation energy. For
vibrational excitations between 400 and 10,500cm—*, the energies

transferred (v-r,t) per SF,*-SF,.* collision was found to increase




approximately as the square of the excitation energy. These
results are shown in Fig. 4. and are compared with recent results
by Dove, Hippler and Troet!’, The present method complements

techniques recently reported by other workersg¢x—a?,
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&4) H. Hippler, L. Lindemann and J. Troe, J. Chem. Phys. 83, 3906
(1985)

Figure Captions:

Figure 1: An experimental tracing of the high resolution
specirum emitted by an extensively self-reversed capillary Hg
lamp operated at 450v and 9ma (dashed curve) compared with the
calculated lamp profile (solid curve). X,=1=Doppler width.

Figure 2: Computed fractional absorption vs. temperature curves
for various resonance lamp (current) conditions: 1, B8ma; 2,
10ma; 3, 1Smaj; and 4, 20ma.

Figure 3: Schematic diagram of apparatus used to excite
vibrationally SF, and measure its translaticnal temperature.
LS=C0:;: laser; L=Hg light sourse; M=monochromater; D=fast
digitizer; MP=mi1croprocessor; =gas cell; PM=phaotamultiplier;

CB=carbon block used to trigger sweep; L=lens; Ml&M2=mirrors.

Figure 4: The dependence of the averzge energy transferred per
collision wvs. the average excitation energy for SF_,"+SF,"
collisions compared with literature CS,"+CS;, and CS."+Ar results.
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: Analysis of Multiple Decompositions in Chemically Activated

-

Reactions.

'hillip R. Westmoreland, Jack B. Howard, and John P. Longwell

Departwent of Chemical Engineering

Massachusetts Institute of Technology

Combridge, MA 02130  USA

Secondary- decomposition .can ocecur in a chemically activated

reaction if all the excess energy -in the chemically activaled:adduct

is ot dissipated by the initial decomposition. Thus, a bimolecular

reaction could lead-to Lthree products, by the processes At - C* -

DEAEY, D -, and. B~ PHi. Such- threc-product. channels -have been

e A A A . st i kb RS, AP e

inferved from.data in the past, -but either ‘the-obgervation has, not
been rationalized.or it hes Bccnvattnibgted’to,g,sequcnce of thermal
reactions A+B ~-IME and B - FiG, -Unlike a thermal sequence,

; chemicully activated -secondary, decomposition is not micruscepically
i reversible because Lo reverse reaction.waild require -excited B¥

; (from F+G) and D* to react.

X Apportioning the-excess cnergy belween D¥ and:fif is the

difficulty in-calculating Lhe apparent rute constant. If D-is an

{ atom-and-E conlains vibralionul degrees of -freedom, all the excess
i -energy may-be reasonably assigned to -the species-E4, The rale
}

congiant. for ICH,¥CUL-CH;r2H is estimated-by-bimolecular QRRK Lo

j illustrate the quantilative analysis, -but more saphisticated

unimolecular-reaction theories may -be applied -siwmilarly.




WAVELENGTH DEPENDENT ISOMERIZATION OF ALLYL
ISOCYANIDE

J. Segall and R.N. Zare, Department of Chemistry,
Stanford University, Stanford, CA 94305 USA

The isomerization of allyl isocyanide (AIC) to allyl
cyanide by excitation of CH vibrational overtone

inside the cavity of a cw dye laser is studied at severzl
excitation wavelengths (598-640 nm). The unimolecular
reaction rate is seen to vary nonmonotonically as a
function of phytolysis photon energy, both with a given
overtone band as well as from overtone band to overtone
band. Previous workers on AIC! noted the latter effect
and attributed it to a nonstatistical distribution of
vibrational energy in the reacting molecules. The
current results strongly indicate inhomogeneous
broadening is important in the overtone spectrum of AIC
and that overtone excitation may lead to a more complex
distribution of excited reactants than previously
thought. .

**Supported by AMOCO, Standard 0il (indiana)
K. V. Reddy and M. J. Berry, Chem. Phys. Lett. 66, 223
(1979).
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A STUDY OF THE EFFECT OF EXCESS ENERGY ON THE COLLISIONAL DEACTIVATION OF
HIGHLY VIBRATIONALLY EXCITED 7-ETHYLCYCLOHEPTATRIENE

Gui-Yung Chung and Robert W. Carr, Jr.

Department of Chemical Engineering and Materials Science

University of Minnesota
Minneapolis, Mn, 554585

Collisional self deactivation of 7-ethylcycloheptatrieno photoactivated to
total internal cnergies of 123 kcal/mol (240nm), 111 kecal/mol (265nm), 105
kcal/mol (280nm), and 100 kcal/mol (295nm) has been investigated. The
reaction products consisted of the positional isowers 1-, 2-, and
3~ethylcycloheptatrione, and methyl-ethyl substituted benzencs formed by
aromatization. The pressure dcpendense of reaction products resulting from
positional isomerization and aromatization were determined at ecach
wavelength in series of experiments without added bath gases. The total
product yleld decreased with increasing pressure, indicative of
collisional stabilization of photoactivated 7-ethylcycloheptatriene. The
ratio of positional isomerization products to aromatic products increased
with increasing pressure at fixed wavelength, and increased with increasing
wavelength at fixed pressure, consistent with a shorter 1lifetime for
positional disomerization than for aromatization, Master equation
calculations were done wusing RRKM theory and a stepladder model for
deactivation, The model calculations predict that the average energy
removed per deactivating collision,<AE>, increases with increasing excess
energy of photoactivated 7-ethylcycloheptatriene, When the RRKM computed
values of k(E) were normalized to an experimental value determined by
direct detection (Hippler, Luther, Troe and Wendleken, J. Chem.
Phys.,79,246,(1983)), the values of <AE> obtained were 1.5 kcal/mol at
295nm, 1,8 kcal/mol at 280nm, 2,2 kcal/mol at 265 nm and 5 kcal/mol at 240

nm.
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A simple FTIR instrument for emission studies
by
P, Biggse, F.J. Holdsworth, G. Marston and R.P. Wayne
Physical Chemistry Laboratory, South Parks Rd., Oxford.,U.K.
Abstract

Fourier Transform spectrometry was originally introduced to
deal with the energy shortage problems endemic in working in the
far-infrared. However, FT spectrometry has been succesfully applied in
the mid- and near-IR and is even finding uses in the visible and UV
region of the electromagnetic spectrum. Employment of this technique
in the IR can result in dramatic incresses in the signal-to-noise

ratio or resolution of spectral measurements, or both.

Two important advantages of interferometry over conventional
spectrometry were pointed out by Fellget in England and Jaquinot in
France:

1) In 1951, Fellget recognised the so called Multiplex
advantage, 1in that datg from ell the spectral frequencies
present are measured simultaneously: thus, the whole of the
epectral band ls observed for the entire duration of the
experiment, The result of this 'Multiplex' advantage is a
reduction in measurement time of the spectral information.

i) The second advantage, pointed out in 1954 by Jaquinot, is
that the optical energy throughput of an interferometer is
greater than that of a monochromator for a given resolution.
Rediation is transferred more efficlently in an
interferometer, where the beam of radiation has cylindrical
symmetry, than in a conventional spectrometer which employs
8lits and produces a beam of planar symmetry. The increased
throughput thus results in an increased S:N ratio due to the

increased signal at the detector.

The interferometer used in these studies is a low cost
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Michelson type designed to be used as a tesaching instrument. The
interferometer wag modified to allow the mirror position to be altered
uging a stepper motor, A He-Ne laser and assoclated optics were also

added to allow us to guide o laser besm down the center of the main

optics.

»

The data acquisition and control of the interferometer were
performed using & small 'home' computer (Acorn BBC 'B' microcomputer),
The only additional circuitry required was the power control circuit
for the atepper motor and the samplifiers for the various detectors
employed. The laser beam was used to provide a reference, the data

acquisition being triggered using the laser fringes,

The same computer, along with a co-processor to speed up the
procesding, was used to perform the Fourier transform calculationsa.
Two different FT calculation methods were employed : a 'slow'
transform based on the Fourier integral, and the Fast Fourier

Transform (FFT) algorithm developed by Cooley and Tukey in 1965,

Various computational techniques were used to increase both
the speed of calculation and the resolution of the instrument. The use
of a small computer limits the number of interferogram points to
approximately 8000, which corresponds to a resolution of approximately
3.9cm~! (at a sampling interval of Ax=0.3165um). The use of single
sided interferograms increases the effective resolution to 1.9cm~!,
but can introduce some phase errors into the spectrum, resulting in

distorted peak shapes.

The method finally developed to increase the resolution was
to use allased spectra. Allasing comes about from using discrete
sampling intervals, and is manifested by the spectral function
exhibiting mirror symmetry about the sampling frequency (v,). It is
usually classed aa a disadvantaege of FT since both gpectral
information and noise above the folding frequency are reflected back
into the fundamental range, and care must be employed to ensure that
features iIn the spectrum are real and not aliased. If we take longer
sampling intervals, we can make the mirror move a longer distance for
the same number of interferogram points, thus increasing resolution,
however v, algo decreases. If we ensure that there are no spectral

pesaks in the fundamental range (°<“<“n )+ then we can use the aliased
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veraion of the peak of intereat for our studies., Thus by sampling at 3
times the normal distance (Ax=0.989um) we were able to increase the
resolution to 1.3 em™' and at § times (Axw=1.58um), the resolution had
increased to 0.8 ecm*! (2 and U times were not used because these

values put v, in the middle of the peak of intereat).

The spectrometer was used in conjunction with a germanium
detector and discharge flow system to study reactions leading to
chemiluminescence in the 1-2um region. Of particular interest was the

N+O, preaction,

N + O; = NO+ O

from which emission hed already been observed under low resolution.
Under the greater resolution afforded us by the FT spectrometer, we

were able to identify the .emissions as being due to O, a’Ac*x’tu
(1.27pm), NO C'n-A*E (1.22um) and the (2,0), (3.,1) and (4,2)

vibrational overtone transitions of OH (1.40-1,.55um),

The presence of OH emission downstream of the mixing region
showed us not only that H was present as an impurity, but that it was
being regenerated in- the flow tube. A mechanism is presented to
explain this regeheration. The presence of O,('Az) wag also founhd to
be due to H atom impurities and is explained in terms of formation of
excited HO, folowed by energy transfer to 0,. The formation of NO(C)
wags attributed to reaction between N and O atoms and computer
aimulations were able to match observed concentration ~ time profiles
quite well.

Kinetic measurements were made using conventional
spectrometry. N atoms were monitored by following the (0,0) band of
the N, (B-»A) tranajition at 1.05um. Again thé presence of H atoms was ;
felt, resulting in non-linear pseudo-first order decay plots. However,
after taking precautions to remove traces of water from our system the
rate constant for the above resction was measured as Kk=(8.8 t 1,0) x !
10°'7 em’molecule~'s~'. This value ig in excellent agreement with the ;

latest NASA recommendations.
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H.H, NELSON and Brad R.Weiner, Chemistry Division, Naval Research Laboratory,
Washington, DC 20375-5000, USA

The methyl radical (CHy) plays an important role in hydrocarbon combustign systems.
Kinetic studies of the methyl radical, especially as a reaction product, have been hampered by
the lack of a sensitive, convenient detection scheme. It has been monitored in kinetic systems
previously using infrared! and ultraviolet? absorption spectroscopy. These techniques require
the use of long path lengths, which introduces difficulties in reactant preparation, or relatively
high CHg concentrations, which leads to interference from radical-radical reactions. We are
developing resonance-enhanced multiphoton jonization (REMPI) as a concentration probe for
CHjg under typical laboratory. kinetic conditions. The methy! radical is ionized via the 3p 2A,"
state resonance at 333.4 nm, as discussed by Hudgens et al,3, using the fundamental output of
an excimer-pumped dye laser focussed by a 30-cm f.L. lens. The electron current produced is
collected by a pair of parallel plates biased at ~300V, amplified and detected using a gated
integrator. Using CH,I photolysis at 266 nm as a source of methy! radicals to characterize
the'system. we are able to detect kinetically useful concentrations of.CHs at pressures up to
50 Torr of He. At 5 Torr total pressure, our limit of detection of CHy in this system is
~2 x 10! em™3, We will report kinetic measurements of CH, as a product of the reaction of
F atoms with CH,. Studies of the reaction, O + C,H,, are underway and we will present the
results available from this system.

References:
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2) M.T. Macpherson, M.J. Pilling and M.J.C. Smith, Chem. Phys. Lett., 94, 430 (1983)

3) J.W. Hudgens, T.G. DiGiuseppe and M.C. Lin, J, Chem. Phys., 79, 571 (1983)
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Intracavity Detection Applied to Reaction Rate Measurements

J. E. Allen, Jr. and W. D. Brobst’

Astrochemistry Branch, NASA, Goddard Space Flight Center
Greenbelt, MD, .USA 20771

Intracavity laser detection of atoms and molecules was first

1.2 and has steadily matured as a

observed over fifteen years ago
spectroscopic tool. However, it has seen only limited use in
chemical kinetics, despite its demonstrated sensitivity and
obvious applicability for the detection of weakly absorbing or

3,4,5 were

predissociated species. Previous kinetic studies
performed with pulsed lasers which are inherently less sensitive
than cw lasers for intracavity detection. In addition these
experiments were performed for radial species in a static cell
which complicated the kinetics and therefore the rate
measurement. As a consequence while these measurements are in
good agreement with each other, they are all lower than the
recommended value.6 To demonstrate the applicability and
accuracy of cw intracavity absorption, we measured the rate for
the termolecular reaction NO + NO + 02 - 2N02. This reaction is
ideal since it has a wa2ll know rate and can appropriately be
performed in a static cell. Because the reactants are stable
molecules, concentration can easily and accurately be measured
with a capacitance manometer. The product is stable, thereby

making calibration of the detection system straightforward, and




secondary reactions are slow enough not to unduly complicate the

neasurement.

The intracavity spectrometer was built around a commercially
available folded cavity dye laser which was optically pumped by
the 514.5 nm 1line of an argon ion laser. The dye laser cavity
was extended to 1.8 m by removing the standard output coupler and
placing a new output coupler at an appropriate distance from the
dye laser housing. Cavity tuning was accomplished by laterally
translating a coated wedge. A cell 0.5 m long, which had w?dged
windows mounted on arms cut a Brewster’s angle, was placed inside
the cavity and connected to a vacuum system., Pressure
measurements were made with capacitance manometers. The output
from the extended cavity laser was directed to a 0.75 m focal
{ength monochromator and detected with a photomultiplier tube.
The PMT signal was processed by an electrometer and subsequently

displéyed on a strip chart recorder.

Since the reaction was to be followed by monitoring the
appearance of the NO2 product, the system was calibrated by
accurately metering varying quantities of NO2 into the cell and
measuring the depth of the resultant hole produced in the dye
{laser output profile. Plots of this apparent absorbance vs.
absorber concentration were linear over a substantial range,

indicating a Beer - Lambert law type of relationship.

'
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Kinetic experiments were performed with NO in excess of 02
which can be shown to be a pseudo first order condition.
Analysis indicated that NO2 ahazorbarnce is a linear function of
time; a plot of NO2 absorbance vs., time in fact yielded a
straight line whose slope is related to the desirad rvate. A
number of experiments were performed for various laser powers,
reactant concentrations and absorpticn transitions., From these
experiments the rate was determined to be (2.4 + 0.4) x 10"38 cm®
molec'2 sec_1 which is an excellent agrcement with the
recommended rate of (2 + 1) x 10738 ¢ molec™? sec™l.” Tmis
clearly demonstrates the utility of intracavity absorption for

chemical kinetic studies.

* Work supported by the NASA Upper Atmosphere Progran.

+ NASA Graduate Student Researcher from Johns Hopkins University
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ON THE ERRORS OF ARRHENIUS PARAMETERS AND ESTIMATED RATE
CONSTANT VALUES

Karoly Héberger, Sandor Keményl and Tamis Vidéczy
Central Research Institute for Chemistry of the Hungarian
Academy of Sciences, H-1525 Budapest, Pf. 17. Hungary
1 Department of Chemical Engineering, Technical University

of Budapest, Budapest, Hungary

Papers on chemical kinetics usually present numberical
values of raté coefficients (determined over a range of tem-
perature) described by some form of Arrhenius~-type equation.
Though several papexrs suggest coxrrect and useful methods for
the fitting procedure and for calculating the uncertainties1_3,
these methods are not universally utilized. Our aim was to show
the effect of possible errors, and to emphasize the statisti-

cally correct way of data presentation.

1. Two-parameter problem using the equation k=A-exp(B/T)

The problem to be solved is the minimization of

P = ;s; wy [y - acexpln/zy) 12 (1)
where ki is the measured rate coefficient at temperature Ti’
vy is the statistical weight of the i-th measurement, N is the
number of measurements and A and B are the two parameters to
be determined. The possibilities for the determination of the
twvo parameters axe well known4 (e.g. by solving the normal equ-
ation 8F/3A = 0, 9F/dB =0). All the necessary 1nfor@ation about
the uncertainties of the fit can be found in the covariance
matrix

cov(n,p) = 5%+ (2)

where 52 = F/(N~-2) and the eclements of matrix G are defined in

the following way:
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where ﬁi means the estimated rate coefficient at Ti' The best

estimate of the variance of Ei is éiven by

. o&, 2 aﬁi aﬁi ok, 2 ’
Var(ki) = (-;‘)T-) OOVA,A + 2 AT OOVA’B + (ﬁ‘ COVB,B (4)

As the off-diagonal element of COV(A,B) is always negative, the
uncertainty of the rate coefficient will be always overestimated
if the full covariance matrix is not taken into account.

To illustrate the difference between giving only the di-
agonal elements of EQX&QAE; (thus defining a rectangular box
in the parameter space), or giving the full covariance matrix

{vhich defines an ellipse) we plotted the contour map of F for

U“?'N a simulazed set of
-42;

| \ data in Fig. 1. It
=48 | A
- NN\ can be seen that

, S
-5% ﬁﬁ}\\\ the ellipse is a
'G% ?§§::\<: good approximation
-7k . ;

l NN \ to a section of the
-73 S RN
-81.' .

! N
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The importance of correct weighting should be emphasized.

Theoretically wi==1/o§ where o; is the standard deviation of

ki' If the lincarized problem is solved using

7 ’ — - 2 -} o L 2 ra
F' =L wi(ln ki In A B/Ti) , then wiT'wi/ki should be appliead

.

Tnappropriate weighting can result in not only the overestima-

tion of uncertainties, but also biased estimated mean values,

as can be scen from Table 1, where the results of 20 simulated !
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ﬁ fittings are summarized: Table 1

Parameter True value Average value obtained in fitting with
oorrect weighting incorrect weighting
. A 2410710 2,0062+10"1° 2,3328-10" 10

B -620 -620,05 . -671,52

2, Three-paramecter problem using the equation kﬁA“ﬂlexpﬂyT)

Due to the presence of a third parameter (n), the corre-

lation between the parameters is-even more prcnounced. There-
fore, a physically meaningful estimation of all three param-
cters is impossible.2 Our work was aimed to show how the er-
rors of measurement can influcnce the calculated parameters.
Using simulated mecasurements with known errors, we will present
data sets in with the calculated parameters hardly resemble the
input values. In one set where the rate coefficients were cal-
culated exactly (i.e. contained no error), but one ki had an
crror of 1%, the calculated A factor deviated 50% from its
true value. All these simulations indicated that the error of
mecasurement has a detrimental effect on the determination of
the parameter value. Nevertheless, if the aim og the fitting
is to interpolate or extrapolate the rate coefficient value,
the three-parameter fitting is the best possible solution, pro-
: vided that the uncertainty of the estimated rate coefficient is
given in accordance with Eq. (2-4) applied for the three param-
eter case.
For the estimation of activation parameters A and B the
value of "n" should be constrained on the basis of theoretical

considerations, and this is followed by a two-parameter fitting.

1.R.J.CVETANOVIC; D. L. SINGLETON; G . PARASKOVOPOULOS : J . Phys . Chem. 83, 50(1979)
2.K.-M.JDONG;K.~-J.HSU;J.B. JEFFRIES; F. KAUFMAN:J . Phys.Chem. 88, 1222(1984)
3.J.C.I0PEZ;S.C.MARCH; F. C.GARCIA: Ingeneria 0uﬂnica(Madrid)13, 147(1981)
4. D.MUDMIBIM: Process Analysis by Statistical Methods, Chapter 6.

- 176~200 pp. John Wiley & Sons, Inc. New York. 1970




The National Bureau of Standards Chemical Kinetics Data Base

John T. Herron and Robert J. Cvetanovic

Chemical Kinetics Division

National Bureau of Standards, Gaithersburg, Maryland., 20874 USA

The need for large scale chemical kinetic data bases for use
in computer simulation studies of complex chemical phenomena such
as combustion, atmospheric <chemistry and plasma chemistry has
focussed attention on the mechanics of developing such data bases
as well as the more general problem of data evaluation. At NBS we
have been working on the development ot a data base tor gas phase
chemical reactions. The initia) area of application is combustion
chemistry, but the goal is to provide coverage for the whole
range of gas phase reactions.

A data base starts with the identificatfon and acquisiti&n
cf relevant articles from the archival literature followed by the
abstracting and entry of numerical data into the data base. The
design of the data base management system is a cruclial element in
tﬁe effectiveness of the system. The NBS data base management
system uses five functionally and logically (interrelated datsa
bases to handle chemical kinetic data:

DB_CHEHM (dictionary of chemical species) fdentifies reactant or

product chemical species through the use ot unique identitiers.
Each species 1is assigned a CHEM Access Number, and is described
by the Chemical Abstractr Service chemical name and registration

nunber, common synonyms, molecular formula in a standard ordsr ot

[-25
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arrangement, and an asgssigned lsomer {ndex number.

DB _RDIC (dictionary of chemical reactions) identifies chemical
reactions through the use of search codes automatically generated
from CHEM Access Numbers. Each reaction s assfigned an RDIC

Access Number.

heogd

DB_KDAT (kinetic data) contains the values of kinetic parameters
tor individual reactions identified by their RDIC Access Numbers.
DE__BIBB (bibliography) contains the bibliographic citations to
the data and can be searched by author, year, journal, ete,
DB_JRNS (chemica! journzlsz) contains information on the standard
abbreviations used for journals.

These five data bases are supported by various application
programs to atlow easy searching and wupdating of the numerical
data base.Searching strategles can be based on chemical species,
classes of reactant or product specles, or kind of data
texperimental, theoretical, ete.).

A primary objective of the data base design is to allow
flexibility {n output format -based— on a simnple input format
procedure. Table 1 {s an example of an- output formatted data
sheet which accurately reflects the input format,

The data svaluation actlivities of the Chemical Kinetics Data
Center are concerned primartly with the general area of
combustion chemistry. Because of the wide range of temperature
and pressure enpcountered in combustfon systems., evaluation
requires not only an examination of the wvalidity of reported
data, but also the use of a theoretical framework for fitting and

extrapolating the data. Examples of data evaluation in the form

RPN




ot data sheets for individusl reactions in the methane oxidation
system will be shown (Tsang and Hampson, 1986).

Table 1.Example of Input Data Format

Reaction, Reference Code and Notes Ph= Data Temp. X, K/k(ret), n B, k,A k orr.
ase type A,A/A(Tef) B-B(ref) units factor

Oll+0-‘l{+02

Hydroxyl + Oxygen atom

63 BRU/SCH2 G EX 298 (1.8720.30)(13) - - 2
Reaction of Ol radicals with O atom in a
fast~flow reactor. Laser-magnetic resonance.
Resonance~fluoxescence. Resonance-absorption,
P = 1-5 Torr.(He, or Ar)

83 TEM G EX 2086 (4,0£1,2)(13) - - 2
Reaction of Hydroxyl radicals with O atoms
by Far~Infrared Laser-Magnetic-Resonance
Spectrometry.

OH + H02 - 1120 + 02 '

Hydroxyl + Hydroperoxo

83 SCH G EX 298 (4,46120,12)(13) - - 2
Reaction of OH with HO_ in a fast~flow re-
actor, Laser-megnetic resonance. Rosonance-
fluorescence. Resonance-absorption,
P = 1-5 Torr. (He, or Ar)
83 TEM G EX 286 (4,021,2(13) - - 2
Reaction of Hydroxyl redicals with Hydro~
peroxo radicsls by Far-Infrared Laser-Hagne-
tic-Resonance Spectrometry.

OH + “202 - H02 + Hzo

Hydroxyl + Hydrogen peroxide

83 LAM/MOL 1) G EX 241-413  (4,2221.20)( 4) 2.5 =838:86 2
83 LAM/MOL ) G EX 294 (1.0820.18)(12) - - 2
1) Reaction of OH with B O in & Pyrex re-
action csll, Flash-photolysis. Resonance~
fluorescence. OH radicals generated by Flash-
photolysis of H O , or HONO_. Curved
Archenfus plot. P(H 0.) = 0.7-1,2 Torr.
P(HONO ) =~ 5-10 Torr. P(He) = 760 Torr.
83 TEM G EX 296 (1.020.2¢12) - - 2
Reaction of Hydroxyl radicals with Hydro-
son peroxide by Far-Infrared Laser-Magnetic~
Resonance Spectrometry.
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SPECTROSCOPY OF HO; AND CH;0, RADICALS AND
THE KINETICS OF THEIR MUTUAL REACTION

X McADAM, H. FORGES, and B, VEYRET
LABORATOIRE DF CHIMIE PHYSIQUE A
UNIVERSITE DE BORDEAUX {
33405 . TALENCE . CEDEX . FRANCE

INTRODUCTION:

The reactions of peroxy radicals play an important role in atmospheric
and combustion chemistry. For example, the competition between NO and
HO, for methyl peroxy radicals is known to be one of the most important

factors determining the rate of production of ozone in the troposphere.
While there have been mavy kinetic studies of the reactions of these
radicals, in particular the sel-reactions of CH302 and HO, radicalsl, there

is a need for another direct determination of the rate constant for the
cross reaction:
CH302 + HOZ ~=-) CH300H + 02

The only direct study, by Cox and Tyndall 2, revealed a reaction with a
large negative temperature coefficient, similar to that of the HOZ + HOp

reaction, and a room temperature rate constant of 6.0 x 10-12
cm3molecules™!s! a1 760 Torr pressure. However, recent work by
Moortgat et al3 , and the product analysis results of Kan et al.‘. produced
values of 3.7 x 10712 gnd 1.3x 10712 ¢m3 motecutes!s~! respectively. In
view of the importance of this reaction and of this disagreement, we have
started a detailed study of this reaction,

BXPERIMENTAL:
; All experiments have been carried out using our flash photolysis-U.V.
absorption apparatus. Reactant gas mixtures flow through a thermostated
Pyrex reaction cell. HO, and CH302 radicals are produced by competition
1 between CH30H and CHy, respectively, for the Cl atoms generated by
,‘ flashing Cl, / CH 30}{ / CHg /0y / Ny mixtures. The analysing beam (from
‘ aD, lamp ) passes through the cell,via quartz windows, and impinges onto

a monochromator . The signaf from the photomultiplier is.fed through a
transient recorder to a microcomputer for accumulation and subsequent
analysis by computer simulations.




RESULTS:

There have been a number of studies of the U.V. spectra of the two
radicals. While there is good agreement on the shape and magnitude of the
HO, spectrum, there is some uncertainty over the magnitude of the CH302

spectrums. For example, at 250nm the values available for 0" range from
2.5 to 5.0 x 10718 cm2motecule™!. We therefore started our study by
determining the spectra of HOZ and CH302 over the wavelength range 200
- 270 nm. )

By using the same conditions of flash intensity and Cl, concentration,

for each of the radical sources, we were able to obiain specira for the two
radicals ( fig.I ) with an absolute measurement of their relative
cross-sections. The O-axis scale was obtained by normalising our value at
210nm for HO, to the value given in the latest NASA reportl.

F16, 1 3 u,v, SPECTRA OF CH30g AND K09,

{x 10%ca%morecute™ )

"02

1 I} l"') 1 1, L

W 20 w20 20 20 20 260 270
Separate studies of the CH302 + CH302 and HO, + HO, reactions gave

rate constants consistent with the results of -previous workers. Analysis of
results from the CH302 + HO, reaction reveal that the reaction has a
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pressure dependant component ( fig.2 ). Our present values, between 100
and 600 torr, lead to & prefiminary expression for the rate constant, at
298K, of
k= 43x 10712 + 67x10°32x M1 cm3motecute”! s'l

although the value from 400 Torr up 1o atmos [Jheric pressure appears {0
be constant at (5.5 * 0.5) x 10712 cm3molecute™!s™!, in agreement with the
value of Cox and Tyndall. Further experiments are currently underway to
provide more information about the temperature and water vapour
dependencies of this reaction.

References
1. DeMore et. al,, Evaluation No.7 of the NASA Panel for Dsta Evaluation. JPL
Publication 85-37 ( 1983 ).
2. RA.Coxand GS. Tyndall;1980, J. Chem. Soc., Faraday Trans, II,76 p.1533.
3. Moorigatet sl This meeting.
4. Kan et.al., 1980, J. Phys.Chem. , 84 p. 3411,
5. S.P. SandarandRT Watson, 1981 J. Phys. Chem.’ .83, p.2964.
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THE KINETICS OF HYDROXYL RADICAL REACTIONS WITH ALKANES

STUDIED UNDER ATMOSPHERIC CONDITIONS

S J HARRIS and J A KERR

Department of Chemistry
University of Birxmingham
Birmingham B15 27T
ENGLAND

ABSTRACT

A photolytic flow system has been constructed to study the reactions of
hydroxyl radicals under tropospheric conditions (synthetic air mixture at
atmospheric pressure) and over a range of atmospherically relevant
temperatures (-30 to +50°C). The hydroxyl radicals were generated from the
photolysis of methyl nitrite in the.presence of added nitric oxide and they
have been reacted with pairs of alkanes. The relative rates of the two
hydroxyl-alkane reactions were monitored by following the rates of decay

of the alkanes.

These reactions have been studied to provide additional data on the
temperature coefficients of OH + alkane reactions, which will enable the
development of more sophisticated bond additivity schemes for the rate
constants of these reactions, which are needed in computer modelling of
tropospheric systems.
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RATE CONSTANT AND MECHANISM OF THE REACTION OH+HCOOH

G.8. Jolly, D.J. McKenney, D.L. Singleton, G. Paraskevopoulos
and A.R. Bossard, Division of Chemistry, National Research

Council of Canada, Ottawa, Canada, K1A ORO,

Formic acid consisting of mixtures of monomer and dimer was

photolysed at 222 nm using a pulsed KrCl excimer laser. The

monomer ylelds OH with a quantum yield ¢(OH)=1.00:0.08, whereas

the dimer does not yield OH. This indicates that the dominant,

if not -the only, path of photolysis of the monomer is,
HCOON+hy ——p OH+HCO.

The kinetics of the subsequent reaction of OH with the monomer

and dimer of formic acld was studied -at 296K by following t?e

pseudo~first-order decay of OH, [HCOOH}>>[OH]}, by time resolved

resonance absorption at 308.2 nm, Pseudo-first-order rate con-

stants, kI’ were obtained for a range of formic acid pressures
from the slopes of linear plots of 1n([0H]/[0H]0) against time.

The apparatus and technigue have been described before.!

A plot of kI against the concentration of formic acid,

{monomer+dimer], is shown in figure 1, and is clearly unon

linear, indicative of different rates of reaction of the monomer

and dimer of formic acid with OH. The values of the second-

order rate constants, for the reactions of OH with the monomer,
kz' and the dimer, k3,.were obtained by non-linear least squares

fitting of equation I to the data in fig. 1.

kI = kz[monomer]+k3[dimer] (1)

B ———-:i—v;‘:\;;
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where the concentrations of the monomer &nd dimer were calcu-
lated at each pressure of formic acid from the literature value
of the equilibrium constant, K=(HCOOH)2/(HCOOH)2, taken at 296K
as K=1.09x10"7 mol/cm3. The resulting values in cm3/mol s at
the 95% confidence intervals are: k2=(2.95:0.07)x1011 and
k3=010.15)x1011. Our value is in excellent agreement with the
recent value of Wine et al,? (2.78:0.47)x101}!, but is ~50%
greater tqan the value of Zetzsch and Stuhl.3 There was no
significant concentration of dimer in both previous studies
because of the very low pressures of formic acid.

Computer simulations of experiments with 0.5 torr of 02
indicate that H-atoms are formgd during the reaction in agree~
ment with ref., 2. Our results and those of ref. 2, i.e., a)
dimer much less reactive than monomer, b) rate constant essen-
tially constant from 298 to 430K,? and c¢) little isotope effect
for DCOOH,? are consistent with a complex mechanism in which H
is preferentially abstracted from the OH rather than the CH bond
of the acid, despite its being ~14 kcal/mol stronger. The
resulting HCOO radical dissoclates to H+C02. A BEBO calculafion
indicates an activation energy of 1-2 kcal/mol less for abstrac-
tion from the OH bond compared to the CH bond. The lower
activation energy may be attributed to reversible formation of a
hydrogen bonded adduct between OH and formic acid, followed by
transfer of the hydroxylic hydrogen in the adduct.

Refexrences
1. G.S. Jolly, G. Paraskevopoulos and D.L. Singleton, Chem.

Phys. Letters 117, 132 (1985).
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2. P.H. Wine, R.J. Astalos and R.L. Mauldin I[II, J. Phys. Chem.
89, 2660 (1985).

3. C. Zetzsch and F. Stuhl, "Physicochemical Behaviour of
Atmospheric Pollutants".. Proceedings of the Second European

Symposium; Reidel: Dodrecht, 1982, p. 129,
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THE REACTIONS OF HYDROXYL RADICALS WITH AROMATIC COMPOUNDS

D.L.Baulch, Y.M.Campbell and S.M.Saunders

Department of Physical Chemistry, University of Leeds, U.K.

Rate constants for the gas phase reactions of the hydroxyl radical
with aromatic hydrocarbons are of fundamental importance for modelling the
chemistry of polluted urban atmospheres, combustion processes, and soot
formation.

In the present study rate constants for the reaction of OH with
benzene (I), indane (II) and indene (IIX) were measured at 295K and over

the pressure range 0.30 - 4.76 Torr.

Experimental

A conventional fast-flow discharge system was used. OH was
generated by the fast reaction of H atoms with NO, and changes in OH
concentration were monitcred by resonance fluorescence using microwave-
powered discharge lamps. Helium was used as the carrier gas.

All of the reactions were studied under pseudo-first order conditions.

0 2.5%10™° no1 an™>

and of the aromatic compounds in the range 1 x 10_9 -6 x 10-7 mol dm"3.

Concentrations of OH were in the range 1.1 x 10.l

The possible effects of potential competing reactions of radicals produced

in t.»; reaction were checked by computer simulation. Values of the

pseudo-1.:.5t order rate constant, k' , were obtained from the temporal

decays of [OH]. Plots of k' versus [Aromatic] were linear, the slcpe

yielding the second order rate constant, and all gave intercepts, kw , 1
which agreed with the independently measured values of the wall decay

wwastant.,
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Results and Discussion

The measured values of the second order rate constant axe shown

in Table 1.
Table 1

Compound 1078 k/dm3 mo1™} 57! Pressure/Toxr.

Benzene 0.321 £ 0.027 0.45
0.879 % 0.045 1.17
2,18 + 0,27 2,91
3.13 ¢ 0.18 4.76

Indane 54.4 % 8.0 0.3
$6.9 8.4 1.2

Indene 68.4 % 10.0 0.24
99.4 & 11.5 0.42
207.0 % 30.0 1.14
307.0 % 46.0 1.81

Benzene

The rate constant for reactibn with benzene is pressure dependent
as would be expected if the reaction involves primarily addition to the
ring followed by decomposition or collisional stabilization of the adduct.
The dependence on pressure is linear within experimental erxor over the
range studied and linear extrapolation to zero benzene concentration
yields only a very small intercept on the ordinate suggesting little, if
any, contrxibution from abstraction pathways.

The values of k obtained are significantly lower (factor of 1.5-2.0)
than obtained in the only other comparable work by others overlapping the
pressure range studied here. In that work, by flash photolysis, the bath
gas used was argon and the work did not extend to as low a pressure as the

present study.




When unimolecular reaction rate theory is applied to the present e
results together with those obtained by others at high pressures the outcome
suggests that the high pressure limiting value for k is larger than hitherto
suggested and at the highest pressures used (600 Torr.) the reaction is
still far from its high pressure limit.
Indane

The reaction with indane was studied at only two pressures but the
constancy of k over this range suggests that the reaction mechanism
involves hydrogen abstraction from the five membered ring rather than
addition. The high value of k is comparable with values for abstraction
from other polycyclic compounds.
Indene

The results for indene also show a pressure dependent k. If plots
of k versus [Indene) are extrapolated linearly to zero indene concentration
a substantial intercept is obtained suggesting that both pressure dependent
and pressure independent pathways are operative corresponding to addition
and abstraction. However such an interpretation can only be tentative
since the existir. ¢~ are too sparse to be sure that a linear
interpretation is vaild.

The high values of k obtained for the pressure dependent pathway
suggest that addition is occurring at the double bond in the five membered

ring which is behaving as an olefin rather than part of the aromatic

system,
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KEASUREMENT OF THE RATE CONSTANT OF THE REACTION OR + H=S --> PRODUCTS

1IN THE RANGE 243-473 K BY DISCHARGE PLOY LASER INDUCED FLUORESCENCE

P. DEVOLDER ~ C. LAFAGE -~ L.R. SOCHET
Laboratoire de Cinétique et Chimie de la Combustion.
VA CNKS 876. Université des Sciences et Techniques de Lille.

59655 Villeneuve d'Ascq Cedex. France.

The reaction 1, O + 12§ -~-> HUS + 020 is an important step in the
combustion process of foesil fuels and. is believed to represeat a major
gink for H2S ia earth’s atmosphere. In contradiction to older mcasurements,
recent measurements of ki suggested the existence of an unexpected minimun
of the rate constant near room temperature, which is difficult to interpret
on lhe basis of a simple abstraction mechanism. Ve have performed a new
investigation of the reaction 1 in the range 243-473 K with the discharge
flow technique associated with the .scnaltive detlection of OH by laser
induced fluorescence. Our results confirm the existence of a flat minimun of
ki in the ronge 263 - 296 K : kn = (30t 8) 10~'> cm®s~' with a slight

increase towards largor temperatures.




Reactions of OH Radicals with Reduced Sulphur Campounds
I. Barnes, V. Bastian and K.H. Becker

Physikalische Chemie/FB 9
Bergische Universitdt-Gesamthochschule Wuppertal
D 5600 Wuppertal 1

Presented here are results on the kinetics and products of the react-
ions of OH with a number of aliphatic thiols, aliphatic sulphides,
dimethyl disulphide ,Cll3SSCH3,(DNDS), dimethyl sulphoxide, (CH3)2SO,
(DMSO), thiophenol and tetrahydrothiophene. The experiments were carried
out in glass reaction chambers of different volumes at 1 atm total
pressure and room temperature using either the photolysis of methyl
nitrate (Cll30NO) in the presence of NO or }1202 as a NO » free OH radical
source. The competitive kinetics method was used to determine the Of rate
constants and in situ long-path Fourier transform absorption spectroscopy
(FTIR) was employed for the product analyses. Experimental details can be
found elsewhere /1,2,3/.

Experiments performed in 1 atm air using the photolysis of CH30N0
as the OH source led to erroneously high rate constants for all of the
thiols and sulphides investigated with the exception of HZS and DMDS
/4/. Recent work has shown that radical chains, possibly involving
oxygenated Cll3s radicals, are responsible for the high rate constants
and it has been concluded that kinetic studies by the relative method
in the presence of nitric oxides will not yield reliable rate constants
for the reaction of OH with thiols and sulphides /2/.

Because of the above difficulties the rate constants for the above
mentioned reactions were determined in 1 atm N2 using the photolysis
of H?_O2 as the OH source. The rate constants obtained using this method
were in good agreement with the available literature values /5/. Table 1
lists the OH rate constants obtained for various sulphur compounds.

When the reactions of OH with the thiols were investigated in 1 atm
air using H202 as the OH source the rate constants were between 20-30%
higher than the corresponding ratc constants determined in N2. Wine et
al. /8/ failed to detect an 02 effect for these reactions and secondary
chemistry involving CH3SOx is probably responsible for the effect
observed here. For DMS the rate constant rose from (4.4_~_P_0.4)>¢10-12 cm3/s
in N, to (8.040.5) %1012 cnd/s in air. A small oxygen effect has been
reported for the reaction of OH with DMS using an absolute method /6/.
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tiowever, in the present work it is not clear whether the observed increase
is Que to an oxygen effect as has been found for OH + CS, /1/ or is caused
by secondary chemistry.
Existing product analyses to date of the reaction of OH with thiols
and sulphides have been carried out in the presence of relatively large
concentrations of nitric oxides which are unrealistic and which could
influence the product distributions of these reactions. Under these con-
ditions 502 (~30%) and methane sulphonic acid #/50%) were observed to be
the major products for the reactions of OH with DMS, DMDS and CH,SH /5,9/.
Preliminary product analyses have been carried out in this laboratory
on the reaction of OH with DMS, DMSO and CH3SH in NOx free systems in air
using the photolysis of HZOZ as the OH source. For DMS the yield of 502
was found to be as high as 70+10%. Dimethyl sulphone (DMSOZ) was also
formed ,however its origin is not fully certain at present. It is formed
partly in a dark reaction between DMS and Hzo2 but the observed concent-
ration can not be explained solely by this source. DMSO was not cbserved
but other products which were qualitatively identified included HCOOH,
ICHO and CO. After spectral stripping and an unidentified peak remained
at 1050 cm Y. The reaction of OH with DMS yielded DMSO, as the major
product. For CH3SH the yield of SO2 was 80% and other products included
HCOOH, HCHO and CC As for OH + DMS an unidentified peak was observed at
1050 cm-l. From these results and the product formation observed during
experiments on the photolysis of DMSS it can be concluded that CH3S and its
O2 adducts determine the product spect-:r:um. In the presence of NO, CH3$0
is probably being formed leading subsequently to the formation of CH3SO3H.
References
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Table 1, Collected rate constants for the reactions of OH radicals with
st, aliphatic thiols and sulphides, DMDS, DMSO,thiophenol and

tetrahydrothiophene.
Chamber 300 K 313 K
-11 _3 -11 3
Reactant Ref Volume(l) | k(10 cm/s) k(10 cm”/s)
H,S | ethene 40 ©0.5240.08
CH SH | propene 20 3.6+0.4 3.310.4
C,isH " " 4.540.5 4.440.4
n~C,H,SH " " 5.310.6 5.0%0.7
i-—C3H7SH v " 3.940.4 3.640.3
n-C,H St " " 5.6+0.4 5.410.5
i-C HgSH " " 4.610.5 3.740.5
sec-C 4HgSH " " 3.840.6 3.140.3
tert~C HgSH “ " 2.940.4 2.3+0.4
CcH,,SH “ " 5.240.3 4.240.5
(2-methyl-~butanethiol)
*
C GHSSH n-hexane 1.140.2 -
(CH3)28 ethene 420 0.44+0,04 ~
(czus)zs " " 1.140.2 ~
" " -
(C3H7)25* 1.940,2
(CH,) S0 |cis-butene " 5.8+2.3 -
CHjSSCH; | trans-butene  * 21 42 -

*) st' thiophenol and DMSO were measured in 1 atm air using the photo-
lysis of CH30N0 as the OH source and the remainder were measured in
1 atm N2 using the photolysis of HZO2 as the O source.

!
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REACTIONS OF HYDROXYL RADICALS WITH SULPHUR CONTAINING COMPOUKNDS

P Pagsberg and 0 J Nielsen

Ris¢ National Laboratory, Denmark

J Treacy, L Nelson and H Sidebottom

University College Dublin, Ireland

Biogenic and anthropogenic emissions of sulphur compounds are thought

to be about equal. In order that the contribution of anthropogenic
emissions to acid deposition can be precisely defined it is clear that
an understanding of the natural sulphur cycle is desirable. Reduced
sulphur compounds such as HZS’ CSz, CHBSCH3 and CH3SSCH3 are considerad
to be the most important biogenic sources of sulphur in the troposphere.
These compounds are thought to be oxidized by homogeneous reactions
involving hydroxyl radical initia;ed processes, however detailed reaction
mechanisms renmain obscure. Numerous experimental studies have been
reported concerning the kinetics of these reactions,however, there is
often conflict between rate constant data determined using absolute

methods at low pressure and relative teclniques under simulated atmospheric

conditions.

The reaction of hydroxyl radicals with a number of reduced sulphur
containing compounds have been studied using both a relative rate method
and by a pulsed radiolysis~kinetic spectroscopy technique. In the
relative rate measurements hydroxyl radicals were generated-either by

H the photolysis of nitrous acid or methyl nitrite in synthetic air,
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The decay of the sulphur compounds was measured relative to a reference

hydrocarbon and the rate constant derived from the integrated rate equation.
In [S]O/(s]t = ks/kRIn[R)OIIRH]t.lc was evident from the results that

in all the runs the concentration time data plotted in the form of

the above equation showed significant curvature. Also the measured
rate of reaction of HO with alkyl sulphides was found to increase with
increases in the concentration of added NO. Product analysis studies
showed that, apart from HO radicals, a reaction product is involved

in the removal of sulphides in static photolysis systems involving
NOx species. 1t would appear, therefore, that rate data obtained
from the relative rate mecthod using efther nitrous acid or methyl

nitrite as the hdyroxyl radical source are unreliable.

Absolute rate constant data for the reaction of HO radicals with a
range of reduced sulphur conmpounds have been determined at atmospheric
pressure, Hydroxyl radicals were produced by pulse radiolysis of
water vapour-argon mixtures and the decay rate monitored by transient
light absorption at 309 mm. Under the experimental conditions vused,
(S]o > [HO]O, the hydroxyl concentration followed a simple
exponential decay over at least three half-lives. Rate constant
data obtained for a series of alkyl sulphides can be rationalized

in terms of a mechanism involving hydrogen abstraction.
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RATE CONSTANTS FOR THE REACTIONS OF OD WITH DNO, AND NO,

A.R. Bossard, D.L. Singleton and G. Paraskevopoulos, Division of
Chemistry, National Research Council of Canada, Ottawa, Canada,

K1A ORO.

Absolute rate constants for the reactions of OD radicals
with DNO3 and NO2 have been measured at 297K and over a range of
pressures of éFG. OD radicals were generated by pulsed laser
photolysis of DNOJ at 222 nm (KrCl excimer laser) and their
decay was followed by time resolved resonance absorption at
307.6 nm. Pseudo-first-order rate constants, kI' for [DN03] or
[N02]>>[0D1, were calculatéd from the slopes of linear plots of
1n([0H]/[OH]0) against time. Second-order rate constants, k,,
were calculated from the values of k[' obtained over a range of
reactant concentrations. The concentration of DNO, was measured
in the cell either manometrically (when alone), or spectro-
photometrically at 210 nm (in mixtures with SFg). NO,, which
was always present (0.05 to 0.15%), or was added in the rate
measurements of 0D+NO2 (2 to 3%), was also measured in the cell
spectrophotometrically at 405 nm. The apparatus, technique and
treatment of the data have been described before.!

0D+DN03. Rate constants were measured over a range of pressures

(1.2 to 30 torr) of DNO, alone, and in the presence of 107 torr
SFg. The values were corrected for the contribution to the rate
constant of the reaction OD+NO,+M. The corrections ranged from

5 to 25% of the measured rates at low pressures and from 28 to
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43% at 107 torr of SF;. The corrected values in emd/mol s were:
k(1.2-30 torr)=(5.67:0.75)x10%, and k(107 torr)=(8.58:0.75)x109
where the indicated uncertainties are the 95% confidence
intervals. However, because the reaction is slow, small values
of kI requiring large correctlons were measured for the avail-
able pressure range of DNOa. Therefore, confirmation of our
values by different technliques should be useful.

The present results show a marked pressure effect (51%
increase for 107 torr SFG). in contrast to the reaction with
HNO3 for which 600 torr of SF6 increased the rate constant by
£10% at room temperature.! This indicates that the reaction
proceeds through an excited intermediate and is in line with the
prediction, by Lamb et al,? of é weak pressure dependence for
OH+HNO, and a larger one for OD+DNO;. Combined with our value
of the rate constant of the reaction OH+HNO, (7.57:0.64)x1039) !
our results indicate a very large isotope effect for the
reaction of hydroxyl radicals with nitric acid, ku/kD~13.
OD+NO,+8F.. The rate constant of this reaction was needed in
order to correct for its contribution to the reaction OD+DNO,
above. It was measured, for the first time, in the presence of
5 to 500 torr SFG, by adding NO2 to DNO3 so that the reaction
with NO2 dominates. The values obtained are in good agreement
with those reported for the reaction OH+HNO;, in the same

pressure range of SP6.3 As expected there is no isotope effect

for the addition reaction.
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THE XYNETICS OF TUE REACTIONS
OF THE HYDROXYL RADICAL WITH
MOLECULAR CHLORINE AND BROMINE.
Rl}nik B. Boodaghians, Ian ¥, jlall
and Richard P, Vayne‘.
Pbysical Chemistry Laboratory, South Parks Roud,
Oxford, 0X1 3QZ, England.

The rate constants for the reactions
o L. -1
Of + C1, -)HOC1 + C1 AH,gqu+4.3kY mol (1)
Off + Br, -3li0Br + Br Alygg=-38.05k7 n501'1 (2)

have been measured over a range of temperatures botween 253X and 333K by

using s discharge flow resonance fluorescence technique,

The rate constant for the reaction of OH with 012 increases with
temperature, and the cesults fit 2 simple Arrhenius expression, In
contrast, no significant temperature dependence could be dotected for

the reaction of OH wath Brz,

Brperimental.

In thoese investigations, the discharge flow method was used to
generate II atoms which vere reacted with excoss NO2 to produce Ou. The
concentration of OH was kept below 521011 molecnle cu 3 to minimise the
sffect of xecondary reactions., Time resolution was ackisved by adding
the molecnlar halogens at ditferent points in the flow tube via 1
slidirg injector., The rate of reaction was determincd by monitoring the
péende first order decay of OH, using ax ExI 9757B pbo;omultiplier to

cbserve the resonance fluorescence at 308 nm.

The walls of the Pyrex flow tube and the stainless steel
fivorzscence cell were coated with halocarbon wax to minimisc wall
1oss¢§ of reactive specics. With this coating, wall loss rates of Off
were typically 5 to 10 s-l. Temperature regulation wss achieved by
~circuluting liquid from a themostatically-controlled reservoir through

the ouvter jacket of the flow tube,
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Results.

At 293K, the cate constants for the reaction of Oit with Cl2 and B:z
are
14 3 —1,—1

k, = (6.84 + 1,01) x 107*% cm molecute

1 3 -1,-1

ky = (3.36 £ 1.23) x 107°" cm molecule

These results compare favourably with previously reported values in the
literature [1]. The Arrhenius expression for tne OH + Cl2 renction
between 255K and 333K is

ky=(1.68 & :’g;)xlo_lzcxp[-(9111373)/T] em molecule 1s71,

For the reaction of OH with Btz, the moasured rate constants at various

temperatures are

T/X k, / cxnanole:cule_ls"1

262 (2.05 +1.18) x 10711,
213 (2.45 + 1,01) x 10”11
293 (3.36 +1,23) x 107}
303 (3.03 % 1.40) x 10712

As the table shows, the rate constants are much less dependent on
temperature than are those for rxeaction (1), and the errors produced by
least squares fitting are correspoundingly large. One may vegard reaction
(2) as veing temperature independent over the range 262K to 303K,

Liscussion,

¥e believe these sre the first reported studies of ths temperature
dependences of the title reactions, The Arrhenius parameters presented
in this rzport permit us to investigate possible trends in reactivity
betreen radicals and molecules that may shed 1ight on the detsiled
mechsnism of reaction, as well as offering predictive poszsiblities.
Zrech and YcRadden [2] have found that the activation energy is
inversely related to the polarizability of the co~reactant for sevoral
different series of radical reactions, We find evidence for such a
relationship in the reactions of OH with the halogens [1}. We also find

evidonce for e corrolatjon botlwoen radicat-molcculs roactivity and the

I
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electron atfinity of the radical partner {1}, as previously suggested by

Loewenstein and Anderson (3].
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REACTIONS OF Ol RADTCALS WITH ACETATES AND GLYCOLS

¥
D. Hartmann, D. Rhisa, A. Gédra, and R. Zellner
Institut fiir Physikalische Chemie, Universitlt GOttingen,
3400 G8ttingen, Fed. Rep. of Germany

Rate constants for the reactions of hydroxyl radicals with
(1) n-butyl-acetate, (2) 2-ethoxyethanol, (3) 2-butoxyethanol,
and (4) 1-acetoxy-2~ethoxyethane over the temperature range
T = 298 - 516 K have been measured by a combined laser photo-
lysis/resonance fluorescence (LPRF) technique. An excimer
laser (EMG 100, Lambda Physik) was used as a monochromatic
light source for the photolytic generation of OH from HNO3 at
193 nm (AxF). The detection of OH was by time resolved A - X
resonance fluorescence excited by a microwave discharge of
H,0 in Ax. All experiments were carried out under pseudo-
first order kinetic conditions with the hydrocarbon concen-
tration in excess over OH (> 10). Second order rate coeffi-

cients were obtained from plots of k vs, the reagent con-

i1st .
centration. The results can ‘be represented by the Arrhenius

expressions:

ky (D) = (3.1 £ 0.7) - 101 exp(-594 + 126/T) cm’ s~
_ -11 3 _-1
k2 () = (1.8 £ 0.4) *» 10 exp(~120 ¢+ 30/T) cm” s
ky (T) = (1.4 % 0.3) 101" emd 71
-12 , 3 -1
ky {T) = (3.6 2 0.8) + 10712 exp(383 + 80/1) cm’ s

The rate constants at 298 K have been compared with semi-
empirical predictions based on individual C-H bond reactivi-
ties (lleicklen, a)) or characteristic group reactivities
(Atkinson, b)). One of these predictive techniques is based
on measured or estimated C-H bond dissociation energies and
considers only the effects of substituent groups or atoms on

. e L

on lcave from Central Research Institute for Chemistry,
Budapest, lungary
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the a-carbon (a), whereas the other technique is based on the
estimation of CH3— ¢ —CHE , and -CH= group rate constants
and takes into account the effects of B-substituents (b). The
difference between the predicted and observed rate coeffi-
cients is within about a factor of 2,5 and 1.5 for methods
(a) and (b), respcctively. It is found that the primary reac-
tion is dominated in all cases by the H atom abstraction from
the -O-Cuz-moiety (C-H bond dissociation enerqy = 377 kJmol-1,
expept compound (1)). The subsequent route ¢f atmospheric
degradation is similar to the known atmospheric CH4 oxidation
scheme. The atmospheric lifetime with respect to the reaction
with OH radicals has been estimated to be about two days

(2, 3, 4) and one week (1) for an average tropospheric OH

concentration of 106 cm~3.
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KINETICS OF THE REACTIONS OF SH WITH NO, AND 0p

Ba. A, Stachnik and M. J. Molina
Jet Propulsion Laboratory, California Inatitute of Technology,

Pasadena, California, USA

Substantisl effort has been directed in recent years toward
understanding the chemistry of atmospheric sulphur compounds, HpS, a
significant form of biogenic sulphur emisaion, is believed to be

renoved from the troposphers primarily by reaction with hydroxyl

radiocal:

1) HS+ OH ==> SH + Hy0 = 4.7 x 10712 cnds™t

The atmoapherio chemistry of the mercapto radical, SH, has been the
subject of several recent kinetio and modelling studies; however, the
detaila of the subsequent oxidation of this radical remain to be
elucidated. This work examines the reactions of SH with NO, and 0,.

Rate constant values for the reaction

2) S+ NO, ~-> HSO + NO
reported by Black(!) [k,=(3.520.4) x10=1! om3s~1] and by Friedl et
81.(2) [k,=2(3.040.8) x10~11 on3s~1] differ substantially from the

determimation by Howard(3) (k2=6.7 x10-11 om3s'1). The reaction

3) SH4+ 0, ==> OH + SO
has not been observed, Upper limits for the rate constant imposed by
Tiee et al(%) (k3 < 3.2 x10715 on3s~1), Black(!) (k5 < & x10717
om3s=1), and Priedl ot al.(2) (k3 < 1 x10~17 om3s™1) do not eliminate
reaction 3 as a significant rémoval prooess for tropospheric SH

SH radicals were generated in this study by photodissociation of

328 with pulsed ArF excimer laser emission at 193 nm, This process




produces SH radicals with negligible vibrational excitation, The
subsequent decay of the initial SH concentration was measured by

monitoring the transient absorption due to the A2EH(v120)< X2 (v"=0)

_band near 324 nm,

The rate oonstant for the reaction of SH with NO, was determined
by measuring the pseudo-first order decay rate, kI, of SH ([SH)l,= 4 x
1012 om=3) with NO, present ([NOl= 0.3 - 4.0 x 1074 en=3), 0, was
added to sequester the H atom photofragment and, thereby, elimimate
secondary gensration of SH by the reactions:
4) H+ NO, --> OH + NO
5) H+ HyS ==> SH + H,
Values of k, were determiryd at 100 torr and 730 torr total pressure
with N, as the diluent gas at 298 'K from plots of kI versus [HOZJ. The
result is Ky= (4,8 £1.0) x10°11 om3s~7, independent of total pressure,
A slow reaction between SH and 0, reaction 3, followed by
reaotion 1 would be a zero net loss for SH since k3[02] << kl[ﬂasL
Evidence for SH removal by reaction with 0, was distinguished from
radical-radical and other second order chemistry by ne_asuring the

increase in decay rate upon addition of CO, which removes OH, over a

range of initial SH concentration, An upper limit for k3 of §x 10'19

om3 =1 was obtained upon extrapclation to zero initial SH
concentration, This value is smaller by a factor of 25 than the
previously reported bound, .

The research desoribed in this paper was carried out by the Jet
Propulsion Laboratory, Californja Institute of Technology, under

contract with the Natioml Aeromutios and Space Administration,
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ABSTRACT
LASER-INDUCED FLUORESCENCE STUDIES OF THE CH3S RADICAL

Graham Black and Leonard E. Jusinski
Chemical Physics Laboratory
SRI International
Menlo Park, CA 94025 USA
Alkyl thiyl radicals (RS) are intermediates in combustion and atmospheric
chemistry of organosulfur compounds of both natural and anthropogenic ori-
gins. These compounds, although minor constituents, may play & role in the
atmospheric sulfur cycle and contribute to the acid precipitation problem. It
is, therefore, important to determine the atmospheric chemistry of these radi-
cals.
Until recently, the only reported absolute rate coefficient studies
involved the NS radical.l™3 Recently, the emission and laser—induced fluor—
escence (LIF) spectra of CH3$ were reported.4’5 This has lead to the first

meaaurements6

of the rate coefficients for the reactions of CHyS with NO, NOy
and 0. This paper reports further LIF studies of CHyS and a study of its
reaction with 03. CH4S radicals were generated by the 248 no photodissoci-
ation of dimethyl disulfide I(CH3)282] and 193 np photodissociation of methyl
% 2

mercaptan (CHySH). Fluorescence was excited on the a 2A1 ~ £ transition

using a Nd:Yag-pumped dye laser. The transicions excited were 3: at 366.0
nm, Bi at 371.3 nm and Oz at 377.0 nm. Vibrational relaxation and elec-
tronic quenching of the upper state have been studied and the results are

summarized in Table I (estimated errors are * 10% for Uy = 2 and O and + 20%

for vy = 1.
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Table 1

RATE COEFF ICIENTS FOR REMOVING Cil3S( X 2Al) in vy =2,1 and 0

Sas
Y3

He 7.6
Ar 4.9
Hy 8.4
Ny 2.3
0, 2.1
cl, 8.2
SFg 2.3

Rate Coefficients (cm

3

molec™! 1)

x 10712
x 10712
x 10711
x 1071
x 10711
x 10711
x 10711

x 1071

2,0
1.7
5.9
1.3
1.4
2.4
4.7

1.0

1012
10-12
10~11
1011
10”11
10-11t
10-11

lo‘ll

-

vy = 0

< x 10713

<1 x 10713

5.3 x 10711
6.9 x 10712
5.7 x 10712
<1 x 10713

2.1 x 10711

< x 10713

For He, Ar, CO, and SFg, removal of vy = 2 with these gases results in

,

Vg 0 emission confirming that only vibrational relaxation can occur with

these gases. For Hy, N, 0, and CH, vibrational relaxation and electronic

quenching are both occurring.

By varying the delay between the excimer and dye laser pulses, it was

also possible to measure a rate coefficient for vibrational relaxation into

the ground state ( vy = 0) of CiiyS. These results are summarized in Table 2

(estimated errors are % 10%).

-




Table 2

VIBRATIONAL RELAXATION INTO GROUHD STATE ( vy = 0) OF CHyS

Gas Rate Coefficlent (cm3 molec™! &~1)
He 2.3 x 10712
Ar 2.9 x 10712
¥y 5.3 x 10712
0, 9.7 x 10712
Hy 2.2 x 10711
co, ' 1.4 x 1071
CH, 1.8 x 1071
SFg 3.0 x 10711

Experiments were then performed to measure the rate coefficient for Cll3s
reacting with several gases. Most of the experiments involved photodissoci-
ation of CHySH at 193 nm in a high pressure of SFg. This avoided problems
with 0y absorption at 248 nm. The 3%
02 reemission was monitored at 449 nm ( 32 transition). The time delay

trangition was pumped at 366.0 nm and

between the excimer and dye lasers was varjed to determine the decay of the

Cl3S radical. No reaction with elther 0 or 03 could be found

6

(k0 <8 x 10714 ol molec'ls'l) and the fast reaction” with NO, was

3
confirmed.
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OXIDATION OF THE H S BY THE ATMOSPHERE COMPONENTS.

2
V.P,BULATOV ,M.%.KOZLINER ,0.M.SARKISOV,

Institute of Chemical Physics, Academy of Sciences,
Moskow, USSR.

Absorption spectra of HSO radicals were detected after flash pho-

tolysis of the mixtures of H S+NO and H S+0 .Intracavity laser spec-
2 2 2 2
troscopy technique was used for HSO spectra observation.

1t was deduced from kinetics of HSO in a system N S/NO that

2 2
the formation and decay of HSO is due to the reactions (1) and (2)
-11 3 -1

respectively: (1)SH + NO -—— HSO + NO k =(2,4+0,4)10 om s ;
2 1 -12 3

(2)HS0+ NO --- SO + HNO k =(4 + 0,4)10 cm 8 .
2 2 2

The SH radicals were formed under flash photolysis of hydrogen sul-

phide. The reaction (3) SH + HO ——— HSO + OH is assumed to be the
2 -11 3 -1

most probable source of HSO for the H S/0 system,with k =4 10 cm s

2
The HSO radicals kinetics dependence on NO, O
2

tration for the H S/NO system was studied. The rate constants of the
2 2 . -1 3 -1
cm 8}

3
and CO conocen«

following reactions were measured : HS0+HSO---products,3 10

SH + NO + M ~-~ HSNO +M , 5,5 10 om s ( at 13 torr); HSO+NO--~HNO+
1 3 -1

-4 3 -1 -
S0 , (2,6+0,4) 10 cm s ; HSO+0 ~--SO +0H, (1,7+0,4) 10 cms ;
2

2
~16 3 -1 -16 3 -1
SH+CO0~~~products, <« 5 10 om s ; HS0+CO——-produots,<2 10 cm s .

]
2,
The rate constant of the reaction SH+0 ——-HSO ( A )+0 1is estimated
-14 3 -1 3 1 2
to be=14,3 10 cm 8 .

Basing on our results we suggest the following mechanism of H S trans-
0H NO, 0

formation in the troposphere : H S SH--==HS0 2 S0 .
2

2




Relaxation and Reactions of NCO (X 2")

C.J. Astbury, G. Hancock and K.G. McKendrick

Physical Chemistry Laboratory, Oxford University, Oxford, Y.K.

The pulsed infrared multiple photon dissociation of phenyl isocyanate

PhNCO, results in two dissociation channels :

PNCO ———3 PhN + CO
> ph + NCO

Both PhN and NCO radicals have been detected in their gro&nd electronic states
by laser induced fluorescence. For the NCO (X 2") radical, this production .
and detection method can be used to study its removal rate constants, but before
this can be d;ne, the behaviour of any vibrationally excited states of the radical
produced by IRMPD needs to be studied, as relaxation of theée levels into the
probed ground vibrational state will affect the overall removal rate measured,
The time dependent behaviour of the first three bending vibrational levels,
2H(00‘0), 2A(OIZO) and 2@(0230) has been studied at a fixed total pressure of
5 Torr of He, Ne,Ar aud Kr, with 5m Torr PhNCO precursor. Figure 1 shows the
behaviour in Av and Kr. 'The population of the lowest vibrational level, (00'0),
rises substanctially after the termination of the infrared laser pulse (~ Sus) :
the higher levels show an initial increase and a significant decline, with the
timescale becoming compressed and the extent of decline greater for successively
higher levels. This behaviour suggests collisional relaxation of the nascent
vibrational distribution in a cascade fashion proceeding towards a room temperature
distribution. What however is clear is that the collisional processes are
faster in Kr than in Ar (seen, for example, in the rates of decline of the siguals
for the vibrationally excited levels of Fig. 1) : from measurements in Ne and le
the efficiencies of the relaxation processes were found to be in the order

Ne < He ~ Ar < Kr. Numerical wvalues were found from a simple model of the
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relaxation processes, and fig. 1 shows the fits of- this model to the data.

The relative rates of the processes with rare gases arenot the same as
thow observed for vibrational relaxation of similar closed shell molecules,
0CS and 002 (1, in which a monotonic decrease in quenching rate constant
with mass of rare gas is seen, 48 predicted by theories of energy transfer
controlled by short range repulsive forces, An electronically non-adiabatic
mechanism, similar to that proposed for quenching of OH (Xzﬂ) by Ar [2], may
occur with the heavier rare gases, with the approaching atom splitting the
degenerate vibromic state so that a curve crossing mechanism ensues,possibly
induced by spin-orbit coupling and thus increasing in efficigncy with mass of
rare gas.

Vibrational relaxation of the nascent NCO species was found to be extfemely
rapid in the presence of Nzo, the v, frequency of which -is almost resonant with
that of NCO. Kinetic measurements of the removal rate of NCO with NO were
carried out in the presence of 5 Torr N20, and yielded straightforward kinetic

behaviour. The rate constant at 298K for the process

NCO (X 2ﬂ) + N0 — products

was measured to be (3.4 £ 0.3) x 10-" cm3 molecule-'s-', agreeing well with a

recent direct determination by Perry {3).
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observations, full lines are predictions of a simple cascade relaxation model,

The relaxation processes can be seen to be faster in Kr than in Ar.
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KINETIC MEASUREMENTS OF THE NCO RADICAL RBACTIO§ VITH
ETHENE OVER AN EXTENDED TEMPERATURE RANGE

Robert A. Perry

Combustion Research Facility
Sandia National Laboratories
Livermore, California 94550, USA

This paper describes current research that employs a laser
photolysis/laser-induced fluorescence technique to measure absolute rate
constants for reactions of NCO radicals with ethene. Few studies are
presently available for the reaction of NCO with combustion species.
Ethene is an interesting species to study because of both the major
role it plays in combustion chemistry and its role as a model unsaturated
hydrocarbon.

NCO radicals are produced using a fluorine, or ArF, excimer
laser to photodissociate HNCO in a flowing gas mixture of
HNCO:Ar:Reactant at total pressure (primarily argon) of 10-400 torr.

An argon-ion-pumped ring dye laser operating with stilbene-3 dye at
416.8 nm (100 m¥) is used to pump the A"L 1,0,0) « X°R 0,0,0)

Yy ?
transition. The resulting fluorescence, measured at r gﬁt angles to
the crossed laser beams, iy monitored at 438.5 nm (FWHM=8.0 nm).

Absolute rate constants for the reaction of NCO radicals with
ethene vere measured as a function of temperature and pressure., The
rate in the high-pressure limit for the reaction of NCO with ethene
was observed to decrease with increasing temperature with the best fit
to the data (T=295-447 K) given by the following expression:

Kk = 3.0,(10-12‘3(230 $300)/RT -1

end molecule™) §

At temperatures greater than' 447 K a rapid reduction in the rate was
observed, and was interpreted as a rapid decomposition of the adduct
formed. Continuing experiments will address the reaction mechanism at
temperatures greater than 650 K. I will discuss these measurements and
their implications,

*Research supported by Office of Basic Energy Sciences, U.S.
Department of Energy.
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Direct Rate Studies of HCO Radical Reactions

J.E. Baggott, H.M.Frey, P.D., Lightfoot and R. Walsh
Department of Chemistry. The University, Whiteknights, P.0. Box 224,
Reading RG6 2AD, U.K.

1. Intrcduction

The formyl radical is an important intermediate in the atmospheric
chemistry of pollutants and in combustion systems. Numerous direct
rate studies have been reporcedl’2 and reliable rate constants are
available for many of the more important HCO radical reactions,

However, apart from HCO radical recombination, few radical-radical

reactions involving HCO have been studied. We present here an

‘investigation of the reaction

HCO + CH, - products m

3
using a combination of 308 um excimer laser flash photolysis of
acetaldehyde and CW dye laser resonance absorption. Two conflicting
values for the room-temperature rate constant of reaction (1) have been
reported. Nadtochenko et a1.3 obtained the value (2.3 % 1.0) x 10_10
cm3 m(:oleculeml s-l for kl which should be contrasted with the value
(4.4 £ 1.6) x 10-ll cm3 molecule"l s-’ reported more recently by
Mulenko.4 Our preliminary results indicate a value for kl between
these extremes.

2. Experimental

The experimental arrangement follows closely that used in recent direct
rate studies by Langford and Moore,2 with the exception that we used

a different photolysis geometry. 308 nm radiation from a XeCl excimer
laser passed through the sample cell at right angles to the dye laser
beam which was multipassed (typically 48 passes giving a total path
length of ca. 6 m). The dye laser radiation was tuned to the rotational
band head of the (0,950)«(0,00) band in the X-¥ system of HCO at

614.5 nm,s and its intensity was monitored by a fast photodiode. The
production and subsequent decay of HCO from the flash photolysis of
acetaldehyde was captured on a transient recorder and passed to a
microcomputer for signal averaging. Fig. | gives an example of a decay

trace obtained by averaging signals resulting from 100 excimer laser shots,
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3. Results and Discussion

The decay of HCO radicals produced in the photolysis of acetaldehyde
is determined by reaction (1) and the radical recombination reactions
of HCO and of cu3. The resulting decays cannot be integrated
analytically. 1In order to extract values for kl we have therefore
combined numerical integration routines with non-linear least-squares
fitting, requiring input values for the rate constants of both HCO and
CH3 radical recombination appropriate to the conditions of temperature
and pressure in our experiments, HCO radical remmbination rate
constants have been determined by Veyret et 81.6 and appear to be
independent of both temperature and pressure., We have performed
separate experiments using 308 nm photolysis of glyoxal to determine
HCO radical recombination rates on our own apparatus. Our preliminary
results are in good agreement with those of Veyret et 81.6 For methyI‘
radical recombination, we have used the extensive data of Pilling and

7
co-workers.

10 t =~

Our analyses yield a value for kl of 1.0 x 10 cm3 molecule ' s ,
vwhich lies between the results of Nadtochenko et al. and Mulenko., We ~
will present full details of our experimental techniques and the results
for both HCO radical recombination and HCO + CH3 as a function of
pressure.
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Reactions of CU(xzu) radicals with selected species at low

pressure

K.H. Becker and P. Wiesen
Physikalische Chemie / FB 9
Bergische Universitit - Gesamthochschule Wuppertal

D~5600 Wuppertal 1, FRG

and

K.D. Bayes
Department of Chemistry and Biochemistry

University of California
Los Angeles, CA 90024, USA

The methyne radical plays an important role as a very reactive
intermediate in hydrocarbon combustion processes /1/ as well as
in planetary atmospheres /2/. It is thought responsible for soot-
formation /4,5/, chemiionization /7,8/ and the prompt NO-
formation /9/ occuring in hydrocarbon oxidations.

The present work is concerned with direct measurements of
bimolecular rate constants of cu(xzn) reactions at a total

pressure of 2 Torr.
CH radicals in their ground state %2 were generated by 248 nm

laser photolysis of CiH,Br,/Ar mixtures under flow conditions and
detected by LIF as described previously /10/. H atoms were
generated in a microwave discharge of H,/Ar mixtures. Their
concentrations were calibrated by titration with NO,. The CH
decay was followed under pseudo first order conditions by varying
the delay time between the photolysis and the probe laser.

Table 1 presents the obtained bimolecular rate constants at

295 * 3K and a total pressure of 2 Torr in comparison with

literature data.
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In the case of H, as reactant, the semi-log plots of the CH decay
show a non-linearity that can be explained by a double
exponential decay due to an additional population of the CH
ground state from a precursor, which could be the metastable
CH(a4z") state, according to the following reaction scheme:

———= CH{a%")
CH,Br,

L cH(x%n)
ci(alz") + Hy —————cH(x%2n) + W,
CH(X%n) + N, ———— products

The obtained rate constants show that at lower H, concentrations
the depletion of CH is controlled by the reaction of CH(a4x') +
H, after a certain time period.

The reaction of hydrogen atoms with CH(xzn) radicals was
predicted to form carbon atoms via reaction (1) /8,25/.

(1) cnxm o+ oneds) ——— c3p) + uy(xIsd)

In this work, for the first time, the over all rate constant for
the reaction of CH + H was determined. The obtained value of
5.10712 cm3s~1 supports reaction (1) because the approximately

=28 cpbmolecule=2s!

calculated 3rd order rate constant of 10
would probably be too large for the recombination step at a total

pressure of 2 Torr.
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Table 1
Rate constants for tho veactions of cn(xzn) radiculs with

selectud species R at a total prussuce uf 2 Torr

R k,(lo"l cm’mulecule‘ls'l)
this work llterature values - Ref.
0, 4.7 %0 5.9 * 0.08 14/
5.1} o.s0 Va2
0.21 } 0,02 /197
8.0t 30 21/
3.3} 0.4 7237
Ny 0.008 ¥ 0.003 0.0072%) /n/
0.1 /1
0.093 * 0.001") /14y
0.0076 * 0.0005S) 715/
0.008 710/
0.0071 } 0.0006%) /18/
0.02 *.0.0015¢) 720/
Ny0 0.60 * o.10 7.8% 1.4 /\s/
0.58 at7a
cylly 1wt 7.45 713/
224 4b) Wi
a2 } 20) 716/
1, 3t 0.1%) A%
1.74 } 0.2 . 712/
2.3 t 0,59} /3y
2.6 ¢ 5P /1dy
0.79 ¥ 0,224 722/
1.40 * 0,30 722/
" v.5 ] - 724/
16 . 125/
1.al) 726/
0.0750) 721/
0.000295%) 7208/
1.29M) 728/

Foot nholes to table 1:

a)
b)
c)
o)
o)

23

9)
h)
i)

uslimated toutal (ressure 10 Tore

tolal pressure 100 Torr
Lotal pressure 10 Tore
tolal prossuro 2 Torr
total pressure 25 Torr
estimatod at 4500 K
estimated at 4000 X for the cuactlon Cl + || ——= C + Iy

restimated at 4000 K for the reactlon CH + I ~———e il

estimatud-from self~absocrption experiments of Clt yenerated In

pulsod dlischarge of methane
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The temperature and pressure dependence of the reaction

ity + 0, +H ---> Cll;0, + M
M, Keiffer, M.J, Pilling and M,J.C. Smith

Physical Chemistry Laboratory, South Parks Road,

Oxford, OX1 30QZ.

The reaction between the methyl radical and oxygen is an important
process in combustion and is implicated in the transition from 1low
temperature to high temperature mechanisms, The aim of the present work
is to determine the pressure and temperature dependence of the iow

temperature peroxy radical formation process:

Clly + 0y + M ===) Cli;0, + M (1)

and hence sallow good estimates to be made of kl under combustion

conditions,

1

In a recent investigation®, we demonstrated that previous flash

photolysis studies had overestimated kl because of interference from the

reaction:

cu3 + Cil,0, ---) 2c1130 (2)

We devised a technique to enable data to be obtained by laser flash
photolysis/absorption spectroscopy, at low [cnaltnollozl concentrations,
where reaction (2) makes only & small contribution, and extrapolated to
[C"altuo where this contribution is zero. When the resulting vatues of

kl' obtained in an argon diluent over the pressure range




32 ( P/Torr { 488, were combined with the low pressure dats of Selzer
and Baycsz, and analysed using the Troe factorisation technique, they
gave a limiting high pressure rate constant, k:. of 1,05 x 10"12 cm3
molccule_1 s—l, significantly below the vaiue obtained by Cobos et al,

at very high pressuresa.

This technique has been applied to the determination of kl over the
temporature and -pressure ranges 298 ¢ T/K ¢ 582, 20 ¢ P/Torr £ 600, A
preliminary s&nalysis of the data at temperatures up to 474 K gives a

temperature independent high pressuro limit, k3, of 1,12 x 10"12 cm3
1

molocula"1 s-l. whilst kg, the low pressure limit may be represented by
k; 21,29 x 10725 172:23 6 sotecute™? s, At higher temperatures, k:
appears to fall, although it is obtained with reduced precision, because
the data are further into the fall-o{f region., Techniques for analysing
the T,P dependence of a combination reaction of this type will be

discussed,

Data obtained at higher [°"31:=o’[°2] ratios enable k, to be
determined, Two techniques havo been employed, one relying on an
approximate analytic solution at low ratios and one employing numerical
integration at higher ratios, where the analytic solution becones

invalid,
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KINETICS OF THE REACTIONS OF POLYATOMIC FREE RADICALS

WITH MOLECULAR cuLorINe*

Raimo S. Timonen,* John J. Russell, and David Gutman

Department of Chemistry, Illinois Institute of Technology

Chicago, Illinois 60616, U.S.A.

The kinetics of twelve reactions reactions between carbon-
centered polyatomic free radicals with molecular chlorine have
been studied as a function of temperature. The free radicals
were generated by the pulsed 193 nm photolysis of suitable
precursors in a tubular reactor coupled to a photoionizaﬁion
mass spectrometer. Free~radical decay profiles were monitored
as a function of chlorine concentration in real-time experi-
ments to obtain the rate constant for the reaction under study.
Rate constants were also measured as a function of temperature
(up to 712 K) to obtain Arrhenius parameters. With one
exception (the Ciy + C].2 reaction), this study is the first to
isolate these R + C12 reaction for direct investigation.

The reactions of different groups of free radicals were
studied: those involving alkyl radicals (CHj,, C,Hg, i-C3H, and
t-C4Hg), halogenated methyl radicals (CF3, CF,Cl, CFCl,, and
Ccla), unsaturated hydrocarbon free radicals including ones
which are resonance stabilized (C2H3, C,Hy, and c3n5), and one
reaction involving an acyl radical (HCO). The results obtained
are presented in the table below and are plotted in Figure 1.

The Arrhenius parameters are consistent with the formation
of a polar transition state whose energy is raised or lowered

by the presence of electron withdrawing or donating groups




attached to the radical center. The activation energies are
determined in part by the exothermicity of the reaction.
Details of the experiments, the results obtained, and their

interpretation will be presented.

* permanent address, Department of Physical Chemistry,
University of llelsinki, Finland.
+ Research supported by the Chemistry Division, National Science

Foundation

SUMMARY OF ARRHENIUS RATE CONSTANT PARAMETERS FOR THE REACTIONS
OF POLYATOMIC FREE RADICALS WITH MOLECULAR CHLORINE

~4° T Range log{a/ E,
R (kJ/mole) (K) cmmolecYs~1) (kJ/mole)
t~Cylly -108 298-498 -10.40 +0.26 0 +2
i-Cql, -112 298-498 -10.60 +0.26 -2 43
CyH, -62 487-693 -11.14 +0.31 21 44
C,Hig -49 487-693 -10.81 %0.26 18 +3
C,lg ~110 295-498 -10.90 +0.33 -1 +3
o3 ~147 298-435 ~11.06 +0.21 -2 #2
CHO ~110 296-582 -11.16 40.24 0 +2
Cii4 -108 296-712 -11.32 #0.24 2 42
CFy -117 487-693 -11.35 +0.35 15 +5
CF,Cl -103 376-626 -11.89 +0.24 8 +3
CECl, -68 435-693 -11.86 +0.31 14 +4
cel, -54 693 only (-12.17) {21)

k=Rexp(-E,/RT). Error limits on Arrhenius parameters indicate
maximum uncertainties. Most probable uncertainty in each
measured rate -constants is +20%.
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Figure 1 Arrhenius plot of Rate Constants of Twelve R + 012 Reactions
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ON THE MUTHYL RAdICAL-lNITIATED THERMAL
REACTION OF 2,3-DIMETIYLBUTENE-2

T.Kortvélyesi and L. Seres

Institute of General and Physical Chemistry,
Jozsef Attila University, Szeged, Hungary.

Investigation of the radical-initiated gas-phase thermal
reactions of highly-branched olefins is relatively simple
since the higher oligomer radicals are formed in kinetically
insignificant concentrations due to the intramolecular non-
bonding interactions . present in ihese radicals.

The methyl radical-initiasted therwal reaction of 2,3-di-
methylbutene-2 (DMB) was investigated in the temperature
range 389-459 K. Preliminary résults are described here.

The experiments were carried out in a conventional high-
-vacuum static system. Di-tert-butyl peroxide (DTBP) was usecd
as the methyl radical source. The initial concentration ranges
weee 1.13-107> <{0MB] /mol dn™><1.50-107> and 1.27 10”%<cornr] /
/mol dm ’BEEZPSA 10°%. The reaction products were analysed
with an HP 5730A GC equipped with FID. Methane, ethane,acetane,
2,3-dimethylpentene-2 (DMP), 2,2,3,3-tetramethylbutane (THB),
2,3,3,4,4,5-hexamethyl-1,5-hexadiene (HMH), 2,3,3,5,6-penta-
methyl-1,5-heptadiene (PMIl) and 2,3,6,7-tetramethyl-2,6-0cta-
diene (TMO) were identified as the main products. tert-Butanol,
2,3-dimethylbutene-1, 2,2,3-trimethylbutene-3 (TB) and some
C12 and 013-monoolefins vere shown to be formed in minor
amounts. The initial ratcs of formation of the products were
determined by the linear least squares method from the -producl
accumulations.

The mechanism of the reaction was praposed on the basis of
the product -composition. The suggested mechanism was supported
by computer simulation,

Host of the products formed in the radical recombination
reactions were identified,

e < et S e sl
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The radical concentrations used in the kinetic uquations
were calculated from the initial rates of formation of these

products \/2 1/2
r_(C,it,) t (THO).
GM] = __2__2_577__ (Al = ._IL____:7;
1/2
k (M, M) ko (A,A)
e, (THB) k(12 =

[MOMB] = y
. . 1/2 :
r,(CoHg) ko (M, MOMB)

vhere M = 6H3, A= \r~ , WDMB. = >7£;< , and kc is

the radical recombination rate coefficicent.
The A radical is formed in a H-abstraction reaction (H-ab-

straction by MOMB comprises less than 10%):
DMB + U —— A + CH, S

The rate of reaction (1) was calculated from -the initial rates
of formation of all the products incorporating the a radical,

i.e.:
ry = klfDNﬂijl = 2(q§HMH) + TP M)+ Q§TMU)) + RgTB) + rSDMP)

For the rate coefficient ralio, kl/kc<M»M)l/2, we obtained:
Tog(k, 7k (012 = (3.120.2) - (30.9%2.7) K3 mo1™ L/,

where 8 = RT- 1ln 10,
‘The MOMB radical is formed by M radical .addition to DMB:

DMB + M —> MDMB (2)

The activation energy of reaction (2) can be calculated
from the rate of formation of cthane, TMB and the initial
-concentration of OMB,

The MOMB radical formed in reaction (2) disappears pre-
dominantly in the following two recactions:

M + -MOMB ——> TMB. (3)
H o+ MOMB —— Chy (4)

b
b
{
f
1
!
I
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From the ratle expressions for reactions (3) and (4) and
the expression for Ml (equation I)) we obtain:

rD(TMB) i k2 k3

i 11)
1/2 1/2 ¢
rO(CZH6) I.DMUJ0 (k}»ka) kc(M,M)
{ From the temperature-dependence of the expression on the
left-hand side we get the Arrhenius activation energy of
methyl radical addition to DMB:E, = (33.2%0.8) kJ mol™},

[-45




-
i

1-46

RATE CONSTANTS FOR SOME HYDROCARBON RADICAL
‘COMBINATTONS

L. Seres and A, Nacsa

Institute of General and Physical Chemistry,
A.J. University, Szeged, Hungary.

The di-tert-butyl peroxide (OTAP)-initiated reaction of
2-methylpropene (B) was studied in the temperature range
392.5-442.6 K and the concentration ranges 3.26-107°< 81/
/mol dm~><6.35-10"> and 3.62-10"%<COTBF] /mol dm™> <6.09 1078,

The products of the reaction up to Cln‘were identified
as methane, ethane (ETH), ethene, propene, 2,2-dimethylpro-
pane, 2-methylbutane, 2-methylbutene-2, 2,2-dimethylbutane
(DMBA), 2,5-dimethylhexadiene~1,5, 2,4,4-trimethylhexene-1,
2,2,4,4-tetramethylhexane, 3,3,8,4-tetramethylhexane (TMHA),
acetone and tert-butanol.

The initial rates of formation of all of the above pro-
ducts were determined from measurements in the early stages
of the reaction, where the product concentration vs, time
plots are -linear. Most products are formed in different reac-
tions of methyl (M), 1,1-dimethylpropyl (MB), 1,1,3,3-tetra-
methylpentyl (M8B) and 2-methylallyl (MA) radicals,

The radicals MB and MBB are formed in-the first two steps
of the oligomerization:

i M+ 8 ——> MB
MB + B —> HBD
while MA is a product of H abstraction by vadicals:
R+ D3 —> RH + MA

Rate expressions were derived for product formation, based
upon a mechanism involving all the possible combination, dis-
proportionation and N abstraction reactions of the above
radicals. (See e.qg. the simplest model we were studying,
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Scheme 1, where kb is the rate coefficient of recombination.)
The systems of algebraic equations relating to the

various models were solved, using nonlinear least squares

(by the Simplex method), to yield the kinetic quantities of

the rate expressions. '

scheme 1

M —s> ETH (D)
12 ,
V(ETH) = kC(M,M)“LMJ (1)
M+ UB —> DHBA (2)
vOMBAY = 2 {k (11, ),k (B, 1) ] 1/ 2Eu1Emp) (2*)
MO + MB == THHA (3)
v(IMIA) = K, (MB,HB) [HB) % (3)

Let us focus our attention on the simple model shown in
Scheme 1. The rate coefficients of cross-combination reactions
of small radicals are known Lo obey the “geometric mean- rule".
However, no information is available on the validily of this
rule for sterically hindered radicals such as M8 or MB88.
Furthermore, reaction (1) is in its pressure~-dependent region
under the present conditions (~13 kPa overall pressure), while
reactions (2) an¢ (3) are believed to be in the -high-pressure
region.

Consequently, kc(M;H) would have different values. in equa-
tion (1) and equation (2. In order to overcome these diffi-
culties, we chose to retain the square-root -dependence of
kc(M;MB) on kc(H,M) and kc(HB,MB)W but in order to allow for
the above effects a new parameter (G) is used instead. of 2
in equation (49, i.e.

- 1/2 »
k,(H,MB) = G{kC(M,M)p k,(HB,uB) ) (4)

A1l the radical concentrations and kinetic quantities were

ireated as paramelers in the systems of algebraic equations,

and the -optimization was made by using Box's method.
If.we assume Llhat the "geometric mean rule" holds for the
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radicals present in this system at high pressures (i.e. steric
hindrance does not influence its validity), we have an easy way
to calculate the high-presssure recombination rate constants from
the data obtained at any pressure:

6 i (M,M) kC(MB,MB)}l/z = 2fk (M, M), ke (MB, M)} /2

. where the indices p and e refer to the low-pressure and the
high-pressure rate coefficients, respectively.
On rearrangement we obtain

6 \2
ko (M, M), =(—;—) kg (M,M)

In order to acquite information an ihe correlated ervors
involved in the evaluation of a large number of parameters
simultaneously, different models were used. (The model shown
in Scheme 1 has 2) parameters calculated from 27 equations,
while the largest one has 71 parameters calculated -from 99
equations.) -Also, some input parameters (the initial values,
the higher and lower limits of the parameters, and the number of

iterations) were used with different values in different
runs for each model. b

Most of the rate coefficients obtained are close to the
average -(i.e. within 20-p.c. for the model shown in Scheme Y),
except for those obtained in the 71-parameter -model (50 p.c.),
where all the combination and disproportionation reactions were
considered to be temperature-dependent.

The high-préssure recombination reaction rate coefficients

obtained are:

Radical log~kc/dm} mo1~1 571
methyl 10.43%0.20
1,1-diméthylpropyl 9.2%0.3
1,1,3,3-tetramethylpentyl * 8.920.6
2-methylally] 9.8%0.4

Since these rate coefficients are in-good agreement with
those oblained for similar radicols, the assumplion made, i.e.
that the "geometric mean rule" is valid for bulky and unsatura-
tcb raodicale, seems justified.

% assoming  GCHMBBY = GCH MR

.
o e <4 4 e




Kinetics of the Chlorination of C,HBr and the Competitive
Bromination of C,H,C1, CH,CHC1,, C,HBr, and CH,CHBr,.

E. Tschuikow-Roux, D.R. Salomon, F. Faraji, and K. Mivokawa

Department of Chemistry, University of Calgary,
Calgary, Alberta, Canada T2N 1N4

The competitive photobromination of 62H501,'CH3CHC12. czusnr, and
CHyCHBr, against CH, as primary standard has been investigated between 32
and 95°C. Over this range of temperature bromine atom attack in all cases
occurs almost exclusively at the halogen substituted site, leading to very
simple kinetics:

RH + Br » R + HBr

R+ Br, » RBr+Br
where R represents CH4CHX or CH,CX, (X = C1, Br) radicals. Using the revised
rate parameters for the bromination of ethane reported by Amphlett and
Whittle!, absolute Arrhenius parameters for a-hydrogen abstraction have been

obtained and are listed in Table I.
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TABLE I. Hydrogen Abstraction by Bromine Atoms

Reactant log, o(A/cm? mol1-1 s-1) E/kcal mol-!
a

C2H6 14.135 13.66

CH,CH L1 12.182 9.14
12.545 9.65

€D ,CH,C1 12.535 9.65

CH,CHC1, 11.806 8.00

CH .CH Br 12.645 10.58

CH ,CHBr, 11.475 8.11

a Primary standard, Ref. 1.

In a companion study the photochlorination of C,H.Br has also been
investigated in the temperature range 0 to 90°C, an shows a different
mechanism than that observed in the chlorination of chloro-~ and
fluoroethanes?’3.

The bromoethyl radical produced’ from C1 atom attack on the primary
hydrogen in CH,CH,Br is found to be unstable even at 0°C'and decomposes to
C,H, plus Br. This causes a chain transfer which pr.pagates parallel to the
‘normal’ chlorination mechanism. The principal products observed are
CH,CHBrCY, CM,, CH.,CHBr,, and CH.CICH,Br, the yields of the latter three
being pressure dependent. Trace amounts of CH,CICH,C1 and CH.BrCH,Br were
also observed. These results may be interpreted in terms of the reaction

scheme:




+

CH,CH Br + Ci CH4CHBr + HCY (1)
» CHCHBrx + HCT  (2)

CH,CHBr + C1, » CH,CHBrCI + C1  (3)

CH,CH.Br + C1, » CHCICHBr + C1  (4)

CH,CH Br* 5 C,H, + Br (5)
CHCHBr* + M » CH,CHBr + M (6)
CHyCHBr + Br » CH,CHBr, (N

CH,CH.Br + Br » CH,BrCH,Br (8)

CH, +C1 » CHCH,CY (9)

CHCH,CT + €1, » CHCICH,C +C1 (10)

Application of the usual stationary state approximation yields the relationships
L R PR
CA) kg L
[CH,CICH,Br] ke [M]
Plots of these product ratios against [M] or 1/[M], respectively, where [M]
is an inert additive (C2F5) present in excess, yielded straight 1ines. From
the slopes and intercept we obtained at 50°C, kg/k, = 2665 Torr, and k,/k, =
3.41, a reasonable value for « vs. B hydrogen abstraction.
References
1., J.C. Amphlett and E. Whittle, Trans. Faraday Soc., 64, 2130 (1968).
2. E. Tschuikow-Roux, T. Yano, and J. Niedzielski, J. Chem. Phys., §2, 65 -
(1985).
3. E. Tschuikow-Roux, J. Niedzielski, and F. Faraji, Canad. J. Chem., 63,
1093 (1985).
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The Chemistry of Teiplet ¥Yinvlidene Radicalsi Reactlon with
Molegular Qxygen
Askar Fahr,Chemical Kinetics Division,National Bureau of
Standards, Gaithersburg, Md. 20899 and Allan H. Laufer, Chemical
Sciences Division,U.S. Department of Energy, Washington, D. C.
20545
Chemical reactions of small elackronlonlly excited
hydrocarbon radicals, aslde from those of the low-lying singlet
dethylene species, have not been extensively studied probably
because these species are difficult to prepare and characterize.
Methylene, of course, is the smallest of the series of
unsaturated hydrocarbon radicals. However, the existence and
identification of a long-lived carbene, i.e., the electronically
excited vinylidene radioal(H2c=C), has been documented in recent
work from this 1ahoratory1. The chemistry of vinylidene remains
virtually unknown. The ground state singlet('A1) has a lifetime
to isomerization to acetylene of less than 1 ps and is unlikely
to be involved in chemical reactions. The first excited triplet
state has a large potential barrier to isomerization that has
been calculated to be about 45 kcal/mol and may be expected to be
long-lived. In earlier experiments the quenching of triplet
vinylidene to the ground singlet state has been examined for a
series of non-reactive collision partners. In addition, efforts
were made to search for a chemical reaction with several possible
reactive quenching partners such as H2 and CHu. There was no
evidence for an abstraction reaction.
It is well known that ground state molecular oxygen reacts

rapidly with hydrocarbon free radicals, particularly the spin-

allowed reaction with triplet species. If the excited triplet




yinylidene species has properties similar to that of its
methylene homolog, then we might expect a relatively rapid
reaction with oxygen. 1In the work to be reported here we have
concluded a rate constant and mechanistic investigation of the
title reaction using the vacuum ultraviolet flash photolysis of
vinyl chloride in to produce the triplet vinylidene species.
Vacuum ultraviolet kinetic absorption spectroscopy of CO in its
strong Fourth Positive system was used to monitor product
formation from which it was possible to derive the rate constant
of the reaction. The (382) H20=C was monitored in absorption at
137 nm, acetylene at 152 nm and CO, as noted above, in 1its (0,0)
tranaltion of the 4+ system at 154 um,

There are several possible reactlion ;aths, in this
photolytic system, that may lead to CO formation. They include
the reaction of product C2H2 with 0(39) that may be formed in the
initial photolytic process as well as the reaction of (332)H20=c
with molecular 0, or with 0(3P) atoms. The various processes
could be discerned through a combination of temporal profiles,
intensity dependencles aad reaction energetics.

We will discuss the rate constant for the title reaction,
;ossible productlon of vibrationally excited CO product and some
comments about the nature of the transition state,

1. A. Fahr and A. H., Laufer, "Photodissociation of Vinyl
Chloride:Formation and Kinetics of VinylideneH20=c(382)", J.
Phys. Chem.,89, 2906(1985) and refercnces therein
Acknowledgement: This work was supported, in part, by the

Planetary Atmospheres Program of the NASA, and carried out at the
National Bureau of Standards.
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ON THE KINETICS AND THERMOCHEMISTRY OF CYANOACETYLENE AND THE
ETHYNYL RADICAL

Joshua B, Halperyn, and Geoxrge E. Miller, Department of Chemistry,
Howard University, Washington, DC, USA and Winston Nottingham,
Department of Chemistry, Unliversity of the District of Columbia,

Washington, DC, USA

.

The cyanoacetylenes are important odd nitrogen species found
in interstellar space (1). Recently, ethynyl has also been
observed (2). Moreover, the Voyager mission showed that HCC-CN
is the second most important odd nitrogen species in the
atmosphere of Titan (3). We report here on a measurement of the
bond strength of dicyanoacetylene, which can be used to £ind the
heat of formation of the ethynyl radical. The lowest energy

channel for dissociation of cyanoacetylene is then found to be

(1) HCC-CN + h ~» H + CC-CN AH 506 + 21 kJ/mole

rather than

(2) HCC-CN + h —3 CN + CC-? aAH 598 + 12 kJ/mole

We also report on a measurement of the reaction rate constant for

(3) CN + HCC-CN ~—» NC-CN + CC-H AH = 58 % 16 kJ/mole

of the order of 1 x 10 =11 cm /molecule-sec. This was proposed as

the source of 02N2 in Titan's atmosphere to replace (4,5)

(4) CN + HCN —» NC-CN + H 4H = -37 + 8 kJ/mole
The rate of reaction 4 was origlnally estimated to be of the

order of 10"11 cm3/m01ecu1e-sec, but measured to be of the orxder

of 10‘1b cm3/molecu1e-sec (6). Work is continuing on measurement

of the branching ratios of reactions 1 and 2, and measurement of
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the absorption coefficient of cyanoacetylene between 250 and 190
nm.

We used the photodissociative excitation method to measurxe
the bond strength of ChNa‘ The apparatus was described in
Reference 7. The VUV light source was formed by a short, high
voltage discharge in argon, which was dispersed through a small
VUV monochromator. The threshold for photodissociative
excitation of CN (B%gf) is found to be 141 + 2 nm. The cutoff is
not due to the absorption of Cth rising suddenly at this point,
or the.lamp output suddenly increasing. Using the measured value
of 535 kJ/mole Eor the heat of formation of CpN, (8) and 101
kd/mole for the heat of formatlon of CN (9), we obtain 648 + 21
kJ/mol for the heat of formation of C3N. This compares with a

heat of formation of 533 + 4 kJ/mol for cau.

With the heat of formation of HC3N of 355 kJ/mole (10) we
obtain the heat of reation 1. Thus, ethynyl will be produced by
photodissociation considerably below the energetic threshold fo:
reaction 2. We are currently measuring the branching ratio

between reactions 1 and 2 at 193 nm.

The reactlon rate constant of reaction 3 was measured in
generally the same manner as in Reference 7. A mixture of 1%
Céid 1% Hcgiand 98 % argon was passed through the photolysis
cell. C:Fa was used as the CN source because the yleld of CN
radicals at 193 nm was many orders of magnitude higher than for

HC3N. Decay rates were measured under pseudo-first order

conditions at several pressures. The rates were plotted as a
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function of the cyanoactylene pressure to extract the rate

constant for reaction 3.

This work was sponsored by NASA. GEM acknowledges the

support of the United States National Science Foundation,
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THE RADICAL-RADICAL NF2 REACTIONS

Bedjanian Yu.R,, Gershenzon Yu.M,, Kishkovitch 0,P., Rozenshtein V.B.
Ingtitute of Chemical Physics, Moscow 117977, USSR

The experiments were carried out in a flow-tube apparatus com-
biened with EPR/LMR - spectrometer [1] . The NF,-radicals were ob-
tained in the furnace ( 500 X ).

NP, + O . ‘ne experimentui condivaons were: p = ( 4-6 ) Torr,

T = 300 K, [OH]~ 10'%cu™3, [wF,] =(0.6 - 3,79 10" 3em™3.

The OH-radicals were produced in the H + NO2 reaction, One can put
down the obtained rate constant k, = ( 1,55 t 0.35).10" Men?s™? to
the only exotermic channel OH + NF2<> HF + FNO,

NP, + HO, . The experiments were cerried out at T = 300 X, p=(10 -

- 16) Torr ( [Hel/[0,] = 1), HO, = ( 2-20 ) 10'%ew™, wF, =

= (0.5 ~10) 10"3 cw™2. The HO, - radicals were produced in

H + 0, + M reaction. The rate constant k, = (2.4 0.6 )-'1‘0"12<31113s"1
was measured and the main channel NF, + HOp~> F + OH + FNO was
determined,

NF, + NO, . The reaction was atudied at T = ( 300 - 530 ) K,
p=(0.8~60) Torr, NO, = (0,3 -8.6 )xfO’scm—3. The rate con-
stant obtained for a channal NFa + N02 ~-3 2FNO is k3=8.6 10"3}p
exp( ~ 2450/T).

NB, &+ NP, + M -> N2F4 + M . The reaction was studied for M = He,O

2’
NO,N,F, at p = ( 19 - 110 ) Torr. The following results were obtained:
ke = ( @6 £ 01y 10732 op65=1y 1 (1,0 % 0.3 )10732 a7,
6_ -1 ;

64-1,

kyo = ( 1.2 £0.2) 10"32ens"1, kN2F4 o ( 4.8 + £.0).40 3cnbs

Reference., ¥. Gershenzon Yu,M., Rl in S.D., Kishcovitch O.P.,

Lebedev Ya.S., Malkhasian R.T., Rosenshtein V.B., Trubnikov G.R.
Doklady Akad.Neuk SSSR, 1980,v.255,N° 3, p. 620 - 622,
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Formation of molecular hydrngen by the thermal
decomposition of n-dialkylperoxides in oxygen.

K.A. SAHETCHIAN, A. HEISS, R. RIGNY, J. TARDIEU de MALEISSYE

Laboratoire de Chimie Générale, C.N.R.S. UA 40870, Tour 55,
E 4, Université P. et M. Curle, 4 Place Jussieu,
75252 PARIS CEDEX 05 - [RANCE.

The self-reaction of HO2 radicals in the gas phase plays a
crucial role in atmospheric chemistry, in low temperature combustion and
generally in all systems were these radicals are present.

It is established that the recombination rate, at 298 K, depends
on the overall pressure and may be modified by some additives such as H20
vapor or NH3. Moreover the recombination rate presents a significant
negative temperature coefficient, - 1.2 kcal.mol'l. The effective rate
constant [1] appears as the sum of a bimolecular component and a pressure
dependent termolecular one. The yield of H202 measured in flash-photolysis
experiments [2,3] could vary from 29 % of the self-reaction expected value
(at 760 torr and 278 K in presence of H20) to 93 % at low pressures (10-
25 torr). In order to explain the difference between the expected and the
observed values of H202, several authors have suggested that the formation
of H2 was thermodynamically possible.

Previous investigations [4], carried out in quartz vessels
coated by 8203 and treated with the slow reaction H2/02, pointed out that
the thermal decomposition in 02 of some di-n-alkylperoxides produced HO2
radicals ; the self-reaction of these radicals produced simultaneously
H,0, and H,. Alkylperoxides as n(C7H150)2, n(CsH“O)2 or'n(C,‘H90)2 were
investigated by this way at concentrations ranging from 10 to 100 p.p.m.

The present work was undertaken to support the homogeneous
formation of H2 by a reactive pathway parallel to the H20? formation,
Therefore we have studied the ratio [”2]/([H2] + [H202]) at atmospheric

pressure, as a function of 1) the temperature, 2) the ratio Po 7/ (P0
2

+ P, )
N




PO and PN being partial pressures of 02 and N2, 3) the concentration of
2 2
peroxide ROOR (mainly n(CaH90)2).

fin overall 6 l.h'1 flow rate of N2 * 02 was maintained inside
the vessel at AT = + 0.5°C with a residence time of 130 s. The concentration
of ROOR being constant, we have studied the influence of 02 upon the
formation of H202 and H2’ when 02 was substituted progressively to N2. At
vessel outlet, a flow of 4.2 l.h'1 was puinped through a microprobe and the
condensable species were trapped at 77 K on the finger of a dismountable
Dewar. Concentration measurements were performed by using H P L C for ROOR,
spectrophotometry at 380 nm for H202 and GC (coupled with a zirconia cell)

for HZ‘ The detection threshold of H2 in 02 was lower than 0.1 p.p.m.

The data for six temperatures ranging from 150 to 200°C,
obtained wilh different compositions, exhibit no clear dependence of the
ratio [H,] /([HZ] + [H202]) with the vessel temperature. However a slight
decrease can be noticed in the range 150 - 180°C, followed by an apparent
increase of this ratio between 180 and 200°C.

The intermediate temperature range from 170 - 180°C appears the
most convenient to study the influence of 02 and ROOR on the formation of
H,. With ratios P, /(P, «+ P, ) ranging from 1/6 to 5/6 as well with

2 0, 02 N,

concentrations of ROOR from 30 to 120 p.p.m., no dependence of partial
pressures of 02 or peroxide concentration was observed on the relative
amount of H, formed. An average value of (7.9 + 0.8) %, with an error of
1 standard -~ deviation, was obtained for the ratio [H2] /([H2] + [H202]).

Some experiments were made with mixtures of 02 and di-tertiary-
butylperoxide at coneentrations ranging from 100 to 200 p.p.m. and
temperatures from 170 to 190°C. Molecular hydrogen was also generaled
Jointly with H0, but the ratio [H,] /([H,] + [H,0,]) was lower, about I %.

Recently, static mixtures of H202 80 % with N2 or 02 were
irradiated by using an-ArF exciplexe laser at 193.3 nm. Fluences between
1 and 16 m:J.cm'2 with pulses of 20 ns were used during exposure times from
5 to 35 min. In linear photochemistry, heavy absorption of H20 vapor occurs
at 185 nm and extends through shorter wavelengths. The H202 vapor absoEggion

C

accurs to longer wavelengths, with an absorption coefficient g ~ 60.10 .

molec.'l at 1v¥3 nm. In these conditions, a specific photochemical
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decomposition of H202 should be possible without H20 modification ; the
expected subsequent hydrogen formation proceeding from H202 exclusively.
Unfortunately, under non linear irradiations which correspond to the laser
pulses, important quantities of molecular hydrogen are detected indifferently
in presence of pure H20 vapor or in H20/H202 vapor mixtures. This formation
of H2 is likely due to a complicated radical mechanism resulting from a not
well clarified multiphotonic UV absorption by H20 and H202.

Discussion.

The reactions likely to occur in this system are presented in
the following mechanism :

RO- R ——p 2RO Q)]
RO +0, —— HO, + product (2)
HO2 + HO2 —————p H202 + 02 (3 a)
HO, + HO,  —---- > Hy+20, (3 b)
RO ———> H + product (4)
H + peroxide ——9- H, + product (5)
H+ Oy + M ——s HO, + M (6)
RO ——— H, + product (7)

The ratio [H,]/([H,] + [H202]) is both independent of oxygen and ROOR
concentrations ; So :

1) Even if H {s formed during decomposition of ROOR, it would be transfourmed
into HO, by reaction (6) and not into H, by ieaction (5), which presents
a negligible rate as compared te that of reaction () [4] ;

2) The later observation rules out the possibility that H or H2 could arise
from RO radicals, according to reactions (2), (4) and (7).

3) Finally, the temperature having no influence on the above ratio, the
formation of H or H2 from RO radicals is also excluded ; the decom-
position steps (4) and (7) should have high activation energies,
whereas the competitive reaction (2) has a much lower one.

In conclusion, our results are in favor of the fact that the
self-reaction of H02 radicals occurs through 2 parallel pathways (3 a) and
(3 b), which may be complex and indirect.
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Reaction Mechanisms for Decomposition of Energetic Materials*

Carl F. Melius and J. Stephen Binkley
Sandia National Laboratories
Livermore, California 94550

Introduction

The mechanism for decomposition of energetic materials at the molecular level has been
investigated theoretically using the BAC-MP4 quantum chemistry method. The BAC-MP4
method provides accurate thermochemical properties of molecular species, including
radicals as well as stable species and can also determine the thermochemistry of transition

state structures. We have applied this method to the decomposition of C- and N-nitro
compounds.

HONO Elimination

‘The initial step in the decomposition process is the unimolecular bond breaking of the
molecule. The heats of formation AH;™ and free energies AGy™ of nitrocthane
(CH;3CH,NO3) and methy!-nitramine (CH3;NHNO,) and their possible decomposition
products as well as transition state structure complexes have been calculited, The
important AH;™'s and AGy¢ s are given in Table I The results indicate that the weakest
bond is that of the NO, group, being 48 kcal-mol-! for methyl-nitramine and 58 kcal-mol-!
for nitro-ethane, For both molecules, the five-centered elimination of HONO can occur,

with an activation barrier of ~41 kcal-mol"! in both cases. For nitroethane, the resulting
rate constant as a function of temperature for the five-centered HONO elimination

C;HNO, =3 CoH, + HONO AE = 41 kcal-mol-!

is given in the figure and is compared with various experimental data. As one can see from

the figure, the agreement is excellent, At higher temperatures, direct C-N bond scission
occurs

CoHsNO, = Colls + NO, AE = 58 keal-mol-!

causing an increase in the decomposition rate constant,

II Atom Catalyzed Decomposition

The resulting unimolecular rate constants for HONO elimination at 600K obtained from

Table I are 0.0025 and 0.003 sec-1 respectively for methyinitramine and nitroethane. While

the nitroethane results are in excellent agreement with experiment, for methyl-nitramine, the !
rate constant is significantly smaller than the overall thermal decomposition rate constants

measured for nitramines. This indicates that HONO elimination is not the rate determining

step in the decomposition of nitramines, and that a more complicated, non-unimolecular

*This work supported by the U.S, Department of Energy and the U.S. Department of
Defense
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process is controlling the thermal decomposition of nitramines. Initial bond scissioning of
the nitro group, with an activation energy of ~48 kcal-mol*}, leading to radical formation is
therefore an important unimolecular mechanism and plays a more important role. (The
larger bond strength in nitroethane of ~58 kcal-mol-! causes the HONO elimination to be
more important in nitrocthane.) We therefore propose a new H atom assisted
decomposition pathway to explain the experimental data. The reaction pathways for H
atom attack on methylnitramine are shown in Figure 2. The BAC-MP4 results indicate that
H atom can readily add to the nitro group to form an intermediate complex,
CH;NHN(O)OH, which can decompose either by OH elimination, HONO elimination, or

by C-N bond scission.
Internal Hindered Rotors

The proper treatment of hindered rotors is important in these decomposition processes since
both the methyl group as well as the nearly free-rotor nitro group are constrained at the
five-center elimination transition state. In order to extend the BAC-MP4 thermechemistry

at 0 X to finite temperatures, it is necessary to include the effects of the temperature
dependence of internal hindered rotors. We therefore have derived approximate analytical

functions for the encrgy Ey,, the heat capacity Cy,, and entropy change ASy, for the internal
hindered rotor. These expressions extend the analytic expressions derived by Pitzer and
Gwinn for infinite moment of inertiz with parameters chosen to approximately fit their
tabulated data for finite moments of inertia. The resulting analytical expressions are given

by
Ene=RT (0.5 +Y-g(Y)) (x (e%-1)1)

Chr =R (05 + Y2-g(Y) -g(Y)?) (26X (ex - 1)2)
ASpe= R (In(Slp) +.Y - g(Y)) (2262 (82 - 1)2)

where

a(Y) =Y (S14/Slg), S, = Modified Bessel Function
Y=V/AT, x=(1.67/1)(V/RT)2, z=38/1,
V = barrier height, I = reduced moment of inertia

The barrier heights are estimated from the Hartree-Fock scaled frequencies v by

V = (v/134n)2 1,

where n is the foldedness of the barrier. The constant was adjusted to give reasonable
barrier heights for the methyl radical. This treatment of hindered rotors appears to work
satisfactorily for the lowest frequency hinder rotor of a molecule but breaks down for
multiple hindered rotors which are coupled, thereby mixing the frequencies as well as the

axis of the reduced moments of inertia,

et iyt
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Table I. Calculated heats of formation AHf and free energies of formation AGy at various

temperatures using the BAC-MP4 method for various molecular species and transition state
activated complexes involved in the decomposition of methyl-nitramine and nitro-ethane.

(Energy in keal-mole-l, temperature in K.)

AHf AGy
lecular speci [V} 300 300 600 1000 1500

CI;NHNO, 6.2 1.5 262 519 86.9 1303
CH;CH;NO, 192 242 25 200 511 900
NO, 7.2 6.5 10.9 154 215 29.0
CH3NH 41.7 45.0 52.7 61.2 73.8 96.0
CH,CH, 31.7 29.0 34.3 40.5 50.1 62.2
HONO 179 -195 A13 29 86 227
CH,;NH 239 219 26.7 31.9 399 503
CH,CH, 15.0 12.8 16.5 20.5 273 36.4
CII;NIINO,

— CH,NH + HONO 46.8 41.9 68.0 95.0 131.7 1773
CH;CH;NO,

- Gyl + HONO 21.9 17.0 40.8 65.6 99.6 1420
H,NN(O)OH
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s Theor
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" Figure 1. Rate constant for five-centered elimination of HHONO from nitroethane.
Shaded curve is calculated using BAC-MP4 thermochemistry. Solid curves are various
experimental results,

Reaction of CH;NHNO,+ H

80 -
H3C, .0
60 -] ‘NN"O H'l' H
':" H, 20 H. e
% HacINN‘\O+ H NN~OH+ CH3
40 -
3 Hagsnne©+ on
x HONO + CH3NH
> 20 - H 0
o TNNY
E—;; H3C ‘OH
w
0
-20 J

Reaction Coordinate Diagram
Figure 2. Calculated reaction pathways for the reaction of CH3NHNO; + H —

products, based on BAC-MP4 heats of formation at OK for stable and transition state
activated complexes. Vertical energy scale in keal-mole-t,
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The Pressure Dependent Decomposition of the Trifluoromethoxy
Radical

by

L. Batt, M. MacKay, I.A.B. Reid” and P. Stewart,

University of Aberdeen, Meston Walk, Aberdeen ABY9 2UE, Scotland.

A re-examination of the decomposition of bis trifluoromethyl peroxide1
allowed a value to be determined for the rate constant of the decomposition of

the trifluoromethoxy radical over the temperature range 509 - 545K:

CF,0 + M = CF20 +F+M 1

3

Excellent agreement was obtained from RRKM theory and experiment for the
computer modelling of the pressure dependence of reaction (1) at 532.8K. The

Arrhenius parameters under high pressure limiting conditions are given by:
log[k (=*)/s" = 13.7 - (14300/2.303 T)

Some of the parameters for reaction (1) were then applied to the

decomposition of the methoxy radical (2)
CH30 + M CH20 + B+ M 2)
This led to a value for kzom) given by

1og[k2(m)/s'1] = 13.38 - (14450/2.303 T).

Reference
1. L. Batt and R. Walsh, Int. J. Chem. Kinet., 14, 933 (1982).

*
Present address: British Gas, London Research Station, Fulbam, london, England.




Synthesis and Pyrolysis of Pcrfluo;oazo-z-propane
by

K.V. Scherer Jr., University of Southern California,
Los Angeles, CA. 90089 -1062, U.S.A.

and

L. Batt and P, Stewart, University of Aberdeen,

Aberdeen AB9 2UE, Scotland.

An improved method has been used to synthesise perfluoroazo-2-propanc.
Pyrolysis over the temperature range 450 ~514K in a static system has been shown .
to be a homogeneous, first order process. No pressure dependence was observed
in the presence of excess inert gas (SF6). The only products were nitrogen
and perfluoro-2,3-dimethylbutane. The rate constant (k) for the decomposition

process is given by:

log(k/s™Y) = 16.74 £0.20 - (22700 £252/2.303 T)

These results lead to a straightforward mechanism for the decomposition process.

1-C4F,y Nyi-CoF, > i-CF N, + i-C,F, §))
1-C3F7N2 - 1-C3F7 + N2 (2)
i-C.F i-C F 3
2i-C4F, * (i-C4F.), (3)

Comparison is made for results with other azo compounds.
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EXPERIMENTAL AND THEORETICAL STUDY

OF THE ETHYL RADICAL UNIMOLECULAR DISSOCIATION

Y. SIMON, J.F. FOUCAUT and G. SCACCHI
Département de Chimie Physique des Réactions
UA CNRS 328, INPL (ENSIC) et Université de Nancy I
1, rue Grandville 54000 NANCY (France)

In the literature, the kinetic data on the unimolecular processus
of dissocistion of ethyl radical are somewhat old [Lin and Back 1966 (l) :
Loucks and Laidler 1967 (2)] and rather scattered. We have considered it
would be interesting to return to the study of this elementary reaction. The
pyrolysis of CZHG' which includes it, had been studied in the following
conditions : conventional static system, initial pressure between 1 and 300

torr, temperature between 793 and 813 K., The rate constant k
CoH, cH, -1/2 CH,,
is evaluated by the expression : k = V2k r_ (r, ) where r = and
C,H
roz 4 are the initial rates of formation of CH& and CZHA and kt the rate

constant of the termination processus (2 CZHS.).

The experimental results (fall-off curves) are interpreted by the
RRKM theory and two approaches of TROE.

1 - RRKM treatment.

We have used the R.R.K.M. program of R.G. Gilbert (Q.C.P.E. n°
460) (3).

chosen paraceters for C He. radical : frequencies s 2995 (5), 1432 (&), 1037 (2), 988
(2), 540 (1) ; external symmetry number : J ; optical isomer t 1 ; interna) votation :
B~ 14,1 cn’l and internal symmetry number t 6.

Details of tha activated complex employed : frequencles : 3047 (4), 1466 (3), 1023 (2),
933 (3), 400 (2) ; external symmetry number : 1 ; optical Ssomer s 1.

Other detajls : moments of inertis ratio : 1.14 to 1.20 (depending of T) ; collisfon
dlm‘eter t 2.9 R 3 activation energy at OK s Eo = 38.8 kca).mole'l.

These parameters give an excellent agreement between theoretical
and experimental fall-off curves at any temperature., Arrhenius expressions
for k  and kbim (the low pressure second order rate constant) can be derived

(see further).




2 - First approach of TROE.

The modification of Kassel integral made by TROE (4) leads to the

following expression :

k 5 -
PO S x axp (-x) dx .
k 15 . 1

- k '
=0 141, G ()

: S, = 1
1 3 . -
vith 1 (SN'B‘K) - F(-S;’ r (x + BK) exp (~x) dx and LR N 4
x=0

The "effective" values SK and BK of Kassel parameters S and B are

estimated from the 15 frequencies of 02H5. (14 frequencies of RRKM theory +
350 bm-l instead of internal rotation) and Eo = 40.0 kcal.molenl.

.

The method of determination of k_ and kbim is the following one :

k, . P
the theoretical curve : log I vs log ( :im ) - log I can be rewritten :

[

log k.. vs log P ~ og k. [+ log k, | and can be
derived from the experimental curve : log kuni vs log P - log kuni by two
translations leading to k_ and kbim (least square method). The fitting

between the two curves 3is very good and allows us to propose Arrhenius
expressions for k_ and kbim'

r :
3 - Second theoretical approach of TROE.

The Lindemann-Hinshelwood theory leads to the "switching function"

Fo..
LH
k k k . P
uni x - - 2 bim
-—-—k“ " T Fiy () with x N - T,

TROE (5) has shown that realistic reduced fall-off curves can be
represented well by adding a broadening factor F(x) to the above

expression ¢
k ' log F

uni x - cent
'—_k. v F(x) with log F(x) ; *( Tor x vl
0,75 - 1,27 log Foent
P is evaluated from the effective parameters S, and B, and the
cent K K

collisional deactivating efficiency Bc.

K To present experimental and theoretical results in
log :ni vs log P scales’ it is necessary to have transformed P into x : k

can be evaluated by any extrapolation method and kbim by an expression,
proposed by TROE, which is a product of different factors calculable from

parameters relative to reactant radical.
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Chosen parameter: t frequencies (those of RRKM) E = 40.0° kealumole™} [}
collision diameter 4.4 A | number of oscillators : 14 $ number of internal rotations :
1 t number of oscillators vhich disappear during the reaction t 3 3 moment of inertia
ratfo ¢ 1.14 to ).20 ; Lennard-Jones interaction energles ¢ = 1.79 nlO3 .J.nole'l :
average energy transferred per collision : <AE> = 10 KJ.mole

The theoretical fall-off curve calculated a_priori from the above

expressions do not fit very well with the "expetimental" points log :ni vs

log P. By a method of trial and error wve have successively modiffed the
values of k and’ kbim unti]l we obtained the best agreement., Again the
fitting is excellent at a&any temperature and we can deduce Arrhenius

expressions for k and kbi

4 - Best Arrhenius expressions for k_ and gbim.

Taking into account the thermochemistry, the best Arrhenius
expressions for k and kbim are obtained by RRKM method

14 _ 41 000) _-1 - 18.3 _ 34900 3
k =- 10 exp ( RT ) s and kbim 10 exp ( RT ) cm

The best RRKM treatment in the literature is that of Lin and

Laidler (6) on the experimental results of Lin and Back and Loucks
41 106G

and Laidler s k= 1014'5 exp (- RT ) s-1 and
k 10 18.5& exp |- 34 600 cm3.mole-1.s-l, in very good agreement with
bim “RT )

our work, The study of Michael and Suess ( ) leads -to E_ = 44 500 cal.mole
which is undoubtedly too high.

( ) M.C. LIN and M.H. BACK - Canad. J. Chem., 44, 2357 (1966).

( ) L.F. LOUCKS and K.J. LAIDLER ~ Canad. J. Chem., 45, 2725 {1967).

( 3) R.G. GILBERT - Program QCPE n® 460.

( ) for example : J. TROE, Ber. Bunsenges. Phys. Chem., 78, 478 (1974),

( ) for example : W.C. GARDINER Jr and J. TROE - Chap. 4 in "Combustion
Chemistry" - W.C. GARDINER Ed., Springer Verlag (1984).

( } M.C. LIN and K.J. LAIDLER - Trans. Faraday Soc., 64, 79 (1968).

( ) J.V. MICHAEL and G.N. SUESS - J. Chem. Phys., 58, 2807 (1973).




THE PHOTOCHENICAL AND THERKMAL DECOMPOSITION OF SOWE
SINPLE oA ~DICARBONYL COMPOUNDS IN THE GAS PHASE

R.A. Back,
Division of Chemistry,
National Research Council of Canada,

Recent studies are described of the photochenical and
thermal dooomposition of a number of simple ok -dicarbonyl
compounds in the gas phase, including glyoxal (cis and trans),
oxalic acid, glyoxylio acid, pyruvioc acid, 1,2-cyclobutanedionse,
and 1,2-dinethyl-cyclobutene-3,4-dione. A variety of mechanisms
of decomposition is observedj where it is possible, intoernal
transfer of H is the preferred path, in other cases concerted
molecular decomposition occurs. Rate constants and Arrhenius
parameters are presented for the thermal reactions, and mechanisms
ere discussed and compared for both the thermal and the photochemical
decompositions,
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UV-Laser Induced Decomposition of 1,2-Dichloropropane

M. Schneider, R. Weller, J. Wolfrum
Physikalisch-Chemisches Institut
Universitit Heidelberg

The thermal dehydrochlorination of 1,2-dichloropropane is known to run
predominantly by unimolecular four-center elimination leading to a charac~
teristic pattern of the product distribution (3-chloropropene, cis-1-chloro-
propene, trans-i-chloropropene, 2-chloropropene). 2-chloropropene is only a
minor product while the cis/trans ratlo of 1-chloropropane is much higher
than unity, We were Interested in the alternative radical chain process which
is strongly inhibited by the products. The experiments were carried out at
temperatures between 570 and 670K using an excimer laser (XeCI, A = 308nm,
400mJ/ pulse, 80Hz maximum repetition rate) to start the chain by photolysis
of the substrate. At low conversion the quantum yield was in the order of
one hundred but decreased drastically with formation of the chloropropenes.
From the product distribution it was possible to deduce the relative ab-
straction rates of the reaction

Cl + C3H6C12—>— HCt + C3H5Cl2

at the three differently substituted carbon atoms. In contrast to the thermal
reaction 2-chloropropene is the main product, but the cis/trans ratio of
1-chloropropene remains high. The results are compared with other dehydro-
chlorination reactions and a computer modell in order to simulate inhibition
effects.




The Thermul Decomposition of Unsymmetrical Dimcthylhydruzine

K. Brezinsky and F.L. Dryer
Princeton University
Princeton, N.J. 08544, U.S.A.

D. Schmitt and D. Lournme
Office National d’Btudes et de Recherches Aerospatiales
92320 Chatillon, France

A short study of unsymmetrical dimethylhydrazine (UDMH)
decomposition in the Princeton flow reactor in the temperature
range 761-799K and at one atmosphere indicates that the overall
conversion of UDMH to products proceeds through the initial
formation of formaldehyde dimethyl hydrazone (FDH) with subse-
quent decomposition of FDH into smaller products. This sequence
has not been observed aund reported before in any of the publish-
ed high temperature studies of UDMH decomposition. However, the
present observations are the only existent direct measurements of
intermediates formed as a function of extent of reaction, and the
UDMH conversion to FDH is so rapid as to have been missed in
previous studies. The conversion to FDH proceeds isoergically,
i.e. without overall chemical energy release. lleat release in the
UDMH deccomposition appears to occur from the subsequent decompos-
ition of UDMH into smaller products.

Using three flow reactor experiments at three different
initial temperatures and the same initial UDMH concentration a
first order rate constant for the conversion process to FDH has
been generated. A series of three flow reactor experiments at the
sane temperature but different initial concentrations of UDMH has
indicated that the-decomposition 1is very near first order. The
Arrhenius rate parameters developed and the experimentally
observed first order nature of the reaction have been used in
calculation of UDMH droplet burning characteristics.
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Oxidation of formaldehyde at low
oxygen concentration.

M. VANPEE*, K. SAHETCHIAN®, V. VIOSSAT®, 3. CHAMBOUX®. ;

* Department of chemical Engineering, Universty of Massasuchetts,
Amherst, Ma. 01003.

x Laboratoire de Chimie Générale, Université P. et M. Curie
C.M.R.S. UA 40870, 4 Place Jussieu, 75252 PARIS CEDEX 05.

One of the authors studied the slow oxidation of formaldehyde
at temperature about 400°C in pyrex vessels treated with acid boric and in
untreated vessels (1-2). When CH20/02 mixtures contain low oxygen amount, a
clear break is observed in the course of the reaction when oxygen
consumption is complete. Until this moment the behaviour of the curves (CU
formation, pressure change and temperature) is the same as those for
mixtures containing higher oxygen amounts. After the break, the CO
formatinn rate increases, the hydrogen begins to appear with a rate similar
to CO one ; a break is also observed on the pressure change curve, and at
the same time, the temperature falls abrutly (fig. 1-2).

From the scheme proposed :

(0] H, €O+ 0, — 4 HCO +HO, (7] H+ H, €0 —H, + H CO
(1] HCO+ 0, ——0y CO+HO, (8 HcO+H —5H, + CO

(2] HO, + H, CO —— H,0, + H CO [9] OH + H, CO0—5H, 0 + H CO
(3] HO, + HO, ___ H,0, + 0, [10] oH + H)0, —> H,0 + HO,
[4] WO +M 5 20H+M (11] vo, P28 172 w0 + 372 0,
(5] H+ HO, —— H,+ HO, (12] H,0, paroi H0 + 1/2 0,

(6] HCO+M —y H+CO+M

Ihe observations can be interpreted by the existence of two distinct
mechanisms. In the presence of oxygen the reactions 0-» 5 and 9—» 12 occur
involving HO2 and H202 ; the reaction is a degenerated branching reaction
with homogeneous and heterogeneous tesininations : reactions 11 and 12 have
to be included to obtain a good agreement with experimental pressure change
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curves. In the second mechanism, in absence of oxygen,the reaction may be
vonsidered as a linear chain reaction with formation of CO and H2 (réactions
4 —12),

From the proposed mechanism,simulated curves (CHZO, 0,, CO, H2,

HZO’ H202 evolution, pressure change, temperature) have been obtained with

computer (fig. 3). The rate constants for reactions 0—»10 are the recom-
manded values of literature (3-8), k11 and k12 are "fitted" according to
experimental conditions.

The agreement with experimental curves is good for different
conditions of temperature, mixture richness, wall treatment.

8ibliographie.

{1) M. VANPEE Bull. Soc. Chim. Belge, 62, 1553, 285.
(2) M. VANPEE  Thése - Louvain (Belgique) 1956.
(3) K. SAHETCHIAN and col. Int. J. of Chem. Kin. Vol VII, 1975, 23.

(4) J. PEYERS, G. MAHNEN, 14th symposium (International)on combustion. The
combustion Institute, Pittsburgh, 1973, 133,

(5) C.K. WESTBROOK  Combustion Science Technology 20 (5), 1979.

(6) D.L. BAULCH and col. Evaluated Kinetic Data for high temperature
reactions. Butterworths Londen, 1972, vol. I.

(7) A. FONTIJN, M.A. CLYNE. Reactions of small transient speacies.
Academic Press, 1983,

(8) Chemical kineties and photochemical data for use in stratospheric
modeling, NASA, 1985, J.P.L. publication 85-37, C.I1.T., Pasadena
California.
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PSEUDOFLAME FRONT FOR METHANE IN A LEAN METHANE AIR MIXTURE
Marcel Vanpee
Chemical Engineering Department
University of Massachusetts
Amherst, MA 01003

This paper deals with the ignition phenomena observed when a hot
laminar jet of inert gases ls injected into an air fuel combustible mixture.
The paper concentrates especially on the air methane mixtures where a
special and interesting phenomenon has been observed,

The normal ignition process is a series of reactions in the center of
the jet which produce enough heat to prevent the lowering of the jet
temperature owing to heat losses by conduction. A luminous column always
precedes the actual ignition.

Methane does not follow this normal ignition process. Figure 1 shows
that the ignition diagram is quite different from a normal one. First there
1s no preignition glow region. The region where no luminosity is observed
changes abruptly to the point where the column branches into explosion.
Secondly the limit of ignition no longer has a minimum in the flammable
range but continuously decreases with decreasing concentration of methane
and is prolonged to the lean side by a curve which limits a new zone. In
this zone a luminous region of special shape appears in the jet. Tnis
luminous zone is shown in Figure 1. Unlike the usual preignition glow, this
glow has sharp edges., The glow is strongest not at the axis of the jet but
at. its outside boundary, giving the impression of an inverted flame front
with its apex anchored at the center of the jet. The analogy of this
pseudoflame with a true flame is superficial since the luminous reaction !
zone 1s.se1f-propagat1ng only under the critical conditions of the
experiment.

In order to get insight into the pseudoflame phenomenon, radial and .

longitudinal concentrations and temperature profiles were taken within the
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jet. These profiles demonstrated that the luminous zone is a zone of fast
reaction and that no reaction at all occurs in the dark zones. To explain
the sharpness of the transition between these two zone, a branching chain
mechanism {s postulated and the boundary between the two zone is interpreted
as being the geometrical locus where the branching probability (a) of the
chain reactions equals the probability (8) of rupture: u = B 1)

If this locus and the temperature and concentration field are known,
equation (1) can be expressed in terms of concentration and temperature
alone. This program was carried out experimentally and led for equation (1)

to the following expression:

= Kk exp E/RT (2)

with £ = 40,000 cal/mole and k = 4. 2 x 10”0,

In terms of a branching chain mechanism, equation (2) indicates that

" the oxygen imolecule is in the branching chain process. Methane acts in

the opposite direction and therefore would be associated with the chain
breaking process. These opposite effects of the oxygen and methane
molecules are {llustrated by a simple experiment. If the temperature of the
Jet is rafsed and if the methane and oxygen concentration, remain unchanged,
the reaction zone moves upstream in the jet. The same effect is found if
the temperature of the jet is maintained constant but if the oxygen
concentration is progressively raised by changing the oxygen index of the
outside atmosphere, If, however, the oxygen index is maintained constant

but the methane concentration raised, the reaction zone moves downstream.




This experiment shows clearly the innibiting properties of methane on its

own combustion. A searcn for a reaction mechanism is underway.

1,300 I
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@ Limit for ignition
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FIGURE 1. Ignition of Hethane Air Mixturas by Hot Nitrogen. Jet diameter

17 mm. h: Pseugoflame in a Jet of Hot Nitrogen Flowing Into a Lean Mixture

of Methane Alr.
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DILUTE HYDROCARBON OXIDATION IN THE PRESENCE OF THE
CO/H20/02 REACTION BETWEEN 960-1250 K AT 1 ATM

R.A. Yetter and F.L. Dryer
Department of Mechanical and Aerospace Engineering
Princeton University

Princeton, NJ 08544

The carbon monoxide - hydrogen - oxygen reaction, seeded with small
quantities of hydrocarbons, is studied to yield information on specific
elementary reaction rates and on general mechanistic behavior of the overall
reaction., Experiments are conducted in an atmospheric flow reactor between
960 and 1250 K from which stsble species concentrations and temperature
profiles are obtained as a Eunct:ion. of flow reactor position (or equivalently,
time). Detailed modeling calculations and sensitivity analysis techniques are
used to guide and analyze the experiments. The carbon monoxide reaction is
used to produce a controllable bath of H, O, and OH radicals in large
concentrations with which the hydrocarbon can interact. The reaction
chemistry of the hydrocarbon is studied by evaluating the disappearence
profiles of the hydrocarbon and its relations to and perturbations of the
reacting bath characteristics. In particular, the clementary reactions of
hydroxyl radical with methane and with propene were studied at 1020 K and

_ 12 3 -1 -1
values for the specific rate constants of kCHlo-l»Oll = 1.6x10"" cm molec

‘= 8.0)().012 cmamolec-ls"1 were obtained. The value for the CH

s ~ and

k

C3H6+0iH

1.‘-!- ol




rate constant is in good agreement with curremt literature values (e.g.,
Madronich, S. and Felder, W., Twentieth Symposium (International) on
Combustion, 1984)., Rate data for direcct comﬁarison with the measured 03"6 +
OH rate constant is unavailable; however, the present value is in agreement
with the high pressure rate constant theoretically predicted by Smith et al.
(Smith, G.P., Fairchild, P.W., Jeffries, J.B., and Crosley, D.R., J. Chem.
Phys. 89, 1985). The technique is presently being applied to the reaction of

ethyl radicals with molecular oxygen and the ethyl thermal decomposition

reaction.
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KINETIC AND CHEMICAL STUDY OF THE GAS-PHASE
OXTDATION OF ISOBUTANE AND PROPANE
by B. VOGIN, G. SCACCHI and F. BARONNET

Département de Chimie-Physique des Reéactions, U.A, 328 CNRS
INPL-ENSIC, 1, rue Grandville -~ F 54042 NANCY France

Despite a large number of investigations of the mechanism of gas~
phase oxidations (especially of alkanes), some problems have remained un-
resolved. They are mentioned in a paper published a few years ago by 5.W.
BENSON and P.S. NANGIA (!). Among these problems, there are still contro-
versies about the free radical mechanism, especially the reactionsof HO,.
and the role of OH. as chain carrier, the self reactions of ROy., the ini-
tiation reactions and the isomerisation steps of ROy. There is also a gene-~
ral lack of reliable rate data for the elementary steps and this seems to
justify further experimental investigations.

The slow oxidation of light alkanes (from C to Cg5) have been so

far accounted for by two theoretical reaction schemes :
- a mechanism developed by FISH and co-workers (<) emphasizing the role of

the isomerisation reactions of alkylperoxy radicals ROy,

- the olefinic theory proposed by KNOX (3) ; acceording to this theory, the
conjugate olefin is the dominant reaction product, up to 80 % ; the reac~
tion products come from the subsequent reactions of the olefin.

FISH (2) tried to unify these two theories into a single general
mechanism. However, the elementary steps have to be described in more de~
tail ; it is not obvious that the oxidation of light alkanes is a purely
homogeneous reactions and it is sometimes suggested that the olefin for-
mation might be heterogeneous.

In order to contribute to a better knowledge of the oxidation me-
chanism of light alkanes, we have studied the slow oxidation of isobutane
and propane at slow extents of reaction, at subatmospheric pressures, in
the temperature range 300-350°C, in a static reaction vessel made of Pyrex.
For each reaction, the major primary products are identified and measured
by GLC after expansion and quenching in a samzling bulb, Trace amounts of
peroxides are measured by chemiluminescence (4). ’

In the case of the slow oxidation of isobutane, the primary pro-
ducts of the reaction are : isobutene, isobutene oxide, propene, formal-
dehyde, propionaldehyde and acetone, peroxides and water. The product dis-
tribution is given in Table I. )

DISTRIBUTION OF TNE REACTION PRODUCYS EXTRAPOLATED AT  ZERO  TIME

(H202, Hz0 AND €O EXCLUDED)

PROPAHE | C3ig CH3CHO HeHo| CHy - cH - Ch [ €altg fCH, = CHy | CotigCHO
‘ o Ha =0
% prooucts| 72.2 1.s 9.3 3.3 Jour ¢ o Jwox
tsoputatie [t cong| e ' > e i
4 1CHO| CHy = €~ CHz | Cahg|CHa = CHy JCh = cho
3 Chtycocy 37§, CHa |CallgjCHg =~ CHp
o Cif -0 Jciy
not
1 propucts| 67.3 {12.3 5.8] 9.5 2.4 2.7 lneasured] 0 100 %
Table I
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Taking into account these products and the present knowledge of
radical oxidation reactions, we are able to put forward a radical scheme
accounting for the formation of these products. Since, as mentioned before,
there are not enough experimental rate data for these radical steps, we
have estimated the, Arrhenius parameters of nearly all these elementary
steps by the methods of Thermochemical Kinetics proposed by BENSON (®). The
calculated values obtained in our experimental conditions have been compa-
red to ourexperimental results. The agreement is generally good and the
following results have been obtained :

~ the chief primary product (67 Z, see Table I) is isobutene and there is
a parallel formation of isobutene oxide. An outline of the corresponding
reaction scheme is given in figure l. Our results are compatible, taking
into account the ebtimates of the
oo 'rate constants, with a negligible
direct route for olefin forma-

N

thy o€ =thy oy “&a- m:

+0, * 0,
(2.1) (2.2)

o o

tion and also a negligible hete-
rogencous formation of the con-
jugate olefin ;

- ketones (acetone) and aldehy-
des (acetaldehyde) come from al-
koxy radicals RO., probably for-

tu,-f oGy, (n,-(‘u-cnz.o.o- J . J
med by the disproportionation of
peroxy radicals RO;.

uu.n “().z) ' 2 RO, > 2 RO, + 0,

" It - the small quantities of pero-
Hyegetipe0-0-k xides (hydrogen peroxide, hydro-
‘(/// peroxides) are formed by hydrogen

transfer reactions of HO,. and
Roz. radicals ;

e

08 -2 oty - water comes from the hydrogen

transfer reactions of hydroxyl

s 0y radicals which become important
chain carriers in the early sta-
ges of the reaction ; an accura-
te measurement of water formatim
is rather difficult to perform.

14

]
]

— (u’.t.:u: pr—
* Lo

.o The detailed reaction mecha-
Fig. 1 nism and chg corresponding rate
constants will be given in the
poster.

Since experimental errors cannot be completely excluded and becau-
se the methods of Thermochemical Kinetics only give estimates of the rate
constants, we have thought that it might be interesting to study another
example according to the same methods ; we have chosen the oxidation of
propane. '

The slow oxidation of propane yields the following primary products:
propene, propene oxide, ethylene, formaldehyde, acetaldehyde, peroxides,
water and trace amounts of oxetane (trimethylene oxide). The distribution
of the reaction products is given in Table I.

At first sight, it appears that the products are very similar to
those obtained in the case of isobutane oxidation, which suggests that the
two reactions have a substantial number of common features. \
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Propene is the largely dominant reaction product (72 %, see Table
1) and its formation is mainly due to the decomposition of the isomerised
alkyl peroxy radical ; the propene fraction due to heterogeneous steps can
be neglected. There is also a parallel formation of propene oxide. Here
again, the aldehydes (acetaldehyde and formaldehyde) come from the decom-
position of alkoxy radicals. The substantial amounts of water are accoun-
ted for by the reaction of OH.

In this case again, we have built the proposed reaction scheme
from the product distribution and estimated the corresponding rate cons-
tants by the methods of Thermochemical Kinetics.

These parallel experimental investigations of the slow oxidations
of isobutane and propane show that both reactions can be described by a
single reaction mechanism. The only difference consists in the numerical
value of the rate constants for the elementary steps. From a mechanistic
point of view, our results, corroborated by Thermochemical Kinetics
calculations, show the importance of the isomerisation steps of alkyl
peroxy radicals by intramolecular hydrogen abstraction. These steps are
necessary if we want to account for the product distribution.

The present work stresses the role of Thermochemical Kinetics to
identify the major kinetic steps in a complex reaction mechanism,
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A SIMPLIFIED CHEMIGAL KINET1C REACTION MECHANISHM
FOR PROPANE OXIDATION

A.Y. ABDALLA*, J.C. BOETTNER, M. CATHONNET, P. DAGAUT, F. GAILLARD

C.N.R.S., Centre de Recherches sur la Chimjie de la Combustion

et des llautes Températures, 45071 Orléans-Cedex, France.

The provision of a realistic accurate chemical wechanism is essen-
tial for the successful modelling of the combustion processes. The use
of simplified schemes, yet still reproduce experimental data over wide
ranges of operating conditions, recently has been recommended as a practi-
cable approach (1, 2).

A simplified kinetic mechanism for the oxidation of propane was
proposed. The mechanism was builc up by eliminating the unimportant reac-—
tions from a comprehensive chemical kinetic reaction mechanism for the
oxidation of propane (3). The elimination was based on calculating the
percentage contribution of an elementary reaction to the total net rate
of formation or consumption of a species. If the percentage contribution
of a reaction was less than 5% over the whole working temperature range,
that reaction was eliminated. The elimination process was carried out
for equivalence ratios varied between 0.6-1.5.

However, 1t was possible to form the simplified mechanism from
23 chemical species and 55 elementary reactions instead of 41 chemical
species and 168 elementary reactions in the case of the comprehensive
mechanism . The simplified mechanism and the used rate coefficients in
the present work are given in Table 1. Reverse reaction rates have been
calculated from the equilibrium comstants computed from thermodynamical
daca (4). In the mechanism, the propane is assumed to decompose and react
thermally to form lower-molecular intermediate hydrocarbon followed by
the reaction and oxidation of these intermediates to final products.

A numerical simulation to simulate the condition behind the reflec-
ted shock wave was carried out. Then, the mechanism was used to reproduce

the experimental results, ignition delay time, obtained from the shock

% On leave from Zagazig Unfversity, Egypct .
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Table(1): Simplified Mecha
Coefficients (cm

no.

2-
3-
4
5-
6-

8.
9-

10-
11-
12—
13-
14-
15-
16~
17-
18-
19-
20-
21-
22~
23~
24-
25
26~
27~
28-
29~
30-
31-
32-
33-
34~
35~
36-
37~
38-
39-
40~
41—
42~
43-
44~
45~
46~
47~
48-

H
H
H

H
0
HO2
H

H
H202
H202
H202
HO2
H2
H20
HO2
0

0

co
co
HCO
HCO
HCO
HCO
HCO
CH4
CH4
cH3
CH20
CH20
CH20
CH29
c206
CH3
C2H5
C2H4
c214
C2H3
C2H3
C2H2
C3H8
C3H8
c3H8
C;H8
nJK8
C3H8
c3H8
C3H8
c3us

49-NC3H7
50-1C3H7
51-NC31H7
52-IC3H7
53-Nc3u7
54-1C317

55-

CaHO

i}
HO2
HO2
OH
H2
HO2
02
02
OH
INER
H

0

OH

OH

OH

HO2

02

OH

Reaction

INER

INER

INER

INER
INER

C2HS
Cc2H6
C2H4
C2H3
CH3
Cc2h2
CH20
HCO
C2HS
NC3H7
IC3H7
NC3H7
1C3H7
NC3H7
10317
NC3H7
1C3H7
C2H4
C2H4
c3H6
Cc3H6
Cc3n6
C3H6
c2is

K

ism for Propane Oxidation , Reaction Rate
~mol-s=tcal) and Sensitivity Cocfficients

INER

INER

INER

A n

+.6396E+18 -1.0
+.2500E+14 +0.0
+.1500E+15 +0.0
+.7595E+22 -2.0
+.1500E+08 +2.0
+.2000E+13 +0.0
+,7875E+16 +0.0
+.2200E+15 +0.0
+.7000E+13 +0.0
+.1050E+18 +0.0-
+.1700E+13 +0.0
+.2000E+14 +0.0
+.1000E+09 +1.6
+.1500E+11 +1.14
+.2000E+14 +0.0
+.0997E+18 ~1.0
+.5425E+17 -0.6
+.1750E+15 +0.,0
+.6220E407 +1.5
+.3300E+14 -0.4
+.2500E+15 +0.0
+.5000E+14 +0.0
+.2000E+15 +0.0
+.3000E+14 40.0
+.32002+18 +0.0
+.1090E+06 +2.14
+.7000E+14 +0.0
+,3000E+14 40.0
+.2500E+14 +0.0

+.3500E+14 +0.0

+.1300E+13 +0.0

E Reference S

+0.00
+0.69
+1.00
+0.00
+7.55
+0.00
+0,00
+16.80
+1.43
+45.41
+3.75
+0.00
+3.30
+17.26
+0.00
+0.00
+0.00
+23.60
-0.74
+0.00
+16.80
+0.00
+0.00
+0.00
+88.43
+2.11
+0.00
+1.20
+3.99
+3.51
+ 8.00

+.8700E+10 +1.05 +1.81

+.24100E15 -0.40

+.2000E+13 +0.0
+.3000E+14 +0.0
+.1750E+13 +0.0
+.1600E+15 +0.0
+.4000E+13 +40.0
+.4000E+13 +0.0
+.1700E+17 +0.0
+.1026E+03 +2.61
+.1074E+02 +2.71
+.1120E+14 +0.0
+.3390E+13 +0.0
+.5620E+08 +2.0
+.8700E+07 +2.0
+,.1120E+15 +0.0
+.2820E+14 +0.0
+.9500E+14 +0.0
+.2000E+11 +0.0
+.1250E+15 40.0
+.6350E+14 +0.0
+.1000E+13 +0.0
+.1000E+13 +0.0
+.7900E+13 +0.0

0.00
+5.00
+2.99
+0.96

+37.80
-0.2§
+28.00
+84.84
+0.331
-1.438
+19.40
+17.00
+7.70
+5.00
+7.85
+5.20
+31.00
429,50
+37.00
+36.90
+5.00
+5.00
40,00

WARNA.84 -2.884
WARNA.84 ~-2.884
WARNA.84 -2.142
WARNA.84 -2.142
WARNA.84 -2.237
WARNA.84 -1.675
HACK .77 -2.884
BAULC.73 -0.168
WARNA.84 -3.315
BAULC.73 -2.884
BAULC.73 -2.142
WARNA.84 -2.884
WARNA.84 -2.884
WARNA.84 -2.884
WARNA.84 -2.142
WARNA.84 -2.884
pIX L.81 -2.884
BAULC.76 -2.884
WARNA.B84 -2.998
VEYRE.81 ~1.998
WARNA.84 -2.454
WARNA.84 -2.112
WARNA.84 -2.454
WARNA.84 -1.897
WARNA.84 -2.237
COHEN.83 -2.136
WARNA.84 -2.884
-WARNA.84 -2.884
WARNA.84 -2.884
WARWA.84 -2.202
LLOYD.74 -0.959
TULLY.84 -2.884
WARNA.84 -2.884
WARNA.84 -2.884
WARAN.84 -0.836
WESTB.83 -2.884
WARNA.84 -2.884
GUTMA.84 -2.884
GARDI.68 -2.884
WESTB.84 -0.335
COHEN.82 ~0.701
COHEN.82 -0.701
WESTB.85 -1.018
WESTB.85 -1.018
WESTB.84 -0.864
WESTB.84 -0.864
WESTB.85 -2.884
WESTB.85 -2.884
WESTB.84 -2.884
KERR .59 -2.884
JACKS.61 -2.454
KERR .50 -2.454
WESTB.84 -2.454
WESTB.84 -2.454
WESTB.85 -1.485
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tubes (5). The comparison between the experimental and calculated resules

is stown in Fig. 1. A farr agreement, generally, in the testing ranges, was

observed.
Then, the mechanism was subjec~ 05 s
to a sensitivity analysis using che see Uy 0, @

“brute force" method. A sensitivity L 9n t; 35 ; v
coefficient, S, was defined: isz Ez ne 8
S = log 18T/ I/ log( ak/k) of- In o e

where at {s the change in the ignition 3”
delay cime,T , due to #k change in the i; i
rate coefficient k. The sensitivity co 3
efficientin case of stoechiometric pro~ E -0S5[
pane-o2 mixtures was calculated and ta-
~ L

bulated in Table 1. 1t can be seen that 2
the calculated ignition delay is sensi~ 5;
tive to the rate coefficients for the ;} 1o '
reactions involving caus, in parcicula{ § I
the thérmal decomposition step R(40). o
There is also a big influence of rate v sk
coefficient of chain branching reaction *
R(8). } S

The mechanism can reproduce also v

" the burning velocity. Further, when the ~20% ;. ; L é

mechanism used to reproduce the experi~ 1047

mental results, obtained from a jet-stir Comparison becween experimental lgnition
delay and calculated ones. Solid line (rom
Burcat ec al. (1971). Symbols are calcula-
ted using the mechanisa,

red reactor opesated in fintermediate
temperature range up to 10 atmospheres
(3), the computed results were too far from the experimental ones. llowever,
ft can be concluded that the simplified mechanism is only sultable to

reproduce global informations and not detail kinetic ones.
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GAS-PHASE OXIDATION OF BENZENE AND DERIVATIVES; FORMATION AND FURTHER
CONVERSION OF PHENOLS

R. Louw and P. Mulder

Center for Chemsitry and the Environment

Gorlaeus Laboratories, The State University of Leiden
P.0. Box 9502

2300 RA LEIDEN, The Netherlands

ABSTRACT

The gas-phase oxidation of benzene and derivatives is important in

the chemistry of the atmosphere and in combustion. Our study deals with

kinetic and mechanistic features of the oxidation of arenes between

400-1000K.

A detailed thermokinetic outline is given for the formation of phenol

from benzene, the major arené derived product at low degrees of conver-

sion. Data on the kinetic H/D isotope effect support our mechanistic

interpretation.

| However, phenol is not a stable compound under the reaction conditions
employed. At moderate degrees of oxidative degradation dibenzofurane (DBF)
wag found to be a major product. DBF and chlorinated DBF's are observed

i in stack gases of waste incinerators. The mechanism(s) of DBF's will be

| ' discussed.
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High~-Tenperatare Propane Oxidation
2.1.Moshkina, 5.8.Polyak, L.B.Romanovich
lustitute of Chemicel Ph,sics, Academn, of Sciences of the {(8SR

Propane oxidation has been studied by the kinetic tracer

method (pyrex reactor, s/v = 0.7 and 12 cm'1, T = 455°C, p = 170
torr, About 1 %’propylene differently labeled with 146 vas added
to an eguimolecular propane/ oxygen mixture..

The gualitative composition of radiocactive species was: 03“6'
02K4, gHZO’ CHBOH, CHBCHO. C3H60, CH3COCH3, same ag for oxidation
at 315°C, but for CBHS’ 02H4, CBHGO’ 002 the yields were higher,

‘and- for CH5OHO, CH30H lower., Propylcne oxide had one recursor -

propylene, while other species were formed both from propane aad
propylene,

The radioactivity distribution at 45%°C wae different from that
for low-temperature oxidation -~ a larger part of CH3CHO, CH2O.
CH39H' CoH, were generated by propylene.

Use of the difierentl, labeled propylene revealed its reactivit,

in- CHCHO, CH,0, CHOH, and C,H, formation. The probability of
CH3CH0 generation by groups 1-2 and 2-3 was approximately -the same.
At 3ﬁ3°9 the probnbilit; of GH3QHO fommation from groups 1-2 and
2-3 was 0.5 and 0.7, respectively. This sugzested that the
subsequent propylena reactions were due to addition at the double
bond, rether than to formation of all;l radicals.

At 313% an increase in s/v to 12 ca” completel; stopped the
reaction, while at 455°c the nmaexinum rate decreased ~~ 4-fold, and
the induction period increased -~ 3-fo0ld. The composzition of
species. and the radiosctivit, distribution were the same as tor an
unfilled remctor. It was found from the kinetics of the added
acetaldehyde accumulation at 313°C that in low-temperature propune
oxidation CH30H0 was the branching agent.

o i e ol A B o o S

|
|
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THE INITIAL STAGE OF METHANE OXIDATION AT HIGH PRESSURES

Vedeneev V.I., Goldenberg M.Ya., Gorban' N.I., Teitelboim M.A.

The kinetics of methans oxidation at high pressures has been
studied in a number of works, Nobody, however, hae speclally inves-
tigatod its initial stage. Nevertheless, the initial stage can mar-
kedly affect the course of the process as a whole,

The aobject of the nreéent work is to constéuct and analyze on a
computer an isothermal kinetic riodel describing the mechaniam of the
initial stage of methane oxidation at high pressures (P:= 50 atm.)
and moderate temperatures (T ~ 600 K).

A mechanism has been proposed for the inltial stage of the pro-
cess, represented by a combinstion of elemsntary reactions and Arrhe-
nius' expressions for the rate constants of each one of them, The

constants of cbnf}olling elementary reactions were specially analyzed
based on the presently available experimental and theoretical data.

The initial oxidation staée.experimentally rovealed as the in-
duction period of a degenerated branching process,has been establi-
shed to constitute a branching reaction proceeding under certain
quasi-stationary conditions characterized by approximate equality of
the branching and the quadratic termination rates, The combinations
of reactions resulting in chain branching have been ascertained, and
the influence of each one of the quadratic reactions on the kinetics
of the oxidation procesas initial stage has been investigated. ‘

The propossd mechanism of the initial stage of methane oxida-
tion qualitatively describes the eiperimentally revealed kinetic ro-
gularities and explains the formgtion of the principal oxidation
products: methanol, formaldehyde and water, but, naturally, does not ’

account for their subsequent tranasformstions, since only the very

first etagq,of the process is involved,
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TITLE: Kinetics of the Halogen Catalyzed Elimination of HCL from 1,1,1-
Trichloroethane.

AUTHORS: A.S. Rodgers and P. Jerus, Department of Chemistry, Texas ASM
University, College Station, Texas 77843 U.S.A.

In the halogen catalyzed elimination of HCL from 1,1,1-Trichloroethane
the rate 1limiting step may be either (1) or (2).

CH4CCly + X + CH,CCLly + NX )
CH3CCl; + X + CH3CCL, + XC1 (2)
If one estimates the C-H bond dissociation energy in CH3CCly as ~104
kcal mol", based on CH3CF31; and the C~Cl bond energy as ~73 kcal mol“,

based on 620162; the thermochemistry of the four possible reactions for X=Br

and I can be estimated as:

CHyCCLg + Br + CH,CCly + Bril  AHY = 16.5 (3)
CHyCCly + Br = CHyCCl, + BrCl AHZ = 20.8 )
CHaCCly + I » CH,CCly + IH  AHR = 32.7 (5)
CHyCCly + 1+ CH3CCl, + ICL  AHZ = 22.8 (6)

Based on these estimates one would expect the rate limiting steps (and
thug the mechanism) to be different for Br, catalysis compared to I, cataly-
sig, These reactions have been studied in the gas phase from 560 to 640 K and
their kinetics determined manometrically and stoichiometry verified by g.l.c.
analysis.

The reaction of bromine with CH3CCl; was first order in CH;CCl; and the
first order rate constants depended on [Brzll/z. The amount of Cli, = CCl,
formed was in good agreement with the increase in pressure (AP) for less than
50% conversion and only traces of CH3CHCl, was found even when 150 torr of HBr
wag added to the reaction. Thesa dsta are consistent with the following

mechanism for the bromine catalyzed reaction.




o A

Br, & 2Br Kgr

CHyCCL; + Br 2 CH,CCly + HBr (3)
CH,CCl 5 + CHp=CCl, + C1 (1
Cl+ HBr =+ HCL + Br (8)

/2
For this mechanism; Rate = k3Kp, (Brz)l/2 (ctizccly).

The rate of the reaction was reduced by only 7% when 145 torr of HBr was added
to the initisl reaction mixture which indicates that k; > k, (HBr) under the

experimental conditions.
From a considerction of similar reactions!,3=% we have interpreted

the data obtained for ki to yleld: log (ky/M!s™!) = (11.30 + 0.3) - (19.94 &
0.82)/6 which fits the observed rate constants with an average deviation of
8%.

One can estimate E3 = 3 £ 1.5 kcal mol~! from similar reactions!s?® so
that AH3(298) = 16.2 kcal mol~! and DH®(CCl;CH,-H) = DH°(H-Br) + 16.2 = 103.7
kcal mol~!,

In preliminary experiments at 600K it was also found that I, catalyzed
the decomposition of CH3CCly to yield CHp = CCl, and HCLl and that, at less
than 50% conversion, the agreement between AP and the extent of reaction as
determined by g.l.c. analysis was excellent. This showed that only the eli-
mination of HCl was taking place. However, when HI was added to the initial
reaction mixture d(AP)/dt was noticeably decreased and CH3CHCl, was a major
product. This suggested that reaction (6) rather than (5) was rate limiting

and that the mechanism for the I, catalyzed reaction was:
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I, & 21 Kg
CHyCCly + 1 & CH,yCCL, + CLI (6)
cu36c12 + I, 2 CHaCCL,I + I (10)
CH3CCl,I  + CHy=CCl, + HI 1
HI + ClI + HCl + I, (12)

Making the steady state assumption and agsuming that reaction{s) (12) will

keep the concentration of IC1 low, one then obtains: Rate =

kekr V/ 2(19) M/ 2(cH 4001 ,). .
This is the concentration dependence ohserved experimentally over an '

eleven fold variation in (CH3CC13)/(I,). An analyses of the rate data from

565 to 610K resulted in log (kg/M™'s™!) = (10.65 + 0.16) - (23.25 & 0.4)/6.

If one assumes that Eg = 0] kcal mol~! based on the results of similar reac—

tions with I, and Br,5, then AHg*(298) = 23,5 keal mol~! and DH®(CH4CCly=Cl) =

DH°(I-Cl) + 23.5 = 73.8 ¢ 1,5 kcal/mol.
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COMPUTER PROGRAMS AND DATA BASES
FOR THE KINETICS OF GAS PHASE REACTIONS

G.M. COME, G. SCACCHI, Ch. MULLER, P.M. MARQUAIRE and P. AZAY
CNRS (UA 328), INPL (ENSIC) et Université de NANCY I

1. Computer programs and data bases have been built for the mechanistic
modelling and the simulation of gas phase reactions. Only specific comments
on the system (fig. 1) will be given here.

Building the reaction mechanism is achieved by a program, which is
able to write the complete 1ist of the primary elementary processes of the
reaction from the 1ist of the reactants. Generally, the mechanism is very
impressive and should be reduced at the moment by hand. Progresses in this
field are expected from expert systems (see below).

The thermochemical data of molecules and free radicals are
computed by the methods of the thermochemical kinetics, developped by
BENSON. The only data needed for these calculations are the structural
formulae of the compounds. In the future, the kinetic parameters will be
found in a bibliographic data base and the methods of BENSON for the
kinetics will be programmed (see fig. 2) ; the number of data will be
increased and the consistency of all types of data (thermochemical, kinetic,
bibliographic, computerized) will be checked and imoroved.

From the mechanism and the associated data, a compiler furnishes

" the rate laws as a function of current concentrations and temperature.

The above programs and data bases 1involve the usual problems

encountered in computer chemistry : - external and internal coding of
chemical structures, reactions and of their properties - algorithms of
canonicity, searching for substructures - relational data base operating
system.

The simulation of the reaction in a given reactor needs to solve
the material, energy and momentum balances. As it is well known, the corres-
ponding algebraic or differential equations remain difficult to solve,
because they are very stiff, coupled and non-linear. Various numerical
algorithms have been used or tested, from the simplest ones up to more
sophisticated.

2. Applications of this system have been achieved in the case of the
pyrolysis of neopentane and propane at high temperature, the chlorination of
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ethylene (CHLOE Process, ATOCHEM), the thermal reaction of chlorine and
methane (BENSON's patent), etc... It has been shown, in the case of
neopentane pyrolysis, that the same mechanism accounts for experimental
results in the temperature range 700-1300 K and from KNUDSEN pressures to
around 1 atm. This is in favour of using such fundamental models for
engineering purposes.

3. Which is the state of the art in this field ?

One of the first attempts to solve complex reaction mechanisms has
been that of EDELSON (BELL Co.). The programs by the NASA and SANDIA
laboratories for chemical kinetics (respéctively NASAKIN and CHEMKIN) have
been developped for simulating reactions and include thermochemical data
bases ; these codes are well documented. Another program, SPYRO, specially
devoted to pyrolysis reactions, has been developped by KTI. The most
prominent feature of this program is its ability to cope with very complex
mixtures. This is due to the central concept of lumping both components and
reactions.

4. What are nowadays the prospects ?

They-concern both the kinetic themes and the methodology.

The kinetic themes dinclude both fundamental (elucidation of
complex reaction mechanisms, determination of thermochemical data of
molecules and free radicals, and of kinetic parameters of elementary
processes) and engineering objectives (energy, chemicals, ecology).

The core of the elucidation of complex reaction mechanisms is the
generation of the mechanism itself ; the method described here is far from
being satisfactory : simultaneously, too much and not enough processes are
generated, because no stoichiometric and kinetic knowledges are put in the
machine, nor qualitative rules, nor quantitative laws or data, so that the

" generating system works blindfold. The way for doing better is an expert

system, of which a general scheme is shown in the figure 3. Among others,
knowledges such as stoichiometric and kinetic experimental results,
thermochemical and kinetic data, rules for writing elementary reactions and
building reaction mechanisms, rules of lumping, etc..., have to be taken
into account.

The determination of quantitative data by the methods of BENSQN
has been achieved for thermochemistry, the work for kinetics is to be done.
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Further more increments (see fig.

2) and improvements in the fields of

oxidation and combustion are needed.

As concerns engineering prospects, the state of the art in gas

phase reactions permits us tc use a mechanistic modelling for solving such
problems as improving conversion, selectivity and energy saving on existing
plants, designing new processes for producing chemicals.

Mechanistic modelling also occurs in ecology, for example in

meteorology and in safety. Regarding this last point, our thermochemical
program has been extended to CHETAH calcutations.
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THE THERMAL DECOMPOSITION OF n-HEXANE

by Freddy E. Imbert and Roger M. Marshall,

Univarsity College of Swansea, Swansea SA2 8PP, United Ki