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ABSTRA CT

This is the final report for Grant ATCSR 75—2770. Advances in chemical

dy n i r ~ics are not t.isu~~lv a:h iev~~ by a si~~ i~ e:~~~~~~ent b.i t ra ther  by a

blend of informations using a variety of techniques. As a consequence ,

the results  of this research project may be c lass if ied  in three separate

categories: a) preparation of and exper iments w i t h  e lectronical ly excited I .

atoms and molecules ; b) measurements  of k ine t i c  energy thresholds for  ion—

pair product ion from molecular  collisons, with subsequent derivation of

molecular binding energies and electron a f f i n i t i e s ;  and c) thermal energy

chemi—ionization processes.

In experiments of type a) electronically excited sodium was used to

promote the chemi— ionization reaction with 02 and SO2. Tvo photon ion—

ization of Na2 and Li2 was also studied in order to investigate laser

selectivity. Isotope fract ionation is observed in the case of Li2 using

a single mode Ar~ ion laser . Category b) type measurements have been

performed on HNO3, PCi3, PBr3, PC12Br , PBr2C1, C02, 031 SO2, SO3, Cl2, Br 2 ,

12 and CT3!. Thermal energy chemi—lonization reactions of many of the

alkali diners with the halogens and interhalogens as well as UP6, Mo?
6

and ‘
~
‘
6 were observed . __________
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LIRODUCTIO
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

This is the final report for AIOSR Grant 75 — 2770.  This program was

jointly supported by AFOSR and ARO . In doing this work , we a t t empted  to

maintain a balan-e between a~ research that might be classified as

essentially pure (in scientific areas , however , w~.ich are related to DoD

missions) ama b) similar problems which involve atoric an~ molecular species

that are directly involved in systems of DoD interest. As an example of

the former, the entire field of ionization processes is of DoD interest ,

primarily because the charge balance in the at ~~here (both normal and

disturbed) determines the ability of electromagnetic signals of various

frequencies to propageate through it. We have done a variety of ionization

studies which contribute to further understanding of these properties. An

example of more directly relevant research are our measurements of the

electron affinities and other negative ion properties of such species as 02.

O3~ NO2, OH, NO3, H?~O3, etc.

The experiments supported under this grant were all performed via

various combinations of molecular beam and laser techniques in order to more

fully exploit the advantages of each.

The three main categories of experiment were:

1. Lasers were used to produce and characterize atoms in specific electronic

states or molecules in specific electronic vibrational and/or rotational

• states . We performed two photon ionization experiments on alkali diners

ai~ observed ionization from specific vibrational and rotational states.

We also prepared Na(3p) and used it to promote the collisional ion-

ization of 02 and SO2. In both these experiments , energy for ioniza—

tion was produced wholly or partially from photous~ It is expected

1 
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r ~
t hat  two photon ion iza t ion  may be used to c har a c t e r i z e  the products

of chemical reactions while electronically excited atomic states will

be useful in further understanding chemical reactivity.

2. In addition , we continued our well—est aUished program for determining

the electron affinities and b~ nd s t r e r . g th s  fo r  n eg a t i v e  molecular  ions.

This was dc~ c ~ i :h a v~ i i c t v  c~ c.c e cu . c s  m c i  i:.~ a n~:.~ c r cf

impo r t a n t  a tmospher ic  species. ) lolecular beams in the e lect ron—volt

kinetic energy reg ion were used. In this case translational motion

supplied the en€r~-v for thc c c i — i o r . ~ z a t i c ~ process.

3. Several examples of chemi—lonization at thermal energies , where the
- •1

ener gy for ion product ions  comes from the energy released in new bond

formation , were also found.  These occur in the reactions of the alkali

d iners with the halogens , IBr , ICl , Mo?6, V?6 and UF6.

All of the techniques used and systems studied have focused on the role

of energy in chemical reactivity. We have examined the effect of translational,

electronic and vibrational—rotational energy on the ionization as this is

the simplest type of chemical change. The stability and access ~ility of

product states is also important for understanding chemical reactivity. Our

results for electron affinities and bond strength for a variety of systems

are suimnarized in Table 1.

I
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B. DISCI.SS1ON A }D RESIJLTS

In order that one may more fully understand the goals and scope of

our program we will briefly discuss and sum~arize the published work. We

will also attemp t to provide the motivat ion for it and the relationship

between the various areas.

1. ~~~~~ j a r a t i o~~ of excited :cr-~~ or r~~~~u1e~ in s p e c i f i c  qu antum st a te s .

One of the most important goals in reaction dynamics is the theoretical

prediction of probabilities of chemical reactions or other physical processes.

Although macroscopic rate constants are u s u a H y det e rmined  by bulk experi—

ments and tabulated for most practical applications, they are very difficult

to compare with theory.

The job of obtaining a sufficient number of r~levant rate constants

and their temperature dependence so as to be useful in predicting practical

situations is usually difficult. The value of microscopic rate constants

has been recognized for many years. These more detailed building blocks

are very useful in gaining an understanding of a variety of collision

processes. However, their use is usually limited to situations where the

internal states of both reagents and products can be characterized by a

temperature. Even then, in order to compare such theories with experiment,

it is usually necessary to compute a large number of constituent processes

to obtain a rate constant. This is so because the microscopic rate constant

is an average value resulting from many collisions which have a large range

of initial quantum states , kinetic energies , impact parameters and mutual

orientation of the molecules. It is unsatisfactory to undergo this calcu—

lational labor to obtain only two parameters , perhaps a rate constant and

its temperature dependence , since it is difficult to attribute deviations to

one of the specific factors and thus makes the exercise less meaningful.

3
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Molecular beam studies have contributed to unra”eling this situation ,

since the initial and final relative kinetic energies have been controlled

and meas ured , respec tively. Sc’~ e information about the initial impact

parameters has also been deduced from the angular distributions of reactive

and non—reac tive collisions.

Such studies have ~~~~~~~~~ t h a t , •r e ~ L en t ly ,  Eroc~u :ts of single collisions

cannot  be des c ribed by ter~ era tures , ever, within a carticular degree of

freedom . Accordin~ ly , it becomes appropriate to study the individual cross

se ct i o r .s fo r passing f ro m s p e c i f i e d  i n i t i a l  to f i n a l  quantu m s ta tes .

Wi th the advent of laser technology , it is now possible , in addition

to the advances mentioned above, to start reactions with molecules which

have definite electronic, vibrational or rotational states , or with atoms

in a definite electronic state. Likewise, the internal energy distribu-

tions of the product states may be deduced with lasers. With polarized

light, inferences may be made about the relative orientation of the two

species .

We have been engaged in molecular beam research for many years and

im the pas t two years we have started to use lasers as tools for use with

the beam techniques , as have others. - This provides a slightly differ-

ent point of view from laser workers who have found molecular beams a

useful tool. The latter normally are not interested in subsequent colli-

sion studies . With either point of view, however, in addition to the vii-

tues of molecular beams cited above , there are two additional advantages :

a) if a molecular beam crosses a laser bean at right angle~ the Doppler

shift of frequencies becomes vanishingly small. This means that a very

narrow laser freque ncy wid th ciii be used for excitation , so that a dc-

- - - •- • - •— - - .• — I ~~~~~~~
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sired frequency can be s a tu r a ted ;  and b) there is no collisional relaxation

- 
- to disturb the newly formed exci ted molecules .

Our i n i t i a l  s tudies  on ch ezi—ionizat ion induced by e lec t ronic  exci ta—

tion has been wi th  Na atoms as the D s t a t e s  are easi ly reached wi th  exis t ing

laser technology as described in the paper below :

Volume 5I. number I CHEMICAL PHY SIC S LETTERS 1 October 1977

t~EAR -THRESHOLD IONIZA TION OF EXCITED Na(3 P) BY COLLI SION S WI TH 02 AND 502 
$

Erhar d W . ROTHE , B.P MATHUR —

Ret e:’ch 1n~ i:u:e for Engineering Sciences cod D ep a tmenr of Chemical Eng irs eerir ~g, k~ vnc State Unners iry .
Iktroi: blsch 4fan 452&_’. USA

and

Gene P. RECK
Department of Chemistry , Wayne State Uniwei ’sity, Detroit. Michigan 48202. USA

Received 20 June 1977

Poutive ions sic produced in crossed bums of eV4anfe sodium at oms and thermal 0~ or $0~. Resonant laser ~~~~t
used to e~cit e a .~i1J fract ion of the sodium to Na (3 ~~~ or 3 ~~~~~~~ Prod u ct ions axe observed at lower ,ca~ent kinetic
esser~ es wi th Na than w ith Na.

The major result of these studies was that electronic excitation could

be used to promote the chemi—ionization processes . i t

Two photon ionization of alkali molecules may also be easily studied

because a) these molecules have sufficiently low—lying electronic states

that they can be excited with a single photon in the convenient range of

visible ‘ew-light obtainable from argon—ion lasers, b) their vibrational and

rotational spacings are such that they can be excited exclusively to single

upper state v, 3 levels, c) the specific transitions excited by the argon—ion

laser lines for the molecules Li2 and Na2 
have been identified so that this

I
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urper state level is kno~.’n. d) the n~r-~~Lr of argon—i on laser lines is

s~i f f ic i en t  that  the m o l e c u l e s  ~,.j v be p r epar ed  w i t h  a wide  range of vib-

r a t i o n a l  and r o t a t i o n a l  ~~;~~rg ies a n d ,  con~~~cu e n t l v , the  di s s o c i a t i o n  energy

v h va~~ ed f ro r  ~~~~~~~ to  ~-:‘ ~t z e ro . a~ d f i n : 1v , e) the san&~’ laser

frequency that excites the molecules can also be used to ionize the excited

s ta t e , so tha t  the e x c i t e d  s t a t e  p~~’i. : lat io n can he mon i to red  by tw o—p hoto n

ion i za t i on .

We ha ve a lr eady excited , and ionized , a few such s tates in Li , an d Na 2

and a c c o u nt s  of th e se  c’x~-~ r irx ~ nt s  ar~ d s~ ri~ L~ in t~~~ fou r  papers below :

251~ .1 Cne~ PPyS 68 5.. 1 Mi 1978 0C’l 96X 78’680& 25 18$Ct l 00 C 1978 Amer ican Inet tute of Pr ysics

Two-photon ionization of Na2 by an Ar 1aser5
~$ B. P. Mathur and Erhard W. Rothe

R eseore~ Irsr:: ~ rc f o ’ ~~~~~~~~~ Scie,,cer cu d Dq’arz nsen: of C~e,nic~ £ng.uecrt n~ . Sàvui e State
rsa~r. ~~ : oa. Mucli gw, 4~2O2 - 

p

Gene P. Reck
Depo.’rmeu,t of CheP~Lu.) . ~~a)1is State ULIcrLO. Deowi~ Msciugj, i 41202
(Ric~c,..d 13 Scp~ nber 1977)

Volume 53. number I CHtMICAI. PH’s SIC’S LiTTERS i ian~ar~ 19Th

ISOTOPE FRACTIONATION iN ThO.STEP PHOTOIONIZATION oi u2 *

Erhard W. ROTHE, B.P. MATHUR
Reseo~clt Institute for Enpineerin.g Sciences end Department of CAcmicc1 Enpneering. SVcyne Stete Unrversiry.
Des roll , Mschsgan 48202. USA

and

Gene P. RECK
Department of Cha’rnisrry, Wayne State Unh’er’:It,~, Detroit, Miehij’.n 48202, USA

• R.cetv.d 12 September 1977

A an arjon4oa Iiier beam intersects a thertnal.energy lithium-beam. Sequential two.photon ionIzation of LI2 ~ nb
ui~~d, LI; inns are formed by most of the available laser Iine~ Large isotope fract ionationa re~aIt ftosis this prona..
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Calculated transitions in Li2 isotopes at argon laser
frequencies

Allan J. Lightnian
Depa’rmesr of Efr.-t’wat~ r.d Compute. Eng nee nnj and Resear.,~h Iasrirvie fo r tng:ueenng &ieu,cej ,
ll.~,nr Stair tui ,e r~,.’3. Detroit. Michig an 46202

B. P. Mathur
*nm,rrh Irrj r,riae for tug ueerut,g &.encn 5o~me State t ntwr~~~. Deovu. MicAigan 48202
(Ro.mved 2~ Masab 197$) — —
These studies demonstrate the selectivity of laser excitations partic—

ularily for the isotopes of Li. In the future we hope to use this selectivity

to probe the internal state distributions of product molecules using two—

photon ionization techniques as developed and demonstrated here .

2. Electron affinities.

An understanding of complex chemical systems in which energy deposition

and flow are important , such as in plasma , atmospheric chemistry , combustion ,

7
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f i a n~~ a n d  1as~rs, in vo lv e-s t L e  kr~~~2e dge  of t h e  C~~t t ~~t - t j C S  of ionic species

as well as t h e ir  r e a : t i c’n ~ w i t h  n e u :r ;  species . In c~~nv cases , trace-

ir. p u r i t i e~ n,~v in f~i c t  be a ~..~j c - r  ~~~~~~~~~~~~ ~~~~~~ of j t r f ~ r~~~r ce .

Gaseous n e g a t i v e  ion s have receive d ccsnsidera~ 1y less attention th an

have pos i t ive  Ions. N ev er t h e l e s s 1 a— u t t a r  ~~~ of t he  role negative

ions p lay in var ious  cher.~ ca1 oces~ e-~ is c f  f~~~:~~~- - . a l  i n p;r t ar . : e  a )

in the fo rn a t i o n  of ions and electrons it the ior.:’~~’.tre - (w ~ i ch , ~r turn ,

is intimately connected ~t i t h  p r o p a g a t i o n  of e l e c t  r~~:~~, -s t l c  r a d i a t i on  at

co~~unica:ion frequencies), b) ir. tJ.e- ~
: . c~~ :~~ r .t  - - f a re c and

• shocks , c) in fundamental cherica 5t r ~~ : t L c t  1~ O~~t :  ~ Ic tr.€-rgetics ,

d) in radiation phenomena , and e) ii~ the use cf r t -~~~~~~. ’t  ie~~ ir. ~.ass

spec t ron e t ry .

The electron a f f i n i t i e s  of a wide range of Spe cies LIe needed in

-
~~~ order to estimate anion stabilities and map out the energy I b y  in these

complicated systems. Theoretical calculations of the electron affinities

• of atoms is still considered difficult since electron correlation mus t be

included. The electron affinity of molecular species is even more diffi-

cult to calculate exactly and only rather general empirical rules exist

as a guide. For the i.aediate future , direct easurement of the electron

aff inity is the only ~~urse.

In 1969, two papers vere published , almost simultaneously , which

present.d .experimental results on processes of the type

M + X Y  +• M  + X + Y

where )! is an alkali atom and XY may be diatonic or polyatomie. One of

theme meaaurements was performed at the FOM Laboratory in Amsterdam,

- 
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the other was done by E. V. Rothe in collaboration with Dr. R. K. B.

Helbing . These two groups have continued with similar work, and other

labora tories have now entered this field . In these experiments, interest

is gene ra l ly  focused upon the XV m~ lectiles r a t h e r  th an  upon the alkali

at o m .  The appeal of  thesc~ r e ac t ion s  l i e- s  in a t  least  t~~o areas , both of

which were studied here, and which we plan to continued to study.

The first area is the determination of mnlecular properties. These

reactions have energy—thresholds which lie where the molecular energies

predict ;  i.e., the products  do not contain excess k ine t ic  or internal

energy , in contrast  to behavior frequently observed with photon or electron

impact. Accordingly, this approach may be used to measure such molecular

parameters as bond energies in neutrals or in negatjve ions, and to measure

electron affinities in atoms, molecules and radicals. This laboratory

has been active in developing the relatively complex experiments and , ‘-i
computer codes that are required to obtain very precise energies. The

particular methods are described in the reports and publications:

The Journal of Chemical Physics, Vol. 62, Pdo. 1. 1 January 1975 Copyrigh t C *975 American i nstitute of Ph ysics

Ionizing collisions of cesium with Cl2, Br2, and 12
S. V. Tang, C. B. Leffert, and Erhard W. Rothe
Research Institute for Engineenng &iences and Depart ment of Chemkal Engineering. Wayne State Unive,itty. Detroit.
Michigan 48202 

-

Gene P. Reck
Depor tment. of Oiemliuy. Wayne State Uoivertf ty. Detro it. Michigan 48202
(Recelved 9 Septembar 1974)

A crossed molecular beam apparatus is used to study ionizing coffiuam at energetic anaium atoms
with CI,, Br,. and 1,. The cross sections for fonnauon of Ca art reported iii the near.threabold
region. The eapennient combinar an energy rasolutiom beset than 0.1 eV (FWHM) with a
decon~oIution procedure. An electron afl’iniry of 2.50 eV I deduced for .11 three halogens, ~ good
agreement with premous work. In a separate capenmrtt. with omi .dn aiergrea from threabold so 350

• eV, and with much poow enargy resolution, the uiteniüy r.uos X /X2 ate abialned. The insults
can be reasonably captained with an electron jump model. At energim below 30 tV the cbseevsd
ratios art le .granT,ait with two other ioveetigstois, but betwens 150-350 eV they ate *satieally
~ fferant from work reported from a thirt Complementa,y data ruomIly reported by a bulb coup
we difficult so recondie with the pemant rmsks
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~ easurement of electron aff inities of 03, SO2, and SO3 by
co!lls ona! ionization

Erhard W . Rothe and S. V. Tang
Jr i.:. f~ Erg.r . c t r . ’j  5ci,n:~~ ~~~~~ A~~~~,ntr, : o’ Cn. ’ni.. .i .’ ~~~~~~~~ k a ~ ,,i Stat e Unlwr ~lt),

M ich ig an 48202

Gene P. Reck

Department ‘ Che~~isy, 7 . Warne State t’nirer5iry . Detroit. Michig an 4g202
(R eceived 29 November 1974)

I.

The Journa l of Osemica l Phywcs, Vol. 64. P’o. 3, February 1976 Copyright C 1976 American I nstitute of Physics

-
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Negative gaseous ions from nitric acid*
B. P. Mathur, Erhard W. Rothe , S. V. Tang,’ and Kanwal Mahajan
Research Institute for £ng ff i err ing Scicnce~ and Depar :mera of Qiemica! Eng ineenn.g. k’ay ne State
Unii ’ertzty . Detroit. Michig a n 48202

PGene P. Reck
Depc”rnienr of Chemistry. Wayne State Vnieers ity, Detrou, Michigan 41202
(Received *7 Octobct 1975)

The Jo~vnsl of O~smiceI Ptsy~cs. Vol . 65. No. 2, 15 July 1976 Ccpyr~~ t C) 1976 Amer ican I nstitute of Phystce -

Negative ions from phosphorus halides due to cesium
charge exchange*

B. P. Mathur , Erhard W. Rothe, end S. V. T.ng~ -

Research Institute f r r Eagineenng Sciences and Depa rurieiet of Chen,ical Engineenng. Woy,ie State
Unive,sirj~ Detroit, Michigan 41202

Gene P. Reck
Depar tment of Chesnlsuy, Wayne Slot. University. Detroit, Michigan 4*202
(Received 2 March *976)

An espenmeni.has been conducted a which cesium atoms m the kinetic anergy tinge 2-350 .V elude
with phosphorus halides. Parent anions and fragmants ate loomed. Molecular ener~ es art obtained
fro, threshold mmsuremanis, The electron affini tes for PCI,, P00,. PBt,. PO,Br, PBr,0. and POD, we
bind so be 0$, 1.4, I4~ ES, l.& sad 3.1 .V, reapectively. The P-X bud sairgis far P0,, POD,, ~~Pir, we 3.3, 3.5, mid 24 tV .~..~oiuiidy.
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Anothe r app l i ca t ion  of these techniçues is to a study of the detailed

dyn amics of a p a r t i c u l a r  process. An analysis of the cheni—lonization of

the freons by Cs using sii~ple su r p ris . .l  t heory  rL-ve~ 1s that the process is

direct rather than statistical as described below :

The journe ot Ch.mica~ Ptsyi.ci, Vol 54 P~~- 4 , IS Fetsruari 1976 Coc~yrip ”t C 1976 Amer iCan In stitut e of Pnysics

?~~~~.Uve ion formation in ha~o~arb~nc by ch:’2c exch3n~c
with cesium

S. V. Tang. B. P. Mathur, and Erhard W . Rothe
aesea”cli I nsittii , e for Engineering Sciences and Depurimens of Chem,ca! Engineering toyne State
t n.i, ’s.- i  D.- ,-’~.. Mi.higan 4J.~J.’

Gene P. Reck
Depu’tmen: o~Chemutry. Wayne State t nlre rssr) . bet ’oit, Michigan 48202
(ke.~eiseJ Septembet 1975) 

—

A crossed molecu lar team apparatus is used ic stud) the formation of anions b) chargt ts.ha n ge of fast
ccs~~ rr a~~rns v.itt .  a vanet) of haiocart’ons The br anching rttios are determine d from ib’eshold to 350 p.
e~ Comparison at th t spacl.aior strippin g and information ih oretical models to the da ta kids u~ the - k

ccincI~Mor that this class at reactions is an esample of an utir a dir ect lmpu~slsc mss hanis.m In the most
fr .orahlr case , that of CF,l. cc h u e  dctcrmined the near thrrtbot d retittse cross sections for the anions
CFO ’ . 1,  CF, - and 1F. Fpom these we determine the elevtrom tfflrut) o( CF,t to be 1.4 *0 2 e V  and the
bon d disr.’ciatsoc en r g~ of CF,.1 to 0,3k 0 I e~s , ah i. h disagrees with values obtained in a prev ious
sl4nm L

3. Cheml—ionization

In addi tion to the work described above in which ion pairs were formed

via the collision of molecules with severa l electron volts of initial

k ine tic energy , we also performed measurements in which all the ionization

energy was produced by chemi cal change.

The prototype reaction was that of an alkali dimer with a halogen .

A crossed beam apparatus was used to characterize ionic products of thermal

energy collisions of alkali d isiers with homonuclear halogens X2 and with

lEr and .ZC1. All possible alkali—halogen combination s were studied , except

with IC1 and Thr. The predominant reaction path leading to ions was

found to be

M2 + 12
4 M ” + M X + X . (1)

11

~~~~s— —— - - - _.._ w_i~~ ~ _ —
~~~~~~~~ 

..
~~. .. -~~ -~~~ ~~~~~~ - ~. — . ~~~~~~~~~~~~~~~ ~~~~~~ - . .— .-,~~~~~ 

.
~ - - ~~~.. — —

- - 
‘
. . 

- -a,-. 
~~~~~~~~~~~~~~~~~~~ -,-.-—- 4~~ii~. .....~ t’ 1’ ~ . ~~~~~~~~~~~~ ~~~~~~~~~~ ... ,. .. ..



- ------- -~~~~~~~~~~~ - - .  ~~~-.-- ,- -.- .-

when these reactions are exoergic .  Reaction via the a l t e rna t ive  paths

M2 + X2 ‘~~ 2X + f (2)

and

- M2 + X 2
-~~M’1’ + M X 2 

(3)

was observed when (1) is endoergic.

For Li , and Na~~, path (1) is energetically forbidden (except with F,),

but paths (2) and (3) are allowed and were found to occur. Some experi-

ments were done with the scientifically interesting LTF6 (electron affinity 6eV)

to establish the technologically interesting reaction Cs + 1JF6 ~ Cs+ + t.’F6 .

These results are described in the pap ers below:

The Journal of Chemical Physi~~, Vo l. 65. No. 7. 1 OCtObSe 1976 Copyriq~tt C 1976 American Institute of Physsc~

Chemi-lonization in thermal energy collisions of K2 and :
Cs2 v.’ith halogen molecules5

Erhard W. Rothe and B. P. Mathur ,

~ esearch Ins titute f or Engineering Science., and Depa rrinent of CSsenuca! Engineering, Wayne State
Viimvetwy. Detro ig~ Mich igan 48202

Gene P. Reck
brpamnen: of Chemistry. Wayne State Unive,wry. Drri’uix, Michiga n 48202
(~~ec.vnd 24 May 1976)

•ri
~~ .~~~~~~~~~~ wi Chemical Phycca, Vol . 16, No. 9. 1 May 1977 Copyright 0 1977 Amet icai Institutr of Physia 3347

Chemi-lonization reactions of alkali dimers with halogen
molecules5

Gene P. R.ck
Depertssei,s ~ Chemistry. Wayne State tlrdserssry. Detroit. Michigan 4*202 -

B. P. Mathur and Erhard W. Rothe
*nta ’ch Institute frr Engineering &iesicea and Dep ortment ~~ Chemical insgineenr.g. Wayne Ssste
V.iwv~ry~ Detroit Michigan 4*202 

- -

(Ratsn’sd 13 Ostobss *976)

A eeos.d ~~ ss apparatus ~ so characterize Ionic produces V thermal ~~~~~ of •~~~
damati U, with bomornielear halogens X, and with IBr and ICI. AR possible. ‘~~~-~~°r° ~~~~~~~~~~~~~~~~~~ : ~~

. -

wan studisd~ uos$ Sb, with 10 and EL. mien .nergetiaily possible the sonic producta are usainly M
and X .  When dass path I cIos~~ two .heenativs psiha ate ~ aervsd Than yield M,X’ s.d X ’. at U’ - - - 

.

MX, .  The trsolst at, dascuu.d • the fnatewoet of.  .i&haaiam proposod by Lia. Wbitebatd. and OiIos.
The hat iatg V the ts4at~~ c he~ I cossg~utad with the us. ~~an ~o~ c ~~~ L - .. . 

-

12

- . .— -, a- “ — ..—-~~~ ‘ ‘ ‘  ,.. - - -

S. ~~~~~~ ~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



— -

~

—

~ 

~~~~~~~~~~~~~~~~~ 
-

The JOui’ria’ Os Crsrn,c.’ P~yi.~t, VoL 6’. N~ 2. t~ July 1977 cops’rignt ~ 1~~ 7 Amars-car, lflst,tute of Pnyiics

Ionization reactions of metal hexafluorides with alkaliatoms and dimers~
B. P. Mathur and Erhard W. Rothe
Res eorrh Inn,ciac fur Engineering &sen Cr3 and Dq~orzmen: of Che ’nica~ Engineering Wayne StareL~n e r ~n~- . Dei,~,t. Mwh.igan 48202

Gene P. Reck
D~~ n”~en: of Chemwry. Wayne S,~te Unirrr ~iry, Detro it, Michigan 48202(Reeei~ed $ Febniary *977 )

Ionizati on reactions are obsers-ed In crossed beams, usual1~ of thermai energ), of allia is and MoF~, WF~,and IF. Presiou, studies h u e  tndicat cd largt electron aflinities (or these bezafluorides , and this isconfi rmed here Ionization at thermal energies proceeds with the aika!i dimers A 3 for the threehesalluondes~ but with alkali atoms A onh for VF~ Se~eral ionization paths are observed. allowing Sitededuct ion of molecular energies. A fe~ espen men ts we done with eV.tsnge bcàm~ Lower limits for theelectron arn nn~es are 4.3. 3.3, 49.4.3, and 1.9 eV (or MoF~. MoF 5. iF , IF~ and IF,, respecuvel~Possihit mechanurns are dswussesl

The results of the measurements performed by alka li a tom impac t and
chemi—j onj zatj on with alkali dimers are summarized in Table 1. In many

cases these measurements provide new informat ion ott these systems .

- 1  
.
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Table 1. Summary of mcilecular energetics determined by alkali  atom impact
and dimer reactions :

Molecule E.A. (eV) t~i~ sociation Energy (eV)

MoP
6 

>4. 5

MoP5 >3.3

WT6 >4 •9 t~(’i~T — T ) <5.0

UT6 >4.3

UT5 >1.9 H
0.57 D (N0 3 —N ) 1.28

D(N0 2 —OH ) 0.4

PCi
3 

0.8 D(PC1
2—Ci) 3.3

POd 3 
1.4 D(POC12—Cl) ~~~

PBr3 1.6 D(PEr
2
—Er) 2.6

PC12Br 1.5

PBr~Cl 1.6

POd 2 3.8

Co2 —1.1> > 2.l

03 
2.14

SO2 1.14

CF3I 1.4 D(Cf3—I) 2.05

D(CP3—1 )  0.38

14
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C. PERSONNEL SUPPORTED BY GRANT

1) Sur..~er Support for Facul ty

The principal invest iga tor , E. 1~. Rothe , Professor of Engineering

and G.P. Reck , Professor of Chemistry have received su~~ er support

from this grant .  P.K. Rol , Professor of Engineering also worked on

this project  for a short  time in the sut~~er .

2) Post—Doctoral Research Associate -

During the entire period of this grant , the research associate

was Dr. B .P.  )iathur who was suppor ted  pr ic~ar ily frot ~ this grant .  lie

carried through the difficult portions of the experimental program .

He moved to the Georgia Institute of Technology in September , 1978.

3) Graduate Students

Two Ph.D students have been supported by this grant , Mr. Dhruba

Sinha and Dr. Gregory Wells . Dr. Wells was gran ted his degree in June ,
p -

1978. The title of his dissertation was “A Molecular Beam Study of

Alkali—Halogen Chemi—lonization Reaction Dyna~~cs.” Mr. Sinha is now

carrying on in the apparatus vacated by Dr. Wells. Mr. Sinha is working

toward a degree in Chemical Engineering while Dr. Wells obtained a

degree in Chemistry. Wells is now at the University of Utah.

Mr. Kanval Mahajan worked on this project , primarily doing data

analysis of our experiments. He obtained a Masters degree in Chemical

Engineering and is now in industry. -

Jir. Yoram Hirsch was employed on the project. He is in Electrical

Engineering and initially worked for a BS and than as a Masters candidate . - 
-

His primary contributions were improvement of instrumentation and data

handling.
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fl Unde rgrad 1 e xudeT
~~~~~~~~~~~~~~~~~~~~~

in addit ion to the gradua te  s tudents , the following undergraduates

participated in varied capacities: S. McIntyre , P. Bodner, C. Messner

and F. Bean.
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