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A\ppl icat ion of TI..e-Resolved Laser Spect roscoples
to the Study of Energet ic Materials - 1981

Summary Report

1. Introduction

This report describes recent progress in INRL's research involving the
application of advanced spectroscopies to the study of energyetic Materials.
This programa is currently jointly funded by the Office of Naval Research and
the Naval Research Lahoratory as part of their colliboraitive Special Focus
Program in the area of energetic materials.

The goal of this initial spectroscopic studies are to provide the
appropriate species identificationi protocols suitable for the -study of fast
energ.1etic reactions stimulated by light, heat, and/or shock.

One of the major object ives of this Special Focus Programy. is to ident ify
and characterize the importanit initial stages of energetic reactions as a
funct ion of iitiat ion mode. Tin order to do this, techniques MoLst he
developed to .)bserve the crit ical chemical fragments in thle required tine
scales [e.g. 10- 1 sec)I and to elucidate- the kinetics,. 1,sing these,( datai
attempts will be made to miodify and control the course of the observed
energetic react ions.,

The initial qpecies, identification experiments have been performed in the
Short Pulse Section1 Of the Optical Probes Branch [Code 651r)] at NPL.
Col laboration with the Chemiistry Departnferits of Georgetown University, Johns
lopkias University and Washington State 'Pniversi ty , have been quite useful to)
the program during the past year.*

11. Progress FY 81

Trhe time do firat100 iniherent in picosecond pulse excitaition em-ihies the
near-instantaneous deposition of energy into the no0lecul Ar SYs ton', be fore
secondary react ions or collis ions can occur. ks a con1sequenC(ke of the hig h
opt ical flux densities obtainable fromn our ihort pulse laisers, we- (.,I: r .d i I
excite mole2cular sys teins t 1

irough either s inogle or nlt ipho ton ah-so rpi o
processes.

Un imo le cular p~roce sse s are (If intoerest in regi rd to the dote rn iittion of
p rriary photo-i ndu ,ed events . There are :nmny quo st ions about itnhtiril1ciiia r
photodissociat ioni which arc, likely to be answerod through the ippl 1 :'itt ion of
recet-oly developed shoit ph 1; e techn iques. For i-sol at ion oif spec i ficall).



unimolecuLar and early collisional processes, we have been performin
experiments on a variety of simple gas-phase organic molecules. (rable I)

Table I

GASES EMISSIVE SPECIES/STATES
CH3 IO2  C2  d 3 [g a3 r[ ; g Al "I

C212 CN B2 +  v2: +

CH 3 C"4 Ci A2. X2"

CH2CO I(I, Ii, Balmer Series

Co C 3lp°  2 1S

CH4  C+  32 p0 22 S

HCN O 35P 35S 33 p 33S

A. Acetylene

Extensive data have been collected for short pulse uv photolysis
(25 ps, 266 nm, 10 MJ) of C2 112 . The dominant emissive fragment product is the
carbon diradical, C2 di, and its consequent Swan emission (d 3 " a3'). The
characteristic approaches which we have developed fix upon individual specie,
isolated spectroscopically and detected in emission. Our results have given
conclu-ive evidence that the lowest order process yielding emnissive C') is

unimolecular and occurs in less than a nanosecond. Streak camera data
indicate a grow-in tine for this fragment of about 200 picoseconds. The
unimolecular nature of the process was confirmed by perforiing isotopic
labeling experiments utilizing mixtures of 12 C2 112 and 1 3 C',H). Fmission
characteristic of the collisionally produced fragment (I?- T3C)* was sought,
but very little signal attributable to this species was observed at early timhes
of less than a few nanoseconds. After several nanoseconds, a 4rgw in of the
(12 C 13C)* fragment was detected.

Thus C2 * also is produced intermolecularly from fragments of acetylene in
secondary processes that are exhausted within several nanoseconds (- 7ns at
5 torr). This development must be regarded as fast on the scale of collision
rates, although it is readily observed by our i!nstrumentatton. The collision
partners in this C2  formation process appear to be pairs of excited CI*

radicals. Emission spectra from CH A27 have been observed. Thee spectra
exhibit parent quenching with ko - 3 X i0-110 sec-l, which is typical fr
radicals and/or excited electronic states. (Normal molecul,- ' v'

substantially lower rates.) Ermploying the hypothesiq of a collis tonal
formation rate proportional to (CH*) 2 and considering known C2?* decay rates,
the CI* emission time profiles indicate that these nre pertinent rates of
precursor exhaustion.
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B. Carbon Monoxide

C2 d3, is also formed upon the irradiationl of Co with intense picosecond
pulses at 266 nm. The processes involved in the forrmat ion of C2 from CO are
clearly different from those for other molecules studies, e.g. acetylene,
acetonitrile, ketene, methane, etc. Theret is in fact an eytensive literature
on related observations of C2 Swan emission froin Co) parents. The anornalous
features in the emission spectrum, first reported by Fowler some 70 years ago,
have attracted repeated spectroscopic and kinetic studies. There has,
however, been a deficiency in temporal studies, probably due to lack of
instrumental capability.

The most striking featur,? that is observed is a strong relative
enhancement of V' = 6 in the Swan spectrum. This is not quite unique to Co,
having been also observed in CH4 and flames. Our time resolved studies rkveal
that Swan excitation occurs through distinct early and late processes.
However, even the early process produces emission protracted far beyond the
radiation lieftbne of 120 ns. The late process endures for over 20) ,s and is
not affected by pressure. In addition, we have demonstrated that it is the
late process which is exclusively responsible for the V' = 6 enhancemlent; the
early process yields a vibrational distribution typical of the other parent
species listed above.

Our results are consistant with a hypothesis that resonant curve crossing
within Cu* is responsible for V = 6 enhancement; indeed a single-triplet
transfer-Il, + d 17 may even account for 20 iis delays. Protracted
chemiluminescence from such a si:mple parent as CO is quite unusual and ulas not
expected.

C. Acetonitrile

The temporal profiles of fragment emission froa CC'3 - have been obtained.
Both the C2 d 3 :> Swan and the CN B2 ,+ Violet Systems have been observed. The
populations develop with characteristic pressure dependent formation rates
which are linear in pressure and linear in additive methane. Uternative
kinetic hypothesis are:

i. Initial two-quantum excitation of a bound state of the parent, 31A'D, and
subsequent predissociat inn through coipeting unimolecular and coltisional
processes.

ii. Prompt scission yielding CN fragments in the ground electronic state X2 +

Dut with very high levels concomitant vibration (a 'dark channel')
extending above the eiiissive B state. This would then be followed by
collisional crossing to the B state - essentially an inverse conversionl.
There is some basis for such an hypothesis in observations and
interpetations within the literature and in some observations of our own.

We are currently studying isotopic materials 12 '- 3 
3C1

4 , 12CH3 t 2 , t5,
and 13CH313cI4N , as well as normal 12CH 3I

1-C14 N. With these compounds we
expect to obtain valuable information similar to that found with acotylene.
For instance, we believe that the CN fragment derives only froin tile cyano
group of the par, iit and that the C2 fragment originates from earbolls inl the

parent methyl grotips. Preliminary work with HCN indicates that C2 is not
formed, though CN is abundent.

I I I I I. . .... ... .. .. . ._ 3. -



D. Photolysis of Gas-Phase Nitromethane

While tile single beam experiments described previously have proven to be
quite fruitful in elucidating processes involving excited-state products, they
provide no information about the non emissive ground-state fragments. These
fragments might well be the major products of the fast energetic reaction
under study. As a consequence, a two-beam excite and probe experiment has
been undertaken during the past year. The experiment utilizes a Nd:phosphate
glass laser system in which the 4th harmonic at 264 nm dissociates the
molecule under investigation and a second beam at 527 nm probes for the
absorption of the fragments utilizing the technique of laser-induced
fluorescence. The laser system was perfected during the past year and has
been applied to study the gas-phase photolysis of nitromethane.

The fluorescence signature of the expected NO 2 fragment was first
determined in NO2 vapor before attempting the nitronethane photolysis

experiments. The observed fluorescence decay curves could be constructed from

single-exponential fits and were consistant with previously published work on
NO2 . It was found that pressures of > 5 torr nitromethane strongly quenched
NO2 fluorescence. Therefore, the two beam photolysis experiment was conducted
at pressures between 0.I and 2 torr.

Nitromethane was then photolysized and probed for ground-state fragments
with the 527 nm pulse. Induced fluorescence was observed which was identical

in spectral and temporal behavior to that observed in NO 2 'nitromethane
mixture studies. The formation kinetics of the attributed NO 2 fragment were

investigated by varying the delay time between the 264 nm and 527 nm pulses.
A sharp step in the intensity of tle induced fluorescence vs. delay was
observed. The position of the onset and rapid rise in signal appear to
indicate extre,,ely rapid (< 20 ps) formation of the fragment. The fluorescent
signal was found to be linear in UV excitation and probe laser energy
indicating dissociation from the lowest energy n transition of

nitromethane.

The papers that have resulted from the work described above are included

in the followinig pages. In the coning year work will proceed on the

development of the species identification techniques. One technique that
looks particulary promising is the recent development in our laboratory of a

picosecond-white light CARS [coherent-antistokes Raman scattering] technique
in which for the first time an entire Ranan spectra can be observed with one
picosecond laser pulse. We are now investigating the applicability of this
technique to the study of energetic reactions.

/4
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a.
b.
C.

_2C 2

5 NS/DIV

EARLY INTERVAL LATE INTERVAL
Figure I

Comparison of temporal profLLes for C. Swan ,inson at hand head,; irid ani
rotation; averages of 64 pulses.

The curves have been scaled to equal ieak heights.

5 torr of l iC211 2 ; the same total pressure pertains for each figure.

'iv pulse energy ca. 2 m,iJ.

a) (1,0) band head at 473.9 rin.
b) Rotation associated with the (1,0) head, at 472.7 imn.
c) (2,L) head at 471.7 nm.
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H- 500 PS
Figure 2

Streak camera record of the rise of Swan emission in the Av +1 and %v

bands; the average of 10 pulses.

Also shown are a model Curve with time constant 215 ps, anti soo-nd-harmonic
reference pulses at a pair separation of 500 ps.



(3,2) (2,1) (1,0)

HH LL HL HH LL HL HH

0."12 C21 2

MIXED :

I ' ~

472 473 474 475 476

WAVELENGTH (nm)

Spectra of e arly etaulins9 (first I , ; .o , F I) in t h , ' = + I .1

;rIes; ov ptnl,;e oner~yf ca. 2.) mJ.

Curves for sot op Loal Iy-d i t t in r, ,o -, o r ene , n vsr . 1:1 ni. t IrI m ,4t

The flotai ons I, IIi., and I, att ached t hab nld heada rt r t o heo 'v '1: t t I i.'ht
[I;otopes of carbon.



(3,2) (2,1) (1,0)

- rLL HL HH LL HL HH

LATE HIGH ENERGY

EARLY +

LATE !x _,+ _+,+/i +Nr "

EARLY \x X

LOW ENERGY

472 473 474 475 476
WAVELENGTH (nm)

Figgure

Spectr.t of SwanI emis- ioii (Av = +1) with in early ani with in l.ate intorval. -Iof
ti mc (.ee Fi A , . 1); cLtrves for iiV pt 1.o e n e rgi es ca, 5 mTL, a:iA ci. V re.,

1 : 1 { : m: 1 r xttire,



b

Ccostruct ion of the t ime ljktory of Swanisngi tho " ~n~
;r ces ti lit i I!;( mu e C'ti r,., . ? n.

.1) Primar Yv reeo~ o II ) nmi-;-;t , -it the I1 ,i ) luO . 4 jltil.

h~Re foeo'e wivf-trm oht-iLiod by .ippropc itle ;k"11 ttog ato Lite (,:I~io InIi
the 1 C) k 1 0 ilw h , 4 7 5.3 I m.

)soht r wot iort of corve b f rou ctirve a, repr-'oit i igv col t,; io.tl I I\'-formed



(3,2) (2,1) (1 ,O)

HH LL HL HH LL HL HH

x

/ x
v~ 

L ATE

EARLY

472 47 3 474 475 476
WAVELENGTH (nm)

1 1 1-., CA li'l .



5 NS/DIV

Vligure 7

Comnpar ison of ternporil I pr. f i Ia e' fi is 1- t"a ai e T1 s on ' A

r)t at ion anld at a handl head.

Trhe curves iiave been scaledI to ;i orimIl ito ter siK lovel1

'1) 4 7 3 .9 Tin, the (I t,0) banld Iheold.
h ) 4611 .8 num, hot ro tat ion .



C *+H r= 2 15 ps 1

C H* - ~ CH*+CH

iu~IC. 2 @ - *"WW...CH 2 **
C2 H+H r <.6PS

C2 H2

Figuire 9

Schematic of preferred chanrwls .)f - * excitation (vertical irriws),
intramolecular relaxat ion (wavy arrow) , ind wInlioiecular fragt~ritatcion (dashed
arrows) for photolysis of C.2 1f by 266 (in -29 ps pulses.
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I i cosec nd ;w PHo toly's is and Lase r Induced FlI o r' ece

P robing of Gas-Phase Nit romet thaiie*

by

P.F.'choerl , M. J1. Marrooc , J. M. Schimr , and L. S. Goldberg

A 3S T' {AC T'

Ln a i l I -bean-. p) i c-osee cnd expe r nt-n , we Ihave pe rfo rne d 1'V pho toIvs is

atf gas-phasc ii tromet t'1aoe anid have -iinlta red the siibsequn0t eVO I t inn of the

fragint poptiuI it ton by L ise r i iduiced fine re se rce . The NO) tad i c ~is are

Corned pr~npt ly , withiin the -- 5 1)- pulse resolution of the experiment. The ir

p apkil it i I reniail i rmgdilyonsttit for a probe do Lay ttine ex--tendinlg to 20 is.

Tile fthores erle i-itenisity depends Linearly upon both the photolyzing and the

527 -i1 probe pulse energies. The photolyziag 26~4 nm pulse itself generates

someL *;) i-i an oxcited fLuorescing state.

*A prel iminiry ;account )f thi Ill or k was presented at the Xth Internatijonal
Conferenico onl Photocliciis try, The On i verstIty of Iraklion, Crete, Greece,
6-12 Septemiber L981; \j. .1. Marr-mne, P. F. Schoei, T.. S9. Goldberg,
R. G. Weiss, .1. M. Scliruir tod W. 1- Faust.



The UV photolysis of nitromethane has been studied extensively for lnmny

years 1-91. A number of authors have inferred, ge:nerally on the basis of

chemical analysis of final products, that the primary photodissociation

process leads to formation of the free radicals CH 3 and N0 2 . However, iden-

tification of these fragments has been difficult because of their high

reactivity. The first direct evidence for their presence among the photolysis

products of nitromethane was provided by the electron paramagnetic resonance

experiments of Bielski and Timmoiins (3. Colles et al. utilized opto-acoustic

detection to provide the first spectral identification of the NO, fragment

from cootinuous photolysis of nitrornethane [71. More recently, laser tech-

niques using UV [8, ' and multiphoton I R I 110,11 excitation have led to thv

'eneration and detection of the NO fragimeat. In the case of lIV laser

photolys is in the g;as phase, Spears arid Brugge observed vibrationallv excited

NO) fragment s by means of laser induced fluorescence (LIF) on a microsecond

time scale [8]. flowever, experimentts by Kwok, et al., employing nano-second

11iser photol'vsis and ;-]iss spectroscopic fragment detection techniqupes observed

00 phot<ecnarositi ri pr,)dict s 121.

[I this letter, we report the first direct observation on a picosecond

tilec ;,s ilo of fravment fri iti in the ITV photolvsis of i:ts-phas; 'itro-

't1,l' . "'i5 . i Ihj l-be ,n .xprrinent 4ith LI probingl, we have deternhi ned

that '0) fr'ormurt . ,, ld'nt i ied from tire i r fluoresceice sniectrun- and qrienchi ng

k iet i e, .re Kler ted pr )apt ly by the 1'V excitationl, witrii the 5 s rrl1 ,

reso 1int o if tI' et perinrilncllt.

This srupports ,ss rirn, )it of the observed re,.ition as: I
('100 * ("13 + 2(I)

LI___



Ex per iment

Our i troutet honie S imp 1,2,; were 0h 1)L i Ieud t roi Hake r reae iit It r -i it -'r i .41I

which we d i ti I ed uinder iii trogell , colIlIect inlg thle middleo fraict ion , 1).p. P) I -

't, )2 td ivi dloia s amp le", were dleg-as sed by s eeral free /et haw-vackiiin ripi,

cycLeo. Samples ot 'I.[I to -3.1) Torr pressure w.ure loadedI inito :1 15 cm diamcetr

staitiless steel cell ~ost 1interior walk is hid hee:1 Coa-te(d Witri hitck Teflon to

reduce scattered li, gh t The eot r ilic anid o Sit ell Williw'S Were Of li thillIn

f Luorie , and !,'it erirun I ha f f L ing was p rov ide d Lo) p revenit .4indowt f [uo re see ce

in-duLedl byV the I. iser pu t ~ses from reaching the photodetecto)r. Light o* Lred 41t

9'from the laiser path was -olle cted byv a lon-s and foens-;" t iirough I oiit-

wave longth-pass color fitLters onto a slit in fronit of ainl-l ' 9" )8 phu ot tbC,

The tilbe hadi an S- 21) p)hotoca4thode ( red seisitive to 0')') tivi) ci a pulse

response (F101IM) of 20 us * The si.,,ns . was processedt bv a Tektronix 791 2AD

di iit: 1.zing o;c ilILosco pe cou iplIed to a Tektron ix 40i52 coinpo tte r for L i me i -t eo rai-

t ioq of wavefIois , and 1--,r dat a man ipntat ion ;uid sto rage.

The laser was a passive]y v one.- to eked ,I hspae ass os cillator!

amplifier system t131 which gIenerated 1054 tim single pulses- Lvptica liv of )p

dUrat ion and ca . ?5 rn.J energy at A- repet ition rite of 1/5 liz. Thet, r plo wi

f requient-y-doubl ed t wice. to g i e a photo] yZilT ag L plSe ener. rV of iup to 1 1-1 at

2h04 oim. The res itiual IR pulse energy was separated f ron the di rect laor path

by a beam splitter and was f requoticy-dotib led i-idope ide 'it 1 v to ti e a p robie

puzlse of uip to 11) rU at 527 urn. The p robe pkitse was di rec ted a lonlg ani opt i al

-i Ay lieand subsequently recomibin)ed no-axialty wi littepoo igpls

B~othi pulses were then sent in tu thle sample. cell, wi tiou t rocus'inlg , "' i vi rigk *-i

piiotniivzingi beam d ilmeter of !4 imi. Pul soene e wcre? recorded1 on each ht,

anld were -t ( to normal i ze the obs;erved sample flIuorosc'Ou'o dalt .4. The tomporit

anld spect ral qual ity of the pulses, wore mini ft ored as the expor H 1101



s pee t rog riph, Re t icoii trruo.i

"lhe zero t ime felay bettweeni thle iV and prehik puke-,o wa trm ilh

photohleachtn-g ineasuroe'iot ini which the two pul ses were focki-ed luito a thi.

cellI filled with rhodoine ibG dv'' sol ition. Pte 1V pt1 puldpo1 at. ed t he

dye ground stoite ;uffircientlY that i we.0k probe p~it so irriviiiug if 'er tli !V

p)UlSe waS trans-,mitted.

Results

1-igu re I s hows two) rep roisti t it CL traces f tun o)re s c ,ice, U' , t

ti ?e, averaged o~ver 8 1 i-wr shtfor- A pituntuejrc-sur- )f

The lower trace shows the fluorescenice sioIFor the 'V pol:

a11 one * The upper trace w.as ,e ner it ed bV I 7V pu ;( plus 1 -. '7 orlt

delayved b;', 2)00 ps. A probe pil1,e alinke Proloicept virtuLMI !10 s mf ito

initially or after httnuir''s of -'V Shots into the CellI. Th e IT'i SioI I*

was filtered by a Cturu lug 2-73 filter, which traiisni ts waive longthsl-i o

titan - 5) nm. W~hilte the IN pu:,u its;elf )bvoistv proidki,*' -iflsio

f ragne nt , i npu t of the 527 nm pulise ha-s 1icreaised the f reco i-ate-vs ito

roughly 3-fold. The observed fluorescenice has a r isoct iris that io; pit

limited ; its decoly shows a single exponletial fsil time whi.ch i s tr,)r~glv

dependent. on gas presute . The decay tinie for the il-on ly easo i s rotg M, the

same as that For 11V + prihe. The itegrated f tioros;cenci int-is l'itv Cci'lIt A

maxi'nnt :it about 10) Corr. of nit romethatw , biit the qiue-ihiti,, rite -it rt

[)re-ssure is too fast to he resotloed with or po ue

The colliston free (I ir: Torr) lifetime re port d o r No, ir~'

;Ipproximnot.l v 5J Isc t4 t outr l~~ lriti~iposr

100) ri'torr observe i o-.iy t if in,, i f IT 5i OiId * t -, ;si iin

raiptitly -Iueetted it -;tilltigt~pes e it ).,- 'iuirr t' e v , )1.-

71 ns X tri- oltr t ;I -te ioe ,it', \'er.slis tO S is ;i-.....or -,r
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thle I)reSSLire ranige of our elptriinent , indicat itog the col lision-f ree lifetime of

thle vinitting sipecies Iloig., This is qua litat Ively coosistent with the known

quetiching behaivior of NO.) inl var iotis ,A5se [ 15]

ALthoug;h the f luorescence signal intons; tv was too weak to yield a

spectrum, uise ot a sequence of long-wavelength-pass fi Itfers indicated that ill

the region f rota the probe viavelenigth to -750 nin the probe-indUced eMission was

broad and feature less;. No s i~ni f iorant emnissionm sig-nal was observed oil the

anitistokes ; ide of thle probe aeegh Thus the spectral charic teis tics; atid

long1 lifetime of ttie emittinjog opec ipe are clearly conisistent 'with )

We performled! i seties of experiment,; to determine thle powe r-law depend-

oce of thle f luorescenc, . Fig. 2 show-, :i l-ogplot of the t ilk-1 tegrlt el

floresceiice iqtensity as .i fkric tioni of 11V pulse ener'v , for ind ividual li ner

shot-;. The lower carve shows C ie 1!V + robe i iduced Qtlor nos (coe, nlor '1 1 ed

by) probe pulse onerrv The kippekr Cuirve ;hows UV-on lv induckedifIor oc

40ot h cii ro2s t-h fbi t i Ii 1;slope. extendinig over a lmos t 2 decades; ;i a ''V eiior r

indicating ;i offect liniear in 0'it Ion poise energyr. Since, thet )rv f

thle photolyzing ' Ihlotill i.3 - '.7 eV onel C-N bond cloay ict, requ~i r 'c i

the eKce.s !ner,! for si, Pii V photonl ilnduce-d oo l~~S1'

oer vat i on,;.

I t il i~ i I tine IC 10 W t :I t, t i'f, )opltI f.: to \ iiit"
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sea,!ts the t ime--integfrated f luorescence initeis i ty ave-!r aged I v, r Len ist, r s I i)

anid tio rna I 1 zed to t he VV and p robe pulIse eue r,. 1 es .The lin-Z iI I io re sc(? 1

sional fo r negat ive die lay t imes represents the of fect of the !'V Pu I se a1loe

We have Ost linatiol thle 'luanltum yield for forinat ioii of Xl 1 our experi -

mnent to he oni the order of I This is the equivalont of r, 'rr fiX

pr , icwkd ii the Ilaser heam. V~ie calculation as;sumes oat tv oaat 1

for I itrsetre-emissioni of absorbed 5217 nia quantai h%, untiched

about I ', or the excited Ni()) molecules radiate before thiev ark- coIl isionail

quenichedi at these pressures of nit roie thane.

D isc uss0itn

[I n ost t early photo 1/s s exper imen t., on nit rornethane thle finael product.i;

were dletermnined by chemi-al analysi.s , ini which case ai large nunbe r )f second -

ary products were foun1d, incliridi' C11 3 00, Cli2(, CH3 N0), %'0, and N~O [,,

This , and the dependenice of the re lat ive qunurm vie Id of methl nit rate [21

uponl the eccitting 1W wavte lngth le'd to the s agges t iof thtat there are o)t her

prirnarY photo lys is processe-; bee ides (1) , specifi allyv: I')]

('11 3 NO,) C1 2 =N Cll,) + NON 11

oil

Cf34)2 CU jN() +- 0 1Ill1

Re bbe r and SI agg t 2 1 suggest cd that no re thani onie exci ted state of

.!11 trote thane was tavo iced i n itis decomposition , and Honda~ lot :.1 61 jaild

Flicker !t alI. 181I have titppor ted iis idea.

Three excit ed sttsof ai itrorietihauc have beta c x per i neatA al vi denlt if it ed

ut~d ("milected with it,; photolysis; No inrk! obsevrvedI i - the oat ica l ilh-(rljt ion

spent rti (19-201 : iSLro~)' Ittnr it 19' nw) asi Le o a *Iras-

t ion, aund a wea;k satel itoie t f);n o1 s1c11 cd to h 1. n n In ot-



singlet excitation. A third, still lower energy state has been found by

electron energy-loss spectroscopy 1181 at 326 nm, which the authors sugest

has n * TT*, singlet-triplet character, but which may be a composite of

overlapping transitions of different character. Theoretical calculations

indicate that other transitions may exist in this energy region [21-24], but

they have not been identified experimentally.

Most investigators have supported process (I) as the nain primary

photolysis channel for nitromethane 11-51. Flicker et al. [181 and Honda et

al. [61 suggest that the lower energy transition to the triplet state at

32i nm addresses process (I) particulirLy while the singlet-singlet

excitation near 260 nm induces reaction (11).

Both the experiment of Spears and Brugge [8J and our experi nent used

photolyzing wavelengths in the vicinity of tie 2b) nmi transition and both

observed the formation of some NO). lowever, coilsider ing the lo quantilm Vi\'ii

estimated for NO,) formation in our experinent, the possibility of other ,ecic

channels cannot he excluded.

Summary

We have studied photolysis of nitrormiethane gas -at pressures of \ 3 Ir.

The photolyzing 204 rim puts, itself produces some N) il n ,,xc i d ftlire 1-

ing state. laser-induced-fuIor escen ce probing usiIwv a tilne dl cVd -ocol-

harmonic pulse reveals formation of -i ground stato NO 2 popalit ion i ,

which re lnains roughly constant for probe dolay time-,s oxtendi i,. t 2' s.

\n estimate of 'iuantitu yield for the phct odecolrposit 1)n appe,ars to he ritlikr

low ( M 1) at this photolyzin g waveleg),th.

The observed fluorescence inteiisi ty scalo s inearlv with pu I o

eoergy. The 1, IF signal wi ch 'no 1it 1rs i, -mIl st .it,, No a I i i t.i r i 1 h.11

IrV and probe plilso .ner(. 0 s.
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I i l-ure 2 dep 1 1-, tilt s i I fla-r it v o f t he I )w-r l in
t-!,- i n ri f rom fie and car!en mooimde, each at 100

t rr. M iit'h re o I ut I on s pe ct ra I nd ica te t hat the p)rv d onI na it

i -II o to the C 2diradical In Its triplet d 3 p., a3"'
Sm riitio n(8). 2

........................ CH 2 CO

z co
wi
I-z
z
0

Ud)

400 500 600
WAVELENGTH (NM)

iS ore2. I,,v-r,-o'itijef (2 r: ) '-i ;.sion spI-t ra hi d wn

fit .incI -11 ron- monox ide, ;it P'r) terr, are irr- iited w:ith

psisi his I sssr atlssst 2hnn.

I'liires 3 ind 4 show thev 0~ ind Av -1 trainsitions for C,
frem carbon i-onoxicip, 'ewthsme,;n ml i, tene. The emi ssion spoct rs
fro7' iihim nd Kte(ne ixh1Mht a stmonp ittendant ret siti nal

St 1 11ct 1r(.. I n ;iit , I, a wenk, mndr Iv inp, cent ineeo q ission,

.i' iiiti'd with it c 7.-1 fir -it on, ( t rdoi 11 t i e t t)!"

vi -sii-ie rcit-cin. The. i- "v. it v (4 t his f elvs r -wh

lac; ,tudsied but was, mast r. i t f r T
1
me Fiires and hi

coimiro tiet re-gions of hsoin -s = +1 1110. 4-2 f,5e fro-,m
c.rhin rs1nsmxide and k,.-t , le ';I ril i ni i -s Isirit i es are, v ident

at this mesolmit ion1. OTnlV in tie i , of () are tlie C,1 h
p res-mr hi-m; (9) rem mmd. I1 i a re a con'i.:I)( -Ice- of the~

sist iVe usil ion of st ipp~ vi;' i r~i t til lx'']l (i'eo(- Ir" I v

at t r i bit ed to v' = ) (0c ) f t li' d '" 1 t ;iti ' a On o .... i t sIte I i s;-

t ect f orma t i on mecha-nisms for thei C ,prosliicd f rior caIrbn

mionox ide and ket eno.
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Figu're 3. liglh-re olit ion (0.1 rm) spectra of the Swan s.s I e,
emission (Av = 0) derived from 266 nn irradiation of carbon
monoxide, methane, and ketene, at 100 torr. Data are acctimulated
from 30 laser shots. Note the stronp rotational docoraition, to
the high-energy side of the h,'nd heads, for mnetlhane and ke, ne.
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Figtlire 4. Spectra of the Swan system emnission (Av -)
Conditinns as in Figure 3.
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Figure 5. Spectra of the Swan system emission (Av = +1) derived
from carbon monoxide and ketene, at 100 torr. Data are
accumulated from 30 laser shots. The spectrum from CO also shows
the high-pressure 6,5 band.
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Figure 6. Spectra of the Swan system emission (Av +2).
Conditions as in Figure 5. The spectra also show the high-
pressure 6,4 band and CH emissions.
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t he c';se of Tiiithlime, wliv' e C, potton rus t ae itcl s i oa I

11rocti'ss, we have 11011CthIles SS hIen-1 uniable to follIow it I invt-

I Cal IV. The plasma rad iat i on domi nates thet t rains imnt s ignal at
100 t orr of met bane for several nanos'c onds , by which tine the C2
Si m,1oa I is' fillyI dvil 1iped.
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WAVELENGTH (NM)

-i go i-c l8. Spectria of the ait a C hvcli'gen 11,1 inii'-ai on 1 i ne do ri
f rom 2 ()6 nm i rradiat ion of kett vcn. Not e thbe iri ,,i
h)ri~ide ni TIM e 1'ffect .

The C '-Mission from:T riethane a nd ke ctevne ia cu-flo, i r i-t
rotat ional e-xcit tat ion, w.hich im'pl ies ait no-tli-r-i I 1i-cuyoi 1 1 rat dI
poiiaa ion of exci ted C mi s,'u'iil,''u. C m

sutch atb)n ormalI rot i it i on :are it i i ti i t i ,i h d ,cIi ishrv e (1 idu I '.r

pho t olvs is (3) s to1d ie o" f sim.1plIe o rg'an1ic 1. ' . c itI Ls in Il
1ftt(' ruiol ecila r mechaln ism, ' off -a x is" cell i'- i ns T'o'twe ca i ,i t s
would he expected to impart excess rot at ion to a C prouhic t It
is aln o possible that ketenec under?,oes oinimolecoilar e] im'i n:t j oi of
1ivdvo ' en and oxygen via ouit-of-plane he-ndi 0g. -i4 ions, le iv il C,
w ithl rot ;t i o. In the case of CO, the C2 hilgl.-pr"nrc ',v' -' iS
olut ; id0 t o't tbe r wit )th te uiruu ISwan ses ter, bail: ti 'titi:me
!a,::1 ra t ralitevd t uic ule ym.I olu:'oTit . 11, 1s tlow )mi ves t! cupr I Isw'I
;I- -ir ral i ofe-rtoem thai-it C -is- f o ru'ed ftrim Cut b f' pr,

*-ti re -%lv lis t in c't frm t hoa ' i i k .t 'ntim ii).
t  .Ctli'.o I ' 'i Iv,

it ; is r oat rlrisinig that t
1 ~t ,iton 'iu'uinc -x-bt m'ii i'.

r'i -it oil..11 i ne 't rti'tori- thI ian that ih' r ivmd ft , 1 ' ..ie aol

Weak I i nos we re 1,bse rv c'd t t' n- :.: rid a 4c 1ih. 8 iri ei) 1 V),"

t it W was I'hot olv'm-d. Thi'v a re ait r ibo t md toc ti I mslailr' s-
'I' A7n;Wlblil . ige C, ss'WTe (C 'rt - A 1~ -1' (S). A weau.,

lior''-i m'at 411 .4Tim lit, h, oseved for 't in' and '-ta

in itt!r11bi1ti'l, t o CO Iui a (A~ X> 7, i ()

Tin- p owir dl- 1.- n,!,ica iif t I' c , cm 4 I, i di 'vcd i 11
I- i ,ti re 9 . At It p I ),J mmowi t pat Im i-ne bgi~' othi c ir!-o moan iii' ;1iii1

kmt,.o (10 0 torr) shI ow a ie~ir--I i'm-car pows-r l. 1 -''c- i(-icat iv,.
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of a satiirat ton re-gime. The hiig1-order nature of the e-XClt at io
process i s clIea rly evident f rom the st epening of the ciies
t owa rds lowe r i ripu t eli.*rpits. Furthle rmore , focising of t he
excitation beam was essent ial for 1 iriidiiInpberah i~Isin

Carbon monoxide and met hante slhowed no em 1 5 si on at p re- ssires bel1ow
10 torr. Ke t e ne , h owe ve r, wh ich par se a s i rigl e- phot on

trans it ion at 266 run ( c - o. 5 mo I cm 1) ( 14), 1 V ixihti4d lIio i nc-s

ce nce even at pressores helIow I torr. The !si rcak iii vi ible
em iss ion ext ended somewhat be vorid the focal rig i un anrd had a nare
d if furse appearance than that obse rved at hi.01cer prti'sunres . The
ixcitat ion proceses may well be di fft rent at 1 (wL-r Jirvssurr, hokit
the obse rved lri res ent p rodiuct s alg pear thle s;irne.

T101 .,; 1

z CHco101
C, d ! - co 00 t,

CdU -a3

monoxCHdCO ati IM) ,,

hi d i- w.il - in ti ;sIo i r - l~n. it

vx e c 2 o Atfo aI tx( itio , a for., t cU nO -i to , ,?I)n

0edsa 1 .5 rim an08.6M.(Fr 10 26, I t o100'be r

tior the veeioenet oftem CN S an 6'mSi. frteomt (In

trsiiuse ennrgy at 9). he i ri, fr o wit s n Is (left anI irhond
liulie (right),f aitvi ;in cOh -ol mtixde, nicr.n

nitrgniie 10 imlie h =0CSvr :vt.i~rv~lc



C2 S,% AN SYSTEM

16I 0

CH -CO

5004 v21 7 by0 94 Nil

CH 3N0 2  li
CN V~11FIS S 'T iM

44 3 3 22 00 4i 1: 4 4 I

'h, ri '.,! tI \h e N t C - t..
In Ws-r 3 h t

fii rid irr i,, t .# ('Nt ,1 - -,'i 3 , 1, I t:

i nlt r K T'b it A 1- C '"At fI

lit ICt . §III t . t , ,,- ' "

y 'sis havie b, i r! r:ra I ou' ii': mto f tp -

t1h'. 'ml 1 !Y i nv i v : , (k The~ I" -

r ile:d c I I r i t I I V rK t4dr 1 n rf -

v .' x iii io U 1ooh r p i -r tr l " It j I .1113 Z ': i i -. : c," A r i fK

I If hm lail 33' it ,ii rit ctrm 1Ple tF in t.,. ' t

i .Ie 11- f i n i , f oil I )Y i~ i. I I I i !Id i7



tf t I i ft itt r 1 1 1
i t.i r~ t i t 1 s " Ith tti Ii1) i I

r'I i uIlt 1 1O ;,, 1d T t 1

f tI', C 't t it. f 1,Il ct'~ o 1!. ,

0 o i' s ~ ,,. r 1i o I

rit1 1 i \ 1

1'

p. . .I i' mjo

t 1ii .....................

8. .. irs i tu. , TIt~uii, .. 13', i i ththl i

Hir . , C h,~ iis ,~ 1 ,p.TA-(4

I I 1



10. V, un:', C., l art eck , P. , and Dwndes , S.: 1 Q7, 1. Chlem. Pf's .
46, pp. 4157-4158.

11. Read, q . , nd Va:nd ie cl , 3.T. 1962, .J. Chem. Phys . 36,
pp. 236-2369.

12. Jolnon, R.C.: lq27, Phil. Trans. RovaI Soc. A 266, pp. 157-
20.

13. od cte-Ito It y:roven, t,.: 1930, Z. fi r Phvsik. 64, pp. AL.3-451.

14. I;iufor, A.9. , and Kcl ler, R.A.: 1971 , 1. -m. (Clem. Soc. 93,

pp. 61-63.

iS. onda , K. , '!ikuni, H., and TMk.:ai, M. 1972, Bu ll. (hlm.
Soc. .1apan, 45, pp. 353g-3%1 .

(14



DATE

FILMEI

7177 IV

ro;


