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* j ASTRACT (Continu. on r.vve.o lde If nheemr and identify by block number)
An ene.gy-grined master equation has been used to model the multiphoton pumping
process in SF6 . It was found that an energy-dependent absorption cross section
that was approximately inversely dependent on the level of excitation was needed
to reproduce experimental data on the fraction decomposed per pulse.

- - Intensity, fluence, and wavelength dependence of the collisionless infrared

-"ultiphoton dissociation yield for CF3 I have been determined via "titration" of:
*. radical photoproducts and molecular-beam-sampling-mass spectrometry. The

importance of nonlinear effects in the pumping of this molecule was confirmed.

The infrared multiphoton dissociation of CF3I is used as a convenient source

of CF3 radicals under very low-pressure conditions. Measurementsof thermal

absolute rate constants at 298 K for the reactions CF3 + Br 9 " CF3 Br + Br,
CF 3 + ClNO - CF 3 C1 + NO, CF3 + 03 0 CF3 O + 02, and CF3 + NO2 CF 3 O + NO yield

(7.8 ± 1.3) x 10 s , (3.5 t 0.5) x 108, (5.6 . 0.8) x 100, and (1.6 ± 0.3) x 109
M-1 s'1, respectively. This new technique shows great promise for production
of other free radicals of interest and measurement of thermal absolute rate
constants over a wide temperature range.

Continuing efforts focus on:

(1) Including collisional events in the model.
(2) Measuring important radical reaction rate constants.
(3) Understanding photophysical processes of larger molecules.

The intensity, fluence, and wavelength dependence of the collisionless infrared

multiphoton yield of a series of perfluorinsted alkyliodides (CF3I,CFsI,C3FTI)
have been studied. Continuing work on energy-grained master equation approaches

to understanding multiphoton phenomena has provided a powerful method for
analyzing and comparing data based on a cumulative log-normal probability

distribution for the multiphoton yield.

UNCRASSIVIZD
* SUCURI?, CLASIFICAION OF THIS PA6(,ho,.n o. e..E



CONTEN~TS

,RESEACH OJ..V.... .OB. J....TI . . . . . . . . ... 1

ST&TUS OF UlE&CH EFFORT 2

~~PUBLICATIONS . .. ... . . . . .. . . . . 8
IUBI UCTIONS . . . . . . . . . . . . . . . . . . . . . . . . 0

Invited Talks . . . . . . . . . . . . * . . . . 10

Consultative and Advisorylmnction ............ 12

I N V E T I O N S 1 2

APPENDIX: Infrared Multiphoton Decomposition: Photochemistry

and Photophysics . . . . . . ............. 13

AIR IO'C OF ,r r" CjrTT7IC ES=-( (AYSC)

N~OTICE OF T,%.N',77T, 7, TO DT1C
This teahi' .(Wedanld i

l"..

WLkTTHIEA J S So
Chief, Technic -1 information Diviio /

4'
foi

.-.



iii•iI. • I . . - -. , .. _ .- -

RESEARCH OBJECTIVES

The objective of this research is to increasl..Pdor understanding of

the chemical dynamics of multiphoton processes. !The work covers both

experimental and theoretical research into both photophysical and

photochemical aspects of multiphoton phenomena. The specific tasks of
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STATUS CF RESEARCH EFFOF.T

During this research, we have made great progress in the understanding of

infrared multiphoton decuposition of polyatomic molecules and in the use of

this phenomenon to generate free radicals whose reaction rates may be studied

under a variety of conditions.

The thermochemistry of the t-butyl radical (t-C4R 9) has been the subject

of a major controversy for the past several years. Laser generation of the t-

butyl radicals provides an excellent method for studying kinetics and

thermochemistry. Our first attempts at generating t-C4H9 were based on CO2

laser photolysis of a suitable precursor: t-C4H9-N2-C13 . In this molecule,

the CF3 group acts as a chromophore to absorb light from the laser.

Unfortunately, photolysis yields were low and a second approach was found to

be satisfactory. The second approach employed an excimer laser operating at

351 na (XeF) to photolyze (t-C4H9)2N2 and produce the radicals.

Using laser photolysis to produce t-c4H9 radicals, the reaction

t-C41, + DI * i-C4f 9D + I

J sa studied to determine its activation energy. The results of this

successful study are presented in the following section.

2

-~~~./. .. ,... ..... ,.-,.... -.... ...... .-- ,. .. ,. : sl. . ... .. . . ..



DNTODUCTION

Many bond strengths of organic molecules have been detem.ined using the
iodination technique where the kinetics of the rule-determining step was measured:

RH +~ Ic R* + HI

Together with the estimated Arrhenius parameters for the reverse reaction Nk2) this
method yielded AH and AOand therefore A HOW) and S*(R*) in view of
the known thermochemnistry of RH, 1* and HI.

The standard heat of formation, as well as the standard entropy, of t-butyl
radical (t-CjH,) is still a matter of debate. We present results on the Arrhenius
parameters of the fast metathetical reaction:

t-CH9 DI k2  i-C 4H9D +I'

These parameters yield second-law values for A H;(t- C Hq) and I0 t - C Hq)
when combined with the Arrhenius parameters for the reverse reaction by Teraniuhi
and Benon.

H EXPERIMENTAL

2,2-Azoisopropane was photolyzed by a high power excimer laser at 351 om
at low pressures (VLP0-method: very low pressre photolysis).

The two-aperture Knudsen cell (Figure 1) was characterized by the following
parametes V -105 cm3, 0. - 0.832 *(T/M)i s-, Ic -3.381 * (T/M)% s-1,

where kc is the escape rat constant of a species of molecular Weight M and S and B
refer to the smell and large aperture. The puls repetition rat of the lase was

* ~~ ~ ~ ~ a LMCN t4N i
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either very low (0.25 s-1) so that after each UV-pulse the products would leave the
reaction cell and the next UV-pulse would photolyze a fresh sample (Figure 2a),
or high (10 -50 s-1) to produce a steady-state concentration of t-butyl radicals
(Figure 2b).

The t-butyl radicals then reacted with DI to yield i -C4 H9 D which was
* monitored atip/e = 44. Figure 3 shows that the yield of t-butyl radicals is
* linearly proportional to the power of the laser radiation in the CW-mode (Figure 2b)

of the experiment.

S10

AL I a~m a .2 - 010 *1Cn
3

0 0.1 0.2 051.0
Warn at 351 Wn

mRESULTS

The kinetic scheme relevant to our rection system is as follows:

(1)CA -NCH9 ha' 2t-CjH9 + N 2(1) 4H9  - N 4H9 351 rn

(2) t.CjH9 + 01 k2 s-CAHD +9 I*

kw
(3 -CjH9  A 4  wall reaction

(4) 2t-C Hq

kd COS8 + CAH1

(5) Escape of C H N -NC 4Hg, C4HS, t-CjH9 , C4H10 and DI.

4 9
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In the presence of DI the rate of reacions (3) and (4) were not competitive
with (2), because no isobutene, isobutene and tetramethylbutmne could be detected.
The rate constant k2 was determined by masuring the yield of i-CH 9D at(.e 44
as a function of the flow rate of DI into the reactor in the CW-irradiation mode.

The functional dependence of the fraction of radicals titrated (f) on the flow
rate of DI(Fid) has the following form:

(6) 1/f 1 + k4,*~

Typical 1/f versus F-1 plots are shown in Figure 4 (T -303 K) and Figure 5

I-C~i~.DI.C 4 I DI30

(TT 41 K).
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The following table prusenta the rate constants k2 determined in the small
iperture reactor in the CW-irradistion mode.

T/K k2 M-1 - T/K k2 M- 1 S71

303 1.55 108 302 2.06 * 10

303aotor 1.6* lo 407 2.76 *100

303 1.93 * 109 361 2.25- 108

303 2.07 * 108 411 3.70* 108

302 1.so. 08

The absence of well rctions of t-butyi -dica could be established by the

absence of iobulien and iobtone at the Ic vest flow rat of DI used to establish
the fraction of radicals tlttad (Figure 4 and 5). Fwurh o, the results are
consistent with the large spertre uctor dIta.

Man M.lnce , A typical bln Is I follows:

At 506/3Stim the dIgie of photolysis was 321%.

With F_ 2.50 * 10'5 s-1 this rols In F' 1.so * 1014 sg1 . The flow
of l-C4 HD extrapolated to 100% tIttion give 4 - 1.52 * 1014 s-1. In the

absence of D the folkwng flows were mesred:

F0  2.04 * 1012 - 1.52 * 1013 . F 1.25 * 1014
1 is C04 lo0 CA

- The mas balance equation Is, thrfore,:
(7) F. H o- + Fc + F,° + (F )*

6
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IV CONCLUSIONS

Together with previously determined rats constants at high temperature
(644 - 722 K) using the same technique (VLPP), the present set of rate constants
yield the following Arrhenius parameters (Figure 6).

1.86
(8) log k /M-1 sl =9.60 - ___

2.303 RT

ARRHENIUS PLOT

22

21

k19k 7- 49

Is
0 1 2 3 4

to-s rIK

In combination with Teranishi and Benhon's Arrhmnius parameters for the

forward reacton (log ki/M 1 $4- 10.88 - 214)we obtain for reaction
1 2=30 RT

system (9) neglecting the small isotope efec of 1.5:

(9) i-C4H10 + I' -- t-C H, + HI

'a300 K: AH 21.4 - 1.9 - 19.5 keal/mol

300 K: * 2.303 R log A, /A2  5.85 Gibbs/mol

AH;(t-Ci H*) -6.9 -t 0.5 kcal/mol

S(t-CiH,) -70.2 ±1.0 Gibbs/mol
7
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Infrared Multiphoton Decomposition: Photochemistry and
Photophysics

DAvID M. GoLwz,* Micuim. J. Rossi, ALm C. BALDwiN, and JoHN R. BARKER

Department of Chemical Kinetics. SRI International, Menlo Park, Calionia 9MI

Received August 15,.1900

Chemical kineticists often search for experimental ferent from that induced by thermal collisional excite-
tools that allow the preparation and study of molecules tion. Finally, since similar molecules with different
with energy distributions other than thermal. Thus, isotopically substituted molecules absorb infrared ra-
e xperMet using pochmcland chemical activa- diation of different frequencies. the infrared laser-in-
tion are common. Also sought are techniques, whereby duced disocidation process is a natural method for no-
short-lived species, suck a free radicals, may be created topic separation. Indeed, these last two points hane
under conditions where their reactions my be studied. furnishedi the major impetus for recent research in this
In this Account, we report on some experiments in ares.
wich we have employed an infrared laser to achieve KinuUC MOMl
both of these results.

In the past 10 yearg,- experiment. have indicated A model for infrared laser pumping of molecules
that polyatomic molecules can be decomposed when which has received general acceptance is illustrated in

* -'subjected to radiation from a high-power infare laser Fgure 1. In this perticular cose, the first two photons
under conditions where no molecular collisions are are absorbed in a given isolated vibrational mode wit
paoMibe. Infrare optical pumping is thus a noutiauiaal the anharmornicity being Compensated for by Ad - *1,
energization process. leading to allowed transitions. In Fgure 1 we depict

Three aspects of this phenomienon have been at pea a situation where the couplin of energy from u -2 of
interest First, the molecular dec MOmpoito con lead the isolated vibrational mode to the other quantum
to reactive species, such as free radicals, and thus is a sta of the molecule at this energy is sufficiently
rapid method for preparing such species for chemical strong that we describe the molecule in term of an
and physical study. Second, the optical pumping pro- energy level, rather than a specifc state. At this energy
em may be mode specific, Le., a many photons ae and higher, the density of levels is so peat that the
absorbed, they may excite a given molecular vibration resonant absorption of the specifi lase photon is as-
to a continually Pester degree. This is quite different awred. Tisb energy reonm is Called, the qui-- *ontinuum.

* fom collisional excitation whick is statistical. Because Above some barrier to chemical deco mposition, a true
of this difference, it is conceivable that chemistry in- continuum exists and molecules have liftimes give by
duced by laser excitation would be considerably dif- (kE))-1 , where M(E) may be computed via RRKM

theory or other models for unimolecular decay The
Dow alu.m es obe of n Chu 'WW" 0 atM ar exact nature of pumping in any given molecule is thus

nsft. No was son In Now Yak C~j In16L He nm*Au 0m A&. srnl eedn on energy-level and wave-functiondegm ow 5 L3nl U A as oi ft detils Nof we desir ts onestn th tmehstryo
U6 ~ His teso 00ra m k dftuWaage. uab'mmoa N edsiet udrtm h tm isoyo

asmPAW dodg pm &W~ agd .w ge mg a population in the moeua qa msates, weG Deed
miw aft .ess ,aas m jwewm to solve the time-dndtScidgr equation It

Ota t ONi bmwaigDr A muse we In in oW sgan is well-knw 4 taude certain conditions the
fXf*Kauidwx~ adiMa-I*mf sa' 0mM. Mu

niseMm ft & Is 16 O. well s.n In Larft qat I& w.. (1) L V. Abesone mod V. 8. Lotmm In "Chw". ad Ole.
u L sma g m o s .me RWOi 16 ftA da km ft AIdy~me~dL." VeL 36CQ L Meow 0d.4 Assion

I~~~mr101 W7.mairSm17
at 0m~wx wen iane IM"We ol WAmla a "unpag"Asp onM. (2MNUmmup and IL Va~aS Pysm. Tn* a, 3(IM8)

* ~VO auum Cngo" mmlgamtr. 10110 he ohmul Oft MA. In (S) P. a sk, As. & Who, D. J. Ks*vIw Wi~ Kw*& Y. 3L
ohm ad . . Lek Anm. Am. Ph^6 C~sm., is, 379 (IM.
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________where g. is the molecular density of states at energy
mhw.

ME I!L Thse maste equation may be an acceptable descrip-
k() Cnirku tion of the pumping process for many possible func-

tional forms of the rate constants. We may defne an
kil ) absorption cross section by considering the situation

when light of intensity 10 is incident on a gas sample
Ec and induces a molecular transition from level m to m

Mow +1. The light intensity is attenuate according to the
Q~cwtjnwm Beer-Lamnbert law, I - loe1--l', where a,. is the ab-

_ ___ sorption cross section and I is the length of the ab-
2 sorbing gas layer. The effectve first-order rate constant
I -N _ __ for absorption of photons iss

PawMade MoIcul Env"g Lovf c. (3)

Figure 1. Fn erv UW ructure oia pabratamic molecule excited In this simple case, every term in eq 1 except k.,N.
by mnochomaic rdiaton f enrgy v1.is linearly dependent on intensity. In general h., is

Schr~dngsr equation can be aprma b ope small except for the highest few levels, and thus we see
set of differential rate equations, a "master equation". thttedcmoiinyedwould depend on fluence.

Varible at he ispoal f rsearher incudethe If this description were completely adequate, we could
* ~~usual environmental parameters such as temperature copreprintlyldwthb itoomud

and pressure, molecular parameters, such as density of e fo dieperminatio depethec seon, sonera as-
states (entropy), and reaction barrier heights. In ad- s 7easml oe a epnec nitra n
dition, there are several lase parameters that may he m
varied. These include wavelength, intensity (photon arm, M .0 0 + 1)r (4)

* flux - photons cm 2 0), fluence (energy dos - energy
cm2), MA th t~m n proil of th lae puse I'l where #0 is the 0 -1 cross section, i is the number of
properties intensity and power, which is just intensity lasa quanta in the molecule, and typically n <0 Th71is
multiplied by the energy of the photon, are often in- reduces the problem to a one-parameter fit. There are
terchanged. Thi, fluenos as the tim intepsal of power two expected complications. First, the cossections
and is often written # - fetI dt. may be inteaat dependent in the strlong kas &Kld and

The question of applicability of master equation thu ngm flues s@a&in is lost, Second, a moleculs
reprsnain for infrared multiphoton coilile migi have more then one populated level that hatrad.s
de1compositioddn has been etnilytreated,' and it has with the lase field. Hf the crass sections ame different
been shown that euch approaches arm applicable here, for each set of pumped levels, we will need an EGhIE
"Thus we write for each. The overlall yield will then correspond to a

dN combination of OGMAE. "Tu experimental modeldN. verification requires the determination of yields as a
dt function of fluence, intensity, and wavelength for

L IN, + Nei (C O + C~m-+im)Nm (1) moleculsswith arange ofca sectionisand densities
to dscrie th tim hisory ~ ~of states under different conditions of pressure and
to dscrbe he imehisoryof w ppultio ofthemth temperature. Thi requires a general technique, and

levell where N. the population density of level n4 C. we discuss such an experiment in this Account.
is the effective first-order rate constant for absorption

itfrom level m to m + 1. and Cm is that for stimulated ExeIitIAppreank
emumsion from level m +1I to m. k. is the rate constant The need for a universal detector for the study of
for chemical decomposition from level m and is iden- infrare lhoe dissociation of polyatonsic molecules wok-
tically zoro if the energy of level m i below the barrier der collislonless conditions encouraged us to adapt a
for reaction. Since the level separation is just the familiar technique to the stud of Infare photochsem-
photon energy, the numerical solution for this equaton istry and photophyslcs We hav bee nwing an oz-
is obtained with the natural -gpain- sie. This is often peiatl techniqu celled ry lO.wpesuepryscalle an energy-prained master equation (EGMB). (VLPP) for, a nubrofyas'I hs flowtehqu

The Einstein relation' allows us to comnpute the we uss a heated Knudsen cell reectorl at low pressue
emission rate constant from the absorption rate con- coupled with meclrbmempines - pectre
stant according to detale balance. metric detection to stud the ga-pss u Fmleu

decomposition of organfic mlcls n h ai e
m . (2) sation of suqusat1ly fa m frerdlash at prIne

Co. 1m+1 in the micrometer range and at temsperatures fron
below amubient up to - 000 IT. We have fouad ti

* . ~(4) W. pajLvs h atenf.7M0 5so&%Se A. Bownwidd IHb= tehi ue to e uiu to the stud of uuunloecder
Laird hr.6 ole culeaeee rsectionsw radical radical

Chow., U, fl'mdd ad7 (111As5).~ i(4) L S.~~iihluul. sd hsh.ha aws~ulss (M J. L. 9wm,, A~ Chum Pkys. 13, M (1905.
Mmd, Mm~. Ssa~m~V Nl P.,CaMhdMP. NA, 19M5 PP (IV5 . Demm. D. X. 0.. adG CL X t Asom Chins IN.
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0 1 2 3 4

T. -- ,X

So~r~o~et,.Figar L. Mm spectrometter sipa due to CFsBr product.

from the CFBr product (148/150 mnu) arising from the
F~gur L. Mw two-aperture Knudsen cell reactor. reacion ofCFraals and Sr. The CF3 raele were

creaed romtheinfrared photolysis of the precursor,
reactions, some equilibrium constant., and catalysis. In CFL1 The two curves in Figure 3 reflect the two

*some recent work,' the general technique has been ex- apertures of the reactor.
tended to enable the determination of photoproducts A typical experiment consisted of averaging the
Of tunsdeenen spectroscopic signal intensity of

A. theproducts for a number of lsa shots (10-100) me a
CIONO, -~Cl + NO, function of the flow rate of the reactant gase at con-

stant, precursor flow rate mid constant energy per puls.
irradiated by a Xe arc. Although experiments can be performed on a single-

For the work described in this Account, we have shot basb, the signal/noise, ratio is improved by aver-
modified a VLPP experiment to replace thermal col- aging the results of a number of laser shot. The total
lisional energization with infrared la sergization. yield of product formed! in the reaction of interest is
We have suitably modified the hardware to collect data deemndby integrating the accumulated time-de-
in a pulsed rather than steady-state mode. Pendent sina of the signal eveagur on the strip-chart

The basic VLPP molecular-binsplg apparatus P r Amdp fitted with an electronic integrator. 'lim signal
has been described in detail eleh re. rify, the Is calibratedI by using known flow rates of product. to
effusive molecular beam is mnechnnically chopped a the obtain absolute yield per lase puls.
second (differentially pumped) chamber before kt

* reaches the ionizer of the quadrupole mass filter. The Pb"WabhssSUy
* ~signal is demodulated by a lock-in amplifier whose We usethe tsepotcesyodsrieep-
* output is stored ina signal avagsr (PAR 4302), which imnts in which lase radiation is usd to produce

also trigers the laser. The twoo-aperture Knudsn call -pce (usually free radicals) whose thermal rame cow-
(Figure 2) is fted with KaI widows ad has -n optical stante we wish to =ume The modified VLJ'P tech-
psthlength of 205cm and a volume of approximately nique is well sited for these studies become, ragardlees

15c The cali ote ihTeflon by riming with of ther internal aem'.' upon formation, lser-poue
a finely dispersed Teflon slurry in a water/arormatic spades will collie with the walls of the reactor with a
solvent mixture (Fenton Fluorocarbon, Inc.) ad curing collision frequency of -~10' s0, tha us gng tbr-
at 360 *C. The call is characterized by the following melisation (and requiring an awarenese of the poemi-
eape rate constants (two aperture) for a amolecule of bflt of hetegeneous, reactions).
molecular weight, M, at temperature, r. kb 2.948- The following chemical reaction mechanism is aW
(T/M)1/2 ti , - .W6(TIO 1/' s-. EP-'piat for data interpretation when CFs radicas

* The% Lumonics TEA lAe (Modal K-103) is operated ratwith Be, in our ezperianents:-
* at a pulse repetition frequency of -..0.25 Hs, slow

s nough to permit >99% of the reaction products to
* ~~scape, from the cell before the next laser shot. TheCF+Br2.C r+r

output of the lase consist. of a pulse at approxmatel
6 J, diected through the photolysis cell afte been a. w o o yedn u
weekly focused by a concav mirro (ft - 10 mn), ~C, (alls o iligC r
glvesabeam-ra sectiono267 calat the KClanw The secowdery reaction ofCFsI + Bribsnot included
trance window of the cell (1/e'-criterion). becamettis too sow at them PoncentratoCFIused

Detection of free-radical products by electIzron-impact in the vrsn stud, and no eQiene for It is oAseved
mem spectzrmetay is mae difficult by the fact that Similarly, no heterogeneous first-order reaction of C?,
parent spedie often have, dagter peelm of the seine, to produce CFBr is included sinc the dat lntepre.
aomes as the radicsfal~ na Thus we have chose tatlon doe not suggest it. As in the mil data tret-

to~ ~~r deec raialcusing their raid reaction ment of VLPP studies, each molecular and rical
with a scavenger molecule. Figure 3 shws *h sigal species "ecapn from the reactor with a cheeteristic

*J *L~ L AUbJ I Dwepes,md D. K Ged.. (10 KJ. Bh, J. L 9wnh ad D. K GslmAJChm hy6,ItM
Ca W aLSI. SL 21 (19M. 73(MUM
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90 Table I
reaction k(300 K)/M-'r

CF,+ Dr, - CF,Br +Br 7.8 x101
C1F, + Br, - C,F,Sr + Br 1.8 X 10,

* -C,F, + Br, - C,F,Br + Br 2.0 X 1'
CF, +NOCI - CF,C + NO 3.5 x 10'

SoCF, +0, - F.0 + , 5.6x 10'

CF,+N02 - FO+NO 1.6 X 10'

t20't +
30~

10

0 2 4 0u* - .

-.*24.
U . 20,ftgureC Zprimnts! data forhe rection C,+ Br2- 

'A P.
2C3F7 Br + Br. -I

first-order escape rate constant, for CFI, Bib. C?,. and PIi.6 :
CFB1r, the escape rate constants WO h2, k,. k4 and k-' to, 4

respectively. 0 10 Z . .

Anlyi o terecto mehism5 and solution of
the appropriate differential equations (usig Loa e Fu L The yield of CRT7 hmo the MPD of Cs71 at varioim
transormsI, for example) give an expression for the wMIVeleagthe.

time-dajiendent mas spectrometer signal due to CFr values for both A1Ht and SO of t-Bu-nudical. Is re-Br.w "The total yield of CF38r (1') ia related to the rate ation is currently under investigation uig the mole-
constants as follows- wle CFN-N-t-CAH as precursor.

r'- (aPVICF3,IJ-' I + h ,1Peehso
I ki[Brsj We use the termn photophysics to describe the inter-

whenpesdo-int-rd ~ jn irw In acton o th laer teldandthemolecules of interest.
For examplet the multiphoton daopote yields

factor, 0 is the fraction of the initial CF.I that is die eeda hfuuc.Idsteyedo P
sociated by the low pulse, and V ia the volume of the proes !a obtained fromt integrated soess tnder curve

celLTheiniial CFJ. Fc~i/(AJ ~ , ~ such as shown in Figures 3 and 4 when the eavefterCM concentration is sufficient to trap virtually dl the rid-
the flow rate of CF31 into the reactor-, Siinilrly, [a3r3J wal. Thus, yields a a uiction of lessI, pemet can
iF&J/(Vk). For each FW,, two escape aperture ca be obtained in a universal manner. We have studied

be used, gving two different values for the scape rat yieldis a a iniction of lie flUOss inity, and
constants, corresponding to th " an "m added ga pressure. Results" for CV71I at varius o-
aperure, tus cmating two independent, data sets. citin fiond. as show in Fiur Her thep~~ ~~ rifti~ give two straight lines with in- '-

tIMtg . ad C Wol ad bg aertres, gvenby results are displayed a the logarithm of the fracton
tercptsc, nd b (sallandbigaperure), ive by reacted Vs. fluence.

cjrn km~ - .,bTo investigate the uuption that fl==ne Is the
ej #a bmost important independent variable, we performed

two types of experimentO. These experuments take
The slopes of the straight lines are give by advantage at the fact that the line outpu is actually

c1V~k 4  k,)k 5 a train of partially mbode-locked shWP peaks. If Pert
Ck +kA0 of the beami is delayed relative to another part, thees

as n split and delayed in depited =in m Fiu &6
The analytical form remains the same in tonfthdeaded ueyd hm

ad"titrants"' are &haed Dat for CFSIs" ba creates a pulse of the same flusnce a the initial beu,
but with les intensity, while cauing no signiicat

for C37 71 as precursor for C?7 radicals and Br, an ti- shoei h oeal- evelope.Intesmlt
USUzIS RP 1, Figur 7a, the tranimifted bami is Isaied

The nat constants studied in detail up to this time upo itself. By caging the relc~gmirr postion
Includ those in Table 1.10 i-- rescou of per with respect to the sample cel we aery the in-
fluroalkyl radicals are of somes interest, but a reaction stealtal5Ots belem intensity while maintaining a corn-

of wier iteret isstant Amesn.. This arrangement has the added ad-
ofD wie HIers is iCH vantage that It Incresess the avalable flune by about

The Arrissniu parameters for this reaction can be (12 KJ ~. L Mmm. J. L Mi. D. . 0 M w W Ked I.
combined with those of the reverse reactiona to give Zero ,e'~' to be p.ab.l.doumta UN
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100

ORIGINAL K(AMI10

1 o02CF, h - ,2 I

IDELA EC)BEAM to 25 2 25 30

I I 40

t .1, fbI

(a) 2.0

SPtTER Go FLAT CELL

COI!

1.01

RRO7g 8.M L ferimental data on ths MPD of C/,Iinaa function
of intensity at constant fluence. (a) (0) Expeuimenta without(b) FAST Mirron, (a) experiments with the mirror s close as poesai toPY9NChC CA~ the sample cell; (0) experiments with the mirror 30 em hmr the

POLYET Lf~fcell, causing in average delay of 3 ne with respect to the center
;T ~ I of the cell. 71Us symbols refer to consecutave experiments in

-. CELL -which all condons remained constant except for the minror
CO,.... position. (b) 7he ratio of the results gwen by the (Mold symbols

50MIRRCR in (a).
Figmr 7. Experimental configuration for vaizg the intenity
at constant &WOLune "Sel.IM

a factor of 2, and the optical arrangement is simple,
although the phas difference between incidnt and
refleted pulses varie over the cell length. 

A ~-nfO..CAnothe 1 1 eL for achievul;th sam reuta th 'lCbso

* - output from the C02 laser passs throug a beam
splitter, ame bern is delayed with vaVsPct to the other, 4
then the two beams are recombined.

we performed4 experiments of the firs type with both
CF,[ and C F ,L The, remit., for the latter, wing the-
method of Figure 7, weshown in Fgure & The CF31
Fsuft. we imilar for both methods of baeI3 delay,1 Pro

illustrating that in both me intensity effects ar
* clearly observble,

Treatment of Yiel Data Idtric.. smlo ~dss

In the search for a convenient way to display and by the 01
andy.. dfinam orn s muiph~otan ylsd a a function
Of Ieucwe foadu that numeria solutions to the in term o( internal molecula energy, and Figure 9&
BONZ over a wide rag of physjcl* remonale pa. shows that during this same time the rate of deco..
r-tme (is U, cross section, dunilty of states. chemial positio or the probability that a molecule will deco.

virm height and deoumpostion rate comua) show Pon6 in time t to t + dt (Le., POW~d) firs increases to
a reuaiythat can be wed in data lereat. a maimum end then decasrs. Figure 9h shows that

* ~~ TypIial1111 behavior of the system is so.in Fiue9. yWed which Is the integral o( "rate", isean Sese
After do lase Fld is tune m, th eneml o cu"" distribution function (CD?). TnhCD

9molcue is excited sad thIvrg internal vasw rpreset frtional yield vs. time. The absciss cam
* ~Ineress mnotmisally toward a steady-ets jeyea be scaled to flusms insed of time by recallin that,

PIPEsSoh shows the app -mach to steady state, defined *f~aid*. t.

(10l A. C. B&Mb nd J. L. Nevi.r A Chmn Noe., i function P(t) of reaction time shown in Figur 9am
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FIW10.Th cacuate efec ofsuj~y platoninterpreteld i tem of a two-population active/ictie came.1
thgue HL emu behuavior veffc ofa ncieppainsb calculated lines have been convoluted with the ezpernental lmer

on te y*W ehavorve.log luece.spatial profile.
be represented as; a log-normal distribution function 0.2119

(LNDF)71 8 (it - mean, or standard deviation): 0

*When the CDF corresponding to this equation is 0.90
plote vs. log 0 (or log 0), mummig a time-independent Is 1,

* ~lowe intensity, on probability graph paper, the result-- '
is a straight, line. aOS /1 -

This general behavior can also be shown by using the / /
theory of Markovian random walk in finite discrete
statsace and continuous time.13 Since th~e log-normal -0.10 1

distribution function.i defined by two parameters (a I

and ir), we ma completely describe the yield behavior .1
of the systemn by computing analytically the frst two
momenta of the distribution of first passag times of

* the Markov process without numeriaml solving the at
of differential equations represented by the 1GM!." 43 0 00 tO 10 i

In dealing with real datal, several other considerations lg
are important. First, even if an EGME is, in factt ap Vigaze I2 The admbdaed effect ci two i.AM populatinminet
P&".ble the spatial profile of the lowe must be taken on the~ yind behavor a a function of the relative populations
into acounmt The data shown in Figure 11 and 13 an in eek wubet potted an probability paph par va. los fiumee,
compared with deconvolutions of this kind. Second,
many systems will not exhibit homogeneous behavior, data in Figure 13 labled R(16) gives a possible examplie
Le., different groups of inoleculss will be coupled, with of such a two-population cooe from some of our oz-
the lae field under different conditions (many lad- periments on CFI (CF3 trapped as CF~r). The data
done). Apartculrl simple version of this effset would in Figure 13 labeled R(8) may be the result of a simple
be exhibited by a system in which a certain frlaction of ho-mgneous case, or a nohmgnoscase that

moecle (active) interact with the laser fild and the mimics the simple one.
rest (inactive) do not. An idealization of such behavior nr Tase
is shown in Figure 10, and a possible example of actualWTase
behavior of this type (including spatial profile convo-. The EGME, which describes a simple incoherently

* lution) from our experiments using the system pumped, homogeneously interacting system is valid
SAO5 only under collisionless conditions. The effects of

CSF 71 - C/?+ I colliions can be added to the master equation by
adding collisaonal energy transfe rate constants. These

with CsF7 trapped as CsF7Dr is shown in Figure 11. rate constants can be described in terms, of the param-
If bohmo gen-lky involves the coupling of more than se (AC), th aegenrgy uwv~pe4 peg colisin. 4

am subset of the ensemble of irradiated molecules with If, in fat, we have date for the Yield vs. fluence under
the lowe field, a linea combination of LNDFs may be collislonlen conditions such that we have arrlived at
required to fit the data. Figure 12 sossom possible
results for the subset in various combntos and the (14) J. Thoe. J. Chem. Phys., $6,.4745 (19M7)
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calulte lie ar baedo a GME with collisional energy

imental laser intensity dependence when comparing the
10-2 - OME predictions with experiment The good agree-

* ~ ' ft,,. mont between computed and experimental results inj Figure 14 was only obtained by using a parameterized
temporal laser intensity profile that approximated the10

4

-10 -0.5 Oz 0.9 ,.0 1.5 mode-locked spikes of the experimental beam

Figure 1I& Zzperimsental reulits (points) for the MPD of CF, Future Directions
interpreted in term. of a simple homogeneous uituatioss R(S) or We have developed a technique that allows us to
in term oftwo active populatio stiebeeta, R(16). The calculated extend the experimental range for the determination
Ine, have been correlated with the experumental War5 spatial of rate constants for fundamental processes and at the
Profile. same tume provide data foi the detailed physical un-

*suitable values of the absorption cross section and its derstanding of the multiphoton decomposition of
energy dependence, we may fit the yield am a function polyatomic molecules. The photophysical questions
of pressure at a given fluence with a value of (A) raised have occupied much of our effort, but we believe
This value may be compared with values derived from that the potceca uses of thes experimental
chemical activation (for above threshold) and from techniques will prove very interesting and useful to
iow-pr~sure limit thermal activation (jf thno qa chemists in the long run. We now have the ability to
to threshold) experiments, produce reactive species at wail temperatures chosen

van den Bergh and co-workers' have measured th independently of the production act. 11ma we will be
yield of multiphoton decomposition of CFHCl as a able to extend these rate constant measurements over
function of both fluence and pressure of added argon; wide temperature ranges. In addition, we can study
their data are shown in Figure 14. These data have average vibrational energy transferred per collisio by
been simulated am described above,"' and it wa foun monitoring the effects of added gase
that a value of (AS) of '-0.1 kcal mol'l gives best A potentially interesting area for future research is
agreement wihthe data. Figure 14 shows this fit for the study Of branching ratios when more than One re-
three different fluences. (Note that the homogeneous action pathway exists. Changes in these ratios with
collisionless decomposition fraction is tae fro ex- lamer conditions will be sensitive probes of energy dis-
trapolation to zero pressure.) Introducing collisional triIJuIon functions and may shed same liht on the rate

terswhchare enlet f t~ it~it~ ito ~ ntrmoeOlf vibrational energy redistribution.
the ROME requires us to consider in detail the exper- Vas work wa supported by the Air Force Office of Scientijlc

(18) &. Duperres and Ki van do IkACo Py. 0. 7 Research, Contract No. F4N00-78C-0107. We haue benefited
-' -- 3eru~ -. heva~ -. from collaboration and disaaseior.s with R. N. Zero, J. L. Dram-

(16) A. C. flaiwin and KL van d" ar* AqJ ChUR. Phys., in pm.. man, and R. Naamen.
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