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The specific rate constants for the photofragmentation of four substituted benzene molecules (ethylbenzene, 
tert-butylbenzene, toluene, benzotrifluoride) following pulsed laser excitation at ;1. = 193 nm were measured 
in a molecular beam experiment by monitoring the change of the intensity of the nascent products as a function 
of time delay between excitation and detection laser pulses. In the case of toluene (CsHsCH3), ethylbenzene 
( C ~ H ~ C H Z C H ~ ) ,  and tert-butylbenzene (C6HsC(CH3)3) a (3+1)REMPI process at 2 = 450.8 nm was used to 
ionize the CH3 products, which were detected in a time-of-flight mass spectrometer. Following dissociation 
of benzotrifluoride (C6HsCF3) the trifluormethyl radical CF3 was detected at A = 455 nm. The measured 
specific rate constants can be modeled satisfactorily by using the SACM (statistic adiabatic channel model) 
statistical theory 

I. Introduction 

Unimolecular reactions of polyatomic molecules are important 
intermediate steps in complex reaction processes.'-4 Because 
of the large number of internal degrees of freedom associated 
with many molecules, an ab-initio theoretical treatment of the 
reaction dynamics often fails for these systems, while they are 
ideally suited for treatment by statistical models, which are 
usually successful. To test the accuracy of such calculations, 
experimental data are needed under well-defined conditions over 
an extended range of excitation energies. 

The goal of the present work is to determine the specific rate 
constant k, which is the sum of the rate constants k, for each 
reaction pathway of the investigated reaction, for a number of 
polyatomic molecules. This rate constant can be deduced from 
the temporal evolution of each of the products. We have studied 
the C-C bond fission of the substituted benzene molecules 
ethylbenzene, tert-butylbenzene, toluene, and benzotrifluoride 
following laser excitation at A = 193 nm, yielding the methyl 
radical as one product (CF3 in the case of benzotrifluoride, 
respectively). The reaction proceeds via fast internal conversion 
of the initial electronic excitation to highly vibrationally excited 
levels of the electronic ground state. Recently, a reaction 
pathway yielding H-atoms was observed for all four reaction 
 system^.^ For tert-butylbenzene, phenyl and tert-butyl products 
were The different pathways, together with their 
reaction yields, are listed in Table 1. 

The paper is organized as follows: the experimental setup is 
described first. In the following section the measurements of 
the specific rate constants of the unimolecular reactions are 
presented. The results are finally compared with experimental 
work of other groups and with calculations based on the SACM 
theory. 

11. Experimental Technique 

A. Experimental Set-Up. The molecular beam apparatus 
is described in detail in ref 8. Briefly, the molecular beam 
apparatus consists of two vacuum chambers. The molecules 
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are expanded with helium as a carrier gas (mixture 1 : 10) through 
a pulsed nozzle (General Valve, diameter 1 mm) into the first 
chamber. The gas lines and nozzle can be heated to 350-400 
K to avoid condensation of the molecules entrained in the helium 
gas flow. After the nozzle expansion the molecules pass a 0.8- 
mm diameter skimmer and reach the detection chamber, where 
they are detected in a two-stage Whiley-McLaren time-of-flight 
mass spectrometer (TOF-MS).9 A liquid nitrogen cold trap is 
used to freeze out effectively the background organic compounds 
in the detection chamber, resulting in a total pressure of 5 x 
lo-* mbar without and 6 x IO-' mbar with molecular beam. 

The specific rate constant of the ethylbenzene photodisso- 
ciation determined in this molecular beam experiment did not 
deviate from those measured recently with gas cell exper- 
iments.'O-'l Therefore, we conclude that there is no evidence 
for vibrational cooling to low temperatures in the beam. Due 
to the lack of any precise knowledge, we assume that the internal 
energy of the vibrational excitation of the reactant molecules 
after the beam expansion almost corresponds to 300 K. 

A pulsed excimer laser (Lambda Physik LPX 1 lo), operating 
at 193 nm, excites the reactant molecules. The laser intensity 
is attenuated to less than 1 d / c m 2  in order to avoid multiphoton 
processes. Next, the focused (f= 50 mm) output of an excimer 
pumped dye laser (Lambda LPD3002) ionizes the reaction 
products after a given time delay. Dye laser pulse energies of 
about 20 mJ are used. The laser beams are directed through 
two MgF? windows into the apparatus and cross the molecular 
beam axis at 45" about 180 mm downstream the nozzle. A 
delay generator (time jitter i 1 ns) is used to trigger the pulsed 
nozzle and the two lasers. The exact time delay between the 
laser pulses is measured with two photodiodes. In addition, 
the output of the laser diode for the dye laser is used to trigger 
a multichannel scaler (CMTE Fast TOF/MCS 7885). The signal 
pulses from the electron multiplier of the detector are counted 
and added time-resolved in the different channels of the scaler 
(dwell time down to 5 ns). For each time delay a complete 
mass spectrum is recorded. 

The TOF-MS was operated both with and without space focus 
conditions.9 The former case with 70 V/cm for the first and 
440 V/cm for the second acceleration stage allows the detection 
of ions generated by both the excimer laser and the dye laser. 
In the latter operation mode, the spatial extension of the 
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TABLE 1: Reaction Pathways of Ethylbenzene, tert-Butylbenzene, Toluene, and Benzotrinuoride 

J. Phys. Chem., Vol. 99, No. 44, 1995 16291 

reactant reaction pathway" reaction yieldb*' ref 

ethylbenzene CsHsCH2CH3 RETBI CsHsCH2 CH3 0.96 i. 0.04 13 
RETB~ CsH9 + H 0.11 i 0.04 5 

tert-butylbenzene C6H5C(CH3)3 &But! C6HsC(CH3)2 + CH3 0.80 i 0.05 6,7 
RrButZ C6Hs + C(CH3h 0.05 i 0.02 6 7  
R I B ~ I ~  C I O H I ~  + H 0.13 f 0.04 5 

R T ~ I Z  CsHs + CH3 0.20 f 0.05 10,32 
toluene CsHsCH3 R T ~ ~ I  C6HsCHz -I- H 0.80 i 0.05 32 

benzotrifluoride CsHsCF3 RBTFI CsHs + CF3 0.96 f 0.04 6,7 
R B T ~  C7H4F3 + H 0.026f;$, 5 

a R denotes the different pathways for the reaction of the corresponding molecule. For an excitation wavelength of 193 nm. Uncertainties 
f l u .  

0-15 
445 450 455 460 
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Figure 1. CH: yield as a function of the detection laser wavelength 
after exciting ethylbenzene at 193 nm. The variation of the laser power 
is shown in the lower part. 

excitation laser ionization volume is no longer compensated. 
Hence the ions created by that laser show up only as a broad, 
unstructured background. The relative signal strengths of the 
ions generated by the probe laser are not affected, but their 
absolute values can be increased by operating the TOF-MS in 
single-stage mode with 450 V/cm acceleration field strength. 
Since only the ions generated by the probe laser were of interest, 
the kinetic measurements were performed without space focus 
conditions. 

B. REMPI Detection of the MethyyCF~ Radical. In the 
past,' different detection schemes like nonresonant one-photon 
ionization,I3 (1 + l),I4 (2 + l),I5-l7 and (3 + l)REMPII83l9 
were employed to detect the methyl radical. In the present work 
we use a one-color (3 + 1)EWMPI process, which was found 
experimentally to be more efficient than the one-color (2 + 1)- 
REMPI scheme. In Figure 1 the CH: signal is shown as a 
function of the laser wavelength around 450.8 nm. The neutral 
methyl radicals in the electronic ground state 2p2A'; are 
generated by photodissociating ethylbenzene at A = 193 nm. 
The strong peak near 450.8 nm originates from methyl radicals 
in the vibrational ground state, corresponding to a 0; transi- 
tion. The intermediate state populated by the first three photon 
transition is a 3d2E" Rydberg ~ t a t e , ' ~ . ' ~  from which the methyl 
is ionized by a fourth photon. The smaller peak at 446 nm is 
due to vibrationally excited methyl radicals, which are generated 
in the photodissociation reaction. The strong shift in the 
transition frequency is due to the large difference between the 
methyl inversion frequencies (v2) in the electronic ground state 
and the Rydberg state of v2 = 606.453 cm-I and v2 = 1372 
cm-I, respectively.20,21 For both bands, no rotational structure 
could be resolved. Very similar rotational envelopes were 
observed by ionizing methyl radicals from the photodissociation 
of toluene and tert-butylbenzene. This indicates similar rota- 
tional temperatures of the methyl products produced in the 
reaction. A detailed analysis of the rotational contour is not 

Figure 2. Possible pathways in the pump-probe study of the reaction 
system AB, which finally yield A+. AB and AB* denote the reactant 
before and after laser excitation, respectively. A labels the neutral 
product and A+ the ionic one. k(E) is the specific rate constant of the 
neutral photodissociation and k , , , ,  are the ones of ionic fragmentations. 

yet possible due to the lack of rotational resolution and the 
unknown spectroscopic constants for the intermediate state. 

Neutral CF3 from the reaction of benzotrifluoride was detected 
at A = 455 nm also by a (3 + 1)REMPI mechanism.22 The 
intermediate state belongs to a long vibrational progression along 
the v2 out-of-plane bending mode in a 4p Rydberg ~ t a t e . ~ ~ ~ ~ ~  
As for CH3, no rotational analysis could be performed. 

C. Evaluation of the Specific Rate Constant. Given a 
reaction with j reaction channels AB - Ai + Bi, and rate 
constants k;, the temporal behavior of the number density of 
the reactant, NAB. is given by the specific rate constant k : =CLk;: 

The number densities of the products are 

Here, At denotes the time delay between excitation and 
detection. 

Three major contributions affect the measured intensities, 
namely, (a) the fragmentation of nonresonantly generated ions 
onto the mass of the reaction product, (b) the time resolution 
of the laser system, and (c) the drift of neutral fragments out of 
the detection volume. 

(a) Ionic Fragmentation. The excitation and the detection 
laser pulses can both create ions via nonresonant multiphoton 
ionization of the reactant molecules, which are detected at the 
same mass as the neutral fragments. In Figure 2 the possible 
pathways in the reaction system AB leading to A+ ions are 
plotted. Only A+ ions of channel I1 refer to the unimolecular 
reaction of interest, whereas the others result from fragmentation 
of AB+, which can be produced in a number of different ways, 
12 ... 15. The ions formed by the excitation laser (14) are 
suppressed in the single-stage operation mode of the TOF-MS 
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(see above). For the following discussion it is assumed that 
the rate constant of the ionic fragmentation exceeds k: k,,,, >> 
k .  The validity of this assumption was proven by the observa- 
tion that the ion peaks were not asymmetrically broadened and 
did not depend on the acceleration voltages in the TOF-MS. 
With k,,,,, >> k, process 13 leads to a stepwise decrease of the 
signal at At = 0, which stays constant for At > 0. In contrast, 
the A+ yield in process I2 is proportional to the number density 
of AB*, which decays with the rate constant k. Thus one gets 
two contributions for the signal intensity I*+, which vary with 
time delay: an increasing one according to I1 and a decreasing 
one according to 12. The time evolution of both is governed 
by k: 

dIAJdt = ak$',,, - /3kNAB* ( 3 )  

in which a and p are related to the probabilities for the ionization 
of a neutral product A and for the generation of A+ from AB*, 
respectively. Equation 4 directly shows that the observed 
temporal behavior remains the same as without including 
fragmentation effects, which is equivalent to /3 = 0. The only 
differences are the constant offset for At 2. 0 and the reduced 
amplitude (ak, - pk)/k.  If ak, > p k  the A+ signal increases 
for At > 0 and if ak, < p k  the A' signal decreases. 

The ionic fragmentation to A' after a coherent two-photon 
excitation process (15) requires the temporal overlap of both 
laser pulses and is therefore only important for a time range 
1 3 0  ns around At = 0 ns. In this case one would expect to 
see a Gaussian peak at At = 0 superimposed on the reaction 
kinetics. This was indeed observed for benzotrifluoride. 

(b) Time Resolution of the Laser System. The temporal 
resolution is limited by the temporal pulse widths 7~ of the 
excitation and detection lasers of about 10 ns (FWHM) as well 
as by the temporal jitter between the laser pulses. If the time 
constant of the reaction, z = l / k ,  is comparable with rL, the 
measured temporal evolution of the product signal l ~ - ( A t ) ,  see 
eq 4, gives 

with R(s)  = J!, IPirmP(s + t )ZprobP(z)  dz being the cross- 
correlation function of pump and probe laser pulses.8.24 As- 
suming Gaussian time profiles for both laser pulses leads to 
the following relation 

= C + I " - e r f -  [:( $ 1  1 --e -kiAr-a'kl X 

( e r f ( 2  - ok]  + l ) ]  (6) 

with u = ~ ~ 4 2 4 2  In 2 )  x 4 ns being the standard deviation of 
the Gaussian function. The expression (6) is fitted numerically 
to the measured spectra by using a Levenberg-Marquardt 
a lg~r i thm.?~  The only fit parameter is k, whereas the constant 
background C and the signal amplitude I" can usually be 
determined from an averaging of the data. 

(c) Drip of Reaction Products out of the Detection Volume. 
Another difficulty that is particularly important for slow 
reactions arises when the products that are generated in a 
reaction volume, which is defined by the overlap of the 
excitation laser and the molecular beam, move out of the 
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Figure 3. Ion yield (0) as a function of the time delay between the 
excitation of ethylbenzene and the detection laser pulse (a) at mass 15 
amu (CH;) and (b) at mass 13 amu (CH'). The solid line in (a) is the 
result of a fit according to eq 6. 
detection laser volume. As soon as the motion of reaction 
products out of the detection volume exceeds the motion into 
it, the product density and consequently the number of detected 
ions decrease. This leads to the following expression for the 
ion yield, if one assumes that the excitation volume is a cylinder 
and the detection volume is a small sphere: 

lA..(Ar) = C + I" (1  - e ) - [ -kA1 

in whichf(v) describes the velocity distribution of the products 
and R the radius of the excitation l a ~ e r . ~ . ' ~  For the sake of 
simplicity we assume a Maxwellian velocity distribution with 
a characteristic temperature T to fit the data. 

111. Results 

A. Ethylbenzene. Mass spectra of ethylbenzene were 
recorded without space focus conditions for At = - 100 to 700 
ns in order to probe the temporal evolution of the product 
concentration. 

In Figure 3 the signal of (a) CH: and (b) CH+ is plotted as 
a function of At. CH: is the only ion in the mass spectrum 
that shows a significant dependence on time delay. For other 
ion masses like CH+ (cf. Figure 3b) no such behavior could be 
observed. In the case of CH:, the initial rise can be fitted with 
an exponential according to eq 6, shown as a solid line. The 
explicit inclusion of the laser temporal widths was necessary 
since the reaction time is comparable to the laser pulse widths. 
The fit yields a value of k = (2.2 & 0.3) x lo7 s-I, while fitting 
a large number of measurements gives k = (2.4 f 0.4) x lo7 
S - ' .  

B. tert-Butylbenzene. The intensity of (a) CH, and (b) C- 
versus time delay for the reaction of excited tert-butylbenzene 
is shown in Figure 4. Once again, the only prominent temporal 
increase is found on mass 15 amu, which is attributed to neutral 
methyl radicals generated in the photodissociation of tert- 
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Figure 4. Ion yield (0) as a function of the time delay between the 
excitation of tert-butylbenzene and the detection laser pulse (a) at mass 
15 amu (CH:) and (b) at mass 24 amu (Cl). The solid line in (a) is 
the result of a fit according to eq 7 .  

butylbenzene. This identification is further supported by the 
signal dependence on the detection laser wavelength (not shown 
here).8 The constant background for At .e 0 ns stems from 
fragmentative ionization of tert-butylbenzene in the dye laser 
focus (cf. I3 in Figure 2). For At > 0 ns the CH: signal rises, 
reaches a maximum at about 1000 ns, and decreases again with 
increasing time delay. This signal decrease can be explained 
by motion of neutral product molecules out of the detection 
volume. This motion was taken into account by fitting the 
specific rate constant using eq 7. Here, the constant background 
C for At < 0 ns was determined from an averaging of the data. 
The specific rate constant k, the final ion yield I", and the 
effective translational temperature T of the products were used 
as fit parameters. Since T was very sensitive to the radius R of 
the cylindrical excitation volume, which was difficult to 
determine precisely, no values of that parameter are given here. 
However, the results for fitting k did not depend on varying 
the value of R within reasonable limits. The result of the fit 
with a specific rate constant of k = (4.1 f 0.4) x lo6 s-l is 
shown in Figure 4 as a solid line in addition to the measured 
data (0). The mean value of all measurements was found to 
be k = (4.4 f 0.4) x lo6 s-l. 

The ion yields for most of the other observed fragments, 
namely, H+, C', CH+, C*H+, and C,H:, do not show any 
temporal dependence. The exception is C: (see Figure 4b), 
which shows a sudden increase, followed by a fairly constant 
signal for positive time delays. A possible explanation for this 
behavior is that excited tert-butylbenzene fragments to C: in 
the dye laser focus more efficiently compared to tert-butylben- 
zene in the ground state (cf. I2A3 in Figure 2) .  Note also that 
ionic fragmentation of product radicals (2-phenylisopropyl, 
phenyl, tert-butyl, or CloH13) could contribute to the signal at 
mass 24 amu. 

C. Toluene. Again, only the CH: ions from the neutral 
methyl radical show a significant At dependence (Figure 5) .  In 
contrast to ethylbenzene and tert-butylbenzene, the CH: signal 
increases promptly within the time resolution given by the laser 
pulse profiles. This sudden rise can be explained by fragmenta- 
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Figure 5. CH: yield (0) from the photodissociation of toluene as a 
function of the time delay between excitation and detection laser pulses. 
The solid line is the result of a fit according to eq 7 .  The dashed line 
takes into account the stepwise excitation process discussed in the text. 

tion of vibrationally excited toluene in the electronic ground 
state, which produces CH: according to process 12 (cf. Figure 
2):  

193nm IC 450.8nm 
C7H8 - C 7 H $ y  C,H$*- C,Hi - CHT + 

neutral fragments (8) 

The cross section for this process, including 193-nm excitation, 
is obviously higher than for ground-state toluene being frag- 
mented to CH: in the dye laser focus. The resulting compo- 
nent in the total signal decreases proportional to the decrease 
in the number density of excited toluene with the same rate 
constant k (cf. eq 4). 

The portion of the CH: signal originating from neutral 
methyl radicals to the whole signal is quite small, so that the 
specific rate constant is more difficult to determine. However, 
it was possible to fit the data according to eq 7 by taking the 
initial rise directly from the data and fitting I" and k as well as 
the translational temperature T (cf. eq 7). The data in Figure 5 
were fitted with a specific rate constant of (2.5 f 0.2) x lo6 
s-l, which was confirmed by further measurements. 

D. Benzotrifluoride. Figure 6 summarizes the results of 
the photodissociation of benzotrifluoride. The time delay 
dependences of the ion yields on mass (a) 12 amu (C+), (b) 24 
amu (C;), (c) 31 amu (CF+), and (d) 69 amu (CF:) are 
plotted. On each mass similar kinetics can be observed: the 
signal is constant for At -= -20 ns, rjses first, and decays within 
the temporal overlap of both laser pulses before reaching a 
constant signal level for At > 50 ns. The initial peak around 
20 ns is due to a two-color ionization mechanism to which both 
laser pulses contribute (cf. I5 in Figure 2). To model this 
coherent process, a Gaussian curve with a peak halfwidth of 
20 ns, which is approximately the sum of both laser pulse 
widths, was added to the function of eq 6. From a fit of k as 
well as the height of the Gaussian, specific rate constants of (a) 
k = (8 f 3) x lo7 s-I, (b) k = (6 f 3) x lo7 s-I, (c) k = (7 
f 3) x lo7 s-l, and (d) k = (7 f 3) x lo7 s-l were determined, 
which agree satisfactorily with each other. The great error in 
the results for k is apparently due to (a) the influence of the 
two-color ionization peak and (b) to the fact that the kinetics is 
on the same time scale as the time resolution of the laser system. 
The response function of the laser system itself, which corre- 
sponds to k = -, is also shown in Figure 6d for comparison 
(- - -). 

The precursor for CF+ and CF: is probably the CF3 radical, 
whereas C: could stem from the phenyl radical, which is 
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Figure 6. Ion yields (0) from the photodissociation of benzotrifluoride 
on mass (a) 12 amu (C-). (b) 24 amu (C l ) .  (c) 31 amu (CF*). and (d)  
69 amu (CF:) as a function of time delay between 193-nm excitation 
and 455-nm detection laser pulses. The solid lines are the results of 
fits according to eq 6. The dashed line in (d) indicates the response 
function of the laser system. which corresponds to k = -. 

TABLE 2: 
Constants Using (3 + 1)REMPI Detection 

Survey of the Results on the Specific Rate 

specific rate detected 
reactant E,,."cm-' constant. 5- I product 

ethylbenzene 52 960 (2 4 i 0 4) x 10' CH? 

toluene 52 730 (2 5 i 0 2)  x 10' CHI 
benzotrifluoride 53 000 (7 f 3) x 10- CFI 

tert-butylbenzene 53 580 (4 4 i 0 4) x 10' CH? 

I' Sum of photon and presumed thermal energ) 

nonresonantly ionized at A = 455 nm. The kinetics observed 
for Cf can be caused by fragmentation of several products. The 
agreement of the k-values determined on different fragment 
masses implies that the process of fragmentation is much faster 
than the reaction of the neutral reactant and does not determine 
the time evolution of the ionic signals, which should otherwise 
show different kinetics. 

The results for specific rate constants determined in this work 
are summarized in Table 2. 

IV. Discussion and Conclusion 

As demonstrated in Figure 7, the specific rate constants for 
the photodissociation of ethylbenzene determined in this work 
and those measured by other g r o ~ p s ~ , I ~ - ~ ~  agree very well. The 
SACM calculation for ethylbenzene shown in this figure was 
performed by using a dissociation energy of EO = 26 910 cm-' 26 

and a correction factor of F = 0.67, which is independent of 
the excitation energy. Here and in the following, the SACM 
parameter alp was set at a value of 0.5. The factor F is 
necessary to compensate for errors in the interpolation of the 
vibrational frequencies (for details of the calculations see refs 
6 and 11). The parameters were chosen such that the measured 
specific rate constants as well as the thermal rate constants could 
be fitted I 

In addition the specific rate constants for the reaction of terf- 
butylbenzene, determined in our group with two different 

log m ethylbenzene 

45000 50000 55000 60000 65000 

Excitation Energy Eex [cm"] 

Figure 7. Experimental results of the specific rate constant for the 
unimolecular reactions of ethylbenzene and terr-butylbenzene from ref 
5 (W. ref 10 (A) ,  ref 11 (0). ret' I2 ( V )  and from the present work (0) 
are shown together with SACM calculations. For terr-butylbenzene 
the SACM calculations were performed for t h o  dissociation energies 
of 24 000 cm-I i-) and 24 500 cn1-l ( -  -). 

methods, namely, REMPI detection of methyl (this work) and 
hydrogen products,! are also presented in Figure 7 .  As seen, 
they agree very well with each other, whereas another value 
for the rate constant. determined via UV absorption of an 
unknown reaction product,' differs by a factor of about 2. This 
discrepancy can be taken into account by changing En from 
24 000 cm-' (-) to 24 500 cm-' (- -) in the SACM calculations. 
For the calculations only the reaction pathway R , B ~ , ~ ~  to 2-phe- 
nylisopropyl and methyl was considered, which dominates the 
reaction at an excitation energy of 53 580 ~ m - ' . ~ . '  Note, that 
i t  is not possible to reproduce the results of thermal experi- 
mentsl I using the above-derived specific rate constants with 
either Eo = 24 000 cm-' or Eo = 24 500 cm-l. This might be 
due to the fact that we have neglected the two additional reaction 
channels Rt~,,,? to phenyl and tert-butyl and Ri~i,,3 to CloH13 and 
H. The branching ratios of these channels are most likely 
functions of the excitation energy, but exact values for these 
ratios are presently only known for E o  = 53 580 cm-l 5,6  and 
not for thermal excitation. Hence more conclusive statements 
have to wait for further thermal or laser-induced measurements 
of rate constants and branching ratios as a function of excitation 
energy. 

The measured specific rate constants for the unimolecular 
reactions of toluene and benzotrifluoride are displayed in Figure 
8 together with SACM calculations. The calculation for toluene 
only includes the reaction pathway RT,,/,II to benzyl and H, the 
quantum yield of which was determined to be about 0.8.6,'3 A 
dissociation energy of Eo = 31 080 cm-1?6 and a correction 
factor of F = 2.7 were used. For comparison the experimental 
results of other groups' are also presented. The calculated 
k(E, , )  values agree satisfactorily with all of the experimental 
data. For benzotrifluoride the S ACM calculation was performed 
with a dissociation energy Eo = 36 000 cm-I. This value is 
the same as that used for modeling the reaction pathway RT~,)? 
of toluene to phenyl and methyl. The k(E,,)-dependence is in 
good agreement with the experimental results without using any 
correction factor. 

In conclusion, we have measured and calculated specific rate 
constants for the unimolecular reactions of substituted benzenes. 
In the case of ethylbenzene and toluene the experimental values 
of k ( E , , ) ,  which are extracted from the temporal evolution of 
primary reaction products (methyl radicals), are in good 
agreement with those determined by other groups. Furthermore, 
these results can be modeled by using SACM theory. The 
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Figure 8. Experimental results of the specific rate constant for the 
unimolecular reactions of toluene and benzotrifluoride from ref 5 (B), 
refs 11 and 27 (0), ref 28 (V), refs 29 and 30 (O), ref 31 (A) and the 
present work (0) are shown together with SACM calculations (-). 

quantitative agreement between experiment and calculation is 
within a factor of 3, which is reasonable for reactions of such 
polyatomics. Experimental values for the dependence of the 
rate constant on excitation energy are available only for the 
reaction of toluene. It is gratifying to see that in this case very 
good agreement can be achieved. 

For the photodissociation of tert-butylbenzene and benzo- 
trifluoride, time-resolved detection of primary reaction products 
was demonstrated for the first time. In both cases statistical 
theory results in quantitative agreement with the experiment if 
one assumes reasonable values for the dissociation energy of 
the reactants. This strongly indicates that in both reactions a 
statistical randomization of the excitation energy takes place 
prior to the bond fission. The given interpretation is further 
supported by the small release of kinetic energy of the reaction 
products:,6 which is typical for unimolecular reactions starting 
from highly vibrationally excited levels in the electronic ground 
state. 

By measuring the specific rate constants as a function of the 
excitation energy for a set of molecules with similar reaction 
coordinates on the one hand and by improving the accuracy of 
molecular constants for theoretical calculations on the other 
hand, it should be possible to achieve even better agreement 
between experiment and theory, taking into account thermal 
reactions of the same species. 
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