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Experimental Picosecond Transient Spectra for I2 Photodissociation in Liquids 
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After dissociative excitation into the A state the molecular dynamics of the I2 reaction in solution are followed by picosecond 
transient electronic absorption spectroscopy. The time scale of the transient spectra varies considerably among different 
solvents. For the same reaction process, observation at higher photon energy gives longer transient spectral times. The results 
appear consistent with a model in which the major determinant of the observed time scale is due t o  vibrational (or possibly 
electronic) decay after recombination and inconsistent with a model in which the time scale is dominated by recombination 
time. 

Introduction 
This Letter experimentally investigates the liquid-phase dy- 

namics of the chemical reaction sequence involving I2 photodis- 
sociation, solvent caging, and radical recombination to form a new 
highly vibrationally (and perhaps electronically)' excited I, 
molecule and the subsequent decay of its internal energy. 

The photodissociation of I, has been frequently studied in the 
liquid phase, as it is one of the simplest chemical reactions, the 
same diatomic being both reactant and product. Earlier exper- 
imental clearly indicates that much of the important 
molecular dynamics in this solution reaction occurs on the tens 
to hundreds of picosecond time scale. Two very different 
mechanisms have been proposed to account for the experimentally 
observed time scale for the transient absorption. The first2,* is 
that the time scale mainly represents the recombination time for 
the I atoms to re-form I, molecules. The second, proposed more 
recently by us,596*9 and by Nesbitt and Hynes,lo*" with related ideas 
also expressed by TroeI2 and by van den Bergh,I3 is that recom- 
bination is relatively quick and that the time scale is dominated 
by the time for vibrational decay of the newly formed 12. In this 
Letter we experimentally test these alternative hypotheses for 
photodissociation initiated through the A electronic state. 

Experiment 
The theoretical interpretation of most previous picosecond 

 experiment^^-^*^,^ has been made difficult by the possible role of 
predissociation (or second photon absorption) by the B state which 
is presumably reached by initial pumping with green light. 
Therefore, we use a red 680-nm source (dye laser with DCM 
dye)I4 to excite the 1, molecules into the A state, a dissociative 
transition free from the predissociation complexity associated with 
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TABLE I: Concentration of Iodine in Saturated Solution for 
Various Solvents at 25 "C 

solvent concn, mol L-' 

etliylcnc glycol -0 .28  
cyclohexmol -0.14 
cyclohcxme -0.1 1 
CCI, -0 .1  1 

TABLE 11: Transient Electronic Absorption Time for I, 
Photodissociation Reaction in Various Solvents (Fwhm in ps)" 

probe a~avelength,  nm 

solvents 6 3 0  6 5 0  710 

ctliylene glycol 27 i 3 21 t 3 21  i_ 3 
cyclohexanol 29 i 3 29 t 3 29 f 3 
cycloliexanc l l 0 i  1 0  95  i 10 65  t 10 
cc1, b 240 t 20 180 T 20 

a Data have bccn corrected for quadratic response of the  detec- 
tion system. No useful data obtained. 

the previous picosecond experimental s t ~ d i e s , ~ - ~ , ~ , *  but at a cost 
of a reduction of a factor -20 in absorption cross ~ e c t i o n . ' ~  A 
schematic diagram of the experimental system is shown in Figure 
1. An argon-ion laser (Spectra Physics, Model 171) synchro- 
nously pumps in parallel two dye lasers (Spectra Physics, Model 
3 7 9 ,  each producing a train of -8-ps fwhm pulses, separated 
by -4  ns. The jitter between pump and probe pulses limits the 
time resolution of our measurements to -20 ps. 

In order to achieve the sensitivity needed to detect the very 
weak15 1, A state absorption, a multiple radio- and audio-frequency 
modulation system is used.16 By processing the signal information 
initially in the radio-frequency regime much of the intrinsic laser 
noise is avoided. The pump and the probe beams are modulated 
at  two different radio frequencies (4.45 and 11.2 MHz, respec- 
tively) and the signal is observed at the difference frequency with 
an AM radio receiver. In addition the pump beam is audio- 
modulated at  400 Hz and the signal is synchronously detected 
at that frequency. This detection system, which is described in 
more detail elsewhere,16 provides a very sensitive technique for 
extracting weak signals from noise. In addition, this technique 
strongly discriminates against pump and probe beams, as well as 
against electrical pick-up from their modulating electronics. Even 
further rejection against the pump beam is achieved by placing 
an optical bandpass filter in front of the photodiode. It should 
be noticed that the sign of the transient signal is lost during signal 
processing in the receiver; therefore, we are presently not able to 
differentiate between induced absorption and induced bleaching. 

Since the energy per pulse is in the nJ range, in order to achieve 
sufficient excitation our sample region is a small confocal volume 
at the focus of microscope objectives (American Optical, infinity 
corrected, power 6X) in both the pump and the probe beams which 
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Figure 1. Picosecond transient electronic absorption spectrometer. M. 
Indicates a rnegaHertz electro-optical modulator, CH is a mechanical 
chopper, T is the optical delay, S is the sample, and D the photodiode 
detector. The probe beam is polarized perpendicularly with respect to 
the pump beam. 

are collinear but traveling in opposite directions to avoid nonlinear 
mixing of the probe and pump carrier frequencies in the photo- 
diode. The reaction solution is rapidly pumped through the 
confocal volume inside a small capillary. The pump and probe 
power at the sample is typically on the order of 20 mW. The inner 
diameter of the capillary is - 1 mm (this slightly restricts our time 
resolution due to the counterpropagating geometry) and the sample 
temperature is between 296 and 304 K. 

Reagent grade I,, ethylene glycol, cyclohexane, and cyclo- 
hexanol are used without further purification. Carbon tetra- 
chloride is of spectroscopic grade. The solutions are saturated 
in iodine as shown in Table I, except for measurement at 630 nm 
where the concentration is cut by half for the ethylene glycol 
solution to improve the signal-to-noise ratio. The wavelengths 
are checked prior to data collection with a calibrated mono- 
chromator. After passing through the sample, the probe beam 
is diverted by a beamsplitter or a polarizer onto a photodiode 
(EGG, Model DT-110). 

Since cross-polarized light is used to pump and probe the 
sample, one may expect rotational motion of the molecules to 
contribut to the transient spectra. This orientational relaxation 
is expected to be fast2*" and should not significantly affect our 
data. 

Results and Discussion 
The transient absorption spectra for iodine in ethylene glycol, 

cyclohexane, cyclohexanol, and carbon tetrachloride as a function 
of time for three different probe wavelengths are shown in Figure 
2. The pump wavelength is fixed at  680 nm, while the probe 
wavelength is at 630,650, or 710 nm. The results are summarized 
in Table 11. Note that we could obtain no useful data for CC14 
at 630 nm, possibly due to the effect of complexes or impurities. 
The raw data are corrected by taking the square root of the signal, 
to account for the quadratic response of the receiver. 

The following general observations can be made: 
(1) For a given solvent, observation at a higher photon energy 

gives longer spectral time scales, at least for cyclohexane and CC14. 
Changing the I, concentration by a factor of five in cyclohexane 
does not significantly change the transient spectral response curve. 
The time scale of the transient spectra for cyclohexanol and 
ethylene glycol at -27-ps fwhm is identical and nearly instrument 
limited (-20 ps) at all probe wavelengths. 

(2) For a given probe wavelength, the time scale of the transient 
spectra is fast in ethylene glycol and cyclohexanol, intermediate 
in cyclohexane, and slow in CC14. 

Both sets of observations can be theoretically rationalized as 
follows: 

(1) The dependence of the observed time scale of the transient 
electronic spectra on the probe wavelength may be used to test 
the alternative mechanisms proposed as the explanations for the 
observed transient spectral time scale. If the time for the I atoms 
to recombine were the major cause of the delay for the electronic 
absorption, then observation at  any probe wavelength should show 
this time delay caused by recombination. Since, as shown in Figure 
2, there is a large time scale change with probe wavelength for 
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correlation between experimental and theoretical spectra. 
Three important caveats should be kept in mind. The first is 

that our transient signals could also reflect the presence of iodine 
atoms or molecules complexed with solvent r n o l e ~ u l e s . ~ ~ ~ * ~ ’ ~ ~  In 
particular, at the high iodine concentrations used in this work, 
there may be a considerable dimer p o p ~ l a t i o n ~ ~ . ~ ~  (I2 + I2 - 14). 
It is also known that ground-state I2 molecules form complexes 
with hydroxylic solvents such as ethylene glycol and cyclohexanol 
and that iodine atoms generated by photolysis of I, form transient 
complexes with the solvent molecules. It should be noted that 
in most cases these complexes are long lived (fwhm 2 100 1x3)’~ 
and, due to the very high repetition rate of our laser source, should 
be recorded as nearly time-independent signals, as for example 
in CCl, a t  630 nm where we observe slower signal components 
which make accurate measurement of fast decays difficult or 
impassible. Due to the overall similarity between our experimental 
results and molecular dynamics s i m u l a t i ~ n , ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~  there is evidence 
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that most of what we are seeing is due to the intended reaction 
and not to complexes, but the case is not proven. The second 
caveat is that the pathway from initial A state to final X state 
involves at least one interelectronic state transition whose details 
are unknown, and may involve other intermediate states as well.’ 
The third caveat is that there might be differences in mechanism, 
for example involving predissociation, when I2 is dissociated in 
the B state r e g i ~ n . ~ - ~ , ~ . ~  

Con c I u s i o n 
Transient electronic spectra for the I, photodissociation reaction 

initiated through the directly dissociative A state have been 
measured as a function of the nature of the solvent and of probe 
photon energy. The results indicate that, at least for the case of 
direct excitation into the A state, the previous interpretation of 
the characteristic time scale as being due to the time for recom- 
bination does not apply. A more likely cause is the time required 
for vibrational (and perhaps electronic) decay of the already 
recombined molecules. 
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Energy Disposal in Hydrogen Atom Abstraction Reactions: Energy in the Radical 
Fragment by Laser-Induced Fluorescence 
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Vibrational distributions of the SD, SH, and CH30 radical product fragments from the F, CI, H + D2S (H,S) and F + 
CH,OH reactions have been measured in a flowing afterglow by laser-induced fluorescence. The results ( N l / N o  = 0.15, 
0.08, and 0.28 for SD from F, CI, and H + D2S, respectively, and N 2 / N I / N 0  I 0.04/0.23/1.0 for CH30(U3”) from F + 
CH30H) correspond to V;(SD)) = 0.02, 0.03, 0.07 and cfv(CH30)) = 0.02, respectively. These data, combined with the 
results from the infrared chemiluminescence measurements, directly show that little energy is released to the internal energy 
of ,the radical fragment in H atom abstraction reactions proceeding by direct pathways over repulsive potential surfaces. 

Introduction 
The initial product energy distributions contribute toward an 

understanding of chemical reactions at the microscopic level. 
Considerable progress has been made in characterizing the energy 
disposal to HF and HCI in F and CI atom reactions with diatomic 
and polyatomic hydrides1” by using the infrared chemilumines- 
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cence technique to observe HF(v) and HCl(v). Reactions with 
diatomic hydrides give H F  and HC1 molecules with about 70% 
of the total energy,l4S6 cfv) z 0.60 and &) zz 0.10. The energy 
disposal to H F  does not change significantly for F reacting with 
small polyatomic  hydride^,',^"^^^ e.g., Cfv(HF)) for F + CHI, 
CH3C1, PH,, and GeH, are 0.64, 0.62,0.54, and 0.58, respectively. 
The rotational energy released to H F  and HCI is somewhat lower 
for polyatomic  case^]^^^^ than for diatomic  hydride^.^^^ The re- 
maining energy must be partitioned to the relative translational 
energy for the diatomic hydrides, since there is no significant 
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than the findings of ref 3b, for F + substituted methane reactions. 
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