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COMMENTS

Comment on “Transient Anisotropy and TABLE 1: Time Constants Obtained by Fitting the Data of
Fragment Rotational Excitation in the Ref1to Eq 2

Femtosecond Photodissociation of Triiodide in AprobdNM I'y/ps Io/ps 7Jdps tlps

Solution” 800 10.5 1.12 1.01 0.28

730 10.0 1.38 0.86 0.35

; t 700 9.8 1.46 0.85 0.41

Martin Volk 680 8.5 1.64 0.89 0.44

. . . 650 10.3 1.61 1.18 0.60

S_urface Science Research Centre, démsity of Lverpool, 630 11.5 1.27 0.92 0.45

Liverpool L69 3BX, U.K. 610 11.3 1.45 1.21 0.68

. . . 530 15.6 0.61 0.85 0.34
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In a recent article published in this Journal; e and response. Collisions with solvent molecules cause the functional

Véhringet reported transient anisotropy measurements,on | form of the anisotropy decay at larger delay times to evolve
after photodissociation of triiodide in ethanol solution. On the Nt one or more exponentials describing rotational diffusion.
ultrashort time scale, a Gaussian decay of the initial nonequi- I contrast, Kiane and Vérringer assume the anisotropy should
librium orientational distribution of the dissociation products fit t0 @ function that is thesumof a Gaussian and (slower)
was observed from changes in the anisotropy, indicating a €xPonentials at all delay times. The Gaussian component
significant inertial contribution to orientational relaxation. A '€Presents only X820% of the initial anisotropy (with the exact
Gaussian correlation time constant of 450 fs was attributed to '€Sult depending on the probe wavelength). Itis straightforward
this inertial decay. Since the free rotor orientational correlation 1© Show that this Gaussian contribution necessarily has a
time of I~ at room temperature is 950 fs, it was concluded significantly shorter time cc_)nstant _th_a_m the fre_e rotor decay
that the photodissociation of1 yields L~ with significant constant correctly reproducing the initial behavior.
rotational excitation. The collinear dissociation of a linear ~ Analytic forms for the time-dependent rotational diffusion
molecule is not expected to yield products with excess rotational coefficient were deducetiand an empirical function describing
energy, so it also was proposed that is bent in solution. the evolutlo_n of the anlsotrgpy(t_) of an ensemb!e of rotprs
The experimental results of iae and Varinger are very from G.aussw}n to exponenpal Q|ffu3|onal behavior was intro-
similar to previous results on the photodissociation of Hgl duced in earlier studies of inertial motidn:
ethanol, where a 500 fs Gaussian component in the anisotropy .
decay of the Hgl photoproduct was reporfadhich incidentally r(t) = F(t) exp[-t/z] + (1/7) deT exp[—(t — T/T] x
has a moment of inertia very similar tg"| However, good -
agreement between the time dependence of the Hgl anisotropy F(T) expl=T/a] (1)
decay and MD simulations of the Hgl rotational correlation
function at 300 K was observed, indicating that the photodis-
sociation of Hgj doesnotyield Hgl with significant rotational
energy probably because of the linear geometry of the parent
molecule. Furthermore, MD simulations showed that the
rotational energy relaxation time of Hgl in ethanol is 166G fs.
Thus, the results of Kune and Varinget seem to imply
that rotational energy relaxation is significantly slower for |
than for Hgl. This result would be of great interest in the context _ 2
of a detailed understanding of solutsolvent interactions. r(©) = o exp[=(Ur)] exp[~tz] + ro(A, exp[~tT,] +
However, the conclusion thatis created rotationally hot rests A, exp[=t/T,])(1 — exp[-t/7]) (2)
on the discrepancy between the room-temperature free rotor
correlation time constant of 950 fs and the value of 450 fs for (here, eq 1 was adapted to allow faiexponential diffusional
the Gaussian correlation time constant found by fitting the behavior with time constants; andI'; and relative amplitudes
experimental data to theumof a Gaussian and two exponen- A1 andAy, i.e., Ay + A; = 1). Unlike the sum of Gaussian and
tials. A thorough analysis shows that this fitting function is exponential(s), this function yields the correct behavior also at
nonphysical and does not reproduce the correct correlation timeearly times and therefore should be used to extract the free rotor
constant of the initial inertial component. correlation time associated with the early part of an experimental
If the rotational behavior is that of an impulsively created anisotropy decay.
ensemble of free rotors, the initial time dependence of the We reanalyzed the results of 'Kme and Varinger on the
anisotropy decay is Gaussian with a time constartalculable ~ anisotropy decay of.I" to investigate how the use of this
from the moment of inertia and the temperature. This Gaussianphysically more relevant fit function will affect the resulting
signal will constitute100% of the initial anisotropyi.e., all free rotor time constants. For this purpose, we simulated the
molecules will contribute to the initial coherent rotational experimental data with the help of eq 3 and Table 1 of ref 1
and performed a nonlinear least-squares fit of these simulated
fFax: +44-151-708-0662. E-mail: m.volk@liverpool.ac.uk. data to eq 2, using a Levenberlylarquardt routine. The results
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Here, F(t) corresponds to the pure free rotor decay, which can
be approximated by a Gaussian with correlation time constant
7o, F(t) = ro exp[-(t/zo)3, = describes the (exponential)
transition from free rotor to diffusional behavior, afids the
rotational diffusion time constant. If the transition from free
rotor to diffusional behavior is faster than the anisotropy decay,
eq 1 can be approximated by




5622 J. Phys. Chem. A, Vol. 103, No. 28, 1999 Comments

are summarized in Table ®1The values for the rotational  Vohringet on the anisotropy decay of1 do not require the
diffusion time constani’; are in good overall agreement with  invocation of rotationally hot molecules. Thus, no conclusions
Kidhne and Varringer’s results, whereas the values forare on slow rotational energy relaxation can be drawn. Furthermore,
somewhat smaller. Most prominently, the free rotor correlation the results are consistent witkr Ibeing approximately linear
time constantz., adopts values around 1 ps, which is in good in ethanol solution.
agreement with the free rotor orientational correlation time
constant of 4~ at room temperatureThus, b~ does not seem Acknowledgment. The author thanks Professor R. M.
to be produced with significant rotational energy. Alternatively, Hochstrasser for most valuable discussions.
it may undergo fast rotational cooling, in analogy to the fast
rotational cooling of Hgl, which was shown by MD simulations References and Notes
to occur with a time constant of 160 40ur fits also show (1) Kuhne, T.; Vdringer, P.J. Phys. Chem. A998 102 4177.
that the transition from free rotor to rotational diffusion behavior,  (2) Volk, M.; Gnanakaran, S.; Gooding, E.; Kholodenko, Y.; Pugliano,
as described by the time constagtoccurs on the time scale N Hochstrasser, R. MI. Phys. Chem. A997 101, 638.
. (3) Steele, W. AAdy. Chem. Phys1976 34, 1.

of a few 100 fs. The apparent wavelength dependence of this  (4) myers, A. B.; Pereira, M. A.; Holt, P. L.; Hochstrasser, R. 3.
value may be of particular interest in the context of a detailed Chem. Phys1987 86, 5146. _
understanding of solutesolvent interaction. Our preliminary (5) For these fits, the time constaits I, rc, andz: and the amplitudes

It t that i | | ith hiah ibrati | ro, A1, andA; were set as free fit parameters (under the constfaint Ay
reSL_J S_ Sque_S at in. mo ch €s wi Igher vibrational — 1). For all wavelengths, good fits were obtained. Small discrepancies
excitation, which are predominantly detected at the shorter between simulated data and fit results (not significantly larger than the
wavelengths$, this transition is slowef. experimental accuracy) were observed for delay times within the temporal

: : e overlap of pump and probe laser pulses. These discrepancies may be due
. In_sumrr_lary,_ if amS_OtrOpy dat"’! show the transition fr(_)m to the fact that the proper convolution of the signals with the finite instrument
inertial to diffusive rotational behavior, the free rotor correlation response was neglected in the original data analysis (see ref 1). It was not
time constant cannot be determined by fitting the data to the possible to obtain good fits witk; fixed to a value of 500 fs.
sumof a Gaussian and exponential(s). The fitting function must ~ (6) Kdhne, T.; Véringer, P.J. Chem. Phys1996 105 10788.
. . (7) The fit results for the data at 530 nm seem to be in contradiction

show theevolution from one type of behavior to another. Our  q this suggestion. However, at this wavelenggh,is expected to contribute

preliminary analysis shows that the results ofhike and significantly to the signals (ref 6), thus distorting the anisotropy data.



