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Photodissociation Quantum Yield of lodine in the Low-, Medium-, and High-Density Fluids
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The transient grating (TG) method has been applied to the determination of the photodissociation quantum
yield (¢q) of iodine in various fluids at low-, medium-, and high densities. After a nanosecond laser excitation

at 532 nm, the thermal grating created by fast processes such as excess energy relaxation, primary geminate
recombination, and secondary geminate recombination appears as a fast rise of the TG signal, and the thermal
grating created by the nongeminate recombination process appears as a slow rise of the TG signal. By
comparison of the relative intensities of these signaldyas been determined. We have demonstrated that

the species grating and the volume grating are negligible in the TG signal in fluids such as argon at 323 K,
krypton at 293 K, and liquid solvents at room temperature. Our resulpg iof these solvents show density
dependence similar to those previously measured by the transient absorption method (Dutoit, J.-C.; et al.
Chem. Phys1983 78, 1825. Luther, K.; et alJ. Phys. Chem198Q 84, 3072.), although our results are

larger quantitatively. The diffusion model (Otto, B.; et dl. Chem. Phys1984 81, 202) works well for
interpretation of the density dependence, although modifications of the theory are required to get a quantitative
agreement. In xenon, sulfur hexafluoride, carbon dioxide, ethane, and nitrous oxide, which have critical
temperatures near the temperature of this experiment (323 or 333 K), we observed a density dependence of

¢q Similar to that in argon, while a significant decreasepgfin the low-density region of carbon dioxide,
ethane, and nitrous oxide was reported previously (Zellweger, J. M.; &t @hem. Phys198Q 72, 5405.
Otto, B.; et al.J. Chem. Phys1984 81, 202.). Discussion on the origin of the difference is presented on the
basis of the intermolecular potential estimated by the solubility data.

1. Introduction The photodissociation and recombination processes of iodine

) o o o excited in the visible region are briefly summarized by the
The photodissociation and recombination reaction is one of fo|lowing four steps (see Figure 1a).

the simplest reactions that reflects various interesting aspects (1) By use of visible light, iodine is excited to the bound B

of solvent effects such as excess energy relaxation at higherstate, the dissociativel, state, or the A/Astate depending on
electronic states, geminate recombination due to solvent friction, 4, wavelength for excitatiohFor example, when excited at
vibrational energy relaxation in recombination processes, andg3o nm (the wavelength that we use main’ly in this work), the
So on. The“ solvent eﬁ?Ct that prevents dissociation is often population of these states are reported to be 87% in the B state
termec_i thg cage effect”. The p_hotodlssomathn quantum y_|eld and 13% in thd1, state. The wave-packed dynamics in the B
¢q, Which is defined as the fraction of nongeminate recombina- giate and the following electronic predissociation after the

tion, is a representative value of the solvent cage effect. It is photoexcitation have been recently investigated intensively in
easy to imagine thagy becomes small with a strengthening of  ¢|ysterss—8 gase® 11 supercritical fluidsi2-17 liquids 1% and
the solvent cage effect. solids2° Although the rate of the electronic predissociation is
A simple diatomic molecule such as iodine is a primary model dependent on the environment, it is generally within the
system for the study of the photodissociation reaction in solution, picosecond time scale.
and numerous studies have been performed since the work of (2) After the transition to the dissociative state, a fraction of
Ravinowitch and Franck.The first systematic study on the the separating atoms recombine geminately on the pdfential
photodissociation quantum yield was performed by Noyes et surface or on the ground-state X due to the collisional interaction
al2~* They measured the solvent viscosity dependence and thewith solvent molecules, and vibrationally highly excited mol-
excitation wavelength dependencepgfof iodine by the radical ~ ecules are produced. This process is called primary geminate
trapping method. They discussed the results on the basis of arecombination in a sense that the iodine molecule does not break
simple model that the atoms produced by the photodissociationout of the solvent cage. The appearance of the highly excited
start to separate in exactly opposite directions with a total kinetic molecules is reported to occur within 2 ps or less in liquid
energy in excess of the normal thermal energy. However, it is solution?! The vibrationally hot molecules are cooled because
now realized that the process is not as simple as predicted byof the interaction with the solvent molecule. The vibrational
such a model partly because several electronic states are coupletklaxation rate is strongly dependent on the solvent and the
with each other. electronic state of iodine. In the ground-state X, the time constant
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Figure 1. (a) Schematic drawing for simplified electronic energy surfaces of iodine. (b) Four-state kinetic model for the dissociation and the
recombination reaction.

of the decay is typically 56200 ps in liquid solvent The but still instructive in grasping the overview that governs the
vibrational relaxation rate in the A/fstate is much faster than ~ mechanism of the dissociation and recombination dynamics. In
in the ground-state under the similar experimental conditténs. their model, the recombination ratg. and the photodissociation
The molecule in the A/Astate escapes to the ground-state quantum yieldpq are given by the following equatiorg:
potential surface via a solvent-induced nonadiabatic transition

with a time scale of 100 ps to nanosecoRt3> KL,
(3) Another fraction of the separating atoms succeed in krec:4ﬂRDNAW 1)
breaking out of the solvent cage, and they diffuse out of at least Kiec + 47TRDN,

one solvent molecule. These atoms may geminately diffuse back 47RDN,

and recombine with the other atom of the same parent molecules. = )
This process is called the secondary geminate recombination. k?ec—i- 47RDN,

This time scale is reported to be 200 ps in Ar at 200 bar and

323 K1° After the recombination, a vibrationally excited \hereD is the diffusion coefficient of iodine atonR the
molecule is created, from which follows the vibrational energy gjlision distance where the iodine atoms make an encounter

relaxation as mentioned above. complex, andNa Avogadro’s numberk,. is the recombination

(4) The remaining fraction of the atoms escape from the rate constant in the absence of diffusion control and considered
solvent cage and diffuse in the solvent. They are able to tg pe limited by the energy relaxation rate in the ground state.
recombine with other separated atoms only when they happen Troe et al. considered two limiting cases: a lower-density
to meet another atom. This process is called nongeminateregion and a higher-density region. In the case of the lower-
recombination. This process is mainly diffusion-controlled and gensity region wherdd,, < 47RDN, ki is approximately
much sllowgr than the primary and Fhe second'ary geminate equal tok%,.. In such a density regiotie s linearly dependent
re_combmatlon processes, and the time scale is larger thanOn the solvent densityo] .26 Thereforek&._is given as
microseconds.

The photodissociation quantum yielt does not contain
detailed information on the earlier dynamics of iodine after the
photoexcitation. However, it is still instructive to stuglyunder . e . .
various experimental conditions, especially over a wide solvent Since the diffusion coefficient is inversely dependent on the
density region from gaslike density to liquidiike density. The SOIvent density in the low-density gases. In the case of the
process described above is strongly influenced by collision with higher-density region wherég,. > 47RDN,, the quantum
solvent molecules and the diffusivity of the iodine molecule. Yield is correlated witlD as
When the solvent density is changed by using supercritical
fluids, it is possible to examine these processes clearly. ¢, 0D*On 2 4)

Extensive studies apy in fluids over wide solvent densities
and species were performed by the groups of Troe and van deriThis is explained by eq 2 assumihf. 0 D~1. This type of
Bergh nearly 20 years agb:3® They have measured the diffusion model explains well their results on the recombination
recombination rate anegyq in a variety of solvent fluids by rate constant over a wide solvent density region agdn
transient absorption experiments using nanosecond or sub-solvents such as krypton (Kr) and Xe. On the other hand, in
microsecond lasers and discussed their results on the basis of duids such as carbon dioxide (GRethane (gHg), and nitrous
simple diffusion-controlled mechanism. Their treatment is oxide (NO), the values ofpq were much lower than those
simple in comparison with various theoretical treatments such predicted by the difffusion model (eq 4), even in a very low
as stochastic dynamics or molecular dynamics simulétida solvent density region. Troe et al. have concluded that this large

K,OpOD™ (3)
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cage effect might come from formation of a complei)3° 2. Theory
where M denotes the solvent molecule. They assumed that this

type of complex can lose the excess energys iyl desorption After the photoexcitation of iodine with a 532 nm laser, most
of the solvent molecule (i.e.z2M — I, + M) with a probability earlier events except for the nongeminate recombination occur

y¢. By determining the complex concentration with an ap- within a few nanoseconds in the liquid phase. In this case, the
propriate intermolecular potential, they could reproduce their four-state diagram depicted by Zhu and Harris is applicable to
experimental results at 581 nm excitation usjrig= 0.7. the photodissociation and recombination dynamics of iodine (see

However, the large value g has not been explained well Figure 1b). On the other hand, in fluids from the low-density

. . . to medium-density regions, the situation may be somewhat
until now. To ensure their assumption, they referred to the cases . . -
different. It has been proved that process 1 mentioned in the

of the van der Waals complex, where the one-atom cage effeCtIntroduction is much faster than a few tens of nanoseconds of

has been observéd:*8 For example, after the excitation of the . L Lo
. - o our system response. The differences lie in the vibrational energy
B state dissociation level of the+Ar cluster, the emission from . S , .
relaxation rate and the lifetime of the A/Atate. Harris and

the B state is observed,which is interpreted as vibrational . o .
- . L co-workers have studied the vibrational energy relaxation rate
predissociation of the van der Waals cluster. This kind of . - . . . i
o . L . . . in Xe from the medium-density to the high-density regions and
vibrational predissociation has also been theoretically investi- . : - i .
found that the isolated binary collision model is applicaile.

gated by several authot%:%! However, the situation is some- . ; . .
- : . According to their study, the half period of the energy relaxation
what different in the case of fluids around room temperature. .. _ . . .
time atp, = 1.6 in Xe is about 7 ns, wherg is the reduced

After the iodine and solvent complex excited to the B state density by the critical density of th I ¢ : h
vibrationally predissociates, the iodine molecule still has a large ensity by the _crltha ensity of the SO v_ent. It we est|mate_t €
! energy relaxation time gt = 0.2 (which is the lowest density

energy in the B state relative to the ground state. In an : .
environment where successive collisions with solvent molecules ' have measured) simply by the factor of the solvent density,
a relaxation time of 56 ns is expected in Xe. We consider this

are possible, the electronic predissociation is induced by_colll.'f,lonto be sufficiently faster than the nongeminate recombination

with solvent molecule®® Therefore, another mechanism is .

required to explain the decreasadaf Althouah Dardi and Dahlr rate we have measured (ca. 1 microsecond). Although no other
d P oy 9 information is available, the energy relaxation rate in molecular

fgc?r%etsetn? %?Zi'l?lee th;Stigﬁf dor]:c?[ 1:r](-)\(/:grtr;1‘2?‘;(l? eglf;aznvflsroun olvents used in this study is expected to be much faster than
P » (hey P oy the case of atomic solverds.

believe thaipqy of iodine is still an open problem and that it is he lifei fth in | . h
worthwhile to reinvestigate the value by different experimental The lifetime o the A/A state In ower deq5|ty gases has not
been well studied until now either. Harris and co-workers

methods.
R v t ient i TG troscBp b demonstrated that the lifetime of this state in Xe is around 9 ns
ecently, transient grating (TG) spectroscupiias been at 280 K and could not detect meaningful density depend-

applied to the measurement g4 with a nanosecond time o0 fromp; = 1.6 to pr = 2.757 The study by Zewail et al.
resolution. This m_ethod detects the thermal energy d'ss'patedindicates that the lifetime of the AlAstate in rare gas sol-
by the photochemical processes. Zhu and Harris have demony o jg longer than 1 ns up to aroupd= 2.216 Miller et al.
strated .that this method is useful in determinigg, the . reported that the lifetime of the A/Astate in gaseous solvents
r_ecomblngnonrsate constant, ano! the enthalpy of the reco_mblna-is linearly dependent on the solvent densftccording to their
tion reactiorf:* _There are two _kln_ds of rises in th? TG signal results, the lifetime of the A/Astate is about 20 ns in Ar at

for a system with photodissociation and recombination proc- _ ¢ 3 it e can extrapolate their result up to this density. This

esses. The fast processes after photoexcitation such as the eXCeRfatime is much shorter than the nongeminate recombination
energy relaxation process, and the primary and the secondaryr

geminate recombination processes are observed as a fast rise In the followi that th i h .
with a system response time when a nanosecond pulsed laser n the following, we assume that the reaction scheme 1S
depicted by the four-state model as shown in Figure 1b. In this

is used. Nongeminate recombination is observed as a slow risemodel the rate constarks k;, andk, are assumed to be faster
over a microsecond time scale. Zhu and Harris determired ! L 2 u

for iodine from the saturation intensity estimated by the power tzhr?n thg Zystgm rt;q;\onse. We .hthIe S|mpI|I|edd'th§ é;ﬂ?tment by
dependence of the relative intensity of the slow-rise gfain. w u;? " ar)r(|s|, \1\:1 't(;] was;"pr:ewc;utiy rt(:]porre Ir?d m kere, m
this procedure, however, a detailed knowledge of the excitation € briefly explain the outiin€ of the theory a ake some
beam profile is required and the alignment must be kept extensions including the factors that were neglected in the
rigorously the same during several measurements. It is quiteprewous work, L
difficult to apply this method directly to the measurement of [N the TG measurement, the sample solution is irradiated by
¢qin the high-pressure fluids over a wide solvent density region. tWO laser beams crossing at the same time. This creates a light
We have extended and simplified their analysis and already interference pattern in the sample solution, and iodine is excited

proved that our procedure is well applicable to a system in liquid a_cc_ordmg fo the '”‘?”eTence patte_rn. Succe55|_ve photodisso-
solution® This simplified analysis has an advantage that we ciation and recombination dynamics are monitored by the

can easily determingq from the intensity ratio of the fast rise difiraction of a probe beam because of this grating. We assume

to the slow rise by measuring only one signal transient if we that th.e intensity of the TG signal can be expressed as
_ . C o follows:S3

know the reaction enthalpy. Here, we applied this simplified

method to determingq of iodine in high-pressure fluids in order ) )

to study the cage effect. Our results in fluids such as,@gHs, ltc U (An)” + (AK) )

and NO are quite different from those measured by the transient

absorption method especially from the low-density region near whereAn is the peak-null difference of the refractive index and

the gaseous phase to the medium-density region near the criticalAk is the peak-null difference of the absorption coefficient,

density. In our results, little characteristic dependence on the respectively.An is generally expressed as a sum of contri-

solvent species is observed. butions from the thermal Anw), population Angp), and
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volume (Any) gratings. Ak consists of only the population
grating:
An= Any + An,,

p T ANy (6)

@)

whereAny, is caused by the thermal energynnop by the change
of the molecular refractive indexyny by the reaction volume
change AV, and Akpop by the change of the absorption
coefficient, respectively.

Any, is explicitly expressed as

Ak= Ak,

“exp(— quzt)]

dQy(t)
Ang(t) = g_-rllp_(l:p Q; exp(—Dya’t) + g b

where the first term in the bracket corresponds to the fast heat

and the second term to the slow he@g, Dy, andq are the
isobaric heat capacity, the thermal diffusivisty, and the grating

lattice vector, respectively. The asterisk (*) denotes the convolu-

tion integral.Qr and Q4(t) are expressed as

Q= [l 2]0[Ee>< - AH¢d]/¢d )
Q=0 (10)

where [blo = (2lo/lsa)[l2] (=[l]o/2) is the number of parent
molecules that dissociate to radical,= AH[l2]o, andkmax=
Akedl2]o. AH andEcy are the reaction enthalpy and the excitation
photon energy, respectivelyy and ls; are the laser intensity
and the saturation intensity given by*togq) 1, whereo” is
the absorption cross section ands the pulse duration.

Anyep is given by

Angod® = (A2 + An% INR(®) (11)

where Ang op and Anﬁop denote the changes of the molecular
refractive indexes due to the decreasecéid increase of |I.
Nr(t) is given by

2[15]o
Ng(t) = ——— 12
O=17 o (12)
The time profile ofAkyep is given as the same @snpop.
Any is given by
Any(t) = ( VAV/Z)NR(t) dn AV (13)

where ay, is the coefficient of the thermal expansion. The
reaction volume can be written using the equilibrium constant
for the dissociationK = [1]%[l], as

alnK

AV =k RT+ AV, ;= k{RT— KTRTpr( 3

conf

) (14)

r

wherexrt is the isothermal compressibility of the solvent. The

first term is due to the increase of the translational mode by the

dissociation, and the second ter\ony), called the configra-
tional volume change® is due to the rearrangement of solvent
molecules by the dissociation.
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E

_ Fex Qs
¢d_sz+Qf

(15)

The value ofpq is determined fronQs and Qs obtained by a fit

of the TG signal to eqs-513, andAH. The merit of this method

lies in the fact that we can determigg from a single transient
without a reference sample and the absolute laser power profile.
On the other hand, the demerit of this method is that we need
AH beforehand.

The photodissociation quantum yield is also determined by
the TG acoustic signal. The density change of the solvent from
Any, and Any creates the acoustic wave if the acoustic transit
time over the grating lattice is sufficiently longer than the pulse
duration. In our experiment, this time could typically be around
100 ns by makingj as small as possible. The acoustic oscillation
can be expressed as

g O

I AC{ — exptitye) cos( q)} + AAnpop(t)]
BAkpop(t) (16)

wherelac, A, andB are constantac is the acoustic damping
constant specific to the solvent. In the time range while the
acoustic signal is observedn,o, and Ak can be assumed to
be almost constant. Therefore, when the acoustic signal does
not have the population signal, the first acoustic oscillation goes
almost to zero.

The intensity of the TG acoustic oscillatidpc is given by

Eex — ¢sAH n PgAV

lac O]
AT oG Oy

| 17)

The first term in eq 17 derives from the fast heat and the second
term from the reaction volume, respectively. When the contribu-
tion from the reaction volume change is negligiblg; is
determined by usingac in comparison with the acoustic
intensity of the reference sample under the same experimental
conditions. Here, the reference sample means the solution of
the same absorbance at the excitation wavelength where all the
photon energy absorbed by the solute is released as heat within
a pulse duration. Thegyq is given by

(1 e

IAC
wherel?. is the TG acoustic intensity of the reference sample.

We also use photoacoustic spectroscopy (PA8}o deter-
mine ¢y for the same purpose as the TG acoustic measurement.
In the PAS measurement we measure the intensity of the sound
wave formed by the density change, which derives from the
fast released heat and the reaction volume chakde The
intensity of the PAS signalpas, is given by the same expression
as eq 17! Therefore, when the contribution from the reaction
volume is negligible gy is obtained by

=(1

wherel§, denotes the intensity of the reference sample.

E.x
AH

bg= (18)

Eex
AH

lPA
R
I5

o (19)

3. Experimental Section

Using the parameters in the above expressions, we can obtain The experimental setups of the TG, the TG acoustic, and the

¢a by

PAS measurements were the same as reported previ§i§sly.
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In the present study, different types of pulsed lasers were used
for excitation at several excitation wavelengths: a Nd:YAG laser
(Spectra Physics GCR-170-10, 532 nm,Bns pulse width), a
Nd:YAG laser pumped optical parametric oscillator (OPO) d
(Spectra-Physics MOPO-710, 490 and 590 nm), an excimer laser S TR
pumped dye laser (Lumonics Hyper Dye 400, 440 nm; 26 A,,il..é.-mmmmmammﬁmam .....
ns). The laser pulse was divided into two pump beams thatwere = _ | 4
crossed in the sample solution at the same time. The beam
diameter at the crossing spot was typically 1 mm. After this
excitation, the time dependence of the grating was probed by a : CenerTreeey
He—Ne laser (Uniphase, 1137P, 632.8 nm, 7 mW) or diode T
lasers (SDL, 5311-G1, 802 nm, 100 mW; SDL, 5411-G1, 840 .
nm, 100 mW). The signal was monitored with a photomultiplier 0 e o 4
(Hamamatsu R928 for HeNe laser detection and Hamamatsu t (us)
R1477 for a diode laser detection) and averaged by a digital _. . . - - -
osciloscope (Tekironix TDS-520 or Teldronix 24304). The U2 TYHSa G sanas an ftng cures (ol ne) frodine
static absorption spectra of iodine were measured by a multi- (squares); C@at p, =1.0 and 323 K (triangles). The inset is the result
channel spectrometer (Otsuka Electronics, MCPD-1000). for the short time scale in Ar after subtraction of the pump scattering.
Two types of high-pressure optical cells, made of titanium . . .
to prevent them from being spoiled by iodine, were used for S|gna}llls only the thermal .grqtlng term. Under our experlmental
the measurement. When the pressure was less than 30 Mpgcondition, however, the lifetime of the thermal grating, =
the same cell as reported previof8lyas used. When the il(Dlhqz)_) is generally much longer than the inverse of the
pressure was above 30 MPa, a cell made of TiBAI4V to withstand recombination rate constant. Therefore, the rise profile due to
high pressures up to 350 MPa was used. This cell has an innerth? slow heat is quite similar to the prqfile of the species grating.
volume of about 5 ¢ a path length of 4 mm, and two optical Th|s_ mak_es_ the separation qf th species gratmg from th_e th_ermal
sapphire windows. The emission from the sapphire windows grating difficult. Therefore, it is important in the de_termlnatlon
was eliminated by a cutoff filter. The solvent gases were of ¢4 to know whether the TG signal has a contribution from
compressed by a hand-operated hydraulic pressure generatoffeop AK, andAny. . .
(Nova Swiss). The solutions in the cell were stirred by a 4._1.1. Contribution to the TG S|g_nal bes@es the Thermal
magnetic stirrer. The temperature was kept withid.1 K by Grating. The effect of the population grating due to the
circulating the thermostated water through the cell, and the Pléaching of 4 can be estimated from the analysis of the static
pressure was measured by a strain gauge (Kyowa PGM 500KHabsorpt|on spectrum of,.l By numgncal calculayon of'the
below 30 MPa and Nagano Keiki KH78-161 above 30 MPa). refractive index of 4 from the absorption spectrum in the visible
The densities of the fluids were calculated by empirical '€gion in hexaneAng,, and Akf,, are estimated as-3.2 x
equations of staté’d. The concentration of iodine in solution ~ 10°[l2Joand—7 x 10~“[lzJo at 633 nm and as 1.6 x 10~3[I2Jo

172
=3 ITG (t)

TG

I 1/2(,[)

was about 1 mM (M= mol dnr3) or less® and in the lower-  and—8 x 107%[I2]o at 840 nm, respectively. In this evaluation,
density region of the fluidsp¢ < 0.4) the concentration was ~We used the KramersKronig relation®” On the other hand,
limited by the solubility. Ang(t=0) estimated from eq 8 by assuming the limiting case

Gases of Ar (Sumitomo Seika 99.999%), Kr (Sumitomo ~ ©f ¢4 = 0 amounts to-1.1 x 107*AN,%3%9 where AN is the
Seika,>99.995%), Xe (Iwatani>99.995%), CQ (Sumitomo number of iodine molecule that absorbs the photon. Therefore,
Seika, >99.99%), GHs (Sumitomo Seika,>99.0%), NO the contributions ofAnye, and Akyep due to the ground-state
(Sumitomo  Seika,>99.9%), and sulfur hexafluoride (§F bleach are less than 3% and 1% at 633 nm, respectively, which
(Sumitomo Seika;99.9%) were used as received. loding (| will be smaller at 840 nm. Our estimation is almost consistent
(Nacalai Tesques 99.8%) was used without further purification,  With that by Zhu and Harrf$ and suggests that the contribution
which gave the same results as given by that purified by vacuum©f the population grating is negligibly small. Zhu and Harris
sublimation. We used phenol blue as a reference. Phenol blueha"e also evaluated the contribution of the excited-state absorp-

is known to release the absorbed photon energy as the thermalion and found that it makes a negligible contribution.

energy within 1 n§€® Phenol blue (Aldlich) was purified by To make a further verification experimentally, we measured
recrystallization from ethyl acetate/regloine 1:1 mixture before the probe wavelength dependence of the TG signaAnifop

use. Liquid alkanes of pentane, hexane, heptane (Nacalai Tesqueé2NdAk cannot be neglected, the TG signal is dependent on the
specially prepared reagent), octane, nonane, decane, and dgvavelength of the probe beam. We have measured the TG signal

decane (Nacalai Tesque, guaranteed reagent) were used withoutt S€veral probe wavelengths of 633, 802, and 840 nm in alkanes
further purification. and could not detect any meaning difference in the value of

QJ/Qr obtained by the signal fit with only the thermal grating
term (see the result afq in Figure 4). In the fitting, we used
Ding? determined by the reference signal (phenol blue in the
4.1. Liquid Solvents.Typical TG signals fordin hexane at same solvent}?
room temperature are shown in Figure 2. We could not detect We also measured the TG acoustic signal in hexane, shown
any TG signal withoutd The TG signal has an instantaneous in Figure 3. As mentioned in section 2, if there is a contribution
rise with the pulse duration and a subsequent slow rise. Thefrom Anyg, Or Ak, the acoustic oscillation does not reach the
former represents the fast heat from the nonradiative decays ofbaseline. It was found that the first bottom of the oscillation
excited states and the geminate recombination, and the latteralmost reaches the baseline. This fact supports that the contribu-
represents the nongeminate recombination. The behavior of thetion of An,op and Ak is negligible.
TG signal we measured is almost the same as that reported by The next problem is the contribution @&ny. The value of
Zhu and Harri$* The term we want to evaluate from the TG ¢q is estimated to be larger if the reaction volume change for

4. Results and Discussion
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IAC(t)

%j\/

0.6

0.2 0.4
t (ps)

Figure 3. TG acoustic signal for iodine (smaller intensity) and phenol
blue (larger intensity) in hexane at room temperature.

the dissociatiom\V is negative and smaller if positive. This is
because\ny, is always negative andiny is also negative iAV

is positive. The ratio between the intensity of the volume grating
to the thermal grating is given by

AnV(O) _ pCp¢d

— = AV
Qi+ Q  hwoy,

(20)

Using eq 20, we can estimagg for a givenAV by a fit of the
TG signal. UnfortunatelyAV for the iodine dissociation has
not been determined\V for the dissociation of molecule of
similar size in liquid is generally a few tens of émol. For
example AV for the dissociation of 2-methyl-2-nitrosopropane

J. Phys. Chem. A, Vol. 103, No. 38, 1998735

TABLE 1: Comparison of the Photodissociation Quantum
Yields in Hexane and Heptane Determined by Several
Experimental Methods

excitation
wavelength
(nm) hexane heptane ref
transient grating 532 0.26 0.03 0.24+0.03
photoacoustic 532 0.22 0.03
TG acoustic 532 0.26- 0.05
photothermal grating 532 0.260.03 0.19+-0.02 54
transient absorption 590 0.1#50.01 29
transient absorption 492 0.230.01 36
transient absorption 532 0.37 23
radical trap 546.1 0.46: 0.07 4
0.4 T T T T T T r
0.3 | .
& 02 f . b é .
a v
- D p
0.1 | © .
Y
0 § 1 [ | | | |

0 02 04 06 08 1
-1 6 -1 -1
Tn  (10°KPa's")
Figure 4. Viscosity dependence @k in various liquid alkane solvents

obtained by the TG method at different probe wavelengths: filled
circles, 633 nm; filled squares, 802 nm; filled triangles, 840 nm. From

1.2 14

in carbon tetrachloride has been estimated as about 40 cm left to the right, the solvents are dodecane, decane, nonane, octane,

mol~1.7! In the case of heptane, the changegafis 0.04 for
AV of 40 cn® mol~. This change is comparable to or a little

larger than the experimental error. Therefore, our results in

liquids have an ambiguity of this order. We conclude that the
TG signal can be analyzed with only the thermal grating term
in liquid solvents.

4.1.2. Verification of the Simplified Analysiso show that

heptane, hexane, and pentane. The values from the literature are also
indicated: open circles from ref 54 (nonane, heptane, hexane); open
squares from ref 29 (isooctane, heptane); open rhombuses from ref 36
(isooctane, heptane); open triangle from ref 23 (hexadecane, hexane).

an error of 8% in both cases. In fact the laser intensit9.38
MW cm~2) is much lower than the saturation intensity (6 MW
cm™2) evaluated by Zhu and Har}4.

our simplified analysis is appropriate, we measured the TG  To make sure of our simplified analysis, we have also checked

signal at various values @f. In our simplified simulation (eqs
5—-13), the parameteq appears only in the decay constant,
although the exact expression has the parametgirothe slow

rise term. The exact expression of the diffraction efficiency
i354

1 = [Agy(t) exp(-Dy0’t) + B exp(-Dyqt)]?

kmax[l - exp(l— I(X)/Isap]

{1+ KoL — exp(1— 1102
cos@x) dx (22)

(21)

_ 2q 7tlq
ot = T L

the conservation of the total heat. The sum of the intensities of
the fast and the slow rises in the sample solutiQg € Q)
obtained by the fitting has to be equal to the intensity of the
TG signal Qrer) for the reference sample. The averaged ratio
between Qs + Q) in the sample solution toQes) in the
reference sample is obtained as 1:62.04.

4.1.3. Photodissociation Quantum Yield in LiquiElsom the
above discussions, we believe that the measurement and the
analysis are appropriate. We sh@y in heptane and hexane
obtained by the TG, the TG acoustic, and the PAS and from
some other literature (the photothermal grating spectrostbpy,
the transient absorptidi¥;2>3%and the radical trappirigexperi-
ments) in Table 1. We also show the results in several alkanes

where we used the same notation as in ref 54. We measuredn Figure 4. In the calculation ap4, AH was assumed to be

the TG signal at varioug? from 0.25 to 0.75«m~2 but could
not detect meaningfu? dependence. Indeed, even if we analyze

the TG signal with the rigorous expressions of egs 21 and 22,

both results coincide with each other within an error of 5%.
Another problem is an effect of the saturation. To check this

constant as 36 kcal mol, which was obtained in gaseous
phase? Although the solvation may change the reaction
enthalpy, the effect is considered to be small, as is represented
by the small solvent effect on the absorption spectrum as will
be discussed later. Zhu and Harris estimatdd as 31 kcal

effect, we measured the excitation power dependence and themol~! in hexane, 34 kcal mol in heptane, and 36 kcal mdl
concentration dependence of the sample solution. The excitationin nonane®* The difference of 3 kcal/mol results in the different

power was varied from 2 to 1&J/pulse with a spot size of ca.
0.008 cn? and the concentration was varied from 0.1 to 1.0 of
the optical density at 532 nm wia 1 cmpath length. We could

estimation ofpq as about 10% in the case of hexane. Our results
measured by the TG, the TG acoustic, and the PAS measure-
ments are very similar. It can be said that the radical trapping

not detect any meaningful power and concentration dependencemethod overestimates the photodissociation quantum yields. As

and the estimated values ¢f coincide with each other within

is shown in Figure 4¢4 decreases with increasing the solvent
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Figure 5. Excitation wavelength dependencegqffor iodine in hexane Figure 6. Photodissociation quantum yields estimated by the TG signal

(open symbols) and heptane (filled symbols) at room temperature, with only thermal grating term for iodine in £ (filled circles) at
estimated by TG (circles), PAS (squares), TG acoustic (triangles), 298 K, Ar (open rhombuses) at 323 K, Kr (filled rhombuses) at 293
radical trapping (inverse triangléand TA (rhombuses, 490 nfA532 K, Xe (crosses) at 323 K, GQopen circles) at 323 K, £Es (open
nm23 590 nn?9). squares) at 323 K, SFopen triangles) at 333 K, 40 (filled triangles)

) ) ) ) ) at 323 K, and alkanes (filled squares) at room temperature.
viscosity, consistent with other values determined by the

different methods, although there is a scattering of data density and the medium-density regions. In the transient
depending on the different experimental methods. The viscosity absorption experiment, the quantum yields are extremely low
dependence will be discussed in the section 4.2.3. in CO,, CoHg, N2O, and so on. However, the quantum yields

Noyes et al. reported significant wavelength dependence of by the TG method hardly depend on the solvent species. The
#a.4 In constrast, Troe et al. reported that no significant difference may be ascribed to the effects of contributions other
wavelength dependence was observed above the excitatiorthan the thermal grating. We now consider the possible existence
wavelength of 581 nri&? Before the discussion afy over a of the contribution of the population grating and the volume
wide solvent density region, we mention the excitation wave- grating.
length dependence gf measured by the TG method. In Figure 4.2.2. Contributions besides the Thermal Gratinghe
5, we show the excitation photon energy dependence in hexaneamplitude of the population grating can be roughly estimated
and heptane determined by this work together with the values from the absorption spectrum as is done in the case of liquids.
in the literature. As is shown in the figure, we did not detect a The peak of the visible absorption spectrum of iodine is around
large dependence on the excitation wavelength as was reported20 nm at 298.15 K for the vapor of iodirf&lt shifts to 522.5
by Noyes et al., although a similar tendency (with increasing Nm at 313.5 K and 13.3 MPa in Xeand from 522 nm at 0.1
excitation energy,¢q increases) was observed. The result MPa to 517 nm at 500 MPa in#:63 The shape of the
suggests that the simple hydrodynamic model cannot be absorption spectrum and the integrated absorption cross section
applicable to the photodissociation dynamics partly because ofdo not changé? Nearly the same behavior is found in other
the complexity of the reaction dynamics of iodine. We consider solvents® This indicates that the absorption spectrum is almost
that the excess energy of the separating atoms is more effectiveljthe same as in the liquid alkanes and that the ordemrﬁgp
lost as heat than is expected from the hydrodynamic prediction. and Ak:jop are similar to those in hexane. The valueAgfy, is

4.2. Low-, Medium-, and High-Density Fluids. 4.2.1. dependent on the solvent density, since parameters such as
Analysis with Only the Thermal Grating Terihm this section, and dvdT are strongly dependent on the solvent density. By
we will discuss the results in low-, medium-, and high-density assuming that @dT is given by on/dp)(dp/dT), we evaluated
fluids. Typical TG signals for Ar (squares) gt= 0.4 and 323 the order ofAny, in CO, at 320 K from the reported values of
K, and CQ (triangles) ajor = 1.0 and 323 K are also shown in  n,”* Cp,”®> anda.r evaluated by the equation of st&feAccording
Figure 2. It is apparent that the slow-rise part relative to the to the calculationAny ~ 3 x 107*AN atp; ~ 0.3, 4x 107 1AN
fast-rise part in fluids is much larger than those in liquid atpr= 1, and 1x 10-'AN atp, ~ 2. Therefore, the contribution
solvents. It is useful to see what kind of solvent density of the population grating due to, lis also expected to be
dependence is extracted by fitting the TG signal only with the negligible in fluids over a wide density region.
thermal grating term, since in the liquid phase the thermal The effect of the excited-state absorption such as the A/A
grating is the only main contribution to the TG signal. In such state is somewhat subtle. If the lifetime of the state is less than
an analysis, we fitted the signal by egs 9 and 12, assuming thatl ns, we can safely neglect the contribution. On the other hand,
kmax Qf, Qs, andDy,g? are adjustable parameters. The obtained if the lifetime is between 10 ns and a few hundred nanoseconds,
Dy, from the TG signal showed the density dependence, as isthe population grating signal may appear as a sharp spike in
expected from the literature values of the thermal conductivity, the TG signal. To test this possibility, we have measured several
Cp, andp. Although we variedj? from 0.25 to 0.75um=2, we TG signals at a very early time after excitation in Ar angHg
could detect no meaningfg? dependence on the estimated ratio The result in Ar atp, = 0.3 is depicted in the inset of Figure 2.
QJ/Q:. We also measured the excitation power dependence ofin this plot, the scattering of the pump beam measured under
the TG signal in CQat p, = 0.6 andp, = 1.0 at 323 K and the same experimental condition is subtracted from the TG
could not detect a meaningful power dependence of the ratio signal. As is shown in the figure, we could not detect a spike.
QJQx from 4 to 16uJ with a spot diameter of ca. 1 mm. The solid line in the figure is the fitting line determined at the

Figure 6 showspq obtained by the TG fitting with only the  longer time range where we mainly made the measurement, and
thermal grating term. They are very different from those reported the fitting curve reproduces the signal even on the short time
by the transient absorption experiment, especially in the low- scale. If the lifetime is more than a few hundred nanoseconds,
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Figure 7. Ratio An/Any, estimated in C@ (circles), Xe (squares), Figu_re 8. Photodiss_ociation guantum yields in_Ar (open circ_les) and
and Ar (triangles) at 323 K. Kr (filled circles) estimated by the TG method in Ar (open triangles)

o o and Kr (filled triangles) determined by Zewail et'éland in Ar (open
we cannot separate the contribution from the slow-rising part squares) and Kr (filled squares) estimated by using the TG data as the
because of the nongeminate recombination. However, we reference.
consider that such a situation is improbable from the experi-
mental studies made until nGW58We have also experimentally ~ State (Kr at 40 MPa). They used the valuejef as 0.4 for the
demonstrated that there is little probe wavelength dependencestandard state, which was determined by a transient absorption
of the estimateddy/Qr at the wavelength 633 and 840 nm in experimen® Therefore, ifgrec at the standard state is changed,

CO, from p; = 0.4 top; = 1.8 and GHg from p, = 0.4 top, = ¢rec at any state will be different. In Figure 8, we also show the
2.0. These facts mean the absence of the contribution of theresults in Ar (open squares) and Kr (filled squares) that are
population grating. obtained by using the value ¢f.c = 0.23 for the standard state,

Next we consider the effect afny, which may be different which is determ!ned in the present work. The agreemgnt with
from that in liquid solvents, since the reaction volume is strongly the TG results is much better, although there are still some
dependent on the solvent density. In the medium-density fluids, d'ﬁe“?”CGS in the case of Ar. We are not sure of the reason for
the reaction volume may be very large because of the Iargethe ol_lfference, but several explgnatlons may be possible; the
compressibility of the solvent. In fact, it was reported that the density dependence of the reaction enthalpy that was neglected
AVeont in €q 14 for the dissociation reaction of 2-methyl-2- in the TG analysis or the solvent dependence of the branching
nitrosopropane has a large negative value in the medium-densityratio on different electronic states that was neglected in the
region’6-78 Since the reaction volume of iodine has not been transient absorption analy5|s. The excitation wavelength depend-
known until now, we attempt to estimate the reaction volume €nce of the quantum yield may be another reason for the
by x7RT, which determines the magnitude of the reaction volume difference.

in the medium-density region (see eq 14). We calculdtag In the later part of this section, we will discuss the density
assumingpg = 1, andAny, assumingpg = 0. The results are ~ dependence opq from the TG method on the basis of the
shown in Figure 7. The contribution dny relative toAny, is diffusion model. We showpq in C7Hi6 obtained by the TG

small in Ar (triangle) and Kr (not in the figure), which is far ~mMethod (circle) and by the transient absorption (square) in Figure
from the critical point. The intensity is less than 3% in Arand 9 against the diffusion coefficient of the iodine atom. The

4% in Kr relative to the intensity oAny. Therefore,Any is diffusion coefficient is estimated from the viscosifyvia an
small enough to be neglected in the cases of Ar and Kr. In €xtension of the Stoke<Einstein relation to low pressure as is
C;Hi6, we measured the density region higher thar= 2.9, done by Troe et & Explicitly,

where the effect oAny is small. Even in CQ Any is considered

to be sufficiently small at the low and high densities. On the kT _ 3rod 1 — exd — M (23)
other hand Any may be large at a medium density of €O nD = T M]

Similar behavior is expected for the cases gHg; N,O, Sk,

and Xe whose critical temperatures are close to the temperaturevhere or denotes the Lennard-Jones diameter of free iodine

in this work. In the following, we will separately discuss the atoms and [M] the critical density of the solvent. The valug

experimental results for two cases depending on wheimgr = 4.320 A is used® Our results give a dependence brit

can be neglected or not. similar to that of the transient absorption, although our values
4.2.3. In Ar, Kr, and GHsg. In Ar, Kr, and GHie, Any is are generally larger.

small enough to be neglected in all the density regions measured, Now we consider the diffusion model eq 2 to interpret the

and the analysis of the TG signal should give reliable values of density dependence afy. In the previous work® k2. was

¢q. Figure 8 shows the results in Ar (open circles) and Kr (filled assumed to be proportional @, and the proportional constant

circle) with those in Ar (open triangles) and Kr (filled triangles) was different between the low- and high-density regions. We

reported by Zewail et & Our results are different in the high-  assume thak?,. depends on the diffusion coefficieBt askd,

density region, although they are in good agreement in the low- 0 D~P. Then eq 2 is re-expressed as

and the medium-density regions. They estimated the geminate

recombination yieldprec (=1 — ¢g) by using a valueyecthat is by = 1 (24)

the intensity of the signal of the excited Atate due to the 41 4 gD @D

geminate recombination after the excitation of iodine at 620

nm. They considered that the value &f. is proportional to wherea andb are constants. We fittedy in C;H16 from the

¢rec and calculatedy.c at any state with respect to the standard TG method and the transient absorption with eq 24. Although
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Figure 9. Photodissociation quantum yields estimated }hi{g at 298
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Figure 10. Photodissociation quantum yields by TG for iodine in Ar
at 323 K (open circles), Kr at 293 K (open squares}ifs at 298 K
(open triangles), and alkanes at room temperature (filled circles). The
solid curve 1 is the fit to eq 25 assumibg= 1 for all of these quantum
yields. The solid curve 2 is the best fit to eq 25. The dashed curve is
values calculated from eq 2 witt},. for the gas phase from eq 3.

it seems that eq 24 with= 1 well reproduces the experimental
¢4 (dashed curves), the best fits (solid curves) dive 0.7 in
both cases.

We also tried to fitpq from the TG method in all the density
regions measured in Ar and Kr with eq 24. Figure 10 shows
the fits of ¢g, in which the solid curve 1 shows the fit to eq 24
assumingb = 1, the solid curve 2 shows the best fit to eq 24,
and the dashed curve shows calculated valuegydiy eq 2
with K. in the gas phase of Ar assuming eq 3. It has been
proved that the linear relationship kff,. with D=1 holds up to
D1~ 10’ m? s in Ar.26 The experimentally obtaineg lies
around the dashed line in these density regions. AboVent®
s, the deviation of4 from the gas-phase prediction is evident.
The best fit to eq 24 givels = 0.25. It is surprising thapy for
all cases of solvents are on the same curve, aIthd{?gh
depends on the species of the solvent in the gaseous ghase.

As is shown in the figure, the diffusion model is successful
in the interpretation of the density dependence®falthough

several modifications are required to get a quantitative agree-

ment. There are several reasons vihig not equal to 1. First,
k.. is not proportional td~' in the high-density regiork’. . is

Ooe et al.
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Figure 11. Photodissociation quantum yields in €®pen circles),
C:Hs (open squares), 40 (open triangles), Xe (open rhombuses) at
323 K by the TG method and G@illed circles), GHs (filled squares),
th0 (filled triangles), and Xe (crosses) by transient absorptighs®

of the vibrational energy relaxation rate to the diffusion
coefficient holds only under a limited condition. In general, the
dependence of the energy relaxation rate on the solvent density
is smaller than the dependence of the diffusion coefficigr#
Therefore k. [0 D with b < 1 is expected. In relation to
this, the constana also should be dependent on the solvent
density as was shown by Troe’s gro¥pThis is becausé,,
obeysk?,. 00 D! in the low-density region, whilé?,. should
obeyk?,. 0 D (b < 1) in the medium- and the high-density
regions. Although the density dependence of the conateuilt
modify the constanb, we consider constart should still be
less than 1.

Finally, the contribution of the primary geminate recombina-
tion should be included. The primary geminate recombination
is not considered in the diffusion model. Therefapg,has to
be expressed as eq 2 multiplied by a fraction of the secondary
and nongeminate recombination. Zewalil et al. suggested that a
nonnegligible contribution of the primary geminate recombina-
tion exists in the case of rare gasésThese three factors
mentioned above should be included to get a quantitative
agreement with the diffusion model.

4.2.4. In CQ, CHg, N2O, Xe, and Sk The quantum yields
in CO,, CHg, and NO obtained by the transient absorption
are much smaller than in rare gases, which is explained by the
cluster modef?-38although those in Xe and $By the transient
absorption are the same as in Ar and®kHowever, our results
are quite different quantitatively from the results by the transient
absorption in CQ CyHe, and NO. In Figure 11, we compare
the results by the TG method with the results by the transient
absorption methodf;3%-36where the results of the TG method
are estimated by the analysis with only the thermal grating term.
Since the viscosity of SHs not available, we do not include
the results of Sfin the figure. ¢4 values obtained by the
transient absorption for SFre also the same as in rare gases.
The estimated values @f; in these fluids by the TG method
are very similar to those in the rare gases.

In these fluids, as is mentioned in section 4.2.2, the contribu-
tion from the reaction volume may not be negligible because
of the large isothermal compressibility of the solvent in the
medium-density region. It is possible th&Y contributes to the
TG signal significantly to makepy from the TG method
artificially larger. However, we believe that this possibility is
not probable because of the following reason. If we calculate

considered to correspond to the energy relaxation rate from theAV from the fitting of the TG signal with the reportef), AV

encounter complex. In the case of iodine, the proportionality

should be a very large negative value and should depend on
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-25 T 1 | T TABLE 2: Lennard-Jones Parameters
o © elk (K) elk (K) o (R)

- 20 . CO,—CO, 195 3.
0 Xe—Xe 23F 4.1

9 .15 b [u] B =12 474 5.2
mE = o CO—I; 304 293 4,58

=i Xe—l, 33 35 4.658'
10 " aReference 822 Estimated value from Berthelot’s lawEstimated

> D value from the second virial coefficient (this work)Estimated value
< 5 L °© ° i from Lorentz’s law.

° [e] e} [e] m]
8 b vapor pressure of pure solute at a given temperature is related
0 ' ' ' to the second virial coefficient between solute and solvefit as
0 0.5 1 1.5 2 2.5
P, c ,
Figure 12. EstimatedAV to agree with results from transient absorption In Eo = (Vs = 2By)p + Dp" + ... (26)

in CO, (circles) and GHs (squares).

whereC andC, are the concentrations of the solute at the solvent
density p and at the vapor pressure, respectivaly,is the
volume in the solid phase, ar®], stands for the second virial
coefficient of the mixtureBy» is related to the intermolecular
potential V(r) as$*

the density very much, as is shown in Figure 12. In this signal
simulation, the reaction enthalgyH is assumed to be constant.
However, the large\V should chang&H by

AH =AU + %TAV (25) N V()
T _ A oo r
812 =— 7‘/;) (exr(— W) - ) dr (27)
where AU is the internal energy change. Therefore, the large
negativeAV leads to smalleAH according to eq 25, iAU is Since the interaction between iodine and solvent is not isotropic,

constant. GenerallyAU has a tendency to become small with  the exact estimation of the potential from oy is impossible.

a decrease oAV, since a negativV means that the iodine  To extract the typical strength of the attractive interaction (or
atom is more solvated than the iodine molecule. Given this orientationally averaged interaction), we simply assumed the
smaller AH, ¢4 from the TG signal becomes larger. Conse- Lennard-Jones (LJ) potential agr) and extracted the LJ
quently, we have to assume a larger negative valua\bin parameters from this equation. By using the available solubility
order to reduceys. We have tried to estimate the contribution data?’38586we obtainedB;, = —250 cn¥/mol in CO, at 323.2

of AV in order thatpg will agree with the results by the transient K and B;, = —380 cn#/mol in Xe at 313.5 K& These values
absorption and that eq 25 will be satisfied. The valueaAdf and eq 27 give the value efk for the LJ potential as 293 K in

by this estimation are much more negative than those shown inCO, and 352 K in Xe if we employ the core parametdisted
Figure 12, and the values @&H are negative. The negative in Table 2. These values are very close to those estimated from
AH makes the iodine molecules the separated atom automati-Berthelot's law (see Table 3§.This suggests that the orienta-
cally, but such a phenomenon was not observed during thetionally averaged interaction between £&hd iodine is similar

experiment. to that between iodine and Xe. Therefore, the effect of the
We have tried to estimate the lower-limit valuedf by the volume grating is expected to be similar to each other in these
TG measurement in the limiting case AH — 0. The limiting solvent fluids.

values are often close to the values estimated by assuming only It is also noted that the caging effect @q could not be
the thermal grating in the medium-density region. For example, observed for the 1:1 complex between solute and solvent in
for pr = 1.2 of CQ, this minimum value is 0.7, while the value  the case of the,f cluster. Lineberger et al. found the fraction
with the assumption oAV = 0 is 0.86. This fact indicates that  of the photodissociation 061(CO;), to be unity in the case of
the contribution of the volume grating does not strongly n < 6389 The excitation wavelength for their experiment is 720
influence the estimation afys. Consequently, we believe that nm, which corresponds to an excess energy of 5800 cithe
the photodissociation quantum yields in the low- and medium- excess energy is almost similar to that of the present case. The
density fluids are close to the values in rare gases. results suggest that the small size of the cluster does not quench
The fact that in Xe and SFwe have a density dependence the dissociation.
of ¢q similar to that by the transient absorption method also  To evaluate the average cluster size in the case of iodine in
suggests that the difference observed iR, OQQHg, and so on CO; and Xe, we have evaluated the coordination number around
cannot be explained by the volume grating contribution. Since the iodine molecule on the basis of the intermolecular potential
the magnitude o£tRTis similar to each other, the effect of the determined above. We have calculated the selstévent radial
volume grating in Xe and SHs expected to be similar to that  distribution functiongsx(r) using the PY approximation for the
in CO,, C;Hg, and so on, if the solutesolvent interactions are  Lennard-Jones fluid, where the subscripts S and X mean the
not so different from one another. If the soldutsolvent solvent and iodine, respectively. We have calculajedr) at
interactions are quite different from one another in these solvent T* (=kTlesg) = 1.4 from p* (=pos’) = 0 to p* = 0.8. The
fluids, it is possible that the contributions of the volume grating critical temperature and the critical density of the LJ fluid are
are different owing to the different density dependence of the 1.32 and 0.31 in the reduced unit, respectiv&lhe calculation
equilibrium constant for the dissociation of (see eq 14). procedure is given in ref 91. We have calculated three cases
To test this possibility, we will estimate the strength of the (a)esx = ess (D)esx = 1.5ss and (C)esx = 2ess In all cases
interaction between iodine and the solvent molecule from the ox = 1.30s. Case b is close to the experimental condition for
solubility data. The logarithm of the solubility relative to the iodine in Xe or iodine in C®@ according to the potential
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Figure 13. Coordination number around the solute molecule against
solvent density at the reduced temperaflire= 1.4 with several values

of esx: e€sx = ess (open squaresksx = 1.5ss (open circles), andsx

= 2.0ess (open triangles)gsx(r) is integrated to 1.65 for the above
three cases and to 2.45with esx = 1.5ss (filled squares).

parameters in Table 2. The coordination numbers calculated by
integratinggsx(r) within the first solvation shellr(= 1.6505s)

are shown in Figure 13. The density that gives 6 is around

por = 0.5, and the results cannot be very different even if the
interaction is stronger, or the distance at which the solvent
influences the dissociation is assumed to be longer. According
to this calculation, there are only a small number of solvent
molecules around the iodine in the lower-density fluid, which
does not affecq of 1,-. Therefore, to explain the decrease of
¢q Observed in the TA method, we have to invoke the factor

Ooe et al.

At present we do not have any explanation of the discrepancy
between our results and those by the transient absorption.
However, we consider that the cluster model proposed by Troe’s
group requires quite a special mechanism for quenching, even
if their results are correct. The estimated coordination number
around the iodine molecule based on the potential determined
by the solubility suggests that there is no meaningful difference
between the cases of Xe and £@nd that a large number
cluster, which affectgyq in the case of {CO,)~, exists above
or = 0.5. Further studies will be required to resolve the problem.
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