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Adjacent Effect on Positive Charge Transfer from Radical Cation ofn-Dodecane to
Scavenger Studied by Picosecond Pulse Radiolysis, Statistical Model, and Monte Carlo
Simulation
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Time-dependent behavior of radical cation nrdodecane in the presence of cation scavenger at high
concentration was measured by picosecond pulse radiolysis. The initial yields decreased with the increase of
scavenger concentrations ranging from 0.05 to 4 M. This reduction could not be explained by a first-order
rate constant. To solve this discrepancy, we propose an adjacent effect of solute molecules and examined it
by a statistical model and Monte Carlo simulation. The relationship with the static quenching model in the
photolysis was also discussed. The calculation results showed good agreement with the experimental data.

1. Introduction carry out experiments with about 10 times better S/N ratio than

Low LET radiation such as high energy electron beam causesthe preylous one. ] ] )
ionization and excitation in material. The ionization gives rise !N this paper, we focus on the scavenging reaction at high

to radical cations and electrons with excess energy. The electron$0luteé concentration using the picosecond pulse radiolysis. This
with sufficient energy cause further ionization and excitation "éaction not only attracts S(?|ent|f|c interest but.also is important

until they lose their energies and become thermalized. In an N that there are many multicomponent industrial materials such
early stage of a physical reaction, intermediate species such agS resist material. This work is expected to be useful for

a radical cation and a thermalized electron exist in a spur which understanding the reaction mechanism at high concentration.
is produced along the trajectory of the incident and secondary

electrons. The pair of the parent radical cation and the 2. Experimental Section

thermalized electron is called a geminate ion pair.

In a nonpolar liquid, most of the geminate ion pairs recombine ~ The experiments were carried out by means of the subpico-
through the diffusion in the Coulombic field, since the Coulomb second pulse radiolysis system utilizing a stroboscopic method
force between the ions can reach a long distance due to the lowwhich is called pump and probe spectroscopy in the photolysis.
dielectric constant. This reaction is called a geminate ion A pulsed high energy electron beam from L-band linac (27
recombinatiort. Considerable effort has been devoted to un- MeV)3*! and fundamental oscillation of a femtosecond Ti:
derstanding this reaction both experimentiily and theoreti- sapphire laser (790 nm) were used as an irradiation source and
cally16-24 an analyzing light, respectively. The timing between the electron

Stroboscopic pulse radiolysis is one of the promising methods pulse and the laser pulse was changed by an optical delay which
to measure such a fast reaction and has been developed all ovewere placed in the optical path of the analyzing light. Even
the world25-34 Previously, the measurement of reactions that though these pulses are synchronized via a common radio
occur within 30 ps had been difficult because of a low time frequency (81 MHz), a time jitter of several picoseconds still
resolution for a few decades. Therefore, in the case of diffusion- remains. To reduce the degradation of the time resolution, a
controlled reaction, the direct observation of scavenging phe- time jitter compensation system was utiliZ&dThe light
nomena had been carried out only in dilute solutions becausedetection is based on a double laser pulse technique to enhance
these reaction are basically too fast to detect. As for a laserthe S/N ratio®*
flash photolysis, these reactions in the presence of high A jiquid n-dodecane was used as a solvent. The use of
concentration scavenger have not been reported yet due to,.godecane is due to the fact that the absorption peak of its
expgrmentally difficulties. On the other hand, since radllatlon radical cation is near the fundamental oscillation of the
can ionize molecules randomly, one can perform experiments rj.sapphire laser, and the absorption coefficient is larger than
in_high concentrated solutions using the pulse radiolysis qihern-alkanes at this wavelengttTriethylamine (TEA) was
technique. Several years ago, the time resolution of our Systémgyyi6veq as a cation scavenger because it reacts with the radical
was enhanced with the help of magnetic pulse compreSsion .iion " and its dielectric constant (2.42) is relatively close to
and time jitter compensation technigdesin addmon_, an the one ofn-dodecane (2.01). The samples were prepared at
effective way to improve the accuracy_of the data was invented TEA concentration from 0.05t4 M and deaerated by Ar gas
and applied to picosecond pulse radioly8ett. allows us to bubbling to eliminate the remaining,@as. The experiments

* Corresponding authors. E-mail: saeki0O3@sanken.osaka-u.ac.jp, were Famed out at room temperature. The time-dependent
tagawa@sanken.osaka-u.ac.jp; T¢B1-6-6879-8502; Fax:81-6-6876- behaviors of pur@-dodecane and TEA were also measured for
3287. the reference of the absorption intensity. Each decay includes
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Figure 1. Time-dependent behavior of radical cation at 790 nm-olodecane in the presence of TEA.

about 3700 points and was smoothed by moving the averageinfra) into account is natural at high concentration. Therefore,

for every 10 points. we focused on this phenomenon in this work. The first-order
_ _ rate constant between a radical catiomafodecane and TEA
3. Result and Discussion was estimated to be (0:8..0) x 109 M~ s from several

low concentrated solutions up to 1 ns. This value is compatible

solvent and solutesolvent system are shown in Figure 1 with the one expected from diffusion. Therefore, the contribution
Typical decays of the geminate ion recombination in neat of a high mobility !0,1;1—47 do?s not have to be considered in
n-alkane, as mentioned previously.

n-dodecane and the one in the presence of TEA are also shown. > . X . e
The reaction rate is mainly determined by the diffusion and

The initial optical densities of the radical cation were smaller e 3 h o >

than the expected values derived from first-order kinetics, @ctivation energy including collision frequency and steric factor.

especially at high concentrations. If the scavenging reaction by _Smg:e the hole transf%r from rad|c_al cauonm_ﬁll_(ane to TEA

TEA follows first-order kinetics. the initial value should be 1S diffusion-controlled,® these species react within one collision.

closer to the one of the neataodecane Even if a time- 1herefore, if these reactants are adjacent to another when the

dependent rate constahivas applied to the experimental data, ionization takes place, they _d‘_) not nee_Aq fo diffuse to react, We
assumed the cause of the initial significant reduction to be a

the discrepancy still remained. In a case of a low time resolution . .
measurement, the reduction of initial yield is observed due to Phenomenon that a solvent molecule is adjacent to several TEA
molecules at high concentration. Under such a condition, the

the convolution of raw data. However, the time resolution in . . -
this paper is enough high to discuss the initial yield. As for the 'adical cation of the solvent will be spontaneously scavenged
by the adjacent TEA molecules within the time resolution of

contribution of excited state af-dodecané,the time profiles B = .
monitored at 805-2%nd 1300 nnil the latter of which is the measurement system. The contribution of multiion pair (or

ascribed to absorption of electron, were measured in the pastmultispur)z“ on the time profile of radical cation may exist, but

and showed good correspondence to each other Furthermorelt does not affect the comparison of normalized initial yield of

since the excited state forms primarily from the geminate jon 'adical cation in neat and solute-added solution. :
recombination, its contribution to the initial yield is thought to To examine this adjacent effect and quantify the reduction
be negligible. In a polar liquid such as water, the presolvated Of initial yield, we attempted statistical and Monte Carlo
electron, which is a precursor of solvated electron and has aapproaches. .

high mobility, reacts with anion scavenger such as acefoRié, Statistical Model. Let us defineNsonentandnsouteas the total

so the initial yield of solvated electron decreases, while the one number' of solvent and solute molecules in an unit volume,
in a concentrated perchloric acid solution does¥@esides, ~ '¢SPectively. These values are calculated using the depsity

Czapski and Pel@@ mentioned the direct formation of an 9/CM* and molecular weighM of the solvent and the solute

encounter pair in water with high concentrated anion scavenger.concentrat'om In addition to these values, the difference of
As for a precursor of solvent radical catidf® we have not the excluded volume between solute and solvent molecules must

had any evidence to deny its existence. A preliminary calculation be taken into account. Tm a ratio of excluded volume of
including a contribution of high mobile precursor was carried 1A 0 that ofn-dodecane in the actual soluteolvent system,
out and showed correspondence with the experimental data withV3S est|matgd experlmgntally to be 06 his value IS closg

a parameter set regarding a precursor with a lifetime of 10 ps ©© 0-61 obtained by using and M. Thus, the relationship
and a mobility of 50 times larger than that of a normal radical °€WeeNNsaiventaNdNsoiuee i given by eq 1 using = 0.63.
cation. However, other sets of parameters are thought to show

the correspondence as well. In addition, the ratio of absorption Msolute — C(lOOQo _ Ca)fl 1)
coefficients at monitored wavelength should be considered when Naoivent M

a complete assignment is needed. Namely, there are several

uncertain parameters when a precursor of a radical cation is Not only solvent molecules are surrounding solute molecule,
introduced. On the other hand, to take an adjacent effect (videbut also the solute molecules themselves are thought to

The time-dependent behaviors of radical cations in pure
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Figure 3. Distribution of the aggregating solute. Theeans a cluster  trolled® Therefore, the probability of a solvent molecule
which consists of solute molecules. If the center of each solute is less adjacent td solute clusters is in the following binomial form
than 0.61 nm, they are treated as a cluster. using the combinational functiomuseCi

solute cluster (j=1,2.3....
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solvent molecule )
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Figure 4. lllustration of the adjacent solute and solvent molecules. whereb;(c), Neustes @aNdjmax are the average number of solvent
molecules which are adjacentjth solute cluster, a total number

aggregate. Therefore, we estimated the aggregation of solutedf solute clusters, and a maximum numberj ofespectively.
molecules with the help of the Monte Carlo method. In this ThejmaxWas obtained in the calculation to be up to around 30
calculation, we assumed for simplicity that a solute molecule that was obtained from the calculation in Figure 3. However,
has a spherical shape and does not have any chemical an@s seen in Figure 3, the contributions of lajgere negligibly
physical interactions between them The Solute molecules Weresma”. In thIS StatIStlca| mOde|, the ef‘feCt Of the m0|ecu|e'S Shape,
randomly inserted into a box. Images of solute distribution conformation, and interaction among molecules are not con-
were illustrated in Figure 2. The box is a 20 nm cube, Sidered explicitly. Theluseris given by eq 3 using, jmax G-
corresponding 240 solute molecules at 0.05 M concentration. (€), @ndNsolute

Actually in the calculation, to prevent the degradation of the )

calculation accuracy which occurs especially at low concentra- Jmaxgj(C)

tion (= small number of molecules), the number of solute Netuster= ) > MNsolute @)
molecules was fixed at 1000 over the whole concentration with =

changing the box size. Assuming that the solute molecules are ) . . .

regarded as a cluster if the distance between their center is les$NCe the adjacent eventsiof 1, 2, ...,imax are independent,
than a certain lengtid, the distribution of the solute random the total adjacent effect must be summeditiyom 1 10 imax
aggregation was constructed. The calculations of the distribution (Slma-

were performed 50 times and averaged, resulting in less than

0.5% deviation. Figure 3 shows the result usthes 0.6 nm. EadjacerkC) =

Thej represents a cluster which consistg eblute molecules, imax Imaxgi(€) Iy(c) i Imaxgg(c) by(c) Noluster™|
e.g.,j = 1 is equal to one isolated solute molecule, wijite chlustepi — 1-YY— 4)
2, 3, ... are clusters. The vertical axis represents probability of = =1 ] Nsowen =1 ] Ngowen

a cluster denoted ag(c) for jth cluster. The summation @f-

(c) overj at a certain concentratianis equal to 1 § gj(c) = 1). By using eqgs 1, 3, and 4, the adjacent effect was calculated

The value ofg;(c) decreased with an increase in concentration. with a fitting parameter olj(c) and illustrated in Figure 5. The

On the other hand, the contribution of other clusters had a peakdotted and solid lines represent the contributiorjtbfcluster

value. and the sum of the contributions, respectively. As seen in Figure
Next, we proceed to formulate the adjacent effect. At high 5, the contributions of large solute cluster are small, meaning

concentration, one solvent molecule may be adjacent to severathat there are many fitting parametets, (b, ..., b;,,), but

solute clusters as shown in Figure 4. We assumed that the radicalominant parameters are froiy to around bs. At low

cation is scavenged if at least one solute clusters is adjacent toconcentrationb; andb, are main fitting parameters. With the

a solvent molecule because this reaction is diffusion-con- increase of concentratiob; andb, begin to affect the adjacent



1478 J. Phys. Chem. A, Vol. 108, No. 9, 2004 Saeki et al.

TABLE 1: Comparison of Experimental Data to Analytical effect can be analytically described by eq 8.
Value
concn expﬂ Eexcludeé) Eadajacenct calcd! E ((C) = Mca (8)
exclude

neat 1 0 0 1 100G
0.05M 1.00 0.007 0.033 0.98 . . . .
01M 0.97 0.014 0.107 0.93 The optical absorption of TEA radical cation was reported
0.2M 0.80 0.028 0.199 0.87 to lie in the UV regior®* Since this absorption is strong and
0.5M 0.69 0.071 0.428 0.73 broad, the tail of the absorption was observed at 790 nm.
i-gm 8-22 g-égg 8-88? 8-22 Therefore, when we compare the calculation results with the
neat TEA 0.43 1.000 1000 0.43 experimental data, the overlap of TEA radical cation should be

involved. The ratio of its absorption to that@idodecane radical
a|nitial value of the optical density which was normalized by neat cation was 0.43 obtained from Figure 1. The optical density
n-dodecane value. The error was about 0.08 for each vaecluded (OD) for comparison which includeBagjacent Eexciudea and the

effect obtained by eq 8.Adjacent effect obtained by eqgs 1, 3, and 4 . ] ) B .
and the result of Figure 3.Calculated value obtained by eq 9. absorption overlap of TEA and-dodecane radical cations is
represented by eq 9.

effect. Besides, these values used in the calculabgrbg, bs,
by, ...)= (5,7, 9, 10, ...) are reasonable as listed in Table 2. OD = (1 — Egxiuged(1 — Eadjacen) +

If one want to obtain only th&agjacentwithout the contribu- 0.43(1~ Eexeiuded Eadjacent™ 0-4Fexciuded (9)
tions ofjth cluster, eq 4 can be reduced to eq 5 by subtracting
the probability of nonadjacent probability € 0) from 1. In Table 1 shows the comparison of calculated values with the
this form, imax disappears. experimental ones. These values showed a good agreement,
. suggesting that a large part of solvent molecules are adjacent
Jmaxgj(c) bj(C) Meluster to several solute molecules at high concentration. Therefore,
Eadgiacert) =1 —|1— > — (5) the significant reduction of initial yield was explained Bycuged
=1 ) Nsolven and Eadjacent

Monte Carlo Configurational-Bias Simulation. The effect
of the molecule’s shape, conformation, and interaction among
molecules is not considered explicitly in the statistical model.
To take these effects into account, we reproduced the solute
i _ V(o) solvent system by using Monte Carlo simulation. The configu-
nclu's';?m EadiacerfC) =1 — € (6) rational-bias Monte Carlo technique has been developed to insert
a chain molecule into a condensed mattep? This method

1000 U = g(©)\[ = 9() b(c) has been also applied to a vapdiguid phase and indicated a
—— —ca : : 7
i i

By applying the Poisson theorem and substituting eq 5 for
egs 1 and 3, eq 5 is reduced to the following static quenching
formula:

good agreement with experimental dztd@hus, we adopted this
method to reproduce the liquid system and examine the adjacent
effect in this work. This method divides the potential energy of
In the conventional static quenching mod&#* a parameteV an atom into two portions: (1) the internal eneng, which

is the static quenching constant. On the other hand, in our model,means the intramolecular interactions such as torsion, and (2)
Vis not constant anymore and described as a function of solutethe external energwe, which includes the intermolecular
concentration. The meaning fin the static quenching model interactions between the atom and atoms of other molecules.

V(c) =

=1 | J\i= J

has been interpreted by the “transient effect moélthe The OPLS (optimized potentials for liquid simulations) model
“sphere of action mode and the “dark complex mode?® of Jorgensen et & .was used as a potential energy model. This
In the transient effect model, thécomes from an approximation  model was refined by Hautman and KI&ro take the bond-

of time-dependent rate constant according to Wéfietowever, bending energy into consideration. The OPLS model treats CH

as mentioned in this paper, the time-dependent rate constantand CH; groups as united atoms. The Lennard-Jones potential
could not reproduce the experimental data. The second and thirdhetweeni united atom ang united atom, which are; apart
models are related with each other. The sphere of action modelfrom each other, is described by

is based on the situation that a quencher molecules happens to

be within a sphere of action whose volume is denoteu/al L i\ i

= 4ar¥/3, whereNa andr are Avogadro’s number and a radius u (rij) = 4€ij T\ (10)

of the sphere. The relationship of this model with ours will be I I

discussed in the next subsection. The dark complex model _ _ _
suggests the excitation of encounter complex of solute and g5e rge,Ka O;liragetzeros?e’;?]&%z a;&?fj&fgg%mﬁé l:éz%;m
guencher. This model is the closest to our model among these-l-h'e i ,andzéij vaere éalculaied accordiﬁg to the mixing ﬁ}Ie

three models, though théin our model is a function of and L o .
expressed by the following three important parametersg;-i) g:‘:q (;UVd(:i(;ji r?tr:)dtﬂje ;thgiggl -lt;hneel’z;/)uplgg?lt%?.tentlal should

(c), the distribution function of solute cluster which reflects the

degree of solute aggregation and/or associationpfig), the 2

average number of solvent molecules adjacenjtfiosolute ueoomty ) — g€ (11)

cluster, which implicitly includes the conformational effect on Vo Ameeriks

the reaction; and (iiip, the ratio of excluded volume of solute

to that of solvent molecule. The variables ofgy = —0.63, QcH, cHinamine = 0.105, and
In addition to the adjacent effect, we have to take into account dcm, cHs in aikane= 0 Were used! The external energy®tis the

the effect that a large part of the solvent molecules is excluded sum of utJ and uceuemb which are integrated over other

by the solute molecules especially at high concentration. This molecules.
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The intramolecular energy includes bond bending and torsion
energies. For the bond bending enetd§™ the van der Ploeg
and Berendsen potentialwas used

W¥16) = Jk(0 — 60 (12)

whereky = 6.25 x 10* K rad=2 and equilibrium angle of
C—C—C bond6, = 112.7. The angle of &N—C bond was
taken as 1072 For the torsion potential, the original Ryckaert
and Bellemans potentfilwas used.

5
tors, — é( 13
u~¢) kZOCkCO ) (13)

with dihedral anglep. The coefficientscy werecy = 1116 K,
&1 = 1462 K,c; = —1578 K,c3 = —368 K, ¢4 = 3156 K, and
cs = —3788 K% The vibrational energy was ignored, so that
C—C and C-N bond lengths were taken as a constant value
0.153%and 0.145 nn8! respectively. The internal energf is

the sum ofu’="and uf™r2 Figure 6. Snapshots of the configuational bias Monte Carlo simula:
A chain molecule is grown up atom by atom. First, an initial tion. (a) Overview of the box where the solute and solvent molecules

atom is inserted at a random position. However, this simple \yere inserted. (b, c) The view inside the box. The radius of the atoms

random insertion sometimes causes an overlap with anotherare depicted smaller than the real radius. (d) Extracted several solvent
molecule. Therefore, assuming that the united atom is a sphericalmolecules neighbored by a solute molecule.

shape with a radius of 0.15 nm, the random insertion is repeated

until the overlap of these united atoms does not take place. This Figure 6 shows the snapshot of configurational-bias Monte

random insertion is not valid in the case of polar solution such Carlo simulation producing the TEAn-dodecane system.

as water, showing water molecule clustering due to its strong Figure 6a is an overview of a box where the molecules were

hydrogen bond. On the other hand, dielectric constants of TEA inserted. The positions of hydrogen atoms were automatically
and n-dodecane are almost the same as described above; theletermined from the positions of a carbon and its dihedral angle.
random insertion and resulting random clustering are not thought Throughout the calculations, the number of the solvent mol-

to differ from the real system very much. Second, to insert the ecules was 500. Therefore, the number of solute molecules and
next atoml, thek orientations are generated. Tkerientations the volume of the box were changed according to each

are denoted by a set of vectds}x = by, by, ...,bxand generated ~ concentration. The calculation was performed one time, resulting

randomly according to the following probability in 5.5% deviation.
, The adjacent effect was calculated in the inner region that is
_ exp[-u,"(b)/T] smaller than the box depicted in Figure 6a because the insertion
p™(by) = (14) of molecules was not completed in the peripheral area.
Z exp[—u,i”‘(b-)/T] Therefore, we narrowed the inner region for calculating the
, : adjacent effect until the density of that region reaches a

reasonable value. This narrowing is due to that there is free
where T is absolute temperature and was taken as room space in the peripheral area. In this area, the density, which is
temperature. In our calculations, 15 orientatitasby, ..., b1s calculated by the number of molecules, atomic mass, and space,
were selected from 1000 orientations, which were generatedis smaller than the real value. (In our case, the density of pure
with 10 dividedé ranging fromé, —2° to 6 +2° and with 100 n-dodecane is 0.7511 g/énat room temperature.) Therefore,

divided ¢ ranging from O to 360°. this narrowing was done until the difference ¥ power of

Finally, out of thesé orientations, one orientation is selected density become relatively small, resulting in 12% deviation for
according to eq 15. the 1-dimensional scale. The total deviation in this calculation
was estimated to be 13%. Figure 6b,c is the view inside the
exp[—uf"‘(bi)/'l'] box. For the display, the radii of the atoms were depicted smaller
pf"‘(bi) = (15) than the real radii. Several solvent molecules adjacent to one

z exp[—uleXt(bi)/T] solute molecule were extracted and illustrated in Figure 6d.
, The adjacent effect was calculated and shown in Figure 7.

The solid line is the same curve as the one in Figure 5. The
These calculations are continued until the last atom of the Eagacentwas obtained by varying a minimum distance between
molecule is placed. After the configuration of the molecule is the solvent and solute molecules. We defined the minimum
fixed, the next molecule is generated following the same distance as the one between the center of solute nitrogen atom
procedure. Selection of the next molecule was also done and the closest solvent atom which is the closest to the nitrogen
randomly according to the corresponding concentration. Some-atom. Since an unpaired electronriralkane radical cation is
times, we confront a situation that there is no way to avoid an delocalized over thes chain%%6® the solvent and solute
overlap with other molecules. In that case, we canceled the molecules can be regarded to be adjacent if the minimum
growth of present molecule and calculate it again from the distance is less than a threshold. The closest value to the solid
insertion of a first atom, so that we were able to obtain an line was 0.5+ 0.07 nm, which is near a typical reaction
appropriate configuration of molecules without any overlap. radius?34267 representing a reasonable calculation result. To
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Figure 7. Adjacent effect obtained by the configurational-bias Monte .
Carlo simulation. The solid line is the same curve as the one in Figure Concentration [M]
5. Each dot is the adjacent effect with various minimum distances Figure 9. Distribution of the aggregating solute obtained by configu-
between the solvent and solute molecules; closed ci@e3 nm, open rational-bias Monte Carlo simulation.

circle = 0.4 nm, closed triangle= 0.5 nm, open triangle= 0.6 nm,
closed square= 0.8 nm, open square 1.0 nm. These values have an

uncertainty of+13% with an increase in concentration froo= 0 M toc = 4 M,

giving a close radius of 0.54 nm to the one of Monte Carlo

1 T T . . result at 4 M. When the solute concentration is large, the
£ .. probability of solute that happen to exist within the 0.5 nm
28 — 08| - sph_ere_becomes large. Therefore, The concentration-dependent
=S ’ . radius in the sphere of action model gets close to 0.5 nm.

e 2 t . . From the position data obtained by the Monte Carlo simula-
E § 0.6 . tion, we determined the average number of adjacent solvent
R t., molecules which surround one target solute cluster. The obtained
w g 047 * values are listed in Table 2. The parameter sdg@) used in
£ = the statistical model wa({, by, bs, bs) = (5, 7, 9, 10), showing
r:? 02 | good correspondence.

To make a comparison of the result of Monte Carlo with the

0 . ‘ . statistical model, we calculated the distribution of aggregation

0 0.5 1 15 2 among solute molecules. The result is shown in Figure 9. The
Radius [nm] j = 1 part, which is equivalent to an isolated solute molecule,

Figure 8. Relationship between a reaction radius and the ratio of Was somewhat larger than the one in Figure 3. Therefore, one
solvents lying in the closest shell to other solvents which exist in the finds that the curves gf= 2, 3 and other clusters were smaller.
sphere. The depicted values on the horizontal axis h&1@% This is ascribed to the difference in the way we place the solute
uncertainty. molecules. Namely, the distribution in Figure 3 was constructed
o ) randomly; thus, a certain portion of the significant overlaps
show the validity of this threshold, we also calculated the petween each solvent molecule was not avoided. On the other

relationship between a reaction radius and the ratio of solventspang, the configurational-bias Monte Carlo method enables us
lying in the closest shell to other solvents which exist in the (o eliminate the overlaps.

sphere. As seen in Figure 8, all of the solvents lies in the closest

shell up to 0.6_nm, suggesting tha_lt the electron-tr_ansfer_reaction4_ Conclusion

occurs in the inner shell. The ratio decreases with the increase

of the radius. Thus, it is confirmed that the adjacent phenomena Time-dependent behavior of radical catiomigodecane in

take place between a solute and the closest shell of the solventsthe presence of cation scavenger TEA was measured by
The sphere of the action model in the static quenching gives subpicosecond pulse radiolysis system. A significant reduction

a constant radius over the whole quencher concentration, asof the initial yield in the optical density was observed in the

described above. This radius which showed good agreementpresence of TEA. This reduction was not able to be explained

with the experimental data was 0.77 nm. This discrepancy of by the first-order rate constant and time-dependent rate coef-

the radius between 0.5 and 0.77 nm is due to the fact that theficient. Therefore, we assumed that this phenomenon occurs due

electron delocalization of radical catfd#®was considered in  to the adjacent effect of the solute molecules.

the Monte Carlo simulation. Namely, the larger radius is  We approached this effect using the statistical model and a

overestimated because the electron delocalization of reactantsonfigurational-bias Monte Carlo method. Both methods are

is neglected. From eq 7 and the parameter set used in thebased on the following assumption: the cation site in the radical

calculation, we found tha¥(c) decreased by a factor of 0.34 cation is delocalized and will be scavenged rapidly within the

TABLE 2: Average Number of Neighboring Solvent Molecules

solute n@® 1 2 3 4 5 10
solvent n@ 4.4+ 0.7 57+ 1.3 8.0+ 25 8.0+ 2.6 9.7+ 2.8 12.3+ 3.3

2 The number of solute molecules which are neighboring each dtfiére average number of solvent molecules which are surrounding a target
solute molecule.
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time resolution of the measurement system if the solute

molecules is adjacent to any sites of the solvent molecule In

J. Phys. Chem. A, Vol. 108, No. 9, 2004481

(27) Kobayashi, H.; Tabata, Wucl. Instrum. Method4985 B10/11,
1004.
(28) Yoshida, Y.; Ueda, T.; Kobayashi, T.; TagawaJSPhotopolym.

addition to the adjacent effect, the fact that a large part of the g Technol1991, 4, 171.

solvent molecules is excluded by the solute molecules especially

at high concentration was taken into consideration.
First, we formulated this effect by a statistical model. In
addition to the above assumption, this model has the following

(29) Wishart, J. FStud. Phys. Theor. Cher001, 87, 21.

(30) Muroya, Y.; Lin, M.; Watanabe, T.; Wu, G.; Kobayashi, T.; Yoshii,
K.; Ueda, T.; Uesaka, M.; Katsumura, Xucl. Instrum. Method2002
A489 554.

(31) Kozawa, T.; Mizutani, Y.; Yokoyama, K.; Okuda, S.; Yoshida, Y.;

assumptions: (a) the effects of molecule’s shape, conformation, Tagawa, SNucl. Instrum. Method4999 A429 471.

and interaction among molecules were not included explicitly,

and (b) the aggregation of the solute molecules were treated

randomly. The formula indicated good agreement with the

experimental data. We also discussed the relationship with the

static quenching in the photolysis, giving the concentration-
dependenV parameter.

(32) Kozawa, T.; Mizutani, Y.; Miki, M.; Yamamoto, T.; Suemine, S.;
Yoshida, Y.; Tagawa, INucl. Instrum. Method200Q A44Q 251.

(33) Bartels, D. M.; Cook, A. R.; Mudaliar, M.; Jonah, C. .Phys.
Chem. A200Q 104 1686.

(34) Kozawa, T.; Saeki, A.; Yoshida, Y.; TagawaJgn. J. Appl. Phys.
2002 41, 4208.

(35) Wolff, R. K.; Bronskill, M. J.; Hunt, J. WJ. Chem. Phys197Q
53, 4211.

Second, as another approach, we adopted the configurational- (36) Lam, K. Y.; Hunt, J. Wint. J. Radiat. Phys. Chem975 7, 317.

bias Monte Carlo simulation to reproduce the liquid system.

The OPLS model was used to describe the intermolecular and

(37) Thomas, J. K.; Gordon, S.; Hart, E.J.Phys. Chem1964 68,

(38) Domae, M.; Katsumura, Y.; Jiang, P. Y.; Nagaishi, R.; Ishigure,

intramolecular potentials. The adjacent effect estimated by this K.; Kozawa, T.; Yoshida, YJ. Chem. Soc., Faraday Trark996 92, 2245.

method corresponded to the experimental data with a threshold

of 0.5+ 0.07 nm. This value is close to a typical reaction radius.

(39) Czapski, G.; Peled, B. Phys. Chem1973 77, 893.
(40) Binler, R. E.; Katsumura, YJ. Phys. Chem. A998 102 111.
(41) de Haas, M. P.; Warman, J. W.; Infelta, P. P.; HummelCAem.

The relationship with the sphere of action model was discussed.ppys | ett1975 31, 382.

Finally, the average number of adjacent solvent molecules and

(42) Warman, J. W.; Infelta, P. P.; de Haas, M. P.; HummelChAem.

the distribution of aggregated solute’s number were collected Phys. Lett1976 43, 321.

from the position data.
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