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The transient absorption spectra and photoinduced electron-transfer process of duroquinone (DQ) in mixed
binary solutions of ionic liquid (IL) [bmim][PE and acetonitrile (MeCN) have been investigated by laser
photolysis at an excitation wavelength of 355 nm. A spectral blue shi¥Dqf* was observed in the IL/

MeCN mixtures compared to MeCN. At low#fy (volume fraction of IL), the interaction between DQ and

the solvent is dominant, and the decay rate constap 6f *DQ* increases steadily with the increasing of

V|_; to the contrary, at higheY,_, the network structures due to the hydrogen bond and viscosity are dominant,
and the decay rate constant decreases obviously with incredsimg critical point (turnover) was observed

atV,. = ~0.30. The dependence of the observed growth kgfedf the photoinduced electron-transfer (PET)
products orV,_ is complex and shows a special chaniggfirst decreases with increasiMy , then increases,

and finally decreases slowly with further increasing/pf It is speculated that the PET process in the mixture

can be affected by factors including the local structure and the reorganization energy of the solvent and salt
and cage effects. The change of local structure of [omim]fRfeCN is supported by following the steady-

state fluorescence behavior of the mixture, in combination with the molecular dynamics simulation of the
thermodynamic property. The results revealed that the degree of self-aggregation of monomeric catiofjs (bmim
to associated forms increases with increasifag This is in good agreement with the laser photolysis results

for the same solutions.

1. Introduction such as photoinduced electron transfer have been previously

Room-temperature ionic liquids (RTILs) have received much studied in comparison with volatile organic compouﬁ‘?ﬁ.
attention owing to their remarkable properties including low _ Binary liquid solutions, such as IL/water and IL/organic, are
volatility, high polarity, ease of recycling, and high selectii. ~ frequently used in a variety of ag)gpllcatlons such as electro-
RTILs are regarded as the most suitable solvents for greenchemistry and organics synthe3is?® Many studies on binary
chemistry, and they have been widely used as reaction mediaSYStems, including our previous work, have been carried out
for organic synthesis, catalysis, separation process, ande_xpenmentally or theorethally. Although many RTI!_s can.be
polymerizatior?~6 RTILs are much different from conventional dissolved in water or organic solvents, such IL/organic solutions
polar solvents because they consist entirely of ionic species.May be not homogeneous. Some autiibrbased on their
The properties of RTILs have recently been characterized usingtheorgtlce}l calculations, have speculated that neat ionic liquids
various experimental measures (NMR, IR, Raman, &ta9). or their mixtures should be regarded as nanostructured solvents.
Pulse radiolysis, laser photolysis, and steady-state and time_A(_:cordlng t(_) this speculation, local stryctures of the II__/organ|c
resolved fluorescence have also been applied to study theMixed solution can be tuned by varying the IL fraction. The
reaction processes occurring in RTAS28 These studies mainly change in local structures may have substantial effects on the
focused on solvent relaxation dynami&sié electron and energy reaction kinetics of transient species in photochemical processes.
transfer kineticd®23 A few papers on photoinduced electron I this work, we attempted to study the effects of binary
transfer by transient absorption spectroscopy in pure RTILs are [Pmim][PF]/MeCN solutions on the spectral and kinetic
noteworthy20-26 Effects of RTILs on transient absorption behavior of transient species by laser photolysis using duro-
spectra and bimolecular reaction rate constants of solutes haveluinone (DQ) as the probe molecule a4il,N',N'-tetramethyl-
been partly revealed. It is suggested that most of the imidazolium P-Phenylenediamine (TMPD) as an electron donor. Our results
ionic liquids are more polar than acetonitrile but less polar than reévealed that the interaction between [omimjjRind the solute
methanoP® As a prototype of RTILs, 1-butyl-3-methylimida- ~ €a@n affect the absorption spectrum of the triplet excited state of
zolium hexafluorophosphate, [bmim][EFhas been used as a DQ ((DQ*) as well as the kinetics of the electron transfer

medium in which some representative photochemical reactionsPetweerrDQ* and TMPD. For a better understanding the effect
of the local structure of mixed solutions on the kinetic behavior,

*To whom correspondence should be addressed. Tel/Fe86-21- we carried out a steady-sate fluorescence measurement on the
59558905. E-mail: wuguozhong@sinap.ac.cn. . IL/MeCN solutions in different volume ratios. Furthermore, the
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* Anhui Normal University. thermodynamic properties of the IL/MeCN were mvesnggted
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Figure 1. (a) Transient absorption spectra®@fQ* recorded at 0.Js after 355 nm laser excitation in a IL/MeCN solution containing 104
mol-dm~3 DQ under N. Vi.: (O) 0 and @) 0.8. (b) Decay profiles monitored at 480 nm recorded in IL/MeCN mixed solutions in the presence of
1 x 10~* mol-dm=2 DQ under N purging.V,.: (middle) 0, (bottom) 0.2, (top) 0.8.

of [bmim][PFg] are present mainly in the monomeric form at
lower V. but in the associated forms at highér .

2. Materials and Methods

All reagents were purchased from Sigma and were of the

commercially available highest purity. Duroquinone (tetram-
ethylp-benzoquinone, M@Q) and TMPD were of spectral
grade and used as received. The ionic liquid [omim}]Rias
specially treated prior to use. The [bmim][@#onic liquid was

treated with activated charcoal for at least 48 h and filtered a
couple of times by passing through a celite column. Then, the
liquid was transferred into a clean and dry reagent bottle and

kept in vacuum for 12 h at 6665 °C to remove any volatile
organic impurities and moisture. The purified ionic liquid was
stored in an airproof desiccator.

Laser photolysis experiments were carried out using a Nd:
YAG laser that provides 266 and 355 nm laser pulse with a
duration of 5 ns and a maximum energy of 80 mJ per pulse.
The probe light source was a pulsed xenon lamp. The laser an

analyzing light beam passed perpendicularly thfoad cmx

1cm quartz cell. The transmitted light signals were collected
using a digital oscilloscope and then recorded by a personal
computer. A detailed description of the system was described

excited states®DQ*) have been widely studied3° Our aim

is to investigate its behavior in the IL/MeCN solutions using a
355 nm laser as the excitation source. The transient absorption
spectra were recorded for a series of IL/MeCN solutions
containing 1x 1074 mol-dm~3 DQ. Figure 1 shows the transient
absorption spectra for MeCN and IL/MeCN (volume fraction
V). = 0.8) solutions containing DQ, obtained at Q«& after

the 355 nm laser pulse. It is seen that with the addition of
[bmim][PFg], a spectral blue shift of absorption band is observed,
that is, a shift oflmax from 480 nm in pure MeCN to 460 nm

in the mixed IL/MeCN solution. In the presence of oxygen, the
decay was accelerated for both solutions. The transient absorp-
tion spectrum in Figure 1 can be assigned®®*. Since the
absorption decays monotonically by first-order kinetics, it is
concluded that theDQ* decays mainly via self-quenching under

a N, atmosphere. This observation is different from that of
anthraquinone or benzophenone, whose excited states decay
mainly via hydrogen abstraction of alkyl groups on the cations

Of [bmim][PF] under similar conditiong?40

Upon excitation by a 355 nm laser, the ground state of the
DQ molecule is excited to the single excited stid®*, and
then,3DQ* is formed through intersystem crossing (ISC) (eq
1). In a Np-saturated solution®DQ* is self-quenched by the

elsewherd! Prior to laser irradiation, all solutions were bubbled 9round-state molecule (eq 2)

with the appropriate gas (high-purity,Mr O,) for at least 20
min. All experiments were carried out at room temperature.

Fluorescence spectra were recorded in a quartz cuvette with
an optical path length of 1.0 cm and at an excitation wavelength

of 280 nm or 360 nm on a Hitachi F-4500 spectrofluorometer.

Some thermodynamic properties of the mixtures were com-

puted by molecular dynamics (MD) simulation. The force field
of [bmim][PF] used in this work is from the systematic all-
atom force field developed by Lopé&swhich is based on the
optimized potentials for liquid simulation (OPLS-AA) suggested
by Jorgensen et & Parameters for RFwere obtained from
the work of Borodir* A six-site model for MeCN was adopted
in this work with parameters which are mainly taken from the
literature3> except the VDW parameters of H atoms taken from
OPLS-AA. The MD simulations were performed using the
program Gromac® In all simulations, the bond length was
constrained with LINCS. Cutoff was taken at 10 A for Lennard-

x ISC

DQ - 1DQ —=*DQ’ (1)
DQ + DQ(DQ') ~ 2DQ )

The change in solvent property with the addition of IL was
further examined by comparing the observed pseudo-first-order
decay rate constantk.f9 of 3DQ* in solutions with different
volume fractions of [bmim][P§. The kops values were calcu-
lated from the decay of absorption at 480 nm. As shown in
Figure 2, one critical point (turnover) was observed/at=
0.3. Before the critical point, the decay rate constant increases
obviously with increasing/ ; after the critical point, however,
the decay rate constant decreases rapidly with increasing
In all cases, the gquantum yield éDQ* does not obviously
change with increasiny, because the absorption &bQ*
remains almost constant.

3. 2. Photoinduced Electron Transfer betweefDQ* and

Jones interactions, and the long-range coulomb interactions wererpipp in 1L/MeCN Solutions. There has been some work

handled by PME, with a cutoff of 14 A.

3. Results and Discussion

3.1. Transient Absorption Spectra of*DQ* in IL/MeCN
Solutions. Transient absorption spectra of duroquinone triplet

focusing on the photoinduced electron-transfer (PET) process
in ionic liquids2921.2426 The excited triplet state of the
compound has a higher electron affinity than its ground state,
andN,N,N',N'-tetramethylp-phenylenediamine (TMPD) is widely
used as an electron dorfBrHere, we investigated the electron-
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- . nm. Figure 5 shows the dependence of the observed growth
: O rate constanti) of TMPD** on V.. It shows a special change
284 / b with V.. When IL is dilute ¥/, < 0.10), thekg at 565 nm

Y e, decreases sharply with increasivg; when 0.1< V;. < 0.3,

Lom 24 » ' the kg increases with increasing.; and whenv,. > 0.3, the

S kyr decreases again with increasivig. In all cases, the values

3 201 " of kgr in the mixtures are always smaller than those in neat

g . MeCN.

X2 167 . The quantum yields of transient species can be obtained based

124 on the formula® = n/m, wheren is the number of transient

' y y ' y y products andm is the number of photons absorbed by the
00 02 04 06 08 10 . .

Vi reactant® Here,n is equal tocN (N is Avogadro’s constant

IL is the concentration of the transient product). As we knd®D;

Figure 2. Dependence of theDQ* decay rate constankdy at 480 = cel, where AOD is the transient absorptiorg is the
nm onV,_ in mixed solutions. V. = 0.3 corresponds to a mole fraction  ~gncentration of the transient product at tilne is the molar
of about 0.1.) absorption coefficient, ands the optical path length. Therefore
® = NAODpadelm, where AODpax is the maximal transient
absorption, indicating that the quantum yield of the same species
is proportional toAODpax If we mark the quantum yield and
the maximal transient absorption in MeCN é@g and AODy,
then the relative quantum yield in the mixtures can be estimated
through®/®y = AODpa/ AODy. The relative quantum yields
of TMPD** are shown in Table 1. When thg_ is large enough,
the quantum yield of TMPB is obviously lower than that in
MeCN because the absorption of TMPDs very low.

3.3. Fluorescence of the IL/MeCN Mixture. The fluores-
cence behavior of neat [bmim][EFhas been investigated
reach their maxima, and the band at 480 nm duéD®* previously by Samanta and co-workéiBhese authors observed
disappears completely. an excitation-wavelength-dependent shift of the emission maxi-

The above results can be interpreted by eqs 3 and 4. Themum of [bmim][PF] at room temperature, and this may be a
contact ion pair [DQ+--TMPD*] is formed via electron transfer ~ general phenomenon for all imidazolium ionic liquids?” It
(ET) and then dissociates into solvent-separated ions TMPD is suggested that various associated forms of imidazolium
and DQ~. At the same time, it may return to DQ and TMPD cations exist and that the short wavelength emission is due to
by back electron transfer (BET). DQcan be protonated rapidly ~ the monomeric form of the imidazolium cation, while the long
to DQH if a hydrogen donor (RH) such as water exists in the Wavelength emission is due to its associated forms. It is our
solvent3” In our case, we think DQ mainly contributes to the interest to investigate the fluorescence behavior of the IL/MeCN
410 nm peak because the solvent in our experiment is purebinary solutions in different volume ratios in order to understand
enough. the local structure character of the mixed solutions and correlate
this observation with the reaction kinetic behavior revealed by
laser photolysis. We found that the fluorescence behavior of
the [bmim][PFR])/MeCN mixed solutions is similar to that of
neat [bmim][PF], that is, the emission maximum is strongly
dependent on the excitation wavelength. In this work, mixed
IL/MeCN solutions in different volume ratios were excited at

To confirm our speculation, the observed first-order growth 280 and 360 nm to investigate the change in ratio of monomeric
rate of TMPD* at 565 nm is plotted as a function of TMPD !0 associated forms of bmimwith Vi.. As shown Figure 6t
concentration, [TMPD]. Since the plot shows a straight line [V, when excited at 280 nm, the emission peaks are at shorter
(inset of Figure 3a), the bimolecular rate constant for the reaction Wavelength, and the fluorescence intensity increases sharply with

transfer process dDQ* using TMPD as an electron donor in
the IL/MeCN solutions.

In the presence of TMPD, new absorption bands appear at
longer times (after 1us), indicating the formation of new
transient species via the reaction 3fQ* with TMPD since
TMPD itself cannot be excited at 355 nm (Figure 3). The
absorption bands withmnax at 565 and 610 nm can be assigned
to the radical cation of TMPD (TMPD),*! while the absorption
centering at 410 nm is ascribed to the semiquinone radical,
DQ~/DQH", since the spectra of DQ and DQH are nearly
identical® At 5 us after the laser pulse, the peaks of TMPD

DQ + TMPD #== [DQ - TMPD'] = DQ"~ + TMPD"*
(3

DQ™ + H"=DQH (4)

of TMPD with 3DQ* is determined to be 7.2 10° mol~1 dm?

s L

an increasing/_ atVi. < 0.4 and then decreases gradually with
increasingv.. However, when excited at 360 nm, the emission

The same investigations were further done in IL/MeCN mixed P€aks appear at a longer wavelength, and the fluorescence
solutions to compare the reaction @WQ* with TMPD in the
mixed solutions with differenV,. under identical conditions. - nm . .
Figure 4 shows the transient absorption spectra recorded afteslightly to longer wavelengths with increasiig , but no shift
355 nm laser excitation in the IL/MeCNv{ =0.8) solution

intensity increases regularly with the increasing/pf It is also
seen that when exited at 280 nm, the emission peak shifts

is observed for the excitation at 360 nm. This indicates that the

under N purging. It is seen that the transient absorption spectra IL/MeCN mixed solutions are inhomogeneous.
in the Np-saturated IL/MeCN solution are different from that Analogous to the conclusion of Samanta and co-workers for
in neat MeCN. At 5us after the laser pulse, the peaks due to the neat [bmim][PE], we assign the fluorescence emission by
TMPDr* are not obviously observed, and the band at 460 nm excitation at 360 nm to the associated forms of imidazolium
has not completely disappeared. This means that the electroncations and the fluorescence emission by excitation at 280 nm
transfer process is much slower in IL/MeCN and the transient to the monomeric form of the cations. The slight red shift of
species have longer lifetimes. the emission peak witkl_ for the excitation of IL/MeCN mixed

To further understand the effect of IL on the electron-transfer solutions at 280 nm indicates that the contribution of the
process, we chose to analyze the kinetics of the band at 565associated forms of bmimin this case is minor while the role
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Figure 3. (a) Transient absorption spectra recordedmt @.1, ©) 1, and @) 5 us after 355 nm excitation of the JMéaturated neat MeCN
containing 1x 10~ mol-dm™3 DQ and 1x 10~* mol-dm™3 TMPD. Inset: The first-order growth rate of TMPDat 565 nm is plotted as a function
of TMPD concentration. (b) Time profiles observed at 565 nm for TMPD
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Figure 5. Dependence of the observed growth rate constapt ¢f
TMPD** on the volume fraction of [bmim][RfF (Vi. = 0.1 corresponds

VIL

to a mole fraction of about 0.027.)

TABLE 1: The Relative Quantum Yields of TMPD**+

Estimated through ®/®; = AOD/AODg

Vi 0 0.02 0.05

0.1

02 03 04

0.6

/Dy

of monomeric bmim is dominant. With increasing of thé,
the ratio of monomeric bmimto its associated forms will be
changed, and this change may be illustrated by Yhe
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Time/us

Figure 4. (a) Transient absorption spectra recordedm®ty, (O) 5, and @) 10 us after 355 nm excitation for aMsaturated IL/MeCN solution
(Vi = 0.8) containing 1x 10~* mol-dm=3 DQ and 1x 10~* mol-dm™ TMPD. (b) Time profiles of TMPD' observed at 565 nm for IL/MeCN
solutions with differentv_ values.

the associated forms become dominantVat > 0.3. This
indicates that the degree of self-aggregation of bmimereases
significantly withV,_. Therefore, for the reactions involved by
bmim®, the overall reaction rate constants will be complex due
to the association of bmimat higherV,_. This provides a good
explanation for our observed turnover of the decay rate constant
of DQ* (kop9 and the special change of the observed growth
rate constantky,) of TMPD** with increasingVy_ for the IL/
MeCN mixed solutions.

3.4. Thermodynamic Properties of the Mixtures by Mo-
lecular Dynamics Simulation. Since it is difficult to directly
measure some properties of ionic liquids such as the enthalpy
of vaporization for their low volatility, we present some
properties of the IL/MeCN mixtures here by molecular dynamics
simulation. The calculations were performed in th&PT
ensemble al = 300 K andP = 0.1 MPa. After the system
had achieved equilibrium, simulation runs of 2 ns were carried
out, and the data were collected during the last 100 ps. The
simulation results are shown in Table 2. The densities of neat
[bmim][PFg] and MeCN are in good agreement with the
experiment243 with a difference of less than 4%.

The cohesion of the particle in the liquid phase can be
measured by the enthalpy of vaporizatidyH"2") of the liquid.
AHV@P values of the mixture are calculated by the method

dependence of the emission intensity. If we ignore the contribu- depicted in many literature studiés?> For pure IL, the

tion of the associated bmimto the fluorescence for the

simulatedAH"2P value is 184.35 kJ mol, in good agreement

excitation at 280 nm, the ratio of the fluorescence peak intensity, with the value of 189 kJ mol estimated from the bimolecular
lgdlss0, Can be simply taken as the ratio of monomer to rate constant experiments by Swiderski etal.

associated forms for [omim][RF As shown in Figure 61V, the

The nonideality of a mixture can be depicted by the excess

I80/1360 ratio decreases rapidly and nonlinearly with increasing properties. Figure 7 shows the excess molar voliyfhas a

of the V.. The monomeric form is dominant ¥ < 0.1, and

function of the mole fraction of ILx;. As is seenyF is negative
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intensity onV,_ (M) at lexc = 280 (©O) and 360 nm. (V) Dependence of the fluorescence intensiifsso on V..

TABLE 2: System Sizes of [bomim][PF] (1) + MeCN (2)
and Some Simulation Results for the Mixtures atT = 300 K
and P = 0.1 MP&

Ny N2 X1 ~ViL plg cm3 AHYakJ mol?
0 216 0 0 0.746 33.69
7 249 0.027 0.1 0.821 39.10
15 241 0.059 0.2 0.893 44.73
25 231 0.098 0.3 0.956 50.62
37 219 0.145 0.4 1.007 57.66
43 213 0.168 0.5 1.036 61.14
71 185 0.277 0.6 1.121 87.75
95 161 0.371 0.7 1.171 92.04
129 127 0.504 0.8 1.218 110.92
178 78 0.695 0.9 1.280 140.14
128 0 1.0 1.0 1.334 184.35

aN; is the particle number of [bmim][RE and N; is the particle
number of MeCNx; is the mole fraction, an¥,_ is the approximate
volume fraction of [bomim][PE] in the mixture;p is the density of the
mixture; AHY@ is enthalpy of vaporization of the system.

Figure 7. Excess molar volumg® of the mixture [omim][PE)/MeCN
as a function of the mole fraction of [omim][BFx;, at T = 300 K
andP = 0.1 MPa.

over the whole range of composition, and it decreases very hydrogen bond, which shows characteristic IR spectra in the

rapidly at low mole fractions of IL, which is similar to the
experimental dat&’. The measured negatix values indicate
that the interaction in the mixture is larger than that in the pure
component.

In addition, we investigated the change of the enthalpy of
the mixture. According to the literatuféjn a liquid phase, the
excess molar enthalgy® equals approximately the excess molar
intermolecular energyE. As is shown in Figure &iF is always
negative in all mixtures and shows a slow change at 0.1—

0.4.
3.5. Mechanism.Duponf has proposed that imidazolium

region of 3106-3200 cn1! pertaining to the interaction of H

of the imidazolium cations with the anions. The introduction
of other molecules and macromolecules may cause a disruption
of the hydrogen-bond network and, in some cases, generates
nanostructures with polar and nonpolar regions. In this ionic
“cage”, the diffusion of solute must be very slow due to the
high viscosity and possible interaction with ions. Recently, by
MD simulation, Lopes and Riaa showed that ILs with longer
alkyl chains might be separated into two types of regions,
nonpolar regions arising from aggregating of the alkyl chains
and polar regions arising from charge ordering of the anions

ionic liquids are hydrogen-bond polymeric supramolecules basedand imidazolium rings of the cations. The polar regions are
on many experimental studies such as IR and NMR analyses.interconnected to form a three-dimensional ionic network

As for [bmim][PFR], the network is formed by the €H---F

permeated by nonpolar regioffs.
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where the change in free enerdyGP is the thermodynamic
ol a driving force andl represents the reorganization energy, which
\ can be summarized by the following equation

! A=A+ 4 (6)
\ — where/; is the intramolecular (inner-sphere) contribution to the
-21 N / total reorganization energy ardis the solvent (outer-sphere)
e contribution.
Generally, thels term is the predominant contributor fo
-3 o0 02 o 06 0 T Therefore, it can be concluded that the valuéel afepends on
X solvent polarity. It has been predicted that fhevalue is 16-
1 20 kJ mof? higher in ILs than that in MeCN by Shim and
Figure 8. Excess enthalpy of mixing for [bmim][RF(1) + MeCN Kim.5 A small change ofAG? for the pyreneN,N-dimethyla-
(2) as a function of the mole fraction of [bmim][EFx,, at T = 300 niline system was estimated in some ILs compared to that in
KandP = 0.1 MPa. MeCN by Samanta et &, If this small change ofAGP is

) . . neglected, a general trend of decreadiggvith increasingl is
The above theories are consistent with our results. The StUdyexpected. From this point of view, the solvent reorganization

of ﬂuorescence_ behavior of the IL/MeCN_mixture has prc_)ved energy/s will increase, and therke; decreases with increasing
the transformation of IL from the monomeric form to associated Vi in the mixture of [omim][PE/MeCN. In fact, theky of

forms. The measured negativeé andHEvaIges indicate strong  TMPD*+ in our experiment shows a special change wWith
interactions between IL and MeCN, which may destroy the \ypich is different from the dependence of the theoretic value
hydrogen-bond network. (ked ON Vit

The spectral shift ofDQ* and the critical point okonsshould Some workers have recently made efforts to apply Marcus
be due to the changes of the microstructure and properties oftheory to redox processes in ionic liquids by classical molecular
the mixtures, as well as the possible strong interaction betweensjmulations! They also concluded that although Marcus theory
DQ and [bmim][Pk]. According to our results and the theory  could apply to ionic liquids with small cations, the increased
of Dupont et al we propose the model as follows. When the heterogeneity and slower dynamics found in ionic liquids with
concentration of [omim][Pg is substantially smaller than that  |arger cations suggest that the redox process in some ionic
of MeCN, the ionic liquid mainly exists in the form of solvent-  liquids may be more complex. This is in support of our
separated ion pairs. Our fluorescence measurement (Figure 6ll)conclusion. The difference between the trendkgf and ke
shows that the emission intensit}efc = 360 nm) due to the  perhaps arises from other factors such as the local structure
associated forms of bmimis negligible atV,. = 0.01. Also, transformation.
the excess properties rapidly decrease atigvindicating that As for the effects of the ionic liquid on the photoinduced
IL disperses well in MeCN. With increasing,, the polarity electron transfer betweé®Q* and TMPD, we should take salt
of the solution increases since [bmim]@P#k more polar than and cage effects into account. When IL is very dilig (<
acetonitrile?® The increase okops With Vi before the critical 0.1), ionic liquid molecules mainly exist in the form of solvent-
point can be explained by the combination of DQ with [omim]- separated ion pairs; therefore, ionic strength increases with the
[PRg] and the increase of solvent polarity. After the critical point, concentration of IL, which will affect the rate constant due to
a hydrogen-bond network of [bmim][BFs basically formed, the salt effect?53 When the concentration of IL increases,
and DQ is partly confined in the “cage” of [bmim][BF contact ion pairs of IL are formed, and the salt effect on the
molecules. This cage effect contributes to the slower molecular rate constant becomes less important. At the same time, the
diffusion and makes the absorption of the triplet excited states solvent reorganization energy increases with increasing solvent
enhanced? Therefore k.ns decreases with a further increasing polarity. When the concentration of IL is further increased, a
of [bomim][PFg] after the critical point. hydrogen-bond network of [bmim][RFis formed. Therefore,

Previously, we had measured the electrical conductivity of the viscosity of the solution increases, and the diffusion rates
[bmim][PFe/MeCN binary mixtures and shown that the maxi- Of Fhe solutes are decreaseq. The probability of the contact ion
mum conductivity of [bmim][PE/MeCN is 37.9 mS cm’ at pairs [DQ - TMPD"] escaping from the cage decreases. The
Vi.=0.3227 This value is consistent with the critical point (or ~cage effect makes the lifetime of ion pairs of [DQTMPD']
turnover) for thekops indicated in this work. It is considered Ionger and results in higher efficiency of the back electron
that theV,. dependence d,,smay be due to many factors, for transfer. Consequently, slow diffusion and a lower escape rate

example, concentration, polarity, and local structure transforma- &re responsible for the low efficiency of the solvent-separated
tion. photoinduced electron-transfer products. The cause of a special

change ofky, might be the combined result of many factors,
including the local structure and the reorganization energy of
the solvent and salt and cage effects.

H5/kJ mol™

The bimolecular PET reaction ratk.§ can be effected by
many factors. It is well-known that rates of most PET reactions
are governed by the relationship proposed by Marcus & al.
Marcus theory was widely applied to interpret the electron-
transfer reaction in conventional solvents.

In a PET process, it is more appropriate that the activation A Systematic study of the effects of [omim][Rfén transient

barrier AG*) is predicted by the RehmWeller equatiof? absorption spectra and photoinduced the electron-transfer
process in MeCN has been undertaken by laser photolysis. Our

AG? AGO2  (12]Y2 results reveal that the IL/MeCN mixed solutions possess some
AG™ = + (E) (5) particular properties differing from those of the neat IL or
organic solvent. Along with the change of the volume ratio of

4. Conclusion

2
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IL/MeCN, a spectral blue shift 6IDQ* was observed, and the
decay rate constantkdfpd of 3DQ* changed significantly.
According to PET theory, it is suggested ttkatwill decrease
with increasingvi in the mixture of [bomim][Pk]}/MeCN, being
somewhat different from the trend of thg of TMPD*" in our

experiment. Our results indicate that the effects of ionic liquid

on the PET reaction kinetics betweébQ* and TMPD at

variousV,_ values are very complicated. We associate the effects
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