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Transient absorption spectra following ionization of supercriticap 6&ve been investigated using the pulse
radiolysis technique. Absorption spectra measured from 400 to 800 nm suggest that at least two transient
species absorb. We have previously reported that one species s (d®the near UV region, we observed

a transient species of which the lifetime and reactivity are different from the dimer cation. We assign this
species to a dimer anion, (G, or an anior-molecule complex, (CO)(CO,)x. Comparison with the
photobleaching of C@anion clusters in solid rare gas matrixes and their reactivity witlamtl Q confirm

the assignment. Theoretical calculations, in which solvation is taken into account, are consistent with these
assignments. It is well-established that the adiabatic electron affinity efi€@egative, but the adiabatic
electron affinity of CQ dimer has been calculated to be 0.89 eVgg symmetry (CQ),~ in the gas phase.

The calculations predict that GOin a model continuum solvent is stable to autodetachment.

1. Introduction greater than 14« 10?° molecules/rin the coexistence vapor,
. the negative and positive charges have the same mobility, so it

There have been extensive efforts to understand the characig expected that the electrons are permanently attached 40 CO
teristics of supercritical fluids as solveritsEnergy-transfer and CO,™ has also been observed in a low-pressure glow discRarge.
electron-transfer reactions have also been used as a probe {Recently, it has been reported that £Gan be formed by
elucidate the solvent characteristicslt has been a challenge  youble electron transfer to GOin the gas phas& However,
to utilize CQ; in reaction schemes because it is difficult to {5 the best of our knowledge, until the recent photolytic
activate CQ.> One potential route to activate G@nvolves measurements by Shkrob and Sauer, there is no other clear
reduction of CQ°7 This could be achieved by an electron gyjgence that Ceanion is formed in condensed or gas-phase
transfer to CQ to yield the corresponding anion radical. For -, 24
this reason, we wanted to explore the existence of the anion The most widely accepted value for the adiabatic electron

and its reactivity. ) . ) ) affinity of CO, in the gas phase is0.6 & 0.2 eV2> The ab
There have been extensive studies ofiamlecule reactions i calculations also predict a negative electron affifty?®

in gas-phase COIt is well-established that the primary positive  the ahsence of CO in a low-pressure environment arises from

ion in the radiolysis of %:_(%Ogas is CQ" and that C@" forms the poor Franck Condon overlap between the ground states of
clusters rapidly with C@"2The atomic oxygen radical anion, o heytral C@and its anion. Ground-state GOis bent with

o, vyhich is produced by dissociati\{e e'lect.ron attgchment 0 2n 0=Cc=0 angle of about 135 whereas the neutral ground-
CQ,, is known to be the primary negative ion in the high-energy gia16 @ is linear. Linear C@-, formed by vertical electron
rad|o|y5|s.1_1—17 To_dlssomate Coto CO + 07, at_)out 4.0 ev attachment, will be vibrationally excited by—3 eV. This

of energy is required (calculated from the bonding energy(O  ghecies will either autodetach or dissociate in a few femtosec-

C_O) - 5.453 ev, and t_he electron affinity(_@% 1.461 e\/_)?s onds. Collisional stabilization of this ion cannot occur in low-
O~ will react rapidly with CQ to form CQ;~. The reactions pressure conditions.

that electrons with less energy than 4 eV undergo are not yet There have been manv studi n carbon dioxide cluster anion
known. While several studies of negative species in the gas ere nave been many studies on carbon dioxide cluster anio
formation in molecular beams or van der Waals clust&r®.

phase exist, there are few reports of the observation of CO ;
anions from the ionization of CQn the gas phase. Even in a For exgmple, Klots and Comptﬂrdemonstrated.anlon c!ustgr
formation in a CQ molecular jet, where the dimer anion is

liquid and high-density C& some thought that CO was .
unstable and thus not observabl@®In a mobility experiment _form(_ed, prgsume_lbly by evaporative _ele_ctron attachment. The
n-signal intensity as a function of incident electron energy

by Jacobsen and Freeman, electron attachment to a moleculaj . ; ;
y as shown a maximum around 3 eV. It is believed that the

cluster of CQ was assume#t When the density of CQis . :
Q y b molecular cluster binds an excess electron differently than the

PE— g roud be add 4 Eomal for KT monomer” Although there are still open questions in the
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Negative Species in Supercritical Carbon Dioxide

According to these experimental facts and theoretical predic-

tions, stable C@anion or anion clusters could be formed in
condensed or supercritical GONe have recently studied the
reduction ofp-benzoquinone in supercritical G@Qising pulse
radiolysis?* That work clearly demonstrated that an electron
donor has been produced by ionization of supercriticab.CO
We tentatively assigned the electron donor to the, Claster
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1001 RTD). The pressure in the cell was adjusted using an
HPLC pump (JASCO, model PU-980) and monitored with a
digital pressure meter (Cole-Parmer, model 7350-38). Measure-
ments have been carried out at 104 bar, at which the density is
0.65 g/cnd, and at 53 bar, at which the density is 0.13 gicm
The experimental arrangements for supercritical fluids were
similar to those described previousty.

anion; however, we did not observe any spectra that could be Pulse radiolysis experiments were performed using the
attributed to the anion. This is partly because in the solution a Argonne 20 MeV linear accelerator with electron pulses of 4
strong absorption bg-benzoquinone and its anion overlaps the ns. For optical detection, interference filters (bandwidth 40 nm)

region where the absorption of the g@nion cluster might be

and a silicon photodiode (EG&G FND100) were used. This

expected. In addition, the absorption of the anion might be quite detection method was chosen over our monochromator/photo-

small.

In recent experiments using rare gas matrixes, stable CO
monomer anion and its dimer have been obsef¥éw!6In these
studies, the infrared absorption assigned to {gO was
decreased by irradiation with visible light. This suggests that
an absorption band of (G2~ in rare gas solid is located in

multiplier tube system because a better signal-to-noise (S/N)
ratio can be obtained. Because the accumulation of radiolytic
products prevents extensive signal averaging, a good S/N ratio
is quite important. Most of the signals presented here were the
average of two single-shot signals. The electron beam and the
analyzing light were collinear. This arrangement was chosen

the visible region. These results led us to reexamine spectrato increase the optical path length. However, the electron pulse

produced in supercritical CO

In this paper, we will discuss absorption spectra of transient
species that we assign to the £@nion clusters, which were
produced by electron beam irradiation in supercriticabG@e
also examined the reactions of the anion cluster withakid
0O,. To determine whether the G@nion will autoionize, ab
initio calculations were performed. We believe that these are
the first measurements of absorption spectra of, @@ion
clusters in supercritical CO

Very shortly after our absorption measurements were per-
formed, Shkrob and Sawfésstudied the mobility of an anion in
supercritical CQ. Electrons were created in a supercritical

irradiation to the 10-mm-thick optical windows mounted on the
high-pressure cell caused a small absorption. This absorption
intensity was about 0.003 at 400 nm, and the half-lifetime was
about 200 ns. The window absorption intensities depend on
absorbed dose, which is sensitive to the linac beam conditions.
Hence, we measured absorption of the optical window by
electron beam irradiation before starting the experiments every
time, and the absorption signal was corrected by subtracting
the signal from the window absorption.

Radiolytic products, mainly, carbon monoxide, ozone, and
oxygen, accumulate after the irradiation of several pulses and
influence the measurements. To prevent this, the sample was

solution by photoionizing benzene or anthracene. To get the freshly prepared after each irradiation. In some experiments,
aromatics into the supercritical solution conveniently in the the measurements were performed under flowing conditions,
appropriate quantities, the aromatics were dissolved in a smallin which the pressure was controlled by a backpressure regulator
amount of hexane and injected into the system. The concentra{TESCOM 26-1700). However, it was difficult to control the
tions of the aromatic and the carrier hexane were sufficiently temperature at 40.9C and a pressure of 104 bar. Hence, this
small that no effect would be expected on the reaction kinetics. method was applied only for a measurement at lower temper-
They reported evidence that the resulting electron attaches toature and pressure.

CO;, to form the solvent anion. The photodetachment spectrum

observed is reported as similar to photoelectron spectra of the3. Results and Discussion

(COy)n~ cluster i = 6—9) and consistent with our results for . . — .

absorption spectrum of the anion clusters. These results can be !N this section, we will first describe the spectra that one

a bridge between radiolysis and photolysis and between eIectronsObs.erVes In pure C’-OW? thgn discuss measurements usiag H
in neat CQ and CG solutions. It can also advance our which reacts with positive ions, to determine the spectrum that

understanding of the formation mechanism of the,@@ion might be as_sociated with an anion. We compare th? observed
cluster in supercritical COand CQ solution. spectrum with re;ults from .photob!eachlng experiments of
matrix-isolated anions. Experiments in the presence of oxygen
give further information on the species that are observed. Ab
initio calculations were used to estimate the energetics of the
The CQ was supercritical fluid chromatography (SFC) grade different species; these results were used to confirm the
from Scott Specialty Gases. Impurities in this gas reported by plausibility of the suggested reactions.
Scott are HO (<3 ppm), Q (<2 ppm), CO &5 ppm), K (5 3.1. Transient Spectra in Pure CQ. We have already
ppm), CH: (2 ppm), N (50 ppm), and Ar (5 ppm). It was used  reported that an absorption spectrum can be observed in pure
as received. The HAldrich, 99.99+%) and Q (AGA, 99.9%) CO, within about 200 ns after the electron puté@he transient
were also used as received. absorption spectra are shown in Figure 1. The absorption spectral
Experiments were performed in a stainless steel high-pressureshape is broad and the maximum is located around 700 nm.
cell. Two suprasil windows (1-cm thick, 3-cm diameter) were We previously attributed the observed absorption spectrum to
mounted to the cell using Teflon O-rings and passed the (COy)," by comparing with the photodestruction cross seéfion
analyzing light and electron beam. The optical path length is 5 of (CO,),™ and by considering the reactivity of this species with
cm, and the effective diameter is 1.2 cm (an E#4). The several cation scavengers. Although the absorption spectrum
optical densities shown in the figures were not divided by the corresponds relatively well to the photodestruction cross section,
optical path length. All experiments were done at a constant there is a discrepancy, especially in the blue region. Hence, we
temperature of 40.% 0.1 °C (a reduced temperature of 1.03 thought it possible that another species also was absorbing.
°C) unless otherwise stated. The temperature was controlled andConfirming this hypothesis is the shoulder or growth in
monitored using a temperature controller (Omega, model CN absorption from 450 to 400 nm that can be seen in Figure 1.

2. Experimental Section
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Figure 1. Transient absorption spectra observed at 20, 80, and 150 ns 400 500 600 700 800 900 1000

after the electron pulse in pure G@t a temperature of 40.C and Wavelength / nm
pressure of 104 bar (density 0.6 g/cnf).

Figure 3. Transient spectra observed at four different times w H
CO, mixture.

absorption in the wavelength region of interest. There are many
organic molecules that can be used as cation scavengers, but
these molecules and their cations have strong absorptions in
the near UV region. The hydrogen molecule does not suffer
from this problem.

In the gas phase, the reaction of £Qvith H, has been well
studied. CG" reacts at close to collision-limited rates»4%%0

Absorption

CO,"+H,—HCO,"+H k=84x10"M st

For (CQ),*, we can expect a similar hydrogen-atom abstraction
reaction?>1 We can hope that the reaction betweenadd the
anion will be much slower. It is known that the reaction of £O
with H, is quite slow in the gas phask € 5 x 106 M~ts™!

52): however, there is no report for the reaction gfwith CO,
anion cluster. Hence, this technique may allow us to extract
the anion spectrum.

Fi ) C ) td Kinetics at 700 ih th £ 400 Figure 3 shows transient spectra measured in A€,
ijgure Z. omparison or decay Kinetics al nm wi ose al f H H H
nm. The temperature is 3%, and the pressure is 53 bar (density of solution with 160 mM of H. The spectrum immediately after

0.13 glcnf). the electron pulse is the same as that measured in puge CO
The spectrum after the (G2 decay { > 50 ns) shows a broad

The 400-nm absorption decays with different kinetics than does absorption from 650 nm to the UV region and suggests at least

the 700-nm absorption. one species that is not the cation dimer. As we will discuss

Figure 2 shows a very clear difference in the kinetics at lower below, this spectrum is consistent with photobleaching of
temperature (38C). Note that the measurements in this figure infrared spectra of (C&, .
were done at a pressure of 53 bar (densit¥).13 g/cnd), so SpectraWe have been unable to find direct data on the near
the diffusion-controlled reaction of the cation, which is observed UV spectrum of (CQ),~. However, there is indirect evidence
at 700 nm, is much faster than the data in Figure 1 (104 bar, that comes from the photobleaching of the infrared spectra of
0.65 g/cni). The absorption signal at 700 nm decays faster than (CO,),~ in various matrixes. In one study, mercury-arc
the signal at 400 nm. This result clearly demonstrates that the photolysis with a 470-nm cutoff filter (essentially 546 and 578
transient species around 700 nm is different from that around nm mercury emission) decreased the gzOinfrared bands in
400 nm. We suggest that the spectrum at 400 nm is predomi-an argon matrix about 50%. Irradiation through a 380-nm cutoff
nantly due to (CQ, or (CO; )(CO)x To establish this filter decreased the infrared bands about 90%, while photolysis
assignment, we isolated this spectrum by the addition of with the full arc (246-580 nm) totally removed the (G~
compounds that react with the cation. We then compared theinfrared bands.
resulting spectrum with what is known about the anion spectrum  Another confirmation arises from the results of Thompson
from the literature. and Jacox® They measured vibrational spectra of £0C,0,™,

3.2. Reactions and Spectra in HCO, Mixture. Reactions. CO,, and (CQ),~ (which were formed by Penning ionization
We have tried to isolate the spectrum of the species that absorb®f a Ne/CQ mixture) and observed three different types of
in the near UV region from the overlapping absorption of the photobleaching. The infrared absorption bands for,C®ere
(COy)2". Using a specific cation scavenger is one way to achieve diminished by photodetachment after tungsten-lamp irradiation
this. The scavenger and its reacted product should have nothrough a 695-nm cutoff. This is interesting because in water
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the absorption spectrum of GOis located in the UV region. = T T T T T I
The IR absorption of the molecular complex (arising from the 12
weak interaction of C@ with CO,) increases on irradiation
with light that passes through a 780-nm cutoff filter and nk
decreases with shorter wavelength irradiation. They explained
this photobleaching by assuming that the photodetachment of
CO,~ occurs by irradiation through a 780 nm cutoff filter and 10
the resulting electrons may be captured by pairs of adjacent
CO, molecules to form a Cganion—molecule complex, which

in turn photodetaches at a higher photon energy. Another
prominent feature in the infrared, which was assigned to the
(COy).~ species, increased after successive tungsten-lamp
irradiation through 780-, 695-, and 630-nm cutoff filters and
was destroyed by irradiation with a mercury-arc lamp through
420-nm cutoff filter.

Because we expect no significant medium effect from an
argon or neon matrix on the absorption spectrum, both experi-
ments suggest that the absorption spectrum of thg"@@ion 5
cluster is in the visible. We expect the spectra in sc:@be
similar.

Possible Role of C@. One possible intermediate that could o+ N | '
appear in the spectrum is GQ a species that is important in 400 500 600 700 800 900 1000
the gas phase. This species is formed in the gas phase through Wavelength / nm

the reaction O + CO.. It is known that O reacts with H
with a reaction rate of 4.4 10'°M~1 s71in the gas phas®.
Because O is a precursor for Cg, if the spectrum observed

in the near UV region were G, the initial absorption intensity

would be decreased by adding; hto CQ,. The reported nm cutoff filter, suggesting that absorption of €Qs located

; ; . . 1
re"j‘“'?” rate.of O with CO; n the gas phase is 1.6 101. at a shorter wavelength region than the absorption band of
M~1 s7154 Using these reaction rates and the concentration of (CO)s

H, and CQ, a reaction probability of Owith H, in CO, under
the highest H concentration is calculated to be about 0.002.
(This assumes that the ratio of the reaction rates ofvith the
two species is similar in sc-Cnd the gas phase.) Therefore,
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Figure 4. Transient spectra observed in/OO, mixture. The inset
shows decay kinetics at 400 and 700 nm.

solid neon could be photobleached by irradiation with a 260-

Some further evidence that the observed spectrum is ngt CO
has been obtained by examining the reaction rate with-@m
the decay kinetics at 400 nm as a function of thecOncentra-
e did not expect b to scavenge O under the present tion, the second-order reaction rate has been estimatedkas 2
\évx erlimental é(c?nditions veng u P 1® M~1s71 This is similar to but slower than the rate measured
P R o by Shkrob and Sauer of 8 10° M~1 s71.24 By comparing a
3.3. Reactions in Q/CO; Mixture. We have already reported reported reaction rate for GOwith O, in the gas phasé (k <
the reaction rate of (CE,* with O, and found that the reaction 3.6 x 10° M~1s1), we conclude that the observed rate constant
rate is 5x 10°M™* s71in 104 bar of supercritical CJ*In is not that for the reaction of Qvith CO5™. Thus, the absorption
the gas phase, a rate 0p910'° M~ s™* was reported for the  gpectrum that we measured in the near UV region is expected
reaction. Because of this relatively fast reaction rate of)gO to arise from (CQ),~ (or multimer) and not CQ or COs~.
with O,, we might hope _thgt the spectrum near the UV region g, far, we have used (G~ to describe the dimer anion.
could be extracted by eliminating the absorption overlap by the ap, initio calculations predict three different structures for the
dlmer cation. One dlffere.nce from thex @0, .mlxture is that dimer anion, namely, the symmetricBbg and Dy, Structures
O, will act also as an anion scavenger, which means that the and the asymmetricaCs structure36° For the Doy and D2
decay kinetics in the near UV might become faster. A second gy ctures, the excess charge is equally distributed on the two

difference is the possible formation of GO CO, molecules, while in th€s asymmetric structure the excess
In Figure 4, the transient spectra and the decay kinetics atcharge is localized in a bending G@nolecule. One would
700 and 400 nm are shown. The concentration of i© expect that these isomers, which have different charge distribu-
approximately 5 mM, and under this condition, the decay at tions, would show different electronic absorption spectra.
700 nm is much faster than that at 400 nm. This situation Further, a study by Zhou and Andréhconcluded that the
provides us another way to extract the near-UV spectrum 1665.5 cm® band observed on annealing in solid neon is a van
without interference from the (Cf3* absorption. The observed  der Waals complex of linear GOand bent CG@ and

spectra are quite similar to the spectra measured #C®h (CO)«(CO,7) and not theCs anion structure characterized by

mixture, suggesting that the same species are present. calculation. However, in the photobleaching of those anion
In the presence of £ one might form CQ@ through the clusters in matrixes, there is no clear difference between those

reaction of CQ@~ with O,. The photodestruction of CO in dimer anions and a complex because the photobleaching has

solid neon has been previously reported. Vestal and Mautaire been done using wide-band cutoff filters. Hence, it is possible
found small a ion yield in the photodestruction of £Metween that the visible absorption spectra that we measured could
600 and 305 nm. However, Moseley and co-worké failed include contributions from Cganion clusters with different

to reproduce the ion signal reported by Vestal and Mauclaire structures. This could be a reason that the spectra measured are
and concluded that the photodestruction cross section gf CO broad and asymmetric.

is small over the entire 840 to 350 nm range. Jacox and In experiments in which photoionization was used to generate
Thompso#R® found that infrared absorption bands of £Q0n charged species in sc-G@nd conductivity was used to observe
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the chemistry, Shkrob and Sauer observed a high conductivity Bt e e O L
species that they assigned to a £fion2* They found that R
they could photobleach this high conductivity species to generate 3
an even more mobile conduction band electron. The action
spectrum for this photoprocess is very similar to that observed
for the blue-near-UV species that we have assigned to the dimer
anion. 2
3.4. Calculation. There have been many ab initio calculations
reported for C@.2672%9 Recently, extensive calculations have
been carried out by Gutsev et 2dlusing the infinite-order
coupled-cluster method (CCSD) and density functional theory
(DFT). The calculated electron affinity of monomeric €0
depends on the model and basis set adopted and ranges between
—0.48 and —0.69 eV. (DFT calculation with the B3LYP
functional and 6-31tG(2d) basis sets predicts the highest
electron affinity (-0.48), and the lowest value-0.69) was
obtained by CCSD and 6-3%15(3df) basis sets.) These can
be compared to the adiabatic electron affinity of monomeric
CO,, which has been experimentally determined-&&6 + -
0.225 These calculations have been done for the gas phase. ‘1120 - '1;0' = 'llo' = 'x;o' = 'léo' = '17'0' -
Because we already know that we cannot neglect solvation when Angle of 0=C=0
we consider the stability of C{anion, we performed calcula-  Figyre 5. Potential energy surfaces of GACO,~ in the gas phase
tions inClUding the effects of solvation. In this section, we wish and CQ~ in a solvent as a function of the OCO angle. The energies
to investigate the energetics of the monomer and dimer anionare scaled so that the ground state of, &0 eV.

and the C@ and see whether these energetics are consistent .
with the mechanisms suggested above. state of neutral C® Because a system that has a zero dipole

Geometry optimizations for the GQmonomer and dimer ~ Moment will not exhibit a solvent effect for the SCI-PCM model,
anion were performed using the Gaussian 94 progafine the calculations for neutral G@re the same in the solvent and
B3LYP functional and 6-31+G* basis sets for C and O atoms  the 9as phase. The lowest point of crossing between the surfaces

were used. After the geometry optimization of the ground state, 2€CUrs at bond angle of 171significantly closer to the linear
the potential energy surfaces of €O0were calculated. For the O=C=0 angle than that calculated for the gas phase. Another

dimer anion, three different anion structures are known, namely, Important difference from the gas-phase result is that the
the symmetricaD,q and Dy, anion and theCs asymmetrical activation energy for autodetachment is 0.89 eV. This means
molecule-anion complexi-43 that the solvated CQ is stable to autodetachment rather than

We adopted the self-consistent isodensity polarized continuum metastable. These calculation results are consistent with ex-

model (SCI-PCM) to consider solvation effetdn this method perimental observation of GO in nonpolar organic liguit?
. . . . . and supercritical ethafeand explain why C@ is stable in
the solvent is modeled as a continuum of uniform dielectric

constant. The effects of solvation are folded into the iterative such media. There is no reason that we cannot expect similar

SCF computations for the full coupling between the cavity and stabilization of CQ" in supercritical CQ.

) . . " . The adiabatic electron affinity, Ef for the dimer can be
the electron density. It is well-known that in supercritical fluids - : S
! . calculated within the BorrOppenheimer approximation as
there can be considerable clustering of the solvent molecules

near a solverft$%4so the uniform dielectric constant may be a ga — ;
' = neutral)+ ZPE(neutral anion)—
poor approximation. The value one should choose for the ~ ¢ Ero ) ( )~ Bonl )

dielectric constant is not obvious. The bulk value of 1.5 for the ZPE(anion)
dielectric constant is certainly an underestimate. For this reason
we report calculations using 2.0. We have also done the

calculations for 1.5, and the conclusions are qualitatively the CO, dimer at the B3LYP/6-314G* level is calculated to be
same. . —377.271 006 hartree, and the zero point energy is 0.023 602

Figure 5 shows the potential energy surface 0hb@0d CQ hartree, where the neutral dimer structure issigped parallel
anion as a function of &C=0 angle. The zero of energy was geometryf7-68 It is known that theD,q C,04~ is more stable
selected so that the ground-state {A©0 eV. Also included than theCs and Dy, forms, so we only calculated for thyq
are results for solvent effects using the SCI-PCM model. The symmetry. From its total energy-877.303 144 928) and zero
bond lengths were optimized at each angle. point energy (0.023 127), the electron affinity @y C,04~ is

In the gas phase, the energy of £@n its ground state (bent)  calculated to be 0.89 eV. The experimentally determined value
is 0.37 eV above the ground state of linear neutrab.Clhe of 0.8 eV has been reported by Quitevis and Herschbaaho
lowest point of crossing between the energy surfaces of CO  measured the charge-transfer reaction from alkali atoms to the
and CQ occurs at a bond angle of about 2520," can be  weakly bound C@ cluster. Surprisingly, the calculated and
formed if its vibrational excitation energy exceeds approximately measured values are identical. Therefore, one can expect that
0.58 eV. However, the activation energy for autodetachment is even in the gas phase, G@imer can capture an electron and
0.21 eV. This low activation energy for the autodetachment is form a stable dimer anion. We expect that the dimer anion will
the reason that the lifetime of GOis quite short and C© is be more stable in the supercritical fluid, much like the monomer
unstable in the gas phase. anion calculated above.

On the other hand, in a dielectric continuum solvent, the  We can put some experimental limits on the electron affinity
energy of CQ in its ground state is 0.76 eV below the ground for the dimer in a sc-C®solution. We previously studied the

Neutral CO,

Lagaetyoga s teeagliray

Relative Energy / eV

CO,’ in gas phase

LRI L L 72 L L L LB L LR L L

CO, in solvent

'whereZPEis zero point vibrational energy and can be estimated
within the harmonic approximation. The energy of the neutral
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reduction ofp-benzoquinone-BQ) in supercritical C@ and and the Ministry of Education in Japan for financial support to
observed the spectrum of tipeBQ anion? The formation of K.T. All of the calculations were done using the computer center
p-BQ anion was tentatively assigned as the result of an electron-in Hokkaido University.

transfer reaction from C&dimer anion tg-BQ. However, we
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