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Stepwise Solvatochromism of Ketyl Anions in the Gas Phase: Photodetachment Excitation
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Electronic absorption spectra of bare and methanol-solvated radical anions of benzophegdgeGC)

and acetophenone ({8s)CH;CO) were measured by monitoring the photodetachment efficiency in the gas
phase. Strong absorption bands due to autodetachment after transitions to bound excited states were observed.
Stepwise spectral shifts approaching the limit of the condensed phase spectra were found to occur as the
cluster size increases. In the case of benzophenone radical anion, the solvation of two methanol molecules
exhibits the near convergence to the limit, representing the full coordination with the solvent molecules around
the carbonyl group. For the acetophenone case, the coordination number was not apparently determined because
of their relatively small shifts. Relationships between hydrogen bonding and electronic structure are analyzed
for the spectral shifts with the aid of calculations based on density functional theory. The calculational results
show that the coordination angle of the solvent molecule is affected mostly by steric hindrance around the
carbonyl group, and that there is no evidence for reorientation due to specific hydrogen bonding interaction
with the singly occupied orbital, which has been formerly persisted for an interpretation of the transient
absorption following pulse radiolysis in alcoholic solutions. An alternative possibility involving deformation

with respect to intramolecular coordinates is discussed.

1. Introduction and concluded that two ethanol molecules can attach to the

Radical anions of aromatic carbonyl compounds (so-called carbonyl group. Howeyer, there i.S still an ambiguity for the
ketyl anions) have been shown great interest as an intermediatéanal);s'sI because atlrbltrarly functlotr;]s can .be chosen dforfthe
species in numerous reductive reactions induced by alkali meta/SP€Cra COMPONENts as long as the maximum coordination

addition!2? electrolysis}*flash photolysi$;® pulse radiolysig; 12 number is presumed. , )
andy radiolysis!316 The solvent effect investigation on their At the present time, the most unambiguous way to examine

visible absorption bands has a long history for over 70 years the molecular scale interaction in hydrogen-bonded systems is

since Bachmartreported the solvent-dependent Chromatic'spectroscopy of size-seleqted clustt_ars: .Electronic absorption
change of alkali-reduced ketone solutions in 1933. After 30 spectra of microsolvated anions are significant because they can

years, Shida and Hamfiflobserved for the first time the metal- P& compared directly with a large number of spectra in the
free absorption spectra of several ketyl anions in various condensed phase. Electron affinity of an isolated molecule or a

matrices using radiolysis, where the absorption maxima in Small cluster is generally small(L eV) so that most bound
protic solvents (e.g., ethanol) exhibited a large blue-shift electronic excneo! states of the anions WlIIlreIease the excess
compared to those in aprotic solvents such as diethylether or€/€ctron automatically through nonadiabatic or electron cor-
2-methyltetrahydrofuran (2-MTHF). The absorption bands have relation effe_c_ts. Photoabsorption cross-section for a beund
been assigned to the intramolecular charge-transfer (ICT) bangP0und transition tends to be much larger than that for bound-

between the antibonding orbitals of the carbonyl group and the free transition of direct electron detachment. Hence, transitions
aromatic ring(s). The blue-shift in protic solvents was considered to a bound electronic state above the detachment threshold will

to originate from the stabilization of the ground-state energy @PPear in a spectrum monitoring the photodetachment efficiency
level due to hydrogen bond formation around the anionic (PDE). In this work, we report PDE spectra of bare and
carbonyl group. Transient absorption spectra of benzophenongMethanol-solvated radical anions of benzophenone-(B{gOH),,

radical anion (Bp) generated by pulse radiolysis in various " = 0~5) and acetophenone (AfMeOH), n = 0-4). On
alcoholic solution$12 have been intensively studied with the basis of the observed spectra, we discuss the coordination

respect to solvent reorientation dynamics following electron M&chanism of methanol molecules around the ketyl anions as

capture of the neutral benzophenone. Ichikawa and co-wéfkers well as the electronic structures of the anions with the aid of
measured absorption spectra of Bp mixed solvents of ethanol guantum chemical calculations using density functional theory.

and 2-MTHF under several concentration conditions. They fitted ] )
the spectra to a superposition of three components representing- Experimental and Computational Methods
coordination number of ethanol molecules< 0, 1, and 2) Experimental setups in this work are similar to those described
7,18 i
 Part of the “Roger E. Miller Memorial Issue” elsewheré’ 18 Electrons photoemitted from Zr metal surface
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stagnation pressure. For benzophenone, the pulsed beam source

including a sample container was heated up to 42Qo gain n=5

a sufficient vapor pressure. The anions were repelled into a drift

tube of a time-of-flight mass spectrometer by a high-voltage o—om\lﬁép
electric pulse. When target mass species reached the photoint-

eraction region in the middle of the drift tube, they were n=

irradiated by a light pulse from the signal or idler output of an
optical parametric oscillator (OPO; GWU-Lasertechnik, VisIR2).
Photodetached electrons were collected into a closely placed
microchannel plate by an electric pulse efl5 V. Signal
intensities of the target anions and the electrons were simulta-
neously monitored by a digital oscilloscope (Lecroy, Waverun-
ner 6050) connected via a GPIB interface to a personal
computer. The normalization of the electron signal intensity
against the anion intensity was carried out. In addition, the light

n=3 jw\
n=2

fluence P) was synchronously monitored through a separate

data acquisition card (NI 6251) in the computer. PDE at the

photon energy E) was obtained in arbitrary units by the

normalization of the electron signal against the photon flux b=t

(P/E).

All of the quantum chemical calculations in this study were | .

based on density functional theory (DFT), and also time-
dependent density functional theory (TDDFT) was applied for n=0
calculations of electronic transitions to excited states. The o

calculations were performed by the Gaussian 03 progrant$uite
using the B3LYP level of theory with the 6-31d,p) basis set.

Photodetachment Efficiency (arb.)

The Molder® and Moleket! programs were used for visualiza- 06 08 10 12 14 16 18 20 22 24
tion of molecular models. Photon Energy (eV)
Figure 1. PDE spectra of Bp(MeOH),, n = 0—5. Spectral gaps
3. Results and Discussion around 1.7 eV are caused by insufficient fluence of the OPO output.

Oscillator strengths at theoretical transition energies are appended as

Bare and Methanol-Solvated Benzophenone Radical An-  stick graphs fom = 0—3. The condensed phase absorption spectra
ions. Figure 1 shows the PDE spectra of the bare and methanol-(ref 13) in 2-MTHF and in ethanol are exhibited as open squares on
solvated benzophenone anion (B(MeOH), n = 0—5). The the bottom and top panels, respectively.
electron affinity of benzophenoffe?4 has been reported to be ) o
0.63 + 0.02 eV. For the bare aniom (= 0), weak electron other one. The structurg of triple coordination is found to be
signals due to the direct detachment were detected in the rangé/nstable fom = 3. The directly bound methanols overhang the
of 0.7-1.0 eV. However, the PDE of Bpexhibits a sudden plane defined by the two-€C bonds between the carbonyl and
rise at around 1.10 eV, which corresponds to the band origin Phenyl groups. The TDDFT calculations for= 0—3 reveal
of an electronic transition to an excited bound state. Similarly several electronic transitions with different vertical transition
to the absorption spectrum in a cold 2-MTHF mafix.é the energies as well as oscillator strengths in this region, which are
present spectrum of Bpin the gas phase shows no vibrational appended in Figure 1. Although the absolute transition energies
structure, suggesting a large deformation upon the excitationare larger than the experimental values, trends in the energy
and/or a short lifetime in the excited state. The peak of the band shift at each solvation step are reproduced. Thus, the maximum
at 1.43+ 0.04 eV is 0.08 eV lower than that of the absorption coordination number of methanol to the carbonyl group of Bp
spectrum in the matrix, of which the molar absorption coef- is unambiguously determined to be two, which is identical with
ficient!® was reported to be approximately*xdr?-cmL-mol L. that predicted in the study of Ichikawa et al. We will discuss
Assuming that the autodetachment cross-section in the gas phastater details of the electronic and geometric structures of Bp
is similar to the photoabsorption cross-section in the condensedgiving rise to the nature of methanol coordination and spectral
phase, it can be estimated to be on the order of1€n?. The shifts.
direct detachment cross-section at the absorption peak is as small Bare and Methanol-Solvated Acetophenone Radical An-
as that with a factor less than 10 ions. The electron affinity of acetophendfidas been reported

In Figure 1, the dependence of the solvation of methanol to be 0.334+ 0.006 eV. Figure 3 shows the PDE spectra of
molecules f = 0—5) is shown, representing remarkable shifts bare and methanol-solvated acetophenone anions (MpOH),,
to the higher energy side with an increase of the cluster size.n = 0—4). Broad absorption bands in the range of-2320 eV
Additivity of the large shift of 0.17 eV stands for= 2, while are attributed to transitions to autodetaching bound states. In
the increment of the shifts for> 3 is apparently reduced. The the energy region lower than 2.2 eV, there are considerable
PDE spectrum fon = 5 is almost equivalent to the absorption backgrounds that might be mainly due to direct detachment,
spectrum in bulk ethanol, which is supposed to be similar to although weak absorption bands involving low-lying bound
the methanol system. Several isomers of different coordination states were observed in a 2-MTHF mati#® The direct
numbers were found far = 2 in geometry optimization of the  electron detachment cross-section for-Aig large compared
DFT calculations. However, The most stable structures of to that for Bp because their peak absorption coefficients were
Bp~-(MeOH),, n = 1-3, are shown in Figure 2, where up to reported to be on the same order. The absorption peak for the
two methanol molecules are bound directly to the carbonyl bare anion appears at 2.850.03 eV, which is very close to
group, but the third one forms a hydrogen bond chain with the that in the bulk system. Shoulders due to vibrational structure
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Figure 2. Optimized structures of Bp(MeOH),, n = 0—3 at the
B3LYP/6-31+G(d,p) level in top (left) and side (right) views.
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Figure 3. PDE spectra of Ap-(MeOH),, n = 0—4. Oscillator strengths

at theoretical transition energies are appended as stick graphs=for
0—3. The condensed phase absorption spectra (ref 13) in 2-MTHF and

20 3.0
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n=3

Figure 4. Optimized structures of Ap(MeOH),, n = 0—3 at the
B3LYP/6-314+-G(d,p) level in top (left) and side (right) views.

The peak position gradually shifts to the higher energy side
as the cluster size increases. However, the peak shifts for the
Ap~ system are much smaller than those for the Bgstem,
and there is no clear discontinuity of the size dependence. The
PDE spectrum fon = 4 almost converges on the absorption
spectrum in bulk ethanol. Figure 4 shows the geometric
structures of Ap-(MeOH), for n = 1—3 optimized by the DFT
calculations. Unlike the Bpsystem, the coordination of three
methanol molecules around the carbonyl group was found. Ver-
tical electronic transitions calculated for the bare and solvated
anions are appended in Figure 3, where almost equivalent shifts
of the transition energy are found to occur upnte= 3. The
absolute values of the transition energy are overestimated by
the TDDFT calculations, similar to the Byrase. It might be
caused by the overestimation of the electron binding energy in
the ground state because the B3LYP level of calculations with
the basis set of 6-3#G(d,p) or larger often provide higher
vertical detachment energies for hydrogen-bonded radical anion
systems.’:26 However, trends in the spectral shifts seem to
acceptably reproduce the experimental results.

Fate of the Spectral Shifts at the Larger Cluster Sizes.
The stepwise spectral shifts for the size-selected cluster anions
are evidently due to differences between solvation energies in
the ground and excited states. The differences are dominantly
caused by a change of charge distributions in the anions upon
the electronic transition. When the cluster size becomes large
enough, the outer solvent molecules will recognize the anion
as a point charge regardless of its charge distribution. Neverthe-
less, evolution of the spectral shift terminates at this limit,
beyond which the increase of the solvation energy still continues
as a chargedielectric interaction. The classical cavity model
of ionic solvation (known as the Born modetd may be applied

in ethanol are exhibited as open squares on the bottom and top panelst0 estimate the bulk solvation energy quantitatively, presuming

respectively.

of the excited state appear at similar positions both in the gas
and 2-MTHF matrix phases.

the cavity size is identical with the volume of the cluster at the
limit size.

The observed spectra with a few methanol molecules seem
to have reached close proximity of the limit size for the solvation
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energy independent of the electronic states. However, experi-
mental spectra monitoring the PDE will evolve with an increase
of the size beyond the limit, although we could not obtain the
spectra for the larger sizes because of lack of sensitivity for the
measurements. The stepwise solvation energy for the anionic
excited-state involving charge-induced interactions should be
larger than that for the corresponding neutral state. Thus, the
excited-state energy becomes lower than the detachment thresh-
old at a certain size. When the detachment threshold is close to 48a
the absorption band origin, the electron detachment channel
should compete with another destruction channel such as
dissociation following internal conversion to the anionic ground
state. It should be pointed out that there is a possibility for the
present PDE spectra of cluster anions to be affected by such a
competition in the lower energy region. To measure a much
more precise absorption spectrum for a large cluster anion,
quantum yields for the destruction channels should be deter-
mined. Otherwise, other experimental techniques (e.g., excitation
spectroscopy monitoring the photoneutrals or depletion spec-
troscopy of the target anion) will be applied for the total
absorption cross-section measurements although they have much
less sensitivity.

Electronic and Geometric Structures of the Ketyl Anions.
Before discussing the molecular mechanism of solvatochromic
shifts of the ketyl anions, electronic and geometric structures
of the bare anions should be characterized by the results of DFT
calculations. Figures 5 and 6 represent outer valence molecular
orbitals of thea spin space simulated by DFT calculations for
Bp~ and Ap, respectively. The 49th orbital for Bpand the
33rd orbital for Ap are assigned to their singly occupied
molecular orbitals (SOMOs). The largest amplitudes of SOMO
are found on the carbonyl group for both of the anions, but the
phenyl ring of Ap~ exhibits relatively large amplitudes in the
SOMO. The orbitals just below the SOMOs are attributed to
the nonbonding orbitals, which play an important role for the
hydrogen bond formation. The nonbonding orbitals are well
localized on the horizontal sides of the carbonyl group, whereas
the SOMOs spread over the whole molecules. According to
natural population analyses for the neutral and anionic states
(see Supporting Information), 387% of the excess charge is
distributed on the carbonyl group both for Band Ap-, and
the rest is distributed among the phenyl ring(s).

The major difference on the geometrical aspect between the
two ketyl anions is due to torsional angles of the phenyl rings
with respect to the carbonyl group. The torsional angle for the
neutral benzophenone is 28.4vhere the two rings twist to the
opposite directions. On the other hand, Bpas a near planar
structure in which the torsional angle reduces to 172r the 55a
acetophenone molecule, the geometry is optimized to be planar
(except the hydrogen atoms of the methyl group) both in the
neutral and anionic states. The phenyl torsion is related to the
conjugation ofr electrons as well as the repulsion between the
substituents. Ther conjugation predominantly affects the
stabilization for the neutral and anionic acetophenone, having Ei | lecul bitals of thespi for th
less steric hindrance due to the methyl group. For the neutral b'egnuzrg 5. Outer valence molecular orbitals of thespin space for the

. phenone radical anion.
benzophenone, the repulsion between the two hydrogen atoms

of the ortho position in the phenyl rings causes the torsion. In tg the excitations from the SOMO to the 51st and 53rd orbitals,
the anionic state, however, the more planar geometry results inof which electron distribution concentrates on the phenyl rings.
the excesst electron on the phenyl rings with the more  |n this respect, it is true for Bpthat the absorption band is
conjugation. attributed to the ICT transition as predicted with the lower level
Table 1 lists electronic transitions to bound excited states for of molecular orbital calculation. On the other hand, the
Bp~ and Ap simulated by TDDFT calculations, where transi- molecular orbitals involved in the visible absorption of Ap
tions of oscillator strength less than 0.01 are dismissed. The (mainly, the 40th and 42nd orbitals for the excited states) are
dominant contribution to the visible absorption of Biz due distributed equivalently to the phenyl ring as well as the carbonyl

nonbonding
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Figure 6. Outer valence molecular orbitals of thespin space for the
acetophenone radical anion.

group. Thus, the photoexcitation of Apdoes not cause a
significant change of the overall charge distribution.

Nature of the Methanol Coordination and the Spectral
Shifts. Observed and calculated values of energetics for the
present systems are summarized in Table 2. For Bpthe

Yagi et al.

TABLE 1: Calculated Electronic Transitions to Bound
Excited States for Bp- and Ap~

transition oscillator excited state
anion energy (eV) strength  configuratiot coefficient
Bp~ 1.572 0.048 48 — 510 —0.6498
490 — 530 0.7197
490 — 550 0.1732
1.772 0.177 48 — 51 0.6556
490 — 530 0.6786
466 — 49 —-0.1177
2.083 0.017 48 — 530 —0.1703
490 — 550 0.9803
Ap~ 2.641 0.035 38 — 400 0.9782
330 — 420 0.2007
2.772 0.081 38 — 400 —0.1498
330 — 420 0.9258
31— 338 0.3746
3.174 0.028 38 — 4200 —0.1026
330 — 440 0.9818
313— 338 0.1627
3.637 0.024 38 — 460 0.9890
31— 336 —0.1309

a Xo denotes theXth orbital of theo spin space.

TABLE 2: Experimental and Calculated Energetics of
Bp~—:(MeOH), and Ap—+(MeOH),

Eexp Ecalc VDEcaIc AEHB

species (ev)y (evy (evy (ev)y
Bp~ 1.43+0.04 1.772[0.177] 0.91
Bp~-MeOH 1.61+0.03 1.919[0.147] 1.29 0.57
Bp—-(MeOH) 1.79+0.04 2.062[0.110] 1.65 0.50
Bp—-(MeOH) 1.82+0.06 2.029 [0.104] 1.74 0.45
Bp~-(MeOH), 1.86= 0.07
Bp~-(MeOH) 1.95+ 0.06
Ap~ 2.55+0.03 2.772[0.081] 0.52
Ap~-MeOH 2.64+0.09 2.849[0.097] 1.03 0.66
Ap~*(MeOH), 2.73+0.06 2.9413[0.103] 1.42 0.54
Ap~—-(MeOH) 2.74+0.07 3.017 [0.086] 1.77 0.42
Ap~—-(MeOH), 2.76+ 0.04

aExperimentally determined absorption peak val®e3alculated
transition energies associated with the maximum oscillator strengths
in brackets¢ Calculated vertical electron detachment enerdi&nergy
difference between the sizes mfand fi — 1) clusters with the basis
set superposition error (BSSE) corrections but regardless of the zero-
point energy differences.

Therefore, as far as the electronic interaction of hydrogen bonds
is concerned, the “first solvation shell” is completed when two
molecules fill the coordination space around the carbonyl group.
Attaching a surplus methanol molecule to form a hydrogen-
bonded chain causes a much smaller difference in solvation
energies between the two electronic states.

The DFT calculations for Bp(MeOH), exhibited the out-
of-plane coordination of methanol molecules around the car-
bonyl group, as shown in Figure 2. It has been believed for a
long time that such geometries result from a strong hydrogen-
bonding interaction with the SOMQxt orbital) localized on
the anionic carbonyl grou}¥;?°while nonbonding electrons on
the oxygen atom bind to protic solvents in the neutral state.
Further analyses on the results of the DFT calculations, however,
give rise to a doubt about such an interpretation. In the optimized
geometries of the Bp(MeOH), cluster anions, the methanol
molecules are not located just above or beneath the carbonyl

electronic ground state, the carbonyl group carries the largestgroup, where the dihedral angle with respect to the hydrogen

negative charge, producing the significant stabilization by direct
binding of solvent molecules. The binding energy between the

bond (including CG-C=0---H bonds) is only 26.2 It does not
seem to be in a significant order of difference with the

carbonyl group and the solvents decreases in the excited state¢corresponding quantity for the neutral state (1H.7The
where the excess electron delocalizes among the phenyl ringsnonbonding orbital is more localized on the carbonyl group in
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comparison with the SOMO spread by thleconjugation.
Therefore, hydrogen bonding in the anionic state still has a
dominant character of the nonbonding orbitals, and there is n=3
another reason why the out-of-plane coordination takes place
in the anionic state. Upon the electron attachment to the
benzophenone molecule, the geometric structure becomes more 1| l |.
planar and the bond angle between the carbonyl and the two
phenyl groups increases from 120#% 122.7. As a conse-
guence, the distance between the oxygen atom of the carbonyl
group and the nearest hydrogen atom of the phenyl ring is
shortened from 2.55 to 2.41 A. This must shrink the coordination
space on the horizontal side of the carbonyl group, and the
solvent molecules are kicked out of the plane.

The dihedral angle of the hydrogen bonds in the optimized
geometry for Bp-(MeOH), becomes close to vertical (68)8
seeming that the bonding interaction with the SOMO enhances
as the size increases. Nevertheless, the stepwise solvation energy
(AEpg) is calculated to slightly decrease when the second I
methanol molecule is attached. Thus, it can be concluded that . | 1
the methanol coordination angle does not result from the specific
interaction with the SOMO but from repulsive forces between n=0
the solvent molecules due to the congestion around the carbonyl
group having a small coordination space. It is also concluded
that the angle itself induces no significant change of the
hydrogen bond strength leading to the spectral shifts. These I [ : 1
conclusions bring a serious inconsistency with the previous I I I | | |
interpretation on the temporal evolution of blue-shifts of 10 12 14 16 18 20 22 24
transient absorption following pulse radioly8i$2 which were Transition Energy (eV)
attributed to the solvent reorientation from the in-plane to the Figure 7. Simulated electronic spectra of BggMeOH),, n = 0—3in
out-of-plane geometries:2° the neutral (gray sticks) and anionic (black sticks) optimized geometries.

It has been considered that the anions in the nascent state o
after pulse radiolysis already form hydrogen bonds with solvents ~ For the solvated Apcase, up to 3 of the coordination number
keeping the stable orientation in the neutral state because it waground the carbonyl group were found in the calculation. The
assumed that the pulse radiolysis induces vertical electronin-plane binding form is the most stable for AgMeOH), in
attachment. The hypothesis of solvent reorientation has beenSPite of negative charge density on the carbonyl group compa-
grounded on experimental evidence that no spectral shift occurs@le with Bp'. These differences should be caused by a less
in an alcoholic matrix at 4 K5 where the solvent motion was ~ Stéric hindrance due to the methyl group instead of the phenyl
frozen. Perhaps the spectral shifts in the condensed phase shoul@oup for the Bp case. However, a similar situation for
be analyzed from the aspect of deformation involving the interpretation of th_e observed spectra ho_lds_except for the small
intramolecular structure of the anion as well as the solvent SPectral shifts. Itis easy to give a qualitative explanation for
reorientation because torsional motion of the phenyl rings might the small shifts by inspecting molecular orbitals shown in Figure
be considerably hindered at a very low temperature. As a further & AS mentioned above, the SOMO and the excited orbitals
confirmation, Figure 7 shows simulated electronic spectra for '€/€vant to the visible absorption have comparable amplitudes
Bp—-(MeOH), n = 0—3, at the neutral and anionic optimized both in the_ carbonyl and phenyl groups because of th(_a ef_fect_lve
geometries. The torsional angle of the phenyl rings is found to conjugatllon.. Therefore, the small chqnge of char.ge dlstrlbgnon
keep within a deviation of 3under the cluster formation in  40€S not significantly affect the solvation energy in the excited
both the neutral and anionic geometries. Although the chain- state, leading to the _small_spectral shift. This trend_com_udes
forming geometry was calculated to be slightly more stable for wnh_general fo'rmulatlon“@gwen for the solvatochromic shifts
n = 2 in the neutral state, we adopted the geometry of double of dipole transition of neutral molecules.
coordination to maintain the coordination number through the
deformation. The energy shifts between the main peaks for the
two geometries of the bare and solvated anions are in the range In this paper, we reported the PDE spectra of the bare and
of 0.34-0.43 eV, which makes a permissible agreement with methanol-solvated radical anions of benzophenone and ac-
the observed shifts in the transient absorption spectra. Becausetophenone. The B3LYP/6-315(d,p) level of calculations were
the clusters exhibit similar shifts to that of the bare anion, performed to analyze the characteristic spectral shifts. A large
deformation of the intramolecular coordinates rather than the solvatochromic shift for Bp is induced by a drastic change of
solvent orientations are responsible for the spectral shifts, electron distribution upon the electronic transition of the ICT
assuming that the coordination number is unchanged throughoutcharacter, while there is a small overall change for Apor
the dynamical process after pulse radiolysis. Otherwise, the both the ketyl anions, the shifts with two or three methanol
transient spectral shifts can be recognized to originate from molecules exhibit a near convergence on the bulk limit, which
formation of additional hydrogen bonds if the inherent coordina- can be recognized as formation of the “first solvation shell”’
tion number is less than two in the neutral solution phase, or if corresponding to the full coordination of solvents around the
pulse radiolysis induces breakage of hydrogen bonds in a verycarbonyl group. The maximum coordination number is deter-
short time scale. mined by the congestion around the carbonyl group. It is

n=2

n=1

Oscillator Strength
o

4. Conclusions
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responsible for the coordination angle of the solvents, which  (10) Marignier, J. L.; Hickel, BJ. Phys. Cheml984 88, 5375.

does not significantly affect binding energy as well as the 83 ';(iS.'i;/-?ZJ_OEi"’r‘]h'YC; JDOJhaF;hyé- gge;&il;gnge'slcéﬁ?ﬁggg o
spectral shifts. We proposed an alternative interpretation for the 433 fe £ H T T ke '

transient absorption spectra in the condensed phase that the (13) Shida, T.; Hamill, W. HJ. Am. Chem. Sod.966 88, 1683.
relaxation of the intramolecular structure involving the phenyl ~ (14) Shida, T, Iwata, S.; Imamura, NI. Phys. Chem1974 78, 741.
torsion is more important to produce the spectral shifts than Soéls) Ichikawa, T.; Ishikawa, Y.; Yoshida, H. Phys. Cheml98§ 92,

the solvent reorientation. . (16) Shida, TElectronic Absorption Spectra of Radical lofEsevier:
Combination of photoelectron spectroscopy with the present Amsterdam, 1988.

study will concrete the solvation energetics of the ketyl anions _ (17 AMZ%%Béalml%, 100 1 Murota, ¥.; Fuji, A.; Mikami, NL. Phys.
more apparently. Moreover, geometrical difference between the (18) Maeyama, T.. Negishi, Y. Tsukuda, T.; Yagi, I.; Mikami, Rays.

neutral and anionic states will be elucidated on the basis of the Chem. Chem. Phy£006 8, 827.
experimental evidence. However, we should note that vibrational ~ (19) Frisch, M. J.; Trucks, G. W.; Schlegel, H. B.; Scuseria, G. E.; Robb,

; M. A.; Cheeseman, J. R.; Montgomery, J. A., Jr.; Vreven, T.; Kudin, K.
analysis of the photoelectron spectrum must need a carefuIN_; Burant, J. C.. Millam, J. M.. lyengar. S. S.: Tomasi, J.: Barone, V.-

treatment with respect to the photon energy because there willmennucci, B.; Cossi, M.; Scalmani, G.; Rega, N.; Petersson, G. A
be a strong resonance efféct?from the excited states having  Nakatsuji, H.; Hada, M.; Ehara, M.; Toyota, K.; Fukuda, R.; Hasegawa, J.;

it _ i i Ishida, M.; Nakajima, T.; Honda, Y.; Kitao, O.; Nakai, H.; Klene, M.; Li,
a much larger transition cross-section than that for the direct X.: Knox. 1. E.- Hratchian. H. P.. Cross. J. B.; Bakken, V.: Adamo, C.:
electron detachment. Jaramillo, J.; Gomperts, R.; Stratmann, R. E.; Yazyev, O.; Austin, A. J.;
Cammi, R.; Pomelli, C.; Ochterski, J. W.; Ayala, P. Y.; Morokuma, K.;
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