JOURNAL OF CHEMICAL PHYSICS VOLUME 116, NUMBER 14 8 APRIL 2002

Anion photoelectron spectroscopy of I  ,(CO,),(n=1-8) clusters
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We report the anion photoelectron spectra pfQ@0O,), clusters =1-8) measured at a photon
energy of 4.661 eV. Assignment of the spectra is aided by electronic structure calculations on
I, (CO,). The experiment yields size-dependent vertical and adiabatic detachment energies for the
formation of the ground state and low-lying valence-excited states of the neutral cluster. Vertical
detachment energies are successively blueshifted with increasing cluster size, indicating a stronger
stabilization of the anionic cluster relative to the neutral counterpart. In addition, a short progression
in the CQ bending mode is observed in thhe=1 and 2 clusters, indicating that the €8olvent
species are slightly befit-2.5°) in the anion clusters. The trends in the total and stepwise solvation
energies are discussed in terms of cluster geometries solute—solvent interactior02©
American Institute of Physics[DOI: 10.1063/1.1458246

I. INTRODUCTION copy experiments on, (CO,), and § (Ar,) clusters in our
groupX?~t"Molecular dynamics simulations on these clusters
Molecular clusters offer a unique opportunity to study haye been carried out by Parsén?t Coker?22 and co-
effects of solvation in chemistry. By investigating clusters ingrkers.
which a chromophore is weakly bound to distinct solvent  However, the interpretation of the dynamics experiments
species, one can follow the evolution of chromophore propis stjll somewhat limited by the absence of spectroscopic
erties as the number and type of solvent species are variegata on the anion clusters. In particular, experimental infor-
with the ultimate goal of understanding how the chro-mation on the solvent binding energies and geometries would
mophore spectroscopy and dynamics evolve as 0nge very useful. In addition, in all simulations except Sfe,
progresses from a gas phase to condensed phase envirgRe CG, solvent molecules are treated as rigid, linear species,
ment. Studies of ionic clusters of this type have proved to b§nereas it is known from earlier photoelectron spectroscopy
particularly fruitful, because charged clusters can be readilgt,die2526 that the CQ molecules are slightly bent in clus-
mass-selected, making it relatively straightforward to trackers with atomic halides. It is therefore of interest to deter-
cluster properties with size? Anion photoelectron spectros- mine whether the solute—solvent interaction N(CO,),
copy is one of the most versatile techniques for probing sizeg|ysters is strong enough to distort the £geometry.
selected clusters, as it yields energetic and spectroscopic in- |n the present study, we address these issues by measur-
formation on both the cluster anion and the neutral clusterng the anion photoelectron spectra gfand I, (CO,), clus-
formed by photodetachment. In this paper, we report aniofers (3=1-8). We describe the experimental setup and the
photoelectron spectra of (CO,), clusters with up to eight  soyrce conditions for the production 6f I(CO,),, clusters.
CO, solvent species. The spectra show vibrational structure indicating that the
Clusters of } are an excellent model system for under- co, molecules are slightly bent in the anion clusters. The
standing how the dynamics of a fundamental process, thgpserved shifts of the bands in the photoelectron spectra with
photodissociation of;l , is affected by clustering. In a series jncreasing solvation are discussed in terms of possible clus-
of landmark experiments, Lineberger and co-workers exciteger geometries and changes in solvation energy as a function
the |, chromophore inJ(CQ;), and | (Ary) clusters from  of cluster size and electronic state. Electronic structure cal-
its X 23, ground state to the repulsii ?I1y,, andB2S7  culations have been carried out og I I,(CG,), and
excited stated:° They observed that a relatively small num- 1,(CO,) to aid in the interpretation of the anion photoelec-
ber of solvent species resulted in caging and recombinatiotron spectra.
of the recoiling k-1~ photofragments, and measured overall
time constants for relaxation of the highly vibrationally ex- Il EXPERIMENT
cited, clustered,l formed by recombination. These experi-
ments are complemented by transient absorp- The negative ion time-of-flight(TOF) photoelectron
tion experiments on ,1 in solution by Barbara and (PE) spectrometer used in this study has been described in
co-workersi®*and by time-resolved photoelectron spectros-detail previously?’ 28 Briefly, I, (CO,),, clusters are prepared
by coexpanding iodine vapor with 4—40 psi of a 5% Z@&r
mixture at room temperature through a pulsed molecular
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ated ly a 1 keV, 300 mA electron beam that crosses the gas Electron Binding Energy (¢V)
jet just downstream of the nozzle, in the continuum flow SRR VT A
region of the expansion. The ions are extracted perpendicu
larly to the expansion by means of a pulsed electric field into
a linear reflection TOF mass spectrometer at an average
beam energy of 2.5 keV. The mass resolutionmgAm
=2000. At the spatial focus of the mass spectrometer, ions
are intersected and photodetached by a fixed frequency lase
pulse from a Nd:YAG laser running at 20 Hz. The laser firing
delay with respect to the pulsed extraction field is varied
until optimal temporal overlap is achieved with the ions of
the desired mass. The fourth harmonic of the Nd:YAG laser
at 266 nm(4.661 e\j was used in the present study.
Photodetached electrons are detected at the fad.on
magnetically shielded flight tube, mounted orthogonally to
the laser and ion beam, and are energy analyzed by TOF. Th . BT ALA . . . . .
electron detector, a 75-mm-diam chevron microchannel plate®® 02 04 0-6Elect:)£le;t-i‘i Enerlg;(ev)“‘ L6 18 20
configuration with a flat anode, subtends a solid angle of
0.0044 sr, so that 0.035% of the detached photoelectrons aRG. 1. Anion photoelectron specttsolid) of I; and |, (CO,) measured at
detected. The instrumental resolution is 8—10 meV for arPhoton energy of 4.661 X266 nm). Franck—Condon simulatiofdashed
electron kinetic energyeKE) of 0.65 eV and degrades as °f PandsA” andAof the I, (CO,) spectrum is also shown.
(eKE)®2. Under typical conditions, the ion density in the

laser interaction region is about ¥@m® for I, and de-  thjs structure is less resolved than in the previously reported
creases with increasing cluster size. Approximately 30% Opg spectrum of} at 355 nni° due to lower electron energy
the ions are photodetached at 266 nm and about one electrggso|ution at higher eKE.
is detected per laser shot. A typical spectrum r_eguires 300, The I, (CO,) PE spectrum has the same general appear-
000-600, 000 laser shots. Ultraviolet photons efficiently ejecnce at the barg Ispectrum. Five of the six electronic bands
electrons from metal surfaces, resulting in a residual backﬁ_e_ all exceptB) appear in the;1(CO,) spectrum, but the
ground photoelectron contribution. of typically one electrony/pEs for these bands are all higher by 135-140 meV. Band
per ten laser shots at 266 nm, primarily at low eKE. Back-y i the I, spectrum is wider than the corresponding band in
ground spectra were recorded_on a daily basis, summed, apge L -(CO,) spectrum. This effect is attributed to fewer
then subtracted from the acquired data. vibrational hot bands in the cluster PE spectrum, and has
All photoelectron spectra presented here are plotted as geen seen in previous PE spectra ofAr) and |;(Ar)'30,31
function of the electron kinetic energigKE, bottom axis |, contrast, band#’ and A in I, -(CO,) are considerably

and electron binding enerdgBE, top axi$ where broader than their counterparts in the bgrespectrum, and a
new feature, band, appears at 80 me\~670 cm %) lower
eBE=hv—eKE (1) eKE than band; this spacing is close to the bending fre-

_ quency of CQ (667 cm ).
and hv is the photon energy of th(_a detachment !ase_r. The  The 266 nm PE spectra of 1(CO,),, (n=0-8) clusters
angle between.the laser polgrlzatlon and the direction ofe shown in Fig. 2. The spectra of these clusters remain
electron collection can be varied by means of a half-wavemilar in form, except for a continuous shift of all bands to
plate: AI! spectra reported here were measured at a lasgfyer eKE, i.e.. higher electron binding ener@BE). While
polarization angle of 90°. band X remains mostly unchanged with the addition of the
CO, molecules, bandé andA’ become noticeably broader.
Peaka in the I, (CO,) spectrum appears as a small shoulder
11l. RESULTS in the I, (CO,), spectra and it disappears and/or is over-
lapped in the larger clusters by the broadening of bakds
andA. Then=6 cluster is the largest for which both bands
The anion PE spectra of land [, (CO,) at 266 nm are A’ andA are energetically accessible at 266 nm, whereas the
shown in Fig. 1. The bare, | spectrum is comprised of tran- weaker band8’ andB” are out of range fon>2.
sitions to six electronic states of wWith energies centered at The shifts in VDE for band¥, A, A", andB’ are listed
eKE=1.422 eV(X), 0.875 eV QA’), 0.783 eV(A), 0.533 eV in Table |. These shifts are determined by horizontally dis-
(B'), 0.422 eV @B"), and 0.239 eV(B), where the band placing the band of interest to achieve the best overlap with
labeling corresponds to the accepted notation for fheddc-  the corresponding feature in the-(CO,) spectrum. Table |
tronic states. The corresponding vertical detachment energietiows the total shifts relative tg las well as the stepwise
(VDEs), defined as the electron binding energy at each bandhifts (in parenthesgselative to [ (CO,),,_1, i.e., the shift
maximum, are 3.235 eV{X), 3.782 eV @’), 3.874 eV(A), from the addition of thenth CO, molecule. The estimated
4.124 eV B'), 4.235 eV B"), and 4.235 eV(B). Vibra-  error bars for the energy shifts ate7 meV for band\’, A,
tional structure is observed in th¢ A’, andA bands, but andB’ and =10 meV for bandX.

A. Photoelectron spectra
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FIG. 2. Anion photoelectron spectra of (ICO,), clusters measured at a
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I,/1, - (CO,) geometries were optimized at the unrestricted
Hartree—FockUHF) and HF levels of theory for the anion
and neutral, respectively, then further explored using second-
order Mgller—PlessetMP2), and density functional theory
with the Becke-three-parameter-Lee—Yang—P@BLYP)
exchange correlation function®® The STO-3G, and
6-311 basis sets were used. Calculations were performed
using GAUSSIAN9S electronic structure packadéand the re-
sults are summarized in Table Il. Experimental data o CO
I,, and |, are included in Table I for comparisgn>°3¢

Several configurations for the anion complex were ex-
plored at UHF/STO-3& and UHF/6-311G* , but only the
global minimum structure is reported and studied further at
higher levels of theory. This structure, shown in Fig. 3, has
C,, symmetry, with the C@molecule lying in the plane that
bisects the I-1 bond. This structure is similar to previous
structures calculated using Monte Cafland molecular
dynamic$’ simulations. However, the electronic structure
calculations at all levels of theory predict that the .Ci@

I5 (CO,) is slightly bent, with a deviation from linearity of
~2.6° to~5.7° depending on the level of theory. In Table I,
the “experimental” result for the bond angle is based on the
Franck—Condon analysis described in Sec. IV.

The neutral §(CO,) cluster has a local minimum struc-
ture similar to the global minimum for the anion. The major
differences are that the GUs very nearly linear in the neu-
tral complex, and the distance between the C atom andthe |
center-of-masR,_¢ in Table 11, is considerably longer. Both
effects are consistent with a weaker intermolecular interac-
tion in the neutral complex.

Table Il shows that the agreement between the experi-
mental and calculated, | geometries and frequencies is

photon energy of 4.661 eV. The vertical detachment energies for the formaconSiderably better in the MP2 than in the B3LYP calcula-

tion of the X, A’, A, andB’ states of bare,lare indicated by the broken

vertical lines.

B. Electronic structure calculations

tion, while for neutral } both calculations compare equally
well  with experiment. The MP2/6-3176 and
B3LYP/6-311G™ calculations show that the bond lengths of
bare [ and |, are essentially unchanged upon complexation
with CO,, andR_gin the neutral and anion clusters is very

Electronic structure calculations were performed to as<close to the experimental value for bare £O'he CQ is
sist in the interpretation of the data presented previouslyslightly more bent in the B3LYP/6-311® calculation
These calculations are aimed at determining the geometrigg76.1° versus 176.6° The biggest difference between the

of the binary } - (CO,) and - (CO,) complexes.4/l, and

TABLE I. Total and stepwise shiftéin parenthesgsof the bands in the
photoelectron spectra of (CO,), clusters relative to the,| spectrum as a

function of cluster sizen. All energies are in meV.

n X('2y) A (CT1y,) A(®I,) B'(*My-)
0 0 0 0 0

1 139(+139  136(+136  135(+135  140(+140
2 250(+111)  260(+124  260(+125  255(+119
3 345(+95) 339 (+79) 340 (+80)

4 425(+80) 420 (+81) 415 (+75)

5 500(+75) 492 (+72) 483 (+689)

6 580 (+80) 569 (+77) 559 (+76)

7 662(+82) 661 (+92)

8 745(+83)

two calculations is thaR,_c is noticeably larger for the anion
and neutral complexes in the B3LYP/6-31**Gcalculation,

as is the increase iR,_c upon photodetachmeiit.256 ver-
sus 0.357 A Vibrational frequencies for the anion and neu-
tral complexes were calculated at the MP2/6-311Gand
B3LYP/6-311G™ level of theory and the results for the
three totally symmetric modes from the MP2/6-31*CGcal-
culation are included in Table Il. MP2/6-311G population
analysis of theJ (CO,) complex indicates that1.7% of the
total negative charge has migrated from theanion to the
CO, molecule. The C@distortion is correlated with the de-
gree of charge transfer, which ranges from 0.3% to 2.0%
depending upon the level of theory. However, distortion of
the CG can also result purely from electrostatic effects, as
discussed in previous work o8~ (CQ,) clusters?®
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TABLE II. Results of electronic structure calculations fgr(CO,) and L(CO,). All bond lengths in A. Vibrational frequencies in ctfor the totally
symmetric modes of,1(CQO,)/1,(CO,) are(59/41, 110/224, 598/612, 1332/1338om MP2/6-311G* calculation.

Species Level of theory R Rec-o Ri_c £0CO(°)
15 (COy) UHF/STO-3G 3.088 24 1.18843 3.2464 174.284
MP2/STO-3G 3.07215 1.23000 3.4111 177.441
UHF/6-311G* 3.35077 1.13566 3.8436 176.833
MP2/6-311G* 3.284 06 1.169 00 3.4413 176.560
B3LYP/6-311G* 3.39261 1.161 40 3.9702 176.104
Cco, Experiment 1.1623 177.%
1,(CO,) HF/STO-3G 258153 1.187 94 4.3963 179.941
MP2/STO-3G 2.57985 1.230 84 3.9436 179.959
HF/6-311G* 2.70317 1.13527 47373 179.876
MP2/6-311G* 2.714 95 1.169 04 3.7983 179.810
B3LYP/6-311G* 2.736 83 1.160 84 5.2261 179.874
Co, Experiment 1.16234 180.0
R we (cm ™)
Iy MP2/6-311G* 3.284 90 109.22
B3LYP/6-311G* 3.40281 83.53
Experiment 3.205 110
I, MP2/6-311G* 2.71441 222.15
B3LYP/6-311G* 2.736 93 206.55
Experiment 2.666 21457

2Reference 35.
"This work.

‘Reference 29.
YReference 36.

IV. ANALYSIS AND DISCUSSION better |, parameters than the B3LYP/6-311Gcalculation.

In this section, we first focus on the geometries of theUsing the calculated MP2/6-311G geometries, frequen-
1;(CO,) and L(CO,) binary complexes by a Franck— Cies and force constants for the anion and neutral ground
Condon analysis of the photoelectron spectrum in Fig. 1. wstate complex, and experimental frequencies and distances

’ H ,39 H
then analyze and discuss the cluster energetics as revealed 1§y the 1 A andA’ electronic state3}* we have simulated
the PE spectra in Fig. 2. the photoelectron spectra within the parallel mode approxi-

mation using three totally symmetric vibrational modes: the
I-1 stretch, the C@ bend and the low-frequency I-C stretch
We have performed Franck—Condon simulations ofmotion. The CQ bending angle and frequency and the anion
bandsA andA’ in the L, (CO,) and | (CO,), PE spectrain temperature were optimized in order to reproduce the spec-
order to analyze the new featu(a) in the spectra and to tra. The change in normal coordinate for the low frequency
characterize the vibrational temperature of the negative iond—C stretch was set at the value obtained from the
The simulations are superimposed on thé3d0,) PE spec- MP2/6-311G* geometries; we assumed this displacement
trum in Fig. 1, and are largely based on the MP2/6-311G is independent of the neutral électronic state.
results in Table Il, since this calculation yielded significantly =~ The parameters determined from the fit are 680
+20 cmi ! for the CQ bend frequency, 177251.0° for the
OCO bend angle, and 820 K for the cluster temperature.
The CG frequency and bend angle were chosen to repro-
duce the position and intensity of bamd The simulations

A. Franck—Condon analysis

<0CO confirm that peala is due to excitation of one quantum of
N the CQG bend in the neutral complex with In its A state. In
Ry —( ) ( principle, similar features should be associated with each
Res ™S Reo neutral state of | accessed in the photoelectron spectra.

However, the analogous feature associated with Benlies
under bandA, and for bandX it is obscured by the extended
progression in the I-I stretch. The simulations also show that
the broadening of band& and A’ relative to the bare,l
spectrum is mainly due to vibrational activity in the |-C

FIG. 3. Lowest energy calculated structure faiCO,) based on results stretch due t_o th(_a increase R\—C UP_on pho_todeta}chment;
from Table II. this broadening is reproduced satisfactorily usiagR,_c

Front View Top View
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=0.357 A from the MP2/6-311% calculation. Wr——— 171

The OCO bend angle obtained from our Franck—Condon 7004 —m—X State &) /' ]
analysis is slightly larger than that obtained from the two 1 —e— A State (I1) /’
highest level calculations in Table II, possibly reflecting the 000 ’ .
need for more diffuse functions in the basis sets used in the 5001 /- 8
anion calculations. The COn |, (CO,) is more linear than 400 /u/ ]
in the I” - CO, complex, for which the C@®angle is 174.5 ; ]
+1.5° 2 This result may reflect the delocalization if the | 200 ]
charge is over the two centers, reducing the effective poten 200 4
tial between the charge and the £Quadrupole. Although - DR € )
the analog of peak is not clearly resolved in PE spectra of 1 1
the larger clusters, these spectra do show a shoulder wher 0-18 i : i : i : i ]
this peak would be expected, so we expect ben} GOI- 0 2 4 6 8
ecules to be present in the larger clusters as well. Number of CO, molecules

tot

ASE' (n) (meV)

FIG. 4. Total solvation energy differenceSE,(n) for detachment to thX
andA states of J(CO,), as a function of cluster size
B. Cluster energetics

As has been discussed in earlier wétRP the shifts in

the VDEs with number of COmolecules in Table | are a the shape of each band, we assume that the shifts in ADEs
measure of the differences in anion and neutral solvent bindyre equal to the shifts in the VDEs and use the latter in Egs.
ing energies. The positive shifts with increasimgeen here (3) and (4).

indicate that binding in the anion is stronger than in the |, Fig. 4, the total solvation energy differences for the
neutral, as expected, since the leadirgl/r® charge- angx states A SE(n) and ASEX(n), are plotted as a func-
guadrupole attractive term in the anion is absent in the NeU:on of cluster size.ASEgt(n) is essentially identical to

tral. . .
More quantitatively, the shifts can be interpreted in termsASEg‘(n) and has therefore been omitted from Fig. 4. The

: ; - small differences betweed SE,(n) and ASES (n) may not
of t_he stepwise solvatlon energies o) _and SEied). be significant. For all three stateSSE_(n) increases mono-
defined as the solvent dissociation energies for the loss of a_ . . . .
single CGQ molecule from 4-(CO,) ., or I; - (CO,) ., respec- onically with cluster size, but the slope drops considerably
Ingle Q from3-(COp)p Orl; - (CO)n, rESPEC- 05 Ay n=38, the largest cluster studied, the anion
tively; the superscripi indicates the 4 neutral electronic

X . cluster is stabilized by 745 meV relative to the neutral cluster
state. The total solvation energy &), defined for the an- in the X state y

io_n and negtral clust_ers, s giv.en by the sum over the step- Trends in the solvation energies are emphasized by plot-
wise solvation energies Sg{x): ting the stepwise solvation energy difference for ¥state,
n ASE}.{n), as a function of the cluster sizein Fig. 5. The
SEo(n)= Z SEsted X)- (2)  first CO, molecule is bound by 139 meV more strongly in
=t the anion than in the neutraASEﬁter(n) decreases steadily
The VDEs are related to the stepwise solvation energy diffrom n=1 to n=4 and then remains nearly constant from
ferenceA SE;.(n), i.e., the difference in the stepwise solva- n=4 to 8, over which range each GGtabilizes the anion by
tion energy of the neutral, $gp(n), and of the anionic clus- ~80 meV relative to the neutral.
ter, SE{n), as follows:

VDE!(n) ~ VDE!(n— 1) = SEy ) ~ SE,f )

=ASEefN). () 140 . —u—X State 'z, )
The total solvation energy diﬁerenmﬁﬁot(n) is then given
by

[
[=3
1

1

n

VDEi(n)—VDE‘(O)=X21ASE;ter(x)zAsaot(n). (4)

Strictly speaking, one should use adiabatic detachmen't
energiegADES) rather than VDEs in Eq$3) and(4), where

ASE step(_n) (meV)
3

80 — "
the ADE is defined as the energy gap between the vibrationa ——
ground states of the anion and neutral electronic state ir
question(and is equal to the electron affinity when the neu- 60 “———— 71— — T
0 1 2 3 4 5 6 7 8

tral electronic state is the ground stat&ccurate determina-
tion of ADEs is difficult in the absence of resolved vibra-

tional structure in the PE spe_ctrum._Since _the addition _OiZIG. 5. Stepwise solvation energy differens&Ex.(n) for detachment to
CO, solvent molecules results in relatively minor changes inthe X state of 4(CO,), as a function of cluster size

Number of CO2 molecules
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The results in Fig. 5 differ significantly from those seenan average binding energy of 0.25 eV. However, aside from
previously for K Ar, and IHI"Ar, clusters’®4 for which  being an average value, it is also is an upper bound, because
ASEe{n) was relatively constant for the first six Ar atoms each CQ molecules leaves with nonzero kinetic energy.
and then decreased sharply. The earlier results were consigtore recently, we have used femtosecond stimulated emis-
tent with molecular dynamics simulations on, Ar, sion pumping(FSEB to vibrationally excite the ;I chro-
clusteré®*! that predicted the first six Ar atoms form a ring mophore in J (C0O,), clusters and observe the number of
around the waist of the anion core, allowing each Ar atom tdCO, molecules that evaporate over a wide range of vibra-
interact strongly with the partial negative charge residing ortional excitation energie®. The FSEP results, when com-
each Ar atom. Subsequent Ar atoms can be adjacent to onlyined with the VDE shifts measured here, yield a best-fit
a single | atom, hence their binding energy in the anion issolvent binding energy of SE;=95meV for neutral
lowered. 1,(COy,), clusters, assumed to be independem,afo that in

The ASEg{n) trends in b Ar, clusters were interpreted the anion clusters, SE{n)=234 meV for the first C@and
largely in terms of effects in the anion rather than the neutral 78 meV for the eighth CQ Details of this analysis are
clusters, and it is reasonable to make the same assumptigtesented in the FSEP paper.
for I, (CO,), clusters. In other words, we attribute the steep
drop in ASE;(teF(n) in Fig. 5 forn=1-4 to decreases in V. CONCLUSIONS
SEefn) over this size range, so that the first £kinds the
most strongly in the anion, with each successive, ®hd-
ing less strongly untih=4, above which the binding ener-
gies are relatively constant. This interpretation is justified in
part because the anion binding energies are stronger than t
neutral binding energies, so that one would expect large
absolute variations with in SEg{n) than in SI'—QeF(n).

One can then view the overall trend in Fig. 5 as a com
petition between,l - CO, interactions and CO CO, interac-

The photoelectron spectra of (CO,), clusters pre-
sented here yield new insights into the structure and energet-
ics of these clusters. The spectra show that the interaction

etween the,l and CQ constituents of the cluster is suffi-

fent to distort the C@from linearity, and this distortion is
Feproduced in electronic structure calculations on the binary
I, (CO,) complex. Franck—Condon simulations of the
15 (CO,) spectrum show this distortion is only 2.5°, but in-
’ ) e clusion of this distortion may be desirable in future molecu-
tions. The } - CO, interaction is most favorable for the ge- 51 qynamics simulations of structures and energetics of
ometry in Flg 3, which maximizes the attraction between_the]arger L (COy), clusters. The PE spectra also yield trends in
partial positive charge on the carbon atom and the negatively) ster energetics through shifts in the vertical detachment
charged | atoms while minimizing the repulsion between thenergies with increasing cluster size, implying that in the
partial negative charges on the O and | atoms. On the othefion clusters, the binding energy of each successivg CO
hand, in CQ dimer, the two C@s are parallel but displaced ;o5 significantly for the first four solvent molecules, after
in order to maximize attraction between the electropositive Gynich little variation occurs. This drop in binding energy is

atom and electronegative O atofis** Hence, if the first  auihuted to competing;VCO, and CQ/CO, interactions.
two or three C@ molecules added to thg lare aligned to lie

in the plane that bisects thg Ibond, as pred_lcted in the  \ c(KNOWLEDGMENT
simulations by Amar and Peretathey will be in an unfa-
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