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Strong Similarities in the Local Hydration Environments of the Bromide lon and the
Cl~-CClz* lon—Radical Complex: Factors Contributing to Intramolecular Distortions in the
Primary Hydration Shell
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We report the infrared photofragmentation spectra of the@Cl;-nH,O, n = 1—3 complexes and compare

the observed pattern of OH stretching vibrations with those displayed by tiieO, [X = CI, Br] clusters.

The predissociation spectra reveal hydrogen bonded networks in the di- and trihydrate clusters. Addition of
the CC} radical to the Ct-nH,O complexes causes a significant blue shift in the OH stretching vibrations
involving the hydrogen atoms bound to the ion. As a result, the@Tl;-nH,O spectra appear remarkably
similar to those observed previously for the bromide hydrates. We trace this effect to partial charge
delocalization onto the Cglradical through an analysis of the electronic structure carried out with density
functional calculations. Two important factors contributing to the ion-bound OH stretch frequencies are the
radius, (i), and excess chargey), associated with the halide. The red shifts displayed by the water molecule
in a number of halidewater complexes are found to be strongly correlated with the paramp&térwhich
accounts for both effects through their contributions to the electric field at the surface of the ion.

. Introduction formed using our argon-cluster mediated synthesis techfiigtie.
In this method, ions which are unstable with respect to
dissociative electron attachment (DA) in an isolated eleetron
molecule collision can be stabilized by exploiting the “cage
effect” 1213 which becomes operative when DA occurs in

we followed the evolution of the CtH.O mid-IR spectrum moderately Iarge argon clusters. Our approach is a variation on
upon sequential addition of carbon tetrachloride molecules in a & CluSter technique first reported by Kiots and Comptevho
study of the Ct-nCCl,-H,0 clusters. The basic observation was produced CGI™ by electron attachment to Cftloped CQ

that the CCJ molecules acted to weaken the €H,0 interac- clusters_, and later used by Sc_hermann and IIIen_berger to
tion, as evidenced by a large incremental reduction in the red Synthesize NE.1> We have previously employed this tech-
shift of the ionic H-bonded OH stretch in these asymmetric, Nique'® to determine the structure of the methylene bromide
single ionic H-bonded (SIHB) monohydraté3his effect was and methyl |od|de_ anions using predissociation spectr(_)scopy
traced to competitive charge-transfer such that excess charge ig" the C-H stretching range. Both cases are best described as
redistributed onto the CGlmolecules. As a result, the @ halide anion attached to one of the hydrogen atoms of the
CI=-CClyH,0 spectrum in the OH stretching region appears neutral radical fragment (tHCH;+ and Br-HCHBr-), leaving
remarkably similar to that of the more weakly bound (compared the unpaired electron localized primarily on the carbon atom.
to CI"-H,O) Br-H,O complex! With the behavior of the The hydrated clusters were formed by evaporative condensa-
Cl7-nCCls*H20 system in mind, we present in this report the tion of water molecules onto CICCls-nAr clusters, where about
spectrum of the CI-CClz-H,O complex to elucidate how an  six argon atoms are ejected for each absorbed water molecule.
open shell partner participates in the competition for the excessWater vapor is introduced on the low-pressure side of the
charge. We then extend this study to follow additional of the expansion orifice by pulsed entrainment using our “supersonic-
second and third water molecules and therefore explore how afterglow” arrangemeri which generates the distribution of
the bulky CI-CCly" complex anion affects the growth of cluster ions displayed in Figure 1. In a typical experiment, the

Recent advances in cluster ion source techndldmgve
created new opportunities to study how the binary aniwater
interactio 5 is modified by the presence of a second molecule
which can competitively bind to the ion. In an earlier regort,

attached water networKs. steady-state pressure in the source chamber increased from 2
_ _ x 1075to 4 x 10°° Torr upon introduction of the water vapor.
Il. Experimental Section Since the clusters suffer many evaporation events before

Infrared predissociation spectra were obtained with the Yale €xtraction into the mass spectrometer, their internal energies
negative ion photofragmentation spectrometer described previ-should conform to the expected behavior of the “evaporative
ously® Briefly, bare and argon-solvated negative ions were ensemble’” As such, the cluster internal energy is governed
produced by seeding carbon tetrachloride in an argon supersonidy the binding energyf,) of the most labile ligand. The argon-
expansion, which was ionized by a counterpropagating 1 keV solvated clustersO(Cl~-Ar) ~ 600 cnr')!® therefore have
electron beam. The CICCly' ion-radical complex central to ~ considerably lower internal energy than the” @Cls"-based
this study is itself an interesting species, and it is efficiently clusters Do(Cl~-CCls*) ~ 4000 cn)'® which, in turn, contain
less energy than the bare @H,0 complex Do(Cl~-H,0) ~
* To whom correspondence should be addressed. 5200 cnr?).20
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Figure 2. Comparison of the monohydrate infrared predissociation
caonf Fli spectrum of Ct-CCl; with those of various related anions: (a)
_ Time-of-Flight _ CI~+H,0-3Ar* (b) CI-CClH0, (C) CF-CCleH;0 8 (d) Br-H;0-3Ar?
Figure 1. Mass spectrum resulting from trace GGleeded in an and (e) Br-H,0 43 Note the dramatic response of the'Bi,0 spectrum
electron beam-ionized argon supersonic expansion, withiktroduced to internal energy by comparison of the spectum arising from
by pulsed entrainmeHitof neat water vapor on the low-pressure side predissociation of a water molecule (trace €) to that obtained by loss
of the 0.5 mm orifice. of an argon atom (trace d). The labels F and IHB indicate the free and

ionic H-bonded OH stretch fundamentals, respectively. The HOH

To obtain their vibrational spectra, mass-selected clusters wereintramolecular bending overtones are designated B. The brackets in
iradiated with a pulsed infrared laser beam prior to isolation Pa1ts & andtb dfnct’teh theﬁcomZmaﬂ\c/Jln bland a”.fr']“?hfrom Sxonation of
of the photofragment ions with the secondary (reflectron) mass oo o *aer STEiEn SO mode (IM) along with the @i funda-
spectrometer. This direct determination of both the parent and '
_daug_h_ter _ ion masses allowed ur_lambiguou_s stoichiometric configuration?é Because the C@lradical is a nonplana€s,
|der_1t|f|cat|on of the_ spectral carrier even in cases when species, the CFCICCl,* arrangement occurs withs symmetry
gcmdgntal mass cm_nmdences (i.e., |sobar_|c ions) precluded(as opposed to the,, geometry found in the +CHg" system).
isolation of parents given the modest resolutibiAM ~ 200) Richter et ak® have calculated that these structures are close in

of the primary mass spectrometer. The infrared radiation was energy, with theCs, structure lying about 300 cr lower than
provided by a Nd:YAG (Spectra Physics DCR-3) pumped, KTP/ 4,4 C. form.

KTA-lqased OPO/OPA (L?serVision), which yieldeeb mJ/ The photochemical behavior observed in this study is
pulse in the 24063800 cm™ range. The spectra were corrected . ngjstent with the basic identification of GClto be a CG¥f
for laser fluence over the scan range. radical weakly bound to C| as we observe mid-IR photo-

Geometry optimizations and harmonic frequency calcglations evaporation of CGt in the argon-free CGI hydrates, whereas
were performed at the B3LYP/aug-cc-pVDZ level as imple- no fragmentation is observed for bare”@#,0. Addition of

mented in the Gaussian98 packdgeThe OH stretching e first argon atom completely suppressesLS€éction, with
frequencies were scaled by 0.9574 to b_rlng the calculated ionic argon loss providing the only fragmentation pathway upon
H-bonded OH stretch (ORg) frequency in the c’j'CCI“'HZO excitation of Ct-CClz-H,O-Ar in the 3200 cm? range. This
cluster into agreement with experiment. The @Cl;-H.0 indicates that CGt is more strongly bound to the chloride anion
cluster, with only one low lying isomeric form, provides a an argony(CI--Ar)), in contrast to the situation in the methyl
conv_enu_ant internal calibration for this anharmor_nc correction. ;o dide anior In the latter caseDq(l"-CHz-) is on the same
Appllcatlon.of an analpgous procgdure to the intramolecular .o asDo(1--Ar), and methyl radical loss in fact dominates
water bending mode yields a scaling factor of 0.9831. argon atom ejection upon excitation of the CH stretching
fundamentals.

B. Infrared Predissociation Spectra of CI-CClz-nH,0

A. On the Structure of the CCl,~ Anion. Two isomeric Anions. B1. CI-CCl3-H,0. Figure 2 compares the GICCl;-
forms of the CCJ~ anion have been described in the literature H,O infrared spectrum with that of CICCl;sH,O® and the
using a combination of methods including dissociative electron argon predissociation spectraf Br—-H,O and CI+H,O. All
attachment (DA}*22ion—molecule kineticg? low-temperature  four spectra (Figure 2ad) display weak, sharp features near
ESR2425 matrix isolation spectroscogy;?® and electronic ~ the mean of the symmetric and asymmetric stretches of an
structure theory?27.28 The Cz, isomer, derived from the isolated water molecule (3707 ci),2° which are thus assigned
tetrahedral neutral structure by elongation of oreGT bond, to the free OH stretch fundamental (denoted F in Figure 2).
was characterized by ESR5in tetramethylsilane and carbon  This confirms that in each case, the water molecule is bound to
tetrachloride matrice¥.28 On the other hand, infrared spec- the ion in the usual, single ionic H-bond (SIHB) configuration.
troscopy of CCJ~ in argori® and neoff matrices indicates the ~ The ionic H-bonded OH stretching (Qid) bands are more
presence of an additional form where the chloride ion attachesinteresting, evolving from a single dominant feature in<€,O
to one of the chlorine atoms of the radical in a @ICCl* to an asymmetric doublet in CICCl;*H,O and finally to a

I1l. Results and Discussion
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TABLE 1: Deperturbed Band Origins? (&5 cm™1) of OH g Stretching and HOH Intramolecular Bending (2 < 0) Overtone
Vibrations in Addition to the lon —Water Stretching Fundamentals Observed in Combination withz = 1 of the OHyg
Stretches

OHg stretch (cm?) bend overtone (B) (cr) ion—water stretch(cm™)
CI~H.0 3138 (3149) 3276 (3269) 210 (193)
CI-CCl»H,0 3238 ( =3244,1l =3352,lIl =3024F 3265 ( = 3266,Il =3276,lIl =3250F 200 ( = 177,11 =165,lIl = 234F
Cl=-CClsH0 3264 3264 186 (175)
Br—-H,0 3270 (3271) 3264(3259) 158 (158)
2 See text for detail? No scaling applied to harmonic frequencies for this msdsomer designationd (11, Ill ) are defined in Figure 3.

d Calculated harmonic frequencies scaled to these experimental vaesed harmonic frequenciegalculated at the B3LYP/aug-cc-pvVDZ
level) are given in parentheses.

symmetric doublet in the CICCls-H,0 and Br-H,O cases.
This strong doubling has been assighedo a Fermi-type
coupling between the = 1 level of the OHlyg stretch and the

v = 2 level of the intramolecular bending overtone of water. |
The similarity of the OH stretching spectra in the three different
systems (Figure 2bd) clearly indicates that theJ@ intramo-
lecular dynamics are relatively insensitive to the exact chemical
nature of the nearby ion. Below we analyze the observed level
positions to establish quantitative aspects of the-imlecule

interactions at play. 0.965

B.1.1. Assignment of the Ct-CClz Complex Structure and ‘1’1'5" ) A og
Evaluation of the lon Dependence of the Intramolecular ' 1.787
Perturbation on the Water Molecule. We have confirmed the Il 008 J & t) 111.0°
assignment of the strong doublet (Figure-tf) to a bend/stretch 228, V.07 1.787
Fermi diad by observing (in all three cases) its collapse to a i J

single feature in the X:HOD isotopomer§.This occurs because
the bending overtone in HOD is shifted out of resonance with
the OHys fundamental. The relative intensities of the coupled

IHB/B transitions within the doublet are determined by the 0.964

amount of Ohlyg character in each mixed state. In the limiting - ‘101-5"
case where the zero-order levels are accidentally degenerate 17.4° ":1. 1.0024.
the two members of the diad appear with equal intensities and 1757 J“ - 2067°"
are split by twice the interaction matrix element. Thus, the peak ||| 1143 1710

spacing in a symmetrical doublet enables a particularly straight- 1754 Wz

forward determination of the Fermi matrix element, and this
circumstance is realized in the BH,O and Ct-CClyH,0
spectra. Interestingly, the BfH,O cluster displays a distinctly
smaller interaction matrix element (30 ci than that of the

CI=-CClsH,0 cluster (33 cm?), despite the fact that their OH e

stretching and bending overtone level positions are nearly 108.0°
identical. Note that the Fermi interaction inGH,0O, which san
occurs between the more distant zero-order levels, is also |\/ -

described by the larger 33 crhmatrix element which charac- y
terizes the Ci-CCl, complexe$. By constraining the solutions ) o.g- e

of the dlagona!lzed X 2 Ferml HamIIFonlan. FO recover the Figure 3. Optimized structures of CtCCls*H,O (I, Il, andlll ) and
observed splittings and relative band intensities, we extracted ¢j-.ccy,-H,0 (V) calculated at the B3LYP/aug-cc-pVDZ level. Bond
the deperturbed OH stretch and bending overtone level positionsdistances and angles are given in angstroms and degrees, respectively.
with the results collected in Table 1.

Comparisons of the deperturbed band origins with calculated derived from theCs, CI~-CCl3* anion, is predicted to display
fundamentals are useful in assigning the isomeric form of the an OHyg stretch about 100 cm above the deperturbed Qid
CI~-CClz*H,0 complexes generated in the ion source. Geometry band origin. The calculated spectrum of the “insertion” structure
optimizations, carried out at the B3LYP/aug-cc-pVDZ level, Il is in poorest agreement with the observed spectrum, with
recovered the three local minima for GCCl;*H,O (denoted its predicted Okl fundamental lying 200 cmi below the
I, 1, andlll ) depicted in Figure 3, along with the structure of observed transitions.
the previously reportédCl—-CCly-H,O complex. Isomerk and B.1.2. Development of a Local Field Parameter as an
Il are formed by attachment of a water molecule to the two Empirical Index for the OH g Red Shifts. The similarity of
isomers of the CI-CCl; radical anion discussed above, while the OHyg red shift displayed by the BrH,O, CI~-CCl;3-H,0,
isomerlll results from insertion of the water molecule between and CI-CCl,-H,0O complexes suggests that the local environ-
the radical and the chloride anion. Calculated vibrational ment of the water molecule is somehow equivalent despite the
frequencies for each isomer are collected in Table 1. larger radius® r;, of the bromide ion (1.96 A) relative to that

Isomerl, derived from the Cl-CICCl" anion, has a calculated  of chloride (1.81 A). One issue raised previously in our
OHiys fundamental (3243 cmi) in excellent agreement with  discussion of the CknCCly;-H,O complexes is the fact that
that observed experimentally (3238 thy whereas isomeli , attachment of a chlorinated solvent molecule to chloride acts
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Figure 4. Deperturbed ionic H-bonded OH stretching frequencies Figure 5. Badger's rule plot of observed ietwater stretching

(Table 1) for monohydrates plotted as a function of approximate electric frequency in X+H,O complexes as a function of calculated-®

field due to the halide, defined as indicated in the text. Note that the distance. lor-water stretching frequencies are from this work and refs

field calculated for the CI-CICCI, anion structure present in isomier 4 and 6. The &-Cl and O-Br distances are taken from ref 45.

brings much better agreement with the trend established by the halides

than that calculated for the GICCl; anion (leading to isomelt ). more tightly bound in the Ojgg vibrationally excited state,

which shifts the vibrationally adiabatic potentials governing this

soft mode in the OH = 0 andv = 1 stretching leveld334The

energy of this soft mode vibration is observed to be dependent

on the halide iort,with the behavior of the CFCCl, complexes

falling between the limiting behavior of the GH,O and

5 Br -H2O systems as is evident by close inspection of Figure 2.
To display this dependence more clearly, we plot in Figure 5

These electronic structure calculations suggest that reductiont€ observed soft mode frequencies against calculate® X
in local excess charge associated with the halide in theGT distances (using literature valdésihere available and supple-
complexes compensates for the smaller inherent radiusof C| Menting these with our own calculations for the”@Cl
relative to Br such that both species similarly distort an attached COMPlexes, which have not been reported previously). On a
H,0 molecule. An obvious way to express this effect is to dualitative level, the addition of either CCor CCE’ to the
estimate the local electric field in the vicinity of the anidgx) ClI™-H,O complex leads to a weakening of the €i,0
according togm/ri2. For purposes of discussion, we fixedat interaction, which is reflected in a softening of the” €tH-0
the halide crystal radii and todl, to be a unit charge for the stretching vibration and, as noted above, a reduction of the

bare halide ion monohydrates and assigned Mulliken chargesCHie red shift. This establishes that longer iomater
for gm in the CF-CClH,O systems. These charges were molecule distances correlate with lower frequencies of the ion

extracted from calculations on the bare"@Cl, complexes, ~ Molecule stretching soft mode, as might be anticipated from a
so that this field parameter characterizes the environment arounddadger’s rule type of empirical relationship. Interestingly,
the ion before introduction of the water molecule, which is although the Ollg fundamentals of the BrH,O and
knowr? to further participate in charge delocalization via Cl *CClaH20 complexes are almost identical, the energy of
intracluster proton transfer. Figure 4 presents a plot of the the chI.orlde complex soft mode is still significantly above that
observed Ol red shifts as a function of this crude field found in Br-HzO (by ~30 cni?).
parameter, indicating that the observed trend can indeed be B.1.4. Crude Control of Internal Energy and Argon
qualitatively understood on this basis2The field dependence = Dependence of the Band ContoursAs discussed in section
established by the bare halides clearly supports the assignmentl, the internal energy of the CICCl*H,O complex falls
of the CI-CCl*H,O complex formed in the ion source to between that of the argon-solvated-@rClz-H,O-nAr com-
isomerl. plexes and the bare halig@vater complexes. This intermediate
B.1.3. Complex Dependence of the Waterlon Stretching temperature regime is evidenced in the CICl;-H,O spectrum
Soft Mode. Another aspect of the local solvation environment (Figure 2b) by retention of the IHB/B doublet, a feature which
around the anion concerns the strength of the H-bonds to theis completely lost in the Br-H,O spectrum (Figure 2e), where
water molecule. This is reflected in the spectra by the energy water monomer predissociation samples clusters with largest
of the ion—water stretching soft modes that accompany the internal excitatior® On a more detailed level, the residual
OHyp transitions as combination bands (IM in Figure 2). These internal excitation in the CFCCl;*H,O complex is revealed
combination bands appear when the water molecule becomediy hot-band structure which acts to distort the doublet with a

to reduce the effective charge on the halide. Indeed, in both the
CI~-CCl3-H,0 and Cf-CCls-H,0 complexes, simple Mulliken
charge @m) analysis indicates substantial charge redistribution
onto the CC] moiety. More excess charge appears on the,CCI
molecule (0.124) than on the CGt radical in isomet (0.086

€), while isomerll accommodates more excess charge (0.25
e) than CCl.
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Figure 7. Comparison of the dihydrate predissociation spectra: (a)
Figure 6. Infrared predissociation spectra of @CCly-H0-nAr (n = CI~-2H;0-3Ar,® (b) CI~-CCly:2H,0-Ar, and (c) Br -2H,0-3Ar.3 Inset
0—2,4,6). IHB/B denotes the mixed ionic H-bonded OH stretch/ structure depicts the arrangement of the water network implied by the
intramolecular water bending overtone transitions. F denotes the free OH band patterns. IHB and IHBop denote the ionic H-bonded OH
OH stretch. The = 0 spectrum was obtained by GQpredissociation stretches on the acceptedonor (AD) and double-donor (DD) water

while then > 0 spectra were recorded by argon predissociation. molecules, respectively. The labels F and IW indicate the free and inter-
water H-bonded OH stretch fundamentals, respectively. The intramo-

blue-degradation of both IHB/B band envelopes. Note that this lecular water bending overtones are designated B.
distortion disappears upon addition of one argon atom (Figure
6,n= 0 andn = 1). This blue-degradation is typical of ties configuration. Thus, the higher energy member of the doublet
= 0 sequence band structure based on the-veater stretching  arises from mixing with the more distant I4B fundamental,
soft mode®” Figure 6 also includes the evolution of the bands and is consequently weaker as it acquires less OH stretch
with attachment of additional argon atoms to establish the character in the intensity borrowing mechanism. Note that this
sensitivity of our conclusions to the extent of argon solvation. trend is reversed in the more red-shifted”@H,O spectrum
Some argon-dependent fine structure is observed on the IHB/B(Figure 7a).
band envelopes (Figure 6= 2—6), much like that previously To examine the evolution of the band locations in the
analyze@®7in the CI-H,0-(1—13)Ar and I-ROH-(1—7)Ar dihydrate complexes, we again turn to the approximate field
(R = methyl, ethyl, isopropyl) systems. The previous analysis (Ex) parametrization presented in section 11l.B1.2 (and Figure
attributed the similar small splitting&®”to coexisting isomeric ~ 4) as an index for the local solvation environment. Figure 8
arrangements of the argon atoms in the primary solvation shell, presents th&x dependence of the various OH stretching bands
which is typically filled in the size ranga ~ 10. displayed by the dihydrate complexes. Note that the twog@H
B.2.The Second Water Molecule: Ci-CCls2H,0. The bands (shown as squares and triangles) red shift Wijth
CIl=+CClz*2H,0 spectrum is presented in Figure 7 along with whereas the IW band (circles) blue shifts signifying a weakening
the previously reportéd Cl--2H,0 and Br-2H,0 spectra to ~ of the IW H-bond. In the Ci-2H,O complex, for example,
emphasize the pattern similarities, including minor features. This Xanthea4'42estimated that the IW H-bond strength is reduced
allows assignment of the bands by inspection based on theto only about one-tenth the value found in the isolated neutral
previous analyses of the halide dihydrates (Cl, Br, arfeP-Bf water dimer.
An intact water dimer adopts a cyclic structure with each water ~ The delicate nature of the IW H-bond is also evident in the
molecule H-bonded to the anion as well as to each other. Theargon dependence of the GCClz-2H,O spectra presented in
two water molecules are asymmetric, with one adopting an Figure 9. The elevated internal excitation of the ©Cl;:2H,0
acceptor-donor (AD) and the other a double-donor (DD) cluster (relative to the argon containing clusters) is evidenced
H-bonding configuration (Figure 7 inset). The two ionic by the presence of two broad new features at 3245 and 3330
H-bonds, denoted IHB and IHBpp, occur at 3190 and 3425 cm™1, which are likely due to clusters containing sufficient
cmL, respectively (Figure 7b). The water molecule in the AD internal energy to elongate or dissociate the IW H-bond. The
configuration gives rise to the largest red shift because its ionic extra bands promptly disappear upon addition of the first argon
H-bond is cooperatively enhanced by accepting an inter-water atom (Figure 9n = 1). In contrast to the halide hydratési®
H-bond (IW)38-40 The formation of an inter-water (IW) H-bond  the internal energy limit provided by Cglevaporation is
is established by the appearance of the charactéfiifichand sufficiently low to allow the bare CFCCl3-2H,O cluster
at 3635 cmil. The sharp band near 3692 chis due to the ensemble to contain a large fraction of intact water dimer
free OH on the AD water molecule, while the structured feature subunits as is evidenced by the persistence of the 3633 cm
centered at 3285 cm is assigned to overtones of the intramo- IW band (Figure 9n = 0).
lecular water bending modes. The occurrence of two bands B.3. The Third Water Molecule: CI~-CCl3-3H,0. The
associated with the bending overtones reflects the fact thatinfrared CC}* predissociation spectrum of the GCClz-3H,0O
bending mode depends on the local environment of a water complex is shown in Figure 10 and is compared to the argon
molecule, with the DD water molecule displaying a higher predissociation spectra of CBH,O and Br-3H,0. All three
harmonic frequency than that of the water molecule in the AD spectra in Figure 10 arise from homodroffievater trimer

Photon Energy (cm)
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| | Figure 10. Comparison of the trihydrate predissociation spectra: (a)
[} ClI=+3H,0-3Ar,% (b) CI-CCl3*3H;0, and (c) Br-3H,0-3Ar.%¢ Inset
3 e e . structure depicts the arrangement of the water network implied by the
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o 3 ring-mode fundamentals, IHB refers to the ionic H-bonded OH
Electric Field (e/Ang”) stretching fundamentals, and B indicates intramolecular bending

Figure 8. Observed OH stretching fundamentals for various anion OVertones.

dihydrates plotted as a function of approximate electric field due to

the halide (see text). The squard® @nd triangles £) denote ionic The IW ring modes appear as a poorly resolved doublet in
H-bonded OH stretches of the acceptdonor and double-donor water  the CI+CClz3H,0O spectrum as compared to the well-defined
molecules, respectively. The circle®)( refer to the inter-water ~2:1 doublet structure seen in the 38H,0 spectra (X= Cl,
H-bonded OH stretches. Br, 1).28 The broadening of the IW doublet in the ®CCl-3H,0
spectrum may be a thermal effect, but may also arise because
the C3 symmetry of the water trimer is perturbed by t@e
structure of the CI-CICCl,» anion. Argon predissociation
spectra of Ct-CClz-3H,0 were not collected due to difficulties

in producing the tagged clusters in sufficient quantity.

IV. Summary

We have presented infrared predissociation spectra of mass-
selected hydrates of the CCCls* complex anion and interpreted
the observed vibrational band patterns in the context of the
previously reported halide hydrates. The @Cl* anion is
found to be a weakly bound ion-radical complex that exhibits
halide-like H-bonding behavior, distorting the hydrate subclus-
ters slightly more than the Branion. This is rationalized in
terms of charge delocalization from the"Ginion onto the CGt
radical. Interestingly, the open-shell GOladical perturbs the
. . . h , ; Cl~-H,0 spectrunlessthan the closed shell C€molecule.
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