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Ab initio calculations [MP2, MP4SDTQ, and QCISD(T)] using different basis sets [6-31G(d,p), cc-pVXZ (X
=D, T, Q), and aug-cc-pVDZ] were carried out to explore the potential energy surface of{@&Shinimum

energy structures were located and characterized. The most stable one corresponds to an antiparallel arrangement
of the monomers, in agreement with microwave spectroscopic experiments. The nature of the interactions
present in the trimer was analyzed by using the Symmetry Adapted Perturbation Theory. The importance of
the induction forces in this type of system suggests that results from semiempirical potentials with no inclusion
of this component should be considered with extreme caution. The analysis helps to rationalize the
experimentally observed preference for the antiparallel arrangement. Two transition structures corresponding
to the interconversion of enantiomeric forms of the parallel and the most stable of the antiparallel arrangements
were located on the potential energy surface. The relatively high energy barrier between them is consistent
with the very small splittings exhibited by the rotational lines of the microwave spectra.

Introduction them to locate four minima structures (three barrel-like and one
planar cyclic). Using an appropriate set of empirical parameters,

The use of advanced experimental techniquespecially . ) .
molecular beam Fourier transform microwave spectrosédpy, the ORIENT predicted geometry,'sllghtly ditferent from thgt
computed by Connelly et al., was in very good agreement with

has made the systematic study of trimer structures accessible

during the past decade. Such studies represent a preliminar)}he elx%ercljmﬁntal StrUCt?ri' However, Pegblis ?gl}éllj\lc_?kowikl'
step toward the rationalization of the mechanism of formation concluded that some of the parameters in the moae

of cluster structures, and in the limit, to a better understanding that were appropriate for predicting accurate dimer structures
of the condensed phase of matter. were not necessarily appropriate for trimers. Indeed, it has been
In 1996, Connelly et al., while looking for the OCS dimer €Ported that using the ORIENT default parameters has given
using a pulsed nozzle Fourier transform spectrometer, discoveredP00r agreement between experimental and theoretical predictions
the OCS trimef. Their data from a single isotopomer did not for @ number of systenfsThis represents the eternal dilemma
permit a unique structure determination, and two possible associated with the use of semiempirical methods with adjustable
isomers consistent with the observed rotational constants wereParameters. A further drawback in the use of the above-
identified, namely, one antiparallel trimer and one parallel Mmentioned semiempirical potentials is the lack of an appropriate
arrangement. These authors employed a semiempirical poteni€rm to represent the induction forces whose contributions can
tial,5 based on the combination of electrostatic interactions be relevant in a number of cases. It should be expected that in
between distributed multipoles on different monomers and such cases further ab initio studies would be a significant step
atom—atom Lennard potential to describe the dispersion and toward a much better understanding of the structures of van
repulsion interactions, to explore the potential energy surface der Waals (vdW) systents.
(PES) of the OCS dimer and trimer. This simple model helped  The analysis of the changes in structural parameters when
them to conclude that the trimer observed is present as ancomparing the OCS dimer structure to the dimer faces of the
antiparallel asymmetric arrangement (where one sulfur atom is trimer, particularly the loss of planarity in all faces of the trimer,
pointing in an opposite direction to the other two sulfur atoms was qualitatively related to the fact that the balance between

in the trimer), 100 cm* lower in energy than the parallel trimer  glectrostatic, dispersion, and repulsion forces in the trimers is
(where the three sulfur atoms in the trimer are pointing in the gitferent from that in the corresponding dimérs.

same direction). Using the same potential model, Connelly et
al. estimated the tunneling barriers associated with stereo-
isomerization (100 cri for the antiparallel transition structure
and 117 cm? for the parallel arrangement), which allowed them
to explain the splitting observed in the a- and c-type transitions.
More recently, Peebles and Kuczkowfsiktended Connelly’s
original work by assigning two additional isotopomers and
determined the dipole moment components of the OCS trimer.
They concluded that the antiparallel conformer is the one
observed. The use of the semiempirical ORIENT modkd

In recent contributions from this laboratoly;12 it has been
shown that ab initio methodology can be used as an appropriate
tool to complement experimental studies on trimers. Particularly,
the use of the Symmetry Adapted Perturbation Theory (SAPT)
has proved useful to analyze, in a quantitative way, the balance
between the physically meaningful forces acting in the clusters,
namely, electrostatic, induction, dispersion, and exchange. On
the other hand, in the present case we will study the dynamics
corresponding to the interconversion between equivalent struc-
tures giving rise to the observed splittings in the rotational

* Corresponding author. Fax:+34 985237850. E-mail: jasg@ SPectra. The location of the appropriate transition structures on
Correo.uniovi.es. the ab initio PES as well as the estimation of their associated
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energy barriers has been shown to be the appropriate tools td
be used in this regard: 16

Theoretical Methods

The PES of the (OCg\VvdW system has been extensively
explored using ab initio methodology. MP2 optimizations using
both Pople’s 6-31G(d,pj and Dunning’$®1° cc-pVDZ, aug-
cc-pVDZ, and cc-pVTZ basis sets were carried out. All the
structures located on the PES were characterized as minima o
transition structures by computing and diagonalizing the Hessian
matrix. On the other hand, bonding interactions in the trimer
structures were also characterized by means of Bader’s topo-
logical analysis of the corresponding charge derfity.

To obtain reliable energies, further MPASDTQ and QCISD-
(T) (including contributions from the very important triple
excitations) single-point calculations were performed. The basis
set superposition error (BSSEWwas estimated by following
two different strategies: the classical counterpoise procedure
(CPY! and by estimating the complete basis set (CBS) limit
from a series of cc-pVDZ, cc-pVTZ, and cc-pVQZ calculations
at the MP2 levef? All the supermoleculer calculations were
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carried out with the GAUSSIAN 98 packages of programs, using
standard integral cutoffs and convergence crit&tia.

The theoretical scheme just described has been systematically
employed in a number of studies (see refs-1@ and references
therein) providing valuable information that complemented the
experimental data available.

SAPT methodolog? was applied to quantify the different
contributions to the interaction energy. The SAPT expansion
for the interaction energy we used can be written as

EHF + ECORR

(SAPT)= Ejy int 1)

|nt

MIII (C,)

whereEj,"F represents low-order corrections contained in the
supermolecule Hartred~ock (HF) interaction energy

E(lO)

20
pol + E( )

ind,r
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with 0Ei"F collecting all higher-order induction and exchange
corrections contained igj,"~ and not computed by the SAPT
code (r indicates that the corresponding term was computed with
the inclusion of the coupled HF response of the perturbed
system).3

MIV (C,)

Ein“ORR contains the correlated portion of the interaction

energy approximated by SAPT as . S0
e
6}
CORR _ 12 11 12 t—(22 t=(22 20 “./(
Emt Eéol,)r + E(exc)h+ E(exc)h+ Ei(nd) + E(exc)and + E((:Iis;+ o402
(20) :
E exch-disp (3) 563.“' “.46‘}9_
where the t superscript indicates that the true correlation Y "' b ot
effects!® which represent those parts of tBg® contributions i W :
that are not included in the terr&®? in eq 3, are considered 656
(see for further details in the notation of ref 13).
It can be show?f that the results obtained in eq 1 fBi- MV (C) Os MVI (Cyy)

(SAPT), using egs 2 and 3, tend asymptotically to the values
that would be calculated at the supermoleculer MP2 level. SAPT
calculations were carried out with the aug-cc-pVDZ basis set

Figure 1. (OCS) vdW complex structuresil
the MP2/cc-pVTZ level of theory. Distances are given in angstroms
' and angles in degrees. Further structural parameters are given in Table

which includes diffuse functions, as the role played by the 1 ang as Supporting Information.

dispersion contributions in the systems under study is expected
to be relevant.

—MVI as computed at

Results and Discussion

Geometries. Figure 1 shows the geometries for the six
minima structures located on the PES of (O£&) computed

at the MP2/cc-pVTZ level of theory (geometries as computed

with the rest of the basis sets employed in this work are available
as Supporting Information). Three barrel-like antiparallel struc-

tures Ml —MIll ), one barrel-like parallel structur&(V ), and

two planar structuresMV —MVI) were located. Other £
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TABLE 1: MP2/cc-pVTZ Most Representative Geometrical Parameters for the Minima Structures Localized on the Potential
Energy Surface of (OCS)?

structure
parameters exptl Ml MIl Ml MIV MV MVI
r(Ci—Cy) 3.654 3.585 3.652 3.589 3.578 5.634 5.961
r(C,—Cy) 3.797 3.662 3.652 3.549 3.591 4.699 5.961
r(C,—Cy) 3.908 3.774 3.536 3.547 3.645 3.656 5.961
0(Ci—C,—Cy) 60.2 59.6 61.0 59.6 59.6 56.0 60.0
0(C—C5—Cy) 56.6 57.6 61.0 60.8 59.3 83.8 60.0
0(Cs—C1—Cy) 63.2 62.8 57.9 59.6 61.1 40.2 60.0
0(&—Ci—Cy) 70.9 76.3 77.0 1175 78.4 102.7 4.2
0(S—Co—Cy) 82.8 78.5 121.8 78.4 79.2 18.1 4.2
0(0s—Cs—Cy) 116.5 109.1 63.5 63.0 57.6 58.3 175.9
(S—C1—Cs—Cy) 136.4 133.4 80.1 109.8 133.3 180.0 0.0
7(S—Co—C1—Cy) 80.0 75.3 105.1 131.2 79.6 0.0 0.0
7(0g—C3—C,—Cy) 89.9 94.6 125.3 72.6 —72.3 180.0 180.0
(S—Ci—Cs—S) —156.2 —150.6 —148.7 —142.8 211 0.0 0.0
7(S—Co—C1—S) 32.7 215 21.2 24.8 24.6 180.0 0.0
(S—C—Co—S) —178.8 —-172.6 —168.2 —163.2 21.9 0.0 0.0
aDistances are given in angstroms and angles in degrSz ref 6.
TABLE 2: MP2/cc-pVTZ Rotational Constants (MHz) and TABLE 3: Dissociation Energies (kcal mol~Ycm™1)
Dipole Moments (Debye) for the Minima Structures Calculated with the aug-cc-pVDZ and the cc-pVTZ Basis
Localized on the Potential Energy Surface of (OCS) Sets at Different Theoretical Levels for the Minima
Structures Located on the Potential Energy Surface of
structure A B C u (OCS)
Ml 869.7 757.9 609.7 0.582
Ml 994.7 664.7 511.2 0.574 method
Ml 951.0 656.0 450.8 0.612 structure bases MP2 MP4SDTQ QCISD(TY
MIV 873.2 748.1 533.6 1.595 M
M¥I 132;? gﬁ?? g?gé 3..561 aug-cc-pvDZ  6.6/2340 6.6/2320 5.1/1792
expif  847.97958(2) 736.17579(2) 574.32591(1) 0.653(8) ce-pvTZ 4.9/1714
aSee refs 4 and 6. aug-cc-pvVDZ  6.1/2160 6.2/2194 5.0/1753
cc-pvVTZ 4.5/1576
structures similar tdMV with different relative dispositions of Ml
the OCS units were characterized as first- or second-order saddle aug-cc-pvDZ  5.8/2020  6.0/2109 4.9/1733
points. In the case of the transition structures, the imaginary VIV ce-pVTZ 4.211472
frequency was too small (less than 106r_)nt_o be S|g_n|f|cant. aug-ce-pvDZ  6.2/2173  6.2/2190 4911721
In any case, if these structures were minima, their computed cC-pVTZ 4.6/1605
stability resulted lower than that of the less stable strudvé, MV
and consequently, they were not included in Figure 1. Table 1 aug-cc-pvVDZ  5.0/1764 5.0/1752 4.1/1435
collects the most representative geometrical parameters and cc-pvTZ 3.5/1242
Table 2 the rotational constants and dipole moments, as MVI
computed at the MP2/cc-pVTZ level, for the minima structures aug-\t;c;_—gVDZ ;Zggfz 3.6/1244 1.4/1028
in Figure 1 (the corresponding data for the rest of the basis sets cep :
employed are available as Supporting Information). aZero-point energy correction estimated at the MP2/cc-pVDZ level.

As in our previous works on similar systedfs! the b MP4SDTQ//MP2 and QCISD(T)//MP2 single-point calculations.
geometries computed with the various basis sets do not d'ﬁerTABLE 4: Complete Basis Set (CBS) Limit Dissociation
too much from each other. Examination of the MP2/cc-pVTZ  gpergies (kcal mol-Yem-2) Computed with the Series
geometrical parameters, rotational constants, and dipole mo-MP2/cc-pVXZ (X = D, T, Q) for the Minima Structures
ments leads us to conclude that structite corresponds to  Located on the Potential Energy Surface of (OCS)
the one experimentally reportéd.The degree of agreement bases M MII Ml MIV MV MVI
between the experimental data and the theoretical predictions, yn7 ™ 3 g/1342 3.6/1250 3.5/1225 3.8/1353 3.2/1114 2.0/709
is reasonably good when considering that the theoretical valuescc.pytz2  4.9/1714 4.5/1576 4.2/1472 4.6/1605 3.5/1242 2.4/831
correspond to equilibrium structurey), while the experimental ~ cc-pvQz» 5.4/1894 4.8/1701 4.4/1543 4.9/1723 3.9/1360 2.9/976
ones are Vibrationa"y averaged Va]uas (ndeed’ discrepancies CBS/MP2 5.7/2002 5.0/1774 4.5/1583 5.1/1794 4.1/1434 3.1/1071
of even 0.05 A and 5betweenr, and ro structures can be a Zero-point energy correction estimated at the MP2/cc-pVDZ level.
expected. b MP2/cc-pVQZ//MP2/cc-pVTZ single-point calculations.

The six minima located on the PES were topologically
characterized as structures with six intramolecular bond critical with 6-31G(d,p) and cc-pVDZ basis sets are also available as
points (corresponding to the covalent bonds), three intermo- Supporting Information), and Table 4 collects the BSSE-free
lecular bond critical points (one for each dimer face), and one CBS extrapolationsMl is the most stable structure in all cases.
ring critical point, defining a (9,9,1,0) characteristic?8¢this The second structure in stability is the parallel arrangement
topological information is available as Supporting Information). MIV , 208 cnT? less stable thahll atthe CBS/MP2 level. The

Energetics. Table 3 contains the dissociation energies for two additional antiparallel structures are relatively close in
the minima structures located on the PES for (QC& energy toMl andMIV , and finally, the two planar structures
estimated at different levels of theory (the corresponding results MV andMVI are much less stable.
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TABLE 5: Dissociation Energies (cn?) for the Different basically planar (the SC—C—S dihedral angle is 1%2. Our
OCS-OCS Dimers Located on the Potential Energy Surface calculations predict deviations from planarity of 21.5, 29.4, and
at Different Theoretical Levels® 7.4, respectively. On the other hand, Peebles and Kuczkowski
MP2 MP4SDTQ®  QCISD(T)* noted that the antiparallel face that is nearly planar has a much
-9 larger tilt away (S-C—C angles of 77.8 and 63.5espectively)
0CS.0CS ()" 72_;\.*' X756 from the isolated dimer structure{€—C angles of 78.9 than
s e the antiparallel face that has a large dihedral angleGSC
Zf;?ZPVDZ gﬁ; 880 16 angles _of 70.9 e}nd 75".9respectively)._ The MP_Z/cc-pVTZ
calculations predict the two monomers in the antiparallel faces
o-ae not being too much tipped away from the parallel alignment
0CS+0CS (b) N 39 1195 (S—C—C angles of 76.3 and 76.%or the antiparallel twisted
e ..:_\‘ face and 71.6 and 7C.%or the antiparallel nearly planar face).
:f;,‘;”zvnz i vie o3 Table 6 shows that the aforementioned geometrical departures
of the faces of the trimer from the experimentally observed
{;‘. (OCS) vdW complex structur® have little effect on the
0CS:0CS (¢) 'm} o corresponding nature of interactions. Indeed, the different
P contributions to the interaction energy for the antiparallel dimer
aug-ce-pVDZ 788 793 657 faces [see OC®CS(A) and OCS8DCS(B) in Table 6] are quite
bepds o similar to those computed for the (OGSJW complex structure
OCSOCS(a). In the case of OGSCS(A), both of the stabiliz-
ing (electrostatic, induction, and dispersion) and destabilizing
ocsocs@) g @—()--2% 0 @O (exchange) contributions are slightly greater in absolute value
SV sis - < (about _50 cm?) than in the isolated_ dimer. For the OCKCS- _
CepVTZ 404 (B) antiparallel face, all the contributions become smaller in

a . , absolute value than in the isolated dimer also by about 5¢.cm
Some representative geometrical parameters (as computed at the

MP2/cc-pVTZ level) are also indicated. See ref 26 for a previous AS @ global effect, in the OGOCS(A) face the changes
theoretical work on OC®CS.? Geometrical disposition corresponding  COmpensate each other, resulting an interaction energy close to
to the reported experimental geometry (see ref 28)P4SDTQ//IMP2 that of the (OCS)isolated dimer OC®CS(a), while the OCS
and QCISD(T)//MP2 single-point calculations. OCS(B) face becomes somewhat less stable. Interestingly, this
o ) ) latter OCSOCS(B) less stable face corresponds to the structure
The MP2/cc-pVTZ three-body contribution to the interaction  gxhibiting deviations from planarity (the experimentally ob-
energy forMl is —51 cnit. This stabilization is larger than  gorved structure for the dimer is plana).

for the (OCS):CO, (—39 cnt})! and OCS(COy), (—12
cm~1)10 trimers.

A very important point to understand the process of cluster
formation is the relation, if any, between the geometries of the
three faces of the trimers and the possible geometries for the
isolated dimer. Peebles and Kuczkowski analyzed this aspect
in terms of the changes in geometry experienced by the dimers
upon addition of the third monomer to form the antiparallel
(experimentally detected) vdW complex (O@8YWe will carry
out a similar analysis but this time based on the balance of the
different contributions to the interaction energy as computed
by the means of SAPT. The conclusions are then expected to
be physically meaningful and will help us to throw some

These observations are consistent with previous findtgs
that the PESs for this type of vdW systems are rather flat.
Indeed, such PESs are so flat that the experimental vibrationally
averaged structure can be significantly different from the
equilibrium structure. Appreciable changes in geometry have
little energetic effects. Indeed, we carried out SAPT calculations
on the two antiparallel faces using the experimental geométries,
and we found quite similar interaction energie$82 and—605
cmL, respectively).

We carried out an exhaustive SAPT analysis on the rest of
barrel-like structures located on the PES, and we arrived at the
same conclusion: the three dimer faces in each trimer are clearly

additional light on the nature of the interactions governing the '€lated to some of the three possible dimer structures in Table
formation of the trimer structure. 5. Thus, the structurbill is build up from dimers a, b, and ¢

Table 5 collects the most stable structures for (QCS) (see Table 5 for notatipnNIIII from dimers b, b, and c; and_
according to ab initio calculations, and Table 6 shows the MIV (see next) from dimers c, ¢, and c. Table 6 also contains
different contributions to the interaction energy in these dimer SAPT information for structurblV (see discussion to follow),
structures as well as in the dimer faces of the (QGEW MI and th_e corresponding |_nformat|on fpr structuk&ls andMill|
complex, as computed by SAPT. is available as Supporting Information.

The first interesting observation from Table 6 is that the  In the case of the planar dimek8V andMVI, the dimer
induction contributionsHinq) to the interaction energy are by faces do not resemble any isolated dimer structure with the
no means negligible. As a matter of fact, such contributions €xception of one of the faces MV that is clearly related to
are in most cases greater than the electrostatic contributionsdimer ¢ (see Table 5). Consistently, these two planar structures
(Epo) for the systems under study. That means that the use ofare less stable than the barrel-like structures.
semiempirical models with no inclusion of the induction forces ~ Why Is the Antiparallel Arrangement More Stable than
should be considered with extreme caution. On the other hand,the Parallel One? Comparison of SAPT data in Table 6 for
the most important stabilization contribution is that arising from MI and MIV structures makes clear why the antiparallel
the dispersion force€(isy), as expected for vdW complexés. arrangement is the experimentally preferred structure. As

Peebles and Kuczkowski reported that two of the dimer faces mentioned previously, the three dimer facedity correspond
in the trimer (the parallel face and one of the antiparallel faces) to slight variations (from a energy viewpoint) of the CC&S-
are twisted from planarity by 3227parallel face) and 23°8 (c) parallel structure in Table 5, while for tidl complex, the
(antiparallel face), respectively. The third face in (Og8)nains three dimer faces are built up from a combination of two ®CS
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TABLE 6: Contributions to the Interaction Energy of the Isolated Dimers and Dimer Faces in the Antiparallel Trimer Ml and
Parallel Trimer MIV as Computed by SAPT/aug-cc-pvVDZ2

isolated dimers Ml
OCSOCS(ay OCSOCS(by OCSOCS(cy OCSOCS(A) OCSOCS(B) OCSOCS(C)
Efjlo?) —742 —446 —584 —788 —606 —519
E(p102|)r 34 96 37 46 =31 -5
Eélo)l —708 —350 —547 =742 —637 —524
Ei(ri(i))r —835 —282 —601 —893 =779 —604
tEi(rfg) 24 —24 0 27 20 -2
Ei(lf()j —811 —306 —601 —866 —759 —606
Effigg —1420 —1007 —1257 —1452 —1390 —1286
E((‘Jzi;p —1420 —1007 —1257 —1452 —1389 —1286
Eglx%)h 1413 806 1168 1484 1364 1196
Eg(lc)h + Efelxzc)h 35 113 71 32 36 70
E((el><)ch 1448 919 1239 1516 1400 1266
g9 775 225 538 829 724 543
exch—ind,r
tg@2) —22 19 0 —25 —19 1
xch—ind
@) 162 78 125 170 157 128
exch-disp
Eg()ch 915 322 663 974 862 672
) Efn'f —67 —49 —59 —-71 —62 —61
EI‘:I![: 543 254 462 562 640 555
Eﬁ?RR —1188 —725 —1024 —1203 —1227 —1094
Eint(SAPT) —645 —472 —561 —641 —586 —538
EreLaxd 0 2 1 1 1 1
E%’F’(NCP)e —888 —700 —789 —880 —821 —765
Efyp(ch)e —559 —421 —490 —549 —506 —463
MIV
OCSOCS(A) OCSOCS(B) OCSOCS(C)
E&?) —498 —589 =521
g2 -9 34 0
pol,r
Eélo)l —507 —555 —521
Ei(ri?)r —573 —611 —586
2 -4 -3 3
Ei(ri)a —574 —614 —589
Eszig[)) —1267 —1261 —1276
Efﬁép —1267 —1261 —1276
Egg)h 1162 1194 1179
ELD 4 g12) 74 73 75
Egzch 1236 1267 1254
Egi?:)h—ind,r 513 549 524
22
‘E((exc)rrind 4 2 3
20
ES o disp 124 128 125
E@ 641 679 652
exch
5Emf —58 —58 —59
Elt']f 546 485 537
Eﬁ?RR —-1079 —-1027 —-1077
Eint(SAPT) —533 —542 —539
ERELAXC 8 4 3
EﬁltJP(Ncp)d —768 —613 —627
ESUF(CPRY —474 —336 —341

a2 All numbers in cnt. NCP and CPR mean uncorrected and CP-corrected (including fragment relaxation energies) interaction energies, respectively.
b Experimentally reported structure (see structure a in Table 5 and ref @Bpbserved structures located by ab initio exploration of the potential
energy surface (see structures b and c in Tablé Bglaxation energy: MP2/aug-cc-pVDZ interaction energies.

OCS(a) (antiparallel OCSOCS(c) (parallel) structures. As  betweenMl andMIV (see Table 3; the MP2/cc-pVTZ three-
OCSOCS(a) is 56 cm! more stable than OCGOCS(c) at the body corrections foMl andMIV are very similar: 51 and 47
MP2/cc-pVTZ level of theory (see Table 5), the above argu- cm™, respectively).

ments lead to 112 cm in favor of the antiparallel arrangement Another interesting fact emerging from the data collected in
that agrees rather well with the 109 cthnenergy difference Table 6 is that SAPT (BSSE-free) interaction energies lie
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tions, the observation of the line splitting is expected to
deteriorate. The zero-point energy contributiongMibrand TSI

are practically the same as a consequence of the fact that both
structures exhibit a rather similar geometry, so they do not make
appreciable contributions to the energy barrier. A quantitative
determination of the magnitude of the microwave line splitting
associated with the tunneling motion is out of the scope of the
present work.

Conclusions

Ab initio calculations were carried out to explore the potential
energy surface of the (OC$S)ydW complex. Six minima
structures were located and characterized. Among them, one
exhibiting an antiparallel arrangement is the most stable
structure. Its geometry, as estimated at the MP2/cc-pVTZ level,
agrees reasonably well with that predicted from pulsed nozzle
Fourier transform microwave spectroscopy. A second structure
with a parallel arrangement resulted in being slightly less stable.

The application of the Symmetry Adapted Perturbation
Theory led to a number of interesting conclusions: (a) dispersion
forces are the dominant component of the interaction energy.
(b) The induction component is by no means negligible.
Therefore, the application of semiempirical models with no
consideration of induction forces seems not to be appropriate.
(c) The three dimer faces in each trimer structure are slight
variations of the possible structures (not all of them observed
experimentally) of the isolated (OGS)d) The previous point,
together with the fact that the unobserved parallel (QGS)
less stable than the experimentally detected antiparallel (§CS)
allow one to rationalize the experimental fact that only the

Figure 2. Transition structures connecting two enantiomeric forms of antiparallel (OCS)vdW complex has been observed.

MIV (C,) MIV' (C))

MI (TSI) andMIV (TSIV) structures. Energy barriers (including zero- Finally, two transition structures representing the intercon-
point energy) were estimated at the QCISD(T)/aug.cc-pVDZ//MP2/ version of enantiomeric forms corresponding to both the parallel
aug-cc-pVDZ level of theory. and the antiparallel (OC$¥dW complexes were located on

Othe MP2/cc-pVTZ potential energy surface. The relative high
energy barriers associated with them are consistent with the very
small splittings observed in the rotational spectra of the normal
species that disappear when #@CS and @CS isotopic forms

are employed.

between the supermoleculer uncorrected and the correcte
corresponding values. This systematic behavior, already ob-
served in previous studies on similar systéfis, can be
interpreted in terms of the overcorrection commonly associated
with the use of BoysBernardi’'s CP method to correct for
BSSE?®

Dynamics. According to Connelly et aF,the microwave
spectra of the (OCgVdW complex shows a fine doubling of
less than 20 kHz for many lines corresponding to a- and c-type
transitions that is associated with the interconversion between
two enantiomeric forms of structurdé4l andMIV (see Figure
2). After the work of Peebles and Kuczkowskt,is clear that
Ml is the experimentally detected structure. The ab initio
calculations presented in this work agree with that observation
predictingMI to be lower in energy thahllV . Therefore, the
interconversion giving rise to the splittings must be that 10Q(%_)29C].621I_Stleman’ A.W., Jr.; Browen, K. H., Ir. Phys. Chem1996
corr.espondlng to the StrUCtuM! ’ . 2) Legbn, A. C. inAtomic Molecular Beam MethogScoles, G., Ed.;

Figure 2 shows the transition structures representing the oxford University Press: Oxford, 1992; Vol. 2, Ch. 9.
interconversions between two enantiomeric formMof(TSI) . (31£$§%‘l°'f§3§f'; Fraser, G. T.; Novick, S. E.; Klemperer, @hem.
andMIV (TSIV), respectively, as Ic_)cated on the MP_2/cc-pVTZ e”-( 2 Connre"y’ ). .. Bauder, A.: Chisholm, A.: Howard, BV, Phys.
PES of (OCS) The computed barriers are about twice the ones 1994 gg 915,
estimated by Connelly et al. using Muenter's semiempirical (5) Muenter, J. SJ. Chem. Phys1991, 94, 2781.
potentia? and with no geometrical optimization of the proposed 634216) Peebles, R. A.; Kuczkowski, R. LJ. Phys. Chem. A999 103
transn.lon Stru_Cture$The re_Iatlver hlgh ab initio energy ba.lr.ner (7') Stone, A. J.The Theory of Intermolecular Force€larendon
associated witT S| is consistent with the rather small splitings  press: Oxford, 1996.
reported by Connelly et al. (about 20 kZand with the fact (8) Peebles, R. A.; Kuczkowski, R. . Chem. Phys200Q 112, 8839.
than no splittings were observed when #©CS and @°CS (9) Peebles, S. A.; Kuczkowski, R. . Mol. Struct. (THEOCHEM)
isotop@c specigs were empl_oy@Beqring in mind that the barrigr 20(()?0?0\9;;2;" H.. Sordo, J. AJ. Comput. Chen002 23, 444.
associated with the tunneling motion is by no means negligible,  (11) vaides, H.: Sordo, J. AJ. Phys. Chem. 2002 106, 3690.
as the signals become less intense because of isotopic substitu- (12) Valdes, H., Sordo, J. AJ. Phys. Chem. 2003 107, 899.
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