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The rotational spectra of seven isotopes of the-€@CS) mixed trimer have been assigned using pulsed
nozzle FTMW spectroscopy techniques. The structure resembles a distorted triangular cylinder with the
three monomers aligned roughly parallel. The trimer may be thought of as a slightly perturbed ¢@s3)

with the CQ lying above the dimer and crossed at® I&hd 20 to the axes of the two OCS molecules,
respectively. The distance between the carbon atoms on the OCS is 3.757(9) A. The distance between the
carbon on each OCS and the carbon on the 83.574(6) and 3.773(8) A, respectively. The dipole moment
components for the trimer agg, = 0.40(1) D,up = 0.21(7) D, and«, = 0.206(1) D withuetas = 0.50(4) D.

The structure and dipole moments are close to those predicted by an interaction model which includes a
distributed multipole moment electrostatic contribution and atatom terms to describe the dispersion and
repulsion interactions.

Introduction wave spectromet&in the 5.5-10 GHz frequency range. The
In the past decade a growing number of studies of the CO,—(OCS) spectrum was assigned from lines remaining from

™ & o
structures of weakly bound trimers have been carried out by the initial searches for the (GR—OCS trimer®® These

high-resolution spectroscopy. These provide a necessary re-S€arches covered a region of approximately 2 GHz and were

source for developing and testing models that seek to characternade possible by the recent upgrading of the Michigan

ize intermolecular interactions. Since ab initio methods are SPectrometé?to an autoscan mode using software and hardware

generally less amenable to the study of larger weakly bondeddevelopments from the University of Kié. Stark-effect
systems, semiempirical methods are often employed in an measurements to determine the dipole mom.ent components of
attempt to rationalize and quantify the structures. Semiempirical (1€ complex were conducted by the application of voltages up
models based on distributed electrostatic interactions, such ad® £9 KV to a pair of parallel 50 cnx 50 cm steel mesh plates
the BuckingharFowler modef-2 taken together with formula- ~ that are situated inside the evacuated Falbtirot cavity and
tions to include dispersierrepulsion interaction®;” have often ~ Separated by about 30 cm. Calibration of the electric field was
proven to be qualitatively accurate in the case of dimers, carried out daily using thd = 1 - 0 transition of OCS at
although the shortcomings of the less-sophisticated represental2162.980 MHz and assuming a dipole moment of 0.7182 D.
tions of the interaction potential may become apparent when The CQ—(OCS} trimer was generated in a supersonic
applying these models to the study of larger systems. For anyéxpansion using a gas mixture comprising approximately 1.5%
model to accurately characterize intermolecular interactions, it OCS and 1.5% Cgseeded in a 97% HeNe “first-run” mixture
must be able to quantify the effects of a third body on the (90% Ne, 10% He). The back-pressure of the-ie carrier
interaction between two molecules, and this is where the datawas kept around 2:53 atm in order to achieve optimum line
accumulated from the studies of trimer systems can play aintensity. The He/Ne/OCS/COnixture was expanded into the
valuable role. From the growing number of trimers that have evacuated cavity through a modified Bosch fuel injector valve,
already been classified, it is becoming apparent that trimers areperpendicular to the direction of microwave propagation, with
often composed of sets of dimer-type structures, although with gas and microwave pulse timings set to minimize Doppler
subtle differences in the angles and/or lengths. Attempting to broadening. Line widths were approximately 30 kHz full-width
explain and rationalize trimer properties by comparison to dimer at half-maximum, and our transition frequencies were reproduc-
interactions can, therefore, provide a worthwhile challenge and ible to around 2 kHz for the strongest of the observed trimer
aid in the development of more complex models. lines. The smaller dipole moment components for this species
The rotational spectrum of the (GR—OCS trimer was (compared to the (C,—OCS trimer) resulted in slightly
recently assigned in this laboratd¥§,and in this paper we  weaker lines, which necessitated averaging over several thou-
present the determination of the structure of the other mixed sand shots (typically 4000) for some of the less-intense
trimer CQ—(OCS). Although the dimer-type interactions that transitions in the mixed isotopomers. Thg-54q4 transition
are observed in the OCS dimeand the C@-OCS dimet! for the normal species was, however, easily observed at an
are both clearly present in the G&(OCS) trimer, the trimer optimum signal-to-noise ratio of 3.5 in 100 gas pulses. No
structure has important differences that will be discussed in this evidence of any splitting in the transitions was seen in any of

paper. the measurements.
. | Secti 13CO, (99%13C, Isotec) and &0, (97.55%'80, Icon) were
Experimental Section used to observe tHéCO,—(OCS) and G80,—(OCS) spectra.

The rotational spectrum of the GO(OCS) trimer was Mixtures (1:1:2) off6OCS,180CS (93.4%480, Isotec), and C®
observed using a BalieFlygare-type Fourier transform micro- were prepared to observe the spectra of the two singly
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substituted C@-160CS—-180CS isotopomers. Likewise, 1:1:2 TABLE 1: Observed Rotational Transitions (MHz) for the
mixtures of G2CS, J3CS (99%13C , Isotec), and COwere Normal Isotopomer of the CO,—(OCS), Trimer

prepared to observe the two possible singly substituteg=CO Jie Ji e Vord MHZ AvikHZz2
OlZCS_—OBCS isotopomers.  Attempts  to locate thg _smgly 3 20 5798.1604 0.2
substituted €00 isotopomer were unsuccessful. Mixing of 3a 251 5883.0940 55
equal amounts of 80, and G0, supposedly leadsto quick 4ys 3 5772.5810 5.9
exchange to give a 1:2:1 statistical mixture df@,:C60*0: 43 312 5901.7680 0.5
C'80,. Searches of the regions expected to contain the 423 312 5952.0669 12
transitions for both of the possible isotopomers revealed no tj gzi gi%‘:gégé i:g
likely transitions. Addition of a small amount of $@ the 4 350 6484.0621 1.0
sample bulb allowed the observation of knowH@!80-SO, 4y 31 7295.7644 0.5
transitiond® to allow us to track the €080 concentration. 43 32 7377.5857 0.5
Comparison of the intensity of al&!80-SQ;, transition with 4i3 303 7440.1525 -15
that of the normal isotopomer revealed at least 2 orders of 23 313 ;g?g'gigg _5é80
magnitude difference. In the case of the more intense lines of 4 2 77867648 53
the SQ-CO; spectrum, this was a minor inconvenience, but in by 3 7876.0470 3.6
the (OCS)CO; system, where the lines were already weak, this 43 3 7014.1744 2.7
reduced intensity results in lines too weak for us to see in 42 313 8826.5610 2.5
reasonable numbers of shots. We can only conclude, therefore, 205 114 gggz'iggg _0'331
that the amount 0¥%0—180 random scrambling that we have 5;: 4(1)2 6385 1925 45
encountered is modest and that the concentration of @& 55 404 6385.3687 0.4
species in our samples is very low. This low isotopic 514 423 7020.8559 0.6
concentration coupled with insufficient isotopic supplies and S24 4r3 7031.2866 2.5
the current low commercial availability 8fO isotopic species 214 213 ;8;1;2;? —o4é,0
prevented us from pursuing the assignment of tReOEO- 52‘3‘ 4;2 7371.3647 71
containing species. 533 43, 7551.2169 —-54
5 4 7775.7186 —0.4

5;2 4:: 7830.6349 —6.6

Results 5a1 4o 7994.6417 —4.5
533 4y, 8010.4922 0.2
A. Spectra. a-, b-, andc-type transitions were observed 532 431 8199.4963 0.9
for all of the isotopic species, with theetype lines being the 232 ffz gggzggg% 12
most intense. Measured frequencies for the 42 transitons g~ P 7595 0786 90
belonging to the normal species €{OCS) are listed in Table Bos Bos 7595.2077 ~10.3
1, along with the residuals of a fit of these lines to a Watson 615 514 8263.6176 1.0
A-reduced Hamiltonian in thE representation. Spectra for the 654 Ss3 8869.9577 5.2
following isotopically substituted species were also observed: 624 523 9000.9481 —2.3
1C0,—(OCS), CHO,—(OCS}), CO~OHCS-01CS, CO- & > oy oo Y
33 32 . .
012C8—013CS, CQ-lSOCS—mOCS, and C@—16OCS—180CS. 642 541 0814.1839 1.1

The fitted rotational and centrifugal distortion constants for the
normal and all of the isotopic species are listed in Tables 2 and

3. The value ofA was held fixed at zero in the fits of the  atoms, effectively fixing the positions of the three carbon atoms
isotopic species since it was poorly determined and its inclusion and the relative orientations of the OCS molecules in the trimer.
led to no noticeable difference in the fit. Transition fre- The absolute values of the substitution structure coordinates are
quencieg for the isotopic species are available as Supportinggiven in parentheses in Table 5, along with the coordinates that
Information. result from the inertial fit.

B. Dipole Moment. The analysis of the Stark effects of The location of the oxygen atoms of G@roved to be more
six rotational transitions (for a total of eight components) was difficult. The 13C single-substitution data provided the position
able to provide good-quality dipole moment data. Table 4 lists of the carbon atom, but thel8D, isotopic data did not readily
the observed Stark coefficients and the computed dipole momentiocate the oxygen atoms using our structure fitting programs.
components. The dipole components were computed fespe  Searches for the @080 species proved fruitless (as described
= 0.405(6) D,|up| = 0.21(7) D, anduc| = 0.2056(8) D. The in the Experimental Section). Consequently, an iterative process
total dipole momengue = 0.50(4) D is 0.2 D less than the was devised to ascertain the best structure from the available
dipole moment of a single OCS monomer (0.715%)and data. Nine parameters are needed to define the structure of the
suggests that the two OCS dipoles are aligned in some waytrimer. The parameters actually fitted were the two carbon
such as to partially cancel. The much higher uncertainty in the carbon distancegC,—C5) andr(C4—C>), the four angles (&-
magnitude of theup component arises from the very small C,—C,), (C;—C4—0s), (C;—C7—0g), and (G—C;—05), and the
contribution that this component makes to the measured three dihedral angles ¢&C;—Cs—C3), (Os—Cs—C7—Cy), and
frequency shifts in the transitions studied. (Og—C7—C;1—C,). Efforts to fit all nine parameters to the 21

C. Structure. Experimental rotational constants for the moments of inertia by least-squares techniques using Schwen-
normal species and six other isotopic species provided sufficientdeman’s STRFITQ prograthdid not converge due to linear
isotopic data to allow a reasonably well-determined structure dependencies in the equations. However, fixing one parameter
to be obtained. Singly substituted isotopic data for all three viz § (Os—C;—C;—C4, see Figure 1) gave convergence and
carbon atoms and the oxygen atoms of the two OCS moleculesdetermination of the remaining eight parameters. This was
enabled Kraitchman coordinates to be calculttédr these repeated for a range of values for the angleith the optimum

8 AV = Vobs — Vealo
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TABLE 2: Spectroscopic Constants for the Normal and'3C-Enriched Isotopomers

102, No. 42, 1998093

spectroscopic

constant C@-(0OCS) CO,—0¥”CS-0%CS CQ—-0¥Cs-0*Cs BCO,—(0CS)
A/MHz 1010.7197(8) 1006.7130(19) 1002.2181(15) 1007.4972(6)
B/MHz 875.4035(3) 872.2051(9) 875.3363(7) 868.5808(3)
C/MHz 605.3805(4) 602.7212(9) 602.3492(7) 601.5318(4)
AyjkHz 0.877(4) 0.816(14) 0.768(11) 0.847(5)
AslkHz —0.198(26) a a a
Ax/kHz 1.41(4) 1.3(2) 1.48(16) 1.25(4)
04/kHz 0.207(3) 0.188(8) 0.202(6) 0.191(3)
OklkHz 0.41(1) 0.33(4) 0.36(4) 0.41(1)
AvimdkHZ? 3.86 5.33 4.02 3.42
Ne 42 25 24 38

2 Ak was not well-determined for these isotopes. The value was fixed at zero with no significant effect on thafits = [ (Vobs — Veald?
N]J*2. ¢ N is the number of fitted transitions.

TABLE 3: Spectroscopic Constants for the!®O-Enriched Isotopomers

spectroscopic

constant @%0,—(0OCS) CO,—-1%0CS-180CS CQ—-®0OCS-1%0CS
AMHz 994.1089(6) 983.7085(12) 992.7163(11)
B/MHz 841.1981(3) 870.5506(6) 871.9423(6)
CIMHz 588.9154(4) 597.1630(5) 599.7929(6)
AykHz 0.797(5) 0.842(10) 0.798(9)
Axl/kHz 1.00(3) 0.91(12) 1.59(12)
dykHz 0.187(3) 0.186(5) 0.160(5)
dxlkHz 0.51(1) 0.37(3) 0.38(3)
AvimdkHZ2 3.35 3.44 3.31
NP 38 24 24

2 AVims = [3(Vobs — Vead?N]¥2 P N is the number of fitted transitions.

TABLE 4: Stark Coefficients and Dipole Moments for TABLE 5: Principal Axis Coordinates Determined from a

CO,—(0CS), Least-Squares Fit of the Inertial Data (Ap
transition M| Avle? obsd— calcd aton? a b c
413—312 1 —0.295 0.000 Cy 0.04891 2.05879 0.20495
2 —1.160 —0.001 |0.04316 |2.05188 |0.20776
493—313 1 —8.275 —0.015 Cy —1.37246 —1.35454 —0.45910
41— 350 1 —2.507 —0.062 |1.36574 11.35113 |0.46384
441—331 1 —1.326 0.107 C; 2.01710 —1.12875 0.65188
514—41s 1 —1.414 —0.103 |2.01999 11.12644 |0.63584
2 —5.181 0.054 M3 0.29146 1.92066 —0.24099
524—403 1 1.347 0.015 O, —0.48411 2.36231 1.18491
ua=0.405(6) D |0.45794 |2.35183 [1.19993
up,=0.21(7) D S 0.77049 1.64788 —1.12170
uc=0.2056(8) D My —-1.77114 —1.09265 —0.23721
Ut = 0.50(4) D Os —0.49634 —1.93007 —0.94670
a Olﬁezrved Stark coefficients and residuals in units o INHz/ S Jgg;gég _%g%gii |009260512(\;$1
(V- em™)% Os 1.25771 —0.79718 1.46652
Og 2.77649 —1.46032 —0.16276

fit (s judged byAlmg) resulting wherp is f|>_<ed at_—79_°. The a Absolute values in brackets for the carbons of,@G@d the C and
p.aram.eters from the geomet!’y that beSF fit the inertial data are O atoms of OCS are the Kraitchman substitution coordinates obtained
given in Table 6. The deviation of the fit\(rms = 0.119 @amu  from the single isotopic substitution datsSee Figure 1 for the atom
A?) is reasonably good, with the data from th€@; isotopomer numbers. (M and M, are the centers of mass of the OCS molecules
having the largest deviation. and are bound to Cand G, respectively).

During the least-squares fitting, the monomer geometries were
held fixed at their literature valueg{C—0) = 1.162 A in CQ;%° The structural parameters from the inertial fit are obtained
r(C—0) = 1.1561 A, andr(C—S) = 1.5651 A in OC%"). by fitting ground-state moments of inertia and, hence, ignore
Calculation of the &-C bond lengths in the OCS molecules any vibrational contributions to those moments. The uncertain-
from the single isotopic substitution data leads to lengths of ties listed in Table 6 are statistical uncertainties that arise from
1.167 and 1.116 A, in good agreement with the literature value the fitting process and do not take into account any errors that
of 1.156 A. may arise from a neglect of the vibrational effects in this model.

The principal axis coordinates resulting from the least-squares These errors cannot be estimated without some information on
fitting of the inertial data are given in Table 5. It can be seen the vibrations, which is beyond the scope of this study.
from the table that the coordinates derived from the inertial fit However, it is possible to conclude that the derived parameters
are in good agreement with those obtained from the Kraitchman are a reasonable approximation to the structure: the consistency
calculations on the singly substituted isotopomers. Table 6 lists of the fit for the isotopic species, small centrifugal distortion
the structural parameters calculated from the coordinates givenconstants, good agreement between the Kraitchman coordinates
in Table 5, as well as parameters obtained from a semiempiricaland those from the inertial fit and with the resulting monomer
model, which will be discussed later. bond distances, and the absence of any tunneling splittings in
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] o ) ) Figure 2. Planar angles in the GO (OCS}) trimer. The perspective
Figure 1. Interatomic distances in the GO(OCS) trimer. The in a is the same as in Figure 1a. (b) Obtained by aré€ation about
perspective in a places the carbon of the left-hand OCS in the plane ofthe arrow.
the paper, the carbon of the right-hand OCS slightly behind this plane,
and the carbon of the GQlightly in front of the plane. The perspective 2
in b is obtained by rotating a by 9@&bout the arrow, placingGnd (0] 6 [1023°
C, in the plane of the paper and, @bove the plane. All distances are S [ 101.8° S 3.71../'(:1
in angstroms. v 376

| L3714 | A |
TABLE 6: Comparison of Calculated Structural Parameters 1018C 3736 - 103.9° ./ 7375, S
for the CO,—(OCS), Trimer 1 50
parameter inertial fit ~ Kraitchmamd)  modef O @ 0
a

r(C—Co)/A 3.773(8) 3.767 3.795 _ _ ! )
r(Co—Cr)/A 3.574(6) 3.567 3.588 Figure 3. Comparison of (a) the OCS dimer and (b) the OCS dimer
r(Ci—Ca)/A 3.757(9) 3.744 3.695 face in the C@—(OCS) trimer. Distances are in angstroms.
r(Cr—Ma)/A 3.616(9) 3.627
r(Cr—Ma)/A 3.891(8) 3.905 0.
r(Mi—Ma)/A 3.652(12) 3.508 \ | 3Tg
0(Cs—Cr—Cy)/deg 61.4(1) 60.0 C P o0
0(0s—C4—Cy)/deg 56.2(7) 56.2 s09\.) 369 (] C
0(0,—C1—Cy)/deg 102.3(4) 107.8 O: ggg I
0(0s—C7—Cy)/deg 60.1(14) 52.4 R
1(05—C4—C7—Cl)/deg’ 1332(9) 138.4 6S
7(0,—C1—Ca—Cy)lded —107.4(7) ~105.6 D @
7(0g—Cr—C1—Ca)ldeg  —79.0 ~71.2 12&8“‘@ V03 o

aCalculated from the ORIENT model predictions, using the elec- | "4-“?"6? "*08 .32 N2
trostatic+ dispersion/repulsion potentidi Signs of the dihedral angles 50 357 . | 3 O 535 é:
are consistent with the definition in ref 32. AL6 T 60A1°é\_,,.3<77”\, 168 g

3440‘_.'k’ 112.6° S 3.52,,_‘,& '

the rotational spectra. It is reasonable to assume that the O’ 6982 3
equilibrium parameters would fall withi#:0.05 A and+5° of (b) 9 (©)
the values given in the tables and figures. Figure 4. Comparison of (a) the CG&-OCS dimer with (b,c) the C&-

) ) OCS faces in the C-(OCS} trimer. Distances are in angstroms.
Discussion

Figures 1 and 2 clearly show that the £GOCS) trimer Interestingly, the sign of the dihedral angle is such that the sulfur

has the same cylinder-like shape that was recently observed foitoms move away from the GQFigure 1).

the (CQ),—OCS trimer®® The structure is barrel-shaped, with Comparison of the two C©-OCS faces of the trimer in
the three monomer units aligned roughly parallel to one another. Figure 4 (b and c) reveals a more striking departure from the
The OCS dimer portion of the trimer is quite clearly no longer CO,—OCS dimer structure. The GOOCS face of the trimer
planar, with considerable out-of-plane tilts of the O and S atoms. illustrated in Figure 4b is significantly different from the dimer

It is this tilting and twisting of the OCS molecules relative to ~ structure of Figure 4a. The-€C distance of 3.57 A in this
one another that is principally responsible for making this trimer case represents a 0.12 A decrease from the dimer. An inspection
polar, thus enabling its structure determination by microwave of the planar angles in Figure 4b reveals the extent to which it
techniques. The center of mass separation in the OCS dimerdiffers from the dimer, with the angles being approximately 50
fragment in the trimer is calculated to be 3.652 A, effectively different from the respective angles in the dimer. In contrast,
unchanged from the value of 3.648 A in the dimi@rFigures the CQ—OCS face in Figure 4c resembles the dimer structure
3 and 4 compare the structural parameters within the respectiveof Figure 4a quite closely, with the-€C distance of 3.77 A
dimer-like fragments that comprise the trimer. From Figure 3 representing an increase of just 0.08 A with respect to the dimer.
it is clear that the perturbation of the (OGSjortion of the The planar angles are, like those in the (OCf&gment, little
trimer is very small. The increase in the—C distance of different from the dimer, differing only by up to°2 The
around 0.05 A and changes of only a couple of degrees in theplanarity of the C@-OCS fragment is lost in the trimer, with
planar angles on going from the isolated dimer to the trimer the dihedral angle §-C7:--C;—S;s calculated to be 12?1 This
both show minimal variation from their values in the dimer. is consistent with similar observations in the related 30

The most significant change upon formation of the trimer is OCS trimeP® where one C@-OCS face closely reproduced
that the (OCS)fragment is no longer planar. In Figure 3a the the structural parameters of the dimer while the other face had
dihedral angle ©C---:C—S is necessarily Ofor a planar angles that differed by 4050° from those of the dimer. Once
configuration. In Figure 3b the angles6Cs+-C1—S; is again, the C@-0OCS fragment is no longer planar; the dihedral
calculated to be 3420 a significant departure from planarity. angle @—C;---C4—Ss is calculated to be 20°4
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TABLE 7: Distributed Multipole Moments for CO , and OCS

molecule atom z Qo Quo Q20 Q30 Qa0
CO, C 0.0 1.3975 0.0 —0.2773 0.0 1.9108
(o)} 2.19587 —0.6988 0.3949 —0.1688 0.2869 —0.2226
O, —2.19587 —0.6988 —0.3949 —0.1688 —0.2869 —0.2226
OCSs C 0.0 0.6459 —0.4583 0.2874 1.7532 7.0876
(0] —2.18471 —0.5191 —0.0835 0.2768 0.4369 0.7085
S 2.95761 —0.1268 0.0801 1.6594 —0.7748 2.3408

a All quantities are in atomic units.

TABLE 8: Comparison of Experimental and Predicted
Constants for CO,—(OCS),

predicted predicted @ ...3.852- @

constant expl (exp-6) (pseudo-hard-sphere) 4 R -

A/MHz 1010.7197(8) 1061.872 1299.246 3 628 2 =

BIMHz  875.4035(3)  880.912 604.985 628 3628 —— O
C/MHz 605.3805(4) 613.880 451.937 90° .
1D 0.405(6) 031 0.00 0 ¢)
/D 0.21(7) 0.09 0.34
udD 0.2056(8) 0.36 0.00 @

2 The predicted rotational constants were obtained from the ORIENT (a) (b)

program using either an ateratom representation (exp-6) of the
dispersion-repulsion term or a pseudo-hard-sphere repulsion potentia
(see text for discussion). The predicted dipole was obtained from
projection of the OCS monomer dipole of the model structure (recovered
from the distributed multipole moments for that molecule) into the
principal axis system.

| Figure 5. Predicted geometry of the GO(OCS} trimer using a
pseudo-hard-sphere repulsion model. In perspective a the carbon atom
of the CQ is in the plane of the paper, the carbon of the left-hand
OCS is slightly behind the plane, and the carbon of the right-hand OCS
is slightly in front of the plane. The perspective in b is obtained from
rotation of a by 90 about the arrow shown, placing the carbons of the

The initial assignment of this species from the lines that OCS in the plane of the paper. Distances are in angstroms.

remained after assignment of the (§-OCS trimer spectrum  ref 23 were estimated by means of the following combining
was gu_|ded by predictions from a structure obtained f_rom & yules: harmonic mean fa (i.e., Lo ~ 1/a; + 1/oy), arithmetic
theoretical mode_l. The success of the ORIENT prog}_ﬂam mean forp, and geometric mean f@s. Using this model, the
closely reproducing the geometry of the (§£-OCS trimer  yagyiting minimum energy conformation for the €GOCS)

led us to model the (OC5) CO trimer in an attempt to obtain  yimer was found to be a noncyclic, barrel-like structure in which
sufficiently good rotational constants to help identify the {he three monomers were aligned roughly parallel, with an
unassigned lines. Anthony Stone’s ORIENT progteemploys interaction energy of-1591.7 cm’. The rotational constants
distributed multipole moments to describe the electrostatic term 5q projected dipole moment components that are predicted
in the intermolecular interaction potential and utilizes an fqm this model are given in Table 8, where they are compared
analytical dispersion and repulsion term. Distributed multipole yith experimental values and those using a pseudo-hard-sphere
moments for C@and OCS were calculated at the SCF level epyision potential to be described below. Structural parameters
from the CADPAC suite of prograrfiSusing a TZ2P basis Set  ca|culated from the dispersiemepulsion model are listed in
from the CADPAC library. Moments up to and including Taple 6, where they are compared with those from the inertial
hexadecapoles were calculated on each atom site and are listegls and the Kraitchman single isotopic substitution calculations.
in Table 7. The inclusion of dispersion and repulsion interac- |, addition to modeling of the trimer structure with an
tions in the potential is achieved by means of at@tom terms  anaytical dispersionrepulsion term, a hard-sphere repulsion

of the exp-6 type. For instance, for an interaction between two 64e| was employed (i.e., one that includes only the electrostatic
molecules A and B, we can represent the combined dispersiongng repulsion contributions) in order to test the effectiveness

and repulsion energy by the expression of the standard Buckinghantowler model2 when applied to
; trimers. The program ORIENT has no provision for a separate
Ce' inpenetrable hard-sphere potential but does allow one to obtain
Uexp-6 = Z K exp[—o;(R; — py)]l —— (1) a pseudo-hard-sphere model by the use of a large valoerof
Tl

-J-6 the repulsion potential (the default value of 25 ‘a(bohr?)

for oo was used here)p is the sum of the site radii, where the
wherei andj represent sites on molecules A and B, respectively, site radii are simply the van der Waals radii as tabulated by
andR; is the distance between these sites; describes the Pauling?® R is the site-site distance, an& is the preexpo-
hardness of the repulsion and is dependent upon a particulamential factor which may be adjusted to improve the estimation
site pair. pj is the sum of the effective radii of the atoms, and of the intermolecular separation. In this instance, the default
Cél is an empirical site site dispersion termK is a convenient  value of 0.001E, was used.
energy unit, taken to be 18 Ey, (hartree) in the present work, It was not possible to closely reproduce the cylinder-like
which corresponds to an approximate temperature of 316 K. structure of the C@-(OCS) trimer using this pseudo-hard-
This makes it suitable for the description of interactions at sphere model, although a global minimum barrel-shaped
ambient temperaturesp;; will then be the distance at which  geometry was observed. In this geometry, the carbon atom of
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11.2 of ref 23. Values for atomatom pairs not available in  is predicted to be 3.852 A, while the distances between the OCS
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