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The Dimethyl Ether—OCS Dimer: Rotational Spectrum, Structure, and Ab Initio
Calculations
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The rotational spectra of the normal species and four isotopically substituted species of the dimethyl ether
OCS dimer have been measured by Fourier transform microwave spectroscopy, thereby allowing a structural
determination of this weak complex. The normal isotopic species rotational constaAtsat869.4106(23)

MHz, B=1431.7413(7) MHz, an€ = 1074.2925(5) MHz, and the experimental dipole moment components
areus = 1.3046(28) Dy, = 0.8134(37) D, withuwa = 1.5374(30) D. Rotational constants, dipole moment
components, and planar moments are all consistent with a geometry in which the OCS molecule is located
in the heavy-atom plane of dimethyl ether, making an©—S angle of 96.5(2) and with an &-C separation

of 2.916(3) A. Ab initio calculations at the MP2/6-311+G(2d,2p) level reproduce the structure accurately,
predicting rotational constants é&f = 4065 MHz,B = 1450 MHz, andC = 1083 MHz.

Introduction dimethyl ether has two internal rotors and has received

In recent years, a growing interest in the study of weak considerable attention as a prototypical double internal rotor
hydrogen bonding has been reflected in an increasing numbeﬁyStems-fl(f Becayse Complexguon Is |Ikelly to |nf!uence the
of articles on the subject in the scientific literature. Reviews of DME barrier to internal rotation, useful information on the
the status of research in the fildjscussions of the true nature ~ Stréngth of the interaction might be available from studies of
of the weak H-bonding interactid®and even a dedicated bdok ~ @ny mtelrnall rotation splittings. Since the year 2000, the groups
on the subject appear in the literature. In the lasB2ears of Caminati and Alonso have characterized several weakly
several high-resolution spectroscopic studies on dimers thatPound complexes of DME using Fourier transform microwave
exhibit weak C-H hydrogen bonds have been performéd, (FTMW) and free-jet absorptlon m|II|m_eter wave (FJ-AMM)
leading to structural data on these weak interactions in the gastechnlquese. Complexes studied to date include the DME clfimer,
phase, where there are no perturbations from solvent or IatticeDME_HF- aQAd DME complexed with the rare gases'Néy,
effects. In the past, there was considerable debate over whetheKr,™> and Xe:* The DME dimer was determined to have a
C—H interactions could truly be classified as hydrogen bdnds. Structure withCs symmetry in which the formation of three-C
This uncertainty mainly arose because most of the early dataH***O Ponds appears to restrict the motion of three of the four
on these interactions was obtained from crystal studies, andMethyl groups in the complex, considerably reducing the
therefore, it was often unclear to what extent the constraints of Magnitude of the internal rotation splittings in the microwave
the crystal lattice governed the intermolecular distances. The SPectrum. The fourth methyl group rotates more freely, and this
existence of weak hydrogen bonds of this variety is now Motion does lead to some small spectral splittings. In DME
accepted, and the increasing amount of gas-phase spectroscopid™ the HF approaches the oxygen atom of DME (H atom first)
data should allow the €H interaction to be further studied ~along an axis that is about #@® theC; axis of the DME (rather
and quantified. than at the considerably larger angle of @@served in oxirane

Early examples of high-resolution studies on systems contain-HF")- The HF molecule in the DMEHF complex exhibited
ing C—H hydrogen bonds include complexes of oxirane with wide amplitude motions in which it tunneled from one side of
proton donors such as FBnd trifluoromethandThe hydrogen  the DME plane to the other, giving rise to inversion splittings
atoms in oxirane have acidic properties because they are located” the spectrum. In addition, some fine structure due to the
on a carbon atom adjacent to the electronegative oxygen atomotation of the methyl groups, ranging from 50 to 500 kHz in
and they can therefore form hydrogen bonds to proton acceptorsM@gnitude, was observed for some of the transitions n the
on other species. The oxiran@ifluoromethane complex is ~PME—HF spectrum, allowing a calculation of thg barrier:

particularly noteworthy because both one-g---O bond (with In the DME-rare gas complexés;** only dispersion forces
oxirane acting as a proton acceptor) and twetG+-F—C bonds are present, and the rotation of the methyl_groups appears to be
(with oxirane acting as a proton donor) are obseRed. completely damped, although there is again a tunneling motion

associated with the rare gas atom moving from one side of the
DME plane to the other.

The majority of previous experimental work has focused on
complexes of DME with a proton donor, and few examples are
to be found of DME complexed with a molecule that does not
contain an acidic hydrogen atom. (One such example is BME
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An obvious extension to the study of oxirane complexes is
the investigation of clusters involving dimethyl ether (DME).
The location of the methyl groups next to the electronegative
oxygen atom makes DME another good candidate for the
formation of C—H hydrogen bonding interactions. In addition,
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eclipsing each other.) Given the lack of data for this type of signal-to-noise ratio; nevertheless, the signal intensity was still
system, it is of interest to investigate the nature of bonding of relatively poor (the weakest of these signals was at the detection
DME with molecules that do not possess acidic protons to limit of our instrument and was comparable in signal power to
donate to the oxygen atom of the ether. The DMED, background noise levels). In light of the considerably lower
complex, for example, has been previously studied in a intensity for the transitions belonging to the isotopic species,

combined IR (in liquid Ar) and ab initio investigatidf,and

we assign a higher uncertainty of 8 kHz to these transition

the complex was proposed to have a structure in which the CO frequencies.

lies perpendicular to th€, axis of DME, giving a complex
with Cy, symmetry and an ab initio<©O bond length of 2.812
A. (Preliminary results from an investigation of the microwave
spectrum of DME-CQO; in our laboratory have confirmed the
C,, structure of the complex, but indicate & © distance nearer
to 2.711(5) A7) Some evidence of blue shifts in the—El

During the search for the spectrum of the DMBCS
complex, thel = 2 < 1 a-type transitionsKys = 0 and 1)
belonging to the DME-CO, complex were also located. These
transitions were observed in reasonable intensity (a signal-to-
noise ratio of about 30 in 100 gas pulses), presumably due to a
CO;, impurity in the OCS. Replacement of the OCS in the

stretching vibrations was seen in the calculated and observedsample by CQ led to an order of magnitude increase in the

vibrational frequencies in the IR study of DMEO,, and this
might be interpreted as an indication of-€& hydrogen bonding
interactions'® Substitution of the C@with a polar carbonyl
sulfide (OCS) molecule might provide another opportunity to
observe intermolecular-€H---O interactions. Alignment of the
OCS approximately perpendicular to tlg axis of DME (in
the same fashion as for the DMEEO, complex) will make
the methyl groups inequivalent and will likely appreciably

signal-to-noise ratio of the transitions, confirming the carrier
of the spectrum. Details of the analysis of the DMEO,
spectrum will be presented in a forthcoming pajer.

Results and Discussion

I. Spectra. a- and b-type rotational transitions were observed
for all isotopic species, with the more intense a-type transitions
requiring an optimum microwave pulse length that was of

influence their barriers to internal rotation; it should be shorter duration than that of the b-type lines, suggesting a
informative to determine whether torsional splittings are observ- slightly larger a-dipole moment component. Attempts to locate
able. A second possibility for the structure of DMBCS is c-type transitions at their predicted frequencies were not
suggested by direct comparison with theGHOCS dimer. In successful, although an absence of c-type lines is consistent with
this complex, the S atom of OCS interacts with the O atom of the plane of symmetry resulting from analysis of the structural
H.,O to give a linear configuration of heavy atoA$ he current data (see section Il, Structure). No obvious indications of internal
paper presents the assignment of the rotational spectra of fiverotation splittings in any of our isotopic spectra were observed.

isotopomers of the DMEOCS weakly bound complex and a
determination of the structure of this dimer from the experi-
mental moment of inertia data and by ab initio calculations.

It should be noted that, in the case of the DME dirhéhng
splittings arising from internal rotation of the single free methyl
group that was not involved in hydrogen bonding interactions

were typically 20 kHz or less (although two transitions were
split by 58 and 95 kHz); the smallest splitting is a little less
than the fwhm in our current experiments. Analysis of the
The rotational spectra of five isotopomers of the DMBCS splittings in the DME dimer yielded &3 barrier estimate of
weakly bound dimer were measured between 6 and 15 GHz2.2 kcal/mao? (while several studies determine the monomer
using a Balle-Flygare-type Fourier transform microwave value to be around 2.6 kcal/mdi)l® The lack of observed
spectrometéP based upon the University of Kiel desigh. splittings in the current work indicates that the barrier to internal
Samples comprising approximately 1.5% dimethyl ether-@0 rotation in this complex is changed relative to the DME
Sigma-Aldrich), 1.5% carbonyl sulfide (9#3%6, Sigma-Ald- monomer, the spectrum of which contains splittings of the order
rich), and 97% first-run He/Ne (17.5%/82.5%) contained in a of a few megahertz. Of course, in the DMBCS dimer, we
2 L glass sample bulb were expanded through a 0.8 mm expect the two methyl groups to be inequivalent, so the nature
diameter General Valve series 9 solenoid valve operating at 100f the internal rotation splittings may be significantly different
Hz. Backing pressures of the He/Ne carrier gas were kept atthan in the monomer. In the course of the extended averaging
about 1.2-1.8 atm for the best signal intensity. The most intense required to measure théC lines, some additional transitions
spectral transitions belonging to this weak complex were of similar intensity were found, although no discernible patterns
observed to have a signal-to-noise ratio of about 40 in 100 gaswere observed that suggested any internal rotation splittings. It
pulses. Frequency measurements were reproducible to 4 kHzjs proposed that these additional lines may arise from other
and the transitions typically had a fwhm of 30 kHz. Initial isomers of the dimer or from trimeric and higher clusters and
assignment of the spectrum was made by identification of the that any internal rotation splittings are smaller than the resolution
Stark effects of the 3—2;, and 2,—1o; transitions, the Stark  of the current work.
shifts having been predicted using the lowest-energy structure The 33 measured transitions for the normal isotopomer are
provided by an MP2 ab initio optimization (to be described in listed in Table 1, along with the residuals from a least-squares
section IV of Results and Discussion). Stark effect measurementsfit of the transition frequencies to a Watsolreduction
were carried out by the application of voltages upH® kV to Hamiltonian in thd" representatioi (using theSPFITprogram
a pair of parallel steel mesh plates (separated by approximatelyof Herb Pickett®). Analysis of the isotopic species’ spectra
30 cm) located within the FabrPaot cavity of the spectrom-  (DME—OC?4S, two uniqué3C-substituted-DME-OCS species,
eter. Daily calibration of the electric field was carried out with and DME-O'3CS) was carried out in the same manner except
theJ = 1 0 transition of OCS, assuming a dipole moment of for the need to fix some of the centrifugal distortion constants
0.715 21 D?' Because of the high price of isotopically enriched to the values obtained for the normal isotopic species. This was
samples of OCS and the lack of commercially availa@e- a result of the smaller data sets arising from the lower transition
substituted DME, the rotational spectra of all isotopomers were intensities of the isotopic species, but it did not noticeably affect
measured in natural abundance. The weaKé&t species the quality of the fits. The spectroscopic constants for all of
required averaging for 20 000 gas pulses to achieve a respectabléhe isotopic species are listed in Table 2.

Experimental Section
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TABLE 1: Rotational Transitions for the Normal
Isotopomer of Dimethyl Ether—OCS

N ‘. vIMHz Av3IMHz
21 o1 7 292.2626 -0.0021
220 211 7 946.9008 0.0006
21 21 8 985.2489 —0.0015
2 110 13 282.4088 -0.0017
220 11 13 673.7603 0.0049
313 21 6 961.5304 —0.0007
303 2 7384.2317 0.0007
3 2 7517.9001 —0.0008
3 31 7 566.7691 0.0025
3 2% 7 651.5643 —0.0022
31 211 8 031.6989 -0.0012
313 2 9 275.7036 —0.0003
3 315 9541.6182 ~0.0020
4y 43 7 221.8795 —0.0009
404 313 7 810.0209 —0.0010
44 313 9 246.7638 —0.0020
404 303 9701.4954 0.0007
43 30 9997.2442 0.0048
45 3a 10 085.8163 0.0043
43 44 10 292.0972 0.0034
4 3 10 319.2899 —0.0046
44 303 11 138.2401 0.0015
514 505 6 321.5531 0.0024
503 514 7024.8376 —0.0006
505 4y, 10 490.5096 0.0031
50 515 11 238.8615 —0.0048
515 44 11507.2178 -0.0013
505 404 11 927.2505 0.0000
515 44 12 943.9616 —0.0015
514 43 13 252.2079 —0.0003
606 515 13 066.6488 —0.0019
616 515 13 742.5566 0.0010
606 505 14 083.3637 0.0004

AAV = Vops —

Table 2.

Vealc Where veac is computed from the constants in

Newby et al.

Figure 1. Structure of the DMEOCS dimer showing the atom
numbering and the three parameters required to describe the structure.
Atoms numbered kland H; are the hydrogen atoms behing &hd

Hi1, respectively.

isotopomers of the complex. The second momEgg,depends
on thec-principal-axis coordinates of the atoms according to

Pcc = z m Ci2 (1)

wherem is the mass of atormandg; is thec-coordinate of the
atom. In the case of a heavy-atom planar arrangement for this
dimer, we would expect thB.. values for all isotopomers to

be similar to each other as well as close in magnitude to the
P.c value of the DME monomer. It can be seen from the bottom
row of Table 2 that thé.; value of the dimer in all species is
close to theP,. second moment of the DME monom&(3.207

amu 22). The small difference between monomer and dimer

Il. Structure. Location of the isotopic spectra was aided by values is due to vibrational contamination from low-frequency
isotopic shifts calculated from the lowest-energy MP2-optimized van der Waals modes within the complex. The insensitivity of
structure of the complex. This calculation predicted a heavy- P to the isotopic substitutions (which all take place in &ie
atom planar arrangement of the DME and OCS molecules, with plane) proves convincingly that the OCS molecule lies in the

the OCS molecule forming an-©C—S angle of about 9777

(see Figure 1). Transitions were located withinr®22MHz of
the predicted frequencies, emphasizing the accuracy of thetransitions of the five isotopomers enabled a least-squares fit
theoretical predictions.

Further corroboration of this proposed structure was available required to describe the dimer geometry (the-O distance,
from an inspection of second-moment data for the various the Q;---C,—S; angle,6;, and the G---O,—Cs angle,0,; see

heavy-atom plane of DME.
The 15 moments of inertia obtained from fitting the measured

of these moments to the three structural parameters that are

TABLE 2: Spectroscopic Constants for Five Isotopomers of the DME-OCS DimeraP

parameter normal 18C, S, 18Cs 13Ce
AIMHz 4069.410 6(23) 4055.9472(40) 4030.558 67(74) 4044.8369(53) 4006.5217(42)
B/MHz 1431.741 32(71) 1424.6641(19) 1402.800 82(80) 1407.7131(21) 1415.5489(19)
C/MHz 1074.292 50(50) 1069.3687(10) 1055.260 48(49) 1059.0462(12) 1060.7935(11)
AkHz 1.897(10) 1.877(23) 1.810(12) 1.787(24) 1.808(24)
AxdlkHz —181(58) F181] [-181] [-181] [-181]
AxlkHz 4.44(45) [4.44] [4.44] [4.44] [4.44]
5y/kHz 0.516 7(67) 0.477(22) 0.474 5(85) 0.482(26) 0.462(23)
Sw/kHz 3.68(21) [3.68] [3.68] [3.68] [3.68]
Ne 33 16 20 12 14
AvimdkHZz4 2.34 3.84 3.41 3.88 3.75
P.Jamu Ae 349.611 0(2) 351.3647(4) 356.895 7(2) 355.6325(5) 353.6484(4)
Poy/amu A2 120.818 7(1) 121.2310(1) 122.018 3(1) 121.5696(1) 122.7677(1)
Po/amu & 3.37110(1) 3.3709(1) 3.368 6(1) 3.3747(1) 3.3715(1)

a Atom numbering is shown in Figure 2 The centrifugal distortion constant& f, Ax, dx) were fixed for all isotopomers at the values obtained
from the fit of the normal isotopomer transitiorfd\ is the number of fitted transition8 Avims = [S (Vobs — vead?N]¥2 € Second moments: see
the text for discussion and definition.
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TABLE 3: Structural Parameters Obtained from Fitting Various Combinations of Moments of Inertia for All Isotopic Species?

parameters fita, lp fit 15, Ic fit Iy, lc fit 1a, Ip, l¢ besk ab initic®
Ro...c/A 2.919 2(4) 2.917 3(4) 2.914 3(3) 2.9170(12) 2.916(3) 2.864
61/deg 96.38(2) 96.37(2) 96.71(2) 96.49(6) 96.5(2) 97.7
6-./deg 120.0(3) 119.9(3) 119.95(19) 119.9(8) 119.9(2) 120.1
Alrmd 0.029 69 0.026 51 0.029 08 0.1295
Rem? 3.565 6(5) 3.563 8(4) 3.563 8(4) 3.5644(15) 3.565(1) 3.536

a Structural parameters are defined in Figuré Estimated best values from the various inertial fit valifesb initio parameters are obtained
from the MP2/6-31%+G(2d,2p) optimizationd Al,ms is the root-mean-square deviation of the least-squares fit, definel Ry = ((3(lobsd —
lcaicd?N))Y2 whereN is the number of moments fitte@l Ry, is the center of mass separation, calculated from the principal axis coordinates.

Figure 1 for atom numbering): this fit was carried out using TABLE 4: Principal Axis Coordinates (in A) for the

: Substituted Heavy Atoms in the DME-OCS Dimer
the STRFITQprogram of Schwendeméh.The geo_metrles Of_ Resulting from a Least-Squares Fit of the Moments of
both the DME*and OC$® monomers were held fixed at their  |nertia of Five Isotopomers
literature values during the fitting process. Several variations

" . . . . atom a b c

of the fitting process were carried out, including separate fits

that combined pairs of moments of inerti&((s), (I, Ic), and Cz iggg? _%-%i%% 8-8838

(Ia 1¢)) for all isotopic species, and also a fit including all three s, [1'9247] [0' 7975] [ 0 0003

of the momentslg, I, andlc) for all species. The parameters [1.9236] [0.7949] [0.0000]

derived from the different inertial fits were very similar and Cs —2.4709 —0.8791 0.0000

are shown in Table 3, along with an estimation of the best value [2.4573] [0.8806] [0.0605]

and uncertainty for each of the fitted parameters. The@ Co —2.0257 1.4100 0.0000
[2.0068] [1.4126] [0.0192]

and O--S distances (measured from the oxygen atom of the
DME to the O or S atom of the OCS) derived from the fitted 2The values in brackets are the absolute values of the Kraitchman
structure are 3.01 and 3.46 A, respectively. It is interesting to substitution coordinates.The projected uncertainty in the values of the
note that this difference in distances accurately reflects the Kraitthman substitution coordinates is better thad.0001 A.> See
difference in the Pauling van der Waals radii of the O and S Figure 1 for atom numbering.
atoms (O= 1.4 A, S= 1.85 A)27 Hence, the tilt of the OCS TABLE 5: Ob 4 and Caleulated Stark Coefficients and

i i i : Observed and Calculated Stark Coefficients an
;?;mbse;?iﬂil%%(glagfgcsé.thl?hgl_ffﬂe_rﬁnot zrzlgelsé Cg;,g?n?inaeréd S the Derived Dipole Moment Components for DME-OCS?
from the inertial fit structure is around 115vhile the CG-H-+-O N Av/E? obsd Av/E? calcd %
distance is 2.90 A, approximately 0.3 A longer than the classical fransition [M| (10"°MHz/VZcm™) (10°° MHz/v2cm™) difference

H:++O van der Waals separation of 2.6 A. This-8---O contact 210 O —25.31 —25.63 -13
is strongly bent, so it is unclear whether the electrostatic energy 1 23.48 23.46 0.1
contributions are particularly attractive in this orientation. 15~ 21 2 _1%5%8 _12643?3?’ 3403
Because it has been previously shown that® contacts show 2 48.68 48.62 0.1
a continuous transition from stronger to weaker and finally to 3,2, 0 —6.001 —-5.801 3.3
nonbonding interaction®, it is difficult to quantify the impor- 1 0.5292 0.5642 —6.6
tance of the €&H---O contact in the DMEOCS complex. 2 19.73 19.66 0.4
Single isotopic substitution data allow an independent veri- 313~202 (1) _g-égé _g-ggg gg
fication of the inertial fit results by providing principal axis > _16'.86 _16.83 02
coordinates for each of the substituted atoms. The three carbong,,—3,» 2 4.255 4.345 21
atoms (the C atom in OCS and both of the C atoms in DME) 3 12.08 12.51 -3.6

and the S atom of OCS were all singly substituted, and using 441y = 1.3046(28) Diy = 0.8134(37) Dyt = 1.5374(30) D.
the equations of Kral_tchma?ﬁ,lt was possible to determine the  ohe M = 0 andM = 1 components of theod—3o; transition had
magnitude of the principal axis coordinates for those atoms. very small Stark shifts and were not well resolved at voltages up to
The coordinates resulting from the Kraitchman calculations are +4 kV; hence, these components are not included in the dipole moment
given in Table 4, along with the principal axis coordinates for fit.
the same atoms obtained from the inertial fit. It can be seen
that the two sets of coordinates are in reasonably good allowed determination of the, andu;, dipole components. The
agreement. The €S bond distance in OCS, determined from u. component was held at zero in the fitting process due to the
the Kraitchman coordinates, is 1.5600(1) A (compared to the existence of anab-symmetry plane. Attempts to fit this
literature valué® of 1.5651 A), and the €-C distance between  component gave unphysical values fgf of —0.0012 ¥ and
the two carbon atoms in the DME monomer is determined to no variation in the values of the other two components.
be 2.3372(2) A (compared to the literature vafusf 2.332 A). Measured Stark shifts were all less than 1 MHz, and no
These parameters are both within 0.5% of the literature values,deviations from a second-order Stark effect were noted at the
providing a degree of confidence in our inertial fit results and applied voltages of up t&-6 kV. Calculated and observed Stark
providing justification of the assumption that the monomer coefficients, in addition to the derived dipole moment compo-
geometries remain unchanged in the dimer. nents, are listed in Table 5. The observed transition intensities
IIl. Dipole Moment. The dipole moment of the DMEOCS are consistent with the experimental dipole moment components
complex was determined from measurements of second-orderof u, = 1.3046(28) D andup = 0.8134(37) D fiota =
Stark shifts for 13Vl; components selected from five rotational 1.5374(30) D). Using previously tabulated dipole moments for
transitions. A least-squares fit of measurad/E? values to OCS? (utota = 0.715 21 D) and DME? (uotay = 1.31 D) and
calculated Stark coefficients (obtained from perturbation theory our inertial fit structure, the projections of the dipole moments
calculations using the rotational constants given in Table 2) in the principal axis coordinate system can be calculated,
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TABLE 6: Rotational Constants, Dipole Components, MP2
@ Q Total Energies, and Interaction Energies for the Three
i @ G ° Lowest-Energy Optimized Structures of the DME-OCS

) Dimera
:2.8642\ 2.787A, 159944 spectroscopic calculated energies
' .‘ parameters energy type value
Structure ?
A/MHz 4065 MP2 energ:° —665.482 055
B/MHz 1450 AE/kJ mol1d —14.1
C/MHz 1083 AEgssdkJ molte -9.3
ualD 1.60
I n up/D 0.63
Structure Il
A/MHz 4307 MP2 energ¥h —665.482 034
B/MHz 1342 AE/kJ mol? —13.9
C/MHz 1262 AEgssdkJ mol™ —-8.4
ualD 0.79
e. 10/D 0.25
e Structure Ill
2.993A _ AIMHz 10138 MP2 energf, —665.479 216
e B/MHz 635 AE/kJ mol? —6.4
C/MHz 603 AEgssdkJ mol? —2.7
e‘ alD 2.39
m aThe three structures are pictured in Figure® 3tructure | is the
] ) minimum energy configuration that most closely resembles the
Figure 2. Three lowest-energy structures of the DMBCS dimer experimentally observed structufelotal electronic energy! Interac-
obtained from the MP2/6-3H1+G(2d,2p) ab initio optimizations. tion energy AE = Epve—ocs dimer— Eome — Eocs © AEgsseis the BSSE

. . . . . corrected interaction energy (CP method).
allowing for a comparison with the experimentally determined

dipole moment components. This gives projected dipole com- and the O atom of OCS interacts with the methyl group
ponents ofuy = 1.02 D andup = 0.91 D (with auqeta Of 1.37 hydrogen atoms. Structure Ill places the OCS in the heavy-
D), in relatively good agreement with (but smaller than) the atom plane of the DME with the O end of the OCS molecule
experimental values. Clearly, there are some induced dipoleinteracting with the methyl group hydrogen atoms to give a
contributions, which lead to an increase of nearly 0.3 [x4n structure withC,, symmetry. The interaction energies in Table
compared to the monomer projections. The experimental dipole 6 are computed both with and without basis set superposition
moment components are also in good agreement with theerror (BSSE) corrections; BSSE corrections were calculated
predictions from the ab initio calculations (see section V). using the standard counterpoise correction procetirstruc-

IV. Ab Initio Calculations. Ab initio optimizations were ture | is the lowest in energy and has the largest interaction
carried out on numerous possible structures for the DIOES energy 14.1 kJ mot?), although this value decreases in
dimer at various levels, including HF/6-31G and frozen core, magnitude by about a third te-9.3 kJ mot! when BSSE
second-order MgllerPlesset perturbation theory, MP2(FC), corrections are taken into account. Structure Il is the next most
employing both 6-313G(d,p) and 6-31++G(2d,2p) basis sets.  stable with an interaction energy-13.9 kJ mot?) which is
All structure optimizations were performed usi@pussian only 0.2 kJ mot? smaller than that of structure I; however,
98W31 while vibrational frequency calculations at the highest when BSSE corrections are included, this interaction energy is
level of computation were carried out wiGaussian 98 on a reduced to—8.4 kJ mofl, making the difference in stability
Tru64 Unix workstation. All basis sets used were the standard, between | and Il greater. Structure Il is the least stable, with
unmodified basis sets provided in the Gaussian libra&fiés. an interaction energy of 6.4 kJ mot! (decreasing to less than
Structure optimizations were carried out without any counter- half that value,—2.7 kJ mof?, with BSSE corrections). Zero
poise (CP) corrections to the potential energy surfadedthough point energy (ZPE) corrections have not been explicitly evalu-
basis set superposition error (BSSE) corrections were includedated in the present work but are similar for both basis sets and
in the interaction energy calculations using the CP correction are not expected to change the relative stabilities of the three
procedure of Boys and BernarfdiThe optimizations were used  structures. Estimations of ZPE corrections for the larger basis
to provide energetic stability information to establish the lowest- set suggest that the energy difference between | and Il will be
energy structure. The low-level HF calculations returned six decreased while that between Il and Il will be increased slightly
possible geometries starting from numerous initial orientations upon their inclusion. The complicated dependence of the
(both chemically reasonable and unreasonable). These sixpotential energy surface, the ZPE, and, hence, the optimized
structures were further reduced to three true minima when MP2/ structure of the complex, on BS&Evas not considered in this
6-3114+G(d,p) optimizations and vibrational frequency calcula- study. It should be further noted that structure Il gives rise to
tions were performed. The lowest-energy structures were thenone negative vibrational frequency at the MP2/6-8%#1G-
subjected to MP2 optimizations using the considerably larger (2d,2p) level, in contrast to all positive frequencies at the MP2/
6-311++G(2d,2p) basis set (a total of 230 basis functions). The 6-311+G(d,p) level. A detailed analysis of the possible causes
three lowest-energy structures—(ll) are shown in Figure 2, for this difference is beyond the scope of this work. The lack
with the predicted rotational constants, dipole moment compo- of consideration of the influence of the BSSE effects on the
nents, total energies, and computed interaction energies for theflat potential energy surface for this dimer, as well as the use
three structures listed in Table 6. Structure | resembles the of convergence thresholds in the optimization that are not
experimentally determined geometry. Structure Il places the sufficiently rigorous, may be possibilities for the cause of this
OCS in thes, plane that bisects the-@0—C angle of the DME, behavior.
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