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Sean A. Peebles and Robert L. Kuczkowski*
Department of Chemistry, The Umirsity of Michigan, Ann Arbor, Michigan 48109-1055
Receied: February 3, 1999; In Final Form: March 24, 1999

The rotational spectra of four isotopomers of the HCGBLCS van der Waals dimer have been observed

with a Fourier transform microwave spectrometer. The rotational constants for the normal isotopomer were
determined to bé\ = 5839.1071(20) MHzB = 2055.4388(13) MHz, an€ = 1514.9785(12) MHz. The
rotational constants are consistent with a nearly parallel arrangement of the monomer subunits with a calculated
Rewm distance of 3.6062(13) A. A semiempirical model employing electrostatic, dispersion, and repulsion
interactions was used to study the structure and binding of the system and reproduced the geometry of the
dimer successfully. Comparisons with the model results for the closely related HCOHand HCCH-

N.O systems will also be presented.

Introduction the experimental structure and to gain insight into the nature of
. . the structure and binding in this complex. Some exploration of
_ 1,2
o ggfggss_tg%ji z;)r]: dtrgqtﬂrgng%sgmhsa\i«?r%cgg dsihat the performance of the model with slightly different parameters
the use of a serﬁiem irical model c;n be of significant benefit o> also carried out to try to improve the agreement between
. np . 9 - prediction and experiment. The model was also applied to the
to the experimentalist. In the above trimer systems and in the

dimer systems of SO-OCS and SO—CS,6 the ORIENT HCCH-CO, and HCCH-N,O systems to see whether it

model has been used to predict possible structures in advanceperforms consistently with complexes containing HCCH.

of the experimental searches. In the case of the trimers of linear . .

. . Experimental Section
triatomic monomers, the agreement between the model and the
experimental structures was seen to be somewhat better than in The rotational spectra of the HCGHDCS dimer and three
the SQ-containing complexes. However, even in the SO additional isotopomers were measured with a Balf/gare
complexes, the model proved to be useful in terms of allowing Fourier transform microwave spectrometer in the frequency
the examination of possible structures and their relative energiesrange 5.5-15 GHz. The autoscan capability of the University
prior to embarking on the search for their spectra. of Michigan FTMW spectrometer enabled an initial search to

To continue the study of trimers that are comprised of linear be made over a 1.3 GHz region between 6.5 and 7.8 GHz, and
monomers, it is necessary to ensure that the corresponding dimethis search revealed a large number of transitions. Careful
structures are well-known. This allows not only a better mixing experiments eliminated transitions that did not require
understanding of the likely geometries of the trimers but also both components, and Stark effect measurements were carried
makes possible comparisons between the dimer structures inout on any strong lines that remained. Only six of the many
the isolated dimers and in the dimer portion within a trimer. lines that had been found in the initial search region turned out
From these subtle structural differences, it should be possibleto be due to the HCCHOCS dimer. Stark effect experiments
to observe the effects of a third body, and ultimately, it is hoped were carried out by the application of an electric field up to
that we will be able to understand and quantify these effects as+8 kV to a pair of stainless steel mesh plates measuring
studies are extended to larger clusters. Trimers containing HCCHapproximately 50 cnx 50 cm that are situated above and below
and OCS would be an attractive possibility, allowing us to look the Fabry-Perot cavity and separated by some 30 cm. Calibra-
for similarities between the trimers of HCCHDCS with those tion of the electric field was carried out daily by measurement
of CO,—OCS!3 The first step in such a study is to ensure of the 1— 0 transition of OCS at 12162.980 MHz, assuming a
that the structure HCCHOCS is determined and understood, dipole moment of 0.7152
a system that, until now, had not been characterized by high- The HCCH-OCS dimer was generated in a supersonic
resolution spectroscopy. expansion of a gas mixture of approximately 1.5% of each of

In this paper we report on the analysis of the rotational the two components diluted in a “first run” HéNe carrier gas
spectrum of four isotopomers of the HCEDCS complex. A (90% Ne, 10% He) at a backing pressure of ca. 2.7 atm. The
structure in which the two monomers lie almost parallel to each gas mixture was expanded into the evacuated cavity through a
other has been determined from least-squares-fitting the mo-modified Bosch fuel injector valve, in a direction perpendicular
ments of inertia. This type of parallel structure is fairly typical to the resonator axis. This alignment dramatically reduces
of HCCH complexes and has been seen in both HESKED? Doppler doubling and results in a line with full width at half-
and HCCH-CG,.° maximum of the order of 30 kHz. Transition frequencies were

The ORIENT model mentioned above employs electrostatic, reproducible to within 2 kHz. The more intense lines for the
dispersion, and repulsion interactions and was used to reproducaormal species were easily visible in 100 shots with signal-to-

noise ratios in excess of 20. To resolve the small nuclear
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TABLE 1: Observed Rotational Transitions for the Normal
Species of HCCH-OCS

The DCCD-OCS isotopomer was observed using isotopically
enriched DCCD purchased from MSD Isotopes (98% D).

N N Vord MHZ AvikHz2 A number of transitions that required both HCCH and OCS
111 Oo 7354.0675 04 that were discovered in the initial search region still remain
210 1y, 6600.2781 0.0 unassigned, and attempts to assign these to one of the two
202 log 7086.7494 -0.3 possible mixed trimer systems (OE®CS-HCCH or HCCH-

21 Lio 7680.8134 1.9 HCCH—-OCS) or to another isomer of HCCHDCS are

212 1o 10383.9613 -13 currently underway.

220 211 11404.3594 5.7

2 2 12971.4021 -55

3 %o 5004.5938 17 Results

303 212 7201.3885 0.7 |. Spectra. Both a- andb-type transitions were observed for
gé: 22 1%28;'2?)?2 é"é all isotopomers, with theb-type transitions being the most
3 %91 10710.2511 85 intense. Searches foftype transitions proved to be unsuccess-
3 220 10921.9512 —45 ful. The absence of-type transitions suggests ai plane of

31 211 11485.1180 -1.1 symmetry, and hence, a planar complex is the most likely.
313 202 13165.1997 -1.2 Transition frequencies for the 24 observed lines for the normal
322 313 13813.6642 21 isotopomer are listed in Table 1. Transition frequencies for the
413 4os 7374.9007 19 other three isotopomers are available as Supporting Information.
doa 313 11104.4552 -19 The spectroscopic constants obtained from a fit of these
414 313 13101.3170 —-3.7 o . . . .

dos 303 13771.0569 04 transitions 'to a Wat§onA lreductlon Hamﬂton@n in thqf

4y 35 14237.5511 ~0.9 representatiort are given in Table 2, along with the fitted
4y, 3 14745.7664 0.3 constants for the additional three isotopomers. Isotopic shifts
514 4p3 9353.8956 2.4 calculated using a model that was obtained from a semiempirical
514 505 9397.2323 -3.0 model calculation (to be discussed in the Discussion) enabled

quick location of the additional isotopomers.

II. Dipole Moment. Observed Stark coefficients for eight
increased resolution was attained by the use of an axial nozzle.components from five rotational transitions were least-squares-
The gas mixture was expanded through a General Valve fitted to determine the dipole moment components for the
Corporation series 9 pulsed valve situated just off-center in one HCCH—OCS dimer. The fitted dipole components were found
of the Fabry-Perot mirrors. Line widths were substantially to beus = 0.2011(5) D andu, = 0.6259(8) D, leading to a
reduced to ca. 10 kHz, and a Doppler doubling of-30 kHz total dipole momentora, Of 0.6574(8) D. The total dipole
(dependent on the particular frequency) was observed. Thismoment is within 0.06 D of the OCS monomer moment of
higher resolution allowed the assignment of nuclear hyperfine 0.7152 D!° The observed and calculated Stark coefficients are
components to be made for several transitions of the DECD given in Table 3.

OCS isotopomer where the hyperfine splittings typically ex- lll. Structure. The absence o€-type transitions for this
tended over a region of only 16@00 kHz, making resolution ~ complex suggests that the structure is probably planar. Calcula-
difficult even with the improved resolution offered by the axial tion of the inertial defectA, for the normal species gives a
nozzle. value of 1.163 u A This is slightly larger than the inertial

The HCCH-OC®S isotopomer was observed in natural defects observed in other planar acetylene complexes such as
abundance (ca. 4%). Some of the strongdype transitions HCCH—N,08 (A = 0.841 u &), HCCH-H,CO2 (A = 0.643
for this species were visible in signal-to-noise ratios in excess u A?), and HCCH-CO® (A = 0.80 u &) but is still small
of 10 in 500 shots, although lines often required averaging for enough that, taken along with the small centrifugal distortion
a couple of thousand shots in order to achieve acceptable signalconstants, it provides evidence that the complex is reasonably
to-noise. The HCCH80CS isotopomer was observed using rigid. The value ofA can be seen to change very little upon
an isotopically enriched sample BIOCS (93.4%€0, Isotec). isotopic substitution (Table 2), with all four isotopomers having

& AV = Vobsd — Vealcs

TABLE 2: Spectroscopic Constants for the Four Isotopomers of HCCH-OCS

spectroscopic constant HCCHDCS HCCH-80CS HCCH-OC*s DCCD-0CS
AMHz 5839.1071(20) 5489.6306(28) 5761.4525(22) 5487.5615(22)
B/MHz 2055.4388(13) 2053.5079(42) 2018.8491(27) 1963.6641(12)
C/MHz 1514.9785(12) 1489.2072(39) 1489.8421(25) 1441.3160(18)
AykHz 8.69(2) 8.50(7) 8.27(5) 7.78(5)
AslkHz 2.9(1) 3.3(3) 1.5(3) 6.51(10)
AxlkHz 44.3(4) 36.5(7) 46.8(5) 28.2(7)
04/kHz 2.527(8) 2.59(1) 2.43(2) 2.30(4)
OxlkHz 28.2(6) 26.2(19) 23.1(13) 23.1(5)
YadYIMHZ —0.075(10)
1o YIMHZ 0.150(10)
Yea?IMHZ —0.100(10)
1ov2IMHZ 0.212(10)
Alu A2a 1.163 1.195 1.169 1.176
Pcdu A2 —0.582 —0.598 —0.584 —0.588
AvimdkHZ? 2.96 2.90 2.51 2.68
N ¢ 24 21 18 38

a|nertial defect, A = (Ic — la — lp). ® AVims = [3 (Vobsd — VeacdN]¥2 ¢ N is the number of fitted transitions.
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TABLE 3: Stark Coefficients and Dipole Moment TABLE 4: Principal Axis Coordinates for the Fitted
Components for HCCH—OCS Structure of HCCH —OCS?
transition M| Avle?a obsd— calcdt atom a b c
1;,— 000 0 6.2912 0.0024 Hi 2.896 44 1.22515 0.000 00
2001 0 2.5439 —0.0104 C 2.634 08 0.197 10 0.000 00
1 6.5391 —0.0464 Cs 2.336 61 —0.968 55 0.000 00
210111 1 6.7339 —0.0017 Ha 2.074 25 —1.996 60 0.000 00
21— 110 1 —8.6004 —0.0032 Ms 2.485 35 —0.38572 0.000 00
d13—4os 2 1.3799 0.0201 Me —1.078 23 0.167 33 0.000 00
3 3.0508 0.0181 S —1.526 52 —0.769 99 0.000 00
4 5.4157 0.0409 [1.506 42] [0.785 03] 0.000 00
ua=0.2011(5) D Og —0.352 43 1.684 89 0.000 00
up = 0.6259(8) D [0.348 97] [1.681 13] 0.000 00
ue=0.00(5) I Co —0.851 24 0.641 94 0.000 00

=0.6574(8) D . .
Hiot ®) aValues in brackets for the S and O atoms are the coordinates
a Observed Stark coefficients and residuals are in units of WHz/ obtained from the Kraitchman single isotopic substitution calculations.
(V cm™Y). by fixed at zero during fitting. All coordinates are given in angstroms.

fitting program revealed that onll and I, should be fit for
each isotopomer to try to offset the nonzero inertial defect. The
principal axis coordinates that result from this least-squares
fitting are listed in Table 4 with the corresponding structural
parameters given in Table 5. The monomer structures were
assumed to be unchanged in the dimer during the fitting process
(r(C=C) = 1.203 A andr(C—H) = 1.061 A in acetylen®¥ and
r(C=0) = 1.1561 A and'(C=S) = 1.5651 A in OC%). Also
listed in Table 4, where available, are the coordinates from the
Kraitchman single isotopic substitution calculatidhsnertial
data for the singly substitutéddOCS and the O&S isotopomers
enabled the principal axis coordinates of the OCS molecule to
be calculated and hence the orientation of the OCS with respect
to the principal axes to be determined. The-®distance in
OCS calculated from the Kraitchman coordinates determined
for these atoms is 2.7243 A, in excellent agreement with the
values in the range 1.1& 0.02 u &. Positive values ofA 2.7212Aobtained by using the literature monomer geoniétry.
usually arise from Coriolis interactions from in-plane vibrational 1N fittéd parameters were found to Bev = 3.6062(13) Ao
modes. = 84.5(78), andp = 106.7(9) with a Aliys value of 0.358 u
Further evidence in favor of a planar geometry may be A2 and are iIIustrat_ed_ in Figure _1._The uncertainties in the
obtained by inspection of the rotational constarior the normal parameters are statistical uncertainties) that result from the
species. We can use the following expression to estimate thefitting program. The structural parameters may be considered
value of A that would be expected if the two monomers were 0 describe an effective ground-state structure, and we expect

0 =106.7(9) °

Figure 1. Structure of the HCCHOCS complex in thab symmetry
plane showing the definition of the fitted structural parameters and the
atom numbering scheme.

aligned parallel to each other, the equilibrium values to fall within approximately 0.05 A for
the center-of-mass separatiori, fér 6 and 10 for ¢.
1 _ 1 i 1 1 The fitted structure from the inertial data was used to estimate
A(complex)_ By(HCCH)  B,(OCS) @) dipole moments for the complex based on a simple projection

of the OCS monomer dipole moméhbnto the principal axis

whereA is the measured rotational constant for the HCCH frame of the dimer. This leads to valuesigf= 0.31 D anc_jub
OCS complex an@o(HCCH) andBo(OCS) are the rotational ~ — 0.65.D, glose to.the values that result fron_1 the experimental
constants for free HCCHB(HCCH) = 35273.8 MH23) and dete_rmmatlor_m ThIS suggests_ that pola_nzatlon eﬁ_‘ect_s are not
OCS Bo(OCS) = 6081.19 MH24. This expression gives a particularly significant, since mduce_d dipole COh'FI’IbL_I'[IOI’lS are
value of A of 5186.96 MHz, within 11% of the experimental rgasonably s.mall..CaIcuIapons that include polarization effects
value of 5839.11 MHz, and suggests that the two monomers Will be described in the Discussion.

are likely aligned close to parallel to each other. IV. Deuterium Nuclear Quadrupole Coupling Constants.

The moments of inertia for the normal species and the three As described in the Experimental Section, some of the nuclear
additional isotopomers allowed a least-squares fitting to the threequadrupole hyperfine splittings in the DCEIDCS isotopomer
structural parameters required to describe the structure of thiswere resolvable. The individual splittings were small, of the
dimer, theRcy distance, the anglé (the G—Ms++-Mg angle), order of a few tens of kilohertz at best, but careful inspection
and the angle (S;—Mg -*Ms). The centers Mand M are the of the Doppler doublets and a comparison with predictions in
centers of mass of the acetylene and the OCS, respectively; aliwhich the nuclear quadupole coupling constants of the DCCD
atom numbering is defined in Figure 1. The University of monomet’ were projected into the principal axis frame of the
Michigan implementation of the STRFTQ program of Schwen- structure obtained from the inertial fit (giving.a = —0.087
deman was used in the fitting of the inertial data. Owing to the MHz and yn, = 0.199 MHz) allowed an assignment of the
relatively large nonzero inertial defect, a fit of all three moments components to be made. A total of 38 hyperfine components
of inertia for the four isotopomers will result in a large standard from 8 transitions were measured. Global fits of rotational,
deviation for the fit. For this reason, experimentation with the centrifugal distortion constants, and nuclear quadrupole coupling
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TABLE 5: Structural Parameters, Rotational Constants, and Dipole Moment Components for HCCH-OCS from Experiment
and Predictions from the ORIENT Model

ORIENT ORIENT ORIENT ORIENT
(no induction) (no induction) (+ induction) (+ induction)
parameter exptl K =0.001Ex K'=0.001 375, K =0.001Ex K =0.001 55E,
Rew/A 3.6062(13) 3.424 3.603 3.367 3.603
6/deg 84.5(78) 84.7 86.3 82.6 84.6
¢ldeg 106.7(9) 107.6 107.6 107.3 107.3
Almdlu A2 0.358
A/MHz 5839.1071 5947.893 5889.112 5965.975 5878.472
B/MHz 2055.4388 2245.678 2045.731 2315.086 2046.516
C/MHz 1514.9785 1630.187 1518.308 1667.872 1518.032
/D 0.2011 0.36 0.34 0.14 0.03
/D 0.6259 0.67 0.68 0.55 0.58
@ Alms is the standard deviation of the fit.
TABLE 6: Distributed Multipoles for HCCH and OCS 2 A and B may be given 0y
atom 2 Qoo Q1o Q20 Qs0 Quo )
I
H 3.14167 0.03324 0.304540.13257 0.069 66-0.046 14 Cé]s
C  1.13667-0.03324 0.42291-0.30230—1.60327 2.11596 Uexp-6 = ZK expl—o;(R; — py)] —— 2
C -—1.13667—-0.03324-0.42291-0.30230 1.60327 2.11596 ] 6
H —3.14167 0.03324-0.304 54—0.13257—-0.069 60—0.046 14 )
C 0.000 00 0.64586-0.45833 0.28738 1.75320 7.08756
O -—2.18471-0.51907-0.08349 0.27677 0.43694 0.70845 whereK is an energy unit that is taken to be 0.(Bil(hartree)
S

2.95761-0.126 79 0.08006 1.659440.77481 234081  py default and allows fine-tuning of the repulsion portion of
a All quantities are in atomic unit$.z coordinate of the atom in  the potentialR; is the separation between siteand; in the
bohr. molecules A and B, respectively; is a measure of the hardness
of the exponential repulsiom;; is a sum of effective radii of
constants were not possible with this particular mixture of lines. the sitesi andj, and Cig is an empirical site-site dispersion
Attempts to fix everything except the four nuclear quadrupole term. Values fory;, pj, andC} were taken from the tabulated
coupling constantsyfa and yup for the two deuterium nuclei)  values of Mirsky® in Table 11.2 of ref 19. Values for atom
also led to a failure to fit, with the values gfa for the two atom pairs not available in ref 19 were generated by means of
deuterium nuclei oscillating and failing to converge. Fits in the following approximate combining rules: harmonic mean
which the coupling constants were fitted individually were tried, for o (i.e., by ~ Loy + lloy), geometric mean fo€s, and
and the resulting values fed back into the program in an iterative arithmetic mean fop.
process. The rotational and distortion constants were then fitted  The global minimum structure<641.6 cnt?) that resulted

to give the values listed in the final column of Table 2, with &  fom the ORIENT model with the default parameters was very
standard deviation of 2.68 kHz. Variation of the values of the gjnmilar in appearance to the structure from the inertial fit. Table
derived coupling constants allowed us to estimate the uncertain-g compares the values of the parame®g, 0, andg, and it
ties and to ensure that the fit was reasonable. can be seen that in the case of the angles, agreement between
Comparison of_ the_ fitted coupling constants with the values ¢ experimental and calculated values is excellent. Rhg
obtained by projection of the monomer constants onto the gistance is underestimated quite considerably by the model,
principal axis frame of the dimer shows that the structure is being some 0.18 A too short. Increasing the value of the
consistent with the coupling constants. Clearly, the environments preexponential factdt to 0.001 375, brings theRey distance
of the two deuterium atoms are different enough that noticeably i guantitative agreement with the experimental value and
different nuclear quadrupole coupling constants for the two sites changes the other parameters by very little (see the third column
might arise. This is not sprprising_ given that similar differential jn Taple 5). A comparison of the experimental and predicted
effects were observed in the nitrogen coupling constants of rstational constants and dipole moment components is also given
HCCH-N;028 in Table 5 and shows that the standard model (without induction)
has performed reasonably well in this case.

In an attempt to see whether the ORIENT model predicts

A semiempirical model was employed during the initial any significant polarization effects in this complex, we carried
modeling of this complex to explore possible structures and to out a simple, low-level induction calculation. We may include
allow predictions of the spectrum to guide the searches. The a simplistic induction interaction by the addition of a molecular
ORIENT model of Anthony Stone was used with distributed polarizability placed at the center of mass of each monomer.
multipole moments (DMM’s) calculated with the CADPAC  Values of the polarizabilities for HCCH (o. = 3.36 A3, y =
suite of program$ at the SCF level with a TZ2P basis from 1.75 A3) and OC%? (a. = 5.21 A3, y = 4.67 A3) were taken
the CADPAC library. Multipoles up to and including hexade- from the tables in ref 23. The induction energy and the
capoles were calculated at the atomic centers; the DMM’s for calculation of the induced moments are then iterated to
acetylene and OCS are listed in Table 6. In addition to the convergence. The resulting structure (using the default value
electrostatic interaction that is afforded by the DMM’s, disper- of K = 0.001E;) shows very little change from the calculation
sion and repulsion interactions were included in the intermo- in which induction was neglecte®cy is reduced as would be
lecular interaction potential by means of combined dispersion expected by the addition of another attractive contribution, and
repulsion atom-atom parameters of the exp form. In this the angle®) and ¢ are within 2 or so of the values from the
formulation the combined dispersienepulsion contribution to calculation with default parameters without induction. The dipole
the interaction energy for an interaction between two molecules moment components of, = 0.14 D andu, = 0.55 D include

Discussion
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TABLE 7: Distributed Multipoles for CO , and N,O2
atom 2 Qoo Qio Q20 Qzo Qa0 ® @_®

0.00000 1.39750 0.000000.27726 0.00000 1.91077

2.19586—-0.698 75 0.394 870.168 80 0.286 94-0.222 64 6
—2.195 86—0.698 75—0.394 87—0.168 80—0.286 94—0.222 64

0.00000 0.62601 0.45467 0.0239®.51785 2.39121
—2.12783-0.13493 0.087 86-0.06568 0.36881 0.927 93

2.25066—0.49109 0.00439 0.49616 0.3722D.73513

0zz000

a2 All quantities are in atomic unit®.z coordinate of the atom in
bohr.

corrections for induced moments and are slightly smaller than

the values that result in the calculation with no induction

included (15 = 0.36 D andup = 0.67 D). Adjustment of the
preexponential factdf to a value of 0.001 5&, was necessary

to reproduce the experimentBty value; the parameters for

this structure are given in the last column of Table 5 along with (®)
the resulting rotational constants and dipole moment compo-

nents. It can be seen from the table that the rotational constants

are not very different from the calculation with no induction

and in which a value oK of 0.001 375E,, was used. The,

dipole component is approximately zero and has been overcor-

rected by the inclusion of polarization, but thg component

remains at around 0.58 D. The tendency of ghecomponent

(and to a smaller extent the, component) to be reduced upon

inclusion of polarization effects in the model is consistent with

the measured momer_1ts being Sllght!y Ie?’s than the pl’Ojecuz"dFigure 2. Definition of the structural parameters in the (a) HCEH
dipole moments obtained from the inertial fit structure (see ¢Q, and (b) HCCH-N,O complexes.

Structure in Results).

In addition to modeling the HCCHOCS complex, the two ~ more closely when theRcw distance is brought closer to
closely related complexes HCGHCO, and HCCH-N,O were agreement with the experimental value by adjustment of the
modeled using the same approach as for HEQES. Values ~ Value of K. Again, as with HCCHCO,, the most important
for the polarizabilities of C&#! (o = 2.59 A3, y = 2.03 A3) factor in the prediction of the rotational constants is seen to be
and NO?! (o0 = 2.93 A3, y = 2.83 A3) were taken from the how well the model predictRcy. In both calculations in which
tables in ref 23. Distributed multipole moments were calculated the preexponential factok, was varied to bringRcum into
at the same SCF/TZ2P level as for HCCH and OCS, and theseagreement with the experimental value, the predicted and
moments are tabulated in Table 7. Table 8 lists the calculated€xperimental values of the rotational constants are in very good
structural parameters for the HCEHCO, complex at different ~ agreement. The anglésandg are consistently predicted to be
levels of calculation and compares them with the experimental 99—100° and 9T, respectively, slightly larger than the assumed
values (see Figure 2a for definitions of angles and distances).values of 96.2 A different potential function model including
A value for K of 0.0013E, was required to bring th&®cy electrostatic, dispersion, and repulsion energies finds that the
distance into agreement with the experimental value, and this minimum potential energy configuration of HCCHN,O occurs
can be seen to improve the agreement between the predictedvhené = 90° and¢ = 91°.24 Furthermore, using eq 1 gives a
and experimental rotational constants quite significantly. The value ofAthat is within 1.4% of the observed valéi&dicating
final column in Table 8 shows little improvement in the thatthe angles are close to°9Gsotopic substitution experiments
rotational constants; since the addition of polarization effects may be able to refine the structure and better distinguish between
does nothing to the anglésandg, they remain at exactly 90  the two potential functions.
in all of the calculations for this complex.

The HCCH-N,0 results are listed in Table 9, and its structure Conclusions
is shown in Figure 2b. In this case therotational constant is The HCCH-OCS complex has been found to possess a
in reasonable agreement for all levels of calculat®randC, structure in which the two monomers are aligned close to parallel

not surprisingly, reproduce the experimental constants muchto each other. The OCS is tilted slightly such that the O atom

TABLE 8: Comparison of Experimental and Predicted Structural Parameters and Rotational Constants for the HCCH-CO,
Complex

ORIENT ORIENT ORIENT ORIENT

(no induction) (no induction) (+ induction) (+ induction)
parameter exptl K = 0.001E, K = 0.0013E, K =0.001E, K = 0.0014E;,
Rew/A 3.285 3.144 3.285 3.094 3.283
0/deg 20 90 90 90 90
¢ldeg 90 90 90 90 90
AMHz 8876.4 8797.081 8797.081 8797.081 8797.081
B/MHz 2859.3 3126.529 2865.170 3229.971 2867.881
CIMHz 2155.3 2306.712 2161.258 2362.534 2162.800

aThe equilibrium structure of HCCHCO, hasC,, symmetry, so the anglégsand ¢ are both 90.
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TABLE 9: Comparison of Predicted and Experimental Structural Parameters and Rotational Constants for the HCCH-N,0
Complex

ORIENT ORIENT ORIENT ORIENT
(no induction) (no induction) (+ induction) (+ induction)
parameter exptl K = 0.001E, K =0.001 225, K = 0.001E, K = 0.001 35E,

Rew/A 3.305 3.191 3.301 3.139 3.309
0/deg 96 99.7 99.7 100.4 99.8
@ldeg 96 91.5 91.6 91.0 91.2
A/MHz 9394.2683 9357.913 9368.655 9343.366 9359.016
B/MHz 2831.8564 3027.934 2828.293 3130.951 2816.143
C/MHz 2168.0780 2287.703 2172.453 2345.108 2164.763

2The angle®) and¢ are assumed to be 90See text for discussion.
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K, allowed us to considerably improve the agreement of the
predicted and experimental rotational constants. Addition of
polarization effects also served to improve the agreement, with
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