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The microwave spectra of six isotopomers of HGBRO have been measured. The structure of the complex
has been fully determined. The monomers have a planar, nearly parallel orientation. They deviate from parallel
by 13.6, and the tilt moves the oxygen end of theQNcloser to the acetylene. The centers of mass of the
two monomers are separated by 3.2961(8) A. The dipole moment of the H&GAE isotope has been
measured, givingta = 0.0915(7) D,up = 0.1503(19) D, anduo,: = 0.1759(16) D. The conclusions of this

work refine previous experimental and semiempirical studies. New semiempirical calculations using a different
model agree well with the current results.

Introduction that was used previously in an attempt to explain why the two

sets of predictions are different.
The study of weakly bound complexes has long been used

to gain insight into the nature of the weak forces that are presentExperiment
when molecules interact. The results of structural studies using
high-resolution spectroscopy help refine theoretical interaction
models, identifying areas where they function well and where
they seem to break down. In this study, we examine the HCCH
N.O system. This complex has previously been studied experi-
mentally by several grougs? and a semiempirical interaction
model has been used to investigate the structtiféhese initial
studies proposed a parallel structure with a line perpendicular
to the two monomers connecting their centers of mass. The
available data from one isotopic species was insensitive to
detecting small deviations from a parallel configuration. This
structure is similar to that of the isoelectronic HC@D,
complex, which has been studied experimentally and with the
same interaction model that was applied to HCRFD.4 6 A
different interaction model has recently been helpful in modeling
the HCCHOCS? HCCH(OCS),2 CO,-OCS? (CO,),0CS?-10
(OCS)CO,, M and (CQ)2N,0'2 complexes, among others. It
was noted in the HCCHDCS study that this model predicted
that the oxygen end of the ® would tip about 16-15° toward

the acetylene molecule in the HC@O complex! Other
complexes involving BO have shown similar decreases in
symmetry when compared to the corresponding €@nplexes.

For example, HO-CO, hasCy, symmetry, with the oxygen of
H,O pointing toward the carbon of GOin a T-shaped
configurationt®14H,0-N,0O also has a T-shaped structure, but

The spectra of six isotopomers of the HCQHO complex
were measured in the 5:48.5 GHz range on the Baltd-lygare
type Fourier transform microwave spectromete Mount
Holyoke College and the University of Michig@d’1° The
H2C12CH-1“N,O and H2C!?CH-15NNO isotopomers were
measured at Mount Holyoke by expanding a mixture of 1%
HCCH and 2% NO in argon through a General Valve Series
9 nozzle. The backing pressure wasatm. Measurement of
the H2C2CH-1“N,O spectrum has been reported previodsly.
Spectra of the remaining four isotopomers2E2CH-15N,0,
H13C12CH-15N,0, H2C13CH-15N,0, and H2C'2CD-15N,0 were
measured at the University of Michigan with a sample concen-
tration of about 1% each of HCCH and® in argon with a
stagnation pressure of-3 atm. A modified Bosch fuel injector
valve was used. All of the isotopic species were measured using
enriched sampled®N,0 (99%°N) was obtained from Isotec;
H2CI3CH (99.2% 13C) was obtained from CDN lIsotopes;
HCCD (98.9% D) was obtained from CDN, afiN'*NO (98%
15N) was obtained from Cambridge Isotopes. The Mount
Holyoke nozzle was aligned parallel to the direction of
microwave propagation, while the Michigan nozzle was per-
pendicular to the direction of microwave propagation, except
for the HCCDN,0 isotopomer, for which a parallel arrange-
ment was used. This alignment improves resolution, facilitating
) the assignment of nuclear quadrupole hyperfine structure, while
the oxygen of the bo.'s drawn toward one of the 19 the perpendicular nozzle arrangement eliminates Doppler dou-
hydrogens, causing a distortion of theT. blets. Line widths from the parallel nozzle were B kHz full

The current work investigates the discrepancy between the dth at half-maximum (fwhm), while the perpendicular nozzle
two sets of HCCHN2O calculations by studying various gave fwhm values of about 30 kHz. A typical transition of the
ISOtOpomerS of the Comp|eX This allows a Complete structural normal isotopomer required 10 000 gas pulses to obtain a
determination which was not possible with the preViOUS data reasonable Signal_to_noise ratio. Transitions of t:ﬁNZO

from only one isotope. In addition, the semiempirical model isotopomers were much stronger due to the lack of hyperfine
that was used for the current work is contrasted with the model structure. 200 shots were required to give a signal-to-noise ratio

of about 20 for the b-type transitions of thé3g12CH-15N,0
* Corresponding author. isotopomer. Since two isotopic species were present in the
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TABLE 1: Spectroscopic Constants for HCCHN,O and the Five Assigned Isotopomers (in MHz

Peebles et al.

Unless Otherwise Noted)

HIZCIZCH-N,07  HIZCHCH-SN,0  HECICH-1N,0  HPCICH-LN,0

H12C120H.15N 14Nof

H12C12CD-15N,09

A 9394.26826(22) 9153.3378(12) 9097.5293(37) 9095.9382(42) 9153.47455(15) 8739.4775(32)
B 2831.85640(8) 2786.8284(7) 2718.3913(18) 2725.1120(20) 2808.76903(6) 2734.3984(15)
C 2168.07804(7) 2128.7172(6) 2089.6146(14) 2089.4814(16) 2141.50685(5) 2075.3275(12)
D, 0.012290(3) 0.011778(17) 0.011450(51) 0.011325(58) 0.0120267(15) 0.011133(80)
Dik 0.056768(40) 0.05545(14) 0.05217(45) 0.05448(51) 0.0558972(76) 0.05672(42)

Dk b b b b —0.060972(39) b

dy —0.003365(2) —0.003232(24)  —0.003135(36)  —0.003041(40)  —0.0033240(6) —0.003092(12)

d —0.000727(10)  —0.00060(10) —0.000727 —0.000727 —0.0007028(5) —0.000727

NS 15 12 11 11 22 11

AvimdkHz?  0.832 1.00 3.24 3.68 0.227 2.81

aData from ref 2. Fit of 121 hyperfine components from 15 rotational transitfoDg.was fixed at zero, because it was not well determined.
¢ N = number of rotational transitions in the fit Avims = (3 (vobs — veaid’N)¥2. € Fixed at value from normal isotopoméiit of center frequencies

of 22 rotational transitiong!. Fit of center frequencies of 11 rotational transitions.

TABLE 2: Transition Frequencies for Isotopomers Measured in This Work (in MHz)

HCCH-**N,0O H3C2CH-5N,0 H2C3CH-1N,0 HC2CH-SNM“NO H2C2CD-15N,0
obsd— obsd— obsd— obsd— obsd—

Jkake  J'kaker  frequency  calcd frequency calcd frequency calcd frequency calcd frequency calcd

110 lo1 7024.498 0.001 7011.793 —0.005 7006.335 —0.001 7011.904 0.000 6664.025 0.000

111 Ooo 11281.909 —-0.001 11183.009 0.003 11185.280 0.003 11294.896 0.000 10814.661 0.002

211 202 7730.701 0.000 7689.034 0.000 7686.870 0.000 7728.733 0.000 7374.685001

212 1 9172.487 0.002 8974.765 0.005 8993.067-0.006 9232.787 0.000 8959.903 0.006

202 101 9782.297 0.001 9562.873 —0.004 9583.602 —0.004 9850.269 0.000 9567.775 —0.005

211 110 10488.498 —0.002 10240.116 0.003 10264.148 0.008 10567.099 0.000 10277.838.002

212 101 15577.456 0.000

303 212 8796.857 0.000 8442.289 —0.004 8483.026 —0.001 8924.629  0.000 8827.699 0.003

32 303 8877.647 0.001 8786.076 0.002 8789.659-0.004 8894.217 0.000 8531.793 0.002

313 212 13728.994 —0.001 13434.585 —0.004 13461.795 0.002 13818.563  0.000  13408.4560.002

303 202 14651.816 0.001

322 221 14848.255 0.000

3 220 15045.833 0.000

32 211 15817.300 0.001

3 312 18312.559 0.000

443 4oa 10557.737 0.000 11389.275 —0.001 10401.829 0.001 10603.136 0.000 10233.450 0.000

Aoa 313 14258.122 0.000 13786.249 0.003 13837.908 0.000 14421.345 0.000

4y 43 17528.244 0.000

A14 313 18370.793 0.000

514 43 9369.400 0.000

514 505 12862.317 0.000 12948.239 0.000 12570.811 0.000

523 514 16914.301 0.000

H12C13CH sample mixture (FPC2CH-15N,O and H2C3CH:
15N,0), there was a decrease in signal intensity. TRECH-

and seven b-type transitions

were measured for each of the

H12C13CH isotopomers and the HCCD isotopomer. Naatype

CH transitions required about 1000 gas pulses to obtain a signal-and 13b-type transitions were measured for HCE#“NO.
to-noise ratio of around 5, and the HCCD transitions also had The spectra were fit to Watson’s S-reduction Hamiltonian in
similar intensity. The HCCB®N,O isotopomer with D close  thel' representation. The spectroscopic constants for all of the
to the oxygen was assigned. The isotopomer with the D at the isotopomers are given in Table 1. For most of the isotopgs,
nitrogen end of the BD was weaker, presumably due to an was not well determined, so it was fixed at a value of zero. For
isotope effect, and not assigned. The a-type transitions of all the H'3C12CH species and HCCD speciedz was not well
species were considerably weaker due to the very small determined, and it was fixed at the valuedsfirom the normal
a-component of the dipole moment. isotope. The nuclear quadrupole hyperfine structure of the
Stark effect measurements were carried out on the University normal species has been analyzed previotialyd the hyperfine
of Michigan spectrometer by applying voltages of up-t@ structures of FRC12CH-15N14NO and H2C2CD-15N,0 will be
kV to two parallel 50 cmx 50 cm steel mesh plates spaced treated in future work. For the current study, center frequencies
about 30 cm apart and located just outside the FaBgrot after preliminary analysis of the quadrupole splittings of the
cavity of the spectrometer. The electric field was calibrated by Hi2c12cH.15N14NO and H2C12CD-15N,0 transitions were fit
measuring thd = 1 -— 0 transition of OCS at 12 162.980 MHz {5 obtain rotational constants. The frequencies of all of the
and assuming an OCS dipole moment of 0.7152 D. transitions measured in the current study are given in Table 2,
including the unsplit center frequencies fot2a2CH-15N4-
NO and H2C¥2CD-15N,0. The transition frequencies of the

A. Spectra. Spectral data for the HCGN,O complex and ~ Nnormal isotopomer are given in ref 2.
results based on an analysis of the nuclear quadrupole hyperfine B. Dipole Moment. The dipole moment of the HCGIN,O
structure of the normal species have been published previ-isotopomer was measured. The small dipole moment compo-
ously?2 For the normal isotopomer, six a-type and nine b-type nents and small Stark coefficients combined to give very small
transitions were measured, while four a-type and eight b-type shifts in the transition frequencies. At the largest fields, the shifts
transitions were measured for HCEPN,O, and four a-type were about 2086300 kHz. Data were obtained on one compo-

Results



Nitrous Oxide-Acetylene Complex J. Phys. Chem. A, Vol. 103, No. 50, 19980815

TABLE 3: Observed and Calculated Stark Coefficients for coordinates of atom Nwere determined from HCMXCH-
HCCH N0 15N14NO and the normal isotopomer. The substitution coordi-
J'kake J'karke M| observed calculated nates are obtained in the principal axis system of the parent

2 202 5 0.585 0.569 species, so it was necessary to transform the coordinates of
3 303 3 0.394 0.409 atoms N, G, C7, and H; to the principal axis system of normal
21 Lio 1 —-0.901 —0.889 HCCH-N,O before comparisons could be made. It is the
212 1 1 0.900 0.906 transformed coordinates that are shown in Table 6. The only
%’2 101 i (1)2111; gggg coordinate that differs significantly from the inertial fit coor-
11‘1’ 02; 0 0250 0272 dinates isa for atom N. The substitution structure gives a value

for this coordinate that deviates by 0.094 A from the inertial
aUnits of 10® MHz cn? V2. The calculated coefficients were i

obtained with the constants in Table 1 and dipole components in Table

4 A two-parameter fit holding the HCCH and:@ units parallel

was also explored. In this fit,ecm and On,-m,-m, Were varied

nent each from seven transitions, and a least-squares fit of the[101ding Ou,-wmy-c; equal tobn,-m,-w, (See Figure 1). The best

measured Stark coefficients led to dipole moment componentsleas‘t’squares fit td, and| for the six isotopic species gave
of s = 0.0915(7) D andus = 0.1503(19) D, withu =  'om = 3-29924(66) A andy,—, -, = 84.35(23). The quality
0.1759(16) D. The dipole moment data are summarized in Of the fit (Alims = 0.132 amu A) was poorer than for the tilted

Tables 3 and 4. Projection of the® dipole moment (0.16083 tsr:rucft_tlre féti'hA &omtpinson of thg_Celrtes_lan _coorc_ilne%tets)l fr%m
D2} onto the principal axes of the complex predicts a pure IS it an € Krailchman coordinates 1s given in 1ablée ©.

b-type spectrum for HCCHN,O, since thata projection is too Although theAlmsis not substantially different for this structure,

small to be observed unless polarization effects increase itthe Cartesian coordinates are in overall poorer agreement with

substantially. Hence, the presence of a-type transitions indicate _he Kraitchman calculated values compared to the tilted con-

that there is an induced dipole along the a-axis. Determination iguration. Thi?’ leads to our p(efergnce for the. tilted structure
of a dipole moment with both a- and b-components confirms as the best fit to the isotopic shift data. Still, the overall

this. These results for HCGN.O are consistent with the results ~ COMParSons ORlms and t_he Kraitchman coordinates are not
for the isoelectronic complex HCGBO,, where the dipole so unequivocally compelling that the parallel structure can be

moment of 0.161 D is due entirely to induction effeets. ;jhefmltlvely (;:Ilm;qate(g. Largffgrr:plltude }Qbr?tlonz! ef.fech ?r?
Calculations using a semiempirical model, described later, e moments of inertia contribute a residual ambiguity in the

predict only the b-component of the dipole moment of HCCH mterpretaﬂop O,f the |sot.0pe shift data.
N2O when induction is omitted from the calculation, but when ~1he substitution coordinates can be used to calculate t N

distributed polarizabilities are included an a-component close a”d cC d|st_ances and one-(H d|_stance in MO and HCCH.
to the experimental value is predicted. These dipole moment 'NiS calculation leads to an\N distance of 1.144 A a€cC
results are summarized in Table 4 for comparison with experi- distance of 1.205 A, and a-gH distance of 1.059 A. These
ment and will be analyzed further in the Discussion. differ by about 0.02, 0'0,02_’ and 0.002 A, respectwely, from
C. Structure. The spectra of the six assigned isotopic species the monormer values. This is reas_onable agreement given that
" ' AT : . large-amplitude effects on the rotational constants have not been
provided 18 moments of inertia with which to determine three taken into account
structural parameters. These parameters are thé/M—Mg and '
M4—Mg—C7 angles and the MMy (center of mass) distance,
using the numbering scheme shown in Figure 1. The moments
of inertia of the normal species lead to a planar momegt=< The data from six isotopomers of HC@RLO have allowed
0.5(a+ Ip — 1)) of —0.421 amu A This small negative number  a full determination of the structure of the complex. The inertial
indicates that the complex is planar and relatively rigid. A fit fit, supported by substitution coordinates for five atoms,
of the structural parameters to all of the moments of inertia leads indicates that the two molecules deviate from parallel by °.3.6
to a large standard deviation because of the inertial defect, andThe oxygen of the pD inclines toward the acetylene molecule.
for this reason, only, andl, for each isotope were included in  Semiempirical modeling using the ORIENT progr&hwhich
the inertial fit. This led to a structure determination withBmys is described presently, gives structures in good agreement with
of 0.107 amu & and withO, w,—m, = 93.9(5), Om,—my—c, = these result$.This is in contrast to earlier studies of HCCH
80.3(8) andrcy = 3.2961(8) A2? This is an effective ground-  N,O which proposed a parallel or nearly parallel structafe.
state structure, andm should be within 0.05 A and the angles  These studies used a different semiempirical model, developed
within 5° of the equilibrium values. The structural parameters by Muenter, to model the HCCGIN,O system:4 This model
are summarized in Table 5. It was assumed that the structuresyas in agreement with the parallel structure that had been
of the monomers would remain unchanged from their uncom- proposed. The two semiempirical models differ in the form of
plexed valuesrf-o = 1.191 A,ry_y = 1.126 B3 andrc y = the dispersiorrepulsion terms that are used and also in the
1.061 A rc—c = 1.203 &4 distributed multipole moments which were employed. These
The assignment of the new isotopic species allowed the differences and the results produced by the ORIENT model will
determination of Kraitchman substitution coordinates for both be discussed below.
of the nitrogen atoms, both of the carbon atoms and one Both the Muenter model and that used by the ORIENT
hydrogen atom in the compléX.The absolute values of the program employ distributed multipole moments (DMMs) to
Kraitchman coordinates are given in Table 6 which also shows model the electrostatic part of the intermolecular interaction.
the principal axis coordinates of the structure obtained from The Muenter DMMs are listed in his paper; those used for the
the inertial fit. The coordinates of atoms,HCs, C7, and N current work were calculated using the CADPAC suite of
were obtained by treating the C'2CH-15N,0, HXCI3CH: programs and are shown in TabléZ’7They were computed
15N,0, H2ZC2CH-15N1YNO, and H2C2CD-15N,0O species as  through hexadecapoles at the SCF level using a TZ2P basis set
single substitutions of the ¥AC2CH-1N,O isotope. The from the CADPAC library?” The Muenter model uses a sum

Discussion
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TABLE 4: Dipole Moment Components for HCCH-N,O from Experiment and Semiempirical Modeling

experimental ORIENT (no induction, ORIENT (induction ORIENT (dist. pol.,
experiment projection$ K =0.00122%) K = 0.0013%)° K =0.0012&:)°
ualD 0.0915(7) 0.01 0.01 0.29 0.09
/D 0.150(2) 0.16 0.69 0.70 0.66
oD 0.176(2) 0.16 0.69 0.76 0.67

2 Projection of monomer dipole moment onto principal axes of experimental strubfaduction included in calculation via monomer
polarizabilities.¢ Induction included in calculation via distributed polarizabilities.

mental polarizabilities at a point on each molecule (usually the
center of mass). For nitrous oxide these valuescare 2.93

A3 andy = 2.83 A3, and for acetylene they are = 3.36 A3
andy = 1.75 A33031 An iterative procedure is then carried out,
with one molecule inducing moments in the other and vice-
versa until convergence is achieved. A more complicated way
of accounting for induction is to use distributed polarizabilities.
In this case, ab initio methods are used to calculate polari-
zabilities at points throughout a molecule (usually placed at atom
centers) and then a similar iterative procedure is followed to
determine the contribution of induction to the intermolecular
interaction?® As with the DMMs, the distributed polarizabilities
were calculated using the CADPAC program with a TZ2P basis
set at the SCF levél.

The results of various HCCINI,O structural predictions using

Figure 1. Structure of HCCHN;O showing fitted angles and atom  the ORIENT semiempirical model are given in Table 5. Dipole

”m”omng‘;rg‘rg scheme. Mand M are the centers of mass of the Wo o ment predictions for these structures are shown in Table 4.
’ It can be seen that the predicted structures vary little with the

over Lennard-Jones terms to account for the dispersion anginclusion pf induction in the (_:alculati_ons. Variation of the pre-

repulsion parts of the potential, while the ORIENT model ©xponential terk affects mainly the intermolecular separation

employs an exponential repulsion term, using eq 1, while changing the angular relationship within the complex very
little. Comparison with the experimental structure, also shown

Cié in Table 5, indicates angles and rotational constants which are
— (R — )] — — well reproduced. All of then,-m,—m, Predictions are within
Uerp-6 ZK expEo(R; — oy)] 6 @ 2.7 of the experimental value and within ©.6f each other.

) The 6u,-my-c, values are predicted within T.0f the experiment
and of each other. A small variation K also leads to good
reproduction of the center-of-mass distance, although the default
K of 0.001E, predicts a distance that is only 0.1 A too small.
In contrast, the predictions from Muenter's model are within
1° of a parallel structure. This difference seems to be due mainly
adjusted to a value that reproduces the intermolecular center of® the DMMs that were used for the predictions. If the DMMs
mass separation well. For complexes of two linear molecules, from Muenter are used with the ORIENT program, _astrucFure
the default value oK = 0.001E (E = 1 hartree= 27.2 eV) that closely resembles that prop_osed b_y Muenter is obt_alned.
is often too small, and a slightly larger valuelofs needed to The structural parameters for this prediction are given in the
reproduce experimental distances. In this work, the vaues last column of Table 5. Several other sets of DMMs calculated

0.00122%,, K = 0.0013%,, andK = 0.0012&, have been using different basis sets also led to a tilted structure with the

used to best reproduce the center of mass separation wherPRIENT program, although this aspect was not exhaustively
running ORIENT with no induction, point polarizabilities, and €XPlored by us.
distributed polarizabilities, respectively. The Muenter model also ~ The fact that the predictions from the current work change
employs a scaling factor by which the intermolecular separation little with the addition of induction to the calculation indicates
can be adjusted. This factor multiplies the van der Waals radius that the usual procedure of neglecting induction completely is
of each atom and is chosen to best reproduce experimentald good approximation for semiempirical modeling of this
results for a specific molecule in a chosen system. The sum of System. The inclusion of induction does become important in
scaled van der Waals radii then multiplies the repulsive term the prediction of dipole moment components, however. Exami-
of the potential. For HCCHNO, the factor for NO was chosen  nation of Table 4 shows that the projection of thgON\dipole
to best reproduce the center of mass distance of that complexmoment onto the principal axes of the complex leads to a very
and that of HCCH reproduced the separation in (HCCH) small ua (~0.01 D). The experimentally determined dipole
was found, however, that the chosen value feONlid not moment gaver, = 0.09 D, however, indicating that there is an
reproduce the PO dimer structure well, so the scaling factor induced dipole along tha axis of the complex. This axis, as
that is designed for one system is not necessarily applicable toshown in Figure 1, connects the slightly positive central nitrogen
otherst of N»O to thes-system of the acetylene triple bond and a fair
While the Muenter model did not include induction effects amount of induction from this quadrupetguadrupole interac-
in the complex, the ORIENT program can account for these tion is not surprising. The semiempirical predictions reflect this
effects in several ways. The simplest way is to place experi- induced moment. Since CADPAC predicts a dipole moment

to describe the dispersiemepulsion part of the potenti&t.The

aj, pj, and C! parameters in this expression have been
calculated by Mirsk¥® and are listed in Table 11.2 of ref 28.
R; is the distance between atoinandj on moleculesa andb,
respectively. The ternK in eq 1 is a scaling factor that is
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TABLE 5: Structural Parameters for the HCCH -N,O Complex; See Figure 1 for the Atom Numbers

ORIENT ORIENT previous ORIENT
ORIENT ORIENT K =0.0013%, K =0.0012&, experimental Muenter K = 0.00J,
experimert K= 0.00E" K=0.00122%:" inductiorf dist. pol? structuré model’  Muenter DMMP

Ms—Mo/A 3.2961(8) 3.191 3.301 3.309 3.302 3.305 3.31 3.207
No—Ms—Mo/° 93.9(5) 91.5 91.6 91.2 91.8 90.0 91 91.6
Ms—Mo—C7/° 80.3(8) 80.3 80.3 79.6 79.3 90.0 90 89.8
A/MHz 9394.2683  9357.9 9368.7 9359.0 9375.1 9281.2 9387(1) 9320.6
B/MHz 2831.8564  3027.9 2828.3 2816.1 2827.0 2829.9 2829.6(3) 3005.2
C/MHz 2168.0780  2287.7 2172.5 2164.8 2172.0 2168.7 2166.6(2) 2272.5

aThe quality of the fit wasAl;ys = 0.107 amu A whereAl, = I,(obs)—

Ix(calc).” ORIENT model without induction, pre-exponential factor

as indicated® ORIENT model, induction included using monomer polarizabilities, pre-exponential fa@sindicated! ORIENT model, induction
included using distributed polarizabilities, pre-exponential faktas indicated® Reference 2. The distance is an average distance while the angles

are taken to be equilibrium values. Rotational constants were calculated from structural parameters with monomer structures from refs 23 and 24.

fReferences 1 and 4ORIENT model using DMMs from reference 1.

TABLE 6: Principal Axis Coordinates for HCCH -N,O for
Tilted Structure (I) and Parallel Structure (ll), @ with
Kraitchman Coordinates? Given in Brackets

alA b/A
| I | I
N; -1.311 —1.056 1.194 1.241
[1.217] [1.209]
N, —1.230 ~1.214 0.071 0.126
[1.218] [0.065]
Os ~1.145 ~1.382 -1.117 —1.053
M. ~1.225 ~1.225 —0.004 0.052
Hs 2.346 2.306 1.646 1.557
Cs 2171 2.156 0.600 0.507
[2.117] [0.586]
o 1.972 1.987 —0.587 —0.684
[1.992] [0.612]
Hs 1.796 1.837 ~1.633 —1.734
[1.798] [1.653]
Mo 2.071 2.071 0.006  —0.089

aStructures | and Il were obtained from least-squares fittingnd
I, for the six isotopes; see tetCoordinates calculated using Kraitch-
man equations (ref 25).

TABLE 7: Distributed Multipole Moments for Acetylene
and N,O?2

atom coordinate Qoo Quo Q20 Q3o Qao

3.14167 0.03324 0.304540.13257 0.06960-0.04614
1.13667 —0.03324 0.42291-0.30230 —1.60327 2.11596
—1.13667 —0.03324 —0.42291 —0.30230 1.60327 2.11596

—3.14167  0.03324-0.30454 —0.13257 —0.06960 —0.04614
0.00000 0.62601 0.45467 0.023980.51785 2.39121
—2.12783 —0.13493 0.08786-0.06568 0.36881 0.92793
2.25066 —0.49109 0.00439 0.49616 0.372220.73513

oOzZZT0O0OIT

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

for NoO of about 0.7 D, comparison of dipole moment
predictions for different calculations should be made with some
caution. It has been shown that the dipole moment g N
very sensitive to the level of calculation used to compuf8 it,

dipole moment of MO are both overestimated by a large amount
in the present calculations.

Summary

The structure and dipole moment of the acetylengrous
oxide complex have been determined. The addition of isotopic
data to the existing microwave data on the normal species
allowed a fit of the three structural parameters to 12 moments
of inertia, and substitution coordinates for five atoms were also
obtained. Both the inertial fit data and the substitution coordi-
nates indicate a structure in which the oxygen of th€®ON
inclines toward the acetylene with an angle between the
monomers of 13.% This structure agrees very well with that
predicted using a semiempirical model that employs distributed
multipole analyses to model the electrostatic interaction and
analytic dispersion and repulsion terms. Angles are predicted
to within 2.5 and distances to within 0.1 A when using default
parameters. The use of experimental monomer polarizabilities
and ab initio distributed polarizabilities did not change the
predicted structure significantly from calculations that neglected
induction effects. The change in the predictedlipole moment
upon addition of induction to the calculation was in the direction
expected based on the experimental results.

The slightly tilted NO structure determined in this work
differs from an interaction model described by Muenter and
previously used on the (HCCH)HCCH-CO, and (CQ);
complexes:* The differences in predicted structures can be
attributed to the different DMMs in the Muenter model
compared to the ORIENT model. The ORIENT semiempirical
model has worked well on many other dimers and trimers of
linear molecules, including HCCKCS! HCCH(OCS),2
(OCSYCO,, 1 CO,-OCS? and (CQ),N0,2 so it seems unlikely
that its agreement with the experimental structure of HCCH
N2O is purely fortuitous. Nevertheless, the ORIENT semiem-
pirical model and the Muenter model are quite simplistic, and

and changes in dipole moments, indicating the direction that ¢l0S€ agreement (or disagreement) with experimental details
induced moments occur, are presumably more reliable than theirShould not be considered profoundly significant. Furthermore,
magnitudes. The semiempirical calculation that neglected induc- the difference between the parallel and tilted structures is quite
tion led to a very smalk, component, just as was predicted by small and Subtlg. leen the nonr!gld!ty of such complexes, a
projection of the NO dipole onto the experimental structure, gorous dete_rmmatlon of the eq_umbrlum structure must await
but when induction was added to the calculatipn, was further experimental and theoretical developments. Equilibrium
predicted to be significant. While the calculation that used point configurations much closer to parallel cannot be completely
polarizabilities significantly overestimated the size of the eliminated with the present data.

induced dipole g, ~ 0.29 D), the distributed polarizability

calculation predicted a valug,{ ~ 0.09 D) very close to the Acknowledgment. R.A.P, S.A.P., and R.L.K thank the
experimental one. This quantitative agreement is probably National Science Foundation Experimental Physical Chemistry
fortuitous, since ab initio dipole moment calculations usually Program for funding and Dr. Anthony Stone for his kind
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