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Abstract The parallel-shaped complexes OCS :** hydrocarbon, CO; *** hydrocarbon, and N,O ---
hydrocarbon (hydrocarbon = ethylene, acetylene, dimethylacetylene) were investigated at the
MP2/aug-cc-pVDZ level. The interaction energies are along the sequence of B:**C,H;<<B:--C,H,<<B--*
C4Hg (B=O0CS, CO,, N;0), and the interaction distances are in sequence of B+*C,H,;>B---C,H,>B"**
C4Hg (B=O0CS, CO,, N,O). The =***m interactions were investigated by using the topological analysis of
electron density. The nature of interactions of the parallel-shaped complexes belongs to weak electrostatic
interactions. The bond paths in the molecular graphs of & electron density and total electron density show the
same orientation, indicating that the n***m interactions play an important role in these intermolecular interac-
tions. NBO analyses showed that charge transfers were observed from C,H,4, C,H,, C4Hg to OCS, CO,, N,0,
and the amount of charge transfer are in sequence of B*+*C,H,;<<B-*-C,H,<<B-:-C4H¢ (B=0CS, CO,, N,0),
which exactly match the order of the interaction energies.
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Table 1 Comparisons of the calculated and experimental values for the distance between the monomers centroids in the complexes

(Rcy in angstrom)

Method Basis Sets Rem
OCS---C,H, CO,*+C,H, N,O--C,H,
Experimental value * 3.6062 3.285 3.305

MP2 aug-cc-pVDZ 3.5725 3.2916 3.2267
MP2 aug-cc-pVTZ 3.4777 3.2094 3.1548
MP2 6-311++G(d,p) 3.8008 3.3933 3.3134
MP2 6-311++G(2df,2p) 3.5721 3.2890 3.2161

“ Experimental data from references!'”).
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Table 2 Calculated interaction energies (kJemol '), main geometrical parameters as well as their changes in the complexes (bond

lengths in angstrom, and frequencies in cm ')

c

Complexes Point group AE*  4(C3-X)° ’
v[C(3)—X] AV[C(1)—C(2)] M[O(5)—C(3)] AV[C(3)—S(4)]
OCS*--C,H, Cy 4.8939 3.5115 65.75 —3.68 2.03 0.83
OCS-**C,H, Cy 5.5950 3.4573 75.45 —4.11 2.60 1.51
OCS-+-C4Hs Cy 9.8483 3.4073 79.16 —4.74 1.74 0.64
Complexes Point group AE* d(C3-X)? v
V[CB)—X]  AVCA)—C2)] Av[O(4)—C3)]
CO,+CyH, Gy, 4.9990 3.3752 66.91 —2.35 0.50
CO;,*++C,H, Gy, 6.2041 3.2916 76.47 —3.03 1.41
CO,*+-Cy4Hg Cy, 10.5808 3.2183 79.00 —5.11 0.67
Complexes Point group AE*  d(C3-X) v
VING)—X]  AV[C(H)—C2)]  AVN@A)—NQG)]  AvNE)—O(5)]
N,O-**C,H,4 Cy 6.0570 3.2914 75.66 —4.77 4.09 1.65
N,O-**C,H, Cy 7.3278 3.2267 78.22 —5.65 6.72 2.92
N,O-*+C4H, Cy 11.2372 32152 79.37 —6.89 5.72 1.91

“ AE refer to the interaction energies between monomers and complexes, which have been corrected for BSSE and zero-point vibrational energies (ZPVE); b d refer to

the interacting distance from X atom to C(3) or N(3) atom; “v refer to the stretching vibrations of C(3)—X bond and N(3)—X bond, as well as the frequency shifts of

the bonds during the complexes formation.
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Table 3 Topological properties of electron density at bond critical points

Complexes Db V3, & Gy, I3 H,

OCS---C,H, 0.0047 0.0149 1.8208 0.0031 —0.0024 0.0006
OCS---C,H, 0.0050 0.0172 1.2906 0.0035 —0.0028 0.0008
OCS---C4Hq 0.0053 0.0185 4.1089 0.0038 —0.0030 0.0008
CO, --C,Hy 0.0050 0.0161 16.7868 0.0032 —0.0023 0.0009
CO, --CH, 0.0053 0.0194 23.2328 0.0038 —0.0027 0.0011
CO,*--C4Hg 0.0064 0.0228 17.6167 0.0045 —0.0033 0.0012
N,O---C,Hy 0.0062 0.0172 2.5438 0.0037 —0.0030 0.0006
N,0-*-C,H, 0.0065 0.0205 2.1790 0.0042 —0.0033 0.0009
N,0O--C4Hg 0.0069 0.0216 1.9127 0.0045 —0.0036 0.0009
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Table 4 NBO charge transfer for complexes

OCS"'C2H4 OCS"'C2H2 OCS"'C4H6
OCS +0.053 +0.074 +0.090
Hydrocarbon —0.053 —0.074 —0.090

COQ"’C2H4 COz'"CzHQ COz’"C4H5
CO, +0.065 +0.071 +0.077
Hydrocarbon —0.065 —0.071 —0.077

N20'°°C2H4 NQO"'Csz N20°'°C4H6
N,O +0.031 +0.059 +0.064
Hydrocarbon —0.031 —0.059 —0.064

MHL TR R 732 4K, 55 B B X LAy A% 7 1m0 A
. 1§ LA B L I OCS -+ CH, <OCS -+ CH, <
OCS ++ C4Hy, €O+ CoHy < CO, -+ CoHy < CO, -+ CyH,
N,0-++CoHy <N, O+ CoHy <N O+ C4Hi R 12 HT 1 K,
XL R HLAE T REA 32 (MU A& — 2.

3 #Hig

K MP2/aug-cc-pVDZ J5ik, % OCS, CO,, N,O 5
LIfin SR 2-THRZ RGP AT R B ST S AT T
PEAN I, g R0

(1) KH MP2/aug-cc-pVDZ kAR5 T OCS,
CO,, N,O 5 i LW 2- T Wz M = A 17
ITREMAL AWM AR fE4% ] B---CoH,<B---
C,H,<B---C,Hs (B=0CS, CO,, N,O)RIi Ak Vet k.
AHHAE B B 4% B++-C,Hy>B++-C,H,>B---C4Hg (B=
OCS, CO,, N,O) T4 k)~

(2) HTFEIRIN IR, SEYTIER T 591
rF A EAER], H AR AR R b 3. A EAEH RRBCK,
AR R BN, pp (AR Vo (HHK . Gy K
Vy /)N,

(3) Wy B E W BT AR T AN o
L%, 3] o W m ek, AT Refg H Y
PHE eeem AF T I B . o il P ) TR S A T
BEES T I MO P AR T — 3, B eeem AE
FAEARSCHT T8 4R R b 5 AR B B E .

(4) NBO 43 #r3& B HL g iIT 7% ML 745 K CoHa,
C,H,, C4He FHLF52 1K OCS, CO,, N,O, TR HH% K B+
C,H,<B---C,H,<B---C4Hg (B=0CS, CO,, N,O)JJlii
WRURIE R, 55 A0 EAE F R R I — 3L
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