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1  B3LYP/6-311++G** HCI, H,C=S, H,C=0 H,C=S..-HCl, H,C=0---HCl
HCl H,C=S H,C=0 H,C=S---HCl H,C=0---HCl
/A
R(H5-CI6) 1.28683 - - 1.31395 1.30645
R(C-S4) - 1.61551 - 1.61674 -
R(C-04) - - 1.20163 - 1.20670
R(C-H2) - 1.09006 1.10842 1.08970 1.10508
R(C-H3) - 1.09002 1.10842 1.08877 1.10403
R(S4-H5) - - - 2.31098 -
R(0O4-H5) - - - - 1.89133
)
Z(H2-C-H3) - 115.81727 115.99797 116.36515 116.89265
Z(H2-C-S) - 122.09955 - 122.10019 -
Z(H2-C-0) - - 122.00260 - 121.83374
Z(H3-C-S) - 122.08314 - 121.53465 -
Z(H3-C-0) - - 121.99914 - 121.27361
Z(C-S4-H5) - - - 92.53380 -
Z(C-04-H5) - - - - 117.65992
Z(S4-H5-C16) - - - 167.14148 -
Z(04-H5-Cl6) - - - - 170.00230
(°)
D(H2-C-S4-H3) - 179.91959 - 179.98368 -
D(H3-C-S4-H5) - - - 179.91554 -
D(C-S4-H5-Cl6) - - - -0.27228 -
D(H2-C-04-H3) - - 179.79592 - 179.99508
D(H3-C-04-H5) - - - - 179.90662
D(C-04-H5-C16) - - - - -1.76190
C*V C, Cy Cy Cy
/deb” 1.4037 1.7995 2.4595 3.1313 4.1629
a) 1 deb=3.3356><10"" C-m
2 B3LYP/6-311++G** H,C=S.--HCl, H,C=0---HCl U(Cmfl)
Av(cm™)
_ B3LYP/6-311++G** o
“ O 0 ® Av® oY oY Av®
H,C=S---HCl
vy 2870.5 2508.2 vs -362.3 2927.4(31.7) 2549.1(1164.4) -378.3 H—Cl
0, 1052 1051.5m -0.5 1083.4(13.8) 1078.2(16.5) -5.2 S=C
v3 - - - - 54.5(4.7) - C=S---H
v - - - - 127.9(19.2) - S---H
0s 988 990 m 2.0 1010.3(6.8) 1011.2(5.8) 0.9 CH,
06 1447 1450.7 w 3.7 1496.9(4.5) 1496.7(2.1) ~0.2 CH,
07 2965 2964.2 m 0.8 3059.9(30.4) 3073.3(14.4) 13.4 CH,
vg 3017 3029.3 w 12.3 3144.9(8.2) 3166.4(1.2) 21.5 CH,
H,C=O0---HCl
vy - - - 2927.4 (31.7) 2663.1(799.2) -264.3 H—Cl
0y - - - 1815.4(123) 1795.8(159) -19.6 O0=C
03 - - - - 54.2(8.2) - C=0---H
04 - - - - 166.8(36.5) - 0---H
a) H,C=S.--HCl, H,C=S HCI [23] [33] [34];b) 1 vs, ;m, A ; ©) Av=v, —
Dy V¢ , Om ;d) (km-mol’l); e)
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362.3 cm™! . H,C=O0---HCl (AESL, AES) BSSE
H5—Cl6 ; 3 , BSSE
264.3 cm™'. , H,C=S. - AR AR (). BSSE
HCI H5—Cl6 1164 op op
km-mol”!, H—Cl 31.7 Abyiry Abge () MP2
km -mol ™', , H,C= 0O---HCl (
, )
BSSE (AES, ~13.59
13351 , ~18.13 kJ-mol ™',
, H5—Cl6 ,
, 2 NBO E® .NBO ,
S4..-H5 (donor) (acceptor)
04---HS E® ,
2.3 4 H,C=S.---HCI H,C==0---HCl
3 MP2/6-3114++G** NBO ; 4 ;
Hartree-Fock Eyr Moller- H5—Cl6 3 . H,C=
Plesset Enpo, S---HCl , S
3 MP2/6-311++G** H,C=S.--HCl H,C=0---HCl BSSE
HCI H,C=S$ H,C=S---HCI HCI H,C=0 H,C=0---HCI
Enr(a.u.) —460.09548 —436.54111 -896.63933 —460.09548 -113.90069 ~574.00212
Ewpa(a.u.) —460.24492 —436.81598 ~897.06830 —460.24492 ~114.24177 —574.49520
E\G (a.u) —460.09477 —436.54130 ~460.09529 -113.90161
Exg (au) ~460.24514 ~436.81798 —460.24567 ~114.24263
AESE /kJ -mol ™! - - ~7.1863 - - -15.622
AESL, /KT -mol™ - - -19.425 - - -22.349
AESY /kJ-mol™! - - -8.566 - - -13.700
AESh, /KJ -mol™! - - -13.595 - - —18.134
4 MP2/6-311++G** H,C=S..-HCl, H,C=0---HCl
H,C=S---HCl H,C=O0---HCl
E®n (S)— o *(H-Cl)/kJ - mol™! 6.55 E®n,(0)— o *(H-CI)/kJ - mol™! 18.98
E@ny(S)— o *(H-C1)/kJ - mol ™ 84.76 E®ny(0)— o *(H-Cl)/kJ - mol ™ 42.38
EP o (H-C)—-RY*(3)(S)/kJ -mol™ 0.55 EP o (H-C)—RY*(2)(0)/kJ - mol™ 2.94
Ac*(H-Cl)/me 50.23 Ao *(H-Cl) /me 23.49
Agns/me 10.97 Agns/me 45.33
Agcig/me 65.44 Agcig/me 68.36
ARcigns!A 0.02712 ARcigus/A 0.01962
Apolu(%) 2.46 Apoly (%) 3.14
Asci(%) 2.61(sp**—sp®"?) Asci (%) 2.44(sp*??—sp®"?)
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o *(H5-C16) , S o*(H-Cl) , S HCI
, , E9 84.76 kJ-mol™". n,(S)
, ny(S) o *(H-Cl) o *(H-Cl)
. NBO , 0 50.23 me. H,C=O---
S sp”! ni(S) HCI , ¢}
sp*? ny(S), my(S)  sp”?! o *(H-Cl) ( 2(c) (d)),
o *(H-Cl) , , 23.49 me, H,C=S.--HCl
( 2(a) ), n(S) - o*(H-CI) n,(0),
E® 6.55 kJ-mol_l; Sp40.46 sp99‘99, p ,
ny(S) , P o*(H-Cl) , “ T
o *(H-Cl) , 2(d) ) ,
« » ( 2(b) ), H,C=S.---HCl  H,C=O0--- HCI
, my(S)  sp*e o*(H-Cl) S O
(0.74 a.u.) , , o *(H-Cl) ,
o *(H-Cl) , 3 : o (H-C)
, H RY* ( 4(a)
( 3 ), HCI 62.50% by ), E@ ,
64.96%, H S , , my(S/0) - o*(H-Cl)
nx(S) o *(H-Cl) , n(S) -

n, (O)—o *(H-Cl)

(@) (b) H,C=S---HCl S

1132

n, (S)—o *(H-CI)

n, (0)—o*(H-Cl)

o *(H5-C16)
o *(H5-C16)

;(c) (d) H,C=0---HCl
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(a) (b)

3 H,C=S-HCI o *(H5-C16) (a) HCl o *(H-Cl)

o (H-Cl)—R
4 H,C=S.--HCI o (H-Cl) S RY*(3) (a) H,C=0---HCl
o (H-Cl) 0 RY*(2) (b)
, 3 o (H-CD resonance theory, NRT)2% . 5
,  H—CI , : H,C=S H,C=0
, . H,C=S H,C=0
NBO ,Cl6 H5 , , ,
HCI sp™®2, H,C=S.--HCl i ,
sp*®,  Cl s 14.15% HCl H5—Cl6 ,
16.76%, 2.61%, Cl , ’ 4
: ; H—CI H5 (Agw) Cl6
) " H—Cl (Agcr) > HS
© 7 HC=0--HC Clé —Cl6 HCI 1.0000
; ;S 0.9737  0.9866, 0.0263  0.0134,
2.44%, 2.61%. , H5—Cl6 . , H,C—
, H—Cl 3 S---HCI S4...H5 ,S4 H5
) 7od ) 7 0.0085 , 0.0083,
; ) ) 0.0002, H,C=O..-HCI
; H—Cl ; : 04-.-H5 « , 0.0018,
2.4 O S
5 NBO 5.0 (nature
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5 MP2/6-311++G**

H,C=S---HCI, H,C=0---HCl

a)

0.1923(0.1833)
0.1905(0.1833)
0.3522(0.3279)
0.0083

0.2913(0.2500)

0.9842(0.9829)
0.9847(0.9829)
2.0311(2.0342)
0.0085

0.9737(1.0000)

0.1234(0.1116)
0.1230(0.1116)
0.7646(0.7232)
0.0018

0.3082(0.2500)

0.9759(0.9731)
0.9758(0.9731)
2.0424(2.0465)
0.0018

0.9866(1.0000)

H,C=S---HCl
Cl—H2 0.7918(0.7996)
Cl1—H3 0.7942(0.7996)
C1—S4 1.6789(1.7063)
S4...H5 0.0002
H5—Cl6 0.6824(0.7500)
H,C=0---HCl
Cl—H2 0.8525(0.8615)
Cl1—H3 0.8528(0.8615)
C1—04 1.2778(1.3233)
04..-H5 0.0000
H5—Cl6 0.6783(0.7500)
a)
3
HCI
H—Cl “oo
, H,C=S.--HCI ,
378.3 cm™; H,C=O0---HCl ,
264.3 cm™'.  MP2/6-311++G** BSSE
-13.59  —18.13 kJ-mol™,
NBO ,  H,C=S---HCl ,
H—Cl 3 (D

n(S)(sp™") -~ o *(H-CD); (2) ny(S)(sp™™*) - & *(H-CD);

(3) o (H-Cl) - RY*(3)(S)(sp™*d™™),
o *(H-Cl) 50.23 me, n,(S)
_ o *(H-Cl) , 3 o (H-Cl)
- RY*(3)(S) ; ; HC=
O---HCl . NBO
NRT H—CI
b
1 Hriaoka K, Mizuse S, Yamabe S. Solvation of halide ions with wa-
ter and acetonitrile in the gas phase. J Phys Chem, 1988, 92(13):
3943—3952[DOI
2 Sim F, Aamant A S, Papai I, et al. Gaussian density functional cal-
culations on hydrogen-bonded systems. J Am Chem Soc, 1992,
114(11): 4391—4400[DOI
1134

Latajka Z, Bouteiller Y. Application of density functional methods
for the study of hydrogen-bonded systems: The hydrogen fluoride
dimmer. J Chem Phys, 1994, 101(11): 9793—9799[DOI]

Scheiner M Y S. Proton transfer between phenol and ammonia in
ground and excited electronic states. Chem Phys Lett, 1996, 262(5):
567—572[DOI]

Ayotte P, Weddle G H, Kim J, et al. Vibrational spectroscopy of the
ionic hydrogen bond: Fermi resonances and ion-molecule stretch-
ing frequencies in the binary X-H,O (X==Cl, Br, I) complexes via
argon predissociation spectroscopy. J Am Chem Soc, 1998,
120(47): 12361—12362[DOI]

Cai Z L, Reimers J R. The First Singlet (n, n*) and (rn, n*) excited
states of the hydrogen-bonded complex between water and pyri-
dine. J Phys Chem A, 2002, 106 (37): 8769—8778[DOI]

, 2000, 16(1): 36—40

, 2005, 21(1): 52—56

Blanco S, Lopez J C, Lesarri A, et al. Microsolvation of formamide:
A rotational study. J Am Chem Soc, 2006, 128(37): 12111—
12121[DOI]

Szafran M, Koput J, Dega-Szafran Z, et al. X-ray and ab initio

B

studies of the structure and vibrational spectra of 4-carboxy-1-
methylpyridinium chloride. J Mol Struct, 2006, 797(1-3): 66—
81[DOI]

Mohri F. A molecular orbital explanation of bond distance varia-
tion caused by hydrogen bond formation. J Mol Struct (Theochem),
2006, 770(1-3): 179—184[DOI]

Solouki B, Rosmus P, Bock H. Unstable intermediates. 4. Thio-
formaldehyde. J Am Chem Soc, 1976, 98(19): 6054—6055

Cox A P, Hubbard S D, Kato H. The microwave spectrum of thio-
formaldehyde, CD2S, and CH2S: Average structure, dipole mo-
ments, and 33S quadrupole coupling. J Mol Spectrosc, 1982, 93(1):
196—208[DOI]

Clouthier D J, Kerr C M L, Ramsay D A. Single rotational level

www.scichina.com



X g52% F108 2007458 M3 & &
resonance fluorescence of thioformaldehyde. Chem Phys, 1981, energy in HO, and Oj; formation. J Phys Chem A, 2001, 105(18):
56(1): 73—80[DOIL 4395—4402[DOI

15 Hobza P, Havlas Z. The fluoroform---ethylene oxide complex ex- 26 SuM D, Chu S Y. Density functional study of some germylene in-
hibits a C—H---O anti-hydrogen bond. Chem Phys Lett, 1999, sertion reactions. J Am Chem Soc, 1999, 121(17): 4229 —
303(3-4): 447—452[DOI 4237[DOI]

16 Ha TK, Nguyen M T, Vanquickenbrone L G. 4b initio calculations 27 Dkhissi A, Adamowicz L, Maes G. Density functional theory study
of the molecular structures and the electronic properties of sulphur- of the hydrogen-bonded pyridine-H,O complex: A comparison with
containing compounds: Part . Thiocarbonyls; RH---C=8 (R=H, RHF and MP2 methods and with experimental data. J Phys Chem
CHi;, NH, and OH). J Mol Struct (Theochem), 1982, 90(1-2): A, 2000, 104(10): 2112—2119[DOI]
107__114[—1])91 o 28 Reed A E, Curtiss L A, Weinhold F. Intermolecular interactions

17 Rwiatkowski J 8, Peszczynskl J. Ab initio HartreejFoclf and post- from a natural bond orbital, donor-acceptor viewpoint. Chem Rev,
Hartree-Fock studies of molecular structures and vibrational spec- 1988, 88(6): 899—926[DOI
tra of thioft Idehyd d its fl , chloro, and b deriva- . .

Ta o tuoclormaldelyde anc 115 1.uoro, cioro, ald bromo cettva 29 King B F, Weinhold F. Structure and spectroscopy of (HCN), clus-
tives. J Phys Chem, 1993, 97(9): 1845—1849[DOIL . . L .
ters: Cooperative and electronic delocalization effects in C—H--*N
18 Jalbout A F, El-Nahas A M. Quantum chemical predictions of .
o hydrogen bonding. J Chem Phys, 1995, 103(1): 333—347[DOI
structures and vibrational spectra of formaldehyde and related . . . ]
30 Boys S F, Bernardi F. Calculation of small molecular interactions
molecules. J Mol Struct (Theochem), 2004, 671(1-3): 125— . . .
by differences of separate total energies. Some procedures with
132[DOl duced 1 Phy, 1970, 19(4 3 6
. Mol Phy, 1970, 1 553—55

19 Platts J] A, Howard S T, Bracke B R F. Directionality of hydrogen Teduoed errors. Mot Ty )

31 Frisch M J, Trucks G W, Schlegel H B, et al. G ian 98. Pitts-
bonds to sulfur and oxygen. J Am Chem Soc, 1996, 118(11): rse » HTuCks » Seniese » ¢t al. baussian s
2726—2733[DOI] burgh: Gaussian Inc, 1998

20 Ammoal S S C, Venuvanalingam P. Origin and nature of lithium 32 Glendening E D, Badenhoop J K, Reed A E, et al. Natural bond or-
and hydrogen bonds to oxygen, sulfur, and selenium. J Phys Chem bital program. Version 5.0. Madison, WI: Theoretical Chemistry
A, 2000, 104(46): 10859—10867[DOI] Institute, University of Wisconsin, 2001

21 i N—H---O 33 Torres M, Safarik I, Clement A, et al. The generation and vibra-

B - 2006, 36(3): 218—226 tional spectrum of matrix isolated thioformaldehyde and dideu-

22 Romano R M, Della Védova C O, Downs A. Matrix photochemis- terothioformaldehyde. Can J Chem, 1982, 60(10): 1187 —
try of the chlorocarbonyl sulfenyl compounds CIC(O)SY, with Y = 1191[DOT]

Cl or CH; . J Phys Chem A, 2004, 108(35): 7179—7187[DOI] 34 Maillard D, Schriver A, Perchard J P, et al. Study of hydracids

23 Suzuki E, Yamazaki M, Shimizu K. FTIR spectra of the hydro- trapped in monatomic matrices. . Near infrared spectra and ag-
gen-bonded complex H,CSHCI in solid Ar, N,, and Xe. J Mol gregate structures. ] Chem Phys, 1979, 71(1): 505—516
Struct, 2006, 797(1-3): 121—130[DOI] 35 Vorobyov I, Yappert M C, Dupré¢ D B. Hydrogen bonding in

24 Hobza P, Poner J. Structure, energetics, and dynamics of the nu- monomers and dimers of 2-aminoethanol. J Phys Chem A, 2002,
cleic acid base pairs: Nonempirical ab initio calculations. Chem 106(4): 668—679[DOL
Rev, 1999, 99(11): 3247—3276[DOI 36 Wlendening E D, Weinhold F. Natural resonance theory: . Gen-

25 Simon S, Bertran J, Sodup M. Dynamics study of the OH + O, eral formalism. J Comp Chem, 1998, 19(6): 593—609[DOI

branching atmospheric reaction. 2. Influence of reactants internal

www.scichina.com

1135



