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K Gassian09 F& 5 40 71 11 2 Fh )7 v % OH, OCL, HOCI 43 - I 56 4 45 My AT A0 40 o 5, A3k Y QCISD/6-
311G(2df), B3P86/6-311+G(2df) 77343 HI%F OH(X 2IT), OCHX 2IT) 4> FibAT 1145, 152 P4 % E BE Ron = 0.09696

FH Murrell-Sorbie % f& % 26 OH I OC1 4+ HI 41 4 #5 Be sl EAT LA, HA1 3 55048 5 DU 2 50 Murrell-Sorbie B
Bala Mg 5B R, ik QCISD(TYDIS(S, pd) J7 ¥k HOCI 4y ¥ #E4T#H &, 8 H A& X1 A, #t
K Rom = 0.0966 nm, 4 ZHOCI = 102.3°, IR K wi(a1) = 738.69 cm™, wa(bs) = 1260.25 cm™*, & fi§
At Do = 2.24 V. I LR R X 2845 W 5 SCIGH T S AHRUF, FROU T SCIRIRIE 45 . b5 V80 T w4, 7Rk
Al b, #:5 H HOCH 2 T 2 74 XA RE 3L 408 T HOCI 43 75 B A 45 31k 3h 34 I WP #E H+OC1—HOCI J2 v

#kp, 55 A SE I HOCL 73 5.

E5#17: OH, OCI, HOCI, #f% bR %L
PACS: 31.15.A—, 31.30.jc, 33.15.Dj, 33.15.Fm
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Denis® #4577 HOCI, HOBr [1#u4t, % [z .. HOCl
IEERE L i Je oAt 4 B Ak 22 P o — B LUK A %
5% IevE 131 X HOCH F 45 1 1 35 e pR BT 5T
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7T IIANA B R LA (M A ae sk B S HU T 2 /R
b, (HIX L P 2 N AR 5 ) STk £ s S5 A
b, I BB SRR T2 B 40 B0 e 2009 4,
A1 4 2 % 16 5% i 97 b6 3148 (DFT) 1) B3P86 J
15X HOCI 73 TR R I g5 M RVPE B AT T #1i8 1F
B, HHEH T HOCI 7 1 B M e ek £, B35 2
THEAH L S50 45 AN LU A e — e I 2580, H B i
REMITH A — 2 MR 22, IXFEAIT 15 A o B0 3
e I AR AR K 22 5, AN RERG 1 S B HOCL 43111
FEAE, X LLgE— 20 H 130 J) 22 9T

Sy, A A Gaussian09 2 3 A, X A 8 XUHL
) = A &M HAE B (QCISD). 414 Al H
P = B3 % (QCISD(T)). 5 XU ik AL 1) =
AP A R B IR (CCSD(T)) A% JiE i i
() B3LYP, B3P86 %5 J7 VAL A It 2 Fh Ik 20 X% OH,
OCI, HOCI 43 134T JLAI Ak, 38 3 v 55 45 L 55 5K
Y518 1% e, L3k Y QCISD/6-311G(2df), B3P86/6-
311+G(2df) J7iE43 5% OH, OCl 4 1tk — 5t 54,
A5 34> 7 1) Murrell-Sorbie (M-S) #4468 i %1, ik
i QCISD(T)/ D95(df, pd) J5 1% HOCI 43 f- 4Tt
B 7R ERE B HES L HOC 23 1 1) 244 i 2 34
PREL, IR T ERS SRR IR, it — PR
SN B ) 2R PR AL T EE R B A .

2 HpITHE

2.1 OH, OCl B4+, iEIRMZE. Hatdh
2%

% Fl QCISD, QCISD(T), CCSD(T), B3LYP,
B3P86 %5515, B H Z R 41X OH, OC1 73 f5E:4&
BEAT LT A et 5, LA R S SCR{E . e
H EL A AT %1, 6 OH 43 13 Hl QCISD/6-311G(2df)
JIEm, 153 B Re = 0.09696 nm 5 5C

Bk [2,17] S5 45 3 0.09696 nm ¢ 4 — 5 1K IR
WiF w, = 3745.37 ecm™! 530k [2,17] 1 SL 5
2373776 ecm ! IR ZEALN 02%. HARCEH
Z N\ [18=200 3¢ OH 4 1 (1 P i A i F 9, (R A SC
[ &4t BB £ & 9286 . XF OCI 4y 1% ] B3P86/6-
311+G(2df) J7 L], 15 2 (P8 R, = 0.1569
nm 5 3CHR [17] 05256 45 H 0.15696nm ) 15 72 X
9 0.038%; IR AE w, = 892.046 cm~! 5 I
R [13] 5206 45 51 853.8 ecm—! AR W B2iL. Al L,
AT S IR B0 T m RS B 15 2] OH
1 OCI 5y FIFEAHR R X210, 5 3CHk [17] — 30 1
HEEEA b, XX AN o> 1 AT BOSRE R UL A
i FErh, B O A1 H B8 O F1 Cl 51 A% 1) EEAS
SRS, JLAh % T 2 50 S AT R EE— 3
3 — R YR S ARE S, HIE R FR4E Rl &
i M-S A hERFUE L 12

V ==D(1+aip+agp® +azp’)
x exp(—ayp), (1

Hp=R—R., R, R, 730 ARG T531 % [H]
PRSP AIEE, D, A BERE, a1, ag, a3 WES
B, HE Ry T3k 1.

x 1 ABguse HOTEINGEZE, HAE R

1
AERMSE = $ N

Z A HSRVEAN 2R 1 b 51 H i 35 BE R B0 )
G, b Vaper A AH R 53 (1406 9568 1R 2L
Vabinitio MK FLFRIIRAT (1) L AGEE, N AT
B R R (V= 190), H (1) S-SR 778
HE35% 2543 51 24 0.02258 1 0.01399 eV (FH24T 0.52
F1°0.32 keal/mol), ‘28R 3T (W40 6 RS P ke Ik 7
JITEESR K624 K5 B (1.0 keal/mol) Y. PRI SCrhfbl 45
AL R BUE (1.

N
Z(VAPEF — Vabinitio)? |, (2)

=1

# 1 OH, OCL HCI 3£ 11 M-S 3488 BB B SAB IR R

R,/nom  D./eV  aij/om™! az/nm™2 az/nm™3 w./em™!  AEgygsg/eV B kIR
OH II'5MH  0.09696  4.1399 54.241 892.52 5758.7 3745.37 0.02258 AL
OH SZIGMH  0.09696 4.621 45.07 488.4 3795 3737.76 — SR [2, 17]
OH BigfH  0.09703 — — — — 3757.3 — SCik [18]
OH B ig{H 0.0971 — — — — 3717.78 — ik [19]
OCl 4 0.1569 2.8086 37.224 196.44 1620.0 892.046 0.01399 A3
OCI SE5fH  0.15696 2.803 51.42 797.1 6116 — — SCHR [17]
OCl SE5HH — — — — — 853.8 — SCHR [13]
HCI SE8{H 0.12745 4.617 36.97 334.5 1996 — — 3R [2]
HC1 SE5 — — — — — 2989.7 — ik [13]
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Kl 1 24T OH(X2IT), OCI(X2IT) I #fit il
2. W 1 ] LU th OH 731 1P #% R #E 0.09696
nm /NI OCI [Pk [ #E 0.1569 nm, #3481 O, H Jit
T4 G130 O, Cl JR 758 %, Xfif3 OH & T Es
fiftfie KT OC1 43 1 & fifg, IE & 1 278 OH 11
BIfiRBE N 4.1399 eV, OCI [ iR RE y 2.8086 eV, 5
THR R IR i g e 25 6. B/ 1 w4
PUA ARELL LR S T OH, OCI 431 3 HE bifi #%
(i) PR AR AL 3. 1% A RE R 20T T =445 HOCI
o T ARE R AU

— PIEHHL

V(R)/eV

n 1 n 1 n 1 n 1 n 1 n
0 0.1 0.2 0.3 0.4 0.5 0.6
Rou(Roc1)/nm

Kl 1 OH(X2I), OCXZ2ID)) 4 Fif#ae thsk

2.2 HOCI 4 FRIBEFIRE S SRR

HOCI 7 1 J& T C, #¥, 7] | LA i 18 A4 it
i HOCI AR HL FIRES X1 A"
1 CI(?P,) + OH(2I)
2 H(%2S,) + OCI(21II)
3 O('Dg) + HOI(X'XT)
4 H(2Sg) + O(1Dy) + CI(?P,)
— HOCI(X'A). 3)
XPIE 1, 24 Cl Ji 15 OH AH H.%E 1T 1 B
B HOCI 43 1 iF, X FR 1 2 B AR 2] Cs, C i+
I 2P, A Cs 19 22A" + 24”7, OH 73 1
LA 21T J3 R i v 208 g, w” XPRREE, I H A
A Cooy TR BN FRI oy 5 Cs B o THE A,
W 21T 53 ff K Cs 11 2A + 247, 1 Cs BERIRIT
HB 224" + 24" @24 + 24" = 313A" + 31347,
Hrp & HOCI ) XA sy, BrLliEiE 1 24
HR. R HE, 6 IEAE 2, H R 7IEA 28, A O
) 2A’, OCl 43 T FE45 21T il C, 1) 2A7 + 247,

M 24" @2A" +24"7 = 134" + 134”7 4% HOCI
1) XA gy, XPIEIE 3, 2% HCL A O Jii+- 4 il 4b
THA DT F3P, i, HgR 2 =&, ALK
#| HOCI AR XA, 24 O R 7 TR A 1D,
i, fEf33) HOCI 1) X T A" iy, Xl 4 2L nf 4y
(7).

AR 4 0 3k 2 () R 3 P B, ] 432545 HOCL
Sy T Re B R HOCH( X AY) —

CI(?P,) + OH(?II), (4a)
H(2S,) + OCL(I), (4b)
O(*D,) + HCI(1Y), (4¢)

H(2S,) + O('D,) + CI(*P,).  (4d)
R BB DU A R AR HOCT &5 i, {H & fig
BE 5 /N 1) (da) 202 B A AE B2, B HOC 4y
TR e R IERX N D (HOCl) = E (OH) +
E.(Cl) — E.(HOCI), H 4 K4 D.(HOCl) =
2.24 eV, SCHR [22, 23] HE ik 525643 ) C1—OH i
(B RS D, = 19290(19288.8)+0.6 cm™" (HH4
T 2.39 eV), M3CHR [16] W EfiRRE D, = 10.22 eV
S AR 22 Fa. nf W, ASCHTE AR 5 R
(ERNINES IR

23 HOCI H FHIESLSEH. ERME.
hEH

K QCISD, QCISD(T) %5 J5 1%, HUAN ] ) 40
T T HOCI 4y FIBEK R, B ZHOCL. XK
GRS w2 IMIRBINEE wo SO FRA 4
PRBIR ws, egE R IR 2. JF15 3] HOCI 4 73
B LA HAT O KA.

# 2 h, QCISD(T)/D95(df, pd) J7 ik it &
] Rog = 0.0966 nm, ZHOCl = 102.3°, w; =
738.69 cm™ !, wy = 1260.25 cm™', 5 R [24] 1
ST B A A3 B, HER AT & 222 D61 [ 3t 5 4
B (Rou = 0.0965 nm, ZHOCI = 102.9°, w; =
769.6 cm !, wy = 1273.3 cm™ 1) B RLIT LI (Y.
I, AR A QCISD(T)/D9S(df, pd) J5 %%} HOCI
I PRIV E R T 25, 138 f11 = 0.56661
au., fio = —0.01971 au., fi3 = —0.00025 a.u.,
faz = 0.24357 au., fo3 = 0.05296 au., f33 =
0.18895 a.u., ik E ¥ vl it — 25T HOCI 4
S HAt It AR AT T 225 .
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K2 AP EIEA VAR S HOCI 43110 45k U R R

HOCI Rop/nm Rocy/nm ZHOCV/(°) wy/em~! wo /em™1 wg/em™1
QCISD/6-311G(3df) 0.09624 0.16892 103.3859 758.2296 1330.3893 3829.8838
QCISD/6-311+G(3df,3pd) 0.09616 0.16871 103.5497 761.5864 1275.9134 3867.0777
QCISD/cc-PVTZ 0.09623 0.16964 102.5464 761.7581 1297.7287 3850.2611
CCSD/CC-pVDZ 0.09711 0.17365 101.117 709.9125 1259.4479 3810.7345
QCISD(T)/D95++(3df, 3pd) 0.09615 0.16992 102.6003 734.3187 1279.6786 3849.9632
QCISD(T)/D95(df, pd) 0.0966 0.17137 102.3031 738.6966 1260.2497 3976.4037
QCISD(T)/CC-pVDZ 0.09735 0.17507 100.5523 673.6069 1236.4780 3774.7424
QCISD(T)/Aug-CC-pVDZ 0.09735 0.17479 101.8928 697.4251 1251.7171 3742.6809
QCISD(T)/6-311++G(3df,3pd) 0.09651 0.17003 102.875 727.4156 1255.2008 3817.7641
QCISD(T)/6-311++G(2df,2pd) 0.09641 0.17073 102.244 726.4540 1272.6232 3831.7582
s 21 0.0967 0.169 102.4 728/724.36  1239/1238.62  3581/3609

Higfy [12] 0.0965 0.1692 102.9 769.6 1273.3 3805.8

g 22] — — — 725 1242 3609

24 HOCI 9 FHIZARIMENEGERE
St F HOCI 43 T, %345 i 7 A i o &, W
S (4) U B R B 1) 22 AR g =Xk
V(Ry, Ry, Rs) =V (Ry) + VS (R2) + VA2 (Rs)
+ V¥ . (Ry, R, Rs), (5)

Hh Ry, Ry, Rz 4% 4 O %5 ClL, 05 H H
5l JE A (R = Roci, R = Rons,
Ry = Ruc), K1 VSR (R1), VE (R2), Vit (Rs) o
Wi AR 35 OCI(X2IT), OH(X2IT), HCI(X ' XH) [f) #
REBRAL B HLE 15 Vi) (R, Ra, Rs) N =1k
T HOCI(X M A) [y #ag k4, SR A STk [14] TE 2N

Vi) (R1, Ro, Ry) = PT, ©)
JLrh, PO RR AR S; (192 I, 2Bl

1
P =Cy+ 151 + CaSs + Cs (Sf + ZS;*)

+ 048189 + C555 + CsS3 + C75, (S5 + S32)
+ 038552 4+ Cy S5, (7
T hsfEmd, HEh
T = [1 — tanh (/\151/2)][1 — tanh(/\353/2)]. (8)
Forpr A, A WARZRIE RAL
545 HOCL 73 T PHE A Bk O 858, N T
J7 AT T A fe pR 5, AR e 1 1 25 MR AE, SR

ML AARR. L HOCT 1PN B 1 O 25 2% 4,
R) = 0.17137 nm, R = RY = 0.15525 nm, AL

bi pi 4 B AVARBR A PAL AR RR S5

1 0 0
S RS
s, | =] v2 V2 o |, ©
1 1
S 0 — ——
’ vz vz

X pi = Ry — RY (i = 1,2, 3), S3 X Ry, Ry A
WS ST FRIK), 15 Ry Al Ry A8 4 i 43 1 R A [H] 11,
N TR IR YRR X, Sy HURE S A T

FH DL AT g, A 3 = AR HOCT (1) 34 BE pR 4L
F e (1) X A& R (Co, O, Co, O,
Cy, Cs, Cs, C7, Cg, Cy) Fil (8) A rp WA~ JE £ 1
RE (A1, Ag). RHARAGRIALAKTAE A\, A3,
MmN R A C A& ae. KR 1
FIT B 140 S 5 25 Ke) 2 B DL B B i e RN ) i B 4
4, AT LA 5 2 B 68 08 2L (6) 2UIM S BUE
W& Cy = 6.5766, C; = 4.02362, Cy = —1.2247,
Cy = 27.4145, Cy, = —6.39924, C5 = —4.81954,
Cs = —0.325288, C; = —4.19892, Cs = 12.6189,
Co = —0.73367, \; = 1.2, A3 = 1.0.

h T EHMW HL AT AR R B B X, R
7~ HOCI 73 ¥ I 4546 JOE P LEE, 22 H T 5545 HOCI
O T B 45 41 Bl B A e e 1) (25300 il 2—5 By
N

K 2 &2 ZHOCI = 102.3° I, X # fE
oR 2 (5) o4 il i A AR e me L, B IE A I
T O—CI Ml O—H Bl X Fx 1 4 9= 5h 1) 25 {2 35 i
K. MWK 2 B 2 F 24> 1 HOCL ¥ Cy 5 FFRAIE.
7E (0.17137 nm, 0.0966 nm) 4t 45 — #A B H1 81, 3L

163101-4



Y32 ¥ 4R Acta Phys. Sin. Vol. 61, No. 16 (2012) 163101

HZh 2.24 eV, X5 M KEHR TSR Roa =
0.17137 nm, Rog = 0.0966 nm, D, = 2.24 eV
& 83U, KW LE XA T R E 1 HOCIL ) 1.
7E Cl+OH—HOCI g AL B3 22, Yl Cl
JR - 3E B O—H B 25 7 JE iAs € 1) HOCI 43 1.
1M #£ H+OCl—HOCI 1@ i& I, f7F (0.178 nm, 0.332
nm) AbH ¥4, HAER 20 0.5 eV, Ui H Ji 1
M O—CI 8 O M #EX O—C1 I T 5 ik 1.74 eV
) RE 22 7 fie TE BB 52 1) HOCL 43 1. 4% T (0.178
nm, 0.332 nm) b H I —AAE A, HAEZh 5.5 eV.

0.4

0.3

You/nm
I~
b

0.1

B2 HOCI(' AY) 53 F iR s it A5 H A RE IR, S5 R
kA 1ev

3 Al O—Cl #fE X % b, ik H 21
28 O—Cl B A A ae . B 3 rhn] i i th
EH H i 1 # 5] (—0.021 nm, 0.0944 nm) &b, HI3—
AP (2.24 eV), X5 ML R0 7E (0.071 nm,
0.149 nm) kb7 —#% pi B, & 2 85 e 2T

I
.

0.20

g
>*i0.1o<

0.05 4

K 3 H%:0—Cl (Rocy = 0.1737 nm) BekE 45 34 e
P, SELIRIBE A 1 eV

Kl 4 Ky li e H—Cl 8 E X #h b, C1 R ¥4 5
BT Y Bl O R 198 H—C1 4 e 4 i 25 1 34

AER. H1El 4 RS MG 2 HOCL 70 111 C 45

0.8

0.6

0.2

0 T T T T T T
-06 —-04 —-02 O 0.2 0.4 0.6

X/nm

{4 0% H—Cl(Ruc: = 0.2139 nm) FER: 192 356
&, LRI A 1 eV
Bl 5 2 4 BOR KL B S T R O

J§ % %) (0.153 nm, 0.0756 nm) Ak N JE BB E
) HOCI1 43 . £ (0.13 nm, 0.12 nm) 447 — &% 5
L, B O JR T Bl H—Cl B, 75 Bkt 34
27 REIE LR E () HOCI 4y 1, IF HOK 2148 (0.02
nm, 0.17 nm) A HIL—H/h i, X5 E 2 FE 3 1
iR —3

0.3

Y/nm

—-0.05 O 0.05 0.10 0.15 0.20
X /nm

5 B 4yseRE

HOCI 4y 1 [{)3X = RS 5 A8 B2 AR 3 15
o 56 S RE T A5 A5 A = 5t 1 0 1 J LT R R R b
4 RZR W], HOCI 731 (45 g ph B a3t S B 1 36
SRR AN RE BLARAE, T EE P EST HOCT 73
ERLP AN P E

3 4 i

K H QCISD/6-311G(2df), B3P86/6-311+G(2df)
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D7 EARA B OH(X2IT), OCI(X2IT) 43 11 JLATT #4)
Y, WG T 43 7 3 BE Bl AZ 1] B AR fb fa #8, A SC I
TR EEIE R T 8 &S . KA QCISD(T)/D95(df,
pd) 7756 HOCHX T AY) 43 AT BOR v 5E, KL
PS5 R . RN S SE I E T SRR I, I
DT 3Tk [16] AR, HRH5 HE 5 o 1 2 i A PR A o2
T HOCI 7 ¥ W3 W 725 K il Be, i (E1E 1 T
SCHR [16] WIAHE, JF 5 S0 00 M AR Bk, BE S i —
WU T % T JE AL 18 2 Ak RS

T tH HOCI 73 1 W A 351t o B0 F 2 e 1) P 4
e 4 A RE Hh 28 . V5 28 Hb A H 1% R £ A s
TR R 458 A g AR AL RRAIE, JR45 H— 285 )
2 5 B I8 T HOCI 2 1 1 = AN S E A pe K
7f H+OCl—HOCI Jg Vil 8 A —# 5, H ] 77
PO 1.74 eV [P RE 224 Be AL i HOCI [P RS e 4514,
7t Cl+OH—HOCI JB I8 _FANfAAE W B3 %, %5 F
KA SE i HOCL 4.
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Abstract

The possible ground state structures of OH, OCl and HOCI are optimized by using some methods included in Gaussian 09.
Among them, the methods QCISD/6-311G(2df) and B3P86/6-311+G(2df) are the most suitable for the calculation of OH(X2IT)
and OCI(X2IT) the spacings between eguilibrium nuclei Rog = 0.09696 nm and Roc1 = 0.1569 nm, and harmonic freguencies
w(OH) = 3745.37 cm ™! and w(OCI) = 892.046 cm™* are calculated respectively. The calculation results are in good agreement
with experimental results, Each potential energy curve obtained via scanning the single point energies of OH and OCl is well fit with
the four-parameter Murrell-Sorbie function, according to which spectral data and force constants are deduced. The ground state of
HOCI molecule is of A state, and the parameters of structure are Rog = 0.0966 nm, ZHOCI = 102.3°, w;(a1) = 738.69 cm™!,
wa(b2) = 1260.25 ecm™ Y, D, = 2.24 ¢V with QCISD(T)/D95(df,pd). The present calculation results are in excellent agreement with
the experimental values, and they are better than those given in the literature. And the force constants are calculated at the same time.
The potential energy function of HOCI is derived from the many-body expansion theory. In the symmetric-stretch potential energy
diagram, there is a saddle point in reaction channel H+OCl—HOCI, and a stable HOCI molecule could be formed only when H atom
crosses an energy barrier of 1.74 eV. However there is no clear energy barrier in the reaction channel CI+OH—HOCI, therefore a stable

HOCI molecule can form easily.
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