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WE i CASSCF J5 i ANO-L ZEA i b T HSO A LAY EEM 3 MK S S NEH, JRAEE
B2 BT EIASMIEEER CASPT2 JFiEdlfT T S REMIE. MR 45 SRR, ik 4 AL S AEm 11
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HI T HSO A 3 ML R B 5 I A BB G, Az 20712 K. ERZ Sk a9
HSO [ f%Ei# it HS + 0,—~HSO + 0, Fil HSO + 0,—HS +20, # AR SR, %t RS A i SR B T
W RAYBEIR. 7ES250 % HSO M i 3£ AT LAE i 1 O + RSH— ( Addition complex ) —HSO + R % J2 W 4
B HSO FE KA Z H i DL A L FASAEAE, BRI A 7 BB AR 58 X K05 Y ik o8 2+
AT, Kawasaki 252 6 FMOGE S 4 AR TE 570 ~ 700 nm (4978 Bl P9I T HSO [ f 22 H F BR T
(APA"XCA") e, [FIBTE R S P EE S T SO MgiR shil (v, ). K5 6 Bk oh ot
RIAG T UERGIY APA" XA R BEN 1.79 eV, Ohashi 25413 3 %t T A<—X BRAT A9 (003 ) —(000) 5
R B OETE 06 (LIF) SER 5 T H o F 338 AR — I R S 1oy F45#. AR SCR T CASSCF Jrik
FTANO-L LA T HSO H i FE ARSI i I A S A9 254, i CASPT2 J5 TR R mi REHEAT T #%
1E.
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BT T HIE (SCE) R 1HE., 153 T 15 Hartee-Fock 7K HYFEZS HL 4549 4 (core) (6a’)’
(7a’)*(8a’)*(9a’)?(2a")*(10a")? (3a”)". HILAE UM IEAL RS R P IRATES: T 2 i T2 is s
], BI 10 4~ o' FUE T 3 4> o9l , FEIGIRAS [ A 13 IEARE T X5 T HSO A B3RS LT AL As
FAPHTLE CASSCF/ANO-L #UR /KT FilfA7. o TSR Z ATl S AHCRE 2 Mid fh s ) FA Y — )
AT (CASPT2) 9 F LS RERLIE, FET TR B i T ANO-L 34 ( Atom Natural Orbital Basis
Set). BT MY /2 MOLCASG. 0 #2FF4, 78 SGL/03800 I IBM/P575 IR 55 & b 5¢ .
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2.1 EBURBESILAHE

XFT HSO H B, SCRIGE UM SECVEORZ , SLIRa R Z M b —2, HR A5 R
S AE R AR 22 AR, U R H A R H10. 1389 3] 0. 1577 nm A%, Tk A5 F 2% T 016 1
X, U, AOEEEE EIHTTIRAN TAE. ZR3CEE CASSCF/ANO-L B /K- b, i C, SFEXTFR
PE, AR BI%E 2A7FT A XS R AR A A B A HEAT T NS, FE AL R R vk
(CASPT2) #47 T ML RERIE , S5 5I% T3 1 figk 2.
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BRI E 2 AT OCIE 0 HT B9 FE R, A CASPT2 HI CASSCF W38k |, 0] LLIKE
PABRIFFEFENE FHEE. %A FI AN EFA Tablel Optimized geometry parameters in the ground and

(core) (6a’) 2 (7a") 2 (8a’) 2 (9a’ )2 (2a") 2 (10a") 2 excited states by using CASSCF method, and the
(3a") ' W F454, 5 HF /K7 ERgia gl LIt relative energie by using CASPT2 method with
AN—F s FEEART T IS B FaE MR , P Slater ANO-L basis sets *

ﬁ?ﬁuit%fﬁj\ E(J /ﬂ\: ;:F[ , $ FE %E E/(J HOMO i‘FjLLé‘ State Calculated data

CASSCF  CASPT2 Ry ¢/nm @y ¢ o/(°) Ry_g/nm

(3a") AT LU IR Ay Bk S # , S22 A 3p. e 124" 0.00 0. 00 0. 1493 104. 8 0.1385
L 2p, . PLERFaBEERSTE 1L H. P2 1 .84 0.1660 93.0 0.1354
AV HA RIS CAZAUSE R g, 20 407 392 01 10nE 01670
s 224" 4.23 3.98 0. 1797 100. 4 0. 1361
LRI ASREGAE] T 0,95, XHESHFE -

e S Z R 0 241 2 # The ground state energy of the neutral radical is —473. 16187
1M 5 X2 ME— Y — A R EGE S 10,10 AR, a.u. at CASSCF level and —473.62117 a.u. at CASPT2 level, respec-
PRI 5E 4] DL HTZ R A5 A F AR LA, TTHE R dively.

Table 2 Calculated electronic configurations at CASPT2 level using ANO-L basis set

. Configuration
State Coef

6a Ta' 8a 9a 24" 10a’ 3a 11a’ 12a
124" 0.95 2 2 2 2 2 2 1 0 0
124’ 0. 96 2 2 2 2 2 1 2 0 0
224" -0.89 2 2 2 2 2 2 0 1 0
0.18 2 2 2 2 0 2 2 1 0
0.23 2 2 2 2 2 1 2 0 0
224" -0.91 2 2 2 2 1 2 2 0 0
-0.25 2 2 2 2 2 1 1 0 1
0.10 2 2 2 2 1 0 2 0 0
e
0 (0
q
g
104" lla' 124 24" 3a”

Fig.1 Plots of the electronic density related to the electronic transitions for the excited states
RS, AU AR TS 5 MR B 2 T IRE. A5 B AL HSO JUTHBAR, =
0.1493 nm, @, ,=104.8°, R, (=0.1385 nm(HFK 1 fi7n), HSEMASLLE | HISTHRERAT GG
37623/ S S

SEE X HSO H B3 A SRR HGER D 2 ARSGHRS R, B—mFMAS N 1’47, 15
CASPT2 KV L AERE LA 17475 1. 84 eV, X —Hl 5 C A FOEIEEAE 1.81 eV " A, A
B 57 AR BN A T IR M RT3 R . 113 PA SR IUTSECN Ry =0. 1660 nm,
Dy o, =93.0°HI R,  =0. 1354 nm, A1y i A 16 P A B U HE I M H BB 4 2R S e S 30 7 Y
0. 1661 nm. ZH FAMHE T EER—AFECN 0.96 [ (core) (6a’)? (7a’)*(8a’)?(9a’)?(2a")*
(10a’)' (3a")* 47, L, AT LA S 305 AR T 522809 Bl FBRAT 100’ —3a”.

TEL TR P A HAR T L 25 224 22 AP TESCRR TP R IUARGE. 7EC S RIS R, B11
SPAESR AN ST IORAS. AR CASPT2 JKF B 22 AT T HL RS R I 3. 92 V. HLALFA1ESS
MR TR ZAZSRE, th =AM, AR REUN R -0.89, 0.18 #10. 23, X 414
Moy, B THHEFIREZAN, 20 PG A IR 2. HIU 2588 R, =0. 1538 nm),
D, =107.8°, R, =0.1676 nm, SHLILATHILL, HAEEMIGML 30, HAR YR T 0. 0045
nm. {EASER AR S KR T 0.0291 nm. XRS5 #1028 AR R T N AE Y L BRE 30—
1la’, WE T Pl DUE S, 11a’ EE A GRASEEM A, THEN 4 o8 W W i i U 2° A7 8 R A=
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TARME. RFXAEFEER N IUTSECN R,  =0.1797 nm, @, , =100.4°, R,  =0.1361 nm,
AR TFIEE UM E5 R, B T 0. 0304 nm, BRI/ T 4. 4° ) BIEHEK Y% T 0.0024 nm. X
FESAE L RICE S NTERY B T A A UL — B 2P AT R = i T AL, A R A
9 -0.91, —0.25 F10. 10, 2 5I%F R F B FEE 2a"—3a”, 10a’—12a’ LR A IN—4Z B F 30k 4H
. 2a" FERMG 0 3p, HUBFE LAY 2p BB LAY 7 MEEPILE | 3o PUE FERMA m [EPUE,
H, 22 A" ST UBRVER mor ™ BRE, XK T30 A B0 I B AP K. 1% T 7E CASPT2 /K LY
BORBEN 3.98 eV, 5 2°A' SMTERER FARH 2T,
2.2 SESH

TESEF AR LR T34 T T8, 45 BRI EE DLER 3. b v X it LS A i iR sl A =
v, X F H—S—O0 2 iR, v, ST S—0 MgadRahiizt, 5T, X 4 bt
SRR FRYRE /NS, X HSO K&, Jii>R% Table 3 Vibration frequencies for the ground and exci-

}Efﬁ//l\ , 7{ Q;%}&%ITE q:n , Xﬂ-%‘j&}/@ﬁﬁ ZI‘ETJ E‘J?ﬂ%%‘] 1B ted states calculated with ANO-L basis set at
K OCUNSCHRL 5 ] EAR 5 SOk [ 8 ] iy Bl e it CASSCF level
{E IEl]E 5 )‘Lﬁj([ 3 } EP E/‘J v, {E *ﬁ 72% 361 cm ! ) . 335 ﬂ] Xd— State Harmonic vibration frequency/cm ~!

v, v, Vs

HEASTISL A B 0 B3 400 SRy 1 30k ] 5 3k 1247 2302.4(74.1) 1108.7225.3) 1033.9-(12.6)
(8] B, X3E— R BTT R IR EIE T 1240 2550.4(5.93)  872.1(15.5)  731.5(5.23)
SRR B TE IR S U BN EE AR —F. HAh, X 2247 1056.1(6.80)  891.4(4.93) 707.7(59.0)
22A'ﬂ] 22Arr%§’ Eﬁﬁﬁﬁﬁ%%*ﬁf@?ﬂﬂg 224" 2433.7(16.4) 834.8(1.04) 600. 1(85.6)
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CAS Calculations for the Ground- and Excited-state
Properties of HSO Radical

LI Bu-Tong', WEI Zi-Zhang' , PAN Qing-Jiang’, ZHANG Hong-Xing'“, SUN Chia-Chung'
(1. State Key Laboratory of Theoretical and Computational Chemisiry, Institute of Theoretical Chemistry,
Jilin University, Changchun 130021, China;

2. School of Chemistry and Materials Science, Heilongjiang University, Harbin 150080, China)

Abstract We optimized the structures of ground state and three low-lying excited states for HSO radical using
the CASSCF method with ANO-L basis sets. Their single-point energy calculations were performed at the
CASPT?2 level including more electronic dynamic correlation effects. The results of frequency calculations show
that these structures are minimum points on the potential energy surface. The variations of geometry parameters
between the ground and excited states were rationalized by the analysis of their electronic structures. The cal-
culated results fall well within the range of reported values.
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