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M2y, —0H A S LT S8, DL SO T
(BHER ) MRS, Wk 1, iHRERER
Bl HSSH 73 + X & W + 45 8 K ( core)
la’1b*2a’2b*3a’3b*4a> . HSSH 43 1 42 JT i 45 #4 43
+, A~ H—S S A R 1~F- a1, TR AA 2R 90. 66°,
£ HSS #98.67°, S—S 4K K 2.073 2 A, S—H 4t
KA 1.347 5 A, HSSH 437 A S ARSI, 2 3h 45
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R g S RS I A ST 45 SR SCRR[ 18 ] R
FH% BEZ R EEIE (DFT) 7E 6-311 + g(3d,2p) /K- |
W52 7 HSSH (34, SCHR[ 19 ] R & b
B B (MP2) 779, 7E6-311 + g(3df, 2p) /K-
5% 7 HSSH pyAa R, o LA BIRATH A 450 5
A WA R L — 2, FRAFRATT T i FH 09 77 vk 1
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Table 1 Geometric parameters and spectroscopic

constants of the ground state HSSH

ZH AR TAHE DFT 81 mp21] sz (712)
THEA/(°) 90.66 17 90. 1 90.9 90. 6
LHSS/(°) 98.6739  98.09  97.8 97. 88

S—H#K/A  1.3475 1.329  1.338 1.342 1

S—SHHK/A 2.0732 2.055  2.063 2.056 4

¥z A 4.897
WH/ B 0.229
cm ™! C 0.229

4.898 661 90(25)
0.232 508 514(33)
0.232 417 077(33)

438.994 1 437.1 417.476799(3)
499.8921  499.9 515.922 30(11)
PRahiisR/ 891.9747  891.3 882
cm ™! 894.1256  891.7 883
2 624.064 7 2 626.4 2 555.778(18)
2626.383 0 2628.4 2 558. 631 662(89)

2.2 HSSH' HIIHEZRSHH
T145 HSSH ™ LS M A SRR LTS8 %
F2 HSSHELSLZEE . FTLIRINEE

Table 2 Total energies and zero point vibrational

energies of the ground state HSSH

Rk SER/ (Klemol ™) B SHRENAE/ (K mol )
AR TAE -2094 191. 1 47.70

DFTH] -2094 237.9 47.70

Mp220] -2 091 459.20 49.08

B IRSIIRE R PSS IR 3, TTLIE#,
5 HSSH 71 )L #5 BY 52 4 A [A] , HSSH ™ 2 [fif 43
F, i H XS54 ( ok 00, B 1 BAT G, XK
) Fs A (T 2R 180°, &+ BA G,y KR
) #R R R E S5, BT R T LA AR A 2=
0.129 eV, PHHEAESF] T HSSH ™ I i+ HE
Ai: ( core) 53?5b§6af7a?6b§2b?2a£0 WA kS
A’B, 1 BB, 43 Bl %} B M L BRAT 2b, —2a, I
2a,—7h,, “H e WRHEIE (BERE 220 0.73 eV),
ARXT T H RS b A S—S B AR oK, 3% 3
HER/N . THREARAEE] T e HSSH ™ B8 Fl— 4
MR SNEER . X HSSH ™ S8/ FHEAm h
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-0.995 623, Jx X S #g /K 1 Ray A XFFR = 80
-0.995 575, /N T 3 2 HSSH A 1 69 %018, v6 1
HSSH ™ 2 K X FRPE IR 7+ IR P i ml LI 2,
BTATHE A 5 A HSSH ™ S—S B 4 Bk
SRR N 573 em 586 em ! 5 G HL T RETE
ZE (480 £30) em ™ AH IR K, 5 SCHk[ 22 ] YA
RaREs R . B 1 45 T 3K P Fh S A A 1) P-4y L
farkg Ay, T14A HSSH ™ 45 21 (1) B 58 5 A 5 s AE W
#x4,

3 it

A T AR % B2 sk 16 ( DFT) , 78 B3LYP/6-
311 + +g(3df, 3pd) 7KF-XF 5w Ak A4 T 2 A
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Fig. 1 The optimized geometric structures of HSSH *
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Table 3 Geometric parameters, spectroscopic constants, electronic energies and electron configuration of HSSH *

A3 SCHk[22] Sg[21]
TIEAA/(°) 0 180 0 180
T A X, ATH, 7R, 7B, A a, X'B,
(core) (core) (core) (core) (core) ( core) (core)
5a75b; 5a75b3 5a75b3 5a25b; 5a25hb; 5a75b3 5a25h;
T HEA 6al7a3 6al7a3 6al7a3 6h26a’ 6b26a’ 6al7a3 6h26a’
6b32b7 6b32b) 6b32b7 2a}7a; 2a}7a, 6b32b7 2a}7a;
2a) 2a} 2a37b} 2b;, 2b2 2a) 2b;,
S—H #K/A 1.3535 1.354 1.3537 1.355 1 1.354 7 1. 350 029 1. 354 025
S—S #/A 2.0187 2.347 2.438 1 2.007 9 2.334 1 2.002 122 1. 994 478
£ HSS/(°) 98.440 9 95.282 3 92.620 5 93.998 5 91.950 2 98.512 93. 881
A 4.8132 4.745 7 4.7177 4.759 6 4.724 4 4.8329 4.771 3
R/ em ™ B 0.247 6 0.184 3 0.171 4 0.2515 0.1869 0.25212 0. 255 43
[ 0.2355 0.177 4 0.165 4 0.238 9 0.179 8 0.239 4 0.242 23
384.72 379.69 317.48 507.98 383.35 396.5(0) 525.0 (60) A& S—Sff
573.06 691. 38 423.83 586.08 710. 39 600.6(1) 612.5 (0) EIRBIIR
842. 87 733.64 502.43 789.01 711.22 858.8 (24)  795.8 (38) 480 +£30
PRSI F/ em ™! 937. 12 851.21 573.84 1 052. 66 919. 82 944.0 (521) 1063.2 (0)
2 615.87 2 625.75 2 628.81 2 610. 69 2 624. 84 2643.1 (7) 2636.2 (0)
2 636.41 2 637.64 2 642.26 2 615.63 2625.8 2661.0 (40) 2643.1 (72)
HFhEE/ eV 0.129 2.60 3.33 0 2.53 0.123 0
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[ Abstract] In order to enrich the information of the electronic ground states and excited states of hydrogen per-
sulfide molecule HSSH and hydrogen persulfide monovalent cation HSSH ™ the B3LYP calculation of density func-
tional theory with the 6-311 + + g(3df,3pd) basis set level was used to investigate them. The equilibrium configu-
rations, spectroscopic constants, total energies and zero point vibration energies of HSSH in the ground state and
HSSH " in the ground state and excited states are obtained. The calculation show that HSSH is a long symmetric gy-
roscope molecule with C, symmetry and the dihedral angle is 90. 66°, whereas HSSH " has two stable isomers, cis-
HSSH " (the dihedral angle 0°) and trans-HSSH ™ (the dihedral angle 180°). The electron energy of the trans-
HSSH * isomer is 0. 129 eV lower than that of the cis-HSSH * isomer. In addition, the ground-state and excited state
electronic structures of HSSH ™ have also been calculated.

[Key words]  hydrogen persulfide molecule hydrogen persulfide cation density functional theory

electronic excited state



