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AT I3 R SURI AL A B8 = R i85 R 07 5 AR BRI B T 72 )2 M 3 78 D5 E5 %) CO,, OCS, CS,
L XL F CO, , OCS™ , CSy HEAT WikG BE Y MK BT IE . AT T X 2800 78— R FIAH S — Bk 4
aug-ce-pV(X+d)Z (X = T, Q, 5) LK 58 A FEA MR T A 5L 25 M JLAT 4548, JR0EE 1780 i TR S S hm
A8 RN B, RS RS B A SCHRIRIE 25 R W) B TR LT A5 R, B4R T T CO,,
OCS, CS, A HL TSR MRE, REHEE T A FISEA LA F SR IE XX 265y i TR FIRE R SE I, 4510 1T 2%

JEAFMEIET 3 Fhah 766 19 L TSR A AE. A SCRE
MM, NSRRI RIS %

TR T G RO L TR ANRESE 2> T 2L

KR WEHINE, SRR, P LTS, BT oEAIEE

PACS: 31.15.A-, 31.15.vq, 31.15.bw

1 5 =

L =4 F CO,, OCS, CS, ¥ fu f5
16 M T T, R T R IR R T
BT 5T AP AR T ARG, Br 2 IR A A4
TEH RIS 2R A KA L BG4
RGN H BRI PEBRS TP R, 7232 AL
IV Bl )R 2 SO B R R AR
FEFNEE (electron affinities, EA) F7 3L
FAHRBH B RE R 2 22, & 5 B TR A G ik
HEMRE R, S8t TR FREN EES %
S3F B TERS HL R AR R DN B AR A AR R
BHIF A b A s ) i — 09,

ARSCE X ik =43 F CO,, OCS, CS, 1Y
EA {E I ki B2 (T HEEIE . AN [FIETE /N XX
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ST T T — LSS AR MY, (B —
RZER. 5256 ) 20 4 70 F4CH], Compton 554
A 8 Rl 7 0E CO, 5 OCS 7+ EA
B0 (-0.6220.2) eV Fil (0.464-0.2) eV. Holroyd
SBFSET COy 46 = CO; B IE F2 I 3 %,
i EA {H°5 (-0.4440.2) eV. Surber il Sanov [ Jf:
BEAAE (OCS) " B LR OCS HURFIES 1, X
OCS (Hy0);, o K G HL 7 MGG 1 8] B4l 1 T
OCS 1 EA S4-0.04 eV. SIS CS, 1Y EA {H
M2ZEEKR, I Chen F1 Wentworth(7 5% Ffa 2545
KT B FHREOR NS EA {624 (0.64+0.1) eV.
Bl =5 5 HEOGH IR EOR I A& R, o T A
CS, A EA A B2 i F B Ap b s 118
JUfrggfs | Franck-Condon H&%5 22, Schiedt il
Weinkauf!'" 38 i S B G FRETEAS 5] T 0.8 eV
PIF 430 EA. 2Z )5, Misaizu 45 M ]G H 7

*ER ARREFES (S 11874177, 12174148, 12274178) AL PHA SEREAFST TR (LS 202203021212116) 73 B4 E4EL.
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RETEEEIISE T Na,(CSy) (n =1, 2) BT, &
BLCS, 19 EA {E4 (0.58+0.05) eV. Cavanagh 512
SR FH 125 53 2 B P AR RN ) 6 R BB R Sl ik
BC AL ZBUR, 44T 0.5525(13) eV Ay CS, 4
THIHL TR FIRE, X H AT HRER R SE e fa. o)
Hb, R TEAE = T3 T CO,, OCS, CS, 5 HXT
I BB, A9 ik 25 R S B AR AR B AT )
SR L2l 03181,

BE B, WS EATR B SRR AL 3 =3
KGR (coupled cluster with singles and doubles
(triples), CCSD(T)), Hartree-Fock %2 Pk (Har-
tree-Fock density function theory, HF-DFT), —
B Moller-Plesset il #L #1& (second-order Mgller-
Plesset perturbation, MP2) %5 J5 iE 5T T4 =
JEF43F CO,, OCS, CS, 5 H XS B 25+ [ L35
VA LRI 54 5 TR R SR AR B 102U, CO, 41
T EA BBIEHIFEERAE-0.36 £1-0.92 eV JEL RN
He gl 202223 SQurber 4% 24 5 Barsotti 55 21 435I %
M Gaussian-3 5 CCSD(T)/AUG4 1% #] OCS )
EA {H23514 (-0.059+40.061) eV 5-0.007 eV. CS,
Jr T 1) BA (R BB 45 RAE 0.30—0.54 eVI12021
W. HETRY LSS, 1A % B[R R4 | & A Al
FBN LA M 2R S5 RE (zero-point energy, ZPE) & 1E
MIFENR, ANSFTTHEZE R SO TR 45 R 5 52l i 2
[BfFE—E 2. Wi, XF CO,, 0CS, CS, 43+
A Kk 107 B 15— L - 2 R AR — 20 e A R T DA Sk
T

AMFFE 5350 R CCSD(T) 5 A gk BR il #Y
T 7 2R 7% (spin-unrestricted open-shell coup-
led cluster with singles and doubles (triples),
UCCSD(T)) Jri&, 15— R CHE— B | St
B LA B PR DL A [R] AH DGR (L4854 i L 7 A
K bR AIXHERN) T, K5 T CO,, OCS, CS,
Fe HXF R BHES F CO, , OCS™, CSy HEALhHy. It
THALG S, SR CCSD(T) kit 1k
43 F CO,, OCS, CS, AL HAE, 435 H UCCSD
(T) 1 H e Bl 1 FF 72 240 A 76 7715 (spin-restri-
cted open-shell coupled cluster with singles and
doubles (triples), RCCSD(T)) 15 T+ CO;
OCS™, CS; A4 ihfe, &K 1T hEn 7+
CO,, OCS, CS, M2 TR FIGE EA. AR
HEE T Ek =0 FrpaEE R, vt
o R S

2 HHE*

K H MOLPRO /374 29 i+5 T OCS, CO,,
CS, M H:BH B 7 0CS™, CO; , CS; HIHL T-45H.
LM T AR RA R, FESY R EE,
P— A TF 0CS, CO,, CS, I, 20 BT W 25
F0CS™, CO; , CS; , A ERIAR, XL+
ANFRRL AL, A8y e B T A, SRRy XU
B XT oS, AR T ##4T Hartree-
Fock (HF) AWML, RIS LS H A0 bR
¥, A HF 4> FHUE LR B CCSD(T)R0 3155, 3k
1 RS AL AT 25 S g . TR B
T, RH AEEFR T Hartree-Fock (UHF) H
Wk, AR B RS TR RER; IT
72 )21 UHF 3625 0% R 501 w0 0 ik e 85, 2R 4T
UCCSD(T) 5.

T£ Dunning 55 27 #HKE—8HE4H aug-cc-pV XZ
TN IR PR S LG B B A . R
TR EET S R T TR, WA LR
O B d R R XTSRS R B T
43 5% Hl CCSD(T) #1 UCCSD(T) J5 ¥, 7EA A
FA aug-ce-pV(X+d)Z (X =T, Q, 5, J5 30k aug-
ce-pV(X+d)Z F A 5 S AV(X+d)Z)PT T it
TR L AR . R AR B, = Ecss+
Be= (1) 4 Ce~)" (= 3, 4, 5) SMEFIHEL B
PR 2830 Hodh B2 7E CCSD(T)/UCCSD(T) 771k
T F IS A ARFRA W EER, B C &S
. 5% IR T hRm AHXHB A (scalar relativistic
effect, SR) F.55-M A (core-valence correc-
tion, CV) BIFZIA, SR 5 CV R 5 [ A G H %L
A B4 W ADK Fil ACV 2R 2R AR Wi 45 5k
20 A aug-cc-pVQZ-DKB! 1) = Fi Douglas-Kroll
(DK) I#fBA3233] $j45 ADK {8, i aug-cc-pwCVTZ
SEA B PRS- A OGN (ACV). I AE CBS+
ADK+ACV T, SRAFIRASESMALLEA. LRI
FEAZER IR b X TR A CCSD(T) 7
2%, AT T3 5% UCCSD(T) #1 RCCSD
(T) ¥, FEARRIH AV(X+A)Z(X = T, Q, 5)
TFARAT IR L ARG SR FH RPN [R] 4 S A
F L REE Y OBS M FR: —FhZ =% CBS SMfER
¥, E, = Ecps + Be~ ("1 4 Ce_("_l)2 (n=3,4,5);
7 —FEMISEL CBS AMEREC E,=FEcps + B/n®
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(n =4, 5). 1T UCCSD(T) #il RCCSD(T) J7i%
ARAGH 25 T 1 RI00E 5 | S 1 G k22 1 2200
AKX, # R FHEHE UCCSD(T) kg ADK
5 ACV ¥{d, Rl UCCSD(T) Al RCCSD(T) 3t H
—%& ADK 5 ACV {H. X FH o715 x50 1 &
T InGe, %8 TF A IEMZm, H
ZPE F/r. 4 TE CBS+ADK+ACV+ZPE T, 3k
87 F T OCS, CO,, CS, FIH T3EFIRE EA.
TEJLfIRAe, REs USSR 10710 anu., BEEEISL
BN 10 4 a.u.. BN TAERA Multiwfn g4 59
2l e o LR B ARSI A A A

3 £XR5i%®

3.1 EAMEEMNESFEESEENZIN
K A Multiwfn 845350 2 il vh 15 CO,,

0CS, CS, X H:FAE ¥ co; , OCS™, CS; R4

FHEER, i 1A 2 s, Hod o fn 64

HIFASIrTZEAS R IE S A oA RT3
LMk Zhty, i) CJEF sp Z2fl, X FRI A 7E

(b)

WP JE L, AR C R BRI L 0 A
(1), B 2 A&7 3 R AR Lk 451,y SP?
Zfk, Tl C RFHHEA 2. &A1
5% F CCSD(T) Al UCCSD(T) J5 i #F 58 CO,,
OCS, CS, M HAB FHyH 725,

F 1IN TAFEIEA AV(X+d)Z (X =T, Q,
5) T X £ oy FE A A LT 45K, BB A L
Tt IS B, BN, LD CBS HBR
Jp B oM, COy 5 CO, ML A B KR T
0.068 A (1 A = 1010 m), %/ 42.2°; OCS™
5 0CS MIHHES Reo, Rog B HIEK 0.051 A,
0.137 A, SR/ 43.6%; CS; 5 CS, AH HL R A4
KIERT 0.076 A, AN 36.4°. B I TP 4K
B, ST OCS, CSy A H CO, J 25 K 4
K, BEMPEIR 180°. Ak, INF 1 A H, = Fhrb k4
T J BB 7 Bl 2 S48, S Wi
HRA MK, COy 1 CSy T A B il 1 K
OCS™ 73 7 BE B A S /N5 1 K. B BL2H I
AV(T+d)Z 3 E] AV (5+d)Z UL X 5MEF] CBS
R, THRMER AT, DL CS, F1CSy 43R,

Bl 1 (a) COp B4 THUEE (b) OCS HA/ THIERE (c) CSy A4 THIEE
Fig. 1. (a) Molecular orbital of the ground state of CO,; (b) molecular orbital of the ground state of OCS; (c) molecular orbital of

the ground state of CS,.

2 (a) COp HAS THIMIE; (b) OCS— HA S THIME; () CS5 KA FHHE
Fig. 2. (a) Molecular orbital of the ground state of CO; ; (b) molecular orbital of the ground state of OCS™ ; (c) molecular orbital
of the ground state of CS; .
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CS,y R AL, P Rog N AV(T+d)Z
| AV (Q+d)Z WV 0.004 A, N AV(Q+d)Z 5
AV (5+d)Z B4, &R 0.001 A . BHES T CS5
B HEK Reg MMM AV(T+d)Z 3 AV
(Q+d)Z WA E435024 0.005 A, 0.2°, N AV (Q+
d)Z B AV(5+d)Z B4, MR/, o 0.002 A
0.1°, ZBLHETUAZSHE AV(Q+d)Z 3 AV (5+d)Z
S B AS /N T AV(THA)Z B AV(Q+d)Z 1
AR, TS TS AN, il AR AV (5+d)Z
M CBS 4551, =Ffhrh sy KB 10 F K
AW S 550 0.001 A 0.1°.
# 1 €O, 0CS, CS, M HHE FA AR FL S

CBS MR T AR 5 3 A

Table 1. Equilibrium bond distance and bond
angle of the ground state of CO,, OCS, CS, and the
corresponding anions as a function of different basis
sets and CBS limit.

AV(T+d)ZAV(Q+d)Z AV (5+d)Z CBS

2 5 TR LE, AFEhr A XTI A0 5
SO HAH RN X 3 A - B LR S TR A
M 45 Hy R . >R CCSD(T) Ml UCCSD(T) 77
2%, BT m bR E AR 5 R A H Bk s
i ADK DL K R IS -0 A RN 5 | 1) ' i 1 ek
AR ACV. B — S 37 55 %6 o B 5 1 L 2 ke
KARL, 115 ACV 80 ADK {HZE A K, CO,
I CO; ALk, ACV {5 ADK {H TG 2. 25
M, OCS M1 OCS™ 7 FHHLL, Re.o 5 Reg Y ACV
w2550 0 A, 0.002 A; ADK i Tl 2%; CS,
Frcs; tHEE, ACV {EfW 224 0.001 A, ADK {H G
2. X R ACV i KR 2E7E 0.002 ALLY,
ADK Jofi2s; T 3 Fhtk o o etk ahty, ik
T YA TE LR R A~ P 5 X6 g B 5 -
AR IS

Bl R PO R, ATR B T4
14 52 B 5 AHXF IR RN S AR /N, SR 17T CS, 43 F 3

CO, Reo/A  LI6T 113 L2 162 S M 4 B SRR TR, CS, 4
COy RC—O/A 1.237 1.232 1.231  1.230 ?%E{/(*H H: COQ, OCS é:}.?’ ACV ‘J_b]‘ H:ﬁ-ij(, ﬂ‘j
LOCO{&((’) 137.6 137.7 137.8 1379 0.193%. i 5F Co; 50CS™ HATPMHsEH 5 CS;
e FARERKMEIRALRATI, 5 CO;
0CS~ Reo/A 1.214 1.210 1.209  1.208 5 0Cs™ A Fco A H:" CS, O TSR
Res/A 1710 1705 1703 L1701 32 - BRSOV R R, ACV i [l K, 2
£0CS/(°) 1365 1364 1365 1365 7 0.25%. CSy AV M AH L CO; , OCS™ 47
CS,  Reg/A 1562 1558 1557 1555 F ACV {H 5 ek, M 0.14%, ADK i He ek,
CS; Res/A L6 L% LeM L6 K 0.07%. i FBE 2 8L, TPt 4 T4 2 3 61
£S5CS/(°)  143.3 143.5 143.6  143.7 %?‘ﬁj\%, 5T OCS™ LAkt K Reg &l‘, b 2 T
F 2 CO0y, OCS, CSy B HN BB FHEAF SRR R HEAS R S
Table 2.  Equilibrium bond distance and bond angle of the ground state of CO,, OCS, CS, and the corresponding anions as
a function of different correlation effect.
A 1
CBS /’A\é:\jlp d_E:AQI]IDK Total SR e
CO, RC,O/A 1.162 —-0.002 0 1.160 1.143 191/1.179 [191/1.1614 201/1.164 20/1.167 U 1.162 (3
CO5 Reo/A 1.230 -0.002 0 1.228 1.225 [191/1.256 [191/1.230 201 /1.233 [201/1.237 121 1.25 (14
£0CO/(°) 137.9 0.1 0 138.0 135 1191/134.2 191/137.9 [200/137.7 P01/136.7 121 134 [19]
0CS RC,O/A 1.158 -0.002 0 1.156 1.158 01/1.161 2D /1.163 U 1.156 (16
Rcg/A 1.565 -0.003 0 1.562 1.566 1201/1.563 201/1.575 121 1.561 [16]
0oCS— Reo/A 1.208 -0.002 0 1.206 1.208 1201/1.209 20/1.213 [21] —
Reg/A 1.701 -0.005 0 1.696 1.704 201/1.707 201/1.716 21 —
£0CS/(°) 136.5 0.1 0 136.6 136.5 1201/136.3 201/136.2 [21] —
CS, Rg/A 1.555 -0.003 0 1.552 1.558 [201/1.557 201/1.565 [21] 1.556 [17]
Cs; Rcs/A 1.633 -0.004 0 1.629 1.635 1201/1.630 21/1.646 12 —
£8CS/(°) 143.7 0.2 -0.1 143.8 144 20/145.2 [201/142.7 (21] 141 18]
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FE RN, SO SCBRA5 Xt P43 CS, B HBA
BT CSy oy TR AT 4 My S I 3 AT
HoAth sy, bt AR 250N X B 85 1 €S RSk
FRZIA K.

FT CBS+ACV+ADK 455 CO,, OCS, CS,
SO F RSP EE M anER 2 “Total” 51, FAT]
T A B S5 A X ) CBSHACV+ADK 45
S5O A SRS R A1 AR L 0381 3% 4y
Tk, BRI 22/ 0.004 A, Xt T e 14
T, KR 22 KON 0.022 A, BN ZE KR
4.0%E N WFFEE TR A PR BRI T4 ik (1921
THA T X863 G 5 4L, AT CBS+ACV+
ADK 25535 DA S TR BUEAE L, X Tk
T, BRI 2ER N 0.019 A, XTFHRE T, COy
Iy F Reo BERK M2/, 7 0.028 A, £0CO 4
w2 K (1F 3.8°FEHI).

3.2 EFRMBE

AR 2 DS R A W B TR R S 5
BURIIE R NN < |Vs e SN R B A € % S DOV
B s e 45 F3E R, R AE AR S 45 B
SEA T EEA T AR T T S BB TR R 22,
e XA T £ MIEE. 7E CCSD(T)/UCCSD(T)
KT, ARG LIS 9 LA 25483158 CO,, OCS,
CS, MH A FHY Raem. BN FHE T, %3

3 CO, T M R TR AR LA K 5 A 3

RIS R

Table 3. Adiabatic electron affinity of CO, com-
pared to previous theoretical and experimental data.

A TR AIRE eV
UCCSD(T) RCCSD(T)
AV(T+d)Z 0.631 0.654
AV(Q+d)Z 0630 0.653
AV(5+d)Z 0.624 0.648
Q5-CBS 0.616 0.640
TQ5-CBS -0.619 —0.643
ACV 0.012
ADK -0.003
AZPE 0.090
Total ~0.541%/-0.544) ~0.565%/-0.568")
Experiment -0.6 + 0.2 4/-0.44+0.2 Bl
Calculation 0.36 1221/-0.669 [20/-0.544 121

#E: ¥Q5-CBS+ACV+ADK+AZPE result.
YTQ5-CBS+ACV+ADK+AZPE result.

XF T 3T UCCSD(T) 5 RCCSD(T) 77 i 1EA
L2 LA K CBS T IYRE I, 7€ B X B8 5 ik 43 T Bl
LA, BRI BN, BUEE T IS ZPE
X RN R P AR SRR, FEM TR ik
o BRI AV(T4d)Z FEA T ESR]. TR
2 P SE RN RE XS SELL A B2, CO,, OCS, CS,
1) EA {E 0 WM AV(X+d)Z (X = T, Q, 5) 3%
20 DA Ko % F 58 5 0538 43 16 S ik A o Stk AT
Q5-CBS 5 TQ5-CBS 5. A TAERBAFF 1AL
NiXT EA {HAYR, 3T CBS+ACV+ADK+AZPE
gEIE R /0T CO,, OCS, CS, 4 HEERIRE, N
% 3—3& 5 “Total” 11 T~. YE RN, ik dh
T AR A B S A5 R

FAT R AR AR AN 5585 B SRR X
LT CO,, OCS, CS, B4 3E MBI A §
H ACV H ADK Bl K 1 MBS, SO 8%
RN X431 EA {EFZ 0 BE 1 2% (3R 3—3& 5). AH
T4 F 1 LS A 25 4, FH RN X o b o T
) 4 ACE FTRE 52 0 B 53 DL CO, 20 F R il H
EA {EXI N[ ACV FELTF CO, 43 F ol X BH 5
THE KN ACV K 1 MR, B
JERTR) FE 4] 5 45 P& 1E 800 5 15 B 2409 EA A
Pl FE ST S X I 25 R /DN, il EA (B
B ACV 5 HEHE K XFF Coy , 8 ACV 2l AE 7
g 0.1°, SR 5 HA K 0.07%, XF T EA {5 ACV 5
Hei/NR 2.11%. CO, 4 T30 % N P 25 1248

%4 OCS STy TR AAELL K 5 LU EE I

LR L

Table 4. Adiabatic electron affinity of OCS com-
pared to previous theoretical and experimental data.

Y TR FIRE JeV
UCCSD(T) RCCSD(T)
AV(T+d)Z 0.098 0.119
AV(Q+d)Z -0.073 -0.095
AV(5+d)Z ~0.069 -0.091
Q5-CBS 0.062 0.0839
TQ5-CBS ~0.066 ~0.0876
ACV 0.016
ADK ~0.004
AZPE 0.070
Total ~0.012 9/-0.016 ¥ —0.034 #/-0.038 »)

Experiment  0.4640.2 */-0.04 [

0.007 P11/-0.059+0.061 4

7E: ¥Q5-CBS+ACV+ADK+AZPE result.
PTQ5-CBS+ACV+ADKA+AZPE result.

Calculation
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# 5 CS, /A TRYHTIRAAE LIS LR IR
SRR L
Table 5.  Adiabatic electron affinity of CS, com-

pared to previous theoretical and experimental data.

Y, TR AIGE JeV
UCCSD(T) RCCSD(T)
AV(T+d)Z 0.359 0.337
AV(Q+d)Z 0.399 0.377
AV(5+d)Z 0.407 0.384
Q5-CBS 0.417 0.394

TQ5-CBS 0.412 0.389

ACV 0.013

ADK ~0.009

AZPE 0.053

Total 0.448 ©/0.443 V) 0.425 ©/0.420 V)
Calculation 0.406 120/0.382 201/0.457 211/0.54 111

H: ¥Q5-CBS+ACV+ADKAHAZPE result.
DTQ5-CBS+ACV+ADK+AZPE result.

HEZERIXTN. ADK 24 0, 1 EA {EXT ) ADK £t
Goh 103, P IMERAEI E M, A4 H T
FhAMEIL 4 Q5-CBS LA K TQ5-CBS 2 [R T~ 3145
T Total(CBS+ACV+ADK+AZPE) 455, % H
il Zh HE 45 2] (9 EA . Total 45 % 22 i K44
0.005 eV. BEE TP K, m& M EA 451 %
Wy oK. AR ST Tk EA g5 5L 1120240 47
1E—E W%, TA1 CBS+ACV+ADK+AZPE %5
5 DA EUE R K214 5] 0.38 eV 247, 2R
-5 S Y ()& Bl 20 B RS 2 Sk =
J5F 41 EA 45 3R A 1E A 7, Compton %5 M 5
Holroyd %% Pl il CO, 431 EA SAAME, A TAE
RIFH CO, 7T EA Z5RAELII E 1Y EA iR2
JEEN 2L X OCS 431 EA (A5 Al 45 5 140
AIEA T, SRS EA {H (0.46+£0.2) eV
fRMES (0SD),, Seg ke i) OCS FAF] 1 EA
A4, AR RCCSD(T) J5 #3815 OCS 43
TH) EA {5 Surber A1 Sanov 6 LI SZEG(EAH 220
0.002 eV. XITF CS, 43F, SLHMTT EA 45581712
1E, SCEGIN15 EA A Schiedt 1 Weinkauf 1)
e CS, ML FRES A3 28] T 9k sh 4548 (hF
Franck-Condon #& 2 X} BA 2 - A1 4 2 [6] 59 LA
TEARA AR W RZ ), A3 CS, i EA A& T
0.8 eV. B fm r HEOGHL FOLIGHOR I A &, AT
R & Ay BB RE I 7 i ESE CS, XX

(ZetE) «—CSy  (X2A)) (& i) YLK ERAE, D75 BT
FaH A SEE 0.5525 eV, AL UCCSD(T) 7
ERERE A 0.1 eV, AR T/ — L FEF
XL = T ROEEE AR R

4 % b

A H 4T CO,, OCS, CS, K H: AR F
CO, , OCS™, CS; HLT AT T ki Sk 58
W52, e TR TSS9 A CCSD(T)
5 UCCSD(T) J5i#:, 5T AR AHC— 3
aug-cc-pV(X+d)Z(X = T, Q, 5) VA K 5E e
R CBS Xf ff 43T CO,, OCS, CS, HE AL M
W4k 5B ES 1 CO5 , OCS™, CSy FEASEAG JLA
SEFIREIR, 3T A BRI B8 43P T LA 25 KA 1
SEAE TSI FIAk, FRATFIE T A RN X i 4
3T BT EE A ) E A, A e AR X B 5
T CSy EBHMA — R, W H AL T IREF
S5 F 0 T 200 A LT RR s A I RN, -
ORI AR Kef 33K S 5 285 - 445 g 114 5 i B g 2%
FET AT T LT 2548, FRATTBFR TR R OG —
B AV(X+d)Z(X = T, Q, 5), CBS, &FHHX:
BN RN 15 BB AE IE XS 4> F CO,, OCS, CS, 4
POEFAE EA BUSEIR, & BN H T X 2870 T AL
ST LE KA, AHDCASON R R 43 A HAGE FIRE S M)
W, e, il H A i A5 B 1 X 41
M LT 25 R 5 M4y T EA {5 ARG L 50 2%

I 5 PUAS SCoE AR S UL (R 22 35 . ARFE A
B P E R e E ik =R o TR R EUE R, R
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Abstract

The accurate measurement and calculation of molecular electron affinity has been a hot topic. The existing
theoretical study does not consider the effects of different basic sets, or various correlation effects or zero point
energy correction. In addition, there are some deviations of calculation results from experimental measurements.
Therefore, we conduct a high-level ab initio study on the electron affinities of CO,, OCS, CS, and their
corresponding anions CO; , OCS, CS; by adopting the coupled cluster with singles and doubles (triples)
(CCSD(T)), spin-unrestricted open-shell coupled cluster with singles and doubles (triples) (UCCSD(T)),
respectively. The equilibrium geometries of the ground states of these molecules are calculated under a series of
extended correlation consistent basis sets aug-cc-pV (X+d)Z (X = T, Q, 5) and complete basis set extrapolation
(CBS) limit. The effects of core-valence (CV) electron correlation and scalar relativistic (SR) on equilibrium
geometry of the ground state are studied, and our results are compared with previous experimental observations
and theoretical data. Our calculations are in good agreement with the previous results. It is found that the
calculations of equilibrium geometries of these molecules tend to converge. It is noted that the scalar relativistic
effect has little influence on the equilibrium structure of the neutral molecule, but it has more significant
influence on the bond angle of CS; .With the increase of atomic number, the core-valence correlation effect
exerts a more remarkable influence on the equilibrium structures of ground states of CS, and CS; molecules
except for Rqg of OCS™. Based on accurate structures, the adiabatic energy values of neutral molecules CO,,
OCS, CS, by CCSD(T) method and those of CO; , OCS", CS; by using UCCSD(T) and spin-restricted open-
shell coupled cluster with singles and doubles (triples) (RCCSD(T)) are calculated, respectively. And finally, the
adiabatic electron affinities (EAs) of the neutral molecules CO,, OCS, CS, are obtained. The effects of different
basis sets, CBS, correlation effects and zero-point energy correction on the EA values of these molecules are
investigated. It is found that both the scalar relativistic effect and the core-valence correlation effect affect the
EAs of neutral molecules, and the core-valence correlation effect has a more significant effect on the EA value.
The results show that the correlation effect has more significant influence on the adiabatic EA than the
equilibrium structure of the ground state of neutral molecules. Based on the CBS+ACV+ADK+AZPE
calculation, accurate EA information is acquired. Our results of EA values are within the experimental error.
This work will enrich the information about spectral constants and electron affinities of carbon-containing

triatomic molecules, and provide an important reference for experimental spectral analysis.

Keywords: coupled cluster method, carbon-containing triatomic molecules, equilibrium geometry, electron

affinities
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