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Polarity and Bonding Properties of Cluster NiCo,S,

ZENG Xinyu, FANG Zhigang, JING Runtian, WANG Qian, MAO Zhilong, ZHU Yiwen
(School of Chemical Engineering, University of Science and Technology Liaoning, Anshan 114051, China)

Abstract : Based on density functional theory (DFT), the cluster NiCo, S, was optimized at B3LYP/Lan12dz level in order to
determin eleven optimized configurations and analyze their polarity and bonding properties. The results showed that the polarity of
configuration 1°” is the largest and the polarity of configuration 4* is the smallest. In the bond length analysis, Ni-Co and Co-Co
bonds have antagonistic effect, and Ni-S, Co-S and S-S bonds have synergistic effect. The bonding effect of the same metal atom is the
best, and the same non-metallic atom is the worst. In the bond level analysis, the bond levels of configuration 4'" and configuration
6" are all positive, and the bonding strength is strong. The main chemical bond hybridization modes are obtained by density of states
diagram analysis: in the triplet configurations, there are d-d and p-p hybridization in Ni-Co bond and Co-Co bond, p-d hybridization in
Ni-S bond and Co-S bond, and p-p hybridization in S-S bond; in the singlet configurations, there is d-d hybridization in Ni-Co bond,
Ni-S bond, Co-S bond, Co-Co bond and S-S bond, and p-p hybridization in Ni-Co bond.
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R (RIHAE R R 0 kI/mol) THER ., X 12
FROLAAS T Y 25 () S5 R0 AT 7S e | ke XUAE | B P
T WUHE , o DL R AUHE L5 10 Ji 22, 25 (A1 4540 R
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Fig. 1 Optimized configuration of cluster NiCo,S,
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Tab. 1 Dipole moment of optimized configuration
of cluster NiCo, S,

F 7 X Y Z Total
1@ -4.486  0.281 0.073 4. 496
2® 2.563 0.448  -0.001 2. 602
3% 1.474  -1.061  -1.126 2.137
43 -1.221 0.06 -0. 166 1.234
5% -2.028 0. 464 3. 406 3.991
1w -2.059 -0.002  -0.003 2.059
2 0.631 -0.736 0.78 1.244
3w -0.558  1.543  -0.196 1. 652
4 -2.756  1.515 -2.374 3.940
5 -2.562 1.544  -0.064 2.992
6" -2.444  -0.449 2.846 3.778

BB S /N AT DL H 254 2R A A 1 KD
MKENIMEIRHEF .19 > 59 54D 56 50
>23) 533 5 1M 53 52 5 4G RE D) 5
NiCo, S, AL 1) M P fe K, K78 4 W e dRe /N
2.3 % NiCo,S, BRI B R
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SRR | DR Ibb i ) SRR 5 B R 0 DR I (1) ol
S EE ) EE AR . EERC A9 A B R UG, T LR 2t L
A D[] ) P 5 R S o S R ke ST T s e 2 e
559, AR /N TR T (] B U R ) e R
B, B R . ©HITEATRE NiCo, S, H' Ni-Co
JET R FEES 4 0. 301 nm, Ni-S & 0. 237 nm, Co-Co
4 0. 304 nm, Co-S & 0. 240 nm, S-S 4 0. 176 nm,,

J SRS ST, B L # NiCo, S, 45400 1k A6 754 fit

KAEHES T 2, b d, W = ES P& K F
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[EIFE RS, d R4 S B BE- I I PR R AH LR
FrP Y d T, Ni-Co AN Co-Co H A (E, 156 HH iR
A1 T B S Y o R R A ey, BB AR A R 3
FRERERSCHE 40 R T AR, 3 I L it~ ) e i 6 ) o 5 7
JERAR, R B 55 . UL AE F % NiCo,S, 1,4
s B P BRI R A, o A 7 2 A 1 i Bl it S I
VEVER T X-S 8 (X:Ni, Co,S) MR 4 22, %f A
TR AR B SRR B RS 554 . A B S R LI
DA : Co-Co SR US | S-S HE R M A 2% | [a] IR 3xX
TR R R s B DA AR AR WA 4R
Ji - (] BCBERIOCR B A IRl b IR 4 Je - I RO e 2%
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Tab.2 Average bond length of optimized configuration

of cluster NiCo, S, /nm

g Ni-Co  Ni-S  Co-Co  Co-S S-S
1% 0.292 0.358  0.262 0.259 0.355

= 2% 0296 0.289 0.347 0.288 0.326
# 3% 0.325 0.268 0.246 0.273 0.355
B 400 0,259 0.299 0.274  0.294 0.348
5 0.259  0.287 0.305 0.321 0.360

12 0.314 0.351 0.214 0.236 0.336
20 0.267  0.267  0.226  0.257 0.349

" 30 0.245  0.257  0.376  0.314  0.389
i 4 0.240  0.366 0.220 0.261 0.339
500,292 0.248  0.232  0.293  0.339

6" 0.232 0.284 0.229 0.319 0.357

d -0.002 0.061 -0.023 0.046 0.120
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IEGFAHRZ 0 mT REAH B A0, TRl 4 Ni-S | Co-
S I S-S R AR AL 1) ~ 2 f A 300 ~
4V HhoE e —0, W = F T REM BAR U, A3 drad AR e
RIFGRL 3D ~ 4 [y S R, AL 3 ~
4 f Ni-Co Fl Ni-S (5 38 < | H Ay 45 1 K ik
F, BRAR 2.2 TR A5 T RIA AL 41 [ S5 Al
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Fig. 2 Metal bonds of optimized configurations
of cluster NiCo, S,
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Fig. 3 X-S bonds of optimized configurations
of cluster NiCo, S,
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P, HAFRL 4 Fk Y 6 i 45 B 38 O 1EAE, ik
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1R M BIRAT — E R, (B AR DR PR
MALSFHER T, £5HR Th Ni-S 1 Co-S B I MR (E 1)
N IEAR, PR 49 7ol 8 A AT NiCo, S, R BLIR4F,
¥4 5 LA T 5 Ni-Co T Co-Co # I T (E AR X 5 22
DR T X A o e A X0 4 22 | 7 45 Fg 8 o 5 R AR
BEZ o TR, 00 25 1 Y £ 4 Jas i1 ) i B 15
5B 5 A IR A FEAR X 22

T i 45 i 20t AT e 0B i R 1) ok AR
JE AL PER 3 Fdn A S ST R IR 4 PR, K3
H B2 BB A B 7 MR R0 i o 7 S B 54 B )
TTHRACON T TR 4 45— 50 Bl v 2 (B 2 R WA
TETZBERT SR B A SRR ARG T
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Tab.3 Average bond order values of optimized

configuration of cluster NiCo, S,

Ni-Co Ni-S Co-Co Co-S S-S
1 -0.140 0.141  0.003  0.164  0.006
2 -0.087 0.154  0.027  0.152 -0.003
3@ -0.035 0.106 -0.080  0.121  0.019
4® 0,035 0.104 -0.027  0.112  0.027
5% 0.006 0.113 -0.037  0.108  0.025
1D -0.050 0.150  0.108  0.160 -0.001
20 0,020 0.094  0.132  0.109  0.030
3w -0.027 0.101 -0.005 0.174  0.015
4 0.047 0.073  0.081  0.111  0.028
50 —0.044 0.164  0.102  0.139 0.015
6" 0.041 0.092 0.112  0.089 0.035

H 5% 3 A 0L, Ni-Co il Co-Co £ BTk A4 15 10
2 WA HEWT 2 R ol 45 @ i () B S HE R A FH B
K, SR B /N, AR MRS 4 RS R T LI
FEARH 25 B DTIR R B~ YE P K/ NIF R < Co-S >
Ni-S > Co-Co > Ni-Co > S-S, X K T Co-S i i1t hi
YRR, 3858 P 792 1l el o 3 %) R e K5 S-S B )
IR F /N, 78— 8 P2 B8 11 55 B Bt B (A5
— )2, Co-Co B XT — T 25 v #7814 it i ik &2 )L
P BURK 5 T 7 B S 118 45 R 7R Hh i o ek A
JEBRFGR 3 g AN AR AAE B KT, 27 6
B AT A AT 4 A X At B - 1
EZNIEAEN  [F X A B R ILAE Ni-Co il S-S
HERXT LG Ni-Co BETEA ZBFE M ET#E T, KA
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IR TTHRR HE S-S R 280 E R i S 2L Ni-
Co FF-H4 DT lk 38 5 T S-S 4,
%4 A% NiCo,S, MU MBI hERBRBRETHME /%

Tab.4 Contribution rate of each bond order in optimized

configuration of cluster NiCo,S, / %o
Ni-Co Ni-S Co-Co Co-S S-S
@ 0 44. 84 1.05 52.23  1.88
2@ 0 42.86 7.40 49.74 0
3% 0 43. 04 0 49.05  7.91
4@ 0 40. 89 0 48.45  10.65
5% 2.27 44.83 0 42.77  10.14
1w 0 35.84  25.78 38.38 0
2 0 25.79  36.05  29.99  8.17
30 0 34. 88 0 59.95  5.17
4" 13.78  21.50  23.91  32.61 8.20
50 0 39.00  24.31  33.00  3.69
6" 11.20  25.03  30.31  24.01 9.45
FHIE 9.08 36.23  21.26  41.83  7.25
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F Ak BT A AR AR RO I 8 A A B 2k

16 B W AR 1) 1 5O XL A Co4d Al
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Ni4d F S-3d B Ni-S 81 S-S #EA77E d-d 221k; fr
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fE C W [T A T I LIE i Nids  Nidp
Co4d S-3p,{H Ni4s Ni4p LB 5T Bk RAL, B L P
Co-S $# Y p-d 241k . Co-Co FAY d-d 244k AN S-S B (1)
p-p AN EL

TE D W | JITA R4 RN R T 6 R IE A Ni-
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e E W AR 1) X R LAY Nids Nidp
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