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Stability and Bonding Analysis of NiMo;P Cluster

WANG Meiling, FANG Zhigang, LIAO Wei
(School of Chemical Engineering, University ofscience and Technology Liaoning, Anshan 114051, China)

Abstract: At the B3LYP/Lanl2dz level, the density functional theory (DFT) was used to optimize the calculation of NiMosP
cluster. Four kinds of quadruple state, five kinds of double state and nine kinds of stable configurations were obtained. The
triangle biconical type is the dominant configuration of NiMo;P cluster. The study of the stability, bond length and bond level
of NiMosP cluster shows that the thermodynamic stability of configuration 1’ is the best and the tendency of its spontaneous
formation is the largest. The order of bonding strength among the atoms of NiMo;P cluster is Ni-P bond >Mo-P bond >Mo-

Mo bond>Ni-Mo bond. The bonding strength between metal atoms and nonmetal atoms gives much more contribution to

cluster stability than that of metal-metal atoms, but the latter can not be ignored.
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Fig.1 The optimized configurations of NiMo;P cluster

ME 1 ] LUE BTG NiMosP (1) 9 Fftibty
TR EE Sy = A RUAE R, 3 156 IR = UL AE R Ol A R
NiMosP FYEHFGHL. HF = DU R DU e 7 5
ST AR UL BN E , FLIX 9 R4 R AE

HIZERIC, WP NiMosP 59 9 A LA i il A
SEAFLE. JLTHR 191 20 291 19, 490 5@
ARZEA TSR, bk 195 201 Ni-
Mot Moo Ay SEHE A, Moq W HE TR T, P A5



« 78 ¢

T M 29F1 19L) Mogy-Moo)-Mo ) HEHET , P
HETR R T, NI R HER IS T MR 49F SO p-
Mo )-Mo i) NFEHETET, Mo o) AHETIURE -, Ni A HEIC R
F; BRI 3P 30 4@ SO B PIHA Mo JEF
] P I (R AG JAe 28 1 S v 1T, ELIRIRELL Mo 7
VERHETIUR -, Ni JEFVE NIRRT, (R4 5125 6]
BB, B 39 305 49 SOOI AR
5 Fg A 4905 19 2@,

Hl 7% NiMosP & Wi 26 Ni + 3Mo +
P—NiMosP. & 1 #]H T B NiMosP (4% IE fig
(Ezpp) T AW A HBE (G) 45688 (Egp) SEMHA
HBEZS (AG) 1y BB, Hoh kB 1% ik fe i
(- 993239.778 kJ/mol) , Bt 193 Iy 254 E
e, A B 5P R IE BE e (- 993 187.268
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Ezpg (Ni) = —444360.624 kJ/mol
Ezpe (Mo) =176 777.541 kJ/mol
Ezpe (P) = -16860.961 kJ/mol

G (Ni) = -444405.258 J/mol

G (Mo) =-176 822.174 kJ/mol

G (P) =-16902.969 kJ/mol

%1 H#% NiMo;P HEEESH
Tab.1 Energy parameters of NiMo;P cluster

g BER/ (kJ'mol™)
Ezpe G Egg AG
19 993239778  —993342.172  1698.699 -1 564.798
29 _993218.774 -993318.543  1677.695 -1543.794
19 -993216.148 -993313.292  1675.069 —1535918
2@ 993208272 -993308.041 1667.193 -1 530.667
39993208272 -993305.415 1667.193 —1528.041
3% 993195144  -993300.164 1654.065 —1522.790
49 _993195.144 -993300.164 1654.065 -1 522.790
49 _993189.893 —993287.037 1648.814 —1512.288
59 _993187.268 —993287.037 1646.189 —1509.663

W RH Egp = Ezp (ND) + 3E0: (Mo) + Ezpp (P) — Ezp (NiMo3P) ;
AG = G (NiMosP) - G(Ni) -3G(Mo) - G(P).
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NiMo; P H', Ni-Mo i 422K 0.339 nm, Mo-
Mo JE 2422 F1k 0.380 nm, Ni-P JH 72422 Fih
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Tab.2 Average bond length between atoms of NiMo;P

cluster
a7 SR /nm

Ni—Mo Mo—Mo Ni—P Mo—P

19 0.275 0.260 0.237 0.277
2@ 0.266 0.248 0.417 0.244
1% 0.283 0.244 0.425 0.245
2@ 0.262 0.258 0.241 0.270
3@ 0.327 0.233 0.384 0.246
3@ 0.297 0.245 0.227 0.277
49 0.297 0.245 0.227 0.277
42 0.306 0.240 0.224 0.270
52 0.292 0.241 0.229 0.274
S 0.289 0.246 0.290 0.264
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Tab.3 Average bond order between the atoms of NiMozP

cluster
- Ji (] H R
Ni—Mo Mo—Mo Ni—P Mo—P
19 0.070 0.142 0.235 0.178
2@ 0.128 0.127 0.024 0.251
1?9 0.099 0.147 0.019 0.253
2@ 0.106 0.117 0.173 0.191
3@ 0.097 0.166 0.008 0.250
3@ 0.040 0.189 0.331 0.158
49 0.040 0.188 0.331 0.158
49 0.023 0.195 0.351 0.157
5 0.046 0.178 0.321 0.156
S 0.072 0.161 0.199 0.195
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Fig. 2 Contribution of each bond of NiMos;P cluster to the
total bond order
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