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Table 1 Camparison of param eters for MO"*
MO Caleulated result Experimental result
State r. /om © /an-! P l&V State r,/mm ® [an-! P /ev

vo* 3% Q15 1108. 6 3% Q0 15%a0 01 1060 £40

VO 43 Q16 1054. 0 7.77 Q 16 1011 0 7. 25

NbO* 3% Q17 1047. 2 1000. 1

NbO 43 Q17 99%. 5 7. 60 iz Q17 989. 0 7. 90

TaO* 3A Q17 10%4. 3 1018. 1

TaO 2A Q17 1034. 0 7. 95 2A Q17 1028 9 8 61
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Fig 1 Optinized geam etries of the reactanf interm ediate and products for the reaction
between M,0; (M=YV, Nh Ta) and C,H,
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V.05, 05 06 , V205
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06 5 C( 1).
Table2 Sekcted bond distance M ulliken overhp populations and total
atam ic spin density for can pounds A, C and D
At Bond dstance(Mullk en overlip populaton) /mm Towl atan ¢ spin densily
- MI—05(A) M I—06(A) M 1—05(C) M 1—05(D) 05(A) 06(A)
% Q 17(Q 20) 0. 16( 0 23) 0 17(0. 18) 0.20( Q 10) Q73 0. 50
Nb 0 18(0 26) 0. 17( 0 30) 0 19(0. 25) 0.21(0 12) 0 69 0. 47
Ta Q 18(0Q 30) 0. 18( 0 32) Q 19(0. 28) 0.20(0Q 22) Q061 0. 54
C , Fielicke L - s
87.8 kJ/mol - )
C 5 C—0
: (cis), C9 C8 , C5—08
, TS(cis) (1) (trans), C8 co
C6—09 , TS ( trans). D. D ( trans)
V1—05 , , E ( trans) E
V,0., 2 \ 1 E(cis) E(trans).
, V,0; 14. 6 kJ/mo] V,0;
3 AE, A+ BT C
, AE,  C TS , NAE; D E+F , AE A+B E+F
Tabk 3 Calelated energy difference for the reactions of (M,0;), M=V, Nh Ta m= 1 2) with C;H
M, 0/ AE | /(kJ mol ) AE, /(kJ» mol1) AE 4 /(k]* mol 1) AE /(kJe mol ")
V, 05 ( cis) -310 1 122.5 233 2 -120. 4
V,0% (wrans) -310 1 100. 7 236 2 - 1350
Nb,0t -2199 218 6 - 45.1
Ta, O} -193 5 262 1 15.5
V,0% -209 0 28 8 220 7 - 1166
Nb,0%, - 1810
Ta, O}, - 183 1
* AR =B —E - Eyp ME,=Eg— Eg, AEy=Ey+ Ep—Ey, AE=Ep +Eo—Ey —E
2 V,05 GH, , V.05  C,H,
2 V.05 C,Hy , 310. 1 kJ /mol V,05 -
CH.. (cis) ( trans) ,
(cis) 5 TS(cis) 122. 5 kJ/mo)]
D( cis), V—0 233.2 kJ/mol , V,0, ,
120 4 kJ/m 0-1 ~ " V,05+C,H,
(trans) g ! V,0'(cis)+C.H,0
= L ) TS(cis) -
? TS (trans) g 140 1877 e
19.2 kJ/mol S&; 240 F 3101 2073‘ ¥,
236.2 kJ/mol V, OX ‘:j i \’ TS(”’"’“) *353 6 V Oi(trans)+C,H,0
: 135.0 kJ/mol = V.0 5
, . , T oesor V,0,—O0—C:H;
+
V205 CH, P Fig 2 Potential energy surfaces for the reaction
, V,0% between V,0; and C,H,
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Abstract The reactbnm echanisn s of group V transition m etal oxide catbns (M205)nm-12(M =V, Nh Ta)
wih ethylene were stidied by density functional theory w ih BP86 method. For the reaction (M,Os), +
CH.™ (M105),, . 1M,0; + C,H,0, the bond V—0 was broken afier the transition state and the oxygen

transfer happened It has both cis and trans transition stmctures for the reactin ofV,05 and C;Ha, the path

w ih the trans transition struciure was energetically favorable The calcu bhton resuls show thatwhen it reacted
wih CH, the (V,05), was highly exothem ic but the (M,05), (M =Nh Ta) were slightly or even not

exothemic This iswell in line with he experm ental results The different reactivity of the group V transition

metal oxile clister ions is attrbuted to he different bond strength of the metatoxygen bonds

Keywords Gas-phade reaction mechanisn; Goup V transitionm etal oxdd¢ C;Hg Density fainctonal theory
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