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Fig 1 The UB3LY P potential energy surfaces with zero-point energy corrections for the direct-dehydrogenation
mechanisn (A) [formula(1)] and the nserted-dehydrogenation mechanisn(B) [ formula(2) ]
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Fig 2 The optim ized geametr ies for the gpecies nvolved n the in serted-dehydrogenation

reaction of methane by Nb*™ at UB3LY P level
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Fig 3 The potential energiesfram *NbCH," to ®TS1 along the quintet IRC(A) and the
triplet IRC(B) at UB3LY P/Lanl2dz+6-311+ +G " level
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Tablel Therelative energiesof M CH, (A E,), HM CH; (A E,), MCH, +H,(A E;) ecieswith
respect to the ground state of reactants(®™ * +CH,)® at UB3LY P level

System M ethod A E;/(kJ- mol™ 1) AE,/(kJ- mol™ ) A E;/(kJ- mol™ 1)
V* +CH, Thiswork -55.6 65.7 172.0
Theory -63.2° 60.2°, 75.3° 157.7°
Experiment 49.4 +24.3° 142.7+6.7¢
Nb* +CH, Thiswork -54.8 -41.4 75.3
Theory - 74.5° - 56.1°
Experiment -28.9+10.5
Ta* +CH, Thiswork -67.8 -170.7 11.7
Theory -80.89, -56.5" -172.4%, - 146.4" -19.79, -1.3"

a The gound states of sme ecies are °VCH, , *HVCH; , ®VCH,; °NbCH, , ®HNbCH; , 3NbCH, ; STaCH, , ®HTaCH ,
YTeCH, ; b ref [12]; ¢ ref [7]; d ref [8]; e ref [8]; f ref [4]; g ref [13] (basissetisBSLinit); h ref [13] (basis =t iSB2
in it).

HM CH; ., V,Nb Ta 65. 7,
- 41.4 - 170.7 k3/mol, Ta' H . Ushikubo™ Ta
Lavis , Ta H , Nb
, Ta H Nb . Wachs ! , Nb Y,
Lewis V, Nb Ta Lewis H
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DFT Studies on D ehydrogenation M echanisn of M ethane Activated
by Gasphas Niobium Cations

L 1 Jian-Hui, X A Wen-Sheng , WAN Huidiin’
(State Key L aboratory for Physical Chamistry of Solid Surfaces D eparment of Chensitry,
College of Chenistry and Chemical Engineering, Xiamen U niversity, Xiamen 361005, China)

Abstract Density functional calculationswere enployed o investigate the quintet, triplet and singlet energies
of methane direct- or inserted- dehydmogenation by gasphaseNb”™ aswell as the influence of in-inversion on
the reaction mechanisn. The reaults indicate that the inserted-dehydrogenation mechanisn is more favorable
than the direct-dehydrogenation The minimum energy reaction path is thought o be related © the in flip
fram 2S +1 =5 © 3, which decreases the activation barrier of methane-dehydrogenation significantly The
fomed intemediate HNbCH, is trandomed ino (H,) NbCH, via a four-centered transition state, and the
final product is the triplet NbCH, + H,. The rate detemined step of reaction is the dehydrogenation of
(H,)NDbCH, . In addition, the reactivities of gasphase group V cations(V ", Nb" and Ta") towards the de-
hydrogenation of methane were al® discussd

Keywords DFT,; Methane, Dehydmogenation; Nb (Ed: D, )



