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Abstract

How to realize high catalytic desulfurization of thiophene cracking of transition metals is the ma-
jor problem of petroleum processing. On the basis of the existing experiment, we combine Gaus-
sian03 progress with the density functional theory (DFT) and B3LYP method to study the thio-
phene molecular adsorb microscopic behavior on the four kinds of transition metal as M =
(Co,Ni,Cu,Zn) on Genecp basis set level. Calculation results show that: different transition metal
atoms of thiophene molecular adsorption, adsorption exists different; transition metal Co and Cu
adsorption is given priority to with alpha, the energy of which after the adsorption decreased
479.621 and 369.203 Kk]J/mol respectively; transition metal Ni adsorption is given priority to with
beta, the energy of which after the adsorption decreased as high as 671.241 kJ/mol; transition
metal zinc adsorption to the delta is given priority to, the energy of which after the adsorption de-
creased after 165.094 Kk]J/mol; There is another adsorb behavior as 8 position exists about thio-
phene molecule on the transition metal Cu and Zn. The calculation of adsorption energy should
consider the zero-point energy correction.
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Gaussian0378 /%, K% EZ KHE L (DFT), f£HB3LYPA%IEGenecpEH/KFE FAFR T W 451U
Fhid ¥ £ BM = (Co, Ni, Cu, Zn) IR FHRAT N . THEZRRH: RNEFESE SR FE T 5 B0 291 5% i
FEEAFEKRIAL, SEEBCoECuR M llabi hE, BHEREDHIFEK T 479.621 KJ/molH
369.203 kJ/mol; TE&BNIRMLIBLNE, RIERERKT ®X671.241 KJ/mol; TEEBZnH
MELSAIAE, RIR)EREEMEIET 165.094 K]/mol, TE4ECu5ZnE TR IEE 4 TR AR 06 i
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1. 518

REVE fE LA A BRBL 2 TE IR m, A BRBHI R 2848 a2 I S Re VR A A i) B F B JEER
AT S A A RRE, R N R IARIA v kD (45 S Re IR 1] BEE SO A B RHRI 26 i3 i 2 e
sl — BEREM. AP RSP &H L5 TR EZERZE, AT ST & i 5
gy, BB R 0 B BT T RS BR B LE 0.001% (W)L TR, X6 B AR AL B RS T M kR 2] .

R EmANYAMERZ, HhFEEAREEY, BT EARRGWAm AR ERRRE M, b
W I F 3R — B R BB R DG B M BEAS (3]0 KHALASK, Ak 2 S0 18 2 W V% 4 J xof ey (1) It A L A
B, RER 2413 EE 7E Co RMEATINE TRy RIFHIZAMEGE: Bezverkhyy %5
(SR Seae R BT I 42 8 Ni X IEmy (1) FF PR 45 B S5 (12 3k, 1T Pawelec %5 6] Mt 5256 2% B Ni/FAU
and Ni/ZSM-5 BERIFHHEAL ISy & A 2400 [ N ;. Baeza 5[ 7)30 5 5256 2 B WE W) BE B i Hb /0 A 7E. CulZrO,
AT b, IR IEy SR BRI B D R, Jose S5 [8] X ey 4 A 10 A (AL FUREAT T MERE BT LA
BUR; Potapenko %5 [9]5%F ME Wy 1) fh Ak AR ML AL SR HEAT PRIR FR 3 Y Zn X magmy (14 24 At A S P fie A 1k e
1M Zhang 25 [10]#] 4% 7 Ni/ZnO 4k, Jfilit segt Kk BimEw; 75 5 F A gk, fess e &1 N idktr
R RIS TRy (1 SIS HRE [11]-[13E AR H 5, R MEm I AR I A 2 B 2 AR R

ey 7E L 4 )R L IR AL th A — e RRIE, b, 2004 4E, BRSO [L1ATE B TR AR
T MEWY 25 Gy TE 4y T I R TERR S 1 R TR, T A I B R A T s B AR R U s AR AR [15]
FIF 2 7 s B B T HEWY 7E -Mo,N(100)R TH N EU e S BEFIALEE . fife, R e %[ 16] 8t v s
PR T 2-F RN 5 NO; S IHLEE AT A I Rkh 78, 10 8RB [171RH T ST 2 7 iR VE g e
P T HELY 5 O, IR BHLEE, $RH T HEW 2> T S IR TR CHE, a2y 117.06 ki/mol, 7=
Vi T k.
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VUFh <@ o R e o R A IR M B AR R AIL, 08 1 ARG LB A A T Wy 7 1 AR R AT D, BRATIE SR 1
SRR TSI ST TR T, AR TTIRNIMBT R EAA 1 — € RFE[18], @i T 5RE 1 A VY Fh
AN IR B T 98 o i e Wy 0 1 B B AR B AT O, RO EE P SRR S BRG], BT EE N

2. WHHE*

A 2 B2 B B (Density Functional Theory, DFT) 1 B3LYP J5E[19] 4 Ewy 5id i 48 M =
(Co, Ni, Cu, Zn, Mo, Sn, Pd) 5 197 B RY BEAT T W90 X Tk U 43 J5 7, FRAT T £ 35 5 4. lanl2dz,
MG T A TESE 6-311+G(d, p)2E2H, A AT FE A H genecp ikl & . FRAVEH B3LYP
J7id B & R SEAT T AT RUARAL SRS A, ORI ARSI I N TEAE, Ui W BT B iR W B
BTGy Y2 R, AT REE ARG, FRAOTESE /1 B R 34T T 2 SRR IE, HRIER T
0 .0.97, RAFXT B HIAS [F] (A B 2 /N B, TP B RE R ABas = (E =i + Egpe) — (B s + Egpe)s o
E e R AR BB I TR SRR A8 HH B ) RE &, E SN A o A W B R IRy 23— RV <6 8 TR PR g B 2 R
AE s NHEEE SRR IEJG I RE, 4E R IER SRERIE G AR Be &, LA B4 T/EH Gaussian 03
T2 [20)4E B SR 22 T AL 2R T B L B e e E R R AL AR L B e i, 385
KA T BEEHE A ScGrid 858 .
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3.1. T ARER

ZEAIHHE, BT 2 RNIORG, K ERA: A)VREMCLA: BRI 1) iR,
S PRI C=C XU K B B R EE C-S B#%6 0.369A, TJEATH C-C K FE R NHEE, C-HBEKLAN
1.082A, HItHk B EER 7 ILFEAE AT E, {5 C-S-C kAN IS RM N FHITBARIERLIDE, Fr
VLT B —E M. & 1(b) ey 71 HOMO 2 T#UE R, 1 1E 1(c) AMEM 7> 7§ LUMO 431
MIERE, RHI ERERAC GEPE R B = E BRI b, TS B R B B R BRIk
AR IE, C-C e b SPIE . FRATARIL ISR KA R L 3d FHUE, SRR T
Wi sbEHuE FRpr R GG, HER] S EF BN DA, FRATE Ty o T 5
4:J& M = (Co, Ni, Cu, Zn) MR B &5 &40, il 1(d) s IR B o A RoR I I 48 M 2 S
JEF 52 B, AR NI A R M IR S-C 4 LT 2,y MR IE S8 M B C=C
BB TS, o MR REESE M IR C-C 4, wAEE /R M T th Al R B 145 C-C 4
MBS HE, 0 ANFRRISESE M 2P TEE FJy RO 535E0E, T faRe M, |
T AREHBL T ILHIRN, FrLAX e — Rl 48 M R T SOy o IR, BT TR A A
WIRRGER, H R M= L5 ESE M ET R, BTl FEATENEESE M R 51
(R ASE RS g U Fofr % PR A7 o

3.2. EER Co RFS5EMHIRMITA

TR R, SIS E Co T XWEN 7 F R HMUARLE o 6 SRR, & RIS 7 HEA
N 3d4s%, 3d HUE EAH 7 AT, FILE 3 ANUE ECE AT, TR S L AR 2 S E TR
AFasg. ISR Co Ji P REK, Sy /T 5 4R 52 BRI BRSNS, 4l 2 FoR, RE a
R I, 1 4R Co JR T 5 S JR T 1A EE A 2.438A, k4 Bl B b C-S 8 f8 K 4 K T 0.012A, 1 C-S-C
Je g FEARAAR s K AE O ST B I, 1E9E 4R Co JR 7 IE TG EWM IR U7, BEES C JiR-T4 2.072A i1 2.183A
A, VRS, WEWyH C-S-C KMHA/NE 88.4°, C-S KR K % 1.785A,
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Figure 1. Geometric structure, molecular orbit and absorb schema of thiophene
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Figure 2. The two kinds of absorb schema about thiophene molecule on the metal as Co
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AEE D
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Table 1. The adsorb energy data about thiophene molecular on the metal as Co

i1 WiEERE Co SEMHIIRFiRE E XA

I B A = AEps (kJ/mol) AE s (kI/mol) AE (kJ/mol)
afir —480.952 —479.621 -12.335
0 L —464.280 —467.286 0

Table 2. The adsorb energy data about thiophene molecule on the metal as Ni

2. WiEERE Ni SERRIRH Gt S X R

I A = AEgs (kJ/mol) AE’ a5 (kI/mol) AE (kJ/mol)
o fir —574.229 -572.179 0
B A —668.529 -671.241 —99.062
A —650.369 —649.933 —77.754
ot -568.319 -575.917 -3.738

Figure 3. The four kinds of absorb schema about thiophene molecule on the metal as Ni
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Figure 4. The three kinds of absorb schema about thiophene molecule on the metal as Cu
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WEY PRSP, T 6 77 1] AR BT B 1 ey 70 7 IR b, i T e kRN 3% 2 T, b
RES S IR T, MERES CIE T, AR Er dPuBE R T4, TR I PUE WK B E 1
MR A B AR o DU bR AR =P e SRR A 3 P, o (L PRI B i B AR B e R 0 A 1) R 8 LU R PR il
REEIL R, UMM R AT E R, S ERI e A RETE R, T 6 MR FRAR A RE B L o Az,
FREA TR & SR TR R K SR EORIR G 5K AR AR E 2

35. EER Zn FFE5EMEIHRMITA

THHEBE RN, SR Zn Xt 1 I A A R, B as s 60 0 0, T
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B EH AR 3d1%4s?, SR T ARG FEE RS T T, SOLESE Zn BT BRI
C-Zn-S H#, X5 K U4t R I E)E Ni T M av p 0 RIRNMED) 7> T I, FEARA 2 R E ;35
W74 4, T o L7 A IR B I ABOR T Wy 70 5 PR G5 K, e T C-C B i TesMNE T4
S T JERI C-C BEH S BE, TR I —FA e A Rl , i el T BN 0 A7 BV IF AR €
DU R RE BB A 4 PR, o L7 [ IOV B BE B AR B Bpe K, X AT RE Rt TR B 1 — MR
REIFAR ) PR I8, T 0 7 AOWRL PR B4 R e B AERAR /N A2 vl A7 BN K I it R et RETE AR as
fr LRI, R B Zn SR AR AR R 2 A B R IO e 2k FL AR A T RE

4, g5ig

I PRI 428 M = (Co, Ni, Cu, Zn) WMDY 73T B AL S A0 T S 78, RATR I T AR
& R AFAEAR A R R, i b T S AR R e E A KN R R, RARE T AR 6 )R
WG B P e R AR MR BT, S S SEATLER [ 3 — S 7 LA R e b 7 3L

1) IESIE Co WA o fl 0 REWBAr, I 48 Ni FER av fv ps O RLVUFIR AL, 134 )8 Cu
F1EH av 6+ OB =FRPRIAL, SR Zn 77560 av pv O O ALVURIR BT 5

2) iTIE4JE Co 55 Cu WRFHEW) 4> T AL B UL a A7, IR S g2 B FRAE T 479.621 kd/mol 1
369.203 kd/mol, i 4 J@ Ni W FHIEy 73 T IO B UL B A R 3, FWR Bt f5 RE R PR AIK T mii& 671.241 kd/mol;
ESE Zn WY S FIIALE DL 6 A, RIS e R FEK T 165.094 kd/mol, Hrid 4 )& Cu
5 Zn 57 W BHEWS 73 T IEATIER 0 DI o

Table 3. The adsorb energy data about thiophene molecule on the metal as Cu

i3 WiEER Cu SEMHIIR e EHRE

W B AR AEqs (kJ/mol) AE” 5 (kJ/mol) AE (kJ/mol)
a fir —370.060 —369.203 —75.648
XA —283.297 —293.555 0
0L 137.314 137.602 137.602

Table 4. The adsorb energy data about thiophene molecule on the metal as Zn

4 IEER Zn SEMBRMEEERE

% B A = AEzps (kJ/mol) AE’ 25 (k/mol) AE (kJ/mol)
afir —109.300 —109.166 —20.434
y fr —92.308 —92.092 -3.360
XA —158.278 —165.094 —76.362
[ZDA —89.024 —88.732 0

Figure 5. The four kinds of absorb schema about thiophene molecule on the metal as Zn
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