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HE MA—FFEFHEBEE N,Cou_,B(x=1~3)% Ni-Co-BIERBESNBTEMRITT
SCC-DV-XaitH. R EW Ni- BIERSASHAELMATEETED Co W ATRBIBH . 4
A EXAFS ME IR AR, B Nif CotIERE Ni- Co- BESMEHNBERAE —MiLFE
YERI % .

X@IN ERAN-Co-Bbo4, #imE, SCC-DV - Xa it & ,EXAFS, 1 E 1E A

ERSEEE—MBAEMEMLME, BF SRS EAT AN nRERE
B BE AR AR B O R T B TT LA & & WA R TR ol T Mgl | BERNBIR
R HETERSEBEEPEIAB—F SR HALE AT kst , B =53k
RS ETRATRE TSR ANE ) ALREMPFREHAN-Co-BERESS
& EH L Raney BEBESHEMEAAEREDS, RIIEHES Ni- Co- BASBILEMAMIE
PEINTF :BE & Nigg 4Bay g, W HEN 0.30 (B) H, BUKE R, BA7H 10°mol-s™'/m*); #EFh Nigyg
Coz.6Bus.6, TEYERN 0.54; 8 & Nigy 5Cos; gBss 7, TEHEA 0.96; 8 flh Nigs Cosg 3Bss 7, TR 0.90;
K il Nig 1 Coygy.9Bag o, THPEN 0.72. HLAT LI B F HIESHS Ni- Co- B AE&MAEMEME
PEL Ni- BIERSEANNERERSS, H Co SREMABENXREN PR BN LEKN
MIRXR , XM iR AN KL R R, ARPTE A, AL B A 3 5 400 B LT 25
M FEME AL, ZERT A IERZS Ni- B Ni- P &S mBAN KB b, 85—Fh 4415
HEHEERENAES S, XH Co WA AN KENEMH AEHE? XEELRL,
EZTHANERSEEPEIAR—SBEMIERT 3 F UL E H o X E R B RE .
M5k EXAFS X Ni - Co- BIEBBAEMHRIRHE(DC WIIAE N-BERSELER
EHIME Ni-Co-BIERSEEMEFES NisCo LBUK LRI LR X F 5 (2)Co M Ni Xt Ni -
Co-BHIZWER —MIhFIEM, A& Ni- B B/ER; (3) &+ BB Ni- B
BB 3R T Co— B BIECLE.

KT 3 Ni-Co-BHIEREEEHMIIEMER EXAFS SEHHTEISHRE, AT 9t =
ToIE RS SR AL B R A RS B, AU A SCC - DV - Xa 7 8%t R 5 IR T 75
Ni, = Cos_ )Ba(x =1~ 3)i#EAT T . X Co IBIA R Co T BFE Ni- Co-BIERTELTH
AR L5 A TR AL TR PR R B AR T 9028 ORI
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1 HEEREH®

X Ni-CO-BRBESEERRHATHBEE RLTEE-MEEER, X KB LFHR
BENi-Co-BIERBALEMEMAMNIi-Co-BERSRINEGETF Co TR TS
EEEHME—MURSEHWHRASG T, EMIENERSHERSEWITENRN T
B, BRI RAEERERNRSERDSESESHEREARTRER, X [ ot t 2 B Al
ERSERTERGHEERR . {HIE N Messmer M FT i3 {5 5 5 26 5 F 49 75 3 BUR 58 3836
HERURR - EHEANGER  SHEMNBRRLEMIFR , XHLHN P EERBETHE . X
R 2RBARNTEBNRE IR TEEARTEESSS SR Ak
BHBR DA 1, BERELT O Handley! V455 1 AR R X — BRI, HEFHHEE
DU BRAE A A & Fermi BERMHER 47 FHENER, A @3 RIEFEP Co EFMEH
AFALTT DU BR Ni - Co- BIERASE S Co MR, R 1B EXAFS MIBFF 45 £V H Ni - Ni( Co
- Co),Ni-B(2% Co-B)MH K4 0.250nm 1 0.220nm.
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M1 EI Ni-Co-BERSELEHIHTEER

EY R ESREFEATES, EEHMNLITREETERSHIHTREIA, T E Xk
. A& UK SCC~ DV — Xa FiE, 2T HBEZ R EIE , X B3 F 32 5 8BV - 1 3B {4 A1 Tomas
~ Fermi #E {3 FIBUE R R Xa HR . I B F— B HF 5 5 B4 i X% B — &
SRR, M TFEEESRETHRTERE LB ES- T R ERRIIRAGE
PIBEL, Xt Ni, Co, B BEBUEI 4 B8 T4 B 43 51 K, Ni: 3d84s%4p”, Co: 3d74s%4p”, B: 25%2p'3s". Xa
FRIHZHESHI 0.7, RA BERILITE.

2 HEESRMWTE

WE LHET AR FREAPERR . Fermi 885 (Ep) JRFRAMNEGE(E,), HiTRE
BMPERBR BAEESFILAE 2 ME 3. BEf1H Femi B (Er) MATLBLE (FMO) B4R
FItEFR 1P HHEBAMEFRAMESERR 2. REDv-Xe HEBBNETHAME S
Bk R AR, B LR ERKN, BMETHITESRNIHCRTRS . Bt
B, RATX AR IS R EXAFS W BET T i1
2.1 FEBRSNi-Co-BEEMEMLEM
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F1 HEBIHERTER Fermi £ . FMO 84

Ep(eV) Enowo,ca. (eV) Ey, wmo{eV) State
NuB, -4.77 ~4.84 - A
NiCoB, —4.45 —4.47 - A
NiCo, B, -4.24 ~-4.28 - B,
Co3B; -4.67 -4.68 - E,
H,  -3.808 - -3.683 8

EEZ ML BRI EES

zzg Ni3B2 NigCoBz  NizCoBy Co3B2  Fermi REA KK ML ASEEH VI
sl TTT . === e XTLAEHE S HEL AR
. N TR Femi R R RHEN A

' T e J R 7], NipCoB, F1 NiCo,B, M ifE 9 75
:z: i - R === HE LML NisB,, CoB, IE K.
- ] Ep‘,:EEA —_— === MF17F3,Ni,CoB, i NiCo,B,
450 1 ——- S — g ==  Femi B85 H, ¥ Fermi BER R M
Rl R EEEY n ERNE SRR, HH @
s == P 55 1 T R ey 4R 4 T HOMO
525 - FRYELF i A KR FRY LUMO, 4
5.50 T e ™ T kWA THHOMO 5 H 4 TR
-5.75 1 — ——rl ——  LUMO BB MREEE , Fermi BEZR I 9
-6.00 - AEEDOSBK, XMERBRES,

‘ Bt Ni,CoB, F1 NiCo,B, J& T %% £ 48

B2 FrRasHIERE ILIE B I, NisB,, CoyBy . 4 R F 35

) Fermi BER R EMHEMSFEEKPERTFHESD Co WERER, RITFAETE B — KL R
K RERTREFHEEBEMNBRS, RNOIAEITEY Ni- Co-BIERHEAEP N, Co FEBERN
FOPER, (A ZR 1 AT RASENTHE , 29 Ni, CO & B8 i, AR 1L A Fermi BB 5 H, A Fermi B
FERE, MEESERT EPHLRBEERIER TX— &, BERMFT AL Ni-Co-B
ERBEENEFHER, 7T LUELSEE Ni, Co F R EHH#THMIA. A3CHR[19]#6E Ni- BIESS
&3 COMBHBEAEERT T Ni-Co-BERATEEL . BIEITHE CON Femi RER N - 7.
36eV, L E ST Ni;B, #J Fermi BEZ% . B, Ni - B IESASHEILFE Ni- Co- B IERAMLFIXT
CO fE B IS 2 5,83 U EiTie kBRI TFHER.

2.2 Ni,CoX Ni-Co-BIRTEEEHBRERNHEER

2 BRFETHRFRENEAHE

NisB, Ni,CoB, NiCo, B, Co3B,
Ni 0.275 0.307 0.262 -
Co - 0.347 0.409 0.298
B -0.413 -0.481 -0.540 -0.447

Ep(eV) -42.29 -42.81 —-46.25 -36.22
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F2FH T SCC-DV - Xa FEITBERBAMNEFHREPMHEFRASA, HTERALEXFHER
TFREGM R, B F i Ni(8 Co)# 1w B. R, Ni,CoB, I NiCo,B, JB T i % 8 787 5% 78 L M L
) NisB,, Co;B, BL , X X B FREMNBEHABRANWEW. HE 2 7T ,NisB,,CoB,
JEFHER 54 BB L NiyCoB, F1 NiCo,B, K. iX B Ni #l Co X R FHEA —F M REI/ER, K =T
BETHEERE. AN ESESESRB(TM - M)KER, X4 Ni, Co & BT, X # b [ EH
LR BP0 Fermi BTN PE T ERB SR - X BHHEERAURERSE
SHBERE(RERLERSESWEREHND2). 445 E 2 MA 3, 718 H: Ni,CoB,
NiCo,B, 7E Fermi BB L IS NizB, M WS FEES , XRXW (D =ZnREFHEI LR -
KEBPERL - TE45%E. 2Ni-Co-B=TERBEEEL Ni-B ZnEREEEIER
T L BE /138 , X4 Ni/Co HL#EE 1 BF,Ni - Co- B IEMAE A &M BREE N B B0k , AT #E 5 I T
Rt Bk, B SCIE B Nig s, Cosy gBys MM EFER A £ 2.1 HERAXRIIEF
BHES X(CO)(HETR)M—KUBME, XBE Es 5 X(CO)XRBREBMPIMXR, X
B HIEEL=TIERL Ni-Co-BELP Ni fl Co Xt HEMBEHE —MBEER.

2P A REE R NisB, t CosB, 35, XU B B 5 Ni, Co B /L, B - Ni A B
¥OWEC AR . N FEEXAFSHIBF R P AT LI W BIBEBE B A4k, Ni - BEEAL B A 1L L
Co-BEMEMEMHHE, X—ERE Messmer[mm%‘? Ni-Fe-BHIITBEPHARDNLEL.

NizB, NiyCoBy

BAREE
BEEE

E]: EF
e ey MR B G s e s e
-30 -20 -10 0 10 30 20 -10 0 10
E/ev E/ev
% | NiCoyB, m| Co3B2
b 8
® %
w” o)
EF EF
A MRS AL B ALl b BLALAL SR B YT T T T T T T T T T Y
-0 -20 -10 0 10 <30 20 -10 0 10
E/ev E/ev

3 Ni,Co,_,B, BFHEMESHEE

C S — RPN E PRI, X Ni- Co- BIEMSSSHMILIE M EXAFS &4# T
B RMERE B R Ni- Co- BIERBE K Fermi BB .Fermi BERMHE WA HEURE S
BEEENi-Co-BIERBEET CoMFERALBIMEXR B, TLLUBEERE CORNER
KV Ni-Co-BERASEGLWETFHRATAYHBEESHMERSHERETE. HHE
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HIEBA T Ni 1 Co M ELEWBE A —MBRAER. X—ERERIN— AR EZTEdET5
A—ANIE 24 04 B AT A BY T3 03k S 25 i T B BE 7, IR it i A ) T X B AL 3R 3 ks AT
Bt RATHHEGRRVIE 1 TR FEREEMFR=ZTRRNESSEEREMN.
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Theoretical Study on the Structure and Catalytic
Activity of Ni — Co - B Amorphous Alloy

SHEN Bai — Rong FANG Zhi - Gang FAN Kang —~ Nian " DENG Jing - Fa
( Department of Chemistry, Fudan University, Shanghai, 200433)

Abstract In the literature, there is little work could be found about the calculation of amorphous alloy,
since the structure of amorphous alloy is ambiguous now. In this paper, a series of models were selected
to reflect both the character of amorphous alloy and the change of cobalt content in Ni — Co — B amorphous
alloy. These models were calculated by SCC — DV — Xa method, the catalytic activity and the EXAFS
structure of Ni —~ Co — B amorphous alloy could be interpreted by the calculation results very well.

The calculated results showed that the relationships between the Fermi energy and the density of
state near Fermi level to cobalt content in Ni — Co — B amorphous alloy are also present in a volcano —
shape curve. It could be inferred from the calculation that the FMO energy of catalysts will be most close
to FMO of H, when the contents of cobalt and nickel in the Ni ~ Co — B amorphous alloy are near. In the
reaction of catalytic hydrogenation, the H—H bond would be weakened by the transfer of the electron
from HOMO of catalyst to the LUMO of hydrogen. Thus the closer of these two orbital energy levels, the
higher the catalytic activity of the catalyst. The volcano — shape curve of the catalytic activity versus their
cobalt content is due to the volcano — shape of their Fermi level versus their cobalt content.

It is known that the amorphous - orming ability and the interaction of metal — metalloid are related to
it’s Fermi level and density of states near Fermi level. Our calculation also shows that the amorphous —
forming ability is strongest when the contents of Ni and Co are near in the Ni — Co — B amorphous alloy
and meantime Ni ~ B interaction is the strongest.

All the results confirmed that there is a synergism of Ni and Co to the structure of Ni - Co - B
amorphous alloy and certainly these results will give a new idea to the design of novel catalyst.

Keywords Ni — Co ~ B amorphous alloy, SCC — DV - Xa, catalytic activity, EXAFS structure,
synergism

(Ed.JIN Ru - Ren)



