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Theoretical Study of the Surface Structure of Silica-supported
Zirconium Sulfate
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Abstract A theoretical study of the surface structure of silica-supported zirconium sulfate tetrahydrate with
high catalytic activity for synthesis of 2-ethoxyethyl acetate has been investigated using the ASED-MO method
(including atomic repellent energy) . The structure models of zirconium sulfate tetrahydrate and silica have been
built. The binding morphology, charge distribution and energy change were also studied. It is deduced that the
strong interactions between the active composition and support through hydrogen binding and dehydrate mode
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promise that zirconium sulfate tetrahydrate can disperse uniformly on the surface of support.

Keywords ASED-MO method, zirconium sulfate tetrahydrate, support, silica

Zr(S0,),-4H,0 B—FHiE B TR ZREH 1L
YN HBEREHIFE REFERLARIZ
R B R R TR AL R AL R R AL R A BT 5T &
A B E PO BRI FREA,
BN B , 7] B A 7 AR B A E A 5 R
KRG, X BRRE T IHEMEREN T ZEM
LA A TREEFERFLREARBRA LA R
B, T4 BUS BB R AR BR M A0 VAR RE 1
SHMEHEMERAR R, AR AT B & T REBE

+ E - mail: duanx@buct. edu.cn

R BR S HE LT, H R F SEM, XPS, XRD, TG,
TPDE, BET, IR %R ALF B, hEEH 0 E AR E
RREES EEAST SBENESRE EEEs
BT B IE R H R AR EHEHE T TR ARG
R B EA S SRR ERSR IR, 3
HEHHALESAREENY TN AR, 8
LU TEHEH Wi EERRIRE . ST I, A URE
BF 162 B ASED ( Atom Superposition and Electron
Delocalization)-MO( & [ F Xt HE /< B9 EHMO %) A&

WeHS F 359 : 1999 - 03 - 09, 15 B E {1999 - 07 - 02, &R H §: 1999 - 09 - 28
(Received March 9, 1999. Revised July 2, 1999. Accepted September 28, 1999)



210 (e I

Vol.58, 2000

R H B SR 46 EHTOPT 319, MBS E R AT
BT R R BB RR S B2 A SRR 15 4 5
S RAEEAE R 7T R E R E RS
BN, RS EIC SRR MRLRE L, N —F
AR A T B 5 B TR B BR 415 R T A RU S MY AR

1 t&EFH*

FARFILELZR S FHOEL, B ASED-MO
Sh#AE 2R EHTOPT B kx4 F & W4T 8 sh ik
L. BB ATA,  FRRN SR ESTHT
TR AR e F AR A R R TR AR By SRIME
BFZRFEHFREE Ex 2. HP Ep  EHMO
HEBIAWEFRER E., Ex N7 FHIAEEFX
HEFRBE EQ 2. XER[6 ] FE LR ITE ELH
TR AT, H il N F X HER BB 1B I, K EHMO 3
B R MAERT HAEINTBIE

Hj=[Kx(H;+ H;)S;jxexp( -0.13R) ] x (1/2)
K. SRETFREESRS; R AREFHE M)
FRIBIRF R % ) BE ; K AR TE /R B30, 4= SCHUE
2.0.
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£1 EHMO HEThIgiiESE
BF B Hy/eV DLl
H Is -13.6 1.30
0 28 -28.5 2.25
2p -13.6 2.23
S 3s -20.2 2.12
Ip -10.4 1.83
Ss -6.8 1.82
Zr Sp -3.5 1.78
4d -8.6 3.4

3s -13.5 1.63

5
' 3p -8.1 1.43
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G54 TPE o B BURAE B P S O E RS BT
HWHEREE(RE 1D, MEFRAL SRS
T, BER S RHE, HEELN R SLRET
RSB IE T, NSNS BoES B H

BATLMEACREI (R 2) , REW R TH S RER N
E= -1759.29¢V.

1 VKBRS R TTH AR EA

2 EERCREAH TR RE

TR RE R H 2L A P 7k 4 1D T 1R 5 ) SR ST AL
Rl HRATLEE— T RERE, Sk ST
REERT RFE MR RE ST, LB R
F o JE T R K I E B A B AT R, I
WS T &8N H S R AR R TS
TERHR PSR (A 2). i P AT R &
EAEENE R, KPS HANEEES
— M RENERE, 1B R RHER A, 5
FABE R 0.26nm, XS E AR T KR RIS
FIRFAE . UL, FERAE 7 BTt B RERE R 45 M9 BT
&, XA XSS ECRHT T Rk, B8R
R, B HEEIFEERFZREWATHE
BEBH E = - 1008.67¢V.
2.2 MBESERRENERAR

HMRE R EERREEN, RIERRE 55
JRE R T 423 (R H B BT LA A S AT A, T LA %
BEAAEEATR.

B—RATMRE SRR Z MR R .
RRENEAFEFSREXOREE FRERE T4
£, RS FREMEBER. X TFXEFR, T
MR =R ER TR FREIBE 224 0. 26nm Y,



February 2000

B B ERARMMRERG R E SIS 211

SrERFREHESHBNERENERRE -, B
AT % R KRB R ER FU=AARR M ER
FREBEBER HPE-MERTINFHA 5
B MR ERFSHBRE P HBRR LR
JRFE4, BB BREE A 0(22)F1 0(23) 1 FI S HERR
FEIH(8) M H(9) & A, BT 0 - O A BE R 4
0.24nm, H - HIF B EE B 240 26nm; 55 “F/E B 7 =X,
I IMEERE FMEETSHBRERIE KA T
EMEETFES, BB LM 0(3)F 0(8) 451

SEERE R H(8)F H(9) 454, BT O - O (A1 Y BE B
%0.27nm, H - H [B]ABEES 4 0. 26nm; 55 = F4EF
FRAWNERE FWFNER TSR P
REMBRERFHGS&KGFLENERTSES, M
EReE ERIO(5)MO(3) /3l S HER _E TH(8) FTH(9)
454, I 0 - O IR BE#S 4 0.26nm, H - H f&] ) BE
BR 0.26nm. AT E MR TT BB, X =FEA
75 A KBRS R F B R E W TR
FHREUE 3 Fimn.
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PUK SRR SR 45 BT
. 0(5)—0(3) 0(3)—0(7) H—O0 7x(2)—0(5)
B/ 0.268 0.286 0.0971 0.218
e Z0(1)7x(2)0(9) Z£0(1)2x(2)0(5) Z£0(1)Z2x(2)0(3) £0(1)Zr(2)0(6)
75.9 113.5 72.5 137.8
B 10 Z7x(2)0(1)0(3)0(4) LZx(2)0(1)0(3)0(6) Z£0(6)0(9)0(7)H(16) £8(21)0(5)0(4)0(23)
122.6 165.9 180.0 60.0
TEBR A 5T
R /nm Si(2)—0(1) §i(2)—0(4) H(8)—0(1) H(9)—0(6)
0.160 0.160 0.0960 0.0960
B, £0(3)si(2)0(1) £8i(5)0(4)0(3) ZH(8)0(1)si(2) ZH(9)0(6)0(7)
109.5 9.0 144.7 144.7
P £5i(2)0(1)0(3)0(4) £0(4)0(3)0(5)si(2) Z0(5)0(6)0(7)0(10) £0(5)8i(2)0(4)0(6)
120.0 -125.3 120.0 -125.3
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KT LR FEE T RRERER.

5B RONRERE S VUK SR BR A Z R /K B9 4R R 7
X, IERE FNEARTSRRETHERTES.
AR TARRRE SRERERBERBRER
MK FIE, e LR R T SRR LR T
BN ERTFHEE, KR RS 0E 4 s, X#EA
FRE R B E TR ERTARE 3 MR 4. WE
FHEERE LUE S, RBRE UXKEATEE
JERER TR L, BB K N R MRS TERE R
REG A H— KA RBHEREN.
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H(1%) 1 H12) H(7T

] e b

H(13)

L4

£5 ERE.WKMBEMERARYAREPERERT

XPS EMLEEEE" (eV)
FFHE
& Zr Si S
3d5/2 3432 2p 2p 2p
10 — — 103.6 — -—
Zr(S04 ), *4H,0 183.4  185.7 — 169.4  168.2
RER ARG AREE  183.7  186.2 103.3  170.3  168.9

* XPS M £f4 : R B KRATOS ES - 300 ZUBAGHTT X STk 8 FAEil
WE , Mga 5148 (1253.6eV) , B LR 50eV, ZEZ B A 1077Pa THIE,
EiRE £0.2eV.

Zr(2)

0(24) 0(25)

0(26)
5 BERERFRRTEEESEE

LUK RIERE, HIEE 7RI ERS
MIE s FiR. HERH, XHESTNMNEESE
Bk FZr(2)—0(8),Zr(2)—0(3) ,0(8)—Si(10),
0(3)—Si(15),8i(10)—0(26),Si(15)—0(26),
Si(10)—0(24), Si (15)—0(25) B MR, EM1MIE
FEEEREAERANENEIENE 6 Fin.

*6 BAERANEENRFHEFZHERSE

YEFEG ERIG
JBFXF BERARE FFxt BEAE
Zr(2)—0(3) 0.16 7x(2)—0(3) 0.17
Zr(2)—0(8) 0.16 Zx(2)—0(8) 0.17
Si(2)—o(1) 0.53 Si(10)—0(8) 0.61
B4 B_RERAFRAEFHE Si(5)—0(6) 0.53 Si(15)—0(3) 0.61
Si(2)—0(3) 0.48 Si(10)—0(24) 0.48
Si(5)—0(7) 0.48 Si(15)—0(25) 0.48
*3 Z‘Iﬁ{'ﬁ}ﬁﬁi‘l‘ﬁ*ﬁ?ﬁimﬁﬂﬁm%ﬁﬁﬂ(e) Si(2)—0(4) 0.51 Si(10)—0(26) 0.52
it FF Si(5)—0(4) 0.51 $i(15)—0(26) 0.52
Zr S(18) S(21)  si(2)  si(5)
FAEHR 3.0 2.82  2.82 249 2.49 R 6 R, M SREBBKE RIS 2—0

BB 3.3 2.82 2.77 2.4 247
H-RKEETH)  3.03 2.8 2.82 249 2.49
B-HKEE=MM) 3.4 2.9 2.91 2.4 2.4

BT% 3.5 2.87 2.8 2.47  2.47
a4 FREBAFRATHEERIEL (V)
ey 228
-8 H-E F-% _ 3
(L) (I () B R

ARIRER -2767.96 -2767.96 -2767.96 -2767.96 —738.93
AIGHER -2768.27 -2767.98 -2768.39 -2768.92 -739.13
feRA{k -0.31 -0.02 -0.43 -0.9 -0.20

RS IIESS, BERRERM K T/EARNRE, It
AR R F MRS e R FE S8R FAH
B XMERIBE, MY T TFANERS. AR
FFRESHENREZATLESL, MK Z—0
BOWETFRIESNERER Si—0 BME EHRE
FIRERLH) Si—O S8/, Vi BA M B es MRk R E R
KRBT, HAr BRI XL T ILAL .
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g4 H0 M, B4 S0, BE 5 WA Zr A3, 1
H,0 3 F5—4 Zr 3,50, EEP KRG Zr HEW
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S5ERAZE M SBIERTEERN . SMREER
BER &k, RE G T RE N BB LR
MEETEEN + | ZHERE LKk FHEETE

/Zr\ Zr BNE
Ny
H H H H
: : : : o
S S S
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MRS ITE S, A 6 Fia, IS S RETT
B R TE R R BIARA ERFEIKT 0.20eV(FE
4) MEMBETEFELRARRE SRS
—R B — T =R & B B & 4 FU AR
0.31eVFI0.43eV, LIS R RE S BT BERFEK
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