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Abstract The performance of Na - W — Mn/Si{), catalyst for oxidative coupling of methane shows that
manganese loaded alone is very active and results in deep oxidation of hydrocarbons to form CO,. Adding
sodium will strongly restrain the activity of manganese containing catalysts and give high C; selectivity . Study on
the electronic structure of the catalyst and the oature of molecular arbitel of possible metal sites reveals the
mechanism of the Nae—Mn interactions. Sodium in the catalyst will.give out free electrons, and manganese in
the bulk phase produce a virual band at about — 3 eV. Over the catalyst surface, manganese exists as
dispersed tetrahedral [ MnQ, ] or oxide clusters. The energy level of the LUMO in the Mn—0 sites, dispersed
centers, or clusters, is rather low { — 7 eV ~ — 5 eV¥). The low LUMO level of the Mn—0 sites leads to strong
ability to oxide hydrocarbons. When sodium is added ., the free electron produced will occupy the virtual band
produced by bulk manganese or take the LUMO of the surface Mn—o0 sites. As a consequence, adding sodium
will not significantly increase the basicity and the catalysts will not be poisoned due to subsequent adsorbing
CO,. However, the Mo—O sites will lose their strong oxidation activity after accepting electrons from sodium.
The Na——Mn interaction plays & key role in the high C; selectivity of the Na — W — Mn/Si(, catalyst,
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kARE N . BEEHEREHRE. & 5% (RES
POM Mo HEBET BN CH, 71 0, BB SR
F#RIE R N, T34 50% M ¢, Bl mp
£ Mo/Sio, PIMARE Bk L &R, W el Bk
sRbAmR RS S RNARES RSN
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Sofranko % I\ 3% Na B9 A — 77 T R T 4L &Y He
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Lunsford:®'%f $i0, 1 MgO A & Mn - Na, WO,
NaMnOQy 7 THEHAR . HRE TH— 4 Na—0—
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RERIBTRER AR BHEEEN - F A
B o - FAEMSHE LSRR, 8T
REMBERETEAHBREH . 8T Na RE AL
Hréd, S0, PREBUETES Na* FEFELE
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0.29 nm &9 O~ ,4 MHEEE 0.32 nm A9 Si**

1 8 4 HEHE 0,36 nm 49 Si'*

Fig. 1 Lattice cell of a — cristobalite and the sodium
ion in the cell
When Ma* is in the cell center, its nesr neighbors are 12 (P~
spaced from 0.29 nm, 4 §** spaced from 0.32 nm
and 8 Si** epaced from (.36 am,
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Table 1 Effect of sodum on energy hand of silica support {€V)
Si0s - Na
Si0,
a 2
-X7h5 - 2366 -26.28 -~ -M.20 -26.28 - -24.19 02s
-16.43 - - 12.27 -16 86 ~ —-12.78 -16.86 ~ -12.77 Si3a
-9.5 ~ —6.35 -10.39 - -6.75 -10.35 ~ -6.75 O2p + Sidp
-0.69 {LUMQ) - 144 (HOMO) -1.27 (LUMO) Nads
-0.30 -Q.63 -0.5
+0.16 -0.40 -0.20
-0.10 -0.04
-0.08 -0.01
+0.13 0.20

XPS 46, 7E Na - W - Mn/SiG, RE{E M 47, Mn
FELEFEMTARERE M. Raman 635 6F
FiE&ZA, HT & Mo HELN BT S0, 8 {EME
SRR E S BRI Y Vin T AL
ARAT SIETHAE. AIHE 2 RS, 7E DFT/
GGA KFRBIR2MEH hT Mn BRI,
FORFHERERAN L -3 eV L —1%
.

S

Q
H

2 AR TEARLEPERETNTEER
Fig. 2 Calculation model for substitution of
manganese for silicon in S0, suppon

2 GHEHENEAEREETSRNER
Table 2 Effect of manganese on energy bamd of silica support

Si0; — Mn
S0,
a A
-3 s - -1 -X 13-~ -84 -XB12 - -0 025
-16.26 ~ -12.49 Si3s
+ 02p +53p
-%.15 ~ -5.41 -15.5% ~ -6.37 -15.58 ~ -6.32
+ Mnda + Mndd
-0.69 {LUMQ) ~4.06 { HOMO) - 3.34 (LUMO) Mrd
-0.20 -3.07 -2.65 { unpaired)
+0.35 =-0.60 -0.60
-0.12 -0.12
+0.42 +0.43

2.2 SEHURISEHRE RS FHESET
a-AEHM(x1 21 + DR WEFSLER
HEREW, ARZEENE. 5 FHEHE K DFT 45
MEARE. WM EF O EBER ST RAHE
FHEE 3 BrR LB 5 £ T AR T R
#.HT W5 Mn BRI TS ,SEM BT LR
=N W EHS T8 Mo IS TS EA

BT Mn BB MoO, ) FEE R R UE 1
WHEFE, AHLERN M—O0 &/ S, 2 THE
I FEREEH R LUMO RERBE, 9% -7 ~ -5
VZR, FT3IHUTANMIEHREAAERT
B[ MnO, LA K JU 88 Mo—0 BSESS M shil
bk .
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B3 - FAEHSENERES A FEERND &K RE FKH M mE W M0, ]
Fig. 3 Structure of o — cristobalite and the tetrahedral [ W/Mn(), ] formed on the {111) face with single bridge oxygen

MOy

Mp;0y

Mn 303

B4 ZEEAEALARRLER
BEohERTF I HEEARRT
Fig.4 Typical coonlination structures of manganese oxide clusters
The filled aloms are manganese and the dashed oxygen

N3 H5EH MO, |EEEL ZEEEE MnOy, Mns Oy Mny O HHE1IMRES
Table 3 Energy levels of the valence orbitals in monografied tetrahedral [ Mn(, ] and the oxide cluster Mgy, MngOyg and Mg O;

My Orp M, 0y
(5i0;) — MnO, Mng Oy
a B @ g
B3l -17.99 -14.33 —13.43 -13.3% -13.87 -13.75
BESERE -3.03 -7.80 -6.56 -7.% -7.21 -7.61
e -7.11 -6.37
B Sl -6.76 -7.01 -6.05 -5.85 -5.16 -6.5%

2.3 MEREPORIER

HTREPLK LUMO ERB R, EHBREMN
EZBTRINEZSHEGHBIE. BRINTEL
HEREH [ MO, ] P LRARREABSEE —TRA
THRFERNAETFORMURSG S —TRFTHE
TEOSHHETTHE HRERRE, FEEP L
EZRTR,ENNOEARER AREEHm; &
BREGHETE FEARNLRELARNEK,

HAFHRERE SR EEERARE.
HEETLEZHTREAWETE . KRN
NEREEETHBAR FIRLULESETR. BT
RTFZANHERELEER, EEEARHNEER
K. GM M EFR, KEE HOMO BBEILTE A
FATERELIMRTFEHLETAHRTT.R 4
FUY LA S A 1 3H 8 7 4R fL RE SR TE 9 [ MO, J AN
MnsOyo#8 3 L T 304 & PR T /5 0 4 Bl R
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Fig. 5 Structure models of the monografied [ Mn(y; ] and MnsOyg chister combined with sodium atoms

%4 BE[MoO, i MnOy B S SR FRMEF AR NES
Table 4 Energy levels of the monografted [Mn0, ] and MngOy cluster afier accepling electrons or combming sodium

{5i0;) — MnOy' {5i0; ) — MnO, Na (S10,) - MaOuNe
a Jei a 3
- e B -14.33 T - 16.48 -16.37 -16.21
B FENE -2.82 -2.70 -3.82 - 6,09 -5.31
o SRNE -0.78 -0.14 -1.67
Rk E8E 0.06 0.17 -2.1 -3.40 -1.83
MngOg'~ My Oy Na MnsOyoNa;
b3l g 2 5| -8.90 -11.82 -10.35
B GRNHE -1.91 -4.83 -3.43
ot HEHE -2.99
R fi =2 Bl -1.36 -4.30 -2.75

Sofranko!*> 8 52 L, R B 4 15% (B ¥
B Mo/SiO, RERBEMEEFRED BTk
HEREMABR Na DI .G EFHXERE BH
& P B R 72X Na— W — Mn/Si0y L4857 3%
MBI PRI AN, B 2. 7% (KBS BOH
Mn HBEALFE ~ 230 n’/g) B bt Lot H
CHy 51635 13.1%,C, 3I#HMH 4 22 7% ; B FHE /)
b #E(~ 3/ g) BALRE LAt , HCH LR Y
9.4% ,C, LN 37 5%  RE/ P LR EH R,
HFMEEHAERE ALEWHEREN. L
I ERF A REER ] LW, R miE
HHE EREEAS I HRESPITRETEE
6. A Na UG AR AEEZBREHIH R
I} B R IR AR B . EXT AL R £ F i A [R) R AE
1, SEM FH Na B I0A ] Mn B MR & LB
B, SBEMRERMNEELRREEE WAL
MEAFS FREFE FEMNOTESRMNSET
HEERAERELANREEENS ABENRR.

*AMA R Mo 8L BiE Mo FEREARE

HUABERFELE U SR EFE T H
LUMO BER TR, RAMRIEBHWFHE TS BWRFH
W\ FALEE 7 T B e S B B R R B R
W CH, B9 G, BHBEELER CO, . MHmMA
Na IR, i RO T HAHM Mn FEHEH, EER
W Mo—0 TR RG LUMO $ti8, B TEF
BMNa M BT . HER, - HEHEaLNR S
NaIFEFASHEHME, A —FE, X Mn—0
FLBEZTHNTENEHE THEES Na 54
FLOHLUMO B AR R EETEMRELE
A FEdmE TR BT THEE.
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