3
i3

-

o L 1t 2% % il Vol.22 No.1
H CHINESE JOURNAL OF INORGANIC CHEMISTRY Jan., 2006

~ &

2006 4F

Cu-MCM-41 v FL53F 05 B A~ B 4 2556 L B IR BRI BERA 52

ki xmAE KEBR he—
ARRKFHF R, HE 210093)

TEE . AT AR SRR Cu-MCM-41, =38 RS 75 B RAF A FLEA5H . FLBE th A 28 5 b H, i8Rl Cu(0), @ E X
T B LS SCFLRE TP Y Cu(Dif 5 Cu(l), MCM-41 H A [7] 41 75 4 5 EL A AS ) 04 1 B 8 Cu(0) 5% 2R BRE O, 1R BFF #4135 34
427 kJ-mol™; CulD)FE %3 JLF AWK 0,, W Cu(D7E % I FH R 5 i Cu(DFEXT CO 5 C,H, MM B BR T CO A Mg B 44
5 Cu(O)W AR AN, BT Az B W B A5 W B e 4 s o £0AMEIE BRI, Cu(DH Cu(0)FE 25 5 W B CO 5 CHyo CoH, AXAX LA -4
HEATE Ca(0)FR T, M Cu(D)FR M L& L di-o Al -85 G, th T di-o SRR, 11 CH, 7F Cu()_ HoA 55 1 W B 4,

K Cu-MCM-41; MFLA R CO WL CH, WEBH 5 W Bff i ;20485835
HESES . 0614.121; 0614.3*1; 0643.36 XHkARINE . A XEHS: 1001-48691(2006)01-0053-06

Adsorption Behavior of Copper with Different Valence States in Cu-MCM-41

ZHU Hai-Yan LIU Bing-Hua ZHANG Hui-Liang SHEN Jian-Yi*
(Department of Chemistry, Nanjing University, Nanjing 210093)

Abstract: The Cu-MCM-41 mesoporous materials with different contents of Cu were synthesized. It was found
that a reduction in the high temperature did not alter the mesoporous structure of the materials. The copper in
walls of MCM-41 silica was easily reduced to Cu(0) in H,, and a heat treatment in flowing He resulted in the re-
duction of Cu(ll) to Cu(I). The Cu(0) strongly adsorbed O, and the adsorption heat was up to 427 kJ-mol™, while
Cu(I) did not adsorb O, at room temperature, indicating better stability of Cu(I) at ambient temperature. However,
in the cases of the adsorption of CO and ethylene on Cu(I), apart from the adsorption heat for CO being nearly
the same as that of Cu(0), the adsorption heat and the adsorption quantity on Cu(I) were all higher. And the re-
sults of infrared spectra also showed that the cases of the adsorption of CO and ethylene on Cu(I) were easier
than that on Cu(0). Adsorbed ethylene on Cu(0) was only via 7-bond while that on Cu(I) was via both di-o and
m-bonds. Due to the di-o bond strength being larger than the strength of 7-bond, the adsorption heat of ethylene
on Cu(I) is higher.

Key words: Cu-MCM-41; mesoporous materials; adsorption of CO; adsorption of ethylene; microcalorimetric adsorption;

infrared spectroscopy
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Fig.1  XRD patterns of the Cu-MCM-41 samples after
calcination
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Table 1 Specific surface areas and reducibility of
Cu-MCM-41 samples
Sample we, | Yo Sger / (m*-g™)  Reducibility / %
MCM-41 — 1205 —
10Cu-MCM-41 9.3 791 95 +5
20Cu-MCM-41 16.7 677 104 £ 5
30Cu-MCM-41 22.7 582 92 +5

F 1R TR LR AL, 4likE MCM-41
HARE M R WA, 15 1205 m?-g™!, b %5 & &
E‘Ji'é.‘ﬂl],tt%%ﬁi\TF’lﬁ gk 5 SOk — 2,
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Table 2 Saturated adsorption quantities (SAQ) of CO on Cu-MCM-41 samples

Sample Initial Sy / (P-g)  Temperature in He / C Sy after treatment / (m-g™)  SAQ of CO / (mol-g?) 1w,/ %
10Cu-MCM-41 791 550 758 215 14.6
20Cu-MCM-41 677 550 623 347 132
20Cu-MCM-41 677 500 659 241 9.2
20Cu-MCM-41 677 450 673 182 6.9
30Cu-MCM-41 599 550 553 390 109
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Fig.5 Differential heat versus adsorbate coverage for
adsorption of CO at 25 °C on 20Cu-MCM-41

with different valence states of copper
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41 with different valence states of copper
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Fig.8 Infrared spectra for CO adsorption on
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at room temperature
Z R I AE 9 20Cu (0)-MCM-41 F1 20Cu (1)-
MCM-41 ¥ i e 180 1Y C.H, 43 F W B 9 21 40 S 3 I
B9, Ml 4E SCERPY, 7R SR T, Mg Am % oy 1508
em™ 1 1428 em™ 534 B F 4 o BREE A R CH,
Al di-o BEHEA Y CH,, X FRE A 20Cu(1)-MCM-41
B CH, MR, R WA A 1531 em™ FT 1423
em™ 23 48N 7 HEEEA ) CH, A1 di-o BEEES
() CoH,, T X FE f 20Cu(0)-MCM-41 , W i g 45 %y
1535 cm™ AT48IAH m-8ESEA 19 CH,, XS5 EIRT



. 58 . VR I A= S O 022 %
CoH, 1 W5 B gl B 58 4 — 3 359:710~712

o

al

<+
¥

Absorbance (a.u.}

20Cu(1)-MCM-41

1 600 1500 1400 1300
‘Wavenumber / cox?

I 5 9 20Cu(0)-MCM-41 F1 20Cu(I)-MCM-41
I CH, W BB £T A1 3%
Fig.9

K9

Infrared spectra for C,H, adsorption on
20Cu(0)-MCM-41 and 20Cu(I)-MCM-41

at room temperature
4£ A\
CI < I

H TR Cu & &) MCM-41 #18H, &
W R JE A A P 0 LS Jr 4544, TPR AT BET U
SE A . FE D IR SRR R RO R AN 2 e R
M), 340 Ji7 B 33K 90% LA b, il i sl A 2 < Ab # ]
% Cull) Y38 J5 A B Cu(l), Hy 38 5 A %, Cu(0).
Cu(I)-MCM-41 X CO AW Fff 4K, ik 390 pumol -
g s F TN e R g A B HFBE A 2K 10 Cu(l)
w2, WP I E R &= R N CO FI CH, 7
B A AN A5 A MCM-41 28 18T 5440 4 WSz R4 A 4
T KX CO R AT 55 . Cu(1)>Cu(0)
=>Cu((I) , %7 4 W B #% . Cu (0)~Cu(1)=>Cu(ll) ; %F C,H,
(948 F1 A 55 52 - Cu(1)>Cu (0)>Cu(ll), #J 4f W B #4 .
Cu(D)>Cu(0)>Cu(ll), 7EE W T 0, 7F Cu(0)-MCM-41 3%
TET P 9 s WO o R 0 4 R 55 B R AR, T AE. Ca(D)-
MCM-41 i W SEACR IR [, 20425 3R . CO 7
Cu(1)-MCM-41 2 I B AT 53 (9 W B, 1 € Cu(0)-
MCM-41 2 i W Bt 4255 ; CH, £ Cu(0)-MCM-41 K1
W Bt AT WA, WO B A N T AE Cu(D)-
MCM-41 EAFAE di-o Flar WA AS W B 3R R

S 30k

[1] Kresge C T, Leonowicz M E, Roth W ], et al. Nature, 1992,

[2] Beck J S, Vartuli J C, Roth W J, et al. . Am. Chem. Soc.,
1992.114:10834~10843

[3] Tanev P T, Chlbwe M, Pinnavala T J. Nature, 1994,368:321 ~
323

[4] YU Jian-Qiang(F{@#i#), LI Can(ZF Jll), XU Lei(iF %),
et al. Cuithua Xuebao(Chinese J. Catal.), 200,22:267~270

[5] Parvulescu V, Su B L. Stud. Surf. Sci. Catal., 2002,143:575
~584

[6] Szegedi A, Konya Z, Méhn D, et al. Appl. Catal. A, 2004,
272:257~266

[7] Wojcieszak R, Monteverdi S, Mercy M, et al. Appl. Catal. A,
2004,268:241~253

[8] Tsoncheva T, Venkov Tz, Dimitrov M, et al. J. Mol. Catal. A,
2004,209:125~134

[9] Hadjiivanov K, Tsoncheva T, Dimitrov M, et al. Appl. Catal.
A, 2003,241:331~340

[10]Hartmann M, Racouchot S, Bischof C. Microporous Mesopo-
rous Mater, 1999,27:309~320

[11]Datka J, Kozyra P, Kukulska-Zajac E. Catal. Today, 2004,
90:109~114

[12]Guo X F, Lai M, Kong Y, et al. Langmuir, 2004,20:2879~
2882

[13]XIE You-Chang(#f i #), ZHANG Jia-Ping(ik 1 %), TONG
Xian-Zhong(Z fi /1), et al. Gaodeng Xuexiao Huaxue Xuebao
(Chem. J. Chinese Universities), 1997,18:1159~1165

[14]JHe N Y, Shi Q H, Gao F, et al. Chinese Chem. Leit., 2002,
13:783~786

[15]LIU Bing-Hua(X %} 4&), ZHANG Hui-Liang(5K 2 K ), SHEN
Jian-Yi (3K 18 —). Wuji Huaxue Xuebao(Chinese J. Inorg.
Chem.), 2005,21:43~50

[16]Larsen S C, Aylor A, Bell A T, et al. J. Phys. Chem., 1994,
98:11533~11540

[17]Huang Y Y. J. Catal., 1973,30:187~194

[18]LI Ming-Shi(Z= M i), GE Xin(% k), ZOU Hu(4F 3%),
et al. Gaodeng Xuexiao Huaxue Xuebao(Chem. J. Chinese
Universities), 2000,21:1896~1899

[19]Borgard G D, Molvik S, Balaraman P, et al. Langmuir, 1995,
11:2065~2070

[20]Huang Y Y. J. Catal., 1980,61:461~476

[21]Shen J Y, Hill ] M, Watwe R M, et al. J. Phys. Chem. B,
1999,103:3923~3934



