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A7} o] & ZAFHEA Y] BAlo) odakg o) #UE] Sol] 72 methoxyr} vi-$- E-atAi 8}y bidentate formate7}
FAg whd, F-EARsbEl Sole) 739 methoxye] AAJe] F=elzl i unidentate formater} EA|sIlch. ARl FE
3000C7kx| o} -2 FTIR 2 23 A 23] Cu/Si0, Zof4tell 2] vighg Baulbg vlsh] &g A Alaigic).

Abstract— Methanol decomposition on Cu/SiO, has been investigated by means of Fourier transform infrared spec-
troscopy. Infrared spectroscopy experiments showed the following surface methanol decomposition intermediates on Cu/SiO;:
methanol, methoxy, formaldehyde, methylenebis(oxy), and formate groups. The characteristics of surface intermediates were
affected by the oxidation state of copper. On reduced copper methoxy was highly unstable and bidentate formate was form-
ed, while on oxidized copper methoxy was stable and unidentate formate was formed. A mechanism of methanol decom-
position was also proposed based on temperature programmed infrared experiment from 20 to 300°C.
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Fig. 1. IR spectrum of adsorbed methanol on Si0,.

Table 1. Assignments of infrared bands observed for CH,OH ad-
sorbed at 303K on SiO,

Species Mode Wave-number(cm ') Ref.
CH,OH Vou 3370 [13]
CH,OH Veu 3003 [14,15]
CH,OH Ve 2977 [15]
CH,0OH Ver 2956 [13,14,15]
CH,OH Ven 2921 (14,15]
CH,OH Vew 2848 [1,13,15]
CH,CH Scu 1470 [14]
CH,0H Scu 1451 [15]
CH,OH Son 1366 [14,16]
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Fig. 2. IR spectrum of adsorbed methanol on reduced Cu/Si0,.
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Fig. 3. A typical IR spectrum of adsorbed methanol on Cufa:Cuw/
Si0,, b: 8i0,, ¢: Cu).

Table 2. Assignments of infrared bands observed for CH,OH ad-
sorbed at 303 K on reduced Cu

Species Mode Wave-number(cm ") Ref.
CH,OH Vey 2951 [14]
CH,0H Veu 2851 [14]
CH,0 Ve 2888° [14]
CH,0 Ver 2822° {14]
CH,0 Veo 1712,1722 [17]
u-HCOO" Veoo 1366 [18,19]
b-HCOO" Voot 2934 [18,19]
b-HCOO Ven 2851 [14]
b-HCOO Veoa 1553 {14,19]
b-HCOO Veoo 1352 [14,18,19]

“Observed only at elevated temperatures. "Unidentate formate. ‘Bi-
dentate formate.
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Fig. 4. IR spectrum of adsorbed methanol on oxidized Cu/SiO,.
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Fig. 5. Temperature programmed IR spectrum of methanol decom-
position on reduced Cu/SiO,.
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Fig. 6. Temperature programmed IR spectrum of methanol decom-
position on oxidized Cu/SiO,.
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Fig. 7. A typical result of IR spectrum deconvolution.
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Fig. 8. Changes in the concentration of surface intermediates on re-
duced Cw/SiO, with temperature(methanol : 2951 cm ', methoxy
12822 ¢cm "', methylenebis(oxy) : 2698 cm Y formaldehyde :
1722 cm ', bidentate formate : 1352 cm ).
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Fig. 9. Changes in the concentration of surface intermediates on oxi-
dized Cw/Si0), with temperature(methanol : 2962 cm ', methoxy
: 2820 cm ', methylenebis(oxy) : 2762 cm ', formaldehyde :
1722 cm ', unidentate formate : 1365 cm ).
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Fig. 10. Proposed path of methanol decomposition on Cu/SiO, cat-
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