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ABSTRACT. We have investigated the infrared spectra for CO adsorbed on silica supported nickel(Ni-SiO;),
silica supported copper(Cu-SiO.), silica supported nickel-copper alloys(Ni/Cu-SiO,) of several compositions
with varying CO pressures(0.2 torr~ 50 torr) at room temperature and on pumping to vacumn at room
temperature within the frequency range of 1500 cm™ ~2500 cm™. Four bands(2059.6 cm™, ~2036.5 cm™, ~
1868.7 cm™, ~1697.1 cm™) were observed for Ni-SiOs, two bands(~2115.5 cm™, ~1743.0 cm™) were
observed for Cu-SiO; and five bands(~2123.2 cm™', 2059.6 cm™',~2036.4 cm™, ~1899.5 cm™, ~1697.1
cm’) were observed for Ni/Cu-SiO,. These absorption bands correspond with those of the previous reports
approximately. The bands below 1800 cm’" were only observed with Ni metal or Ni/Cu alloy crystal plane
containing step at room temperature and the ~ 1697.1 cm™' bands observed with Ni-SiO, and Ni/Cu-SiO, may
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be ascribed to CO molecule adsorbed on the adsorption sites near step. The bands below 2000 cm™ were rarely
observed with Cu metal crystal plane at room temperature and the 1743.0 cm™ bands may be ascribed to CO
molecule adsorbed on the adsorption sites near step. The band shifts of adsorbed CO with varing Cu contents
from 0 to 0.5 mole fraction at the same CO pressure or at the same pumping time to vacumn were below 21
cm’'. and comparatively small than those with other I B metal addition. It may means ligand effect of Cu d

electron is small.
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Fig. 2. IR spectra of adsorbed CO on SiO, sample as

varying CO pressure at 25 °C. (a) 0.0 torr, (b) 0.2 torr,
(c) 0.5 torr, (d) 1.0 torr, (e) 10.0 torr, (f) 50.0 torr.
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Fig. 1. Sem photographs of the samples (a) 4% Cu-Si0O,, (b) 4% Ni-SiO,, (c) 4% Ni/Cu(5/5)-Si0,
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Fig. 3. IR spectra of adsorbed CO on 4% Cu-SiO, sample

as varying CO pressure at 25 °C. (a) 0.0 torr, (b) 0.2
torr, (c) 0.5 torr, (d) 1.0 torr, (e) 10.0 torr, () 50.0 torr.
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Fig. 4. IR spectra of 4% Cu-SiO, sample after pum-

ping at 25 °C. (a) 50.0 torr(0 min), (b) 10 min, (c) 30

min, (d) 60 min, (e) 12 hrs.
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Fig. 5. IR spectra of adsorbed CO on 4% Ni-SiO, sample
as varying CO pressure at 25 °C. (a) 0.0 torr, (b) 0.2
torr, (c) 0.5 torr, (d) 1.0 torr, (e) 10.0 torr, (f) 50.0 torr.
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Fig. 6. IR spectra of 4% Ni-SiO, sample after pumping
at 25 °C. (a) 50.0 torr(0 min), (b) 10 min, (c) 30 min,
(d) 60 min, (e) 12 hrs.
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Fig. 7. IR spectra of adsorbed CO on 4% Ni/Cu (mole
ratio 9/1)-SiO, sample as varying CO pressure at 25

°C. (a) 0.0 torr, (b) 0.2 torr, (c) 0.5 torr, (d) 1.0 torr,
(e) 10.0 torr, (f) 50.0 torr.
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Fig. 8. IR spectra of 4% Ni/Cu(9/1)-SiO, sample after
pumping at 25 °C. (a) 50.0 torr(0 min), (b) 10 min, (c)
30 min, (d) 60 min, (e) 12 hrs.
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Fig. 9. IR spectra of adsorbed CO on 4% Ni/Cu(mole
ratio 7/3)-SiO, sample as varying CO pressure at 25
°C. (a) 0.0 torr, (b) 0.2 torr, (c) 0.5 torr, (d) 1.0 torr,
(e) 10.0 torr, (f) 50.0 torr.
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Fig. 10. IR spectra of 4% Ni/Cu(7/3)-SiO, sample after

pumping at 25 °C. (a) 50.0 torr(0 min), (b) 10 min, (c)

30 min, (d) 60 min, (e) 12 hrs.
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Fig. 11. IR spectra of adsorbed CO on 4% Ni/Cu(5/5)-
SiO; sample as varying CO pressure at 25 °C. (a) 0.0
torr, (b) 0.2 torr, (c) 0.5 torr, (d) 1.0 torr, (e) 10.0 torr,
(1) 50.0 torr.
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Fig. 12. IR spectra of 4% Ni/Cu(5/5)-SiO, sample after

pumping at 25 °C. (a) 50.0 torr(0 min), (b) 10 min, (c)
30 min, (d) 60 min, (e) 12 hrs.
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Fig. 13. IR spectra of adsorbed CO on 4% Ni/Cu
(mole ratio 1/9)-SiO, sample as varying CO pressure at
25 °C. (a) 0.0 torr, (b) 0.2 torr, (c) 0.5 torr, (d) 1.0 torr,
(e) 10.0 torr, (f) 50.0 torr.
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Fig. 14. IR spectra of 4% Ni/Cu(1/9)-SiO, sample
after pumping at 25 °C. (a) 50.0 torr(0 min), (b) 10 min,
(¢) 30 min, (d) 60 min, (e) 12 hrs.
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CO9l &2H1.0 torr) & A -Fez(10 &) A AL
ol F5u]e] =9 9 X5 Al std 4 Table
33} Table 49F 33t}. Table 3 4] 2100 cm™ ©]A4¢

Table 1. Metal concentrations of supported Cu/Ni alloy particles in 4% Ni/Cu-SiO, samples by XPS measurement

mole ratio(Cu/Ni) of bulk 9/1

7/3 5/5 3/7 1/9

mole percent(Cu) of surface 77.7

65.7 56.0 45.8 132

T able 2. The ratlos of optical densities of absorptlon bands observed from 1800 to 2000cm™ to those from 2000
cm’' to 2100cm™ after 10 minute pumping to vacumn in 4% Ni/Cu-SiO, samples

sample Ni-SiO,

CwNi(1/9)-SiO,

Cu/Ni(3/7)-Si0,  Cu/Ni(5/5)-SiO,

ratio of optical density 1.30

1.29 1.07 0.53
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Table 3. Band frequencies of CO adsorbed on 4% Ni/Cu-SiO; samples at 1.0 torr of CO pressure

Sample\Band frequency above 2100 cm™  from 2000 to 2100cm™  from 1800 to 2000cm™
Ni-SiO; - 2019.1 1866.7
Ni/Cui(9/1)-SiO; - 2011.8 1871.4
Ni/Cui(7/3)-SiO2 2119.4 20153 1878.3
Ni/Cu(5/5)-Si0, 21194 2009.5 1880.3
Ni/Cu(1/9)-SiO, 2109.8 - -

Cuw/SiO, 2109.8 - -

Table 4. Band frequencies of CO adsorbed on 4% Ni/Cu-SiO, samples after 10 minute pumping to vacumn

Sanw:\Band frequency  from 2000 to 2100cm™  from 1800 to 2000cm’™ below 1800cm™
Ni-SiO; 2013.3 1856.3 1697.1
Ni/Cu(9/1)-SiO, 2012.7 1864.6 1697.0
Ni/Cu(7/3)-Si0, 2007.5 1873.1 1691.3
Ni/Cu(5/5)-Si02 2003.7 1877.3 1689.3

Ni/Cu(1/9)-SiO, -
Cu-SiO; )

F1, 2000~2100 cm™ F50 = Cue] 3k
ERE 052 —7}6P°1]tt}a} ¥ 10
2231} 1800 ~2000 em™ F4+1 = 21 cm™ &
7F8heh. 2100 ecm™ ©]AF F51, 2000~2100 cm’™
E 4] 7} Cull fs]—al:o] 5.7]_{5]—01]1;431_ ok 10 Cm_l
A% 744t A3E Dalmon 59 oA}
o} 2 73S "ot
Table 49| A 2132 A] Cu Y Akel] 235 CO
o1&t Fu = YebA] edsk=dl Cu-CO 7H
e l 17} #Fe} A EA2t= o] o]2f 3t A}
7} 5] 7. Somo-Noto ='°¢] A3}
olu] o1&k v} glr}. 4% Ni/Cu(E
-Si0,011 4] 2000~2100 cm™ F-5-1] 2] s}~
Cu9] glefo] B8 055 —7}6%1] u}2} 2013.3
em ol 4] 2003.7 em ' & 9.6 cm™ 3} A3} 3L 1800~
2000 cm™ &1 1856.3 cm’'+= 1877.3 cm™ & 21.0
em” 718029 1800 cm” ©]3} T4 1697.1 e
= 16893 cm! &2 9.8 em” A AHE B
t}. 1800~2000 cm™ F-u] = ol A 3= He] 2.3
2 21 em” Z7}3c} 1800~2000 cm™ &5 <
FWHMe®] 100 cm™ o] Ao & tiwts] ¥ on &
o] Al7| 7} ko H g ste] Fen] 929 §
7} W &3] =2u}A] kol 1800~2000 cm™ M
o FFuo A= Fu A elFe 7 gkl
shajrta 287 o3 ek 2000~2100 cm’

ool of, Jo N )

S 2} 2100~2200 cm™ F5 W 7} Cu 3Fefo] &
f;r 057k W gtelme}l Fw o] 9127} 10
em! A EZ v wA 2HA W= 2 7= Hifner
B2l 2] &k Ni-Cu gl 4 Ni¢] d A7} Cue)
B ALY A = ohe FAS A &
t}. 1800~2000 cm™ &1 9] 7% Cu ko] &
28 0574 WEddwa}l 21 em™ A E Z7)5) o)
fr7h Al Jell A F5 = o] sEe] thefst
H o o] Foixl 2l A& weshd g 2

o] of e%-%»} o] Fru7k Ni HA s} el A g

=

P

3L [e] = =2
2] gk 2] of| A o] A7k 7431% —é% Hﬂﬁ}
7b Fmel ¥ v rbeAe] E o oR
A=

2716 g8 Cu-SiO,, Ni-SiO,, Ni/Cu-SiO,

Al Fell A CO F2HA] sl Ful o] 92 += o]
o] Byl Aje} A2 x| ghel (72t Eischens
= Smith %, Soma-Noto'” 5).

H ool A CO2l o3-S WstA 7] S ul (0.2~
50.0 torr) CO2| §t& o] Frhgtol|ute} A &
(~2123.4 cm”, ~2036.5 cm”, ~1899.5 cm™)2)
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