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 The addition of alkali metal cations to TiO2-supported Rh catalysts 

 improved the selectivity for C2-oxygenated compounds in CO-H2 reaction 

 under atmospheric pressure. The dependences of the reaction rates on 

 pretreatment conditions and reaction temperatures were also examined, 
which suggest that the active sites or the reaction path for the 

formation of acetaldehyde may be different from those for ethanol as 

well as hydrocarbons. 

 The effect of potassium added to Fischer-Tropsch catalysts (Fe, Ru, Ir) has 

long been known to enhance the formation of longer chain as well as olefinic 

hydrocarbons. 1-3) On the other hand, we have recently reported that palladium 

catalysts prepared from M2PdCl4 (M=alkali metal) type complexes produce methanol 

selectively from CO-H2 under atmospheric pressure, 4) and demonstrated the 

important role of sodium and lithium cations for the formation of the active 

sites available for methanol formation. 

 The supported rhodium catalysts are effective for the C2-oxygenated compounds 

from CO-H2 under high pressure, 5) though they produce only methane and hydrocarbons 

under atmospheric pressure. 6) In this communication, we have studied the effects 

of doped alkali metal cations on the catalytic properties of TiO2-supported Rh 

catalysts and found that the selectivity for C2-oxygenated compounds from CO-H2 

reaction is increased and the rate of hydrocarbon formation is decreased 

simultaneously. 

 The catalysts were prepared by impregnating aqueous solutions of metal 

chlorides (RhCl3, (NH 4)3RhCl6, Na3RhCl6, or mixture of RhCl3 and alkaline 

chloride) onto TiO2 (P-25, Aerosil). After the impregnation, the catalysts 

(5 wt% Rh) were dried in air at 383 K for:12 h. Then they were put in a U-shape 

glass reactor, which is connected to a closed gas circulation system, and treated 

in air at room temperature with a liquid nitrogen cold trap for Z15 h prior to 

the reduction by hydrogen at 473-723 K for several hours. The hydrogenation of 

CO was carried out at 393-493 K in the circulation system with a liquid nitrogen 

cold trap, and the reaction products were analyzed by gas chromatography and 

quadrupole mass spectrometer. 

 Table 1 shows the rates of the product formation from CO-H2 reaction (CO: 12 

kPa, H2: 24 kPa) at 453 K over various rhodium catalysts supported on TiO2. The 

addition of alkali metal cations increased the rate as well as selectivity of
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C2-oxygenated compounds considerably and decreased those of hydrocarbons. The 

formation rate ethanol was more influenced by the kinds of doped alkali metal 

cations than that of acetaldehyde, and decreased with decreasing the ionization 

potential of alkali metals, i.e., Li>Na>K>Cs. Even the doping of cesium is effec-

tive for the increase of selectivity for oxygenated compounds by one order of 

magnitude, which was not the case over supported Pd catalysts. 4) Therefore, the 

effect of alkali metal cations are (i) the formation of active sites for C2-oxygen-

ated compounds and (ii) the depression of the rates of hydrocarbon formation. 

 As the reduction temperature was raised up to 723 K, the H/Rh values (the 

ratios of the amount of adsorved hydrogen atoms to rhodium metal atoms on the 

support) of all the catalysts dropped down to nearly zero and the rates of 

formation of all the products except methanol was depressed, although the selectiv-

ity stayed unchanged. Oxidation of catalysts at 723 K followed by the reduction 

at 573 K restored the initial properties of Ti02-supported catalysts. These facts 

indicate that the catalysts reduced at 723 K are in the SMSI (Strong Metal-Support 

Interaction) state. 

 Table 2 shows the activation energies of product formation from the CO-H2 

reaction over RhCl3+3LiCl/TiO2, which is the most active catalyst for the 

formation of oxygenated products. The activation energies for the SMSI state 

catalyst were not very different from those for the non-SMSI state one, which 

suggests that the SMSI only reduces the number of active sites but may not change 

the reaction paths. It is noteworthy that the activation energy of acetaldehyde 

formation is larger than that of ethanol, and rather resembles to that of hydro-

carbon formation. 

 Table 2. Activation energies of product formation from 

CO-H2 reaction over RhCl3+3LiCl/TiO2 catalyst

 a) Based on H2 adsorption at room temperature. 

 b) PH=24 kPa, PCO=12 kPa, reaction temperature=393-493 K. 

2 

 The typical time courses of the CO-H2 reaction is shown in Fig. 1. The 

induction period was observed for the formation of ethanol and methanol, but 

not for hydrocarbons and acetaldehyde. Even when the reaction was carried out 

without the liquid nitrogen cold trap, the similar induction period existed for 

the formation of ethanol and methanol, and the amount of acetaldehyde formed 

was very small. Furthermore, the addition of acetaldehyde to the CO-H2 reaction 

under steady state condition did not increase the formation of ethanol, but the
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Fig. 1. Time 

courses of the 

CO-H2 reaction at 

433 K with a 

liquid nitrogen 

cold trap over 

RhCl3+3LiCl/Ti02. 

CO2 and C2 are not 
shown in the 

figure.

decomposition of acetaldehyde was observed. These results may suggest that the 

route of acetaldehyde formation would be different from that of ethanol.
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