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Production of RUG from Silica-Supported Ruthenium Catalysts 
Prepared by Cation Exchange 

The author found the following phenome- 
non. After the CO flow had been passed 
through silica-supported Ru catalysts 
above room temperature, and then intro- 
duced into a dry-ice trap for 2 h, a yellow- 
orange substance could be observed with 
the naked eye on the wall of the trap. The 
existence of Ru(CO)s was confirmed in the 
CO stream which was passed through the 
silica-supported ruthenium catalysts. 

For the preparation of catalyst, the same 
method as in preceding papers (I, 2) was 
used. A [Ru(NH&N#+ aqueous solution 
was prepared by the method reported by 
Allen et al. (3). RuC13nHz0 (0.1 g) was dis- 
solved in water (10 ml); excess hydrazine 
hydrate (4 ml) was then slowly added, drop 
by drop, to this solution as it was being 
cooled in an ice bath. A vigorous reaction 
occurred evolving bubbles. In the initial 
stage, a blue or gray precipitate was ob- 
served. The precipitate gradually dissolved 
and the solution became dark red after l-2 
h. Because this solution decomposes 
slowly, the cation exchange must be per- 
formed immediately. The silica gels (BET 
surface area: %0*-N, 330 m2/g; SiO2-30, 91 
m2/g) calcined at SOO”C, were previously 
treated with an ammonia aqueous solution 
before the addition of the [Ru(NH&N#+ 
solution. The cation exchange was per- 
formed overnight with occasional shaking. 
The dark red color of the liquid phase mi- 
grated to the solid silica. The exchanged 
catalysts were washed with water until no 
chlorine, ammonia, or hydrazine were de- 
tected, and then dried in a desiccator at 
room temperature. The catalyst should not 
be dried in air over room temperature. 

Metal Ioading was determined by means 

of the calorimetry of the Ru-thiourea for 
the Ru-SiOz-30-2 (0.097 mg-atom Ru/g-cat) 
and by means of X-ray fluorescence for the 
Ru-Si02-N (0.194 mg-atom Ru/g-cat). 

All the catalysts were loaded in U-shaped 
tubes with vacuum-valves, reduced by a 
hydrogen flow (60-100 ml/min g-cat) at 
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FIG. 1. Infrared spectra of gaseous product from 
Ru-SiOZ-N at 90°C dissolved in n-heptane. (A) n-hep- 
tane; (B) Ru~(CO),~+ n-heptane solution; (C) collected 
gaseous product in n-heptane under exclusion of light; 
(D) the same solution as (C) after 30 min exposure to 
sunlight. 
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300°C for 2 h, and evacuated below O.OOl- 
0.0001 Torr (1 Torr = 133.3 Pa) at 300” for 2 
h. All the flow gases were under atmo- 
spheric pressure. 

The water contained in the CO was re- 
moved by a dry-ice trap. The CO flow (20 
ml/min) was passed through the catalyst at 
20-120°C and then introduced into another 
dry-ice trap, in which 1.0 ml of n-heptane 
has previously been admitted. All light was 
excluded from the catalyst, the trap, and 
the connecting path. After 2 h of collection, 
the wall of the closed trap was washed with 
the 1 .O ml of n-heptane in a dark room. The 
catalyst remaining after the collection of 
the gaseous product was, while immersed 
in n-heptane, ground in a mortar, and fil- 
tered. The ir spectra were measured for the 
two kinds of n-heptane solutions with a Ja- 
pan Spectroscopic Instrument, Model IRA- 
2. The Ru-Si02-N was used. 

The EPR spectra were observed by the 
method described in a previous paper (2) at 
- 140°C. The Ru-Si02-30-2 was used. 

The irreversible CO-adsorption values 
CO/Ru,,,,, (g-mol/g-atom) were 1.4 for Ru- 

Si02-30-2 (1) and 2.0 for Ru-SiOz-N, re- 
spectively . 

Figures 1C and D illustrate the ir spectra 
of the gaseous product dissolved in n-hep- 
tane. CO (20 ml/min) was passed through 
Ru-SiOrN at 90°C for 2 h. The carbonyl- 
stretching bands at 2035 and 2000 cm-’ in 
Fig. 1C almost coincide with those of 
Ru(CO)s (4). The D spectrum has all the 
bands of B and C. This arises from the reac- 
tion 

3Ru(C0)5 hv Ru~(CO),Z + 3C0 (1) 

Figure 1 entirely agrees with the results re- 
ported by Calderazzo and L’Eplattenier 
who studied synthetic RUG (4). The 
mass spectra of the same samples as D in 
Fig. 1 show a parent molecular ion 
[Ru~(WIZI+ at mle = 641 with the ex- 
pected isotope pattern. 

Figure 2 illustrates the temperature de- 
pendencies on the formation of gaseous 
RUG and nonvolatile Ru-carbonyl from 
Ru-SiOz-N. The intensities of absorbance 
were almost proportional to the amount of 
RUG because a 0. l-mm KBr cell for the 
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FIG. 2. Temperature dependencies on the formation of gaseous RUG and nonvolatile Ru-car- 
bony1 from Ru-Si02-N. Solid line: RUG from the gas phase. Broken line: products extracted from 
Ru-SiOz-N by n-heptane. 
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quantitative analysis and an almost con- 
stant amount of n-heptane were used. The 
solid and broken lines in Fig. 2 have the 
same bands as C and D, respectively, in 
Fig. 1. With the rise in the temperature, the 
RUG formation increases, but the 
amount of residual Ru-carbonyl decreases. 
A trace amount of Ru(CO)S was observed at 
20°C. 

After the Ru-Si02-N catalyst had been 
maintained in nonmobile CO (1 atm) at 90°C 
for 30 min, a N2 flow of 20 ml/min was 
passed through the catalyst at 90°C and in- 
troduced into the trap at -78°C for 2 h. In 
the carbonyl-stretching region, no bands 
were detected for the n-heptane in the trap 
or for the n-heptane extracted from the cat- 
alyst. This shows that Ru(CO)S and free Ru- 
carbonyls are not formed without the flow 
of co. 
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FIG. 3. EPR spectra of Ru-Si02-30-2 adsorbed CO 
at 30°C. (A) 104 Torr of CO coexist; (B) CO was evac- 
uated at 30°C. 

Goodwin and Naccache have reported 
that no EPR spectrum is produced on heat- 
ing in CO (5). In the present study, how- 
ever, EPR spectra were observed. Figure 3 
illustrates the EPR spectra of CO-adsorbed 
Ru-SiOz-30-2. In the present paper, the 
EPR signals are specified by using the top 
or bottom of the peaks. The results show 
that there are at least three kinds of states 
representing the strength of bonds between 
CO and Ru. The signals at 3160 and 3264 G 
arise from the irreversible and reversible 
adsorption of CO, respectively. Both the 
pair signal (3 198, 3215 G) and the signal at 
3300 G are assigned to the medium state. 
Neither Ru3(C0)i2 nor Ru-catalysts without 
the adsorbed CO produced EPR signals. 
Ru(CO)5 is probably also diamagnetic. Con- 
sequently, the existence of EPR signals 
shows that the CO-chemisorbed Ru are not 
free species like RUG or Ru3(CO)iZ but 
easily react with additional CO in the gas 
phase. 

The characteristics of the catalysts de- 
scribed above arise from the method of 
catalyst preparation. The most important 
point in the preparation is that the 
cation exchange is performed using a 
R.WHhNl*+ solution containing excess 
hydrazine rather than a Ru(NH&Cl~ solu- 
tion containing HCl. 
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