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PART I—PROJECT IDENTIFICATION INFORMATION 
I. Institution and Address 

Georgia Institute of Technology 
225 North Avenue 

Atlanta, Georgia 	30332 

2. NSF Program 

Engineering ENG 75-1 6075  

3. NSF Award Number 

4. Award Period 

From 	3/1/76 	To 	1/31/80 
5. Cumulative Award Amount 

$78,716 
6. Project Title 

PART II—SUMMARY OF COMPLETED PROJECT (FOR PUBLIC USE) 

The purpose of this research was to study the initial stages of adsorption and 
catalytic decomposition of carbon monoxide on ruthenium in order to identify at 
mechanistic relation between chemisorption states on specific crystallographic sites 
and the catalytic activity of these sites. 	Field-ion and emission microscopy were used 
to investigate the carbon monoxide adsorption characteristics on the ruthenium. 
Single crystal 	spheres of ruthenium 	were also treated with carbon monoxide at 550°c to 
determine the activity of various planes for the decomposition reaction; electron 
microscopy and diffraction were used to analyze extraction replicas of the bulk 
specimens. 

The results of these studies have been published in the literature and, briefly, 
include the following: 

• 

	

1. 	Several crystallographic 	regions on ruthenium, compared to only one previous 
found on nickel, were active for the decomposition of carbon monoxide. 

	

2. 	These active regions were composed of surface steps surrounding the three 
low-index poles, 	<0001>, 	<1010>, and 	<1011>. 

	

3. 	Two major chemisorption states, a and 5, were found on these low index regions. 

	

4. 	Only one major chemisorption state, 5, was found on the inactive or high 
index regions. 
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PART III 

TECHNICAL DESCRIPTION 

The purpose of this research was to study the initial stages of adsorption 
and catalytic decompositon of carbon monoxide on ruthenium in order to identify 
a mechanistic relation between chemisorption states on specific crystallographic 
sites and the catalytic activity of these sites. Field-ion and emission 
microscopy were used to investigate the carbon monoxide adsorption characteristics 
on the ruthenium. Single crystal spheres of ruthenium were also treated with 
carbon monoxide at 550°c to determine the activity of various planes for the 
decomposition reaction; electron microscopy and diffraction were used to analyze 
extraction replicas of the bulk speciments. 

The results of these studies have been published in the literature and, 
briefly, include the following: 

1. Several crystallographic regions on ruthenium, compared to only one 
previously found on nickel, were active for the decomposition of 
carbon monoxide. 

2. These active regions were composed of surface steps surrounding the 
three low-index poles, <0001> <1010>, and <1011>. 

3. Two major chemisorption states, a and B, were found on these low index 
regions. 

4. Only one major chemisorption state, B, was found on the inactive or 
high index regions. 
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SUMMARY 

The purpose of this research was to study the interaction of car-

bon monoxide with single crystalline ruthenium. It was anticipated and 

confirmed by these experiments that ruthenium catalyses the decomposition 

of carbon monoxide in the temperature range of 500 to 550 ° C. 	An impor- 

tant part of this research was to determine any crystallographic speci-

ficity for the decomposition reaction and to correlate these results, 

if possible, with those on nickel in order to identify active sites for 

the decomposition. 

In many heterogeneous catalytic reactions it is known that the 

catalytic activity varies with crystal orientation of the catalyst and 

that relatively few sites on the catalyst surface participate in the re-

action. For the catalytic decomposition of carbon monoxide on nickel, 

it has been shown that these sites are certain steps on one of the low 

index regions. Carbon monoxide also decomposes on iron, but the forma-

tion of carbides prior to that of graphite hinders the identification of 

active surface sites for the initial decomposition. 

A ruthenium single crystal, cut to a spherical shape, was used 

in this research in order to expose all possible crystal orientations 

to the carbon monoxide environment. After electropolishing to produce 

a smooth, strain-free surface, the specimen was annealed in hydrogen, 

outgassed in vacuum and then treated with carbon monoxide at 500 to 

550°C for times varying from 1 to 96 hours. 

The effect of crystal orientation on the reaction was apparent 
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from the resulting pattern of deposition on the ruthenium crystal. The 

specimen was examined by several techniques, the most successful of which 

were optical microscopy and reflection high energy electron diffraction 

(RHEED). RHEED results revealed only graphite on the ruthenium surface; 

the graphite morphology was then studied with optical microscopy. 

Optical microscopy revealed graphite streamers centered about 

<0001>, <1010>, and <1011> poles. The deposition began on these low in-

dex regions and spread outwards from them. These results are comparable 

to those on nickel and can also be explained by decomposition of carbon 

monoxide at steps on these low index regions. A significant difference 

for ruthenium, however, is the high activity for decomposition on three 

low index regions, compared to only one for nickel. 
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