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The effects of the addition of small amounts of CH3NO2 to the reactants during CO hydrogena- 
tion were investigated under various reaction conditions. The major changes in the product distri- 
bution of CO hydrogenation on Ru/SiO2 caused by CH3NO2 addition to the reactants included 
substantial reduction of CH4 production, increased production of hydrocarbons in the C3 to C6 
carbon fractibns, and enhanced selectivity toward linear olefinic products. A substantial incorpora- 
tion of carbon originating from the added CH3NO 2 into these hydrocarbon products was observed. 
Changes in the product distribution took place without significant disturbance of the main reaction 
pathways leading to hydrocarbon formation, offering great potential for the use of CH3NO2 as a 
probe molecule in the study of the mechanism of CO hydrogenation. © 1990 Academic Press, Inc. 

I. INTRODUCTION 

Attempts at elucidating the mechanism of 
CO hydrogenation over supported metal 
catalysts by adding probe molecules can be 
traced back to at least as early as 195l (1, 
2). Although use of this technique is an in- 
direct way of studying surface reaction 
mechanisms, it allows for in situ studies un- 
der conditions which usually cannot be 
probed by more direct instrumental meth- 
ods such as surface spectroscopic tech- 
niques. Different probe molecules, ranging 
from alcohols (1-4), to open chain olefins 
(4-6) and cycloolefins (6, 7), to CH2N2 (8, 
9), and to alkyl halides (10, 11) have been 
used for these studies. A similar concept of 
"chemical trapping" was proposed by 
Deluzarche and co-workers (12) and in- 
volves the use of alkylating agents, such as 
methyl iodide and dimethyl sulfate, to gen- 
erate alkyl groups which attack the bonds 
between an adsorbed species and the sur- 
face of the catalyst; an alkyl group is postu- 
lated to insert at each former place of at- 
tachment to the surface, and the original 
surface species is deduced from the product  
which is formed. This technique was first 
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used in static systems under conditions of 
temperature and pressure far removed from 
those of CO hydrogenation reactions. It 
was later expanded in this laboratory to in 
situ conditions by the addition of CH3I dur- 
ing CO hydrogenation over RuKY catalysts 
(11): This work provided strong evidence 
for chemical trapping of active surface spe- 
cies by methyl groups. However, addition 
of CH3I also had the undesirable result of 
poisoning the catalyst. 

In an attempt to better understand the 
role and interactions of adsorbed alkyl 
groups presumably involved in hydrocar- 
bon production during CO hydrogenation 
over a Ru/SiO2 catalyst, we have searched 
for compounds with the potential for gener- 
ating alkyl groups while not poisoning the 
catalyst. Nitromethane, CH3NO2, appeared 
promising since the C - N  bond dissociation 
energy is comparable to the C- I  bond dis- 
sociation energy in CH3I. There is consid- 
erable evidence from gas-phase decomposi- 
tion studies (13) that, for CH3NO2, the first 
step in the decomposition in scission of the 
C -N  bond. There have also been some 
studies of the decomposition of CH3NO2 on 
a Ni (111) surface (14), and of CH3NO2 and 
C2HsNO2 on Rh (111) and Pt (111) single 
crystals (15), indicating that the decompo- 
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sition of nitroparaffins may proceed 
through pathways ranging from an initial 
scission of both the C-N and N-O bonds 
(on Rh) to an initial scission on the N-O 
bond only (on Ni). It is also known that 
primary and secondary mononitroparaffins 
in solution are acidic substances which ex- 
ist in equilibrium with nitronic acids (aci- 
form), their tautomeric isomers (16). As 
with CHzN2, the aci- form of CH3NO2 has a 
CH2 group, making it a potential source of 
methylene groups. Although caution is war- 
ranted in extrapolating results from gas- 
phase pyrolysis, decomposition on single 
crystals, and solution chemistry to hetero- 
geneous catalytic systems; these studies 
provided incentive for an investigation of 
CH3NO2 as a potential source of methyl 
and/or methylene groups. It appeared that 
NO2 or other by-products from the scission 
of the C-N and N-O bonds would be less 
harmful to the catalyst's overall behavior 
and activity than other groups containing 
elements such as halogens or sulfur. 

In this paper we report observations and 
interpretations of the effects of the addition 
of small amounts of CH3NO2 to the reac- 
tants during CO hydrogenation over a 
Ru/SiO2 catalyst, and how they can be used 
to better understand the mechanism of hy- 
drocarbon formation during CO hydrogena- 
tion. 

lI. E X P E R I M E N T A L  

Catalyst preparation and characteriza- 
tion. The Ru/SiO2 catalyst used in this 
study was prepared by ion exchange using 
RuCl3. 1.5H20 (Strem Chemicals) and 
SiO2 (Strem Chemicals, large pore). Details 
of the preparation procedure are given else- 
where (17). After drying in air at 373 K, the 
catalyst precursor was decomposed in flow- 
ing He at 673 K for 4-5 hr. This pretreat- 
ment was followed by a 2-hr reduction by 
H2. The metal loading of the catalyst was 
determined by atomic absorption and found 
to be 1.8 wt% Ru. The catalyst dispersion 
and average particle size determined from 
H2 chemisorption were found to be 53% and 

16 A. Details of the catalyst characteriza- 
tion are also given in Ref. (17). 

Reaction studies. CO hydrogenation re- 
actions were carried out in a quartz tubular 
microreactor of l cm diameter. A sample 
(0.25 g) of the prereduced catalyst was 
loaded into the reactor where it was re- 
duced under a H2 stream of 3 liters/hr at 673 
K for 2 hr. Ultrahigh purity He (Linde), H2 
(Linde), and CO (Matheson) were further 
purified by flowing through molecular sieve 
traps. The H2 stream was also passed 
through a Deoxo unit prior to the molecular 
sieve trap while the CO stream was further 
purified by an activated carbon hydrocar- 
bon trap (Scott). 

Reaction conditions for CO hydrogena- 
tion were 101 kPa, 523 or 533 K, and 1 : 2 : 2 
or 1 : 1 : 3 mixtures of He : CO : H2 flowing 
at 3 liters/hr. Nitromethane addition was 
accomplished by passing He through a sat- 
urator containing CH3NO2 (Aldrich, 99+% 
purity) which was kept at 313 K. A H2 
bracketing technique was used during these 
experiments in which the catalyst was 
"cleaned" with H2 at 673 K for 1 hr after 
every reaction period of 5 min. It was then 
flushed with He for 30 rain at the reaction 
temperature prior to the start of a new CO 
hydrogenation reaction. Effluent gas analy- 
sis was carried out using a Perkin-Elmer 
Sigma 300 gas chromatograph fitted with 
thermal conductivity and flame ionization 
detectors. Product analysis was accom- 
plished by the use of either a 2 m × 8 ~ in. 
o.d. GP 80/100 Carbopack C/0.19% picric 
acid column or by a 6 ft × k in. Porapak R in 
series with a 6 ft × ~ in. Porapak Q column. 
Peak areas were determined by Varian 4270 
and Hewlett-Packard 3380S integrators. 

CO hydrogenation in the presence of 
~3C-labeled CH3NO2 (Aldrich, 99% atom 
~3C) was also studied. Reaction products 
were collected for injection into and analy- 
sis by a GC-MS system (Extrel Series 800) 
using the columns described above. 

Finally, a number of tests were also car- 
ried out to determine the reactivity of 
CH3NO2 under various conditions of feed 
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composition and time of C H 3 N O 2  addition, 
and on the catalyst support by itself. 

llI. RESULTS 

Effect of CH3N02 addition on CO hydro- 
genation. Figure 1 shows the carbon frac- 
tion distributions for CO hydrogenation in 
the absence and in the presence of C H 3 N O 2  

for two experimental conditions: (A) T = 
523K, He :CO:H2 = 1"2:2; (B)  T =  523 
K, He :CO:H2  = 1"1"3. Comparison of 
the rates of formation of individual carbon 

fractions are shown in Table 1. CO conver- 
sion into hydrocarbons when n o  C H 3 N O 2  is 
added and turnover frequencies based on 
the estimated site concentration provided 
by hydrogen chemisorption measurements 
are also included in Table 1. From both Fig. 
1 and Table 1 clear differences can be 
distinguished in the distributions due to 
C H 3 N O 2  addition: (i) The weight percent 
and rate of formation of C H 4  in the prod- 
ucts were greatly reduced upon CH3NO2 
addition; (ii) the weight percent and rates of 
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FIG. 1. Product distribution for CO hydrogenation on Ru/SiO2 with and without CH3NO2. (A) T = 
523K, H e : C O : H 2 =  1 : 2 : 2 ; ( B )  T =  523 K, H e : C O : H z  = 1 :1 :3 .  
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TABLE 1 

Activity and Selectivity of  Ru/SiOa for CO Hydrogenation in the Absence and Presence of CH3NO2 
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Carbon Condition A" Condition B a 
fraction 

Without CHsNO2 With CH3NO2 Without CH3NO 2 With CH3NO2 
(/~g - min -I) (/xg • min -I) (/zg . rain ~) (~g • rain -~) 

C1 104.3 73.1 274.5 258.5 
C2 20.0 26.6 36.1 58.6 
C3 18.0 43.9 24.3 63.0 
C4 10.5 25.9 12.5 34.6 
C5 6.4 25.0 7.0 27.5 
C6 2.9 12.5 4.1 13.3 

Total 162. I 207.0 358.5 455.5 

CO Conversion (%)b 1.3 - -  5.5 - -  
TOF (s -1 x 103) 7.6 - -  16.5 - -  

C O l  10.5 385.6 8.8 312.5 

Note. Reaction conditions: 523 K; 101 kPa; GHSV = 3800 hr-~; 1.2 vol% CH3NO 2 in reactants. 
a (A) H e : C O : H a  = 1 : 2 : 2 ;  (B) H e : C O : H a  = 1 : 1:3. 
b CO conversion into hydrocarbon products. 
e ~g . rain 1. 

formation of the C3 through C6 carbon frac- 
tions were in general at least doubled when 
CH3NO2 was added to the reactants; (iii) in 
comparison to the changes in the other 
carbon fractions, there were only minor 
increases, if any, in the weight percent of 
the C2 fraction upon CH3NO2 addition, al- 
though its rate of formation increased. 
These trends were also observed when the 
same experiments were carried out at a re- 
action temperature of 533 K (18). In addi- 
tion, the product distribution for the 
CO/Ha/CH3N02 reaction remained the 
same whether the probe molecule was 
added with, prior to, or subsequent to, the 
C O / H 2  mixture. 

The effect of addition of CH3NO2 on the 
production of higher hydrocarbons during 
CO hydrogenation can also be seen from 
the calculated chain growth probabilities, 
o~, for the product distributions shown in 
Fig. 1. For all conditions studied, CH3NO2 
caused significant increases in the value of 
o~. Table 1 also shows that there were order- 
of-magnitude increases in the amount of 
CO2 in the products when CH3NO2 was 

added. However, no compounds containing 
nitrogen atoms, such as HCN, NH3, NOa, 
and CH3NHa, were observed in the prod- 
ucts with the possible exception of N2 or 
NO. These two compounds could not be 
positively identified due to their overlap 
with CO in the columns used for GC analy- 
sis. Finally, there was no significant 
amount of unreacted C H 3 N O 2  in the 
products. 

For all conditions studied GC-MS analy- 
sis of the products when ~3C-labeled 
CH3NO2 was used indicated that from 28 to 
56% of the carbon atoms in the CH4 pro- 
duced were labeled. Similar ranges of 
labeled carbon atoms for C2H6 and C3H6 

were obtained. Furthermore, the extent of 
z3C incorporation into other hydrocarbons 
is illustrated qualitatively in Fig. 2. This 
clearly indicates that there was substantial 
random incorporation of 13C from the la- 
beled CH3NO2 in all the hydrocarbon prod- 
ucts. However, although addition of 
CH3NO2 resulted in a large increase in the 
amount of CO2 produced, this CO2 con- 
tained virtually no carbon from CH3NO2 as 
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TABLE 2 

Olefin-to-Paraffin Molar Ratios for CO Hydrogenation on Ru/SiO2 

265 

Condition A Condition B 

Without CH3NO 2 With CH3NO2 Without CH3NO2 With CH3NO2 

C2H4/C2H 6 0.042 0.611 0.006 0.039 
C3H6/C3H8 0.784 9.032 0.083 1.072 

1-C4Hs/n-C4HIo 0.261 3.755 0.081 0:392 
1-CsHI0/n-C4HI2 0.149 2.984 0.096 4.511 

Note. Reaction conditions: 523 K; 101 kPa; GHSV = 3800 hr-1; 1.2 vol% CH3NO2 in reactants. (A) 
H e : C O : H 2 =  I : 2 : 2 . ( B )  H e : C O : H 2 =  1 :1 :3 .  

evidenced by the lack of 13CO2 in the prod- 
ucts from 13C-labeled CH3NO2 addition. 

Table 2 shows a comparison of the olefin- 
to-paraffin molar ratios of the C2 through 
C5 fractions. There was a major shift to- 
ward the production of linear olefins when 
CH3NO2 was added. However, the analysis 
of the C4 and C5 isomers showed that 
CH3NO2 addition had no major effect on 
the total fraction of branched products. 

CH3N02 reactivity under various condi- 
tions other than CO hydrogenation. A 
study of the decomposition of CH3NO2 in 
the presence of H2 and He and in the ab- 
sence of CO over the Ru/SiO2 catalyst re- 
vealed that at least 68% of the CH3NO2 in 
the reactants (always about 1.2 vol%) was 
converted into hydrocarbons after an initial 
period of CH3NO2 disappearance with only 
a small CU4 formation, A minimum of 91 
wt% of the hydrocarbons formed w a s  CH4 ,  

the balance being C2H6 and traces of C3H8 
and n-C4H10. The amount of CH4 in the 
products showed virtually no dependence 
on the H2 partial pressure (varied from 75 to 
8 vol% in the reactants, the balance being 
He) and on the reaction temperature, in ad- 
dition, N2 was the only nitrogen-containing 
compound detected, and no CO2 was pro- 
duced. Due to the analysis conditions used, 
the presence of H20 in the products could 
be neither confirmed nor excluded. 

The reactivity of CH3NO2 with prede- 
posited surface carbon was studied by first 
depositing carbon either by 5 min of CO 
hydrogenation at 533 K and He : CO : H2 

of 1 : 2 : 2, or by 5 min of CO disproportion- 
ation at 533 K and He : CO of 3 : 2, followed 
by a He flush for 4 rain. This was then fol- 
lowed by exposure of the catalyst to H2 in a 
mixture of He : H2 or 3 : 2 in the absence or 
presence of CH3NOz. The results of these 
experiments clearly indicated that the hy- 
drocarbons produced from the hydrogena- 
tion of the surface carbon in the presence of 
CH3NO2 :are essentially the result of the 
addition of two independent processes: (i) 
hydrogenation of the surface carbon; and, 
(ii) decomposition of CH3NO2 in H2. Again, 
no CO2 was detected in the products during 
hydrogenation of the surface carbon in 
either the absence or the presence of 
CH3NO2. 

Finally, the possibility of reactions oc- 
curring on the support was examined in 
experiments in which the previously de- 
scribed CO hydrogenation conditions in the 
absence Or presence of CH3NO2 were per- 
formed over the same SiO2 used in the 
preparation of the Ru catalyst. For various 
reaction times and for all conditions stud- 
ied, up to about 50% of the CH3NO2 present 
in the reactants was consumed. However, 
less than 10 ppm of hydrocarbons or of any 
other compounds was detected, with a 
maximum of 0.1 vol% CO2 being the sole 
significant C-containing compound in the 
product. 

IV. DISCUSSION 

Higher hydrocarbon formation during 
CO hydrogenation can be viewed as a poly- 
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merization process consisting of initiation, 
propagation, and termination steps. There 
is considerable evidence (6-11, 19-22) in 
support of the proposal that methylene 
groups are the chain-propagating species 
and that their polymerization leads to a hy- 
drocarbon product distribution described 
by the Anderson-Schulz-Flory (ASF) 
equation (23). It can be seen from Table 1 
that CH3NO2 addition to the reactants 
causes large increases in both the weight 
fraction and the rates of formation of the C3 
to C6 carbon fractions. These observations 
can be explained only if the chain initiation 
and propagation rates, Ri and Rp, respec- 
tively, are both enhanced as a result of 
CH3NO2 addition. However, Fig. 1 also in- 
dicates that a increased upon CH3NO2 ad- 
dition, indicating that it causes a relatively 
larger enhancement of the chain propagation 
rate, Rp. 

The increase in linear olefins, along with 
the marked decrease in CH4 production, in- 
dicates a smaller hydrogenation capability 
of the catalyst, suggesting that the surface 
coverage of hydrogen, On, is also signifi- 
cantly reduced. The rate of chain termina- 
tion, Rt, should increase, since CH3NO2 ad- 
ditioncauses Ri to increase, and since Ri = 
Rt for a steady product distribution (24). 
These two effects, i.e., a decrease in OH and 
an increase in Rt, are taken as evidence 
against a chain termination step that in- 
volves the sequential hydrogenation of 
growing chains as suggested by McCand- 
lish (21). Since the termination step does 
not appear to involve the direct participa- 
tion of hydrogen, it could consist either of 
an intramolecular hydrogen transfer (20) or 
of the B-elimination of hydrogen (23, 25). 
These effects also support the view that lin- 
ear o:-olefins are the primary hydrocarbon 
products formed by CO hydrogenation and 
that paraffin production is the result of sec- 
ondary reactions involving the hydrogena- 
tion of readsorbed olefins (23, 26, 27). 

MS results indicated that CHx groups 
originating from CH3NO2 were incorpo- 
rated into the products. This incorporation 
was substantial, and it occurred at random; 

i.e., there was no concentration of CHx 
groups derived from CH3NO2 in a particu- 
lar carbon fraction or specific reaction 
product. CHx incorporation from CH3NO2 
took place in conjunction with, rather than 
in parallel to, chain growth involving sur- 
face species originating from CO hydroge- 
nation. These observations, as well as 
changes in the product distribution caused 
by CH3NO2 addition, are similar to those 
reported by Brady and Pettit for CH2N2 ad- 
dition to CO hydrogenation on a Co cata- 
lyst (9). This suggests that a significant 
fraction of the CH3 groups in CH3NO2 was 
converted mostly into CH2 groups. This 
conversion would account for the increases 
in Rp and 0~. The decreased hydrogenation 
capability of the catalyst may have been the 
result of the favorable competition of the 
additional CH2 groups and other fragments 
derived from CH3NO2 for the sites nor- 
mally occupied by hydrogen during CO hy- 
drogenation. 

These results contrast with those re- 
ported for CH3I addition to CO hydrogena- 
tion over RuKY catalysts in which case 
GC-MS analysis of the products indicated 
that the CH3 groups derived from CH3I 
acted as chain terminators and were prefer- 
entially found in isobutene rather than in 
linear olefins (II).  The observed difference 
in the fate of CH3 groups generated from 
CH3NO2 and CH3I is likely to be the result 
of the greater influence of the halogen at- 
oms compared to NO2 groups on the overall 
behavior of the catalyst. Further support 
for this explanation is available from re- 
ports that addition of CH2N2 and CH2C12 
to CO hydrogenation over Co catalysts re- 
sulted in contrasting decreases (9) and in- 
creases (10), respectively, in CH4 pro- 
duction. 

The observed reduction in CH4 formation 
upon CH3NO2 addition can be viewed as 
the direct result of the much lower hydroge- 
nation ability of the catalyst. Furthermore, 
GC-MS analysis of the products when 
13C-labeled CH3NO2 was used suggests that 
the extent of carbon incorporation from 
CH3NO2 into the various hydrocarbon 
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products appears to be similar for all the 
carbon fractions. For conditions A and B 
this means that approximately 33 and 54%, 
respectively, of the carbon originating from 
CH3NO2 ends up as CH4. This indicates 
that a CH3 group from CH3NO2 has an 
equal or a lesser probability of being hydro- 
genated to give CH4 than of appearing in 
higher hydrocarbon products. Previously 
reported results (19, 20) have been used to 
propose that the rate-determining step 
(RDS) in CH4 formation involves the hy- 
drogenation of the CH3 group. There also 
have been reports (28) and experimental 
results (29) that suggest that the CH3 <::> 
CH2 interconversion should be facile. The 
relatively low selectivity for the direct hy- 
drogenation of CH3 groups originating from 
CH3NO2 to produce CH4 under CO hydro- 
genation conditions observed in this study 
is consistent with these proposals. 

CH3NO2 addition to CO hydrogenation 
has less of an effect on the C2 carbon frac- 
tion compared to the C3 to C6 fractions, 
suggesting that the rate of C2 formation is 
distinct from that of other higher hydrocar- 
bons. Whereas both Rp and Ri increase 
upon CH3NO2 addition, the latter does not 
increase as much as the former as evi- 
denced by the observed increase in the 
value of a. Perhaps C2 formation is related 
to the chain initiation rate and C3 to C6 
formation to the rate of chain propagation. 
There are experimental results for CO hy- 
drogenation on Ru (22, 30) and theoretical 
studies (21, 31) that also postulate a special 
role for a C2 surface intermediate in the 
initiation of chain growth and as the RDS in 
the production of higher hydrocarbons. 

Analysis of the products for CH3NO2 re- 
action in H2 with and without CO showed 
that no compounds containing an intact 
C - N  bond, such as CH3NH2, HCN, or 
CH3CN, were detected. It is likely that the 
fate of the NO2 groups produced as a result 
of the scission of the C - N  bond in CH3NO2 
is associated with the observed large in- 
crease in CO2 production. During CH3NO2 
hydrogenation, the only observed product 
that contained nitrogen atoms was N2. In 

contrast to other transition metals, Ru-con- 
taining catalysts have been found to have a 
pronounced selectivity for the formation of 
N2, rather than NH3, during the reduction 
of NO and NOx by H2 and/or CO (32-35). 
Although the experimental setup used in 
the present study did not allow us to check 
the products for the presence of water, 
Uchida and Bell found that it was the major 
O-containing product during the tempera- 
ture-programmed reaction of NO with H2 
over a Ru/AI203 catalyst (32). It is possible 
that the NO2 groups from CH3NO2 follow a 
decomposition pathway involving their re- 
duction to yield N2 and H20. In the pres- 
ence of H2 only, these are the sole prod- 
ucts. During CO hydrogenation, this 
additional H20 may react with adsorbed 
CO by the water-gas shift reaction to form 
the excess CO2 observed during CH3NO2 
addition. This explains why no CO2 is de- 
tected in the products when CH3NO2 is re- 
acted with H2 only, and why, during CO 
hydrogenation, the COz produced during 
13C-labeled CH3NO2 addition contained no 
13C. 

Another potential origin of the higher 
CO2 production is the direct reaction be- 
tween CO and NO to form CO2 and N2. 
This reaction is also known to take place 
easily on Ru (33). It is important to note 
that this enhanced CO2 production, result- 
ing from the reaction of adsorbed CO with 
additional H20 or NO originating from 
CH3NO2, by no means appears to disturb 
the main reaction pathways leading from 
CO to hydrocarbons. This suggests that the 
CO molecules involved in these reactions 
are not participating to a great extent in the 
synthesis of hydrocarbons. This supports 
suggestions by Dalmon and Martin (36) and 
by Winslow and Bell (37) that, even if the 
catalyst surface is virtually saturated with 
adsorbed CO, only a small fraction of it par- 
ticipates actively in CO hydrogenation re- 
actions. 

V. CONCLUSIONS 

When CH3NO2 was added to the reac- 
tants during CO hydrogenation over a 
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Ru/SiO2 catalyst under various reaction 
conditions, carbon from CH3NO2 was in- 
corporated into the C O  hydrogenation 
pathway leading to hydrocarbon formation 
according to the mechanism suggested in 
Fig. 3. Some of the CH3 groups are directly 
hydrogenated to form CH4 but a large frac- 
tion forms mostly CH 2 groups which en- 
hance preferentially the rate and probability 
of chain growth. Surface coverage of hy- 
drogen was reduced as a result of CH3NO2 
addition resulting in an overall decrease in 
CH4 production and in an increase in the 
olefin-to-paraffin ratios due to less second- 
ary hydrogenation of the primary olefinic 
products. The experiments involving 
13C-labeled CH3NO2 and the hydrogenation 
of predeposited surface carbon in the pres- 
ence of CH3NO2 indicated that the CHx 
groups derived from CH3NO2 are interact- 

ing exclusively with active surface species 
directly involved in the formation of higher 
hydrocarbons. In the presence of CH3NO2, 
large amounts of CO2, derived not from 
CH3NO2 but from CO, were formed, sup- 
porting suggestions that only a small frac- 
tion of the adsorbed CO participates ac- 
tively in the formation of Fischer-Tropsch 
products. 

This study has also demonstrated that 
CH3NO2 is an effective probe molecule that 
can be used as a source of CHx groups. 
Changes in the product distribution of CO 
hydrogenation over Ru/SiO2 brought about 
by CH3NO2 addition took place without any 
significant disturbance of the main reaction 
pathways that lead to hydrocarbon forma- 
tion. Unlike probe molecules containing 
halogen or sulfur atoms, the decomposition 
of CH3NO2 leads to fragments that appear 

Methane  

Ethane i Propane 

V~ surface 
carbon 

FIG. 3~ Effect of CH3NO2 addition on CO hydrogenation pathway on Ru/SiO2. 
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not to cause secondary changes in the 
hydrocarbon formation pathway. Also, 
CH3NO2 seems to decompose selectively at 
the C-N bond leading to simple fragments. 
These characteristics offer great potential 
for the use of CH3NO2 as probe molecule in 
the study of CO hydrogenation over other 
transition metals and in the formation 
of other families of compounds during 
Fischer-Tropsch synthesis. 
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