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In our recent studies on the mechanism of the hydrogenation
of carbon monoxide to alkenes (the Fisch&ropsch reaction) o
using 13C,-labeled probe molecules over rhodium, ruthenium,
and cobalt catalysts, we have found that tf@ labels in the
products are consistent with a process involving the reactions
of surface methylenes with surfaetékenyl (rather than alkyl)
species. We now report, (i) that both diazomethane and
nitromethané can be effective €probes and (ii) that while
methylenes derived from®CH,N, or 3CH3NO, probes and
methylenes formed frodfCO hydrogenation combine randomly n | § M’:‘m
over cobalt (giving products containing mixturestét and13C m o
?‘tr(c))mssc):’hqclgigl Sset[;arate reactions occur over rhodium Fischer Figure 1. Block diagrams showing product formation rate gxis,

Ipth i ol y_ ’ . ts. Brad d Pétinfi d that qul of car_bon g _catl h=Y) against carbon nl_meex @xis) before

ntherr classic experiments, brady an ntirmed tha (white), during (solid), and after (shaded) addition of (a)8ki(left)

methylene was a key intermediate in the hydrocarbon formation ang (b) CHNO, (right) to syn gas over Co, Ru, and Rh catalysts under
and that chain growth occurred by a stepwise oligomerization FischerTropsch reaction conditions.

of surface methylene groups, as originally proposed by Fischer

and TropscH. They analyzed the propylene from a reaction in  13C, units into the G—Cs 1-alkenes are in Tablelthe results
which an excess of’CH;N, had been added to &CO over cobalt show substantial incorporationt#g; and3C; into
hydrogenation over a cobalt catalyst and showed that it containedthe linear hydrocarbon products and are consistent with a
a distribution of*C atoms which agreed with that predicted by  distribution of 13C incorporation based on random mixing of
a mechanism in which surface intermediates, derived from the me’[hy|enes derived from syn gas and those from the ﬂrobe_
diazomethane, were indistinguishable (apart from their isotopic As expected, only very low levels of products derived exclu-
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label) from surface methylene intermediates formed fié@0O sively from the probe!fC,) are formed.
and hydroger. It was proposed that these species could In contrast, when a similar reaction is carried out over
combine (randomly) in a chain growth oligomerization. rhodium,parallel chain growth reactions occur which each lead

We find that addition of small amounts of a diazomethane to the formation of 1-alkenés One is CO hydrogenation, which
or a nitromethane probe to a Fischdiropsch reaction over  forms products derived exclusively froddC, the other is a
three different metal catalysts (rhodium(4%eeria—silical:® “homopolymerization” of methylene intermediates derived from
ruthenium (4%) on silica, or cobalt (4%) on silica) caused the 3CH,N, or the 13CH3;NO, probe, giving fully3C-labeled
increases in the formation rates of virtually all the hydrocarbon products. Thus, over rhodium, very little crossover occurs
products (Figure 1). The products formed during addition of between the two chain growth reactions and the primary
13CH,N, or 13CH3NO; to the syn gas (RH12CO) stream during products are the unlabeled 1-alkené¥C{H,, from the CO
a Fischer-Tropsch reaction (258C, 1 atm, approximate molar  hydrogenation), containing onkfC at natural abundance, and
ratio of 13CHyN, or 13CH3NO,/H/*2CO = 1:44:22) were the fully labeled 1-alkenes'YC Hz, from the homopolymeri-
analyzed for'3C incorporation as described earlierRepre- zation), containing little or né?C. The same experiments over
sentative mass spectrometric data showing the incorporation ofruthenium catalysts gave results intermediate between those
found for cobalt and rhodium.

To summarize, the hydrocarbon products formed from carbon
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Table 1. Percentage Incorporation &iC, into 1-Butene, 1-Pentene, and 1-Hexene Formed on AdditidfG;N, and3CH,NO; Probes to
CO Hydrogenations over Co, Rh, and Ru Catalysts under Fisdhvepsch Reaction Conditiofis

percentage incorporation using

h 13CH,N, BBCH3NO,
ydrocarbon
catalyst product 13Co 1301 13C2 13C3 13C4 13C5 13C6 lSCo 13C1 13C2 13C3 13C4 13C5 lSCe
Co 1-butene 66 18 10 2 4 70 17 6 3 5
1-pentene 75 15 7 2 1 0 69 16 6 3 2 4
1-hexene 76 18 4 1 0 0 0 62 18 8 4 2 2 3
Ru 1-butene 71 13 5 3 8 77 11 2 2 7
1-pentene 77 11 2 2 1 8 76 11 2 1 2 7
1-hexene 7 12 2 1 1 1 6 78 12 2 1 1 1 6
Rh 1-butene 69 3 0 1 27 68 10 2 2 19
1-pentene 73 4 1 0 1 21 71 9 3 1 2 13
1-hexene 72 3 0 0 0 2 22 67 9 2 0 1 3 19

aConditions: 250°C, 1 atm, approximate molar ratio 8ICH,N, or 13CH3NO,/H,/*2CO = 1:44:22;3CH,N, prepared froniN-methyl+3C-N-
nitrosop-toluenesulfonamide (Aldrich);*CHs;NO, was purchased from Aldrich.

the other from the polymerization of methylenes derived from This alternative leads to the phenomenon we have observed over

the probe molecules. rhodium, wherdwo separatanethylene oligomerization paths
Since there is now a great deal of evidence favoring surface leading to hydrocarbons can now be distinguished, one derived
CH, (methylene) as an intermediate in CO hydrogenaitioe, from probe molecules and one from CO.

suggest that the homopolymerization of the probe-derived The identity of A is not clear but one possibility is that it
species may not proceed directly via methylene. Our results could be a surface bound GN; this could also account for the
indicate that diazomethane and nitromethane react very similarly, observed formation of some methyl- and ethylamines from
presumably via similar surface intermediates (A). The apparent nitromethane over the rhodium, butt over the cobalt cataly$t.
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another way, for example, by a homopolymerization which is

quite separate from the more usual methylene polymerization. (9) Organometallic models are also known for the-M fission of
coordinated diazoalkanes; for examgle, on heating the dimethyldiazomethane
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