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LETTERS TO THE EDITORS 

In Re: Fischer-Tropsch 

Comments to Notes by R. B. Anderson (I) and R. J. Madon (2) 

In a recent communication, R. B. 
Anderson (1) stated that the reaction 
mechanism suggested by us in 1976 (3) 
for the Fischer-Tropsch synthesis was the 
same as that described by himself and 
other workers a quarter of a century ago. 
This statement is incorrect. 

Our mechanism is explicitly based on 
individual steps well established during 
the past two decades in homogeneous catal- 
ysis with transition metal complexes, such 
as coordination of CO, insertion of CO 
into metal-carbon bonds, oxidative addi- 
tion, reductive elimination, p-hydrogen ab- 
straction, etc., at monometallic catalyst 
centers (4). A metal hydride formed during 
p-hydrogen abstraction is assumed to be 
the carrier of the kinetic chain. Evidently 
this mechanism represents a new approach 
to the elucidation of the Fischer-Tropsch 
synthesis, as it has been acknowledged by 
several authors (5-10). During the past 
2 years the mechanism suggested by us 
has received substantial support by the 
work of Casey and Neumann (6, 11) and 
of Gladys2 et al. (‘7, 12) on the preparation 
and chemistry of formyl-complexes of 
transition metal compounds, the determi- 
nation of the crystal structure of a r-bonded 
formaldehyde-transition metal complex by 
Roper et al. (IO), and of a compound 
containing an acyl group r-bonded to a 
transition metal species by Floriani and 
co-workers (IS), the theoretical calcula- 
tions of Goddard et al. (14), as well as 

our own work on modifications of the 
Fischer-Tropsch synthesis (15~4) and on 
the comparison of this synthesis to hydro- 
formylation (15e). In particular, the detec- 
tion of a soluble catalyst system, providing 
Fischer-Tropsch growth on benzene mole- 
cules (l5c), appears to underline the ob- 
vious fact that there is only one chemistry, 
and that homogeneous and heterogeneous 
catalysis do have a common basis. 

On the other hand, the mechanism as- 
sumed by the earlier workers (1, 16) in- 
volved one-carbon additions at the end 
as well as at the penultimate carbons, the 
latter to account for methyl branches in 
the product. Evidently, such a mechanism 
would predict methyl branching being in- 
dependent of conversion. However, Pichler 
et al. (17) have clearly and elegantly de- 
monstrated that the primary products are 
linear cy-olefins and alcohols, and that 
branching increases with the conversion. 
Schulz et al. (18), using 14C-labeled ar-ole- 
fins, have conclusively shown that these 
molecules are incorporated under Fischer- 
Tropsch conditions, leading to branching. 
As it is well known (19), the ability of 
cu-olefins to coordinate to a transition metal 
cent,er decreases strongly with the carbon 
number. Incorporation of ethylene results 
in linear growth ; incorporation of propylene 
gives methyl branches, whereas the rela- 
tively small amount of ethyl branches 
stems from occasional incorporation of 
butene-1. (Internal olefins can safely be 
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assumed not to coordinate under the con- 
ditions of Fischer-Tropsch synthesis.) 

In order to explain the absence of 
product molecules containing two methyl 
branches at the same carbon, the early 
workers (16) postulated that addition does 
not occur at tertiary carbons. However, 
during hydroformylation of isobutylene, 
Heck and Breslow (20) isolated the 
compound 

CH, 

CHS-C--C--Co(C0)3P(CsH& 

AH 4 3 

which shows that the reaction of tertiary 
carbon atoms with CO is feasible. On the 
other hand, the absence of two methyl 
branches at the same carbon atom follows 
naturally, if incorporation of a-olefins 
(primary products) is assumed as the cause 
of branching. Evidently this branching 
mechanism leads to similar statistics con- 
cerning isomer distribution, as those used 
by Anderson (just substitute f (1, 16) by 
the probability of incorporation of pro- 
pylene into the growing chain). This ex- 
plains why Anderson was able to fit the 
experimental data into his mathematical 
framework. 

A further discrepancy lies in the as- 
sumption of a common precursor for olefins, 
alcohols, and aldehydes (16), whereas our 
mechanism, based on the evidence of 
Pichler’s School, considers only linear 
a-olefins and alcohols as primary products ; 
alkanes, branched products, and aldehydes 
are formed in secondary reactions. 

We wish to add some clearing comments 
concerning our use of the Schulz-Flory 
distribution (“normal” or “most probable” 
distribution) of molecular weights in our 
mechanistic study, which evidently arose 
some controversy with respect to “priority” 
(1, % 

G. V. Schulz (21) in 1935 derived his 
equation for the case of radical polymer- 
ization of vinyl monomers (addit,ion po- 

lymerization) ; P. J. Flory (.%?) in 1936 
published his equat,ion for the case of linear 
polycondensation polymers and stated that 
both equations are essentially equivalent 
although based on entirely different sets 
of conditions. Obviously the same kind of 
statistics are involved in either case. 

Some 15 years later, Friedel and Ander- 
son (.22?), based on earlier work of Herington 
(24), developed an equation for the prod- 
ucts of the Fischer-Tropsch synthesis. 
Since again the same statistics are involved 
(as long as branching can be neglected), 
the resulting equation is equivalent, to the 
former two (although apparently the 
authors were not aware of the work of 
Schulz and of Flory). 

For the particular case of branched prod- 
ucts, a correction factor with an adjustable 
parameter was introduced by Anderson 
et al. (25), resulting in an equation which- 
as Madon (2) puts it--“helps to organize 
much experimental data.” Since in our 
1976 article we were not concerned with 
isomer distributions, but with the distribu- 
tion of the primary products, we did not 
explicitly describe these efforts, although 
we duly referenced the early work. 

We want to emphasize that we applied 
the Schulz-Flory distribution’ as a tool in 
our mechanistic evaluation of the Fischer- 
Tropsch synthesis. We preferred to use it 
in the form given by Schulz, in view of 
the evident mechanistic parallelism be- 
tween addition polymerization and the 
primary reactions in Fischer-Tropsch, and 
because of the direct relationship between 
distribution and mechanism in this 
formulation. 

Finally we have some comments t,o 
Madon’s interesting finding that the mo- 
lecular weight distribution of hydrocarbons 
produced with a ruthenium catalyst is 
considerably narrower than the “normal” 
distribution (2). It is known from work 
of Pichler and his School (26, 2?‘) that 

1 The expressidn “Schulz-Flory polymerization” 
used by Anderson (1) is confusing. 
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alkyl-ruthenium species (as intermediates 
of the Fischer-Tropsch synthesis with 
ruthenium) tend to resist P-hydrogen ab- 
straction. Unless quenched with alkali 
or Hz, the growing chains remain “living.” 
According to Flory (28), the molecular 
weight distribution of a polymer grown 
in the absence of chain termination and 
chain transfer is very narrow, and is 
represented in the ideal case by a Poisson 
function (i.e., the ratio of weight average 
to number average of the molecular weight, 
M,/M,, approaches unity). Experimental 
distributions are generally somewhat 
broader, for a number of reasons (29), and 
values of M,/M, of 1.1 to 1.2 are quite 
usual. [From Fig. 2 of (2), M,/M, ‘V 1.1 
can be calculated.] Without knowing the 
detailed experimental set-up and work-up, 
we can only suggest checking into this 
possibility, taking into account that certain 
ruthenium carbonyls are volatile at high 
temperatures (26, 27), and that the chain 
growth rate at a Ru center is of the order 
of about one CH2 group per minute (SO). 

REFERENCES 

1. Anderson, R. B., J. Catal. 55, 114 (1978). 
2. Madon, R. J., J. Catal. 57, 183 (1979). 
3. Henrici-Olive, G., and Olive, S., Angezu. Chem. 

88, 144 (1976); Angew. Chem. Znt. Edit. Engl. 
15, 136 (1976). 

4. For a recent review see, e.g., Henrici-Olive, G., 
and Olive, S., “Coordination and Catalysis.” 
Verlag Chemie, Weinheim, New York, 1977. 

5. Shoer, L. I., and Schwartz, J., J. Amer. Chem. 
sot. 99, 5831 (1977). 

6. Casey, C. P., and Neumann, S. M., J. Amer. 
Chem. Sot. 100, 2544 (1978). 

7. Gladysz, J. A., and Tam, W., J. Amer. Chem. 
Sot. 100, 2545 (1978). 

8. Dautzenberg, F. M., Helle, J. N., van Santen, 
R. A., and Verbeek, H., J. Catal. 50, 8 (1977). 

9. Pruett, R. L., Ann. N.Y. Acad. Sci. 295, 239 
(1977). 

10. Brown, K. L., Clark, G. R., Headford, C. E. L., 
Marsden, K., and Roper, W. R., J. Amer. 
Chem. sot. 101, 503 (1979). 

11. Casey, C. P., and Neumann, S. M., J. Amer. 
Chem. Sot. 99, 1651 (1977). 

12. 

13. 

14. 

15. 

16. 

17. 

18. 

19. 

20. 

21. 

22. 

23. 

24. 
25. 

26. 

27. 

28. 

29. 

30. 

Gladysz, J. A., and Selover, J. C., Tetrahedron 
Lett. 1978, 319 (1978). 

Fachinetti, G., Floriani, C., Marchetti, F., and 
Merlino, S., J.C.S. Chem. Commun. 1976, 
522 (1976). 

Goddard, W. A., III, Walch, S. P., RappC, 
A. K., and Upton, T. H., J. Vat. Sci. Technol. 
14, 416 (1977). 

Henrici-Olive, G., and Olive, S., (a) German 
Offen. 2,629,189 (1977); (b) Angew. Chem. 
90, 918 (1978); Angew. Chem. Znt. Edit. Engl. 
17, 862 (1978); (c) Angew. Chem. 91, 83 
(1979); Angew. Chem. Znt. Edit. Engl. 18, 17 
(1979); (d) J. Mol. Catal. 4, 379 (1978); 
(e) J. Mol. Catal. 3, 443 (1977/78). 

Starch, H. H., Golumbic, N., and Anderson, 
R. B., “The Fischer-Tropsch and Related 
Syntheses.” J. Wiley, New York, 1951. 

Pichler, H., Schulz, H., and Elstner, M., 
Brennst. Chem. 48, 78 (1967). 

Schulz, H., Rao, B. R., and Elstner, M., 
ErdBl-Kohle-E&gas-Petrochem. 23,651 (1970) ; 
Pichler, H., and Schulz, H., Chem. Zng. 
Techn. 42, 1162 (1970). 

Schnecko, H., Reinmoller, M., Lintz, W., 
Weirauch, K., and Kern, W., Makromol. 
Chem. 82, 56 (1965). 

Heck, R. F., and Breslow, D. S., J. Amer. 
Chem. Sot. 83, 4023 (1961). 

Schulz, G. V., 2. Phys. Chem. B-29, 299 (1935); 
B-30, 375 (1935) ; B-32, 27 (1936). 

Flory, P. J., J. Amer. Chem. Sot. 58, 1877 
(1936). 

Friedel, R. A., and Anderson, R. B., J. Amer. 
Chem. Sot. 72, 1212, 2307 (1950). 

Herington, E. F. G., Chem. Znd. 1946, 347. 
Anderson, R. B., Friedel, R. A., and Starch, 

H. H., J. Chem. Phys. 19, 313 (1951). 
Pichler, H., Firnhaber, B., Kioussis, D., and 

Dawallu, A., Makromol. Chem. 70, 12 (1964). 
Bellstedt, F., Ph.D. Thesis, University of 

Karlsruhe, West Germany, 1971. 
Flory, P. J., J. Amer. Chem. Sot. 62, 1561 

(1940). 
Figini, R. V., 2. Phys. Chem. N. F. 38, 341 

(1963). 
Dautzenberg, F. M., Heller, J. N., van Santen, 

R. A., and Verbeek, H., J. Catal. 50, 8 (1977). 

G. HENRICI-OLIW? 

s. OLIVIZ 

Monsanto Triangle Park Development Center Inc. 
Research Triangle Park, North Carolina 27611 

Received January 29, 1979; revised March 26, 1979 


