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SUMMARY 

Molecular orbital calculations on Ah4(CO),-,@I,), (AM = r&H&r; n = 0, 1 
and AM = sr-CsHsMn; n = 0,l) have shown that N2 is a weaker n-acceptor than the CO 
ligands in the tricarbonyls and the dinitrogen complexes, and a stronger (u + rr) electron 
donor than a CO ligand in the corresponding tricarbonyl complexes. 

The complexes n-C!,H,Mn(CO)~Na (I) ’ and n-CsHsCr(CO)sNz (II) 2 have been 
prepared by the oxidation of the hydrazines of rr-CsHsMn(CO)a (III) and 7r-CBHBCr(CO)a 
(IV). To study the relative bonding effects of the carbonyl and dinitrogen ligands in these 
complexes, self-consistent charge and configuration molecular orbital3 (SCCC-MO) 
calculations were performed on the fcur complexes. Experimental geometries4y5*6, where 

available, were used and the eigenvalues and eigenvectors for N2 and CO were those used 
in an SCCC-MO study of Cr(CO)sNa 7- Table 1 gives the pertinent calculated results 
and also some experimental carbonyl stretching frequencies. 

The rr* populations in all four complexes are much greater for CO than Ns thus 
confirming that the carbonyl is the greater rr acceptor. The carbonyl rr* populations reflect 
the trend in experimental carbonyl frequencies and thus, v(C0) (rr-C6H6Cr(C0)2NZ) < 
v(C0) (n-CSH&n(CO),N2) is predicted. 

The 4a orbital populations are constant throughout the series both for dinitrogen 
and carbonyl(l.982 f 0.001) while the 50 orbital populations of N, and of CO in the 
tricarbonyls differ little. Thus Na has a similar u donating ability to a carbonyl in the 
tricarbonyl complexes. However, including rr donation, the totai electron donations from 
the dinitrogens in n-CeH&r(CO)aNa and n-CsH5Mn(C0)2Na are 0.121 and 0.114 
electrons respectively while the corresponding values for each carbonyl in the tricarbonyls 
are 0.104 and 0.096. Thus the dinitrogens are better (a + rr) electron donors than the 

carbonyls in the tricarbonyls in agreement with Sellmann ‘. 
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The large differences between the n*(CO) populations and the rr* (N7) populations 
are major factors in determining the relative charge distribution. Thus the metal in I and 
II, due to the decrease in back-bonding acquires a lower positive charge than in III and IV. 
Secondly there is an increase of back donation to the two remaining carbonyls in the 
dinitrogen complexes with a resultant increase in forward 50 donation (synergic effect). 
The net effect is a lowering of carbonyl charge relative to the tricarbonyl complexes and 
the carbonyl frequencies are decreased relative to the tricarbonyls. Thirdly, larger charge 
donation from metal to ring in I and II coupled with smaller donation from ring to metal 
results in lower positive ring charges for the dinitrogen complexes. 

It is interesting to note that in II, in which the ring is a good electron acceptor, 
the decrease in charge on C6Hs relative to IV results mainly from an increase in back- 
donation whereas with C5HS, which is a weak acceptor, the reduction in charge from III 
to I results almost totally from a decrease in forward donation. 

The orbital populations and charges for N2 in both dinitrogen complexes are 
remarkably similar. However, the rr* population in II is slightly greater than in I while the 
other populations are slightly less. Thus it is expected that the Y(N~N) in II will be slightly 
less than 2169 cm-’ , the value in I i _ 
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