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SUMMARY

Within the framework of exatt secular equations, a rigorous algebraic method
for calculating all the CO stretching force constants of the complexes of general
formula LM(CO)s is possible yielding at once all the solutions, whether physically
acceptable or not. This method does not imply interation and there is no need for
estimating good initial approximations.

SYMMETRY

Monosubstituted metal carbonyls of the type M(CO)sL with M=Mo, W, Cr,
Mn and Re belong to the molecular point group C,,. For these compounds the
theory predicts four CO stretching frequencies (2 4, + E+ B;); the 4, + E modes are
both IR and Raman-active, whereas the B;-mode only Raman-active.

CALCULATIONS OF FORCE CONSTANTS

Generally, the calculation of CO stretching force constants of metal carbonyls
is based on the Cotton and Kraihanzel force field* ~3.

For the compounds of the type M(CO);L (Fig. 1) there are five CO stretching
force constants (ky, ks, ke, k- and k,) which must be evaluated from four vibration
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Fig. 1. The M(CO);L molecule and the CO stretching force constants.
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frequencies. Therefore all calculations of force constants have been done previously
using the Cotton and Kraihanzel approximation method. This method is based on the
assumption thatk =k =k, /2=k.

The secular equations of the exact and approximation method for M(CO);L
compounds are presented in Tables 1 and 2.

TABLE 1

EXACT FORMULATION OF THE SECULAR EQUATIONS FOR M (CO);L. COMPOUNDS

A, () | prki—2 2p-ke = 0 (1)
A, () | 2pke polko+k+2k)—2 )
B, d=p-(ky+k—2k) 3)
E J=p- (e, —k) (@)
TABLE 2

APPROXIMATE FORMULATION OF THE SECULAR EQUATIONS FOR M(CO)sL coMPOUNDS

A, (1) prky—4 2pk;
A, Q)] 2pk; Ak +ak)—4
B, ) i=p-k,
E i=p

From the secular equations shown in Table 1 four equations in five unknowns
are obtained and these necessarily result in an undetermined algebraic system. On
the other hand, the number of force constants in the secular equations of the approxi-
mation method (Table 2) is reduced to three. This is obviously an oversimplification.

A better solution of the problem could be the assumption k.= k.. (four equa-
tions, four force constants) but it appears from our results that the assumption is not
realistic.

In a recent paper Dalton et al.*® found some interesting relations [egns. (5)
and (6)] between the CO interaction force constants of M(CO);sL. compounds. These
relationships result from orbital overlap theories developed by Bedon et al.° and
Kettle” and based on the work of Jones®:

k.. 6

k " 24t+14y ()
k., 62+14y

k. 24+14y ©)

Their method for evaluation of the CO stretching force constants comsists in
the combination of eqns. (5) and (6) with the secular equations of Table 1 in order to
calculate both A,-frequencies, which generally could be found respectively to within
+1cm™!and +4 cm™ ! when the ratios k.. /k. and k,/k_ were increased in small steps.
It should be mentioned that such a procedure not only necessitates the estimation of
good initial approximations but also gives rise to several solutions which are all

tible with the experimental data.
compa P (continued p. 502)
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In contrast, combination of the secular equations of Cotton and Kraihanzel in
their exact formulation with the relationships (5) and (6) allows the solution of this
system by gradually eliminating the various unknowns. In this way one arrives at a
resolvent algebraic equation of the second degree in the unknown y, giving two sets
of values for the force constants in perfect accordance with the spectroscopic data. It is
evident that one of these sets must be physically acceptable. Nevertheless, using
eqns. (5) and (6) the two values of y thus found are both negative. Since y is a factor
related to the change in m-overlap integral occurring on the replacement of a CO
group by L in a metal carbonyl (S; — y-S)), it cannot be negative.

It is, however, important to note that the egns. (5) and (6) were derived from the
relationships expressed by eqns. (7) and (8), by introducing angular correction terms
in the treatment of Jones?4.

k. 3

A 7
L =91y ()
k 54y

A I 4 8
k. 2+y ()

We therefore also combined the exact Cotton and Kraihanzel secular equa-
tions with the eqns. (7) and (8) to derive the second degree equation in y. We found
negative and positive y roots, the latter resulting in physically meaningful sets of
values for the force constants (Table 3).

Furthermore, when the values of force constant k_, k.- and k, thus obtained are
used to recalculate values of y using relationships (7) and (8), equal values of y are
found for one and the same compound, irrespective of the equation used for the cal-
culation.

The calculations were mainly carried out in double precision on the IBM 360
type 30 computer of the Computing Laboratory of the University of Ghent, Director
Prof. Dr. C. C. Grosjean.

DISCUSSION

The assignment of the frequencies of compound (IV) made by Dalton et al.®
differs from that given by Poilblanc and Bigorgne®. By analogy with Et;AsMo(CO);s
and PPh;Mo(CO); we prefer the assignment of Bigorgne. There are also two possible
assignments for Ph;GeMn(CO); [compound (XIII)] arising from interchanging the
A,(2)and E-modes. By the analogy with other compounds we choose the assignment
of Jetz et al.'* and not that of Dalton*. The B,-mode of compound (XXIVb) given by
Dalton et al# could be erroneous, as we found two negative values of y. As cited by
Dalton? it is assumed that the B;-mode of compound (XX) occurs at 2034 cm ™! and
not at 2014 cm™! as reported by Jetz et al.!'.

In the Cotton and Kraihanzel force field the axial stretching force constant k,
must always be less than the radial one k,. In the work of Dalton et al., however, some
results are still contrary to this condition. They conclude therefore that either their
CO stretch-stretch interactions are erroneous or the CK -force field restriction (k, > k,)
must be waived and they prefer the second conclusion. On the contrary, using eqns. (7)
and (8) instead of the relationships given by Dalton we found force constants which are

J. Organometal. Chem., 23 (1970) 497-503
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in complete agreement with the Cotton and Kraihanzel restriction ; therefore we must
conclude that after all the relationships (5) and (6) couid be erroneous.

Finally, it should be cbvious that a more exact approximation for calculation
of CO stretching force constants of LM(CO); type of compounds consists in simply
assuming k.+k. =k,
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