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Summary

The ionization potentials of the compounds Co;(CO)¢C.H;,
Co,(CO)¢C;(CH;):, Co2(CO)6C.(CF3;)., Co2(CO)C2(CH,Cl), and
Co,(C0O)s C, CH3CsH; have been determined by electron impact measurements
and found to show a good correlation with the Taft o* constants of the substi-
tuent groups on the ligand. The average ionic dissociation energies of the Co—CO
bonds are mainly dependent on the 7 acceptor ability of the ligand, and exhibit
the sequence (CF;), < H, < (CH;),. Suggestions concerning the Co—ligand bond
strengths are discussed in connection with the relative kinetic reactivities of such
compounds in exchange and carbonyl group substitution reactions.

Introduction

Carbon monoxide isotopic exchange [1] and substitution reactions [2] have
not enabled us to obtfain any direct evidence on the relative strength of metal—CO
bonds in Co,(CO),C,RR' complexes, the kinetic results having tended to rule out
the simple breakdown of a Co—CO bond as rate determining step.

In this paper we report the ionization potentials and the dissociation bond
energies for ions arising from Co,(CO)¢C,H,, Co,(C0O)¢C,(CH;),,

COZ (C0)6 Cz (CF3 )2 N COz (CO)G C; (CH2 Cl)z and 002 (00)6 Cz CH3 C(, Hs . The
fragmentation patterns of the first four compounds have been reported previ-
ously [3]. The mass spectrum of Co,(CO),C, CH3C¢H; is briefly discussed below.
The correlation between ionization potentials and Taft ¢* constants of R and R’
groups and the effects of the ligand on the Co—CO band energies are considered
with the object of obtaining supporting evidence for the mechanism proposed
for the replacement of carbonyl groups in Co,(CO)sC,RR’ complexes.



,—'Results and dlscussmn

The mass spectrum of Coz(CO)G Cz CH; C;,Hs, glven in Table 1, shows the

‘ usual elimination of the carbonyl groups, followed by loss of the coba.lt atoms
‘in two successive steps to give CoHg* and CoH-". The corresponding metastable
transitions are present.

The ionization potentials of the C6,(CO)sC.RR’ compounds (Table 2) are
very close to the ionization potential of cobalt, viz. 7.86 eV [9]. This is in agree-
ment with the usually accepted hypothesis that the removed electron comes
from an orbital having a high degree of metallic character.

‘ Figure 1 shows the plot of ionization potentials of the Co,(CO)sC;RR’ vs.
the Taft o} + o} constants of the substituent groups. The jonization potentials

" of alkynes do not exhibit a similar correlation; literature values for C, H, (11.41
eV) {10}, CH;C=CH (10.36 eV) [10], CH;C=CCH; (9.19 e¢V) [11], C.H;C=CH
(10.18 eV) [10], and C.H;C=CH (8.82 eV) [10], when taken together with the

- values of 10.48 eV for CICH. C,CH, Cl and 10.64 for BrCH, C, H indicate that
the inductive effect is not the only factor affecting the energy of the highest
occupied molecular orbital, when substituents other than alkyl groups are present.
The coordinated ligands behave in a different way and the electron withdrawing
power of the R + R’ groups appears to be the main factor influencing the loss of
the least firmly bound electron in the complexes.

TABLE 1
MASS SPECTRUM OF Co>(C0O)5C>CH3CsHs AT 75eV

m/e Ion Intensity
402 C0,(C0)6C, CH3CgHs™ 6
374 C05(CO)5C2CH3CsHS 26
346 Co03(CO)4C>CH3CgH: " 16
318 Co3(C0)3C2CH3CgHs " 17
290 Co,(CO)>C,CH3 C6H5+ 29
262 C03(COIC,CH3CeH: " 66
234 Co,C5CH3CgHs " a5
219 Co,C2CgHs™
203 © Co(CO)C2CH3CgHs™ 5
175 CoCaCH3CgHs™ 26
174  CoCoH7' ‘ 4
160 ' CoC,CeHs" 3
143 - Co(CO); " 4
118 : Coa* 13
116 . cgHi® ' . 100
115 o CeH,T 68
8 CqHs" : 12
59 - .. Co" ' : 18
58 - CoHg™ 3

57.5 ; oz % . 4
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TABLE 2

IONIZATION POTENTIALS AND BOND DISSOCIATION ENERGIES FOR 002 (CO)GCZ RR’
COMPOUNDS . .

Compound IP Ds Ds D3 D D 'Eo» io;'{} a;'l.
' (€V) (eV) (eV) (eV) (eV) (eV) (V) '

C0,(CO)6C3 (CH3), ‘ 7.80 0.82 0.94 1.06 1.14 1.21 1.30 0.00

Co2(CO)gCa Ha 7.96 0.75 0.89 1.00 1.11 1.23 1.27 0.98
C02(C0)6C2(CF3)2 8.88 0.65 0.80 1.02 0.99 1.07 1.14 5.8

€02(C0)6C3(CH,Cl)2 8.3 v , 2.10
Co0,(C0)Cy CH3Cg Hs . 7.85 : . 0.60

Measurement of the ionization potential of Co, (CO);,C2 (COOCH,).
(6n + 0% = = 4.00) was unsuccessful because of the very low abundance of the mo-
lecular ion {31

The appearance potentials of the Co,(CO),C,RR’"* fragment ions (n vary-
ing from 5 toc 0), where R=R’ = = CF3, H, CH;, were measured and the average
Co—CO bond dissociation energies D in the ionic species calculated according
to eqn. 1 [12]. Inspection of the values listed in Table 2 indicates that the

Bn = (AP of Co,(CO)_C,RR'** —IP of Co.(CO).C; RR')/(6 —n) (1)

Co—CO bond strength in these compounds is little affected by the nature of R
and R', so that the differences in the ionic D, of some corresponding ions are
close to experimental errors. This is true also for ions from Co,(CO)¢C,(CH;),
and Co,(C0O)C,(CF3),, which are thought to exhibit the largest differences.
However it is noteworthy that the D, values for loss of the first two carbonyl
groups increase in the sequence CF; < H < CH;. The influence of the ligand on
the loss of the other carbony! groups“appears to be smaller, but all the ions
coming from Co, (CO)¢C,(CF;). show the lowest ionic D,,. This result is in con-
trast with data for ArCr(CO); compounds, for which the dissociation energies
for the loss of the first and second carbonyl group exhibit opposite slopes vs.
the Hammett functions of the substituents on the ligand [13].
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Fig. 1. Plot of the ionization potentm]s of Coz(CO)GczRR complexes against the sum (crR + oR') of the Taft
substituent constants for R and R'.



. The decrease in D for Coz (CO) Cz RP’ ** jons with the electron Wlthdraw-
: ~mg power of the hgand does not depend on the number and symmetry of the
“remaining carbonyl groups, ‘and is rnasonably ascribed to a major contribution of
. then component to the Co—CO bond. The ability of the ligand to withdraw .
" charge from the metal leads to the electrons being less available for the back do-
-'nation into the antibonding orbitals of the carbonyl groups. Similar ligand effects
‘on the ionization potentials and bond energles have been reported for Ll L? Fe,-
(CO)G ‘complexes [14]. ‘
‘The trends in the ionic bond energies have been shown to apply also to
‘neutral bond energies-in the case of monometal carbonyls, and this is assumed
to hold for some dimetal carbonyls [12, 15—18]. We suggest that this concept
can be extended to Co,(CO)sC,RR' compounds, and we can thus use the data
collected in Table 2 to evaluate the relative Co—CO bond energies in the neutral
molecules. These values then enable the variation in the Co—C, RR’ bond energies
(which could not be directly measured, because no loss of ligand from the molec-
ular ion occurs) to be established. The lowering in the Co—CO bond energy
with an increase in the-electron withdrawing characteristics of R and R’ means
‘that more electrons are available for back donation to the acetylenic ligand, so
that the Co—C,RR' bond is strengthened. In contrast, other factors being equal,
the rate constants for the substitution reactions decrease as the electron with-
drawal of R and R’ groups is increased [1, 2]. Therefore it follows that the mass
spectrometric data give further support to the kinetic mechanism suggested,
which involves the loosening of the Co—C,RR’ bond as rate determining step, as
well as to the ligand displacement order in Co, (CO)sC, RR’ compounds.

Experimental

-All compounds were prepared by published methods {4—7].

An Hitachi RMU 6H single focussing mass spectrometer, equipped for
automatic recording of ionization efficiency curves, was used for all measure-
ments. The compounds were introduced through an all-glass molecular leak
inlet at room temperature. [onization and appearance potentials were deter-
mined by Warren’s method [8], using a computer program. Xenon and argon
were employed as standards. The reproducibilities for all measurements were
within * 0.05 eV, except for the ionization potential of Co,(CO)¢C. (CH,Cl}),,
for which it was = 0.1 eV.
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