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Molecular Core Binding Energies for Some Transition Metal Carbonyls'
and n-Cyclopentadienyls as Determined by X-Ray Photoelectron Spectroscopy
By D. T. CLark* and D. B. Apawms
(Department of Chemistry, The University of Duvham, South Road, Durhawm)

Summary Molecular core binding energies have been
measured for some transition metal carbonyls and
m-cyclopentadienyls and are discussed qualitatively in
terms of the charge distributions in these molecules.

STRUCTURE and bonding in transition metal carbonyls and
biscyclopentadienyls is a subject for active discussion by
both theoretical and experimental chemists, and there are

still many unresolved problems. For example most semi-
empirical calculations? on mononuclear carbonyls agree that
the net consequence of g-donation from CO to metal and
reverse back donation into antibonding CO #* orbitals
leads to a net increase in electron density on the ligand.
However, for Ni{CO),% the somewhat surprising result has
been obtained that electron migration on complex formation
is in the reverse direction and that the nickel is overall
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negatively charged. A recent non-empirical calculation,?
however, indicates a more realistic charge distribution,
with the nickel being overall positively charged.

Numerous semi-empirical calculations? on the metallo-
cenes have not resolved the problem of the charge dis-
tribution in these molecules. For ferrocene for example
Shustorovish and Dyatkinat obtained a positive charge of
+0-69 on iron whilst Dahl and Ballhausen®® obtained a
negative charge of the same magnitude.

We report here a study of the molecular core binding
energies for some transition metal carbonyls and biscyclo-
pentadienyls which goes some way to resolving some of
these problems. The results are given in the Table.
Spectra have been measured (A.E.I. ESI00 electron
spectrometer) with Mg-Ka, , radiation and samples were
studied as thin films on gold to minimize charging effects.
Traces of water caused considerable broadening and
spurious shifts in the O,, peaks of the carbonyls and great
care was taken to eliminate them. Only spectra for which
the integrated intensities of the C,, and O, levels were in
the correct ratio for the molecular formulae have been
included in the Table.

Molecular cove binding enevgies in eVa

M(2P111) M(zpals) Cu O1e

Cr(CO)g .- 587-5 5785 2891 5362
Cr(m-CsHy), .. 5859 576-9 285-4

Mn(CO)y(mr-CsHy) 6544 6434 CO 2884 5356
CH;, 2864

Fe(CO); .. 726-0 713-0 289:0 5367
Fe(n-CgHy), 723-8 710-8 285-7
Co(m-CgHy), 7975 782-2 285-7

Ni(CO), .. 876-4 859-2 2888 5364
Ni(-CgHy), 874-9 857-7 285-6

co .. 290-5 5367
C;H;> 284-9

a Relative binding energies between different compounds
depend on sample charging effects. By studying the samples as
thin films on gold these are minimized and relative binding
energies between molecules are estimated to be 40-3 eV.

b The C,, binding energies of simple carbon-hydrogen con-
taining species are closely similar ~ 285-0 eV (¢f. CH,, C,H,, C,H,,
CgH,, ref. 5). There is no reason to suppose that the C,, binding
energy for the neutral C;H; fragment would be different in this
respect and the binding energy has therefore been equated to that
for benzene previously reported (D. T. Clark, Chem. Comm.,
1971, 230).

C,; and O,, core binding energies have been reported?® for
gaseous CO where the reference is the vacuum level. Our
results for thin films of the compounds on a conducting
backing are with respect to the Fermi level and a direct
comparison therefore requires that binding energies be
expressed with respect to the same reference. We have
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corrected gas-phase measurements® to our reference level by
comparison with CO, which has been studied in both
gaseous and condensed phases. Comparison between these
measurements shows a difference of 54 eV due to the
difference in reference level (roughly the work function for
the sample), and this is in good agreement with that found
for a series of acetyl compounds AcXé where the difference
between gas phase and thin film measurements was 5:6 eV.
We have also compared our measured first ionisation
potentials for the carbonyls with those previously published
for the gaseous molecules measured by He(I) photoelectron
spectroscopy and find an energy difference of §-4 eV.7.8

Considering first the carbonyls, comparison of the C,
and O,, binding energies with those for the free ligand
indicates a shift to lower binding energy on complex
formation, the ‘““shift’”” being much larger for the C,, levels
than for the O, levels. This suggests an overall electron
transfer from metal to ligand [in this respect Ni(CO),
parallels the behaviour of the other carbonyls]. This
supports the idea based on the lowering of the force con-
stants for the CO stretching vibrations for example that the
7*- is stronger than the o-interaction. This is alsoevidenced
by the much larger shift to lower binding energy for C,,
relative to Oy, levels since the anti-bonding #* orbital has a
larger contribution from the carbon 2p orbitals. The
overall electron drift from metal to ligand in the carbonyls
is accommodated by a positive charge on the metal and this
is seen by comparison with the biscyclopentadienyls where
the ligand is now a better donor but weaker acceptor than
CO. The binding energies for the metal core levels decrease
on going from the carbonyl to the corresponding biscyclo-
pentadienyl indicating an increased electron population on
the metal. By contrast comparison of the C,; binding
energies of the cyclopentadienyl residues with that pre-
dicted for the neutral free ligand indicates a small positive
charge in the rings which is the exact opposite of the
currently accepted view. However the chemistry of the
biscyclopentadienyls is more readily understandable in
terms of a charge distribution in which the ring carbons are
slightly positive and the metal negatively charged.®

For comparison we also include results for (7-CyH;)Mn-
(CO);. Electron transfer from the ring to the carbonyl
groups via the metal orbitals is clearly discernible and the
C,, and Oy, levels for the CO groups are shifted considerably
to lower binding energy compared with the carbonyls. On
the other hand the C,; binding energies for the ring carbons
are actually increased compared with the biscyclopenta-
dienyls.
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