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Abstract

X-ray photoelectron spectroscopic (XPS) studies are reported on nine poly-copper(II) di-n-alkylphos-
phinates, Cu[(C,H,,, ),PO;], (where n=2, 4 and 6 and two polymorphs each of the compounds where
n=38, 10 and 12). While there is very little variation in the C(1s;,), O(ls,2) and P(2p,;;) binding
energies (BEs) amongst the nine compounds, significant differences are seen in the Cu(2p;2) and
Cu(2p,,;) BEs. These latter BEs are discussed in relation to the known structures and magnetic

properties of these materials.

Introduction

Studies on di-n-alkylphosphinates of copper(II),
Cu[(C,H;,+,),PO);, have revealed some rather
unique magneto-structural relationships. Com-
pounds where n/2 = 1-6 may be classified into distinct
a and B forms, the former exhibiting antiferro-
magnetic behaviour and the latter ferromagnetic
[1-3]. Whereas each of the compounds with n=2,
4 and 6 have been obtained in only one form, the
n=_8, 10 and 12 compounds exhibit polymorphism
and are obtainable in both forms [3]. Single crystal
X-ray diffraction studies on the antiferromagnetic
C; compound [1] (a form) and the ferromagnetic
C, [4] and C [2] compounds (8 form) show all three
to be polymers with structures involving well-sepa-
rated infinite chains of eight-membered rings, each
made up of two copper atoms (compressed tetra-
hedral, D,,;, symmetry) bridged by two phosphinate
groups. Of the three compounds, the ethyl derivative
has the most compressed CuO, chromophore and
differs from the other two in regard to the orientation
of the alkyl groups relative to the eight-membered
rings, the latter affecting the nature of the interchain
packing [2]. It has been suggested also that similar
structural differences characterize the a and g forms
of the Cg, C, and C,; derivatives and that differences
in the detailed geometries of the CuO, chromophores,
in particular, account for the differences in the
magnetic properties of the two forms [3]. Both
ferromagnetic and antiferromagnetic pathways for
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exchange (involving overlap of the magnetic orbital
with primarily o- and =type ligand orbitals, re-
spectively) are considered to be available for these
compounds with a flattening of the CuO, chro-
mophore favoring the latter pathway.

Although several X-ray photoelectron spectro-
scopic (XPS) studies have been made on diamagnetic
and magnetically dilute paramagnetic materials [5-7],
similar attention has not been paid to magnetically
concentrated materials. We report here detailed XPS
studies on the nine poly-copper(1l) di-n-alkylphos-
phinates described above. We were particularly in-
terested in determining whether any of the measured
binding energies could be correlated with the struc-
tural form (a or B) and therefore with magnetic
type (antiferromagnetic or ferromagnetic). Moreover,
since inner core binding energies reflect to some
extent electron delocalization effects involving va-
lence electrons, it was hoped to obtain through these
studies a better understanding of the differences in
the electronic and magnetic properties of these ma-
terials. Although there have been a number of studies
on metal phosphinate compounds in recent years
[8] this represents the first systematic XPS study on
these interesting compounds.

Experimental

Procedures used to prepare the compounds have
been described previously [1-3]. XPS data were

© Elsevier Sequoia/Printed in Switzerland



114

obtained using a Varian IEE-15 spectrometer with
Mg Ka X-rays as the exciting radiation (hv=1253.6
eV). The samples were studied as fine powders thinly
dusted onto Scotch Tape 3M, and binding energies
referred to the C 1s level of graphite, 284.0 eV [9].

Results and discussion

XPS binding energies (BEs) are given in Table
1. Each measurement was repeated with a fresh
sample (except for the B-C,,, compound where only
one measurement was made), and the data in the
Table represent the averages. In most cases the BEs
were, when repeated, within 0.1 eV and in no case
were they more than 0.2 eV different.

We consider first the results obtained for the Cs,
Cyo and C,; compounds where for each one both «
and B forms are available. Earlier it was shown that
the two forms of these compounds have distinctive
electronic and vibrational spectra as well as thermal
and magnetic properties [3]. To this we can now
add distinctive XPS features. The C(1s,2), O(1s,2)
and P(2ps;,) BEs tend to be slightly higher in the
a forms compared to the B forms although the
difference in general barely exceeds the experimental
uncertainty. For Cu, however, the « forms exhibit
2ps, BEs from 0.2 to 0.6 eV higher than the cor-
responding B forms while the difference is even
greater for the 2p;, BEs, ranging from 0.7 to 1.0
eV. The spin-orbit separations (2p;,—2ps;,) range
from 0.2 to 0.8 eV higher in the @ compounds. The
higher BEs as well as spin—orbit separations in the
«a compounds suggest greater 2p electron localization
around the copper atoms compared to that in the
B compounds [5]. These XPS resuits clearly show
that the most significant difference in inner shell
BEs between the a and B forms involves the metal,
which is consistent with an earlier observation [3]
that one of the more important structural differences

TABLE 1. Inner-shell binding energies

between the two forms involves the detailed copper
stereochemistry — the degree of compression of the
CuO, chromophore. If we assume that the more
compressed CuO,4 chromophore in the @ molecules
results in greater metal to ligand 3d electron de-
localization (perhaps mainly via = orbitals on the
ligands) this would result in an increased nuclear
charge on the metal and account for the increased
BE of the inner shell electrons. In addition, while
increased 3d electron delocalization will result in a
decrease in spin—orbit coupling for the 3d electrons,
the increased nuclear charge will have the effect of
contracting the inner 2p orbitals and increasing the
spin—orbit coupling associated with them (as we
observe) [10].

The C,, C, and C4 compounds are each available
in only one form and hence a one-to-one comparison
between two forms of the same compound is not
possible for these. We note as before that the most
informative XPS features for these compounds in-
volve the Cu(2ps),) and Cu(2p,,;) BEs. In particular,
the C, and C4 compounds both exhibit Cu(2p,;)
BEs and spin—orbit separations very comparable to
those of the B-Cg, C,o and C;; compounds, consistent
with their classification as B forms. For the C,
compound both the Cu(2p,,;) BE and the spin—orbit
separation are greater than for the B compounds
again consistent with its classification as an a com-
pound. In this case, however, the Cu(2p,,) BE is
significantly greater ( ~ 1 eV) than those of the other
a compounds indicating even greater metal to ligand
3d electron delocalization.

The question as to whether the extent of 3d electron
delocalization as reflected by the Cu(2p,,) BEs
correlate with the compounds’ magnetic properties
can only be partly answered. The five 8 compounds
(ferromagnetic with relatively weak, magnetic cou-
pling, J values ranging from 1.8 to 2.3 cm™!) exhibit
relatively less 3d electron delocalization than the a-

Compound Binding energies (eV)
Cu(2p,») Cu(2psp) C(1si) O(1syp) P(2psp)

a-Cu[(C,H;),POs]. 9554 935.0 285.1 531.2 132.8
B-Cu[(C.Hq),PO>]» 953.8 935.0 284.9 531.2 132.6
B-Cu[(CsH;4).POs), 953.7 934.9 284.8 530.9 1324
a-Cu[(CgH,7),POs ], 954.5 935.2 285.1 531.1 132.6
B-Cu[(CsH,5),POs], 953.5 935.0 2843 530.6 131.3
a-Cu[(CyHy,),PO;}, 954.4 935.2 285.0 531.1 132.7
B-Cu[(C,H,;),PO.1, 953.6 934.7 284.7 530.9 132.5
a-Cu[(C2H;5),PO3)x 954.3 935.1 284.8 531.1 132.5
B-Cu[(Cy2H15),POx]» 953.6 934.6 284.7 530.8 132.4




Cs, Cyo and C,; compounds (antiferromagnetic with
relatively strong magnetic coupling, [J| values ranging
from 25 to 29 ¢cm™'). While the extent and type of
exchange appears to be related to the extent of 3d
electron delocalization in these eight compounds,
the correlation is not general as seen by the results
for the C, compound. This compound exhibits the
greatest 3d electron delocalization of the compounds
studied (highest Cu (2p,,) BE yet, while it does
exhibit antiferromagnetism, the magnitude of the
exchange is relatively weak ([/| = 1.3). The explanation
for this probably lies in the fact that, while the XPS
results reflect the effects of 3d electron delocalization
generally, the magnetic properties are influenced
primarily by metal-ligand interactions involving the
metal orbital containing the unpaired electron (the
magnetic orbital). Hence while 3d electron delo-
calization arising from interaction with ligand =
orbitals may in fact be less overall for the a-Cg, Cip
and C;, compounds compared to that for the C,
compound, it is possible that the orientation of the
ligand 7 orbitals in the former group of compounds
is such as to provide greater interaction with the
magnetic orbital. Confirmation of this could come
from single-crystal X-ray diffraction studies; unfor-
tunately none of the phosphinates of copper which
show strong antiferromagnetic coupling have as yet
been obtained in a crystalline form suitable for such
studies.
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