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The magnetic susceptibility of the dioxalatoplatinate acid (H;O), s[Pt(C,04),]nH,0, a mixed
valency planar (MVP) compound with columnar structure and one-dimensional metallic con-
duction properties, has been measured in the temperature range 1.5-300°K. The observed para-
magnetism, like in other MVP compounds, may be described by a linear 1/T dependence with a
break in the slope at a characteristic temperature. The Curie constants as well as the point of
discontinuity have been found to depend on the crystal water content. The results are discussed in

terms of different theoretical concepts.

Introduction

Partially oxidized dioxalatoplatinate acid,
(H;50), ¢[Pt(C,0,),]nH,0, belongs to the class
of mixed valency planar (MVP) transition
metal complexes which, under certain condi-
tions, exhibit one-dimensional metallic proper-
ties in the crystallized state. Much attention
has been focused on these compounds in
recent years (I, 2).

Square planar complexes are formed mainly
by transition metal ions with a d® electron
configuration. X-ray investigations of crystal-
lized planar complexes of this kind show that
they stack face to face forming columnar
compounds with direct metal-metal bonds
between the complex forming metal ions (3).
Due to a completely filled #%-band these
compounds are in general wide-gap semi-
conductors. However, if part of the electrons
in the top filled band are removed by partial
oxidation thereby producing metal ions of
mixed valencies, one-dimensional metallic
conductivity along the metal chains is ob-
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served in some cases. In the partially oxidized
compounds the metal-metal distance is not
very much larger than in the corresponding
bulk metal. In (H;0), ¢[Pt(C,0,),]nH,O the
Pt-Pt distance is 2.80 or 2.82 A (forn=2or 3,
respectively) compared to 2.77 A in Pt-metal
(3); the mean oxidation number of the Pt ions
is 2.4.

An unusual magnetic behavior has been
reported for a typical MVP compound. The
magnetic susceptibility of K,[Pt(CN),]Bro.»-
3H,0 (KCP) (4) follows a nonuniform Curie
law between 4°K and room temperature.
There is a characteristic temperature dividing
the temperature range into two zones where
different Curie constants apply. This behavior
also has been reported for iridiumcarbonyl-
chloride (5). In this compound we have
strong Ir-Ir interactions and one-dimensional
metallic properties. However, it is not quite
clear whether it may be classified a mixed
valency chain compound (6). The origin of
the discontinuity of the slope in the 1/T
diagram (40°K for KCP and 25°K for iridium-
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carbonylchloride) is hitherto unknown. The
explanations given range from Pauli and
Van Vleck paramagnetism to paramagnetic
impurities and ordering of ions in the crystal
upon a temperature change. Further experi-
mental work is necessary to obtain a better
understanding of the observed peculiar mag-
netic behavior. To investigate the question
whether or not these properties are typical
for MVP compounds, we measured the
magnetic susceptibility of partially oxidized
and unoxidized dioxalatoplatinate complexes
in the temperature range from 1.5 to 300°K.

Experimental

The static magnetic susceptibilities were
determined using the Faraday method. The
apparatus consisted of a zero type balance
which compensates the force exerted by the
magnetic field keeping the sample always in
the same position. Its resolution was 1 ug.
The applied magnetic ficld amounted to
7000 Oe and was controlled by a Hall probe.
The specimens were placed in a quartz con-
tainer and suspended from the balance by a
thin silver chain. The magnetic susceptibility
of the empty system was constant over the
whole temperature range. The system was
calibrated by using the known susceptibility
of HgCo(SCN), which is 16.44 x 107¢ emu/g
at 20°C (7). The temperature of the specimen
was determined by means of a Ge-resistor in
the low-temperature range (1.5-30°K) and a
Au (+0.039, Fe)-alumel thermocouple for
temperatures between 10 and 300°K.

The partially oxidized dioxalatoplatinate
complex (H;0), ¢[Pt(C,0,),]nH,O was syn-
thesized in a chemical procedure first de-
scribed by Wahl (8, procedure Ic). Since the
magnetic susceptibility of this compound was
found to vary strongly with the quantity n, we
had to make sure that the samples had a
defined (though unknown) content of crystal
water. Therefore, samples of the synthesized
product were introduced into a precooled
cryostat and rapidly cooled down to 77°K
under atmospheric pressure of helium. Then
the sample space was evacuated and filled
with dry helium (pressure 0.1 Torr) which
served as contact gas. The constancy of their
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weight prior to and after the evacuation
process was taken to be an indication that
these samples retained their original crystal
water content. This is in accord with similar
observations made in optical reflection studies
of KCP (9).

To produce samples with a relatively low
content of crystal water another part of the
original platinum complex was dehydrated in
a vacuum at room temperature for several
hours until its weight reached a constant
value. The loss of water amounted to approxi-
mately 109 of the original sample weight
corresponding to two water molecules per
stacking unit of the platinum chain compound.
After dehydration the specimens still had
their typical copper sheen but were more
brittle than before.

In the following, we refer to the original and
the dehydrated samples as to specimens with
relatively high and low content of crystal
water, respectively. No exact values of » can
be given in either case.

Results and Discussion

The results of the susceptibility measure-
ments as function of the temperature are
shown in Fig. 1. Each curve is the result of at
least two independent experiments, the sample
weight ranging from 170 to 380 mg. The
reproducibility in a single run was better than
1% (for different samples 5%). No field
dependence could be detected, neither at
room temperature nor at 77 and 4.2°K.

Both the polycrystalline partially oxidized
acid, (H;0), ¢[Pt(C,0,),1nH,0 with two dif-
ferent values of n and the unoxidized
potassium sali K,[Pt(C,0,),]nH,0 have been
measured. The mixed valency compounds are
seen to have a diamagnetic and a para-
magnetic contribution to their susceptibilities.
Except for the lowest temperatures, where a
small paramagnetic influence is observed
which is most likely due to impurities the
unoxidized compound is essentially diamag-
netic. This diamagnetism can be well inter-
preted as the sum of the diamagnetic con-
tributions of the platinum and all ligands
estimated on the basis of Pascal’s constants.
This is also true for the oxidized compounds
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Fic. 1. The molar magnetic susceptibilities, y, of polycrystalline partially oxidized and unoxidiz ed dioxalato
platinate complexes as functions of the temperature: @ (H;0), ¢[Pt(C,0,),JmH,0 (m is relatively small);
O (H30); 6[Pt(C,04):]nH,0O (n is relatively large); A K,Pt(C,04),nH,0. In the xu-plots n was taken to be
wo@®andm=n—-2=0.

at high temperatures where the paramagnetic As seen from Fig. 2, the paramagnetism of
contribution is comparably small. In this the partially oxidized compounds may be
region, the observed difference of the sus- described by two straight lines in the 1/T
ceptibilities for compounds with different diagram, which have different slopes. From
values of n is essentially due to Pascal’s the slopes, we find the effective magnetic
diamagnetic contribution of the crystal water. moments of the complex with a relatively
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FiG. 2. The molar magnetic susceptibilities, xu, of polycrystalline partially oxidized dioxalatoplatinate acids
as functions of the reciprocal temperature: @ (H30);.6[Pt(C.0,).JmH,0O (m is relatively small); 0 (HiO),.6-
[Pt(C204):]nH,O (n is relatively large). In the xy(1/T)-plots n was taken to be two () and m=n—2=0.
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large content of crystal water to be 0.097
Bohrs magnetons (BM) above 17°K and
0.079 BM below 17°K. The corresponding
values for the complex with a relatively low
content of crystal water are 0.11 BM above
22°K and 0.097 BM below 22°K.

We notice a strong effect of the crystal water
on the slopes and a small but detectable
influence on the temperature where the dis-
continuity occurs. The weight reduction
associated with the loss of crystal water is by
far not large enough to account for the
observed increase of the paramagnetic sus-
ceptibilities per gram of the dehydrated
samples in the low-temperature region.
Clearly, these findings exclude paramagnetic
impurities as possible causes for the observed
paramagnetism in the partially oxidized
complexes.

The striking similarity between the observed
magnetic behavior of (H;0), ¢[Pt(C,0,),]-
nH,0 and that of KCP (4), to which we
referred initially, is remarkable. It appears to
favor the conclusion that the unusual para-
magnetism is a common property of the MVP
compounds and possibly associated with the
specific electronic structure of the partially
oxidized complexes. In fact, no such para-
magnetism occurs in the unoxidized analogon.

In principle, metallic properties and Pauli
paramagnetism are to be expected after
removing a part of the electrons in the top
filled d® band. Experiments show that except
for the Peierls instability the conduction
electrons in KCP behave as nearly free
electrons in the ¢ direction (9).

In terms of the interrupted strand model
which treats strand segments bounded by
defects as boxes accommodating a one-
dimensional electron gas we would expect a
Curie type spin paramagnetism of the boxes
with an odd number of electrons to dominate
at very low temperatures where the spacing of
the electron energy levels is much smaller
than the thermal energy (/0) and the Peierls
gap is small compared to the level spacing. It
must be noted, however, that this concept, for
the case of KCP, is difficult to reconcile with
the observed anisotropy of the magnetic
susceptibility (4) and the results of nuclear
magnetic resonance experiments in the low-
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temperature range (/1, 12) indicating that the
susceptibility observed by Menth and Rice (4)
is not a property of the conduction electrons
of an average Pt strand.

Instead, it has been proposed to assign this
susceptibility to localized bonds of structural
defects (/). In favor of this interpretation one
may argue that the observed increase of the
susceptibility of (H;0), ¢[Pt(C,0,),]nH,0
with decreasing # is an indication that lattice
distortions generated by a water deficiency
play a role. On the other hand, this assignment
is not sufficient to explain the break of the
slope in the 1/7T diagram.

If the Peierls instability prevails at low
temperatures, spin paramagnetism may arise
from singly occupied states of localized
electrons in the Pt-chain. According to Mott
(13) such states may exist because of the
Coulomb repulsion between electrons of
different spin in the same localized state.
Qualitatively, a localization process of the
conduction electrons as a result of a Peierls
transition may be considered, therefore, a
possible explanation of the change in the slope
of the Curie law. However, in view of the
above-mentioned NMR results for KCP such
an interpretation is also questionable for the
dioxalatoplatinate acid.

Another possibility of explaining the ob-
served magnetic discontinuity may be a low-
temperature transformation which has been
recently suggested to occur in KCP near 35°K
by Barmatz et al. (/4) from the study of elastic
properties. Unfortunately, such investigations
are not known for the dioxalatoplatinate acid.

It is evident that, at the present state of
investigations, no definite conclusion as to
the origin of the paramagnetic susceptibility
and, in particular, of the observed dis-
continuity can be drawn. From the present
investigation, it is clear that paramagnetic
impurities cannot be made responsible for
these effects.
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