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Electrolysis of an aqueous solution of potassium
tetracyanoplatinate(II) and lead(II) acetate containing
a small quantity of chloride ions yields copper

coloured crystals of Pbo.27Kl.73[?t(CN)u]Clo.soaﬂzo in

low yield. The Pb : K mole-ratio appears to be fixed
irrespective of the mole-ratio of the Pb : K in the
electrolyte. X-ray studies indicate that the compound

has similar unit cell dimensions to K2[Pt(CN)u]C1o 3°3H

Electrical conduction studies show that the compound
is a 1-D metal at room temperature with a specific con-
ductivity in the platinum atom chain direction of

n70 QY em™t,

20.

Partially oxidised tetracyanoplatinate (POTCP) complexes
have been the subject of a great deal of intensive research
in recent years.l>2 These compounds fall into two main
classes, the cation deficient compounds (e.g.

K, 95 [Pt(CN) ] +1.5H,0) and the anjon deficient compounds

(e.g. K2[Pt(CN)u]Bro‘3-3H20). Unlike the partially

oxidised bis(oxalato)platinate complexes recent studies on
the POTCP complexes have been restricted to salts of mono-
valent cations and until the present work, attempts to pre-
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pare POTCP salts of divalent cations have not been success-
ful, However, tetracyanoplatinate salts of magnesium and
of lead, whose properties suggested that they could be
POTCP salts, were reported in the middle of the last
century.3 The magnesium compound has subsequently been
shown to be a platinum(II) complex.“ We now report a
study of the preparation and properties of a POTCP con-
taining Pb(II) catioms.

All attempts to produce a partially oxidised product

by the action of oxidising agents on Pb Pt(CN)u]-H2O were

unsuccessful. The original method3 in which equimolar
quantities of lead(Il1) acetate or nitrate and
K2[Pt(CN)u]'3H20 were treated with nitric acid was repeated.

This gave very small copper-coloured crystals which con-
tained both potassium and lead. Electrochemical oxidation
(0.8 V, 72 hr) of an equimolar solution of lead(II) acetate
and K, Pt(CN)u]2°3H20 in 10% aqueous nitric acid produced

small quantities of good quality single crystals of a
partially oxidised material which also contained potassium
and lead but in different proportions to that obtained by
chemical oxidation. This product obtained by electro-
chemical oxidation is discussed below.

RESULTS AND DISCUSSION

Elemental analysis established the empirical formula of the
product as Pby ,.K, .. [Pt(cN) Jc1 («3H,0 (K/Pb-CP).

Preparations were carried out varying the concentration of
lead to potassium in the electrolyte from a mole-ratio of
2:1 to 1:2 but in each case the percentages of lead and
potassium in the product were unchanged within experimental
error, The presence of chloride ions in the product was
unexpected_and presumably arises from contamination of the
K2[Pt(CN)u]°3H2O with KC1. The very low concentration of

chloride ions in the electrolyte accounts for the very poor
yield of material,

The degree of partial oxidation of K/Pb-CP has been
determined by three independent methods

(a) from the ratio of cations to platinum obtained by
elemental analysis;

{b) from the ratio of Pt(IV) to Pt(II) in a solution
of K/Pb-CP as determined from idiometric titration;
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(¢c) from the value of kF as determined in diffuse x-

ray scattering experiments.5
The relationship between DPO and kF is

DPO = 2(1 -k dp o /T)

where 2kF is the wave vector of the Peierls distortion
and dPt—Pt is the intra-chain platinum atom separation,

All these three independent methods indicate an
oxidation state of 2,23 for the platinum,

X-ray Studies

The unit cell dimensions for K/Pb-CP have been deter-

mined and are given in the Table together with those for
K2[Pt(CN)u]ClO 3" 3H,0 (KCP(C1))® for comparison. The

striking similarity in the two sets of data suggests that
the two compounds are isostructural. The crystal structure
of KCP(Cl) has been determipned from x-ray studies and con-
sists of chains of [Pt(CN)l+ x= groups.6 The chloride ion

sites at the centre of the unit cell have an occupancy of
only 60% in KCP(Cl). If K/Pb-CP is isostructural with
KCP(Cl) then the unusual stoichiometry and the DPO can
readily be understood. In K/Pb-CP presumably all the
halide sites at the centre of the unit cell are occupied
and Pb(II) ions occupy 13% of the K* sites. The similar
sizes of Pb2* (1.178) and k* (1.33R) is presumably a very
important factor in the formation of this mixed cation
compound.

Diffuse x-ray scattering experiments at room temperature
reveal the existence of diffuse lines around the strong Bragg
reflection layer lines of non-zero order. This is indi-
cative of a Peierls instability in this compound and the

TABLE Unit Cell Dimensions (X)

K/Pb~CP xcp(c1)®
c 5.78 5.748
azb 9.88 3.883

Q.

bt _pe 2,90 2.874
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diffuse lines correspond to a Fermi wave vector of 1.77.7
Diffuse streaks were also observed about the strong Bragg
reflection layer lines, including the zero level line,
corresponding to a weak tetramerisation of the unit cell.
This may be due ;o ordering of the lead cations within the
crystal lattice.

Electrical Conductivity Studies

Seven crystals of K/Pb-CP have been studied by a 4-probe dc
technique. The room temperature conductivity in the

platinum atom chain direction, 0,, was found to lie in_the
range 10 - 220 8 cm™ with an average value of 67 Q™ cm
This is similar to the values observed for KCP(Cl) which has

a similar intra-chain platinum atom separation,®8

The variation of 0, with decreasing temperature is
shown in Figure 1. It can be seen that the conductivity is
almost temperature independent with decreasing temperature
down to about 200 K. Below 150 K the conductivity falls
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FIGURE 1 Variation of Ln(g,/0,(RT)) with temperature over
the temperature range 300 to 50 K.
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FIGURE 2 Variation of Ln(o,/d,(RT)) with inverse
temperature.

rapidly with decreasing temperature. Figure 2 shows the
variation of conductivity with inverse temperature. The
general shape of the curve is similar to thag observed for
K2[:Pt(CN)4]Cl0 4°3H,0 and related compounds. The acti-

vation energy for K/Pb-CP below 60 K (27 meV) is much lower
than that observed for KCP(Cl) (70 meV) indicating a much
smaller band gap. It has been shown previously that it is
possible to obtain T, , the three-dimensional ordering
temperatufg, from the variation of conductivity with tem-
perature. For K/Pb-CP this is found to be g 85 K which
is slightly lower than that found for KCP(Cl).

Further work is in progress on this compound and on the

preparation of other POTCP salts containing divalent cations
substituted into a monovalent cation host lattice.
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