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Electron paramagnetic resonance has been observed in the mixed-valency platinum
complex K, Pt(CN)Br;s° 3H,0. The g factors observed are characteristic of d 2-like
hole states. The variation of the observed signal intensity is not consistent with the in-
terrupted-strand model or the disorder model but is in accord with the predictions of the

Peierls—-distortion model.

The mixed-valency platinum complexes (MVPC),
such as K,Pt(CN) Br,/,* 3H,0 and their organic
counterparts [charge-transfer complexes of tet-
racyanoquinodimethane (TCNQ)], have attracted
considerable attention lately!™!! as a result of
their high “one-dimensional” electrical conduc-
tivities and the possibility that their base struc-
tures [Pt(CN), or TCNQ chains| can be used as
“spines”’? for the synthesis of high-temperature
superconductors. However, there are several
areas of disagreement on the properties of these
compounds: There ia a controversy with regard
to the nature of conduction. Simple band-theory
arguments,® optical and infrared reflectivity mea-
surements,? and the observation of the giant Kohn
anomaly® seem to indicate delocalized states and
metallic conduction. On the other hand, non-
metallic dc-conductivity®? measurements and theo-
rems™ on disordered one-dimensional systems
favor localized states and hopping conduction.

In order to reconcile these contradictions at least
three models have been proposed: the “defect”
or interrupted-strand model,*5 the “disorder”
model,® and the “distortion” or Peierls-Kohn

instability model. Recent x-ray diffuse-scatter-
ing experiments by Comes et al.,® coherent in-
elastic-neutron-scattering experiments by Ren-
ker et al.,® as well as the theoretical work of
Rice and Strissler,® favor the “distortion” model.
Another question is the nature of the highest oc-
cupied band in this compound. It has been sur-
mised! (but not yet experimentally verified) that
this band is of d,2 character. In a previous pa-
per' we have shown that in the “one-dimension-
al” semiconductor Magnus’s green salt (MGS),
Pt(NH,) PtCl,, the highest-lying band is indeed
d,2 like. There is also a disagreement about
the sign of the carriers in MVPC.”

In the present paper we report on the observa-
tion of EPR in the MVPC K,Pt(CN),Br,/,* 3H,0.
The results show that the observed magnetic
centers are holes in d,2-like states. The tem-
perature variation of the line intensity can be
explained in terms of the “distortion model” and
is in contradiction with the “defect” and the “dis-
order” models.

The single crystals of K,Pt(CN),Br,/,> 3H,0
used in this study were of typical size 3 mm
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FIG. 1. (a) Temperature variation of EPR signal in-
tensity. (b) Temperature variation of the linewidth.

X$mm X jmm. From the EPR signal intensities
we estimate ~10?° spins/cm?® at T~85K in fresh-
ly prepared crystals. The intensities decrease
if the crystals are allowed to age in the labora-
tory environment, It is known?® that crystals of
K,Pt(CN),Br,/,* 3H,0 lose water at relative hu-
midities < 55% at room temperature,’® The in-
tensities also decrease with decreasing temper-
atures [Fig. 1(a)]. The measurements were per-
formed at X-band frequencies. The observed
spectra can be fitted by the axial-spin Hamilton-
ian

3= AU'B[g"Ssz +gJ.(‘SxHx + syHy)]

with spin S=4. Figure 2 shows the angular var-
iation of the g value, and Fig. 3 shows the spec-
trum at 7=85°%K with the magnetic field perpen-

dicular to the ¢ axis. The line shape is Lorentz-
ian. The measured g values are

g,=1.946+0.005, g,=2.336+0.005,
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FIG. 2. Angular variation of the g factor.

As in the case of MGS' the magnitudes of the g
values are characteristic of d,»-like hole states
with an admixture, due to spin-orbit interac-
tion, of the degenerate ¢,(54,,,,) states. Other
symmetries such as p,, d,2.,2, d,,, etc. do not
yield values in agreement with the observed mag-
nitudes.'® From the magnitudes of the g values
alone, however, one cannot determine whether
the holes are in d,, bands, are self-trapped, or
are captured by the Br~ ions.

Comparison of the measured values with the
second-order perturbation theoretical formulas®

g1 =2N? - 3N*(¢/AE)?,
g.=2N? +6N(¢/AE) — 6N*(¢/AE)?

gives N=0.,99, {/AE=0,067, where N is the nor-
malization factor for the zeroth-order wave func-
tion following spin-orbit interaction, ¢ is the
spin-orbit parameter of Pt ions in the crystal,
and AE is the energy separation between a,,(5d,2)
and the degenerate e,(5d,, ,,) states. Unlike
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FIG. 3. EPR spectrum at T=85°K and H 1 ¢ axis.
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“extrinsic” MGS, no hyperfine pattern was ob-
served for K,Pt(CN) Br,/,+3H,0.

In order to gain insight into the nature of the
conduction and to distinguish between the band
or bound character of the carriers, we have
studied the temperature variation of the line in-
tensity and linewidth. Figure 1(a) shows the var-
iation of the signal intensity defined as (the peak-
to-peak amplitude of the first-derivative signal)
X (linewidth)? as a function of temperature. The
intensity increases with temperature, This type
of variation is in contradiction with the “defect”*'s
and the “disorder’® models. In both of these
models one would expect a nonzero paramagnetic
signal intensity which is a decreasing function of
temperature at the lowest temperatures. The
experimental results can, however, be reason-
ably explained in terms of the “distortion” mod-
el.’ In this model, as a result of a second-order
metal-insulator transition, one expects a low-
temperature diamagnetic behavior, A linear ex-
trapolation of the intensity-versus-temperature
curve [Fig. 1(a)] indicates that at 7~40°K this
material appears to become completely diamag-
netic. Available conductivity data®? show a max-
imum in conductivity at ~250°K, and that below
~40°K the crystal is a perfect insulator. At the
intermediate temperatures, 40 < T <250°K, the
apparent conductivity energy gap is a decreasing
function of temperature.? The EPR signals ob-
served also indicate that a gradual transition oc-
curs over a broad {ransition vegion. Therefore
no one temperature can be defined as the transi-
tion point.

Figure 1(b) shows the variation of the linewidth
with temperature. The decrease of the linewidth
with increasing temperature at temperatures T
<80°K and the Lorentzian line shape may be at-
tributed to motional narrowing due to hopping of
the holes among bound states.!” At high temper-
atures, T2 90°K, the linewidth increased with
temperature. A possible mechanism which could
lead to such behavior is the hole-phonon collision
broadening.’® The two competing processes cause
the linewidth to go through a minimum of ~55 G
at ~85°K. The absence of hyperfine structure can
thus be attributed to the fact the holes are not
tightly bound in the temperature region where
they are observed.
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