
Vol. 119 (2011) ACTA PHYSICA POLONICA A No. 5

XXXIX “Jaszowiec” International School and Conference on the Physics of Semiconductors, Krynica-Zdrój 2010

Evolution of Pb1−xCdxTe Solid Solution Structure
at High Temperatures
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The recent successful growth of single, bulk Pb1−xCdxTe crystals by self-selecting vapor transport method
at the Institute of Physics of the Polish Academy of Sciences in Warsaw opened new opportunities to study
the physical properties of this interesting material in detail. In this work we report the preliminary results
of X-ray powder diffraction studies performed on a set of Pb1−xCdxTe solid solutions (where x ≤ 0.056) at
high temperatures (295 K ≤ T ≤ 1100 K) and analyzed with the Rietveld refinement. Our results demonstrate
the necessity of some correction of the relevant phase diagram and of the solubility limit, known from the literature.

PACS: 78.30.Fs, 81.10.Fq

1. Introduction

The PbTe–CdTe system in the compositional range
on the PbTe-rich side containing a lot of CdTe precip-
itates may be considered as a composite matrix perfectly
matching principal properties required for future ther-
moelectric applications. However, it is difficult to obtain
a uniform material of this kind. So far, in the case of
bulk crystals grown by the Bridgman technique or by
rapid quenching and annealing method only polycrys-
talline samples were obtained for the CdTe molar frac-
tion x > 0.03. For quenched Pb1−xCdxTe solid solu-
tions the phase diagram and, in particular, the solubility
limit (close to x ≈ 0.03) have been estimated experimen-
tally long time ago [1–4], the thermodynamic behaviour
of the Cd–Pb–Te system was analyzed by means of the
phase diagram calculations based on previously published
data [5]. Recently, the solubility limit of Cd in PbTe at
943 K have also been estimated in an independent man-
ner [6].

The successful growth of single, bulk, metastable
Pb1−xCdxTe crystals (with x ≤ 0.11) by self-selecting
vapor transport method [7] at the Institute of Physics of
the Polish Academy of Sciences in Warsaw opened new
research opportunities. Due to their one-phase character
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and the perfect structure quality, samples above men-
tioned were studied by several methods [8–10]. In partic-
ular, the preliminary results of our X-ray powder diffrac-
tion studies performed on several Pb1−xCdxTe solid solu-
tions at high temperatures were shown in Ref. [9]. These
results did not confirm the solubility limit known from
the literature and suggested the necessity of some cor-
rection of the relevant phase diagram. Very recently, our
findings were confirmed in part by the value of the sol-
ubility limit x < 0.01 [11], which was much lower than
that suggested previously.

In this work we report and discuss selected results of
X-ray powder diffraction studies performed with the use
of synchrotron radiation on a set of Pb1−xCdxTe solid
solutions at high temperatures.

2. Experimental details

All crystals analyzed in this paper were grown by self-
-selecting vapor transport method [6] and characterized
at the Institute of Physics, PAS in Warsaw. The one-
-phase character of samples was confirmed by the X-ray
diffraction, taken on powdered crystals at room temper-
ature using X’Pert Philips diffractometer and Cu Kα1

radiation. The chemical composition of each sample
was determined on the basis of their lattice parame-
ter value a, using the relation a(x), determined for the
Pb1−xCdxTe solid solutions [8]. The crystals with x = 0,
0.013, 0.056 were selected for further, detailed studies.
The X-ray diffraction measurements were performed at
the B2 beamline at Hasylab (DESY) using synchrotron
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radiation monochromatized at the photon wavelength
λ = 0.5276 Å. The samples were prepared as a mix-
ture of powdered Pb1−xCdxTe crystals and fine diamond
powder (1:3 ratio). For sample mounting a thin-wall
quartz capillary (rotating inside a graphite heater dur-
ing the measurements) was applied. The diffraction pat-
terns were accumulated when increasing temperature at
several temperatures (295 K ≤ T ≤ 1100 K, the typ-
ical temperature step was equal to about 15 K). After
the measurement performed at highest applied tempera-
ture the sample was rapidly cooled down to about 900 K,
further slow decrease of temperature took several hours
before reaching the ambient conditions. The tempera-
ture dependence of the lattice parameter a was not an-
alyzed when decreasing sample temperature, only the
phase analysis and the chemical composition of the final
solid solution were investigated at room temperature.

3. Results and discussion

For the analysis of the diffraction patterns the Rietveld
method using the Fullprof.2k (v. 2.70) program was ap-
plied [12]. The example of the Rietveld refinement is
shown in Fig. 1. At every temperature all structures ob-
served in the pattern correspond to the Bragg reflections
resulting from a presence of one Pb1−xCdxTe solid so-
lution crystal phase and the diamond powder only. The
precise determination of the Pb1−xCdxTe lattice param-
eter values was possible due to the analysis of the diffrac-
tion patterns performed with the Rietveld refinement.

Fig. 1. Rietveld refinement of the structure for the
sample containing Pb0.944Cd0.056Te solid solution and
the diamond powder. The powder diffraction pattern
was obtained at T = 773 K. Points: the experimental
data taken with the use of synchrotron radiation, solid
line: theoretical curve. The upper and the lower set
of short vertical lines mark the positions of Bragg re-
flections corresponding to the Pb0.944Cd0.056Te crystal
with the rock salt structure and to the diamond pow-
der, respectively. The lowest curve shows the differ-
ence between observed and calculated powder diffrac-
tion patterns.

The results obtained in such a manner are presented
in Fig. 2. As expected, the crystal lattice parameter at

Fig. 2. The lattice parameter value versus temperature
resulting from Rietveld refinement performed for inves-
tigated in this paper samples (for details see the discus-
sion in text). The starting, room-temperature chemical
compositions of Pb1−xCdxTe solid solutions were equal
to x = 0 (crosses), x = 0.013 (squares), and x = 0.056
(circles).

room temperature decreases with an increasing Cd con-
tent in the solid solution. Moreover, the strong, nonlin-
ear evolution of the lattice parameter with temperature
for the sample containing before heating (at 295 K) the
Pb0.944Cd0.056Te solid solution is well seen in this fig-
ure. The change of the crystal chemical composition with
temperature is the only explanation of this surprising ef-
fect. First, in the temperature range between 295 K and
about 500 K the character of temperature evolution of
the lattice parameter values determined for all investi-
gated samples is quite similar. Within the experimental
errors this evolution can be explained solely by the value
of the expansion coefficient, corresponding to pure PbTe
crystal and by the composition dependence of the lattice
parameter at 295 K. From temperature close to about
500 K investigated Pb0.944Cd0.056Te solid solution starts
to change its chemical composition. Between 500 K and
700 K the Cd content in analyzed crystal is reduced up
to the composition slightly below x = 0.01. This value
matches perfectly the result given recently in Ref. [11].
The remaining Cd is still present in investigated sample
but not as a constituent of the crystal phase (solid so-
lution) but in the form of nanoclusters or small liquid
droplets, which cannot be detected in the X-ray diffrac-
tion experiment (one has to mention that for bulk Cd the
melting temperature is equal to T = 594 K but for Cd in
the form of nanoclusters this temperature should be sig-
nificantly smaller). The further increase of temperature
results in an increase of the Cd content in Pb1−xCdxTe
solid solution and finally all Cd come back to the crys-
tal phase forming once more a uniform Pb0.944Cd0.056Te
solid solution. Similar behavior can be observed for the
sample containing Pb0.987Cd0.013Te, but the effect is not
so spectacular in this case.

One has to remind that we have started our ex-
periments with Pb1−xCdxTe metastable solid solutions.



Evolution of Pb1−xCdxTe Solid Solution Structure . . . 701

Thus, in the temperature range between room tempera-
ture and 700 K we were dealing with metastable crystals
and, in particular, their chemical compositions did not
correspond to the relevant phase diagram. The thermo-
dynamic equilibrium for investigated Pb1−xCdxTe was
reached at about 700 K. The solid solution composition
at 700 K (x slightly below 0.01) corresponds to the solu-
bility limit of Cd in PbTe at this temperature. Starting
from 700 K with an increasing temperature one can inves-
tigate the phase diagram of the system under discussion.

Our results demonstrated in a direct manner that the
Pb1−xCdxTe phase diagrams (where x ≤ 0.2) or the nu-
merical values corresponding to the solubility limit pre-
sented until now (see, e.g., [1–5]) do not describe cor-
rectly properties of the solid solution above mentioned
and require a modification. According to our estimate,
the correct solubility limit of Cd in PbTe at temperatures
above 700 K is about half of that given in the literature
and below this temperature it is close to x = 0.01. Fur-
ther X-ray diffraction studies are clearly required in order
to complete the part of the phase diagram under consid-
eration in the higher composition range and, in particu-
lar, to investigate the temporal evolution of Pb1−xCdxTe
structure properties when decreasing temperature from
1100 K to room temperature.
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