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We measured thermopower, thermal conductivity and electrical resitivity for CasSn sample across 4-350 K
temperature range. Contrary to expectations from recent DFT based calculations the thermopower is not partic-
ularly large, reaching 7 pV at 350 K. The thermoelectric figure of merit renders this material in unmodified form

practically unusable for thermoelectric aplications.
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1. Introduction

This type of materials was first synthesized in 1961
(Eckerlin), and its structure was determined by XRD
measurements [1]. There are little experimental stud-
ies of thermodynamic and electrical properties of these
compounds [2—4|, as even in the first paper it was ob-
served that these materials within a very short time
turn into black powder after exposure to air. That
powder contains mainly oxidation products. Recently,
these materials were studied using ab-initio calculations
and they were predicted to possess very promising ther-
mopower [5-10]. Its real crystal structure is also a matter
of debate [3, 8, 9]. The usability of thermoelectric ma-
terial for thermoelectric applications depend on figure of
merit, where high thermopower, small thermal conduc-
tivity and low resistivity is expected from a prospective
material [11, 12]. Due to recent ab-initio studies we de-
cided to revisit CagSn, and measure its thermoelectric
properties.

2. Experimental details

The sample was melted using argon arc from 99,5%
Ca, 99,95% Sn elements. The stoichiometric amount of
constituent Ca and Sn elements were weigted with 5%
Ca surplus in order to compensate for evaporation loss.
After melting, the samples had shiny outlook and looked
homogenous. The loss of weight during melting was lower
than 4%. Thermoelectric properties were measured using
Thermal Transport Option (TTO) for Quantum Design
PPMS system. Several previous attempts [1-3] has shown
that these samples turn into powder after contact with
air withing few minutes. As we do not have the possi-
bility to transfer the sample to PPMS platform without
contact with air (note that in order to perform thermo-
electric measurements, the sample must have the correct
shape) after melting we covered the sample with mineral
oil, polished to correct shape, than cleaned oil residues
and installed within TTO option. The time, when the

*corresponding author; e-mail: lkalinowski@us.edu.pl

sample has contact with air was therefore reduced to 1-
2 minutes. The contacts were glued to the sample using
Epo-Tek H20E silver conducting epoxy and the sample
was measured using two terminal method. The conduct-
ing epoxy was cured very fast by the touch of soldering
iron set to about 220°C. The samples just after mea-
surement in PPMS were solid and exhibited only slight
surface oxidation (the thermal measurements are per-
formed in vacuum). Afterwards, we performed powder
x-ray diffraction studies (XRD) of the prepared sample.
Part of the sample was ground to powder in a mixture
with Apiezon N grease under argon atmosphere. Mea-
surement was done in the 26 range of 7—70° at normal
thermodynamic conditions. We performed four succeed-
ing XRD measurements through 24 hours, and we ob-
served sample degradation even though the air impact
was limited.

3. Results and discussion

We identified two crystallographic phases in the pre-
pared alloy. However the identification of CasSn phase
was difficult because compound have 6 inequivalent
(Wyckoff 4c) positions for Cal, Ca2 and Sn atoms.
Lattice parameters were reported by Eckerlin in 1961
and this compound do not exist in any crystallographic
databases like COD or PDF-4. We analysed XRD mea-
surements comparing the results with simulated XRD
patterns and estimated the lattice parameters. We didn’t
manage to perform La Bail or Rietveld refinement for this
sample.

We found that the sample is a mixture of at least
3 phases, CagSn, CazSnO and probably CaSn. Those
phases dominate, and we suppose their equal amount in
the sample. CazSnO exhibits a perovskite type structure
with probable good thermoelectric properties [14].

We calculated spectra for two suspected phases and
compared them with experimental data in Fig. 1. Es-
timated lattice parameters of CasSn and CazSnO, are
collected in Table I. It is worth nothing that the previous
experimental reports [1-3] shows very different values of
lattice parameters (parameter a varies in different reports
from 7.5 A to 12.15 A). During the 24 hour XRD mea-
surement the concentration of CagSn phase diminished
and the concentration of CazSnO phase increased despite

(384)


http://doi.org/10.12693/APhysPolA.133.384
mailto:lkalinowski@us.edu.pl

Thermoelectric Properties of CazSn/CazSnO 385

| L 1 1 1 L 1 TR | I
——6h
12h
~18h
24h '
[casn
Ca,Sno |

A v’{} \‘\ '1'!
% b » i/ b
26 (deg) M ‘\. ’ +
0 %W(J ‘MWW r

|
] aY

20 (deg.)

': - I\ U "

T

b L '
WMMW“ Wamw;mmﬁ
10 20 30 40 50 ' 6IO ' 70
26 (deg.)
Fig. 1. Powder X-ray diffraction patterns measured for

6, 12, 18 and 24 hours. Results were compared to sim-
ulations of CazSn (orange) and CazSnO (cyan) phases.
Insets shows detailed regions of the diffractograms and
changes in intensities caused by oxidation.

the sample was covered by Apiezon N grease. Moreover,
it is very probable that previous reported samples have
different amount of oxidised phases. To our knowledge
no XRD patterns were published for CasSn phases. XRD
experiment shows that the thermal conductivity of ma-
terial should stay at low level due to phonon scattering
on concurrent phases.

TABLE I
Lattice parameters of CazSn and CazSnO phases.
Phase a [A] b [A] c |A]
CazSn 8.501 5.820 9.460
Ca3zSnO 4.834 4.834 4.834
Figure 2 shows thermal conductivity of the sample.

Sudden drop of thermal conductivity below 75 K is vis-
ible due to the net effect. Below 75 K impurities and
defects become the main limiting factor [13]. Electronic
contribution to thermal conductivity was estimated using
Widermann-Franz formula with the Sommerfeld value of
the Lorenz number [13].

The lattice thermal conductivity dominates in whole
temperature range. That result confirms earlier pre-
dictions [6-10] that the phonons are the main mecha-
nism for thermal conductivity and thus lattice modi-
fication through reducing of material dimensionality is
reasonable [7]. Moreover calculations show presence of
soft phonons mods suppressing thermal energy in mate-
rial [5, 6, 9]. The value of thermal conductivity is also
low because of multiphase structure of the sample[11].

The resistivity of CasSn is shown in Fig. 3. It is
large with the residual resisitivity of about 75.22 mQcm
and typical metallic behaviour which can be fitted with
Bloch-Griineissen formula:
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Fig. 2. Thermal conductivity of CagSn. Figure

presents lattice ki, (red line) and electronic contribu-
tion ke (black circles) to thermal conductivity x. Inset
displays electronic contribution k.; in details.
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Fig. 3. Resistivity of CasSn reduced by value of resid-

ual resistivity (po) Red line represents Bloch-Griineissen
function fit to experimental data. Inset shows electrical
conductivity of measured sample.
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TABLE II
Fitting parameters from Bloch-Griineissen function
where po - residual resisitivity, ©Or — Debye tempera-

ture, n — interaction constant, A — constant.

po [mQem] A
75.217 0.072

@R [K] n
181.738 5

We clearly see that resistivity does not exhibit semi-
conducting behaviour expected for material with high
thermpower due to band-gap at Fermi level as predicted
by Migas [10].

In Fig. 4 we present thermopower, which is positive.
The sign of thermopower determines the type of the
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Fig. 4. Seebeck coefficient (thermopower) of CazSn.
majority carriers — here these dominant carriers are

holes. At room temperature the thermopower S is about
4 pV/K whereas at 350 K the thermopower reaches 7
uV/K. As the thermopower enters the ZT formula in
squared form, the ZT calculated from these measure-
ments is very low, of the order of 2.2 x 107°.
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Fig. 5. Calculated thermoelectric figure of merit of
CagSn.

4. Conclusions

Our experimental studies have shown that the CasSn
prepared by arc melting possess significant amount of
foreign phases and our sample in contrast to previous re-
ports based on ab-initio calculations had very poor ther-
moelectric properties. It is caused by too high resistivity,
and too small thermopower. The structure of the sample

was analyzed using XRD technique and shows multiphase
structure, and high concetration of CazSnO, perovskite
phase. EDS analysis was not possible to perform, as
our samples oxidized rapidly in air, and the protecting
Apiezon N grese layer which we use to deter oxidation is
dangerous for high vacuum instruments which uses ion
pump like EDS.

The thermal conductivity have low value enough for
good thermoelectric material. The thermopower of the
disordered sample can be lower than a thermopower of a
proper crystal, it is however not very probable that the
difference is so large so that the material has S in the
hundreds of yV/K range.

Acknowledgement

We thank National Science Centre (NCN) for finan-
cial support, on the basis of agreement No. UMO -
2014/15/N/ST3,/03799.

References

[1] P. Eckerlin, F. Leicht, E. Wolfel, Z. Anorg. Allg.
Chem. 307, 145 (1961).

[2] G. Busch, P. Junod, U. Katz, U. Winkler, Helvetica
Physica Acta 27, 193 (1954).

[3] A. K. Ganguli, A. M. Guloy, J. D. Corbett, J. Solid
State Chem. 152, 474 (2000).

[4] C. Wen, T. Nonomura, A. Kato, Y. Kenichi, H.
Udono, K. Isobe, M. Otake, Y. Kubota, T. Naka-
mura, Y. Hayakawa, H. Tatsuoka, Phys. Procedia 11,
106 (2011).

[5] J. Sun, D. J. Singh, Phys. Rev.
(2016).

[6] D. Parker, D. J. Singh, Sci. Technol. Adv. Mater 14,
55003 (2013).

[7] K. Biswas, J. He, I. D. Blum, C.-I. Wu, T. P. Hogan,
D. N. Seidman, V. P. Dravid, M. G. Kanatzidis, Na-
ture 489, 414 (2012).

[8] J. I. Tani, H. Kido, Comput.
(2015).

[9] D.B. Migas, V. O. Bogorodz, A. B. Filonov, V. L.
Shaposhnikov, V. E. Borisenko, N. G. Galkin, Jpn.
J. Appl. Phys. 54, 07JA03/1 (2015).

[10] D.B. Migas, L. Miglio, V. L. Shaposhnikov, V. E.
Borisenko, Phys. Rev. B 67, 205203 (2003).

[11] S. Bhattacharya, G. K. H. Madsen, Phys. Rev. B -
Condens. Matter Mater. Phys. 92, (2015).

[12] A. Palenzona, P. Manfrinetti, M. L. Fornasini, J. Al-
loys Compd. 312, 165 (2000).

[13] J. Yang, in: Thermal Conductivity Theory, Proper-
ties, Applications, Ed. T.M. Tritt, Kluwer-Academic,
2004.

[14] A.Widera, H. Schaefer, Materials Research Bulletin
15, 1805 (1980).

Appl. 5, 24006

Mater. Sci. 97, 36


http://dx.doi.org/10.1006/jssc.2000.8715
http://dx.doi.org/10.1006/jssc.2000.8715
http://dx.doi.org/10.1016/j.phpro.2011.01.038
http://dx.doi.org/10.1016/j.phpro.2011.01.038
http://dx.doi.org/10.1103/PhysRevApplied.5.024006
http://dx.doi.org/10.1103/PhysRevApplied.5.024006
http://dx.doi.org/10.1088/1468-6996/14/5/055003
http://dx.doi.org/10.1088/1468-6996/14/5/055003
http://dx.doi.org/doi:10.1038/nature11439
http://dx.doi.org/doi:10.1038/nature11439
http://dx.doi.org/10.1016/j.commatsci.2014.10.002
http://dx.doi.org/10.1016/j.commatsci.2014.10.002
http://dx.doi.org/10.1103/PhysRevB.67.205203
http://dx.doi.org/10.1103/PhysRevB.67.205203
http://dx.doi.org/10.1103/PhysRevB.67.205203
http://dx.doi.org/10.1103/PhysRevB.92.085205
http://dx.doi.org/10.1103/PhysRevB.92.085205

