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Abstract: The effect of substituting chlorate ions for nitrate ions on the transport properties of K(NO3);.,(ClO5), has been investigated.
The electrical resistivity, dielectric constant, loss tangent and thermal conductivity of K(NO3)..,(ClO3), have been studied. The electrical
resistivity-temperature curve for the x = 0.1 sample shows an anomaly on heating and on cooling which indicates a first-order phase
transition. Anomalies in the dielectric constant-temperature curves, also on heating and on cooling, confirm the first-order phase
transition. The introduction of chlorate ions lead to scattering which increases the phonon—phonon interaction. This results in the

decrease in thermal conductivity.
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1. Introduction

A great deal of attention has been paid to ferroelectric thin
films due to their device applications [1-4]. In the bulk
form, potassium nitrate (KNQO3) has an aragonite structure at
room temperature (phase I1) and is rhombhohedral at 130° C
(phase 1). On cooling, phase | does not go directly to phase
11, but changes first into a ferroelectric phase 11l at 120° C
and then to phase Il at a lower temperature around 110° C.
Takeuchi [5] has investigated the dielectric properties of
K(NO3)14(ClOs), solid solution grown from aqueous
solution by the measurements of dielectric constant and D-E
hysteresis loop. The ferroelectric phase in such a system
appeared not only on cooling but also on heating in contrast
to pure KNO3, which shows ferroelectricity only on cooling.
The temperature range of the ferroelectric phase was found
to broaden drastically by the addition of KCIOs.

It has also been found that in the thin-film form of KNO;,,
ferroelectric phase 1ll exists over a wide range of
temperatures down to even 0° C. The thin films of KNO; are
ferroelectric at room temperature, provided they are kept dry
[6-8]. Thick films of melt-quenched K(NO3);,(ClOs), have
also been found to be ferroelectric at room temperature [9].

Despite the work done on the structural, phase transition and
other properties of KNO3 and solid solutions based on it,
relatively little work has been reported on the thermal
conductivity (x). The thermal conductivity is of importance
from both fundamental and applied perspectives. The
thermal conductivity is a function of the mean free path of
the phonons and hence is determined by both intrinsic
(phonon-phonon Umklapp scattering) and extrinsic (phonon-
defect scattering) factor [10, 11]. In this work, the
temperature dependence of the electrical resistivity,
dielectric constant, dielectric loss and thermal conductivity
of thick films of melt-quenched K(NO3)1,(ClOs), have been
investigated.

2. Materials and Methods

Analytical grade powders of KNO; and KCIO3; were used as
the starting materials. Powders with the nominal
composition K(NO3);4(ClO3)x (0 < x < 0.1) were mixed
with acetone and ground in an agate mortar for about 20
min. The resultant mixture was slowly heated in an alumina
crucible till it melted. The melt was stirred to ensure
homogeneity. The rest of the melt was quickly poured unto a
copper plate with circular groove and quenched with another
copper plate. This procedure produced samples of 5 cm in
diameter and 0.4 mm thick. Samples prepared this way were
used for dielectric constant, loss tangent and thermal
conductivity measurements. Some of the samples were cut
into rectangular shapes for electrical resistivity
measurements.

The electrical resistivity of the samples on the glass slides
was determined on heating and on cooling using the
standard four-probe technique. Constant current of 1 pA was
passed through the sample. The voltage across the sample
was measured with a Keithley 182 Nanovoltmeter. The
sample was placed in a custom-made tube furnace. A type K
thermocouple thermometer was used to monitor the
temperature of the sample.

For the dielectric constant, loss tangent and electrical
resistivity measurements, air-drying silver was used to make
electrical contact. After the contacts were made, the samples
were annealed at 150 °C for about one hour to remove
intrinsic stress and also to have good electrical contacts.

The dielectric constant and the loss tangent were measured
using a Wayne Kerr 1EV 7330 Automatic LCR meter.

The thermal conductivity was measured using the Lee’s and
Charlton method [12]. The rates of cooling of the samples at
selected temperatures were determined from the cooling
curves and the thermal conductivity at these temperatures
were calculated.
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3. Results and Discussion
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Figure 1: The temperature dependence of the electrical
rESiStiVity of K(NO3)0,9(C|3)0.1

Fig. 1 shows the temperature dependence of the electrical
resistivity of the x = 0.1 sample. Anomaly is observed in the
resistivity-temperature curves both on heating and on
cooling. The anomaly observed in the temperature range
89.7° C to 106.1°C for the sample on heating and 125.7°C to
79.1° C on cooling gives indication of a ferroelectric-
paraelectric transition. The transition width, AT, for heating
is 18.5° C and the transition takes place at 95.2° C. The
transition width for the cooling is 46.6° C with a transition
temperature of 94.8° C. There is evidence of a hysteresis
which indicates a first-order phase transition.

G000
SO0
E
B 4000
T
E
]
L=
£ 3000 ool
_; .' i _O0lINgE
Ej'l'.ll'.hl.‘ I‘I‘I * == Hating
| [ ]
|
10.00 ﬁ #
0.00
4] 50 100 150 200 250
Température "C

Figure 2: The dependence of dielectric constant of
K(NO3)o.9(ClO3)o 0N temperature

A hysteresis in the dielectric constant-temperature curve in
Fig. 2 gives further evidence of a first-order phase transition.
It is observed that the transition in the material occurs at a
slightly lower temperature on cooling than on heating. The
hysteresis occurs because on cooling the crystal through the
transition temperature, the dipoles tend to remain in the
meta-stable non-polar (paraelectric) state even below the
transition temperature. Therefore, the material transforms
into the ferroelectric phase at a temperature lower than the
transition temperature. Conversely, on heating, the dipoles
tend to transform into the non-polar phase a little above the

transition temperature. The difference in the transition is AT
=33°C.

100,000

9.0000
20000
|

70000

= 60000 !
= [l
5 5.0000
s =+=C{opling
L]
£4.0000 =i=Heating
3.0000
2.0000
1.0000
0.0000
1] 50 1040 150 200 250

>

Temperature *C
Figure 3: Temperature dependence of the loss tangent of
K(NO3)0.9(ClO3),1 0N heating and cooling.

The behaviour of the loss tangent (tan ) as a function of
temperature is illustrated in Fig. 3. It is observed that there is
a sharp increase in the loss tangent around the onset of
transition at about 90 °C. The heating-cooling curve also
shows a hysteresis.

It has been observed that the electrical properties of
ferroelectrics are influenced by the ordering phenomenon
[13]. One of the reasons for the decrease in the carrier
concentration is that, the chlorate ion, which is the doping
impurity material, acts as a trapping site for the conduction
electrons. In addition, the trapping of the electrons hinders
the mobility of free electrons; this leads to the decrease in
carrier  concentration and reduction in electrical
conductivity. This is evidenced in the increase in the
electrical resistivity of the films with increasing chlorate ion
concentration, as indicated in Fig. 4.
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Figure 4: Dependence of electrical resistivity of K(NOs);.
«(ClO3), on the nominal chlorate concentration, x

It is possible that introduction of chlorate ions in the system
leads to impurity scattering which leads to increase in the
electrical resistivity [16]. It has been observed that defects
do not only affect ferroelectricity directly, but also the
electronic conductivity [14]. Schottky barriers could be
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formed at the grain boundaries by the introduction of
impurities. The thickness of the Schottky barrier layers and
the space charge varies significantly with free-carrier
concentration.
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Figure 5: Dependence of thermal conductivity of K(NOs);.
«(ClO3), on the nominal chlorate concentration, x

Figure 5 shows the dependence of the thermal conductivity
of the samples on the dopant concentration at various
temperatures (in the ferroelectric phase). The thermal
conductivity is found to decrease with increase in the dopant
concentration. In non-metals heat is conducted solely by
phonons. Phonon scattering on imperfections such as
vacancies and stacking faults, which are introduced during
film fabrication process is also important [15]. It is thought
that the addition of impurities gives rise to extra scattering of
phonons by electrons (holes) in the donor (acceptor) levels.

The impurities of different masses cause disruption in the
periodic distribution of masses and the mean free path
becomes shorter, leading to poorer thermal conductivity
[16]. Similarly, polycrystalline samples are poorer thermal
conductors than single crystals owing to scattering at the
grain boundaries [15]. Scattering of phonons on the grain
boundaries of materials have also been found to reduce
thermal conductivity of films. The impurities and associated
free carriers also reduce the thermal conductivity of the
films. The chlorate ion is relatively larger than the nitrate ion
considering the atomic radius of chlorine as 0.994 A and that
of nitrogen as 0.740 A [17]. The introduction of the chlorate
ion thus leads to scattering which increases the phonon-
phonon interaction to decrease the mean free path of the
phonon and hence decrease the thermal conductivity. The
electrically active impurity atoms in solids can strongly
reduce the thermal conductivity [18].

4. Conclusions

The, electrical resistivity, dielectric constant, dielectric loss
and thermal conductivity of K(NOs);4(ClO3), have been
studied. The electrical resistivity-temperature curve for the x
= 0.1 sample shows an anomaly on heating and on cooling
which indicates a first-order phase transition. Anomalies in
the dielectric-temperature curves, also on heating and on
cooling, confirm the first-order phase transition. The

introduction of chlorate ions seems to lead to scattering
which increases the phonon-phonon interaction. This results
in the decrease in the thermal conductivity..

References

[1] Bai, G.R., H.L.M. Chang, D.J. Lam, Y. Gao, 1973.
Preparation and Structure of PbZrO; films by
Metalorganic Chemical Vapor Deposition. Applied
Physics. Letters, 62, 1754

[2] Kanno, I, S. Hagashi, M. Kitagawa, R. Takayama, T.
Hirao, 1995. Antiferroelectric PbZrOsthin  films
prepared by multi-ion sputtering. Applied. Physics.
Letters, 66, 145

[3] Yamakawa, K., S. Trolier-McKinstry, J. P. Dougherty,
S. B. Krupanidhi, .1995. Reactive magnetron co-
sputtering antiferroelectric lead zirconate thin films,
Applied Physics Letters,. 67 2014

[4] Li, K. K., F. Wang, H. H. Haertling,. 1995.
Antiferroelectriclead zirconate thin films derived from
acetate precursors,. Journal of Materials Science, 30,
1386

[5] Takeuchi, Y., (1995) Ferroelectricity of K(NOsj);.
x(ClO3), solid solution, Ferroelectrics, 165, 263

[6] Nolta, J. P., N. W. Schrubring, R. A. Dork,. 1965.
Temperature dependence of the IlI-11 transition rate of
KNOsat atmospheric pressures, Journal of Chemical
Physics, 42, 508

[7] Nolta, J.P., N. W. Schrubring, R. A. Dork,. 1967.
Ferroelectricity, ed by E.F. Weller, Elsevier,
Amsterdam, pp. 267-291

[8] Nolta, J.P., N. W. Schrubring, R. A. Dork,. 1967. Effect
of impurities on optical properties of yttrium iron
garnet, Journal of.Applied. Physics. 38, 1671

[91 Nkum R.K., T.T. Annan, M. Fudlurrahman, F. Boakye,
2005. Phase transition in K(NOz); _ 4(ClOs), bulk
samples and thick films, Materials Chemistry Physics.
93, 277

[10]Bhandari, C. M., D..M. Rowe, 1988. Thermal
Conduction in Semiconductors, (Wiley, New York,)

[11]Florescu, D.I., V.M Asnin, F.H. Pollak, R.J. Molnar,
C.E.C. Wood, 2000. High spatial resolution thermal
conductivity and Raman spectroscopy investigation of
hydride vapour phase epitaxy growth in n-GaN/sapphire
(0001): doping dependence, Journal of Applied.
Physics. 88, 3295

[12] Alam, M., S., Rahman, P. K. Halder, A. Raquib, M.
Hasan, Lee’s and Chariton’s method for investigation of
thermal conductivity of insulating materials, IOSR J.
Mech. Civil Eng 3, 53 - 60

[13]Nkum, R. K., W. R. Datars, 1993. Superconducting and
normal-state properties of (Bi,Pb),Sr,Ca,Cu;..GesOy,
Superconductor. Science and Technology. 6. 743

[14] Benguigui, L. R. Weil, A. Chack, E. Muranevich, R.K.
Nkum, 1996. Influence of ferroelectricity on the
electrical properties of Cd;.Zn,Te solid solution, Solid
State Communications. 99, 619

[15] Asheghi, M. K., Kurabayashi, R. Kasnavi, K.E.
Goodson, 2002. Thermal conduction in doped single-
crystal silicon films, J. Appl. Phys. 91, 5079

[16] Srivesta, G.P., 1990. The Physics of Phonons, (IOP
Publishing, 2" ed.), pp. 337 — 340

Volume 8 Issue 11, November 2019

WWW.ijsr.net
Licensed Under Creative Commons Attribution CC BY

Paper ID: 8111903

10.21275/8111903 750



International Journal of Science and Research (1JSR)
ISSN: 2319-7064
ResearchGate Impact Factor (2018): 0.28 | SJIF (2018): 7.426

[17] Kittel, C., 1986. Introduction to Solid State Physics,
(John Wiley and Sons, 6" ed.), pp. 373 -378

[18] Devlin, S.S., 1967. Transport Properties in Physical and
Chemistry of 11-1V Compounds, ed. M. Aven and J.S.
Prener (North-Holland, Amsterdam)

Volume 8 Issue 11, November 2019

WWW.ijsr.net
Licensed Under Creative Commons Attribution CC BY

Paper ID: 8111903 10.21275/8111903

751





