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The idea that water molecules can be translated in to a 

polar form of ice was introduced in early 1933 in a paper 

written by J. D. Bernal and R. H. Fowler [1]. To obtain 

polar ice there are several successful techniques based on 

surface layer deposition and dimensionally reduction in 

confined phases like in water filled carbon nanotubes. In 

those systems the alignment of polar ice is difficult and in 

practice we need a bulk dipolar alignment. Therefore the 

new approach is to exploit alignment of polar ice in 

crystalline voids. 

In this poster presentation dielectric properties of 

2,3,6,7,10,11 hexahydroxytriphenyle tetrahydrate cold 

pressed ceramics will be presented. The measurements of 

dielectric permittivity was performed using HP 4284A 

precision LCR meter and P(E) curves were obtained 

using AixACCT TFAnalyzer 2000 E system. The 

dielectric spectra show an anomaly at 256 K temperature 

(Fig. 1). Furthermore it can be noted that temperature 

dependence curves slightly follows Curie Weiss law 

which is typical for improper ferroelectrics. The 

frequency dependence spectra show 4 relaxation 

processes A, B, C and D (Fig. 2.) The first relaxation at 

the lowest frequency range (A) is due to polarization 

between two contacts and has no particular interest for 

us. From Cole - Cole approximations we have extracted 

relaxation times for the second and third process (B and 

C) and fitted using Arrhenius law [2]:  

𝜏 = 𝜏0𝑒
𝐸𝐴

𝑘𝐵𝑇
⁄

 

here, EA – activation energy, kB – Boltzmann 

constant, τ0 – attempt time. For both relaxation processes 

activation energy in the margin of errors is the same and 

is equal to 300meV. Regarding the last relaxation (D),

10
0

10
1

10
2

150 200 250 300
10

-2

10
-1

10
0

10
1

 

 

 1MHz

 100kHz

 11.5kHz

 1.2kHz

 129Hz

'

 

 

'
'

Temperature, K  
 

Fig. 1.  Temperature dependence of the real (a) and 

imaginary (b) parts of dielectric permittivity for HHPT 

cold pressed pellets. 

 

it is only visible at low temperature when relaxation time 

decreases below gigahertz range and we can see a tail at 

few hundred kilohertz. It’s known that water molecules 

can give a relaxation in 0.1-1 THz range. In some cases 

this frequency can be lowered if water molecules are in 

confine spaces or in form of thin films. For P(E) 

measurements up to 60 kV/cm field was applied. No 

hysteresis loops were observed below phase transition. 
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Fig.2. Frequency dependence of the real (a) and 

imaginary (b) parts of dielectric permittivity for HHPT 

cold pressed pellets. Regions mark as A, B, C and D 

refers to relaxations accordingly: contacts, grain 

boundary, twin boundary, water molecules or from 

HHTP grains. 
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