Favourable transformation in the properties of Liquid Crystal by Gamma Radiation
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Abstract—Gamma ray irradiation technique is the powerful technique to modify the dielectric and electro-optical properties of liquid crystals. It prefers than any other modification technique because no catalysts or additives are required to initiate the reaction. The work reports a comparative study of dielectric and electro-optical properties for both irradiated and unirradiated Nematic liquid crystalline samples. The dielectric spectrum and ionic conductivity is also evaluated and well explained in the present work. 

Index Terms—Condensed Matter Physics, Gamma Radiation, Dielectric Propertie
I. Introduction 
The phenomenon of gamma radiation induced conductivity in solid insulators has been studied by several investigators. Most attention has been given to studies of organic insulators [1-8], and some have been made of inorganic insulators [9-11]. Up to now, only few reports were dedicated to radiation effects on physicochemical properties and on the conductivity of the liquid crystals materials [12].  Data regarding radiation effects on liquid crystal and organo-photonic material is almost non-existent [13].  

Preliminary studies on some liquid crystals suggest that their physical and chemical properties are highly affected by radiation. Most of these suggest that the transition temperatures and the stability of various liquid crystalline mesophases are strongly affected by radiation [14]. Some of the electrical properties such as electrical conductivity and charge carrier mobility subjected by ionizing radiation have been studied very first in 1988 by Kovalchuk et al. [15]. Talor et al. first reported on the degradation of light transmission characteristics of a smectic C liquid crystal [16].  Graham et al. also reported on the effect of space radiation dose on the nematic liquid crystalvariable retarders (LCVR) [17].  Such other radiation effects on the liquid crystal materials namely electron beam radiation, UV radiation, ion beam radiation has also been reported [18].

Absorption of gamma rays by liquid crystal may cause physical conformational changes due to thermal and thermo-mechanical effects. These physical changes may cause scattering of light, changes in transmission and reflection properties of filters and coatings. Early liquid crystal phase retarders were screened at Raytheon for radiation sensitivity circa 1989 under the AFRL Beam agility technique program (F33615-87-1507). Phase retarders were used as surrogates for optical phased arrays and subjected to increasing gamma ray dose from a cobalt-60 source, upto a total dose os 9.5 Mrad. It was the first known radiation testing of liquid crystal [19, 20].

The contribution of ions in the electric properties of semi conductors, electrolytes and dielectric materials has been extensively investigated in the past both theoretically and experimentally [21]. The dielectric characterization of a sample is usually done by applying a single frequency voltage (or current) to the electrodes and measuring the phase shifts and amplitude of resulting current at that frequency. The sample behaves as linear system when the amplitude of the measurement voltage is small with respect to the thermal voltage. When more than one type of ions are present and the measurements are done in the linear region, one uses the superposition principle to add the contribution of each type of ions in the dielectric response of the sample [22-24].

II.  Experimental Detail
2.1 Material


The liquid crystal sample under investigation isthe newly synthesized rod shaped molecule. Name of the liquid crystal materials used in this paper is
[image: image1.emf](E)-4-((2-chloro-4-nitrophenyl)diazenyl)-3-hydroxyphenyl4-(decyloxy)benzoate

 (10MV3).The molecular structure and phase transition scheme for the samplehas been shown in Figure 1.
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Figure1. Molecular structure and phase transition behavior for the Sample 10MV3
2.2 Gamma Ray treatment

We irradiated the 10MV3 liquid crystal using a 60Co source, at the dose rate of 2.9 kGy/h, up to a total does for 34.5 h is 100 kGy.

III. Result and Discussion
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Figure 2. Complex dielectric permittivity with variation in frequency for 10MV3 sample

The components of dielectric permittivity, i.e. constant and loss, of the liquid crystal material has been measured as a function of frequency ranging from 100 Hz to 10MHz, at different amplitude of the field is shown in figure 2. As expected, permittivity is sensitive to both temperature and frequency of the electric field. One can see that the gamma irradiation essentially changes the dielectric spectra of the sample. The changes caused by the gamma irradiation at the same temperature can be detailed in the following: the observed value of complex dielectric permittivity for both irradiated and unirradiated samples, nature of variation with frequency is same [24-27], but the values have increased for gamma irradiated sample. 

This increment in the values of dielectric permittivity for gamma irradiated sample could be explained on the basis of physicochemical [28] change in the liquid crystals. Actually irradiation causes a chemical change in liquid crystals. Effect of gamma irradiation or such other ionizing radiation is primarily chain scission. Radiation mainly affects in two basic ways, both resulting with excitation or ionization of atoms. In this fashion ionic conductivity of liquid crystal material has also been investigated. The ionic conductivity for irradiated liquid crystal sample is comparatively higher than that of unirradiated liquid crystal sample. This increment in ionic conductivity between irradiated and unirradiated samples have been shown with variation of temperature in fig. 3.

[image: image4.png]Frequency 10 KHz © Unirrdaiated 7HP1 .
® Gamma Irrdaiated 7HP1 Frequency 10 KHz O Unirradiated 10MV3
® Gamma Irradiated 10MV3
3.1
309
299
287
279
269
259
247
239
229
219
204
194
1.84 (o00°°%
179 ODOOO ©
164 ooooooooooooooo
1 0o .
139 0
124

.y 1004

cee®

804

Q

3
L
.

Dielectric Permittivity
3
I
o

n
3
L
.
o

z
2
£
E
H
'8
2
kst
o

114 T T T T T T T T
60 80 100 120 140 160 180 200 220

10 T T T T T T T T T T T T T "

85 90 95 100 105 110 115 120 125 130 135 140 145 Temperature ('C)

Temperature (°C)

() (b)




Figure 3. Variation in dielectric permittivity with temperature for 10MV3

When filled liquid crystal cell is gamma irradiated, the irradiation causes a chemical change in liquid crystalline material, which results is the generation of new ions. This influences alignment of the liquid crystal, which in turn affects the creation of ions that are responsible for the electrical parameter. These ions play an important role in the formation of charge carriers in the liquid crystal materials. This increase in permittivity for irradiated sample has also been observed for the sample at all temperatures under investigation as shown in fig. 4. 
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Figure 4. Temperature dependent ionic conductivity for 10MV3

I. Conclusion

The changes due to gamma irradiation in liquid crystal material have been investigated using dielectric spectroscopy techniques. Dielectric parameter such as dielectric permittivity has been evaluated for the gamma irradiated sample and has been compared with the unirradiated liquid crystal samples. It has been observed that the nature of variation of dielectric permittivity with frequency and temperature remains same for both the gamma irradiated and the unirradiated samples, but the value of dielectric permittivity for the gamma irradiated sample is higher as compared to the unirradiated liquid crystal sample. This increment in the magnitude of dielectric permittivity for gamma irradiated sample can be explained on the basis of physicochemical change in the liquid crystalline molecules due to irradiation. 
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