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ABSTRACT

Single crystals of ammonium dihydrogen orthophosphate crystals were grown by slow evaporation technique. The
grown crystals were irradiated by Co-60 gamma radiation with cumulative doses of 1, 5, 10, 15, and 20 Mrad.
The functional groups of unirradiated and irradiated crystals have been identified and confirmed by Fourier
transform infrared studies. The AC and DC conducting properties were studied before and after irradiation. The
chemical, AC and DC conductivity was changed significantly after gamma irradiation.
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1. INTRODUCTION

Non-linear optical (NLO) crystals play a very important
role in solid state lasers, which are sometimes used in
instruments of orbital space missions, space-based
light detection, and ranging systems [1,2]. In the field
of optics and photonics NLO crystals contributing
number of laser applications. The development of solid
state lasers for spaceborne applications needs to know
the radiation tolerance of the crystals. Spaceborne
systems will be required to withstand several years of
exposure to high-energy cosmic rays, gamma rays, and
charged particles such as electrons, protons, or heavier
particles [3]. Exposure of NLO crystals for such radiation
can cause the defects in the crystal system such as
vacancies, trapping centers, and color centers. The study
of radiation-induced defects and electronic interaction
becomes essential in various spaceborne system design.
Therefore understanding the effects of ionizing radiation
on crystals are very much essential. Therefore, the effects
of Co-60 gamma irradiation on ammonium dihydrogen
orthophosphate (ADP) crystals were studied from 1
to 20 Mrad. The chemical properties of the grown
crystal were studied by attenuated total reflectance
(ATR) - Fourier transform infrared (FTIR) before and
after irradiation. The AC and DC measurement were
conducted before and after every cumulative dose.

2. EXPERIMENTAL
AR grade sample of ADP was dissolved in double
distilled water and stirred well for about 3 h using
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a magnetic stirrer to get saturated solution. The
solution was then filtered using Whatman filter paper
to remove the impurities and allowed to crystallize
by slow evaporation of solvent at room temperature.
Good transparent crystals of size 10 x 10 x 3 mm’®
were obtained in a period of about 4-week and are
shown in Figure 1.

The grown crystals were irradiated in Co-60 Gamma
Chamber-1200 with a dose rate of 9.187 kGy/h at
Department of Studies in Physics, University of
Mysore, India. The different gamma radiation dose
given to NLO crystals were 1, 5, 10, 15 and 20 Mrad.
The changes in functional groups of the grown crystals
were recorded using JASCO FTIR-4100 with ATR
attachment. The AC conductivity, dielectric constant
and dielectric loss of unirradiated and irradiated crystals
have been measured using HIOKI 3532-50 LCR
Hitester in the frequency range from 100 Hz to 5 MHz.
The DC conductivity was performed using Keithley
dual channel source meter (model 2636A).

3. RESULTS AND DISCUSSION

3.1. FTIR Spectroscopy

The infrared spectral analysis provides useful
information regarding the molecular structure and
functional groups of the compound. The infrared
spectrums of unirradiated and irradiated ADP crystals
were recorded in the frequency range 500-4000 cm’!
and are shown in Figure 2. The bands appearing

60



Indian Journal of Advances in Chemical Science S1 (2016) 60-63

between 500 and 4000 cm ' are due to internal
vibration of the co-ordinated groups [4,5]. The band in
the high-energy region between 3488 and 3186 cm ™ is
due to the O—H vibrations of water, P-O—H group and
N-H vibrations of ammonium. The peak at 1688 cm '
is due to the bending vibration of water molecule. The
peak at 1515 cm ' is due to the bending vibration of
ammonium [6]. Thus, as a result of irradiation, there
is slight change in the chemical nature of the sample
by the absorption of peaks due to the formation of free
radicals and other absorption band appeared in the
irradiated samples [7]. After 1 Mrad of total dose, the
chemical nature of the ADP was unchanged up to a
total dose of 20 Mrad.

3.2. AC Conductivity

The dielectric properties are related with the electric
field distribution with in solid materials and it is
one of the useful methods for characterization of
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Figure 1: Photograph of as grown ammonium
dihydrogen orthophosphate single crystals.
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Figure 2: Fourier transform infrared spectra of
unirradiated and irradiated ammonium dihydrogen
orthophosphate crystal.

electrical response in crystalline material. The two
opposite surfaces of the ADP crystal were polished
and coated with air dry silver paste for the electrical
measurements. The capacitance and dissipation factor
of the unirradiated and irradiated single crystals were
measured using HIOKI 3532-50 LCR Hitester in the
frequency range of 100 Hz to 5 MHz. The dielectric
constant € has been calculated using the following
equation as follows:

Ct
g =—0
Ag,

(M

Where, & = 8.854 x 10 "> F/m is the permittivity of
e free space, t is the thickness of the crystal, C is the
capacitance and A is the surface area of the crystal in
contact with the electrode. Figure 3 shows the plot
of dielectric constant against applied frequency for
unirradiated and irradiated ADP crystal. It can be seen
that the dielectric constant is found to decreases with
increase in total dose up to 10 Mrad. After 10 Mrad of
total dose, the dielectric constant is slightly decreased.
The Co-60 gamma induced defects cause an increased
space-charge contribution that increases the dielectric
constant of the crystal.

The dielectric loss may be due to the perturbation of
the phonon system by an electric field. The energy
transferred to the phonons dissipates in the form of
heat. From the Figure 4, it is observed that the dielectric
loss is very high at low frequencies. Furthermore, the
dielectric loss increases with increase of radiation
dose up to 15 Mrad, and there is slightly decreased
for a total dose of 20 Mrad. The response of AC
conductivity with frequency ranging from 50 Hz to
5 MHz for unirradiated and Co-60 gamma irradiated
ADP crystal is shown in Figure 5. It can be seen
that the AC conductivity was found to increase with
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Figure 3: Log frequency versus dielectric constant for
ammonium dihydrogen orthophosphate crystal.
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increase in frequency and Co-60 gamma irradiation
due to the defects created on irradiation [8].

3.3. DC Conductivity

The DC electrical conductivity study is essential to
understand the behavior of charge carrier under DC
field. The conductivity in ionic solid is mainly due to
the presence of point defects in the lattice and due to
different types of mobile charges as given in the relation;

6= Zimiqie“i ?)

Where summation is taken over all the charged species
i, m indicates the number of mobile charges of the type
i having net charge q;e and p; represents the electrical
mobility. The DC conductivity of unirradiated and
irradiated crystal was calculated using the relation;

Gae = /RA 3)

Where, R is the measured resistance, A is the surface
area of the crystal in contact with the electrode and t
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Figure 4: Log frequency versus dielectric loss for
ammonium dihydrogen orthophosphate crystal.
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Figure 5: Log frequency versus AC conductivity.

is the thickness of the sample. The DC conductivity
measurement was carried out using Keithley dual
channel source meter model 2636A. I-V characteristic
graph of unirradiated and irradiated ADP crystal is
shown in Figure 6 and from which conductivity values
are calculated. Figure 7 shows the variation of DC
conductivity with radiation dose and it can be seen that
the conductivity increases with increase in radiation
dose up to 15 Mrad [9] due to gamma induced defects
in the lattice. After 20 Mrad of total dose, conductivity
is slightly decreased may be due to distortion in the
hydrogen bond existing between the oxygen atoms of
the adjacent PO4-group of ADP.

4. CONCLUSIONS

In this study, in-situ AC and DC measurements are
carried out for Co-60 gamma irradiated ADP crystal
up to a total dose of 20 Mrad. The dielectric constant,
dielectric loss and AC conductivity were increased
up to a total dose of 10 Mrad and there is slight
decrease for 15 and 20 Mrad irradiated crystal. The
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Figure 6: Plot of current versus voltage for ammonium
dihydrogen orthophosphate crystal.
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Figure 7: Variation of 64, of ammonium dihydrogen
orthophosphate crystal with gamma radiation dose.
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DC conductivity was found to increase with increase
in total dose. FTIR spectral analysis shows there is a
slight change in the absorption of bands up to 1 Mrad
after that there is no change in the chemical properties
up to 20 Mrad.
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