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Abstract
Pure and Ni* added glycine sodium sulfate (GSS) single crystaie grown by the slow evaporation technique amaracterized
chemically, structurally, thermally, optically, nfemically and electrically. Effect of Niaddition as an impurity on the properties of
GSS has also been investigated. All the six cryspiadwn exhibit normal dielectric behavior and doeind to be thermally stable up
to 250°C, NLO active and mechanically soft. Th& Middition is found to increase the dielectric paetars. The low dielectric
constant values observed for pure GSS indicate @®% is not only a promising NLO material but astow dielectric constant

value dielectric material.
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1. INTRODUCTION

Non-linear optical (NLO) have been playing an intpat role
in laser science and technology. The major goac@ntists is
the search for new non-linear optical materialse ®emi-
organic non-linear optical crystal not only posgesste high
optical non-linearity of a purelyorganic compound hlso the
favourable thermal and mechanical properties aiinanganic
compound [1]. Amino acid family crystals have otlee years
been subjected to extensive investigation by sévera
researchers for their non-linear optical propertidkhough
some of the amino acids are already reported t@ INMO
activity [2-4], the amino acid glycine based cristare now a
days shown greater interest for NLO application§][5

Microelectronics industry needs replacement of atielc
materials in multilevel interconnect structureshwitew low
dielectric constantef) materials, as an interlayer dielectric
(ILD) which surrounds and insulates interconnectringi
Lowering theg, values of the ILD decreases the RC delay,
lowers power consumption and reduces “cross-tatitivieen
nearby interconnects [7,8]. As the utility of law-value
dielectric materials is in the electric circuitsthvivater proof
condition, water soluble materials in the singlgstal form
would also be very much interesting. Hoshino et [8].

reported the dielectric properties of
triglycinefluroberyllate.Goma et al. [10] have rejed
reduction in g value in the case of potassium

dihydrogenorthophosphate(KDP) added with 0.6 mol%au
which illustrates that urea doping to KDP redudesst value.
Meena and Mahadevan [7] have found that singletaly/®f
L-arginine acetate and L-arginine oxalate are psorgi low-
¢, value dielectric materials.

In the present study, we have reported the elattpioperties
of pure and Ni" doped GSS crystals.

2. EXPERIMENTAL
2.1. Crystal Growth

Analytical reagent (AR) grade-glycine and sodium sulfate
(Na&SOy) were mixed in the ratio of 1:1 in deionized water
The solution was stirred continuously and the sdéar
solution was allowed to cool to room temperatur@o
quality single crystals of GSS have been collestittiin 30
days. GSS was added with NiSOrH,O in five different
molar ratios, viz. 1:0.002, 1:0.004, 1:0.006, 1:0.008, and
1:0.010 and the five different Nidoped GSS crystals were
grown in a period of about 30 days similarly undientical
conditions with the pure GSS crystal growth.

2.2. Characterization

The capacitance (&9 and dielectric loss factor (tén
measurements were carried out to an accuracy of fe2%ll
the six crystals grown by the conventional paralbhte
capacitor method using an LCR meter (Agilant 42844)
various temperatures ranging from 40-120°C withe fiv
different frequenciesyiz. 100Hz, 1kHz, 10kHz, 100kHz and
1MHz in a way similar to that followed by Mahadeveamd his
co-workers [11-13]. The temperature was controltedan
accuracy of +1°C. The observations were made wdtitding
the sample. The dimensions of the crystal were ureds
using a traveling microscope. Air capacitancg;Y®@vas also
measured. Since the variation of air capacitanceh wi
temperature was found to be negligible, air capacit was
measured only at the lower temperature considefdu:
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crystals were shaped and polished and the oppfesiés were
coated with graphite to form a good conductive axeflaye!
(ohmic contact). The sample was mounted betweersither
electrodes and annealed at ¥20for about 30 min t
homogenize the sample before taking the reac

As the crystal area was smaller than the plate afr¢lae cell,

the real part of the dielectric constagit=¢,) of the crystal wa
calculated using Mahadevan’s formula ID, 1+16],

A
Ccrys - Cair (1 - &

, Aair ir

€= ,

A\:rys Cair

Where Gy is the capacitance with crystal (including air

is the capacitance of aifé is the area of the crystal touchi

the electrode and A is the area of the electrode. T
imaginay part of the dielectric constant’) was calculated
using the relation[17],

The AC electrical conductivitysf,) was calculated using tt
relation,

Cac=€0E O 1AM .veeeee e (3)

whereg, is thepermittivity of free space (8.85>*2 C*N"'m?)
ando is the angular frequencw€2xaf; f=100Hz-1MHz in the
present study).

3. RESULTSAND DISCUSSION
3.1 General Features

Fig-1 shows a photograph of the pure an®* added single
crystals grown inthe present study. The grown crystals
transparent and colorless. Morphology of th?* doped GSS
crystals is observed to be similar to that of theepGSS
crystal. Also, significant coloration has not bexserved du
to Ni** doping.

The single crgtals grown in the present study are represe
as: Pure GSS- the undoped GSS crystal; GN1, GN2, GN3,
GN4 and GN5» 0.2, 0.4, 0.6, 0.8 and 1.0 mol% ** doped
GSS crystals respectively.

Fig-1: Photograph showing the pure ané* doped GSS
crystals(From left: Pure GSS, GN1, GN2, GN3, GN4 :
GNb)

Single crystal XRay diffraction analysis reveals that pure .
Ni?* doped GSS crystallize in the monoclinic system
belongs to the R&pace group. Thermal studies show that
GSS crystal is stable up to 2C and it is mechanically soft. It
is a good NLO material.

3.2. Electrical Properties

The dielectric parameterviz. ¢, €', tars ando,. observed for
the pure and NI doped GSS crystals grown in the pres
study are shown in Fig-to Fi¢-5. It can be seen that all the
four dielectric parameters increase with the ingeedn
temperature. The, ¢, and tad values decrease whereas
o4c Value increases with incree in frequency. This indicates
that all the six crystals grown in the present gtedhibit
normal dielectric behavior in the temperature aretjfiency
ranges considered. Also, it is observed that theediric
parameters do not vary systematically wthe impurity
concentration. The tanvalues observed in the present st
are considerably low which indicates that the @igsgrown
are of high quality.

The high dielectric constant at low frequency i da the
presence of all types of polarizatii, viz. electronic, ionic,
orientation, space charge, etc. The space charigeization
will depend on the purity and perfection of the phm Its
influence is large at high temperature and is roiceable ir
the low frequency region. In normal dielic behavior, the
dielectric constant decreases with increasing #aqy anc
reaches a constant value, depending on the facbéyand ¢
certain frequency of the electric field, the dipalees no
follow the alternating field. The crystals with higlielectric
constant lead to power dissipation. The materiairttalow
dielectric constant will have less number of digofeer unit
volume. As a result it will have minimum lossescasnparec
to the material having high dielectric constanteidfore the
grown crystals may be used for high speed el-optic
modulations.

Variation of dielectric constant with temperatusegenerally
attributed to the crystal expansion, the electraama ionic
polarizations and the presence of impurities angstar
defects The variation at low temperature is mainly duehte
crystal expansion and electronic and ionic polaiors. The
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variation at high temperature is mainly due to thermally
generated charge carriers and impurity dipolesotéas [18]
has shown that out of the contribution from elegizoand
ionic polarizations, the electronic polarizabilifyractically
remains constant. The increase of dielectric comstéth the
increase of temperature is essentially due to ¢ngpérature
variation of ionic polarizability. Thus the majoorribution to
the observed dielectric constant of the crystatsvgrin the
present study can be from electronic and ionicrpdtons.

Electrical conductivity of GSS crystals may be deteed by
the proton transport within the framework of hydeagoonds.
Conductivity mechanism in ice containing the hyanodponds
and the conductivity associated with the incorgoratof
impurities into the crystal lattice can be combinéal

understand the conductivity mechanism in pure amglurity
added crystals. The proton conduction can be ateduor by
motion of protons accompanied by an excess of ipesit
charge (D defects). Electric polarization may bedified by
migration of these defects. However, migration bEse
defects may not change the charge at an electi@]e [

The motion of defects occurs by some kind of rotain the
bond with defects. When the temperature of the talyis
increased, there is a possibility of weakeninghef hydrogen
bonding system due to rotation of the carboxyl iamghe
glycine molecules. The increase of conductivity hwithe
increase of temperature observed for the pure afidadded
GSS crystals in the present study can be understeallie to
the temperature dependence of the proton transport.
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Fig-2: Thereal part of the dielectric constamt)(values for the pure and Nidoped GSS crystals
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Fig-5: The AC electrical conductivitiess{)(x10" mho/m) for the pure and Nidoped GSS crystals

In order to understand the frequency dependencehef Where B and m are parameters which depend on bath t
electrical conductivity observed in the presentdgtuan temperature and material of the crystal, B hasdieetrical
attempt has been made to fit the observed data timo conductivity units and m is a dimensionless coristdine
empirical formula of the frequency dependence gibgrihe logarithmic representation of equation (4) shownFig-6
AC power law [17,20]: gives a straight line with a slope equal to m andraercept
equal to In B on the vertical axis atdn= 0.0. The values of m
Gac =B i 4) and B were determined from Fig-6 for all the siystals at the

designated temperatures (40, 60, 80 100 and 120°C).
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Fig-7 shows the temperature dependence of m vallesm
value observed in the present study is within t#ege 0.55- —m=— Pure GSS
0.82. It has been reported in the literature [1]7iB@t values 0857 —®—GN1
of m ranges between 0 and 1. When m=0, the elattric 050 B :i: gsg
conduction is frequency dependent or DC conductiom,for GN4
m<1, the conduction is frequency independent or AC 0754 —<— GN5
conduction. Results obtained in the present stodicate that . .
the conduction phenomenon in the studied crystIAC c 707 ;:;\T;>:\§,
conduction which is due to the hopping of chargessgibly 0654 TN \x
the protons). ~.
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Fig-7: Temperature dependence of m values for the pure and
Ni?* doped GSS crystals
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Fig-8 shows the temperature dependence of B vasethe B
values are with units of electrical conductivity darare
obtained for zero frequency, it may be consider@dha DC
electrical conductivity. The AC electrical condwdly (a0
values observed for 1kHz frequency and the above DC
electrical conductivity €;.=B) values were fitted into the
Arrhenius type relations:

Cac— OpacEXP (-ElclkT), ......................... (5)

anbge = oopceXP(-BdKT), o, (6)

Where E. and E are respectively the AC and DC activation
energies, k is the Boltzmann’s constant , T is dbhsolute
temperature andygac andogpc are constants depending on the
material of the crystals. The logarithmic repreagahs of
equations (5) and (6) are respectively shown isRignd 10.
The plots in both the cases are observed to be weayly
linear. The activation energies were determinednfrthe
above plots for all the six crystals considered.
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Fig-9: The Ins,. versus 1000/T plots for 1kHz frequency for
the pure and Ni doped GSS crystals
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Thee, €, tand ando, values with 1kHz frequency at 40°C,
oq4c Values at 40°C, £ values with 1kHz frequency and;E
values observed for all the six crystals grownhe present
study are provided in Table-1. Thg. values are observed to
be significantly less than thewalues. Also, the & values
are significantly more than the,&alues. This is a normal
behavior of dielectric crystals.
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Table-1: Thee, ¢, tand ando,. values with 1kHz frequency at 40°€,. values at 40°C, Evalues with 1kHz frequency and.E

values
Crystal g g tand 6adx107) 0adx10°%) | E.{eV) | EeV)
(mho/m) (mho/m)

Pure GSS 3.026 0.151 0.050 0.084 0.014 0.176 0.262
GN1 4.587 0.275 0.060 0.153 0.028 0.181 0.396
GN2 15.62 0.937 0.060 0.087 0.023 0.147 0.434
GN3 4.510 0.645 0.143 0.359 0.068 0.140 0.185
GN4 4.191 0.545 0.130 0.303 0.163 0.149 0.174
GN5 25.16 1.988 0.079 1.105 0.203 0.193 0.3%5

It can be seen that all the electrical parametensidered do [3]. D.Eimerl, S.Velsko, L.Davis, F.Wang, G.Loia@n

not vary systematically with the impurity concetita in the
solution used for the growth of single crystalseTi?" ions
are expected to replace the'Nans and also to some extent
expected to occupy the interstitial positions. Thisy create a
disturbance in the hydrogen bonding system at nandcs the
conduction in these crystals is protonic and mathlg to the
hydrogen bonding system, the random disturbancehén
hydrogen bonding system may cause the electricahpeters
vary nonlinearly with the impurity concentration.

The ¢ values observed for the pure GSS crystals are
significantly less than that observed for thé 'Nloped GSS
crystals. Also, it is less than that for silicali&i hase, (= ¢')
~4.0, in part as a result of the Si-O bonds. Sevieralvative
developments have been made for the developmentewef
low-¢, value materials to replace silica. However, thisrstill

a need for new lovg; value dielectric materials [7, 8].

The lowe values observed for the pure GSS single crystals at
near ambient temperatures with a frequency of lkidicate

that the GSS crystal is not only a potential NLOtenial but
also a promising love; value dielectric material, expected to
be useful in the microelectronics industry.

CONCLUSIONS

Pure and Ni" dopeda-glycine sodium sulfate (GSS) single
crystals have been successfully grown by the fuaparation
method and characterized. The GSS crystal is faonfe
thermally stable up to 250°C and mechanically silftthe six
crystals grown are found to exhibit normal dieliectrehavior.
Analysis of the AC electrical conductivity data icates that
the conductivity in pure and Nidoped GSS crystals is due to
the proton transport.
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