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ABSTRACT

Single crystal of L-Cysteine Nicotinamide Monohydrate (LCNM) was grown by slow
evaporation method. Single crystal XRD method was used for structural identification. The microhardness
study shows that the hardness steadily increases with increase in loads. Work hardening coefficient
indicates that the grown crystals are moderately softer. Variation of stiffness constant with load for the
given crystals was analysed. Dielectric constant and dielectric loss have been obtained as a function of
frequency between 50 Hz -5 MHz and different temperatures. The dependence of AC conductivity (c,.) on
temperature and frequency of the applied field (50 Hz—5 MHz) was studied. The D.C. conductivity was
deduced from the A. C. conductivity and activation energy is calculated. The photoconductivity studies
reveal that the LCNM crystal exhibits negative photoconductivity nature of the grown single crystal.

Key words: Single crystal, Microhardness, Dielectric loss, Dielectric constant, AC and DC conductivity,
Photoconductivity.

INTRODUCTION

A non-linear optical (NLO) frequency conversion material is of vital role in the field
of photonics and optoelectronics applications. NLO crystals are not only confined because of
their NLO properties. They also study other characteristics such as hardness and dielectric,
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as these will determine technological utility of developed materials'. Organic materials have
drawn the attention of material scientists because of their piezoelectric, pyroelectric,
non-linear optics and electro-optical applications’. Materials with large second-order
optical nonlinearities, short transparency cut-off wavelengths and stable physicochemical
performances are needed in order to realize many of these applications®. The mechanical and
dielectric properties of an organic material, nicotinamide* and L-Cysteine hydrochloride
monohydrate’ was reported earlier. In the present work, we report the growth of non-linear
organic crystal L-Cysteine nicotinamide monohydrate (LCNM) by slow evaporation
technique. From single crystal X-ray diffraction studies carried out, it was found that the
LCNM crystal had its monoclinic structure with lattice parameters a = 7.21 A, b = 6.72 A,
c=7.54A,V=365A3,B=99.47°.

EXPERIMENTAL

Material synthesis

LCNM was synthesized using L-Cysteine and nicotinamide in a stiochiometric ratio
2:1 in the presence of HCI. The required amount of L-Cysteine and nicotinamide were
estimated from the following reactions shown in Fig. 1. The calculated amount of salts were
first dissolved in double distilled water and then acidified with HCL. The solution was
agitated with a magnetic stirring device at 35°C to yield homogeneous mixture of solution
and filtered after complete dissolution of the starting materials.
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Fig. 1: Reaction of LCNM
Crystal growth

Single crystals of LCNM were grown from saturated solution by slow evaporation of
the solvent at room temperature. The good quality seed was suspended in super saturated
solution and the solution was slowly cooled at a cooling rate of 0.05°C per day at 35°C.
After growth period of 25 to 30 days good transparent crystal to a size of about 29 x 7 x 5
mm?® was harvested. Fig. 2 shows the photograph of LCNM crystal.
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Fig. 2: Photograph of LCNM single crystal

RESULTS AND DISCUSSION

Microhardness test

Microhardness testing is one of the best methods of understanding the mechanical
properties of material such as fracture behaviour, yield strength, brittleness index and
temperature of cracking. The hardness is generally measured as the ratio of applied load to
the surface area of the indentation. Microhardness studies were carried out on the polished
LCNM crystal using Matsuzawa, MMT-X7B Vickers microhardness tester fitted with a
diamond indenter. The well-polished LCNM crystal with smooth and dominant face was
placed on the platform on the Vickers microhardness tester. The crystal was indented gently
by the loads varying from 1 g to 50 g for a dwell period of 10s using Vickers diamond
pyramid indenter attached to an incident ray research microscope. Vickers hardness number
was determined using the relation®.

Hy = 1.8544 P/d* Kg/mm? ..()

A graph between Hy and load P was shown in Fig. 3a. From the graph, it was
observed that Hy increase with load P for the grown crystal. This phenomenon is known as
reverse indentation size effect’”. When the material is deformed by the indenter, dislocations
are generated near the indentation site. The major contribution to the increase in hardness is
attributed to the high stress required for homogenous nucleation of dislocations in the small
dislocation-free region indented'®. The reverse indentation size effect can be caused by the
relative predominance of nucleation and multiplication of dislocations. The other reason for
reverse indentation size effect is that the relative predominance of the activity of either two
sets of slips planes of a particular slip system or two slip systems below and above a
particular load''. The reverse indentation size effect phenomenon essentially takes place in
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crystals, which readily undergo plastic deformation'?. The relation between load and the size
of indentation can be interpreted using Meyer’slaw:
P=K;d" (2
Where k; is the standard hardness and n is the Meyer’s number index. The slope of
log P versus log d gives the value of n and it is estimated to be 2.27 and from the intercept
the value of k; is found to be 1.02, which is shown in Fig. 3b. According to Onitsch" and
Hanneman'*, n should be between 1 and 1.6 for hard materials and above 1.6 for softerones.
Thus LCNM crystal belongs to soft material category. Meyer number is a measure of the
indentation size effect. The elastic stiffness constant (C;;) gives an idea about tightness of
bonding between neighbouring atoms. The stiffness constant for different loads has also
been calculated using Wooster’s empirical formula'’.

Ci =Hy™ .3

The stiffness constant increases with increase of loads as shown in Fig. 3c. High
value of C;; indicates that the binding forces between the ions are quite strong'®.

Fig. 3: (a) Hy Vs Load P (b) log P Vs log d (c) Load P Vs C;;0f LCNM crystal
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Dielectric measurement

A study of the dielectric properties provides information about electric fields within
the solid materials. Frequency dependence of these properties gives a great insight into the
materials applications. Dielectric properties are correlated with electro-optic property of the
crystals: particularly when they are non-conducting materials'’. Microelectronic industries
need low dielectric constant g, materials as an interlayer dielectric'®. LCNM crystal cut in
the appropriate dimension was subjected to dielectric measurements. A rectangular shape of
approximate thickness of 0.6 mm and area of cross section of 13.65 mm? crystal was
subjected to dielectric studies. Silver paste was coated on both the surfaces of the crystal to
make a firm contact between the crystal and the copper electrodes. The capacitance and
dissipation factor of the parallel plate capacitors formed by the copper plate and electrodes
having the crystal as was measured using HIOKI 3532 LCR HITESTER. The studies were
carried from 40°C to 100°C for a frequency varying from 50 Hz to 5 MHz. The variation of
dielectric constant with log frequency is shown in Fig. 4. The dielectric constant was
calculated using the formula,

-~ .4

Where C is the capacitance (F), t the thickness (m), A the cross-sectional area (m?)
of the sample and &, is the absolute permittivity of the free space having a value of 8.854 x
10"* Fm™'. The imaginary dielectric constant ¢, of the capacitor was calculated using the
relation.

&' =g tan d ...(5)

where tan 9 is the loss tangent. The dielectric constant ¢, obtained for LCNM was
higher at lower frequencies and then it was found to decrease with the increasing frequencies
and saturated for further increase in the frequency which could be attributed to space charge
polarization mechanism of molecular dipoles'®. The electronic exchange of a number of ions
in the crystals gives local displacement of electrons in the direction of the applied field,
which in turn gives rise to polarization. Crystals with high dielectric constant lead to more
power dissipation and hence at higher frequencies, the power dissipation in the crystal may
have lower value’®®. Fig. 5 shows the variation of dielectric loss with log frequency. From
the figure it is observed that the dielectric loss decreases with increase in frequency at
different temperatures. As the frequency increases, the dielectric constant decreases. Thus,
LCNM crystal having low value of dielectric constant is suitable for the enhancement of
SHG coefficient™.
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Fig. 4: log Frequency Vs dielectric constant of LCNM crystal
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Fig. 5: log Frequency Vs dielectric loss of LCNM crystal

AC conductivity study

1415

The alternating current conductivity of the LCNM crystal was calculated using the

relation.

Gac = O &, & tan o

..(6)

Where o is the angular frequency of the applied ac field in Hz. In the high
temperature intrinsic region, the effect of impurity on electrical conduction had not made
any appreciable change whereas in the low temperature extrinsic region, the presence of
impurity in the crystal had an impact and particularly increases its conductivity. The
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presence of impurities and vacancies predominantly determine this region. The energy
needed to form the defect was larger than the energy needed for its drift. The activation
energy of the crystal was calculated from an Arrehenius plot using the relation®.

Gac = O, exp (— E,/kT) ...(7)

Where o, is the conductivity at temperature T, E,. the activation energy for the
electrical process and k is the Boltzmann constant.The behaviour of AC conductivity with
frequency ranging from 50 Hz to 5 MHz at various temperatures is shown in Fig. 6. The
value of the activation energy was calculated from the slope of the graph between G, versus
log frequency and was found to be 0.0295 eV.
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Fig. 6: log Frequency Vs o, of LCNM crystal
DC conductivity study

The direct current conductivity measurements were carried out using the
conventional two-probe technique at various temperatures ranging from 40°C to 100°C%.
The resistance of the crystal was measured using a million megohmmeter. The crystal was
perfectly cut into rectangular shape and then polished using silicon carbide paper. The DC
conductivity of LCNM crystal was calculated using the relation®’,

-4
Ca= mA ...(8)
Where R is the resistance measured, d is the thickness of the sample and A is the

area of face in contact with the electrode. The o4 values were fitted into the equation,
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Gdc = O, exp (— Eq/kT) ...(9)

Fig. 7 shows the variation of o4 and log frequency, which represents the
temperature dependence of conductivity of the crystal and the conductivity was found to
increase with increase in temperature for LCNM crystal. Electrical conductivity depends on

thermal treatment of crystal*®. The DC activation energy Ey. of the LCNM crystal was found
to be 0.059 eV.
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Fig.7: log Frequency vs 4. of LCNM crystal
Photoconductivity studies

Photoconductivity is an important property of solids by means of which the bulk
conductivity of the sample changes due to incident radiation, which include the generation
and recombination of charge carriers and their transport to the electrodes. It also provides
valuable information about physical properties of materials and offers applications in photo
detection and radiation measurements. A polished sample of LCNM crystal is attached to a
microscopic slide. Thin copper wires (0.14 cm diameter) are fixed at a distance of 0.1 cm on
the sample by silver paint. The sample is then connected in series to a DC power supply and
a picoammeter (keithley 480). On keeping the crystal in the same experimental setup, the
crystal is illuminated with the radiation from a halogen lamp (100 w) containing iodine
vapour and tungsten filament, by focusing a spot of light on it with the help of a convex lens.
Fig. 8 shows the variation of both dark current (Id) and photocurrent (Ip) with applied field.
It is seen from the plots that both I and I, of the crystal increase linearly with applied field.
It is observed from the plot that the dark current is always higher than the photo current, thus
confirming the negative photoconductivity nature of the single crystal. However, the
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negative photoconductivity in this case may be due to the reduction in the number of charge
carriers or their lifetime in the presence of radiation’*?'. Decrease in lifetime with
illumination could be due to the trapping process and increase in carrier velocity according
to the relation®”.

7= (vsN)™ ...(10)

Where v is the thermal velocity of the carriers, S is the capture cross-section of the
recombination centres and N is the carrier concentration. As intense light falls on the sample,
the lifetime decreases. In the Stockman model, a two level scheme is proposed to explain
negative photoconductivity>. As a result, the recombination of electrons and holes take
place resulting in decrease in the number of mobile charge carriers, giving rise to negative
photoconductivity.
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Fig. 8: Field dependent photoconductivity of LCNM crystal
CONCLUSION

Single crystals of L-Cysteine Nicotinamide Monohydrate (LCNM) have been grown
by slow evaporation method. Microhardness test on this crystal reveals that the LCNM
belongs to soft category. Dielectric constant and dielectric loss of the crystal is found to
decrease with increase in frequency higher values of dielectric constant occurs at higher
temperature. The activation energy was calculated from the slope of the plot of AC/DC
conductivity. The photocurrent was less than the dark current, signifying negative
photoconducting nature. The encouraging electrical properties of the crystal indicate the
suitability of this crystal for photonics device fabrication.
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