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Optically good quality single crystals of pure and L-lysine monohydrochloride-doped KDP crystals have been grown by a slow
evaporation method. The grown crystals have been subjected to optical and dielectric studies. The UV-Vis spectrum shows the
transmitting ability of the crystals in the entire visible region and transmittance percentage is increased for the doped KDP crystals.
From the dielectric study, it is found that the dielectric constant and the dielectric loss of L-lysine-doped KDP crystals were lower
than the pure KDP crystals. Hence L-lysine-doped KDP crystals are found to be more beneficial from an application point of view
as compared to pure KDP crystals.

1. Introduction

Materials with large optical nonlinearity are needed to
realize applications in optoelectronics, telecommunication
industries, laser technology, and optical storage devices.

ADP and KDP are two of the oldest crystals grown in
large size for many applications and continue to be interest-
ing materials both academically and industrially. Potassium
dihydrogen phosphate (KDP) is an excellent inorganic
nonlinear optical (NLO) material and has a considerable
interest amongst several research workers because of its wide
frequency, high efficiency of frequency conversion, and high
damage threshold against high power laser. With the aim
of improving the SHG efficiency of KDP, researchers have
attempted to modify KDP crystals either by doping different
type of impurities or by changing the growth conditions [1–
9]. Most of amino acids possess NLO property; therefore,
it is of interest to dope them in KDP crystals. The effects
of amino acid on the NLO efficiency of KDP crystals
were already published [1–3]. L-Lysine monohydrochloride
dihydrate is a potential material to produce semiorganic
crystals for nonlinear optical applications [3]. Also L-Lysine
monohydrochloride dihydrate can be used as novel elasto-
eletro-optical materials [4, 5]. In the present study, L-Lysine

monohydrochloride amino-acid-doped KDP crystals were
grown by slow aqueous solvent evaporation technique. The
optical and dielectric behavior of the both pure and lysine-
doped KDP crystals has been studied and discussed in detail.

2. Experimental Procedure

Commercially available KDP was used for the growth. With-
out any further purification, KDP was dissolved in double
distilled water. After obtaining the saturation, the solution
was stirred well for just two hours, filtered and kept se-
parately for the slow evaporation. Similar procedure followed
for the addition of 0.2% of L-Lysine monohydrochloride to
the saturated solution of KDP. Within 12 days, transparent
crystals of both pure (11.98 mm ∗ 5.96 mm ∗ 3.34 mm)
and Lysine-doped KDP (15.90 mm ∗ 12.89 mm ∗ 6.08 mm)
crystals were produced.

3. Characterization

The grown crystals have been subjected to UV-Vis and
dielectric study. The UV-Visible spectrum of the grown pure
and doped KDP crystal was recorded between 200–2500 nm
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Figure 1: UV-Vis spectrum of pure and doped KDP crystals.

with high resolution using CARY/5E/UV Spectrophotome-
ter covering the entire UV-Vis and near infrared region.
The grown crystals were subjected to dielectric studies
using a HIOKI model 3532-50 LCR HITESTER with a
conventional two-terminal sample holder. The sample was
electrode on either side with air-dying silver paste so that it
behaves like parallel capacitor. The studies were carried from
353 K−473 K for frequency varying from 50 Hz to 5 MHz.

4. Results and Discussion

4.1. Optical Studies. Figure 1 shows the UV-Vis spectrum of
both pure and doped KDP crystals. For optical applications,
the crystal should be highly transparent in the considerable
region of wavelength [10]. The good transmission of the
crystal in the entire visible region suggests its suitability for
second harmonic generation devices [11]. The UV-Visible
spectral analysis shows that both the crystals are transparent
in the entire visible region. There is strong absorption near
the wave length of 277 nm, which is slightly shifted to higher
wavelength side from pure KDP and it may be assigned
to electronic excitation in the L-Lysine-doped KDP crystal.
The absence of absorption and excellent transmission in
entire visible region makes this crystal a good candidate for
optoelectronic application [9–11].

4.2. Dielectric Studies. The dielectric analysis is an important
characteristic that can be used to fetch knowledge based on
the electrical properties of a material medium as a function
of temperature and frequency. Based on this analysis, the
capability of storing electric charges by the material and
capability of transferring the electric charge can be assessed.

Dielectric properties are correlated with electrooptic
property of the crystals: particularly when they are noncon-
ducting materials [12]. Microelectronics industry needs low

dielectric constant (εr) materials as an interlayer dielectric
[13].

The dielectric constant is calculated using the formula

ε′ = Ct

εoA
, (1)

where C is capacitance (F), t the thickness (m), A the area
(m2), and εo the absolute permittivity in the free space having
a value of 8.854 ∗ 10−12 Fm−1.

Figures 2(a), 2(b), 3(a) and 3(b) show the variation
of dielectric constant and dielectric loss with respect to
frequency for all temperatures for both pure and lysine-
doped KDP crystals.

From Figures 2(a) and 3(a), it is clear that dielectric
constant increases with the increase in temperature for both
pure and lysine-doped KDP crystals. Compared to the pure
KDP, dielectric constant (εr) value is found to be low for
doped KDP. A similar case appeared for pure and urea-doped
KDP single crystals [14].

From Figures 2(b) and 3(b), it is clear that dielectric loss
is high at low frequency and decreases with high frequencies.
The low dielectric loss at high frequency reveals the high
optical quality of the crystal with lesser defects, which is a
desirable property of NLO applications [15, 16].

From Figures 4(a), 4(b), 5(a) and 5(b), It is found that the
values of dielectric constant and dielectric loss increase with
an increase in temperature and decrease with the increasing
frequency. This may be due to the contributions of all the
four polarizations such as electronic, ionic, orientation, and
space charge, which are predominant in the lower frequency
region [17]. The larger value of dielectric constant and
dielectric loss at low frequency arises due to the presence of
space charge polarization near the grain boundary interfaces,
which depends on the purity and perfection of the sample
[18]. The frequency dependence of dielectric constant ε′

at different temperature shows that at high frequencies the
dielectric constant values are almost temperature invariant
but as the frequency decreases the dielectric constant value
becomes more temperature sensitive. But at low frequencies,
the dielectric constant is high for 473 K and low for 353 K. At
low frequencies, the dipoles can easily switch alignment with
the changing field. As the frequency increases, the dipoles are
less able to rotate and maintain phase with the applied filed,
thus they reduce their contribution to the polarization.

Figures 6(a), 7(a) and 6(b), 7(b) give the variation in
resistivity and conductivity with the frequency for the pure
and lysine-doped KDP crystals. The a.c resistivity and a.c
conductivity were calculated using the following relation:

P = A

2π f Cd
, σρ = 1

ρ
, (2)

where C is the capacitance, d is the thickness, A is the area
of the crystal, and f is the frequency of the applied field.
As shown in Figures 6(a) and 7(a), a.c resistivity decreased
rapidly as frequency increased. Obviously reverse trend was
observed for a.c conductivity (Figures 6(b) and 7(b)) of the
grown crystals [19].

Pyroelectricity is the ability of certain materials (polar
materials) to generate temporary voltage when they are
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Figure 2: (a) Variation of dielectric constant with frequency for all temperatures (pure KDP). (b) Variation of dielectric loss with frequency
for all temperatures (lysine-doped KDP).
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Figure 3: (a) variation of dielectric constant with frequency for all temperatures (lysine-doped KDP). (b) variation of dielectric loss with
frequency for all temperatures (lysine-doped KDP).

heated or cooled [20]. The pyroelectric material shows
change in the direction of spontaneous polarization when
electric field is applied on them. Pyroelectric materials can
be used as infrared and millimeter wavelength detector.
The pyroelectric current measurement technique can be
regarded as complementary to hysteresis loop measure-
ment and applied to study of the Curie point transition.

From the dielectric study, we have shown the variation of
current with temperature for 1 KHz is shown in Figure 8,
and it is found that current increases with temperature,
and finally a critical temperature is reached above which
pyroelectric current begins to decrease. For our KDP
crystal, the critical temperature is found to be 120◦C
which closely agrees with the earlier literature [21]. Usually
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Figure 4: (a) Variation of dielectric constant with temperature for all frequencies (pure KDP). (b) Variation of dielectric loss with
temperature for all frequencies (pure KDP).
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Figure 5: (a) variation of dielectric constant with temperature for all frequencies (lysine-doped KDP). (b) variation of dielectric loss with
temperature for all frequencies (lysine-doped KDP).

higher temperature limit for the optical use of KDP crystals
is set by their critical temperature, above which optical
properties are affected and the crystal loses its trans-
parency. Sometimes it may lead to cracking of the crys-
tal.

5. Conclusion

Pure and lysine monohydrochloride-doped KDP crystals
were grown by slow evaporation method. The UV-Vis
spectra analysis reveals that the transmittance efficiency
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Figure 6: (a) Variation of resistivity with frequency (pure KDP). (b) Variation of conductivity with frequency (lysine-doped KDP).
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Figure 7: (a) Variation of resistivity with frequency (lysine-doped KDP). (b) Variation of conductivity with frequency (lysine-doped KDP).

improves considerably for the addition of lysine. The absence
of absorption and excellent transmission in entire visible
region makes this crystal a good candidate for optoelec-
tronic application. Dielectric measurements indicate that the
dielectric constant of both crystals decreases with increasing
frequency significantly to make the crystal a more interesting
material in the microelectronics industry. Also it is found

that the dielectric constant and the dielectric loss of L-lysine-
doped KDP crystals were lower than the pure KDP crystals.
Also such kind of organic crystals possess extremely high
sensitivity to the number of intrinsic defects. Hence L-lysine-
doped KDP crystals are found to be more beneficial from
an application point of view as compared to pure KDP
crystals.
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