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� Optical and dielectric properties of L-
valine doped ADP crystal.
� The SHG efficiency is found to be 1.92

times that of KDP crystal.
� High transparency is useful for

optoelectronics applications.
� The lower dielectric characteristics

were ascertained from dielectric
measurements.
� Third order nonlinearity shows its

applications for optical limiting and
sensor devices.
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Single crystal of L-valine doped ammonium dihydrogen phosphate has been grown by slow evaporation
method at room temperature. The crystalline nature of the grown crystal was confirmed using powder
X-ray diffraction technique. The different functional groups of the grown crystal were identified using
Fourier transform infrared analysis. The UV–visible studies were employed to examine the high optical
transparency and influential optical constants for tailoring materials suitability for optoelectronics
applications. The cutoff wavelength of the title crystal was found to be 280 nm with wide optical band
gap of 4.7 eV. The dielectric measurements were carried to determine the dielectric constant and dielec-
tric loss at room temperature. The grown crystal has been characterized by thermogravimetric analysis.
The second harmonic generation efficiency of the grown crystal was determined by the classical Kurtz
powder technique and it is found to be 1.92 times that of potassium dihydrogen phosphate. The grown
crystal was identified as third order nonlinear optical material employing Z-scan technique using He–Ne
laser operating at 632.8 nm.

� 2014 Elsevier B.V. All rights reserved.
Introduction

Ammonium dihydrogen phosphate (ADP) crystal is an
interesting inorganic material with allied non linear optical
(NLO), dielectric and antiferroelectric properties with a wide scope
of distinct applications such as electro optic modulator, parametric
generators, optical switches in inertial confinement fusion and
acoustic–optical devices. The amino acids contains a deprotonated
carboxylic group (COOH) and protonated amino group (NH2),
which makes them ideal candidates for NLO applications. The
effect of amino acids on the growth and properties of different
material crystals have been reported for NLO applications [1–6].
According to literature survey, improved physico-chemical proper-
ties of ADP has been achieved by adding DL-malic acid and the
effect of amino acids viz. Glycine, L-alanine, L-lysine on structural,
thermal, optical and electrical properties have been reported
[7–10]. Josephine et al. reported the studies on structural and
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optical transmission spectra of valine added ADP crystal [11]. To
the best of our knowledge no systematic data on optical constants,
optical band gap, dielectric studies, SHG efficiency, thermal behav-
ior and third order nonlinear properties of L-valine doped ADP have
been reported. Thus present investigation is first of its kind to
report studies on L-valine doped ADP crystal characterized by
dielectric studies, SHG efficiency test, thermogravimetric analysis,
Z-scan measurements, along with detailed evaluation of linear
optical constants.

Experimental procedure

Crystal growth

The AR grade ADP salt was gradually dissolved in deionized
water until a saturated solution was obtained. In the saturated
solution of ADP prepared in separate beakers, the calculated
amount of 1 and 2 mol% L-valine was added with constant stirring.
The prepared solutions were allowed to evaporate at room
temperature to procure the respective salts. The purity of the
doped compounds was gained by successive recrystallisation using
deionized water. The Kurtz–Perry powder test revealed that the
SHG efficiency was found to be enhanced with 2 mol% L-valine in
ADP crystal. Hence, the saturated solution of 2 mol% L-valine doped
ADP was prepared and allowed to evaporate at room temperature.
The well phased, good quality transparent seeds were harvested
within 8–10 days. The photograph of 2 mol% L-valine doped ADP
crystal of dimension 12 � 14 � 3 mm3 is shown in Fig. 1.
Results and discussion

NLO studies

The Kurtz and Perry powder test was performed to determine
the effective second harmonic generation efficiency of the grown
crystal. The 1 and 2 mol% L-valine doped ADP samples were finely
powdered and subjected to SHG test. The crystalline powder was
illuminated by Nd:YAG laser operating at 1064 nm having input
beam energy of 2.8 mJ/pulse, pulse width of 8 ns and repetition
rate of 10 Hz. The second harmonic signals generated in the crys-
talline samples were confirmed from emission of green radiation.
The SHG efficiency of 2 mol% L-valine doped ADP crystal was found
Fig. 1. Photograph of doped ADP crystal.
to be 1.92 times that of potassium dihydrogen phosphate (KDP).
Thus grown crystal may be efficient NLO material for applications
in second harmonic generation and electro-optic devices [12].

Powder X-ray diffraction (XRD) analysis

The grown crystal was characterized by powder XRD technique
to confirm the crystallinity. The indexed XRD pattern of grown
crystal in the range of 10–50h is shown in Fig. 2. The evaluated cell
parameters of the grown crystal are a = b = 7.497 Å and c = 7.534 Å
a = b = c = 90� which are in good agreement with the reported
work [11]. The obtained peaks and evaluated lattice parameters
revealed that the addition of L-valine did not change the tetragonal
structure of ADP.

FT-IR analysis

The FT-IR transmission spectra of L-valine doped ADP crystal
was recorded using Bruker a-ATR instrument in the range 600–
4000 cm�1. The spectrum of doped ADP crystal is shown in Fig. 3.
The characteristic peaks of functional groups of ADP are observed
at 3257, 1641, 1409, 1288, 1097, 907 [11]. The band observed at
3229 cm�1 includes O–H vibrations and N–H vibration of amino
acid and the P–O–H vibrations at 1097 and 907 cm�1 of the pure
ADP are shifted to 1062.86 and 908.92 cm�1, which may be due
to the incorporation of L-valine in ADP crystal.

Optical studies

Optical studies for grown solid crystal were carried using
Shimadzu UV-2450 spectrophotometer in the range 200–900 nm.
The UV cut off wavelength of grown crystal was revealed to be
280 nm ascertained from recorded transmission spectra cited in
Fig. 4(a). The high transparency in visible region and lower cutoff
wavelength of the grown crystal suggests its suitability for applica-
tions in UV tunable lasers [13]. The measured transmittance data
was used to calculate absorption coefficient (a) from the relation.

a ¼ ð1=tÞ lnð1=TÞ ð1Þ

where T is the transmittance and t is the thickness of the crystal.
Optical band gap was evaluated from the absorption spectrum

and optical absorption coefficient (a) near the absorption edge is
given by:
Fig. 2. Powder XRD pattern of as grown crystal.



Fig. 3. FTIR spectrum of doped ADP crystal.

Fig. 4. (a) UV–visible spectrum. (b) (ahm)2 vs. photon energy (hm).

Fig. 5. (a) Refractive index vs. wavelength. (b) Reflectance vs. wavelength.

Fig. 6. Optical conductivity vs. photon energy.
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ahm ¼ A
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
hm� Eg

q
ð2Þ

where Eg is the optical band gap of the crystal and A is a constant.
The optical band gap of doped ADP crystal was calculated from

the Tauck’s extrapolation plot depicted in Fig. 4(b). It is found to be
4.7 eV which is desirable quality for applications in optoelectronics
devices [14]. The propagation of light through material medium
can be tailored by evaluating the refractive index of the grown
crystal. The profile of refractive index, n = (1/T + (1/T � 1)) and
reflectance, R = ((n � 1)2/(n + 1)2) of the grown crystal are depicted
in Fig. 5(a and b) respectively [15,16]. The high transmission, lower
reflectance and refractive index in entire visible region indicate the
potential candidature of grown crystal for antireflection coating in
solar thermal devices [5,17]. The high photonic response of optical
conductivity (r = anC/4p) for the grown crystal can be ascertained
from the graph depicted in Fig. 6. The optical conductivity
increases with increase in photon energy which is desirable prop-
erty for information processing and computing [18]. The plot of
complex dielectric constant (ec = er + ei) is shown in Fig. 7. The
lower dielectric constant and the higher optical response suggest
the better conversion efficiency of the material [18]. The potential
optical properties of the grown crystal suggest its suitability for
distinct integrated optical applications.

Thermogravimetric analysis

The thermogravimetric analysis (TGA) of grown crystal was car-
ried using the TQA-500 thermogravimetric analyzer in a nitrogen
atmosphere at heating rate of 25 �C/min. The TGA trace of grown
crystal is shown in Fig. 8. The bulk weight loss of the sample is
observed at 190 �C which indicates the decomposition of volatile
components of the material. Thus the grown crystal is resistant
to thermal exposure up to 190 �C which is comparable but slightly
lower than pure ADP [10].

Dielectric studies

The grown crystal was subjected to dielectric studies using the
Multi frequency LCR meter (LCR-819 series, Gwinstek Instrument).
The dielectric analysis is an essential characteristic of material that



Fig. 7. Complex dielectric constant vs. wavelength.

Fig. 8. TGA curve of grown crystal.

Fig. 9. (a) Dielectric constant vs. LogF. (b) Dielectric loss vs. LogF.

Table 1
Optical detail of Z-scan setup and measured parameters.

Laser beam wavelength (k) 632.8 nm
Lens focal length (f) 12 cm
Optical path distance (Z) 115 cm
Spot-size diameter in front of the aperture (xa) 1 cm
Aperture radius (ra) 4 mm
Incident intensity at the focus (Z = 0) 3.13 MW/cm2

Sample thickness 2 mm
Effective thickness (Leff) 1.81 mm
Nonlinear refractive index (n2) �4.5 � 10�12 cm2/W
Nonlinear absorption coefficient (b) 5.79 � 10�6 cm/W
Third-order nonlinear susceptibility (v3) 2.249 � 10�5 esu
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can be used to fetch information based on the electrical properties
of a material medium as a function of frequency. Dielectric proper-
ties are imperative to meet the objectives of electro-optic proper-
ties of the crystal specifically for non conducting materials [19].
The dielectric constant and dielectric loss have been calculated
using the formula,

e ¼ cd=e0A ð3Þ

Dielectric loss ¼ Tand ¼ e=e0 ð4Þ

where c is the capacitance, d is the thickness of the sample, A is the
area of the sample.

Fig. 9 represents the frequency dependent variation of dielectric
constant and dielectric loss at room temperature. The values of
dielectric constant and dielectric loss decreases with the increasing
frequency, this may be due to subsequently decreasing contribu-
tion of all the four polarizations viz. electronic, ionic, orientation,
and space charge, which are predominant in the lower frequency
region [20]. The decreased dielectric constant and dielectric loss
at higher frequencies indicates that the sample possesses enhanced
optical quality with lower defects and this parameter is of vital
importance for NLO applications [14,21].

Z-scan studies

The single-beam Z-scan is an effective technique to determine
the third order nonlinear optical properties of the materials. The
simultaneous measurement can be carried using open and closed
aperture data to examine the nature of nonlinear index of refrac-
tion (n2) and nonlinear absorption coefficient (b). The study of non-
linear refraction phenomenon can be analyzed using the closed
aperture Z-scan technique. The Gaussian beam was focused on
the crystal using a lens of focal length 12 cm and the crystal was
then translated along the Z direction. The phenomenon of change
in transmitted intensity about the focus (Z = 0) i.e. change in non-
linear refraction occurring due to higher repetitive rate of laser
beam was monitored through the closed aperture of optical detec-
tor placed at a far field [22]. The details of Z-scan setup are given in
Table 1. The difference between the peak and valley transmission
(DTp�v) is written in terms of the on axis phase shift at the focus
as [23],

DTp�v ¼ 0:406ð1� SÞ0:25 D/j j ð5Þ

where S is the aperture linear transmittance and is calculated using
the relation

S ¼ 1� expð�2r2
a=x

2
aÞ ð6Þ

where ra is the aperture and xa is the beam radius at the aperture.
The nonlinear refractive index is given by:
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n2 ¼
D/

KI0Leff
ð7Þ

where K = 2p/k (k is the laser wavelength), I0 is the intensity of the
laser beam at the focus (Z = 0), Leff = [1 � exp(�aL)]/a is the effective
thickness of the sample, a is the linear absorption and L is the thick-
ness of the sample. From the open aperture Z-scan data, the nonlin-
ear absorption coefficient is estimated as:

b ¼ 2
ffiffiffi
2
p

DT
I0Leff

ð8Þ

where DT is the one valley value at the open aperture Z-scan curve.
The value of b will be negative for saturable absorption and positive
for reverse saturable absorption (RSA). The expressed RSA observed
in the crystal is viewed as a consequence of two-step (excited state)
absorptions of optical energy for which the nonlinearity can be con-
sidered as an ‘‘effective’’ two-photon absorption process [24]. The
real and imaginary parts of the third order nonlinear optical suscep-
tibility v(3) are defined as,

Revð3Þ ðesuÞ ¼ 10�4ðe0C2n2
0n2Þ=p ðcm2=WÞ ð9Þ

Imvð3Þ ðesuÞ ¼ 10�2ðe0C2n2
0kbÞ=4p2 ðcm=WÞ ð10Þ

where e0 is the vacuum permittivity, n0 is the linear refractive index
of the sample and c is the velocity of light in vacuum. Thus, we can
easily obtain the absolute value of v3 using equation,

v3 ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
ðRev3Þ2 þ ðImv3Þ2

q
esu ð11Þ

The closed aperture transmittance data depicted in Fig. 10 con-
firms the self defocusing nature as prefocal transmittance peak is
followed by the postfocal transmittance valley, indicating negative
index of refraction.

The negative index of refraction of doped ADP crystal suggests its
prominence for protection of optical night vision sensor devices [25].
The nonlinear refractive index is found to be �4.5 � 10�12 cm2/W.
The open aperture transmittance data of grown crystal confirmed
the effective RSA depicted in Fig. 10. The open aperture transmit-
tance data was employed to evaluate the nonlinear absorption
coefficient (b) of the grown crystal. The effective b value of doped
Fig. 10. Closed and open aperture Z-scan curve.
ADP crystal is found to be 5.79 � 10�6 cm/W which is relatively
lower than potential NLO material [26]. The nonlinear third order
susceptibility of doped ADP crystal is found to be 2.249 � 10�5 esu
which is notably greater than efficient third order NLO crystals
[5,27]. The higher susceptibility originates as a result of enhanced
delocalization of p-electron cloud resulting to high polar nature
[28]. The promising third order NLO properties of doped ADP crystals
suggest its suitability for applications in optical limiting and sensor
devices [29].
Conclusion

The two mol% L-valine doped ADP crystal has been grown by
slow evaporation method at room temperature. The lattice
parameters of grown crystal were confirmed through powder
XRD technique. The optical studies confirmed the high transpar-
ency and encouraging optical constants in the entire visible
region. The wide band gap of doped ADP crystal was found to
be 4.7 eV, suitable for optoelectronics applications. The Thermal
studies revealed that the grown crystal may be subjected to
NLO applications up to 190 �C. The lower dielectric constant and
dielectric loss at higher frequencies were examined by dielectric
studies. The SHG efficiency of grown crystal was determined to
be 1.92 times that of KDP. The grown crystal showed potential
third order nonlinear optical parameters ascertained from Z-scan
technique at 632.8 nm. All above studies suggests the prominence
of grown crystal for laser stabilization, microelectronics and inte-
grated optical applications.
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