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Introduction:-

Derivative of phthalic acids based crystals are potential candidates for nonlinear optical (NLO) and electro-optic
processes. The phthalate semiorganic crystals are extensively recognized for their various application in the long-
wave X-ray spectrometers and piezoelectric, optical, NLO and elastic properties are also investigated in detail [1-2].
Acid phthalate crystals were widely used as substrates for thin film deposition of organic nonlinear materials [3].
In general, Phthalate complexes crystals are being widely examined for their promising electronic and optoelectronic
applications. Potassium acid phthalate (KAP), Rubidium acid phthalate (RbAP), Cesium acid phthalate (CsAP),
Thallium acid phthalate (TiAP), Lithium acid phthalate (LiAP), Lithium sodium acid phthalate (LiNaP),
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Ammonium acid phthalate (NH,AP) are reported as semiorganic phthalic acid crystals. All these compounds are
stabilized by extensive networks of hydrogen bonds.

In this series, sodium hydrogen phthalate [Na(CsH,COOH-COO)] also called sodium acid phthalate (NaAP) is a
semiorganic material that goes to orthorhombic class of alkali acid series, which is having laser-induced damage
threshold and the values of SHG efficiency much higher than that of KAP crystal with non-hygroscopic nature [4].
NaAP consists of Na ions, phthalate ions and water molecules. The Na* ion is surrounded by six O atoms, four from
the ionizing carboxyl groups, one from an unionized carboxyl group and one from the water molecule. NaAP
crystallizes in an orthorhombic symmetry with the space group B2ab [5]. There are only a few reports available on
the effect of amino acid on the NLO efficiency of NaAP crystals.

In the present manuscript, the effect of L—Histidine monohydrochloride dihydrate on the growth and properties of
Sodium Acid Phthalate single crystals. The results of the characterization studies conclude that the amino acid
(L—Histidine monohydrochloride dihydrate ) dopant play a significant role in the viewpoint of optoelectronic
device applications.

Experimental:-

Pure NaAP crystal was synthesized by taking sodium bicarbonate (Merck, AR grade, 99.8%) and phthalic acid
(Merck, AR grade, 99 %) in an equimolar ratio and dissolved in deionized water. The solution was thoroughly
stirred for 3 hrs continuously using a magnetic stirrer till to get the homogeneous solution and the saturated solution
was filtered using filter paper and it was kept in undisturbed conditions. The quality of the grown crystals was
enhanced by recrystallization process. After a period of 35 days, transparent good quality of the crystal of pure
NaAP was harvested (Fig. 1a).

Figure 1a:- As grown crystal of the pure NaAP. Figure 1b: As grown crystal of LHMHC dihydrate doped NaAP
crystal.

0.5 Mole % of L—Histidine monohydrochloride (Loba, AR grade, 99%) was added to the mother solution of NaAP
and the solution was thoroughly stirred endlessly for 4 hrs till to get the homogeneous solution. The saturated
solution was filtered using filter paper and it was kept in undisturbed conditions. After a period of 47 days,
transparent good quality of the crystal of LHMHC dihydrate doped NaAP was harvested (Fig. 1b). The grown
crystals are optically transparent and non-hygroscopic. The pronounced distinction between NaAP and KAP crystal
is that NaAP grows more uniformly in all three axes when compared to KAP crystals. This is a significant factor
while fabricating devices for SHG applications.

Results and Discussion:-

Single crystal X-ray diffraction analysis:-

The pure and LHMHC dihydrate doped NaAP crystals were subjected to single crystal X-ray diffraction analyses
using ENRAFNONIUS CAD 4 diffractometer with Mo Ka radiation (A=0.71073 A) to identify the unit cell
parameters. The observed lattice parameter values of pure and LHMHC dihydrate doped NaAP crystals are found to
be a=6.75 A, b=9.33 A, ¢=26.65 A, o=p=y=90° and the volume of the unit cell was found to be 1678 A? for pure
NaAP crystal and a=6.77 A, b=9.38 A, ¢=26.75 A, for LHMHC dihydrate doped NaAP crystal, the volume of the
unit cell was found to be 1699 A® and the grown crystals belong to the space group B2ab which is in good agreement
with the reported values [4,6] of pure NaAP crystal. The slight variations in the cell parameters indicated the
incorporation of LHMHC dihydrate into the crystal lattice of pure NaAP crystal.
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Functional group analysis:-

The grown crystals were subjected to FT-IR analysis by Perkin Elmer RXI FTIR spectrometer by KBr pellet
technique in the wavelength range between 400 and 4000 cm™.  FT-IR spectra of pure and LHMHC dihydrate
doped NaAP crystals was recorded as shown in Fig.2a and Fig.2b to confirm and see the effect of doing on
functional groups of the parent compound.
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Figure 2a: FTIR spectrum of pure NaAP crystal
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Figure 2b: FTIR spectrum of LHMHC dihydrate doped NaAP crystal

The O-H stretching vibration has more sensitive to the hydrogen bond interaction with the amino acid dopants [7].
The observed bands and their corresponding assignments are presented in Table 1.
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Table 1: Observed FTIR bands of the grown crystals and their assignments

Observed wavenumber (cm’l)

Pure NaAP LHMHC Dihydrate [ASSIpTMEnts
doped NaAP

3505.33 3499.73 -O-H stretching. intermolecular bonded OH
3051.56 3048.51 -O-H bending. CH-bending in aromatic ring
2857.65 2852.48 C-H-bending-asymmetric
2459.46 2472.81 C-H-bending
1698.87 1689.09 C=0 vibration (Carboxyl group)
1473.62 & 1603.42 1478.20 & 1606.83 C-C skeletal aromatic ring vibration
861.94 866.38 C-H out of plane bending
753.08 758.69 C-C stretching
645.60 646.54 C-O wagging
552.22 550.72 C=C-C out of plane ring deformation
444.63 442.86 C=C plane bending

From Table-1, the absorption peaks observed around 3505 cm™ corresponds to the O-H stretching vibration of the
carboxylic acid for pure NaAP crystal whereas in the case of LHMHC dihydrate doped NaAP crystal, these peaks
gets shifted towards the lower frequency and the absorption peak is observed around 3499 cm™ showing a red shift
in the value. The absorption peak around 1698 cm™ corresponds to the -C=0 carboxylate ion symmetric stretching
of =0 for pure NaAP. In the case of LHMHC dihydrate doped NaAP, the absorption value shows a blue shift by
shifting the peak to 1689 cm™. A marked enhance in the carboxylate ion and the carboxylic acid stretching was
observed in LHMHC dihydrate doped NaAP when compared to pure NaAP which is due to the influence of dopant.
Carboxylic stretching vibration is recognized to produce resolved multiple bands between 2500 cm™ and 3500 cm™.
The difference in sharpness of multiple bands may be taken as an evidence for the doping of LHMHC dihydrate
doped NaAP. The absorption peaks obtained at 1473 cm™ and 1603 cm™ for pure NaAP whereas 1478 cm™ and
1606 cm™ for LHMHC dihydrate doped NaAP corresponds to C-C skeletal aromatic ring vibration. Apart from this,
some bending vibrations and a wagging vibration take place owing to the presence of the carboxylate group. The
wagging vibration occurs at 645 cm™ and 646 cm™ corresponds to the C-O wagging for pure and LHMHC dihydrate
doped NaAP. The vibrations occurring at 861 cm™ ,860 cm™ and 444 cm™ and 442 cm™ absorption peaks is ascribed
to the C-H out of plane bending and C=C plane bending for pure and LHMHC dihydrate doped NaAP. One C=C-C
out of plane ring deformation vibration occurs at the 552 cm™ and 550 cm™ for pure and LHMHC dihydrate doped
NaAP. C-C stretching vibration occurs at 753 cm™ and 754 cm™ for pure and LHMHC dihydrate doped NaAP. In
the case of dopants, the same peaks were observed with some slight shifts in the undoped spectrum. All these bond
assignments are in excellent agreement with that of the reported values [4]. Here the shifting of peaks denotes that
LHMHC dihydrate doped NaAP is added into the crystal lattice of pure NaAP successfully. Hence, the bonding
interaction between NaAP and LHMHC dihydrate doped NaAP are clearly established in the FTIR analysis.
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Linear optical analysis:-
The optical transmission spectrum of pure and LHMHC dihydrate doped NaAP crystals were recorded in the
wavelength region from 190-1100 nm using PERKIN ELMER LAMBDA 35 UV-Visible spectrophotometer

(Fig.3).
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Figure 3: UV-Visible transmission spectrum of pure and LHMHC dihydrate doped NaAP crystals

For optical fabrication, the crystal should be highly transparent in the significant region of wavelength [8].
From Fig.3, it shows that the transparency of the grown crystals is good in the entire UV-Visible region and it is
evident that the title compound has a low cut-off wavelength at 300 nm which is appropriate for SHG laser radiation
of 1064 nm for frequency doubling process. Pure NaAP crystal has 60% transmittance while LHMHC dihydrate
doped NaAP crystal has 80% transmittance in the entire UV-Visible region. The obtained results were compared
with the reported work [9] and it was observed that LHMHC dihydrate doped NaAP crystal show better optical
transmittance value than L-Valine doped NaAP crystal in the entire visible region. The increment in the optical
transmittance of LHMHC dihydrate doped NaAP crystal compared to pure NaAP one suggests the enhancement in
optical quality. As a result, LHMHC dihydrate doped NaAP crystal are more suitable for electro-optic modulation
and are a potential candidate for NLO applications. The optical band gap (Eg) of the grown crystals has been
calculated using the formula [10]

ahy = A(E; — hy)" (n=" for direct allowed transition) (1)

Where,  is optical absorption coefficient and hy is the photon energy. ‘A’ is a slope of the Tauch edge and it is

called the band tailing parameter which depends on the width of localized states in the band gap. The value of
energy band gap is estimated from the graph drawn between (chy)? versus photon energy (h¥) as shown in Fig.4.
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Figure 4:  Plot of (ahy)® versus photon energy (E) in electron volt for pure and LHMHC dihydrate doped NaAP
crystals.

The energy band gap is solved by extrapolating the linear part from the maximum absorption end to hy axis. The
intersecting point on photon energy axis is band gap energy of grown crystals. The energy band gap of pure NaAP
crystal has been found to be 3.5 eV while LHMHC dihydrate doped NaAP has been found to be 4 eV. Because of a
large band gap of LHMHC dihydrate doped NaAP (4 eV), this crystal can be an appropriate compound for the
optoelectronic devices such as LED and Laser diodes [11].

The extinction coefficient could be a measure of the amount of loss of electromagnetic radiation through scattering
and absorption of grown crystals per unit thickness. Extinction coefficient value (K) has been calculated using the
following equation

K=y @
Where, absorption coefficient (z) is calculated from the transmittance graph by the equation

a =2.303log (1/T)/d (3)
‘d’ is the thickness of the sample (2 mm) and ‘T’ is the transmittance of the sample. The extinction coefficient
values of the grown crystals are decreasing with respect to wavelength as shown in Fig. 5.
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Figure 5: Plot of extinction coefficient versus wavelength for pure and LHMHC dehydrate doped NaAP crystals
Fig.6a & 6b show that the variation of optical reflectance of pure and LHMHC dihydrate doped NaAP crystals with
optical absorption coefficient. When optical reflectance increases, optical absorption coefficient also increases

exponentially. The variation is in keeping with the correction between optical reflectance and optical absorption
coefficient represented by the following equation.
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1+, (1 —expl—ad)+explad))

R= 1 +exp(—od) )

The maximum value of the optical reflectance for pure NaAP is 88.5 when the optical absorption coefficient is 4500
while the optical reflectance for LHMHC dihydrate doped NaAP is 58 when the optical absorption coefficient is
2000. The refractive index of optical materials is notably significant for the applications in integrated optic devices
(switches, filters, modulators, etc.) [12].
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Figure 6a: Plot of reflectance versus wavelength for pure NaAP crystal
Figure 6b: Plot of reflectance versus wavelength for LHMHC dihydrate doped NaAP crystal

The refractive index (n) of the grown crystals are calculated from the equation below

i~ = -
- (R+1)++ —3R2 +10R -3
n= 2(R-1) ®)

From Fig.7, the refractive index of the grown crystals increases with increasing wavelength and then decreases when
reaching a maximum value in the wavelength 1100 nm. The refractive index of the pure NaAP at 1100 nm was
determined to be 1.75 while the refractive index of the LHMHC dihydrate doped NaAP at 1100 nm was found to be
1.46. The high transmission, low refractive index and low reflectance of LHMHC dihydrate doped NaAP crystal
makes a suitable material for nonlinear optical device applications and antireflection coating in solar thermal and
[13]. Hence, this material could prove effective in the fabrication of optoelectronic devices.
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Figure 7:- Plot of refractive Index versus wavelength for pure and LHMHC dihydrate doped NaAP crystals
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Dielectric analysis:-

The dielectric characteristics of the material are important to examine the lattice dynamics in the crystal. So, the
grown crystals were subjected to dielectric studies using HP 4275 multi- frequency LCR meter. The well-polished
single crystals of pure and LHMHC dihydrate doped NaAP were employed for dielectric studies. The surface of the
grown crystals was an electrode with a silver paste for electrical contact. The experiment was accomplished for the
frequencies from 50 Hz to 1 MHz. The dielectric constant (&) was calculated by the equation,

cd
Eo A (6)

Where C is the capacitance, d is the thickness of the crystal, €, is the permittivity of free space and A is the area of
the crystal (2.83 x 10®). The dielectric loss was calculated by the relation,

£ =& D ©)

Where, D is the dissipation factor. Fig. 8a & Fig. 8b show the variation of the dielectric constant and dielectric loss
of the pure and LHMHC dihydrate doped NaAP crystals with frequency.
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Figure 8a:- Plot of dielectric constant vs Log F for pure and LHMHC dihydrate doped NaAP crystals.
Figure 8b:- Plot of dielectric loss vs Log F for pure and LHMHC dihydrate doped NaAP crystals.

From figures 8a & 8b, it is observed that the values of dielectric constant and dielectric loss of the pure and LHMHC
dihydrate doped NaAP crystals decreases with increases in frequency and attain saturation at higher frequencies.
The dielectric constant with very high value at low frequencies is due to different polarizations namely ionic,
electronic, orientation and space charge [14]. The low dielectric constant at high frequency is attributed to space
charge polarization and it is significant for the construction of photonic and NLO devices. The dielectric loss values
are high at lower frequencies and they are low at higher frequencies. The low dielectric loss with higher frequencies
for LHMHC dihydrate doped NaAP crystal compare to pure NaAP possesses enhanced optical quality with lesser
defects and this shows that LHMHC dihydrate doped NaAP crystal can be used for optoelectronic device
applications.

Mechanical stability analysis:-

The mechanical studies of the grown crystals were made by Vickers microhardness activity at room temperature.
Crystals which is free from cracks with flat and smooth surfaces were chosen for the static indentation examinations.
The crystal was fixed properly on the base of the microscope. Now, the selected smooth faces of the grown crystals
were indented gently by varying loads from 20 g to 100 g for a period of 10 s by Vickers diamond indenter joined to
an incident ray analysis microscope and the length of the two diagonals of diamond indenter was determined by a
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calibrated micrometer joined to the eyepiece of the microscope. For a particular load, three well-defined indentations
were measured and the average value (d) was calculated. The Vickers hardness (H,) numbers were calculated for
different loads [15] using the following relation.

H, = (1.8544 x P) / d* kg/mm? (8)
Where ‘P’ is the applied load in kilogram and ‘d’ is the average or mean diagonal length of the indentation marks.

The result is plotted (Fig. 9).
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Figure 9:- Variation of Hv with applied load for pure and LHMHC dihydrate doped NaAP crystals.

The grown crystals show the reverse indentation size effect in which the hardness values increases with increasing
the applied load [16, 17]. Crack initiation and materials chipping become important beyond 100 g of the applied
load. Hence, hardness experiment could not be done above this load. It shows that the density of defects in the
crystal is in the form of vacancy [18]. Increasing honcentrosymmetric due to the presence of an increased number of
vacancies could also be the physical origin of the observed phenomenon. Meyer’s law relates load and size of
indentation as

P=k,.d" 9)
Where ‘k;’ is the material constant, ‘n’ is the work hardening coefficient. Taking logarithm on both sides of Eq.(9),
we get

log P =log k; + n log d

The plot of ‘log P” against ‘log d’ is shown in Fig. 10a & Fig. 10b which provides a straight line (after least square
fitting). The slope of the line provides ‘n’ and it is found to be 4.4 for pure NaAP crystal and 2.8 for LHMHC
dihydrate doped NaAP crystal. According to Onitsch [19], ‘n’ should lie between 1 and 1.6 for hard materials and
must be above 1.6 for softer materials. Hence, the grown crystals belong to a softer material category.
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Figure 10a:- Plot of log P versus log d for pure NaAP crystal.
Figure 10b: Plot of log P versus log d for LHMHC dihydrate doped NaAP crystal
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Second Harmonic Generation efficiency measurements:-

The Second Harmonic Generation property of the grown crystals was tested by the Kurtz-Perry powder method
[20]. The emission of green radiation from the samples confirms the SHG in the crystal. The result obtained for pure
NaAP crystal shows a powder SHG efficiency of about 1.53 times that of KDP crystal and 1.78 times that of KDP
for LHMHC dihydrate doped NaAP crystal. The intensity of the green light from several points on the powdered
sample shows that the slight increase in SHG signal intensity for LHMHC dihydrate doped NaAP crystal as
compared to pure NaAP crystal and this may be due to central ion in metal organic complex gives a certain
anisotropic field to keep NLO active chromophores which drastically vary the hyperpolarizability [21].

Conclusion:-

Transparent single crystals of pure and LHMHC dihydrate doped NaAP were successfully grown from aqueous
solution by low temperature slow evaporation solution growth technique. The crystal system of the grown crystals
was confirmed by the single crystal XRD studies and the presence of dopants in the crystal lattice of the pure NaAP
slightly changed the lattice parameters without affecting the basic structure. FTIR trace revealed the presence of
amino groups and functional groups. UV-Visible spectrum shows that by doping LHMHC dihydrate doped NaAP
the percentage of transmission is increased. Significant larger optical transparency and lower cut-off value down to
300 nm make it a promising material for NLO applications containing frequency doubling process. The dielectric
constant and dielectric loss with low values at high frequencies show the high optical quality of the grown crystals
with lesser defects which are the desirable property for applications in photonic and optoelectronic devices. The
SHG efficiency of LHMHC dihydrate doped NaAP has enhanced than pure NaAP. Vickers microhardness test
suggests that the grown crystals belong to a soft material category. Owing to the wide optical transparency, high
mechanical stability and relatively high SHG efficiency of LHMHC dihydrate doped NaAP crystal is a potential
candidate for fabrication of optoelectronic devices and laser applications.
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