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Abstract- The single crystals of 2-Amino-5-methyl-pyridinium
phosphate (AMPP) have been synthesised and grown by slow
evaporation technique. The grown crystal was characterised
by X-ray diffraction analysis. The different vibrational modes
of the compound were studied by Fourier transform infrared
(FT-IR) spectroscopic analysis. The decreasing tendency of
dielectric constant with increasing frequency was shown in
dielectric study. The stiffness constant and yield strength were
calculated. The Photoluminescence study was also carried out
on grown crystal. The Z-scan technique was used to determine
the third order nonlinear optical parameters refractive index
(n2), absorption coefficient (B) and susceptibility (x(3)). The
dipole moment, linear polarisability and first order
hyperpolarisability values were also calculated.

I. INTRODUCTION

In the industrial world of today there is a high
demand for the charge transferred complexes crystal species.
The requirement for better and well characterized charge
transferred complex crystals has been the driving force behind
the extensive research and development in the optical,
magnetic, electrical and biological fields. The CT complexes
are formed between an electron rich donor molecule with low
ionization potential and an electron deficient acceptor
molecule with high ionization potential [1]. CT complexes act
as intermediate in wide variety of reactions involving electron
rich and electron deficient molecules [2]. Most of the
molecules show large nonlinear optical response, with the
electron-donor and electron-acceptor groups located at the
extreme of a system [3]. It has been recognized that the two-
photon optical properties of materials should be affected by
the donor—acceptor strength, the molecular structure, the
conjugation length and the intermolecular charge transfer [4-
6]. The conjugation n -electron moiety provides a pathway for
the entire length of conjugation under the perturbation of an
external electric field. Fictionalization of both ends of the ©
bond systems with appropriate electron donor and acceptor
group can increase the asymmetric electronic distribution in
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either or both the ground and excited states, thus leading to an
increased optical nonlinearity [7, 8]. In particular, the strong
delocalization of m electrons in the organic backbone
determines a high molecular polarizability and thus resulting
third order optical nonlinearity [9].

The third order nonlinearity, namely the third order
susceptibility of matter has been responsible for different
physical phenomena including but not limited to third-
harmonic generation, two-photon absorption, nonlinear
refraction, four-wave mixing, Raman Spectroscopy, etc., [10].
This research work is only focused on nonlinear refraction.
The single crystals of 2-Amino-5-methyl-pyridinium
phosphate (AMPP) were grown by slow evaporation solution
growth technique in room temperature. The grown crystals
were subjected for the various characterization such as Single
X-ray diffraction analysis, UV-vis spectroscopy, FTIR,
dielectric study, and hardness studies. The third order
nonlinear optical parameters like refractive index, absorption
coefficient and susceptibility were calculated for the grown
crystals.

Il. EXPERIMENTAL
Synthesis

For the preparation of Single crystals of 2-Amino-5-
methyl-pyridinium phosphate (AMPP), the equimolar mixture
of 2-Amino-5-methyl-pyridine and phosphoric acid in ethanol
was stirred for 2 hours. The solution was then filtered through
a quantitative whatmann 41 grade filter paper to remove the
suspended impurities. The beaker containing the filtrate was
covered using thin polythene sheet to prevent the evaporation
quickly. The perforations were made to regulate the
evaporation. The beaker was kept aside unperturbed in an
atmosphere most suitable for the growth of single crystals.
The crystals of title compound was harvested by slow
evaporation technique at room temperature. Photograph of
grown single crystals has been depicted in Figure 1.
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Figure 1. Solution grown crystals of AMPP.
IV. RESULT AND DISCUSSION
Single crystal X-ray diffraction analysis

The unit cell parameters and the crystal structure for
the synthesised compound were obtained on a Bruker AXS
Kappa APEX Il CCD diffractometer using graphite
monochromated MoKa radiation (A = 0.71073 A) at 298 K.
The synthesized crystal crystallized in monoclinic system,
space group P2;/c with unit cell parameters a= 10.872 A, b=
9.858 A, c=11.353(11) A, 0= 90°, p = 108.415°, y = 90°. The
unit cell volume is 923.18 A%, The XRD results are in good
agreement with the reported values and thus confirm the
grown crystal [11]. In the crystalline lattice the synthesized
crystal crystallized as protonated 2-Amino-5-methyl-pyridine
and deprotonated phosphoric acid. The structure of the
compound is stabilized by hydrogen bonding interactions N-
H...O, C-H...0, O-H....O.

FT-IR Analysis

The FT-IR spectrum of AMPP single crystal was
recorded employing Perkin-Elmer
FT-IR spectrometer using the KBr pellet technique. The
spectrum depicted in the figure 2 shows the presence of
characteristic absorption bands due to the varied force
constants in the donor and the acceptor species on account of
the prevalent charge transfer mechanism. Normally in an acid
base reaction, a proton transfer from the acceptor (acid) to the
donor (base) is expected to occur. The band at 3614 cm™ is
due to the N-H stretching vibration. A peak at 3364 cm™ is
observed due to NH, vibration. The O—H stretching vibration
is observed at 3139 cm™. The absorptions at 2593 and 2401
cm™ are due to O-H stretching vibration of phosphate. The C—
N stretching vibrations are observed at 2091 and 2009 cm™.
The absorptions at 1617 cm™ is due to pyridine ring vibration.
The absorptions at 1398 cm™ is due to aromatic CH, stretching
vibration of the aromatic ring. The band at 1134 cm™ is due to
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P-O stretching vibration. Aromatic NH, out-plane bending
vibration is observed at 824. The sharp absorption band at 578
cm™ is attributed to C-H vibration of pyridine ring.
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Figure 2 FTIR spectrum of AMPP.
UV-Visible Absorption Spectrum

The UV-visible absorption spectrum of AMPP
crystal recorded using SYSTRONICS DOUBLE BEAM UV-
Vis spectrophotometer in the range 200 — 1200 nm. The UV-
Visible spectrum gives limited information about the structure
of the molecule because the absorption of UV and visible light
involves the promotion of the electron in ¢ and n orbitals from
the ground state to higher energy states. The electronic
absorption spectrum of the OS crystal is depicted in figure 3.
The spectrum reveals that the strong absorption bands
attributed to the charge transfer transition and appears around
319 nm. The longer wavelength absorption band arising due to
the promotion of an electron from the highest occupied
molecular orbital to the lowest unoccupied molecular orbital
confirms the formation of charge transfer molecular complex.
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Figure 3 Absorption spectrum of AMPP.

UV-Visible Transmission Spectrum
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The transmission spectrum plays a vital role in
identifying the potential of a NLO material. A given NLO
material can be of utility only if it has a wide transparency
window. The UV-visible transmission spectrum of grown OS
crystals recorded using SYSTRONICS DOUBLE BEAM UV-
Vis spectrophotometer in the range 300 — 1200 nm. The
spectrum is shown in figure 4. The grown crystal has no
absorption beyond the wavelength 330 nm (visible region).
Hence this illustrates to know the suitability of the crystal for
second harmonic generation and various optical applications
[12, 13].
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Figure 4 Transmittance spectrum of AMPP.
Determination of refractive index

In optoelectronic application it is important to
determine the optical behavior of the materials. Knowledge of
a material such as optical band gap and extinction coefficient
is quite essential to examine the material’s optoelectronic
applications [14]. The optical constants are determined from
the transmission (T) and reflection (R) spectrum based on the
following relations [15].

(1- R)2 exp(—at)
1-R*exp(-2a t)

T=

Where t is the thickness and a is related to extinction
coefficient by

Nz
CArx

The reflectance (R) in terms of the absorption
coefficient and refractive index (n) can be derived from the
relations:
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_ 1+ \/(1— exp(—at)+exp(at))
1+exp(—at)

~(R+1)#/(-3R? +10R-3)
2(R-1)

n=

The refractive index of the grown crystal was
calculated using above relations. Figure 5 shows the energy
dependence of refractive index (n) for the grown AMPP
crystal. The refractive index increases with increasing energy
in lower wavelength region.
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Figure 5 Refractive index Vs Energy of AMPP.
Dielectric study

The dielectric study of grown AMPP single crystal
was carried. The capacitance of the sample was measured by
varying the frequency from 50Hz to 200KHz. Figure 6 shows
the plot of dielectric constant (g;) versus log frequency. The
dielectric constant has higher values in the lower frequency
region and then it decreases with increasing frequency. The
very high values of dielectric constant at low frequencies may
be due to the presence of space charge, orientation, electronic,
and ionic polarizations. The low value of dielectric constant at
higher frequencies may be due to the loss of significance of
these polarizations gradually. At high frequency, the defects
no longer have enough time to rearrange in response to the
applied voltage; hence the capacitance decreases [16]. The
variation of dielectric loss with log frequency is shown in
Figure 7. The characteristic of low dielectric loss at high
frequencies for a given sample suggested that the sample
possesses enhanced optical quality with lesser defects and this
parameter play a vital role for the fabrication of nonlinear
optical devices [17].
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Figure 7 Dielectric Loss Vs log f
Microhardness study

Mechanical properties of the grown crystal were
studied using a Vickers micro-hardness tester with a Vickers
diamond pyramidal indenter attached to an incident light
microscope. The static indentations were made at room
temperature with a constant indentation time 10 s for all
indentations. The indentation marks were made on the
surfaces by varying the load from 25 to 300 g. The Vickers
microhardness number Hv of the crystal is calculated using the
relation

~ 1.8544P

H
Y d’ kg/um?

Where P is the applied load in kg and d corresponds
to average diagonal length in micrometre.
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Figure 8 Hardness Vs Load P.

Figure 8 shows the plot between load (P) and Hy, of
AMPP single crystal. From the graph, it is very clear that Hy
increases with the increase of load which indicates the reverse
indentation size effect. The increase in HV with increasing
load can be attributed to the electrostatic attraction between
the zwitterions present in the molecule. The Meyer's index
number was calculated from Meyer's law, which relates the
load and indentation diagonal length and is given by

P =kd"
logP=logk+nlogd

where Kk is the material constant and n is Meyer's index.
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Figure 9 Log P and Log d.

Figure 9 shows the plot between log P and log d. The
slope of this straight line plot gives the value of n and is
calculated as 2.83. Hy should increase with increase of P if
n>2 (reverse ISE) and decrease if n<2 (normal ISE). When
n=2, the hardness is independent of the load applied and is
given by Kick's law [18]. Then value agrees well with the
experiment. According to Onitsch [19] and Hanneman [20] n
should lie between 1 and 1.6 for harder materials and for
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softer materials n should be above 1.6. Thus APHB belongs to
the soft material category (n = 2.111). The stiffness constant
(C11) gives details about the nature of bonding between the
neighbouring atoms. C11 is the property of the material by
virtue of which it can absorb maximum energy before fracture
occurs. The stiffness constant (C11) is calculated from
Wooster's empirical relation [21] given by C11 = Hv"* The
variation of stiffness constant (C11) with various loads is
shown in Figure 14.
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Figure 10.Stiffness constant Vs Load.

From the hardness values, the yield strength (cy) can
be calculated. The yield strength is defined as the stress at
which the material begins to deform plastically. The value of
the yield strength depends on Meyer's index number n. For
n>2, o, can be calculated using the expression

3—n12.5m— 2" "
T~ 29 ( { j] Hy

o i—-n

For n<2, the yield strength is calculated using the relation

o, = —

3

It is seen from Figure 10 that the yield strength also
increases as load increases.

From the hardness values, the yield strength (cy) can
be calculated. The yield strength is defined as the stress at
which the material begins to deform plastically. The value of
the yield strength depends on Meyer's index number n. For
n>2, o, can be calculated using the expression

i-n 12.5(n—23]”“
T = 2.9( 3-n Hy
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It is seen from figure 11 that the yield strength also increases
as load increases.
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Figure 11. Yield strength Vs Load

Photoluminescence study

The photoluminescence (PL) studies were carried to
evaluate lower concentration of defects and transitional band
gaps. The impurity on absorption of light gives rise to bound
excited state from which it returns to its ground state abiding
in the analysis of colour centre creation mechanism [22]. The
PL property of organic complex basically depend on presence
of localized n-electron systems in molecules. Nevertheless, the
intensity of incident beam and the density of photons also alter
the PL signal from a crystalline compound. The figure 12
shows the PL emission spectrum of AMPP crystal. The
maximum emission wavelength is observed to be at 407.3 nm.
The emission peak at 407.3 nm corresponds to violet
wavelength emission. The violet emission is due to the
donation of protons to the pyridine group from phosphoric
acid in the molecule.
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Figure 11 Photoluminescence spectra of AMPP.

Z-scan study
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The Z-scan technique is generally used to measure
the magnitude and sign of nonlinear refraction (n,) and
nonlinear absorption coefficient (B), simultaneously [23]. The
study of nonlinear refraction by the Z-scan method depends on
the position (Z) of the crystal along a focused laser beam.
Depending on the positive or negative nonlinear refraction, the
sample causes an additional focusing and defocusing of light.
The valley followed by a peak in the transmittance curve is the
signature for positive nonlinearity and is known as the self-
focussing effect. Figure 13 shows the normalized
transmittance T with closed aperture as a function of the
distance z along the lens axis in the far field. The closed
aperture transmittance data confirms the positive nonlinearity
of the crystal. This is due to the local variation of refractive
index with temperature. Figure 14 shows the open aperture
normalized transmittance curve. There will be a maximum
transmittance at the focus for saturable absorber samples.
Multi-photon absorption reduces the peak transmittance and
augments the valley [24]. The minimum transmittance at focus

shows the multi-photon absorption effect in the crystal.
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From the normalized transmittance curve, the
nonlinear refractive index (ny), nonlinear absorption

coefficient (B) and Third order susceptibility l‘"gj has been
calculated [25] for the AMPP crystals. The calculated
nonlinear refractive index (ny), nonlinear absorption
coefficient and third order susceptibility values of APDP are
1.02 x 10°° cm/W and 3.909 x 10" cm?/W and 2.09 x 107 esu.
The results reveals the positive refractive index, the self-
focusing nature and the two-photo absorption process of the
crystal.

V. CONCLUSION

The single crystals of 2-Amino-5-methyl-pyridinium
phosphate were synthesized and grown by adopting slow
evaporation technique at room temperature. In single crystal
confirmed the centrosymmetry space group of the grown
crystals. The presence of various functional groups in crystal
was analyzed by The FTIR spectrum. UV-vis absorption
analysis reveals the electron transition around wavelength 320
nm which confirms the formation of charge transfer in grown
crystal. The transparency of the grown crystals was studied
through UV-Vis transmission spectra. The crystal showed the
transparency beyond 330 nm wavelength (visible) region
which is a desire property for various NLO applications. The
characteristic of low dielectric loss at high frequencies for
grown crystals suggested that the grown crystals possessed
enhanced optical quality with lesser defects. The Vickers
microhardness test revealed that the grown crystal was a soft
material. The photoluminescence studies were carried to
evaluate lower concentration of defects and transitional band
gaps. The Z-scan results reveals the self-focusing nature of the
crystal.
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