
Growth of 2-amino-5-chloropyridinium 5-sulfosalicylate

(2A5CP5S) single crystals: investigation

of physicochemical properties for nonlinear optical

applications

J. Ranjith Emmanuel1,* , T. Kamalesh2, P. Karuppasamy2, Muthu Senthil Pandian2, and
P. Ramasamy2

1Department of Physics, School of Advanced Sciences, Vellore Institute of Technology, Vellore 632014, Tamil Nadu, India
2Department of Physics, SSN Research Centre, Sri Sivasubramaniya Nadar College of Engineering, Chennai 603110, Tamil Nadu,

India

Received: 25 June 2022

Accepted: 28 September 2022

Published online:

28 October 2022

� The Author(s), under

exclusive licence to Springer

Science+Business Media, LLC,

part of Springer Nature 2022

ABSTRACT

2-Amino-5-chloropyridinium 5-sulfosalicylate (2A5CP5S) material was synthe-

sized, and a single crystal was grown by slow evaporation solution technique

(SEST). The lattice parameters of the grown crystal were confirmed by the sin-

gle-crystal X-ray diffraction (SXRD) analysis. It was a triclinic crystal system

with a centrosymmetric P-1 space group. The various crystal planes were

determined using powder X-ray diffraction (PXRD) analysis. The functional

groups of the 2A5CP5S were identified by FTIR spectrum analysis. The dislo-

cation density of the crystal was analyzed by chemical etching analysis. The

thermal behavior of the 2A5CP5S crystal was determined by thermogravimetric

and differential thermal analysis. The optical homogeneity of the crystal

(thickness = 1 mm) was characterized by a birefringence study using a diode

laser (532 nm). The photoconductivity was tested on a polished sample with an

exposed area of 25 mm2. The optical transmittance of the grown crystal was

found using UV–Vis NIR spectroscopy, it is 78% and the bandgap energy was

found to be 3.35 eV. The z-scan technique was carried out using a He–Ne laser

(632.8 nm) to analyze the nonlinear optical (NLO) properties.

1 Introduction

Single crystals play a major role in the area of laser

technology, optical parametric oscillations, optical

information processing, etc., [1–3]. For an effective

laser frequency system, materials should have high

nonlinear optical (NLO) coefficients with suit-

able physio-chemical properties. The crystal must

have high optical transparency in a wide range of

wavelengths, high mechanical stability, large laser
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damage threshold and good chemical stability. In

addition to that, the materials having high NLO

response have potential uses in frequency conver-

sion, sensors, electro-optical amplitude modulation,

photonics, optical signal processing, optical data

storage, laser devices, ultra-short pulsed lasers,

optical switching, laser amplifiers, color displays,

THz generation and detection [1–7]. Inorganic single

crystal has the required physical properties but

moderate NLO response. On the other hand, organic

single crystals have a large NLO response. Organic

single crystals also have low dielectric constant, large

second-order nonlinearity and high external quan-

tum efficiency [8]. But due to its weak hydrogen and

Van der Waals or long hydrogen bond, it has low

thermal, chemical stability and laser damage thresh-

old values [9]. These drawbacks can be fully or par-

tially minimized by the process of proton transfer by

the addition of other organic molecules, and it creates

a new crystal system with excellent optical and

physical properties. The chemical, thermal stability,

mechanical and laser threshold properties were

increased by incorporating aromatic polyimides in

pyridine [10–12] and their digital memory charac-

teristics were also studied [13].

Pyridine, an aromatic heterocycle organic material,

has an electronegative nitrogen atomic constituent

and is relatively electron deficient. Hence, pyridine

can transport more electrons. Furthermore, pyridine

owns a localized lone pair of electrons in an sp2

orbital on the nitrogen atomic constituent, revealing

an affinity toward holes and as a result, can transport

holes. The lone-paired electrons enable pyridine to

undergo protonation or alkylation, it provides ways

to chemically modify its properties [13]. Pyridine and

its organic complexes also exhibit a large amount of

fluorescence in the crystalline environment [14]. This

attracts the attention of material researchers. The

2-amino 5-chloropyridine is an NLO crystal with a

low dielectric constant [15]. This makes it a good

candidate for NLO devices. But it only has 42%

optical transparency [16] which makes it inefficient

for NLO applications and previous studies reveal

that adding a suitable compound can increase optical

transparency, which may improve other properties as

well [10–12].

In the present work, the 2-amino-5-chloropyri-

dinium 5-sulfosalicylate (2A5CP5S) single crystals

were grown by the slow evaporation solution tech-

nique (SEST). The structure of 2A5CP5S was reported

by Hemamalini et al. [16]. For the first time, the

2A5CP5S single crystals were grown SEST method

with a dimension of 11 9 6 9 3 mm3 and the grown

crystal was characterized by XRD analysis, FTIR

analysis, chemical etching study, TG–DTA analysis,

birefringence study, photoconductivity measure-

ment, UV–Vis NIR and Z-scan studies to find the

structural, optical, thermal, mechanical and electrical

properties.

2 Experiment section

2-Amino-5-chloropyridine (C5H6ClN2) and 5-sulfos-

alicilicate acid (C7H5O6S) were taken in an equal

molar ratio (1:1) and dissolved by adding a suit-

able amount of Millipore water of resistivity

18.2 MX.cm. The reaction scheme of 2A5CP5S is

given in Fig. 1. The prepared solution was allowed to

evaporate slowly at room temperature. After a few

days, the crystals were formed in the crystallizer.

After recrystallizing several times, good quality

2-amino-5-chloropyridinium 5-sulfosalicylate

(2A5CP5S) crystals were obtained. The as-grown

2A5CP5S crystal is given in Fig. 2.

2.1 Characterization studies

The morphology of the 2A5CP5S was simulated

using WinXMorph software. The Bruker AXS Kappa

APEX II CCD X-Diffractometer, equipped with

monochromatic MoKa radiation (k = 0.710 Å) was

used to determine the cell parameters. The powdered

samples were scanned over the range from 10 to 80�
with a step size of 0.05�. FTIR spectrum of the grown

crystal was recorded using Bruker AXS FTIR spec-

trometer in the range between 500 and 4000 cm-1

with the KBr pellet technique. Chemical etching

studies were carried out using COSLAB (Model

CMM-23) optical microscope. The thermogravimetric

and differential thermal analysis (TG/DTA) was

carried out from 30 to 700 �C at a heating rate of

10 �C/min in the nitrogen atmosphere using a Per-

kin-Elmer Diamond TG–DTA instrument. The bire-

fringence interferogram was captured by He–Ne

(Thorlabs, 5 mW) laser with a wavelength is

632.8 nm used as a source and the diameter of the

beam has been expanded to 20 mm using a 10X beam

expander. The photoconductivity was carried out

using Keithley 6487 pico-ammeter in the presence of

a DC electric field. The UV–Vis NIR spectrum of the
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2A5CP5S crystal was recorded using a Perkin-Elmer

Lambda-35 spectrophotometer in the range of

200–1100 nm. The third-order NLO properties were

analyzed by the Z-scan technique using a continuous

wave (CW) He–Ne laser (21 mW) of wavelength

632.8 nm.

3 Results and discussion

3.1 Single-crystal XRD analysis

The single-crystal X-ray diffraction (SXRD) study was

carried out (Bruker AXS Kappa APEX 2 CCD X) with

monochromatic MoKa radiation (k = 0.7101 Å) to

determine the lattice parameters of the grown crystal.

The cell parameters were approximately the same as

that of previously reported parameters [16] and the

values were given in Table. 1. The unit cell dimen-

sions a, b and c were 7.914 (6) Å, 10.913 (9) Å and

16.454 (13) Å, respectively. The angles a, b and c were

85.39 (3) �, 83.84 (5) � and 87.07 (6) �, respectively. The
volume of the unit cell was 1407 (3) Å3 and the

molecular weight was 343.74 g/mol. The as-grown

crystal belongs to the triclinic crystal system with a

symmetry group of P-1. The morphology of the

grown 2A5CP5S crystal is given in Fig. 3. It is a

centrosymmetric crystal, hence the even-numbered

harmonic generations were not possible due to the

polarization mismatch of adjacent molecules [17].

3.2 Powder XRD measurement

The crystal was finely powdered and subjected to

powder X-ray diffraction (PXRD) from 5 to 80� for

finding the various crystal planes and the diffraction

pattern was compared with the reported structure

(CIF data). The experimental PXRD spectrum and the

CIF file data of PXRD patterns are compared and

shown in Fig. 4. The observed X-ray diffraction
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Fig. 1 Chemical reaction scheme of 2A5CP5S

Fig. 2 The as-grown

2A5CP5S crystal
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pattern coincides with the reported patterns (CIF

data). Maximum reflection has been observed for

some (hkl) planes such as (2, 2, 0), (1, 3, 0), (1, - 1, 1),

(1, - 1, 2) and (0, 2, 2).

3.3 FTIR spectrum analysis

The 2A5CP5S material was finely powdered with KBr

in the ratio of 1:99% and made into a pellet. The pure

KBr pellet was used as a background of the instru-

ment to identify the different functional groups pre-

sent in the prepared sample by the Bruker AXS FTIR

at room temperature in the range of 400–4000 cm-1.

The spectroscopy data were compared with 2-amino-

5-chloropyridine FTIR data [15] and general IR

spectra [18–20]. The 2A5CP5S functional groups are

identified and given in Table. 2.

The FTIR graph shown in Fig. 5 has a lot of smaller

absorption peaks due to a large number of hydrogen

bonds. During the crystallization process, the

hydrogen atoms in the 2-amino-5-chloropyridine

bonded with the oxygen atoms in the 5-sulfosalicylic

acid dihydrate. The small-broad absorption peaks at

2902, 1623 and 1207 cm-1 show the presence of the

amine group, the absorptions at 3653 and 2847 cm-1

were due to the presence of the alcohol group, and

sharp-long absorption peaks at 1666 cm-1,

1021 cm-1, 806 cm-1 and 693 cm-1 shows the pres-

ence of alkene group and the absorptions at 2590 and

1343 cm-1 were due to carboxylic acid and sulfone

group, respectively. This proves the presence of

5-sulfosalicylic acid dihydrate molecules. The long-

sharp absorption peak at 709 cm-1 shows the halo

compound and the thin absorption peak at 1867 cm-1

was because of the presence of aromatic groups

which shows that the 2-amino-5-chloropyridine is

presented.

Table 1 Comparison between the cell parameters of the grown

crystal and the reported data

Lattice parameters Reported work [1] Present work

a (Å) 7.9455 (3) 7.914 (6)

b (Å) 10.9173 (5) 10.913 (9)

c (Å) 16.3535 (7) 16.454 (13)

a� 85.223 (2) 85.39 (3)

b� 83.327 (2) 83.84 (5)

c� 85.842 (2) 87.07 (6)

Volume (V) (Å3) 1401.22 (10) 1407 (3)

Molecular weight (g/mol) 346.74 346.74

Fig. 3 The morphology of the grown 2A5CP5S crystal
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Fig. 4 Powder XRD pattern of the grown 2A5CP5S crystal and

CSD data graph
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3.4 Chemical etching analysis

The as-grown crystal was taken and soaked in etha-

nol for 5 s and observed under COSLAB Model

CMM-23 optical microscope in the reflection mode.

The etch pits were observed clearly in the micrometer

range. The etch pits are randomly distributed and

rectangles in shape (Fig. 6). In some places, they are

heavily populated and overlapped, which indicates a

large number of dislocations in this region and a few

lines and curves could also be seen which indicates

the line dislocations. The etch pit density (EPD) was

calculated using the following formula:

Etch pit density EPDð Þ ¼ Number of etch pits = Area

The average etch pit density was calculated and it

is approximately 2.0 9 102 cm-2. This dislocation can

be minimized by growing the crystal in a more con-

trolled environment [21].

3.5 Thermal analysis

Every substance has a maximum heat tolerance, once

that limit is reached, that substance will begin to start

thermally damage (or decompose). The material loses

its chemical and physical properties, can’t retain the

original structure or even be destroyed. Hence this

analysis is a very crucial part when going to device

fabrication. A sample of mass 3.3 mg (taken as 100%)

was taken in an alumina pan and subjected to TG–

DTA (model: Perkin-Elmer Diamond) and it was

scanned at temperature ranges from 35 to 650 �C
with a heating rate of 10 �C per minute in a nitrogen

atmosphere. The results were plotted for the tem-

perature (Fig. 7). Initially, the temperature was

increasing from 35 �C and investigated the material’s

thermal behavior. When reaching the temperature of

220 �C, there is a temperature absorption or differ-

ence that appeared (endothermic peak starts at

220 �C and ends at 230 �C). It indicates the decom-

posing of the 2A5CP5S material and it can be seen in

the TG spectrum. Further, the temperature was

increasing at the same rate of heating, the materials

get decomposed continuously and TG became steady

at around 600 �C. It represents the residual carbon

Table 2 FTIR data of the 2A5CP5S single crystal

Wavenumber (cm-1) Functional group Compound class

3653 O–H Stretching Alcohol

3331 N–H Stretching Secondary amine

2902 N–H Stretching Amine salt

2847 O–H Stretching Alcohol

2707 C–H Stretching Aldehyde

2590 O–H Stretching Carboxylic acid

1867 C–H Bending Aromatic compound

1666 C = C Stretching Alkene

1623 N–H Bending Amine

1474 The ring skeleton Vibration

1343 S = O Stretch Sulfone

1207 C–N Stretching Amine

1021 C = C Bending Alkene

806 C = C Bending Alkene

709 C–Cl Stretching Halo compound

693 C = C Bending Alkene
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Fig. 5 FTIR spectra of the 2A5CP5S crystal

Fig. 6 Etch Pit Pattern of the 2A5CP5S crystal
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materials. The thermal properties of the grown crys-

tal were compared to that of the 2-amino-5-

chloropyridine single crystal in Table. 3. The 5-sul-

fosalicylic acid dihydrate bonded with 2-amino-5-

chloropyridine doubled the thermal stability. Hence

it can be concluded that the 2A5CP5S single crystal

can be used for laser application up to 220 �C.

3.6 Birefringence study

The optical homogeneity of the single crystal is very

important in nonlinear optical applications. Birefrin-

gence is one of the easiest methods to determine

optical homogeneity. A thin wafer of the 2A5CP5S

was prepared (thickness 1 mm) and it was subjected

to the birefringence measurement using a diode laser

(532 nm). A beam expander (10X) was placed in front

of the laser to expand the beam from 0.7 to 7 mm and

then passed through a variable aperture which acted

as a diameter controller. The diameter-controlled

laser beam was passed through a successive compo-

nent such as a polarizer, crystal, another polarizer

(analyzer) and finally to the screen. The objective lens

was placed before the screen to magnify the

birefringence.

In general, regions with uniform brightness, fringe

space and sharp dark-bright fringes indicate the

optical homogeneity of the crystal. The grown crystal

has good and sharp bright fringes, which indicates

that the crystal has good optical homogeneity (Fig. 8).

The distorted circle on the right side along with the

oval-shaped pattern shows the thickness variation of

the prepared sample. The physical cracks, disloca-

tions, holes and/or other defects induce the lattice

strain in the crystal that affect the refractive index of

the crystal. The velocity of the light gets affected by

the above reasons. Hence, the fringes get distorted.

This can be minimized by growing the crystal in

advanced crystal growth methods like seed suspen-

sion, seed rotation or Sankaranarayanan–Ramasamy

(SR) method [9, 22].

3.7 Photoconductivity analysis

It is important to find the photo response and elec-

trical behavior of a crystal [22, 23]. This measurement

has been done by Keithley 6487 pico-ammeter in the

presence of a DC electric field at room temperature

from 0 to 50 V in steps of 2 V per second. The crystal

with an area of 25 mm2 was used as an exposed

portion and contact was made by applying the silver

paste on their edges. The current was measured

without any radiation (dark current, Id) and in the

presence of radiation (photocurrent, Ip) by a 50 W

halogen lamp. The dark and photocurrent were

recorded and plotted as a graph (Fig. 9).

The dark current is higher than that of photocur-

rent, which means the grown crystal is a negative

photoconductive material. During the photocurrent

(Ip) measurement, the current 0.154 9 10–6 A was

obtained at 2 V. when increasing every 2 V, the cur-

rent flow is increasing 0.21 9 10–6 A. Therefore, the

average resistance value was found to be

10.3 ± 0.52 9 106 X for the photocurrent measure-

ment. Similarly, the dark current (Id) 0.172 9 10-6 A

was obtained at 2 V. Then it increases by

0.318 9 10–6 A for every 2 V. Since both photocurrent
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Fig. 7 TG–DTA curve of the 2A5CP5S crystal

Table 3 Thermal stability

comparison between

2A5CP5S and 2-amino-5-

chloropyridine single crystals

Parameters 2A5CP5S 2-Amino 5-chloropyridine [5]

Temperature range 35–650 �C 30–600 �C
Decomposing point 240 �C 140 �C
Withstand up to 220 �C 110 �C
Leftover sample 23% at 650 �C 0% at 197 �C
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and dark current values are low, this material cannot

be used as a photodetector.

3.8 UV–VIS NIR spectral analysis

Every material has its bandgap energy. The electro-

magnetic radiation is passed through the materials, it

may get completely absorbed when it reaches equal

to or more than that of bandgap energy. The equiv-

alent amount of radiation is passed to the materials,

and the valence electron is absorbing all the radiation

and gets excited to reach the conduction band. This

process may happen at the micro to nanosecond

levels. The photoluminescence process is depending

on the lifetime of the electrons. In UV–Vis NIR

spectroscopy, photons with a wide range of wave-

lengths were allowed to pass through a crystal and

the percentage of transmitted intensity was recorded.

When the photon of energy is equal to the optical

bandgap of the crystal, it will absorb the photon by

the process of electronic transition (electron from the

valence band to the conduction band), so the trans-

mittance becomes zero. This wavelength is called the

cut-off wavelength (k) of the material. From this data,

the absorption coefficient and optical band gap of the

materials can be calculated.

The 2A5CP5S single crystal was well polished and

subjected to UV–Visible-NIR spectrum analysis

(model: Shimadzu UV-2600 UV–VIS spectrometer).

The transmittance was recorded with respect to the

wavelength from 1000 to 200 nm and the recorded

data was plotted as a graph (Fig. 10). The 2A5CP5S

crystal has maximum transmittance of 78% with a

lower cut-off wavelength (k) of 370 nm. The absorp-

tion coefficient (a) was calculated using the following

expression.

a ¼ 2:3026

t
log10

100

T

� �
ð1Þ

where t is the thickness of the crystal (1 mm) and T is

the transmittance (%). The cut-off wavelength (k) was

found to be 368 nm. The bandgap energy of the

2A5CP5S single crystal was calculated with the help

of Tauc’s relation. Tauc’s relation gives the relation

between hm, a and Eg.

Fig. 8 Birefringence pattern for the 2A5CP5S crystal
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Fig. 9 Voltage versus current graph of 2A5CP5S crystal
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Fig. 10 UV–Vis–NIR spectrum of 2A5CP5S single crystal
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ahmð Þ ¼ A hm� Eg

� �m ð2Þ
where a is the absorption coefficient, h is the Plank’s

constant, m is the frequency, Eg is the optical band gap

and m is the optical transition number. Taking the log

on both sides, differentiating and rearranging the

equations will give the following equation.

d ln ahmð Þð Þ
d hmð Þ ¼ m

hm� Eg

� � ð3Þ

The value of Eg was found in the graph between

ln(ahm)/(hm) and (hm) (Fig. 11). The point of disconti-

nuity in the graph is the optical bandgap of the

material. From this plot, Eg was found to be 3.24 eV.

In the graph plotted between (ahm)2 and (hm) (Fig. 12),
the linear portion of the curve at which a becomes

zero gives the band energy gap (Eg) and it is 3.21 eV.

Eg was also calculated using Plank’s equation in

electron volts and according to Plank’s condition,

Eg ¼
hc

ke
ð4Þ

where c is the speed of light, k is the cut-off wave-

length and e is the charge of an electron. Substituting

these known values in the above equation gives

3.35 eV. It is well-matched with that of the bandgap

value obtained from Tauc’s plots and differential

equations. 2A5CP5S can be used as a filter to block

wavelengths below 370 nm, since the band energy

gap is more than 3 eV it cannot be used for photo-

voltaic applications.

3.9 Z-scan analysis

The Z-scan analysis is an important measurement to

determine the third-order nonlinearity optical prop-

erties of the crystal. This analysis was conducted

using a He–Ne laser of wavelength (k) 632.8 nm and

a beam diameter of 0.7 mm with a maximum output

power of 21 mW (model: HNL 210L) as a source. The

beam was expanded to 7 mm using a beam expander

and then passed through a circular aperture of

diameter (d) 5 mm. Then laser beam was focused by a

convex lens of focal length (f) 200 mm to produce a

beam waist. The beam waist diameter (2x0) was

found using the following equation.

2x0 ¼
4k
p

� �
f

d

� �
ðmÞ ð5Þ

The radius of the beam waist (x0) is 16.12 lm. The

intensity of the laser beam at the focal point (I0) is

given by the expression,

I0 ¼
Ep

Area
¼

Ep

p x0ð Þ2
(W/m2Þ ð6Þ

where Ep is the energy of the input power of the laser

(10 mW) and I0 is 15.31 MW/m2. The thickness of the

crystal (L) was 1 mm. For Z-scan, the sample thick-

ness must be less than the Rayleigh length (ZR).

ZR ¼ px2
0

k
(m) ð7Þ0 1 2 3 4 5 6
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Fig. 11 ln(ahm)/(hm) versus (hm) plot
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Fig. 12 Tauc’s plot of 2A5CP5S single crystal
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The value of ZR was found to be 1.28 mm and

hence the factor of Rayleigh length for this condition

was satisfied. The crystal was placed on a sample

holder, which is perpendicular to the propagation of

the laser beam and it can be moved along - Z

and ? Z directions controlled by a computer. The

intensity of the transmitted light was detected by a

photodetector and measured using a digital power

meter.

The nonlinear refractive index (n2) was found in

closed aperture mode, in this mode, the intensity

received by the detector depends on the aperture

diameter (4 mm) since it is placed between the sam-

ple and detector. The measured intensity was

graphed with respect to the distance from the focal

point of the lens, starting from one side of the focal

point (- Z) and slowly moving toward the focal

point Z and stopping at the other side (? Z). In the

closed aperture graph (before the focal point), if the

valley comes first then it has a positive nonlinearity

(n2[ 0). For 2A5CP5S peak comes first (Fig. 13), due

to the self-defocusing nature of the material, which

means the material is a negative nonlinear material

(n2\ 0). The nonlinear absorption coefficient (b) can
be found using open aperture mode and it will be

positive for two or multiphoton absorption and

negative for saturable absorption. The graph for open

aperture mode has a valley (Fig. 14), hence b will be

positive and the 2A5CP5S crystal has a two or mul-

tiphoton absorption nature. The nonlinear absorption

was given by,

b ¼ 2
ffiffiffi
2

p
DT

I0Leff
(m/W) ð8Þ

where DT is the difference between valley to peak

transition which is 0.8 and the effective thickness (Leff)

was calculated by the relation,

Leff ¼
1� exp �atð Þ

a
(m) ð9Þ

where a is the linear absorption coefficient of the

sample at wavelength 632.8 nm (calculated from UV–

VIS analysis data), t is the thickness of the sample and

Leff is 0.8 mm. The nonlinear absorption (b) is

0.1707 9 10–3 m/W. The nonlinear refractive index

(n2) was given by,

n2 ¼
D/

kI0Leff
(m2/W) ð10Þ

where D/ is the axis phase shift, k is the wavenumber

(k = 2p/k) and I0 is the intensity of the laser beam at

the focal point (15.31 MW/m2).

D/j j ¼
DTp�m

0:406 1� Sð Þ0:25
ð11Þ

where DTp-v is the peak to valley value from the

closed aperture graph and S is the linear transmit-

tance aperture.

S ¼ 1� exp
�2r2a
x2

a

� �
ð12Þ

where ra is the aperture radius (2 mm) and xa is the

beam radius at the aperture (4.5 mm). The value of S

is 0.3263. Substituting these values in Eq. (11) gives
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the value of D/ as 1.0874. The nonlinear refractive

index (n2) for the 2A5CP5S single crystal was

8.2683 9 10–12 m2/W. The following relation was

used to estimate the real (Rev
(3)) and imaginary part

(Imv
(3)) of the third-order nonlinear susceptibility

(v(3)).

Rev
3ð ÞðesuÞ ¼ 10�4e0c2n20n2

p
(cm2/W) ð13Þ

Imv
3ð ÞðesuÞ ¼ 10�2e0c2n20kb

4p2
(cm/W) ð14Þ

where e0 is the permittivity in a vacuum, c is the

velocity of light, n0 is the linear refractive index for

the wavelength of the beam and k is the wavelength

of the beam. The value of (Rev
(3)) is 4.03 9 10–9 and

(Imv
(3)) is 4.20 9 10–7. The real and imaginary parts

were combined using the following relation,

v 3ð Þ ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
Rev 3ð Þð Þ2þ Imv 3ð Þð Þ2

q
ð15Þ

The third-order nonlinear susceptibility (v(3)) was

found to be 4.2019 9 10–7 esu for 2A5CP5S crystal.

The third-order nonlinear susceptibility (v(3)) value of
the 2A5CP5S is higher than several other NLO crys-

tals [24, 25] as given in Table. 4. Compared to KDP,

the third-order nonlinear susceptibility of 2A5CP5S is

very much higher, so this material is a good candi-

date for third-order nonlinear optical applications.

4 Conclusion

The 2A5CP5S single crystals were grown SEST at

room temperature with a dimension of

11 9 6 9 3 mm3. The unit cell parameters were

determined by single-crystal XRD analysis. It con-

firms that the grown crystal belongs to the triclinic

crystal system with a symmetry group of P-1. The

various diffracted planes were analyzed using pow-

der X-ray diffraction analysis. The different type of

functional groups was identified and confirmed by

FTIR analysis. The average etch pit density was cal-

culated (2.0 9 102 cm-2) by using chemical etching

analysis. The melting point of the 2A5CP5S single

crystal is 240 �C. The 2A5CP5S crystal has bright and

uniform interference fringes, which indicate that the

crystal has good optical homogeneity. The photo-

conductivity studies reveal the 2A5CP5S single

crystal’s negative photoconductive behavior. The

grown crystal has 78% optical transparency

throughout the visible region. The nonlinear refrac-

tive index (n2) nonlinear absorption coefficient (b)
and third-order nonlinear susceptibility (v(3)) of

2A5CP5S single crystals were found to be

0.1707 9 10–3 m/W, 8.2683 9 10–12 m2/W and

4.2019 9 10–7 esu, respectively. It has large third-

order nonlinear susceptibility compared to KDP and

other several NLO crystals. Thus, this material is a

good candidate for NLO applications.
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