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Piperazine (bis) p-toluenesulfonate (PPTSA), an organic single crystal was synthesized and grown at
environmental temperature by slow evaporation process using methanol as the solvent. The grown PPTSA crystal
is from the triclinic system and belongs to the space group P1. Powder X-ray diffraction was performed to ensure
lattice parameters. Analysis and confirmation of functional groups and bonds were carried out through FT-IR
spectral study. The optical characteristics were investigated using the UV-Vis spectrum such as the optical
absorption, cut-off wavelength were calculated. The photoluminescence investigation was conducted to assess the
luminous characteristics of grown crystal. The calculated NLO parameters like B, n2, and x® were found to be
0.0495x10 (cm/W), 8.705x1071° (cm?/W), 5.316x1077 (esu) and Optical Limiting threshold value was found to be
3.074x107 (Wem-2). Antibacterial studies were carried out to investigate the biological significance against selected

foodborne germs.
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Introduction

Nonlinear optical (NLO) materials received a lot of
attention over decades owing to the numerous uses in
photonics, such as light-emitting diodes,
telecommunication system, high data storage, optical
switching and drug delivery [1-3]. Organic nonlinear
optical material researches have gained significant
attention owing to its usage in optical devices. They have
considerable optical susceptibilities and an inherent quick
response time as compared to inorganic compound.
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Because of the delocalized electrons at =m-m*orbitals,
organic materials are anticipated to have rather significant
nonlinear optical characteristics. This anticipation
motivates the considerable search among organic crystals
for improved NLO materials. When compared to
inorganic materials, NLO chromophores are implanted in
organic materials in a noncentrosymmetric way, revealing
excellent nonlinear activity [3-6]. Tosylic acid, also
known as p-toluene sulfonic acid, is an organic acid
available in solid phase. Charge transfer has been achieved
due to the presence of CHs group as an electron donor and



Studies on structural, optical nonlinearity and antibacterial activity of Piperazine (bis) p-toluenesulfonate single...

sulfonate group serves as an acceptor in the title
compound. Complexes including organic and inorganic
bases that may aid in the induction of high NLO behavior
[7-10]. On the other side of NLO materials, organic
molecules with full conjugated bonds agree to form a
group. Over the previous two decades, The NLO features
of big organic molecules have been the subject of
considerable research. Piperazine is an aromatic ring
where nitrogen atoms are located in 1, 4 of the ring that
makes up an organic molecule [11].

The grown PPTSA crystal was studied by powder X-
ray diffraction (PXRD), FTIR, optical absorption,
photoluminescence, and Z-scan analysis. Furthermore, the
grown crystal was tested for antibacterial activity against
some bacterial species.

I. Experimental procedures

1.1. Materials synthesis and crystal growth

PPTSA title crystal was grown by conventional slow
evaporation method from the purchased chemicals
piperazine and p-toluenesulfonic acid in &% equimolar
ratio taking methanol as solvent at ambient temperature.
Fig. 1 depicts the chemical reaction process of the
produced PPTSA substance. After dissolving the reactants
in methanol, the mixture was stirred for 6 hours using a
magnetic stirrer to achieve homogeneous solution before
being filtered through standard filter paper. The
impurities-free saturated solution was wrapped with a
perforated sheet and allowed to evaporate in a dust-free
environment. The grown crystal was reaped after a span
of four weeks and harvested crystal in depicted in Fig. 2.

: I w ii
{ j + n‘('@—s—rm — [ ] H;C §— O]
) | . I
0
H Hi

Piperazinium p-toluenesulfonate

(=2

Piperazine p-toluenesulfonicacid

Fig. 1. Reaction scheme of PPTSA.

Fig. . Photograph of the grown PPTSA single crystal.

1.2. Instrumentation
Investigation of crystal structure was performed by an
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XPERT-PRO powder X-ray diffractometer with CuKa
radiation (A=1.5406 A, 0.1 min™, 10° to 80°). Perkin—
Elmer (model: Spectrum Two) FTIR spectrophotometer
with KBr pellet, the presence of chemical bonding and
vibrational modes in the title sample PPTSA were
affirmed. The spectra showing optical absorption were
recorded using a Perkin Elmer UV-Visible spectrometer
(model: Lambda 35) with a wavelength range of 190-
1100 nm. The spectra of luminescence were captured
using a spectrofluorophotometer (Shimadzu/RF6000)
with a xenon lamp as the excitation of cause. Under CW
laser (532 nm) stimulation, optical characteristics of
nonlinear third-order were determined using a Z-scan
experiment. The disc diffusion technique was used to
explore the biological activity against chosen bacterial
species.

I1. Results and discussion

Fig. 3 depicts the powder X-ray diffraction pattern of
grown PPTSA crystal. This experiment validated the
triclinic crystal structure with the space group P1 and
lattice factors a = 5.9644 A, b = 13.1731 A, ¢=13.5968 A,
and V = 934.32 A3, which are similar to the published
values Table 1 [12, 13].
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Fig. 3. X-ray diffraction pattern of PPTSA crystal.
D = (kA/BcosB) Q)
B cosB = 1% + 47 Sinf 2

The micro strain () in the grown PPTSA crystal's
lattice was estimated using the Hall-Williamson equation
B cosB = 4nsind + kA/D. The slope plotted between B cosd
versus 4sinf as depicted in Fig. 4. The existence of tensile
strain in the developed crystal is indicated by a positive
strain value 6.70x10 of the grown PPTSA crystal.

§=r3 @)
The dislocation density (8§) influences the
characteristics of the crystal and its value is

3.4408x10 (lines/m?) [14].
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Table 1.

Crystallographic data for PPTSA single crystal

Parameters Present work Reported reference [13]
a=5.9644 A a=5.9697 A
b=13.1731 A b= 13.1609 A
Unit cell dimensions c=13.5968 A c=13.6027 A
a=73.680°, B = 110.310°, a=73.665°, B = 110.2650°,
y = 83.390° y = 83.348°
\olume V=934.32 A3 V=1017.71 A3
Space group P1 P1
System Triclinic Triclinic
Crystallite Size (D) nm 53.91 nm
Dislocation Density (5) 3.4408 x 10 lines/m?

0.0055

0.0050 ~

Strain (n) = 6.70 x 107
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Fig. 4. Williamson-Hall plot of PPTSA crystal.

Fig. 5 displays FT-IR spectrum of grown PPTSA
crystal. The N-H stretching of piperazine ions corresponds
to vibrations at 3435 cm™ [15]. The peaks at 3001 cm™* and
2753 cm! suggest the absorption of C-H symmetric and
asymmetric bending vibration. The peak of p-
toluenesulfonic acid C=C-H stretching mode is 3001 cm"
!, Bands at 2816 and 2753 cm! suggest attenuation of the
C-H stretching mode. The minor peak at 1916 cm™ is due
to the aromatic overtones of p-toluenesulfonic acid [16-
17]. The NH,* deformation is responsible for the peaks at
1624 and 1558 cm™. At 1459 cm, the C=C stretching
phase occurred. The peak of the N-H asymmetric bending
vibration is 1495 cm. Stretching of CH, has a peak at
1439 cmt. At 1396 cm™?, the sulphonate group revealed its
stretching vibration. The peak at 1380 cm™ is caused by
CH, deformation. The asymmetric and symmetric
stretching peaks for the C-N group were 1317 and 1189
cmt, correspondingly. The C-H group's in-plane and out-
of-plane bending modes were 1085 and 737 cm,
respectively [18]. Table 2 lists all of the wavenumbers as
well as the functional groups to which they belong.

The fundamental and crucial quality for piezoelectric,
photonic and electro-optic materials is the transparent
nature of the formed crystal in the whole spectrum.
Electronic transitions in the crystal PPTSA could be
understood when incident radiation interacts with the
grown crystal. Light absorption allows electrons for the
transition in ¢ and = orbitals from the lower to the higher

48

energy states. For laser frequency conversion applications,
optical transmission window, cut-off wavelength and
absorption peak are critical characteristics [19]. The
absorption spectrum of PPTSA has been recorded and the
lower cut-off wavelength was recorded as 305 nm and no
absorbance was found beyond this limit that is displayed
in Fig. 6. The suggested value of lower cut-off wavelength
should lie between 200-400 nm which could be suitable
for the fabrication of laser diodes. The electronic
excitations between N and H atoms in piperazine cause the
cut-off. The low optical absorption value in the whole
visible band implies that grown PPTSA crystals are suited
for the production of nonlinear optical systems. The
formula is used to calculate the band gap [20],
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Fig. 5. FTIR spectrum of PPTSA crystal.
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It is determined to be 4.06 eV. The measured spectra
and band gap value accord well with the published value.
The increased optical transmittance might be owing to
fewer flaws, which raises the output intensity. This is more
appropriate for NLO applications. The optical absorption
co-efficient on photon energy could be calculated using
the equation below [21],
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Table 2.
Vibration wavenumbers and their associated assignments of PPTSA title compound
Wavenumber (cm™) Assignments
3435 N-H stretching
3001 C=C-H symmetric stretching mode
2816 C-H stretching mode
2753 Asymmetric stretching vibrations
1916 p-toluenesulfonic acid
1624 NH,* deformation
1558 NH,* deformation
1495 N-H asymmetric bending vibration
1459 C=C stretching
1439 Stretching of CH>
1396 Stretching vibration
1380 CH; deformation
1317 C-N group’s asymmetric
1189 Symmetric stretching
1126 Asymmetric stretching vibrations of the C-C group
1085 C-H group’s in-plane bending modes
1038 C-C group’s bending vibration
1010 C-S stretching vibration
950 S-O-C stretching vibration
814 p-toluenesulfonic acid
737 Symmetric and out-of-plane bending modes
686 N-H wagging vibration
596 C-C-N deformations
494 C-N-C deformations
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Fig. 6. Absorption spectrum of PPTSA crystal.
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Where t is the sample thickness and T is the
transmittance (percent). The energy band gap values was
calculated using standard relation [22],

(ahv)? = A(hv — E,)" (6)
Where Eq indicates the band gap and A indicates the
constant. The band gap values are determined by plotting
against (ahv)? verses hv, as shown in Fig. 7, and it is 4.06
eV. The theoretically computed band gap value agrees
with the observed value. The band gap of the PPTSA
crystal demonstrates its better visible field properties.
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Photon energy (eV)
Fig. 7. Tauc’s plot of PPTSA crystal.

Fluorescence is vital in medical and scientific studies
in aromatic compounds or with many conjugated double
bonds that have a high degree of permanence [23]. Good
quality of crystal can be analyzed with this
instrumentation. The inherent properties of the crystal like
crystalline nature, dislocations, structural arrangement and
impurities are attributed with the intensity of the emission
spectra of the sample [24]. The Photoluminescence
spectrum was recorded with the aid of spectrofluorometer
for the grown title compound PPTSA and depicted in Fig.
8. When the sample was stimulated with 280 nm, the
spectra illustrate a wide elevation pinpointed at 571 nm,
indicating yellow radiation. The increased intensity of
emission can be used to detect organic organisms. The
inclusion of electron-donating group NH and electron-
drawing carboxylic group which might increase electron



K. Balakrishnan, S. Sakthy Priya, A. Lakshmanan, P. Surendran, Karthik Kannan, P. Geetha, G. Vinitha, etc.

mobility would result in greater PL emission.
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Fig. 8. Luminescence spectra of PPTSA crystal.
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The third-order NLO characteristics of PPTSA
sample were studied by Z-scan measurements to calculate
the nonlinear absorption co-efficient (B), refractive index
(n2), and susceptibility (¥¥) [25-28]. CW laser (532 nm)
with a laser intensity of 100 mW was employed. The title
crystal was attached to 90° and displaced along the
negative axis. The propagation direction is along the -Z to
+Z axis. The sample table can be translated in a variety of
ways. Each movement is precisely controlled by a
computer. The sample’s transmitted intensity was
measured and it is sensed by light detector and quantified.

The predicted intensity in a closed aperture (CA) is
proportional to the aperture radius (2 mm) and remains

constant throughout the operation. Using an open aperture
(OA) approach, intensity was directly recorded by placing
a lens in front of the detector to determine the nonlinear
absorption co-efficient (B) and an aperture was located
between the lens and the front of the detector to determine
NLR (n2). Fig. 9 (a & b) shows the PPTSA crystals CA
and OA Z-scan curves, respectively. The refractive index
of the grown crystal and their absorption nature directly
affect the power of a laser beam. According to the NLR
values, the sample generates further focusing or
defocusing. The samples CA pattern demonstrates self-
defocusing behavior. The OA pattern exhibits reverse
saturable absorption. Third-order NLO parameters were
calculated using the standard relation [29]. B was
determined using OA readings as follows,

2V2AT
B =

(m/w) 9)

IoLeff

The following equation estimates the samples
susceptibility.

X(3) = \/(Rex(3))2 + (ImX(3))2 (10)

Where the components in the expression are given as

—4 2.2
Re(X(S)) = 108011& (CmZ/W) (11)
@) _ 1072goc?n3AB
In(x®) = =25 (cm/W) (12)

Where &, (8.854x102 F/m), no and ¢ are obvious
notations. The calculated NLO susceptibility value was
found to be 5.316x107 (esu). Table 3 shows the third-
order NLO parameters for the grown PPTSA crystal. The
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Fig. 9. (a) Closed aperture, (b) Open aperture, (c) Ratio of closed to open aperture z-scan and (d) Optical limiting
pattern of PPTSA sample.
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material's nonlinear optical properties indicate that it
might be employed in optoelectronics devices such as
optical limiting, night vision devices, and light emitting
diode applications.

The variation of normalized transmittance with
respect to the input intensity of laser beam has been
displayed in Fig. 9d, is known as optical limiting curve
which is plotted from the data extracted from open
aperture scan. The plot suggests that the normalized
transmittance is linear at low input intensity when the
intensity starts increasing at one particular intensity the
nonlinearity arises called as onset limiting threshold. The
normalized transmittance approaches minimum at Z=0.
The limiting threshold intensity is found different for
different input intensities. This investigation is a valuable
tool to fabricate optical limiting devices. The synthesized
single crystal has been acknowledged as a potential
candidate for optical limiting applications.

In recent years researchers focus on the biomedical

applications in addition to the NLO applications, one
among them is antibacterial activity. The titular compound
PPTSA was examined against human pathogens gram
+Ve (Klebsiella pneumoniae, Escherichia coli), and gram
—Ve (Streptococcus aureus, Streptococcus Pneumoniae)
through disc diffusion method. The observed inhibition
zones in the diffusion plate have been displayed in Fig. 10.
Zone of inhibition for evaluating antibacterial activity was
taken in the order 40, 50, and 60 pL respectively in which
the grown PPTSA shows an excellent response 24.5 mm
(60 uL) against gram negative Streptococcus aureus. This
result ensures concentration makes significant impact on
inhibition zone (Table 4). As a matter of fact commercially
available amoxicillin shows only 15 mm

(60uL). Characteristics such as intermolecular interaction,
solubility, and conductivity may be important in
antibacterial activity. Investigating the title compound's
for antibacterial properties has demonstrate that the
existence of hydrogen bonding interactions boost

Table 3.
NLO parameters of the grown PPTSA single crystal
Third-order NLO parameters Values
Laser wavelength 532 (nm)
Focal length of lens used 130 (mm)
Radius of aperture used 1.5 (mm)
Radius of the beam on aperture 3 (mm)
Intensity of the laser at the focus 0.01478 (MW/cm?)
Reighley range (Zr) 1.271 (mm)

Nonlinear absorption coefficient ()

0.0495 x 10~* cm/W

Nonlinear refractive index (n,)

8.705 x 10710 cm? /W

Real part of the third order susceptibility [R,(x®)] cm?/W

2.039 x 1077 esu

Imaginary part of the third order susceptibility [I,,(x®)) ] cm/W

4910 x 1077 esu

Third order nonlinear optical susceptibility [y®]

5.316 X 10~ 7esu

Optical Limiting threshold values (OL)

3.074 x 102 (Wem™2)

€0

Klebsiella pneumoniae

Escherichia coli

Fig. 10. Antibacterial plate photos of the grown PPTSA crystal (a) Streptococcus aureus, (b) Streptococcus
pneumoniae, (c) Klebsiella pneumoniae and (d) Escherichia coli.
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Table 4
The antibacterial activity of PPTSA single crystal
Test microorganism Gra_m Zone of inhibition (mm)
reaction 40 (uL) 50 (uL) 60 (uL) Amx (uL)
Klebsiella pneumoniae G+ 21 21 22 16
Escherichia coli G+ 19 19 19 11
Streptococcus aureus G- 24 23 24 15
Streptococcus Pneumoniae G- 20 20 20 13
antibacterial ~ effectiveness  significantly = [31-35]. subjected to antibacterial activity against human pathogen

Furthermore, the presence of a free HNCCO moiety
promotes the delocalization of m-electrons over the
PPTSA molecule, increasing lipophilicity [36]. The
enhancement of lipophilicity of the compound retards the
normal cell processes via degradation of cell’s
permeability in turn pathogens are made destroyed. Hence
the titular compound could be an effective material for bio
medical applications [37-40].

Conclusions

Piperazine (bis) p-toluenesulfonate (PPTSA) crystals
were successfully grown at ambient temperature using a
slow evaporation approach. Crystallinity of the crystal
was confirmed with PXRD and crystallizes triclinic and
belong to P1. The functional groups of PPTSA crystal was
affirmed by FTIR spectra. The UV-Vis spectrum reveals
that the energy band gap value is 4.06 eV. The
photoluminescence measurements confirmed that the
produced crystal could be used to fabricate LEDs. The
grown PPTSA crystal exhibits RSA and self-defocusing

and found that it is a efficient material for drug
manufacturing.
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nature which are inevitable for optical limiting and
switching applications. The title crystal PPTSA was
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Studies on structural, optical nonlinearity and antibacterial activity of Piperazine (bis) p-toluenesulfonate single...

K. banakpimmnan?, C. Cakri IIpis*?, A. Jlakmmanan'?, I1. Cypenapan*,
Kaprix Kannar®, I1. T'ita®, I. Binita’, I1. [Ipasin Kymap®, I1. Pamemxymap®”

JlocaiizKkeHHs CTPYKTYPHOI, ONITUYHOI HeJIiHIHOCTI Ta aHTHOAKTepiaJbHOI
AKTHBHOCTi MOHOKPHCTAJY Minepa3uHy
(bis) p-ToayoscyibdoHATY AJIsi ONTHYHUX 00MeKeHb Ta 0i0IOriYHIX
3aCTOCYBAHb

YVuieepcumem Bxapamioacany, ITymanamnammi, Inois;

ZYpﬂéoeud Koneda mucmeyme Apienap Anna, Hamaxkan, Taminnaoy, Inois;

3Tuorcenepnuii koneosc MAM, Cipyeanyp, Tipyuipannaani, Taminnady, Inois;

4llepoicasnuii konedac mucmeyme i nayxu, Komapananasm, Taminnady, Inois;

SBiooin ximiunux nayx i Llenmp paouxanvrux docnioscens, Apienvcokuil yrisepcumem, Apiens, I3pain;
8 Teporcasnuii scinouuii xonedc Kyeiio-I-Minnam (aemonomnuii), Taminnaoy, Inois;
"IlIxona nepedosux nayk, VIT Yennaii, Tamin Haoy, Inois;
8IIpesudenmeoruii konedc (asmonomuuii), Yenayx, Tpunnixan, Yennai, Taminnady, Indis, rameshkumarevr@gmail.com

Opraniunuit Monokpucran minepasud (bis) p-ronyoncynsdonar (PPTSA) cHMHTE30BaHO i BHPOLICHO MpH
TeMIIepaTypi HaBKOJIHMIIHBOTO CEPEOBHINA IUIIXOM IPOLECY MOBUIBHOIO BHIIAPOBYBAHHS 13 BHKOPHCTaHHAM
METaHOJY Y SKOCTi po3unHHHKA. Bupomeno kpucran PPTSA BiZHOCHTBCS 10 mpukaiHHOi CACTEMH 1 HAJICKUTH 0
npoctopoBoi rpymu P1. Jlns mepeBipku mapaMeTpiB IpaTKd 3aCTOCOBAHO METOJ IOPOIIKOBOI PEHTTCHIBCHKOT
mudpakiii. AHani3 1 KoHpopMario GyHKIIOHAIBHUX IPYI 1 3B'I3KiB MPOBOJMIN 33 JOIOMOTOIO CIEKTPAIHHOTO
nocmimkersst FT-IR. OntudHi XapakTepuCTHKU OCTIIKEHO i3 BHKOpHCTaHHsM crektpy UV-Vis, 30kpema,
JOCII/DKEHO ONTHYHE IIOTJIMHAHHS, pO3paxoBaHA JOBXKWHA XBHWII BiAcikaHHS. JIsl OWIHKM CBITJIIOBHX
XapaKTEePHUCTHK BUPOIICHOTO KPHUCTAJa IOCTIKCHO CIeKTpH (GoTomoMiHectieHii. Po3paxosani mapametpu NLO,
Taxi six B, N2 Ta ¥, 6ynu BcTaHoBIEHi, BiANOBiAHO, K 0.0495%10 (cm/W), 8.705x10710 (cm?/W), 5.316x1077 (esu),
BUSBJICHE IIOPOrOBE ONTHYHE OOMexeHHs ckao 3.074x10°3 (Wem-?). 3xilicHeHo anTMOaKTepiaabHi HOCIiIKEHHS
JUISL BUBYCHHS 010JIOT1YHOI aKTUBHOCTI MMPOTH BUOPAHUX MiKPOOIB Xap4OBOTO MOXOKEHHS.

KiouoBi ciioBa: BUpOIIyBaHHS KPUCTAIIB, ONTHYHUN Marepiai, ONTHYHE OOMEXEHHs, aHTHOaKTepialbHa
Tis.
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