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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 P1̅. 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 β, n2, and χ(3) were found to be 

0.0495×10-4 (cm/W), 8.705×10-10 (cm2/W), 5.316×10-7 (esu) and Optical Limiting threshold value was found to be 

3.074×10-3 (Wcm-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. 

Because of the delocalized electrons at π-π*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 CH3 group as an electron donor and 
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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 1:1 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. 

 

 
Fig. 1. Reaction scheme of PPTSA. 

 

 
Fig. 2. Photograph of the grown PPTSA single crystal. 

 

1.2. Instrumentation 

Investigation of crystal structure was performed by an 

XPERT-PRO powder X-ray diffractometer with CuKα 

radiation (λ=1.5406 Å, 0.1 min-1, 10º to 80º). 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. 

II. 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 P1̅ and 

lattice factors a = 5.9644 Å, b = 13.1731 Å, c=13.5968 Å, 

and V = 934.32 Å3, 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 = (kλ βcosθ⁄ ) (1) 

 

 β cosθ =
𝐾𝜆

𝐷
+  4𝜂 𝑆𝑖𝑛𝜃  (2) 

 

The micro strain (η) in the grown PPTSA crystal's 

lattice was estimated using the Hall-Williamson equation 

β cosθ = 4ηsinθ + kλ/D. The slope plotted between β cosθ 

versus 4sinθ as depicted in Fig. 4. The existence of tensile 

strain in the developed crystal is indicated by a positive 

strain value 6.70×10-4 of the grown PPTSA crystal.  

 

  𝛿 =
1

𝐷2 (3) 

 

The dislocation density (δ) influences the 

characteristics of the crystal and its value is 

3.4408×1014 (lines/m2) [14]. 
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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-1 [15]. The peaks at 3001 cm-1 and 

2753 cm-1 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-

1. Bands at 2816 and 2753 cm-1 suggest attenuation of the 

C-H stretching mode. The minor peak at 1916 cm-1 is due 

to the aromatic overtones of p-toluenesulfonic acid [16-

17]. The NH2
+ deformation is responsible for the peaks at 

1624 and 1558 cm-1. At 1459 cm-1, the C=C stretching 

phase occurred. The peak of the N-H asymmetric bending 

vibration is 1495 cm-1. Stretching of CH2 has a peak at 

1439 cm-1. At 1396 cm-1, the sulphonate group revealed its 

stretching vibration. The peak at 1380 cm-1 is caused by 

CH2 deformation. The asymmetric and symmetric 

stretching peaks for the C-N group were 1317 and 1189 

cm-1, correspondingly. The C-H group's in-plane and out-

of-plane bending modes were 1085 and 737 cm-1, 

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 π orbitals from the lower to the higher 

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], 

 

 
Fig. 5. FTIR spectrum of PPTSA crystal. 

 

 𝐸𝑔 =  
1240

𝜆
 𝑒𝑉   (4) 

 

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], 

 

 𝛼 =
2.3026

𝑡
 𝑙𝑜𝑔10 (

100

𝑇
)    (5) 

 

Table 1. 

Crystallographic data for PPTSA single crystal 

Parameters Present work Reported reference [13] 

Unit cell dimensions 

a= 5.9644 Å 

b= 13.1731 Å 

c= 13.5968 Å 

α= 73.680, β = 110.310, 

γ = 83.390 

a= 5.9697 Å 

b= 13.1609 Å 

c= 13.6027 Å 

α= 73.665, β = 110.2650, 

γ = 83.348 

Volume V= 934.32 Å3 V= 1017.71 Å3 

Space group P1̅ P1̅ 

System Triclinic Triclinic 

Crystallite Size (D) nm 53.91 nm  

Dislocation Density (𝛿) 3.4408 × 1014 lines/m2  
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Fig. 6. Absorption spectrum of PPTSA crystal.  

 

Where t is the sample thickness and T is the 

transmittance (percent). The energy band gap values was 

calculated using standard relation [22], 

 

 (𝛼ℎ𝜐)2 = 𝐴(ℎ𝜐 − 𝐸𝑔)
𝑛

   (6)  

 

Where Eg indicates the band gap and A indicates the 

constant. The band gap values are determined by plotting 

against (𝛼ℎ𝜐)2 verses hυ, 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. 

 
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 

Table 2. 
Vibration wavenumbers and their associated assignments of PPTSA title compound 

Wavenumber (cm-1) 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 NH2
+ deformation 

1558 NH2
+ deformation 

1495 N-H asymmetric bending vibration 

1459 C=C stretching 

1439 Stretching of CH2 

1396 Stretching vibration 

1380 CH2 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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mobility would result in greater PL emission. 
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Fig. 8. Luminescence spectra of PPTSA crystal. 

 

The third-order NLO characteristics of PPTSA 

sample were studied by Z-scan measurements to calculate 

the nonlinear absorption co-efficient (β), refractive index 

(n2), and susceptibility (χ3) [25-28]. CW laser (532 nm) 

with a laser intensity of 100 mW was employed. The title 

crystal was attached to 90º 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 (β) 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]. β was 

determined using OA readings as follows, 

 

 β =
2√2∆T

IoLeff
 (𝑚 𝑤⁄ )   (9) 

 

The following equation estimates the samples 

susceptibility. 

 

 χ(3) =  √(Reχ(3))2 + (Imχ(3))2  (10) 

 

Where the components in the expression are given as  

 

 Re(χ(3)) =  
10−4εoc2no

2 n2

π
 (𝑐𝑚2/W) (11) 

 

  Im(χ(3)) =  
10−2εoc2no

2 λβ

4π2  (cm/W)  (12) 

Where εo (8.854×10-12 F/m), n0 and c are obvious 

notations. The calculated NLO susceptibility value was 

found to be 5.316×10-7 (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. 

 



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

 51 

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 μL respectively in which 

the grown PPTSA shows an excellent response 24.5 mm 

(60 μL) 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  

(60μL). 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/cm2 ) 

Reighley range (ZR) 1.271 (mm) 

Nonlinear absorption coefficient (β) 0.0495 × 10−4  𝑐𝑚 𝑊⁄   

Nonlinear refractive index (𝑛2) 8.705 × 10−10  𝑐𝑚2 𝑊⁄   

Real part of the third order susceptibility [𝑅𝑒(𝜒(3))] 𝑐𝑚2 𝑊⁄  2.039 × 10−7 𝑒𝑠𝑢 

Imaginary part of the third order susceptibility [𝐼𝑚(𝜒(3)) ] 𝑐𝑚 𝑊⁄  4.910 × 10−7 𝑒𝑠𝑢 

Third order nonlinear optical susceptibility [𝜒(3)] 5.316 × 10−7𝑒𝑠𝑢 

Optical Limiting threshold values (OL) 3.074 × 10−3 (𝑊𝑐𝑚−2) 

 

Streptococcus aureus Streptococcus pneumoniae

Escherichia coliKlebsiella pneumoniae

(a) (b)

(c) (d)

 
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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antibacterial effectiveness significantly [31-35]. 

Furthermore, the presence of a free HNCCO moiety 

promotes the delocalization of π-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 P1̅. 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 

nature which are inevitable for optical limiting and 

switching applications. The title crystal PPTSA was 

subjected to antibacterial activity against human pathogen 

and found that it is a efficient material for drug 

manufacturing. 
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Дослідження структурної, оптичної нелінійності та антибактеріальної 

активності монокристалу піперазину  

(bis) p-толуолсульфонату для оптичних обмежень та біологічних 

застосувань 
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Органічний монокристал піперазин (bis) p-толуолсульфонат (PPTSA) синтезовано і вирощено при 

температурі навколишнього середовища шляхом процесу повільного випаровування із використанням 

метанолу у якості розчинника. Вирощено кристал PPTSA відноситься до триклінної системи і належить до 

просторової групи P1. Для перевірки параметрів гратки застосовано метод порошкової рентгенівської 

дифракції. Аналіз і конформацію функціональних груп і зв'язків проводили за допомогою спектрального 

дослідження FT-IR. Оптичні характеристики досліджено із використанням спектру UV-Vis, зокрема, 

досліджено оптичне поглинання, розрахована довжина хвилі відсікання. Для оцінки світлових 

характеристик вирощеного кристала досліджено спектри фотолюмінесценції. Розраховані параметри NLO, 

такі як β, n2 та χ(3), були встановлені, відповідно, як 0.0495×10-4 (cm/W), 8.705×10-10 (cm2/W), 5.316×10-7 (esu), 

виявлене порогове оптичне обмеження склало 3.074×10-3 (Wcm-2). Здійснено антибактеріальні дослідження 

для вивчення біологічної активності проти вибраних мікробів харчового походження.  

Ключові слова: вирощування кристалів, оптичний матеріал, оптичне обмеження, антибактеріальна 

дія. 
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