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a b s t r a c t 

Single crystal of p-Toluidinium L-Tartrate (PTLT) was harvested via slow solvent evapo- 

ration technique. The grown PTLT crystal has a triclinic structure, P1 space group. Func- 

tional groups were affirmed by FT-IR spectroscopy. The absorption coefficient ( α), energy 

bandgap, and linear refractive index (n 0 ) were estimated from the UV-Vis-NIR spectrum. 

A broad emission band observed at 350 nm in the luminescence spectrum of PTLT, corre- 

sponds to violet light emission. The dielectric constant and loss were determined by vary- 

ing the frequency and temperature. The mechanical parameters were determined by the 

micro-indentation test for various loads. The SHG efficiency of the compound was mea- 

sured by the powder Kurtz-Perry method. The NLO parameters n 2 (1.731 × 10 –9 cm 2 W −1 ), 

β (0.079 × 10 –4 cm W −1 ), and χ (3) (9.05 × 10 –7 esu ) were determined by the Z-scan 

method. In addition, antibacterial activity was carried out against selected foodborne 

pathogens for pharmaceutical applications . 

© 2020 Elsevier B.V. All rights reserved. 

Specifications table 

Subject area Crystal growth 

Compounds p-Toluidine with L-Tartaric acid 

Data category Spectral 

Data acquisition format XRD, FTIR, UV-Vis-NIR, Luminescence, Dielectric, Micro hardness, 

SHG, NLO and antibacterial studies 

Data Type Experimental, Analyzed 

Procedure slow solvent evaporation technique 

1. Rationale 

Crystals are one of the essential key elements of advanced science and technology since they are important for diverse 

fields including optical modulation, telecommunications, optoelectronics, and optical switching devices, and so on [1–5] . 
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Widespread effort s are being made in recent decades to synthesize and grow high-efficient NLO materials, as it is the el- 

ementary key element to be used in the electronics and photonics industries [ 6 , 7 ]. Furthermore, organic compounds have 

enormous attention in industries due to their cheap-price and elegance in the manufacture of devices. Many organic crystals 

have superior nonlinear coefficients that can modify and combine into various configurations. Organic materials have higher 

nonlinearity which is used to produce signal processing devices which include amplitude modulation, harmonic generation, 

switching, and phase modulation [8–14] . To be used in modern science, the compounds must have higher optical nonlinear- 

ity [15–17] . The delocalized conjugated π- electron systems linking the donor (D) and the acceptor (A) offers a variety of 

exciting chance for developing NLO materials [18] . Organic acid-base crystals were examined for their practical applications 

in the modern era [ 19 , 20 ]. Organic NLO compound has been used in the integrated hybrid photonic integrated circuitry 

and are usually flexible because of their intermolecular hydrogen atoms and thus exhibit a high degree of molecular orbitals 

[21] . Furthermore, the good sensitivity of organic molecules for NLO processes is due to the crystallinity, higher nonlinearity, 

higher laser damage threshold, inherent synthetic resilience, easy processing, and integration with those of other composites 

low dielectric constant and losses relative to their inorganic counterparts. Interactions between hydrogen bonds are essential 

for the design and construction of functional materials [ 22 , 23 ]. Aromatic compounds are useful for NLO applications owing 

to the delocalized p-electron cloud and the addition of organic acid energy. 

In worldwide, foodborne diseases are also the major diseases that affect human health. Many analysts are focused by the 

researchers to develop some antibacterial agents to treat foodborne diseases. Infectious pathogens like Staphylococcus aureus, 

Shigella flexneri, Pseudomonas aeruginosa, and Escherichia coli contaminates the food before or after the preparation which 

causes illness like pneumonia, urinary tract infections, abscesses, respiratory infections, diarrhoea, and food poisoning. The 

bacteria release toxins in the food which is very detrimental to human health [ 24 , 25 ]. Escherichia coli, Shigella flexneri, and 

Staphylococcus aureus are the major foodborne pathogens that were declared by the National Public Health Institute (CDC, 

USA) [26] . Therefore to overcome the problem, researchers are giving an effort to replace the existing drugs by with new 

drugs with enhanced antibacterial activity. 

The crystal structures of p-Toluidinium L-Tartrate were already studied by Renuka et al. [27] . Organic crystals are strong 

prospects for NLO performance than inorganic crystals. This is due to the π conjugated arrangement produced by organic 

crystals, which allows an electron donor with an acceptor process for electron cloud movement, which leads to nonlinearity. 

Tartaric acid, with its chiral structure, demonstrated the ability to combine with certain organic bases, which is a critical 

requirement for the efficiency of the NLO. To reveal their competence in SHG applications a variety of tartrate derivatives 

were inspected. The Toluidine Tartrate is a hydrogen bonded complex of L-Tartaric acid and p-toluidine. The development of 

the proton carboxylic donor (COO-) group in tartaric acid and the proton accepter amino (-NH2) group in toluidine provides 

PTLT crystal as a suitable material for the study of its structure and NLO activity [28–30] . In the present work, few important 

characterization analyses and detailed discussion of PTLT crystal are reported for the first time through this communication. 

The grown crystal has potential antibacterial activity compared to some other single-crystal materials [31–40] . 

To overcome the above problems, in this article, p-Toluidinium L-Tartrate crystal was grown and were investigated 

towards PXRD, FTIR, UV-Vis-NIR, Luminescence, dielectric, mechanical, SHG efficiency, and third-order nonlinear optical 

(TONLO) properties of the synthesized organic crystal. In addition, the antimicrobial activities of the prepared single crystal 

against foodborne pathogens have been examined. 

2. Procedure 

2.1. Crystal growth 

p-Toluidinium L-Tartrate (PTLT) crystal was synthesized using the precursor’s in (1:1) ratio of p-Toluidine (C 7 H 9 N) and L- 

Tartaric acid (C 4 H 6 O 6 ) which was dissolved separately in deionized water then it was added together. The prepared solutions 

were mixed and stirred well for 12 h to attain a homogeneous mixture. Using filter paper (Whatman), the mixture was 

filtered. Then the filtrate was preserved in a constant temperature bath at 30 °C under controlled evaporation and a pale 

brown color crystal (6 × 5 × 4 mm 3 ) was grown after 35 days as displayed in Fig. 1 . 

2.2. Characterization of PTLT crystal 

In order to find the lattice parameters and crystalline nature of the grown sample, PTLT crystal was finely powdered and 

subjected to XPERT-PRO X-ray powder diffractometer with CuK α radiation (~1.5406 Å,0.1 min −1 , 10 ° to 80 °). The molecu- 

lar bonding and functionalgroups found in the PTLT crystal were measured by the KBr pellet approach using Perkin Elmer 

(Model: spectrum two), FTIR spectrometer recorded at ambient temperature in the wave number range of 40 0 0–40 0 cm −1 . 

The UV-Vis-NIR absorbance spectrum of the PTLT crystal was obtained at room temperature by using UV-Vis-NIR (Shi- 

madzu/UV 2600) spectrophotometer in the range of 20 0–110 0 nm. The luminescence spectrum of PTLT single crystal was 

measured by Spectro-fluorophotometer (Shimadzu/RF 60 0 0) with source as Xenon arc lamp. The synthesized PTLT crystal 

was studied by the SHIMADZU HMV-GT series with a diamond indenter microhardness tester. The dielectric analysis as a 

function of applied frequency (50 Hz to 200 kHz) was explained by using the LCRZ meter (model: TH2816A). The SHG fre- 

quency conversion efficiency of powdered PTLT sample was found using Q-switched Nd-YAG laser (1.23 mK/pulse, 1064 nm) 

by Kurtz and Perry powder method. The TONLO properties of PTLT crystal was measured by the Z-scan technique. 
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Fig. 1. As grown PTLT single crystal. 

Fig. 2. The XRD pattern of the grown PTLT single crystal. 

2.3. Antibacterial studies 

Agar well diffusion technique has been used to assess the antimicrobial ability of the p-Toluidinium L-Tartrate (PTLT) 

compound. The microbes grown in nutrient broth and agar plates were coated with Bacillus cereus, Staphylococcus aureus 

(gram-positive), and Shigella flexneri, Pseudomonas aeruginosa, Vibrio cholerae, Escherichia coli (gram-negative) through in- 

oculation loops. First, the stock solution 0.1 g of finely grained powdered PTLT compound was diluted in 1 mL of double 

distilled water and 0.1 µL of sample solution was poured into the well. Subsequently, the plates were sealed and incubated 

face even further in an incubator at 37 °C for 24 h, accompanied by measurements of the zone of inhibition (mm). 

3. Data, value and validation 

3.1. Structural studies 

Fig. 2 shows well established Bragg’s peaks that affirm the high crystalline nature of the title compound and it is free 

from structural grain boundaries [41] . The corresponding peaks and planes were indexed using checkcell software. The cell 

parameters values calculated are a = 5.67 Å, b = 6.87 Å, c = 13.41 Å, α = 88.67 °, β = 81.5 ° γ = 71.35 ° and V = 489 Å 3 

which superiorly matches with the previously report [28] . It discloses a triclinic crystal system and P1 space group. The 

microstrain present in the lattice were determined by the Hall-Williamson equation as, 

β cos θ = 
Kλ

D 
+ 4 η Sinθ (1) 

3 
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Fig. 3. W-H plot of PTLT crystal. 

Fig. 4. FTIR spectrum of PTLT crystal. 

Where β is diffraction peaks (FWHM), θ is diffraction angle, K is constant, λ is X-ray wavelength and D is the crystalline 

size (14 nm). The plot of βcos θ versus sin θ is given in Fig. 3 . The strain value of the PTLT crystal is -5.7805 × 10 −4 . The 

negative strain value represents the compressive strain that is attributed to the crystal lattice defects. The crystal properties 

are influenced by dislocation density which is evaluated by, 

δ = 
1 

D 2 
(2) 

The dislocation density value is 5.1020 × 10 15 (Lines/m 2 ). 

3.2. Vibrational analysis 

The molecular composition of the PTLT sample was affirmed by the FTIR spectrum ( Fig. 4 ). The intense sharp peaks 

at 3319 cm −1 belong to surface hydroxyl group stretching mode. Hydroxyl groups show a crucial part in enhancing the 

antibacterial activity of PTLT crystal [ 42 , 43 ]. The peaks identified at 3273 and 3046 cm −1 are ascribed to asymmetric and 

symmetric stretching modes of N-H in the amino (NH 3 
+ ) group. The absorption peaks at 2918 and 1409 cm −1 are because of 

the existence of methyl groups affirmed by the symmetric and asymmetric deformation of C-H and the vibration stretching 

of C = C at 1558 cm −1 . The band at 1214 cm −1 is associated with C-N stretching. Peaks identified around 120 0–10 0 0 cm −1 

and 10 0 0–70 0 cm −1 are due to the in and out-of-plane bending of the C-H aromatic ring [28] . The occurrence of C = O 

vibration mode of PTLT is evident at the peak 1726 cm −1 . The peak at 1135 cm −1 refers to the C-O stretching vibration of 

L-Tartaric acid. 

4 
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Fig. 5. (a) UV-Vis-NIR absorption spectrum (b) Graph of (αhυ) 2 versus h υ for PTLT crystal. 

Fig. 6. Wavelength dependence of (a) linear refractive index (n 0 ), (b) Extinction co-efficient (K). 

3.3. Linear optical studies 

The PTLT crystal was analyzed to assess the suitability for the optical application using the UV-Vis-NIR spectrum [44] . As 

shown in Fig. 5 (a), the lower cut-off wavelength is found to be at 315 nm that is near the UV region because of the π- π ∗

transitions. The significant absorption under 350 nm is owed to electronic transitions [45] . Eq. (3) is used to calculate the 

bandgap as given by, 

( αh υ) = A ( h υ − E g ) 
n 

(3) 

where A is a constant, E g is bandgap, h is 6.626 × 10 −34 Js, and exponent n is subjected to the type of transition in the 

sample. Energy bandgap (E g ) is analyzed using Tauc’s plot by drawing a graph between (αhυ) 2 versus h υ as displayed in 

Fig. 5 (b). Theoretically, the optical bandgap can be calculated by E g = 1240/ λ (eV). The calculated optical energy bandgap 

value is 3.94 eV which is in superior agreement to the experimentally evaluated bandgap value (4.01 eV). The PTLT crystal 

has a broad bandgap which can be applicable for optoelectronic devices [46] . The quantity of absorption by the transmission 

of electromagnetic waves over the medium is explained by extinction co-efficient (K) by using the formula, 

K = 
αλ

4 π
(4) 

The disparity of extinction co-efficient Vs wavelength is revealed in Fig. 6 (a). The calculated extinction coefficient is found 

to be 1.9243 × 10 −6 at 532 nm. The reflectance in relation to the absorption co-efficient is derived by the following equation, 

5 
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Fig. 7. Luminescence spectra of PTLT crystal at different excitation wavelength. 

R = 
exp ( −αt ) ±

√ 

exp ( −αt ) T − exp ( −3 αt ) T + exp ( −2 αt ) T 2 

exp ( −αt ) + exp ( −2 αt ) αT 
(5) 

Where ‘T’ is the transmittance, ‘t’ is the size of the crystal (1.15 mm). The refractive index (n 0 ) of the PTLT crystal in terms 

of reflectance can be determined by the formula, 

n 0 = −( R + 1 ) ± 2 

√ 
R 

( R − 1 ) 
(6) 

Fig. 6 (b) displays the plot of n 0 versus wavelength and n 0 of PTLT crystal is 3.088 at the wavelength of 532 nm which is 

used to compute TONLO parameters of the compound. From the optical analysis, it enunciates that the PTLT crystal has a 

strong optical performance for optoelectronic devices. 

3.4. Luminescence analysis 

For the use of LED applications, luminescence analysis is done for the grown crystal to determine the luminescence prop- 

erty of the sample. The emission peak was recorded at room temperature for three excitation wavelengths of 240, 260, and 

280 nm which is presented in Fig. 7 , and was noted that the excitation wavelength increases with a decrease in the intensity 

and there is no peak shift. In this spectrum, incessant emission of light exposure transition of the system on the ground and 

excited states is attributed to the existence of carbon bonds of π- electron transition [47] . A strong emission peak was found 

at 350 nm, which could be ascribed to the transition of charge in the amine groups (NH 3 
+ ) of the PTLT crystal. In material 

research, luminescence studies play a vital role in different fields like electroluminescent display, biomedical fields, photo- 

chemistry, chemical sensors and also in chemistry research areas [48] . The grown PTLT crystal emission peak at 350 nm is 

found in the ultraviolet (UV) region, and is suitable for UV sensors and fluorescence detectors [49] . 

3.5. Dielectric analysis 

The electro-optic features of the sample were studied by the dielectric study. The PTLT crystal was polished and coated 

with graphite for accuracy in measurements. The prepared sample thickness is 1.3 mm. Dielectric analyses were taken for 

the alternating electric field with different frequencies from 50 Hz to 200 kHz at various temperatures (30 to 70 °C). The 

dielectric constant ( ε’) and loss ( ε”) of the compound was evaluated using the standard formula [50] . Fig. 8 (a-b) depicts the 

normal occurrence, that ε’ and ε” increases as the decrease in frequency with respect to different temperatures. Electronic, 

orientation, ionic, and space charge polarization is responsible for the increase in dielectric constant for lower frequency. 

In the electric loss, the sample is exposed to a varying electric field, where the material loses its energy. Due to the space 

charge polarization ε” decreases as the frequency increases which confirms that the sample has strong optical consistency 

with fewer defects [51] . For all temperatures, the ε’ and ε” has lesser values at a higher frequency is an optimal phenomenon 

for electro-optic applications [52] . The AC conductivity can be evaluated by, 

σac = 2 π fε ′ ε 0 tan δ (7) 

Where f is frequency applied and ε 0 is vacuum permittivity (8.854 × 10 −12 F/m). The disparity of AC conductivity with 

respect to frequency for various temperatures is given in Fig. 9 . 

6 
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Fig. 8. (a) Dielectric constant and (b) dielectric loss versus frequency for PTLT crystal. 

Fig. 9. AC conductivity plot for PTLT crystal. 

3.6. Electronic Polarizability ( α) 

Electronic polarizability is the noteworthy parameter to evaluate the efficiency of the nonlinear materials. Electronic 

polarizability of the material can be theoretically determined by Penn analysis, Clausius-Mossotti expression, and optical 

bandgap. The calculation theoretically displays that the dielectric constant could be governed by valence electron plasma 

energy, Penn gap (E P ), Fermi energy (E F ), and electronic polarizability ( α). The density of the PTLT sample is evaluated from 

the relation, 

ρ = 
MZ 

N A V 
(8) 

Where M is the molecular mass of the PTLT compound, Z is the unit cell, N A is the Avogadro number (6.022 × 10 23 mol −1 ) 

and V is the volume. The valence electron plasma energy ( ̄h ω ρ ) can be evaluated by 

h̄ ω ρ = 28 . 8 

√ 

( Z × ρ) 

M 
(9) 

The valence electron of PTLT sample is Z = (11 × 4) + (15 × 1) + (6 × 6) + (1 × 5) = 100 where ρ is the density, 

valence electron of C, H, N and O are 4, 1, 5 and 6 respectively. Based on the Penn model, average E P and E F is determined 

7 
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Table 1 

Polarizability parameters of the grown PTLT crystal. 

Parameters Values 

Molecular weight 257.237 (g/mol) 

Density 1.3682 (g/cm –3 ) 

Plasma energy 21.0039 (eV) 

Penn gap 1.9034 (eV) 

Fermi energy 17.0668 (eV) 

Penn analysis 7.26 × 10 –23 (cm 3 ) 

From Clausius–Mossotti equation 7.28 × 10 –23 (cm 3 ) 

Optical energy band gap 3.7639 × 10 –23 (cm 3 ) 

using, 

E P = 
h̄ ω ρ√ 
ε r − 1 

(10) 

E F = 0 . 2948 ( ̄h ω p ) 
4 
/ 3 (11) 

Calculate electronic polarizability ( α) of the sample is evaluated by 

α = 

[ 
(

h̄ ω ρ

)2 
s 0 

(

h̄ ω ρ

)2 
s 0 + 3E 2 P 

] 

×
M 

ρ
× 0 . 369 × 10 −24 c m 

3 (12) 

Where, s 0 = 1 − [ 
E P 
4 E F 

] + 
1 
3 + [ 

E P 
4 E F 

] 2 

The electronic polarizability ( α) is also affirmed and computed using Clausius-Mosotti expression, 

α = 
3M 

4 πN A ρ

(

ε r − 1 

ε r + 2 

)

(13) 

εr is the dielectric constant at 200 kHz (room temperature). The electronic polarizability from the energy bandgap can be 

determined by the following equation, 

α = 

[ 

1 −

√ 
E g 

4 . 06 

] 

×
M 

ρ
× 0 . 396 × 10 −24 c m 

3 (14) 

The calculated electronic polarizability values from Penn analysis and Clausius-Mosotti equation are in better agreement 

with each other. The calculated electronic polarizability values are summarized in Table 1 . 

3.7. Vickers microhardness test 

The Vickers microhardness measurement is done to identify the details regarding the crystal’s mechanical strength which 

is significant for device fabrication. The smooth surface PTLT crystal is taken for the measurement at ambient temperature 

for different loads from 25 to 100 g with an indentation time of 5 s. Vickers microhardness (Hv) is estimated by 

H v = 1 . 854 ×
P 

d 2 

(

kg/m m 
2 
)

(15) 

Where P is load (kg), d is diagonal length (mm) and Hv is Vickers microhardness number (Kg/mm 2 ). As load P is increased, 

hardness number values also increase as shown in Fig. 10 (a) and are related to the reverse indentation effect. Because of 

the internal pressure, the crystal starts to crack above 100 g during indentation. Meyer’s index was evaluated by 

P = K d n (16) 

log P = log k + n log d (17) 

Where n is Meyer’s index and k is material constant. A graph between log P versus log d is displayed in Fig. 10 (b) and 

the work hardening coefficient is determined as 3.612. According to Onitsch [53] , if n is > 1.6, and then the materials refer 

to a soft category which is convenient for the construction of optoelectronic applications. The yield strength ( σ y ) could be 

determined by using H v value as Meyer’s index were estimated as 2.6 (2 < n < 3) using the equation, 

σy = 
H v 

2 . 9 
[ 1 − ( n − 2 ) ] 

(

12 . 5 ( n − 2 ) 

1 − ( n − 2 ) 

)n −2 

(18) 

8 
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Fig. 10. (a) Variation of Hv vs. load P (g) and (b) log P vs. log d. 

Table 2 

Calculated mechanical parameters of PTLT crystal. 

Load P (g) H v (kg/mm 2 ) H K (kg/mm 2 ) C 11 × 10 14 (Pa) K c × 10 4 (kg/m 3/2 ) B i ( µ/m ½) σy (GN/m 2 ) 

25 39.5292 0.303377 6.11121 9.367228 4.219946 10.2773 

50 58.5801 0.449588 12.16419 18.734456 3.126864 15.4095 

75 66.9743 0.514011 15.37659 28.101684 2.383284 19.8557 

100 74.0192 0.568080 18.3178 37.468912 1.975483 20.6092 

A graph of load P versus σ y is seen in Fig. 11 (a). Fracture toughness (K c ) of the material is explained by the fracture 

toughness arises due to the cracks formed during the course of indentation under uniform loading [54] . 

K c = 
P 

β0 C 3 / 2 
(19) 

β0 is constant and C is the crack length of the crystal. Fig. 11 (b) shows the load (P) Vs fracture toughness. Brittleness index 

(B i ) describes the induced fracture in the crystal without considerable deformation [55] and is calculated by 

B i = 
H v 

K c 
(20) 

The interatomic bonding strength of the crystal is calculated by elastic stiffness constant (C 11 ) by Wooster’s empirical 

equation [56] , 

C 11 = ( H v ) 
7 / 4 (21) 

A plot of load P versus C 11 is seen in Fig. 11 (c). Knoop hardness of the material can be evaluated following formula, 

H k = 14 . 229 
(

P 

d 2 

)

(kg/m m 
−2 ) (22) 

A plot of load (P) versu s Knoop hardness (H k ) is seen in Fig. 11 (d). The calculated mechanical parameters for various 

loads are tabulated in Table 2 . 

3.8. SHG studies 

The SHG of the PTLT compound was analyzed by the powder Kurtz and Perry method. In the microcapillary tube, the 

grained sample was filled. The sample was subjected to the laser beam (1064 nm) with a pulse width of 10 ns and with 

input energy of 1.1 mJ. Green emission light (532 nm) was produced towards the photomultiplier tube which was detected. 

The presence of delocalized electron and intermolecular interaction in the sample is liable for the nonlinear response of the 

PTLT crystal [57] . The output value has comparable output with the standard material (KDP). Hence, PTLT crystal is suitable 

for frequency conversion applications. 

3.9. Z-scan analysis 

Sheik Bahae et al. [58] introduced the Z -Scan method which is the simple, sensitive tool to measure the nonlinearity 

and the changes in the nonlinear absorption coefficient ( β) and refractive index ( n 2 ). In this technique, CW laser (532 nm) 

9 



S. Sakthy Priya, K. Balakrishnan, P. Surendran et al. Chemical Data Collections 31 (2021) 100640 

Fig. 11. (a) Yield strength ( σy) vs. load P (g), (b) fracture toughness vs. load P (g), (c) stiffness constant (C 11 ) vs. load P (g) and (d) knop hardness vs. load 

P (g). 

was used with a focal length of 130 mm and intensity of the laser 0.01478 (MW/cm 2 ). The material was placed in the Z- 

axis along with propagation of laser source and was moved horizontally in the positive ( + Z) to negative (-Z) direction. The 

recorded closed aperture (CA), open aperture (OA) curves, and ratios of CA/OA are revealed in Fig. 12 (a-c). In an open aper- 

ture, the minimum transmittance at the focus (Z = 0) suggests that reverse saturable absorption (RSA). In closed aperture, 

it indicates peak followed valley that refers to the self-defocusing nature. Using standard relation, third-order NLO mea- 

surements were estimated [59–61] . The actual and imaginary aspects of the TONLO susceptibility ( χ (3) ) may be determined 

using the following equation, 

R e 
(

χ ( 3 ) 
)

= 
10 −4 ε o c 2 n 2 o n 2 

π

(

c m 
2 / W 

)

(23) 

I m 

(

χ ( 3 ) 
)

= 
10 −2 ε o c 2 n 2 o λβ

4 π2 

(

c m 
2 / W 

)

(24) 

The TONLO susceptibility ( χ (3) ) could be determined by the equation, 

χ ( 3 ) = 

√ 

( R e χ ( 3 ) ) 
2 + ( I m χ ( 3 ) ) 

2 
(25) 

The calculated TONLO properties for the PTLT sample are n 2 is 1.731 × 10 –9 (cm 2 /W), β is 0.079 × 10 –4 (cm/W), and 

χ (3) is 9.05 × 10 –7 ( esu ). The calculated NLO parameters are summarized in Table 3 . The PTLT sample has higher NLO 

susceptibility compared with several other reported NLO crystals and is tabulated in Table 4 . [ 19 , 62–67 ]. From the Z-scan 

analysis, the grown PTLT crystal indicates a negative sign of the n 0 value, which is due to the self-defocusing nature, and 

the nonlinear absorption is identified as reverse saturable absorption which is a most suitable property for optical switching 

and optical limiter devices. 

10 
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Fig. 12. (a) Closed aperture (b) Open aperture and (c) Ratio (CA/OA) Z-scan curve of PTLT crystal. 

Table 3 

Third–order (NLO) parameters of the grown PTLT crystal. 

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 2 ) 

Reighley range (Z R ) 1.271 (mm) 

Nonlinear refractive index (n 2 ) 1.731 × 10 –9 (cm 2 /W) 

Nonlinear absorption coefficient ( β) 0.079 × 10 –4 (cm/W) 

Real part of third order nonlinear susceptibility (Re χ (3) ) 4.1847 × 10 –7 (esu) 

Imaginary part of third order nonlinear susceptibility (Im χ (3) ) 8.0287 × 10 –7 (esu) 

Third order nonlinear susceptibility ( χ (3) ) 9.05 × 10 –7 (esu) 

Table 4 

Comparison of third order nonlinear optical susceptibility ( χ (3) ) values 

of PTLT with other NLO materials. 

Crystal Third order NLO susceptibility ( χ (3) ) Reference 

PTLT 9.05 × 10 –7 (esu) Present work 

3-A2CPB 4.82 × 10 –07 (esu) [19] 

CT 8.78 × 10 –07 (esu) [52] 

TP4N 4.33 × 10 –08 (esu) [53] 

AAP 6.20 × 10 –09 (esu) [54] 

LTT 7.1368 × 10 –10 (esu) [55] 

VMST 9.6963 × 10 –12 (esu) [56] 

LTP 5.382 × 10 –14 (esu) [57] 

11 
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Fig. 13. Photographs of antibacterial plates of the grown PTLT single crystal. 

Table 5 

Zone of inhibition against particular bacterial (mm). 

Tested bacteria Gram reaction Zone of inhibition (mm) 

Bacillus cereus + ve 18 

Staphylococcus aureus + ve 40 

Shigella flexneri –ve 24 

Pseudomonas aeruginosa –ve 35 

Vibrio cholera –ve 22 

Escherichia coli –ve 35 

3.10. Antibacterial studies 

The evaluation of antibacterial activity for the finely grained PTLT compound was carried out against gram + Ve ( S. au- 

reus, B. cereus, ) and gram -Ve ( V. cholerae, S. flexneri, P. aeruginosa, E. coli ) bacterial strains via disk diffusion method. The 

obtained zone of inhibition plate photos is shown in Fig. 13 . If the inhibition zone is larger than 6 mm, then it indicates 

higher antimicrobial activities [ 25 , 68 , 69 ]. From the results, PTLT has better antibacterial activity against tested bacterial 

strains. Among six bacteria, Staphylococcus aureus is more sensitive to the PTLT crystal. The zone of inhibition (ZOI) of PTLT 

compound is tabulated in Table 5 . 

The hydrogen bonding interactions in the title compound greatly enhance the antibacterial efficiency [70] . The present 

sample can penetrate into the cell membrane, and increase permeability, reduce metabolic activity, and destroy the bacterial 

cells. The delocalized π-electrons have strengthened lipophilicity, contributing to the degradation of the cell’s permeability 

and thereby retarding normal cell processes [71–73] . Hence the grown PTLT crystal will be a promising candidate for the 

development of antibiotic drugs against tested bacterial strains. From Table 6 , the antibacterial activities of PTLT compound 

possess good antibacterial activity (ZOI) compared with some other reported organic and inorganic materials [31–40] . From 

the measurement, the grown PTLT crystal showed the suitability of the grown crystal for pharmaceutical applications. 

4. Conclusion 

In summary, p-Toluidinium L-Tartrate single crystal was grown at ambient temperature utilizing deionized water as a 

solvent. PXRD analysis confirmed the high crystalline nature of the compound which crystallizes in the Triclinic crystal 

system. The vibrations of functional groups were examined and enunciate the presence of the title compound. The UV-Vis- 

NIR spectrum shows the lower cut-off wavelength was found to be 315 nm. The extinction coefficient ( K = 1.9243 × 10 −6 ) 

and linear refractive index ( n 0 = 3.088) were calculated using standard relation at 532 nm. The luminescence study confirms 

that the grown crystal can be utilized in the fabrication of violet LED and UV detector devices. The lower dielectric constant 
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Table 6 

Comparison of antibacterial activity with other crystal materials. 

Test organism Crystal Zone of inhibition (mm) Reference 

Bacillus cereus CTSB 11 [31] 

LASN 14 [32] 

PTLT 18 Present work 

Staphylococcus aureus Co-DIC complex 21 ±0.77 [33] 

2APCS 22 [34] 

HTNN 16 ± 0.6 [35] 

CTSB 9 [31] 

NAKDP 15 [36] 

LYPB 13 ± 0.5 [37] 

PTLT 40 Present work 

Shigella flexneri ZTTC 22 ±0.7 [38] 

LASN 16 [32] 

PTLT 24 Present work 

Pseudomonas aeruginosa ZTTC 17 ±0.6 [38] 

Co-DIC complex 17 ±1.09 [33] 

HTNN 15 ± 0.2 [35] 

LASN 18 [32] 

γ -Glycine 28 [39] 

Vibrio cholera PTLT 35 Present work 

PCCH 17 [40] 

and loss at higher frequency specifies that the sample is appropriate for optoelectronic device applications. Vickers micro- 

hardness study was used to confirm the soft material category and mechanical parameters were calculated. The frequency 

conversion efficiency of PTLT is comparable with KDP. The Z-Scan technique was examined and the crystal exhibits self- 

defocusing behaviour and reverse saturable absorption and hence it is useful for practical devices such as optical switching, 

optical limiter. The grown crystal has good antibacterial behaviour against tested foodborne bacterial strains and it can be 

used in biomedical applications. 
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