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Abstract
Hirshfeld surface analysis and molecular structure determination of 4-chlorobenzhydrazide trichloro acetate (4CBTCA) 
single crystals has been grown by the slow evaporation method at room temperature. The title compound was confirmed 
by single and powder X-ray diffraction studies. The determination of the single crystal structure establishes that the title 
compound associate with the triclinic system with the space group P 1 . Powder XRD affirmed the crystalline nature of the 
crystal. The molecular structure and existence of the vibrations were revealed by NMR experiments. The identity of distinct 
functional groups of title of the compound was determined by FT-IR and FT-Raman spectral analyses. UV–Vis–NIR analysis 
was performed to examine the optical property of the grown crystal, and the maximum absorbance wavelength is realized at 
390 nm. This study discusses the 4-chlorobenzhydrazide trichloro acetate crystal and demonstrates blue and green emissions 
at 440 and 544 nm. The thermal behaviour of the (4CBTCA) was studied by thermo-gravimetric analysis (TGA), differential 
thermal analysis (DTA) and differential scanning calorimetry (DSC). Third-order nonlinear refractive index and nonlinear 
absorption coefficient have been determined by the third-order NLO studies.
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1  Introduction

Recent years have seen a great deal of interest in the sec-
ond- and third-order NLO materials owing to the broad 
range of applications they provide in the areas of molec-
ular electronics, photonics, and optics computing [1–3]. 
Organic, inorganic and semi-organic products of NLO have 
been identified [4, 5]. Because of their flexibility, organic 
NLO materials are commonly used. Because of their easy 
coordination, low costs and a lot of possible NLO materials, 
organic materials are popular [6, 7]. Schiff base is one of the 
best methods for synthesis of organic NLO materials. Gen-
erally, Schiff base is synthesized from simple condensation 

method by treating with an aldehyde and aromatic primary 
amines. Hydrazide is an aromatic aldehyde which has a 
variety of applications such as second harmonic genera-
tion (SHG), optoelectronic, photocatalytic, photovoltaic, 
and optical information [8–10]. 4-chloro benzhydrazide is 
an acid hydrazide group. It has a wide application such as 
nonlinear optics, sensors, transistors, radars and rectifier [11, 
12]. Most of researchers are offer a noticeable attention to 
grow organic single crystals for technological and to biologi-
cal applications [13]. During the last few decades, hydrazide 
derivatives have gained greater attention in biological activi-
ties such as antibacterial [14, 15], antimicrobial [16–20], 
antifungal [21, 22], anti-tuberculosis [23–25], anticancer, 
anti-inflammatory and analgesic impact [26]. For this inten-
tion, many medicinal chemists have synthesized different 
hydrazide derivatives to investigate their biological activi-
ties. Antimicrobial behaviour in the scientific world is one 
of many biological properties. Organic single-crystal amino 
acids are playing an increasingly important role as strongly 
ordered nonlinear second-order optical materials [27, 28]. 
General experiments have been conducted on organic 
materials accommodate systems with several advantages 
in hydrazide. The fundamental organic structure of NLO 
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materials is based on the bond system; owing to the overlap 
of p orbitals, the relocation of electronic charge distribution 
leads to a high mobility of electrons. Functionalization of 
both ends of the bonding system with an effective electron 
donor and acceptor groups can further improve asymmetric 
electronic distribution in one or both ground and excited 
states, leading to an increased optical nonlinearity [29]. In 
particular, the effective delocalization of the p bond elec-
trons was its foundation of the organic molecules, which 
contributes to the synthesis of molecular polarization. In 
general, high hyperpolarizability is the product of an appro-
priate combination of different aspects such as p bond, 
donor–acceptor categories, dimensionality and inclination 
for a certain crystal structure [30].

Organic materials-based single crystal form would be 
extremely interesting. Several studies have been reported on 
hydrazide [31] and trichloroacetic acid-based compounds, 
2-aminopyridinium trichloro acetate [32], 3-nitroanilinium 
trichloro acetate [33], melaminium bis (trichloro acetate) 
[34] guanidine with acetic, trichloroacetic and trifluoro-
acetic acids [35] and guanidinium trichloro acetate [36–38], 
respectively. Accordingly, the slow evaporation method is 
acquired to grow this crystal. In this present study, 4-chlo-
robenzhydrazide trichloroacetic acid single (4CBTCA) 
crystal was successfully grown with an equimolar ratio by 
the slow evaporation method which has still not been pub-
lished and the grown crystal was analysed by single crys-
tal X-ray diffraction study, powder XRD, spectral studies, 
third harmonic generation analysis, fluorescence and thermal 
behaviour.

2 � Material Synthesis and Crystal Growth

4-chlorobenzhydrazide trichloro acetate (4CBTCA) salt was syn-
thesized with an equimolar ratio of 1:1 at ambient temperature by 
dissolving mixed solvents of AR grade 4-chlorobenzhydrazide 
(Sigma Aldrich, 99 percent) and trichloroacetic acid (Merck, 99.5 
percent). A magnetic stirrer was utilized to achieve a homoge-
neous solution; the resulting solution was well stirred for 3 h, 
where after solution was filtered and ideally placed at ambient 
temperature evaporation. After complete evaporation, the salts 
were collected.

4CBTCA single crystal was grown by solution growth 
technique using synthesized materials. The saturated solu-
tion was prepared at room temperature and stirred continu-
ously for 2 h. After that, the able solution was filtered by 
Whatman filter paper into a beaker and covered with perfo-
rated aluminium foil cover to control the rapid evaporation 
of the mixed solvent. After 11 days, white-coloured needles 
like single crystals of dimension around 5 × 3 × 2 mm3 were 
gathered. The 4CBTCA single crystals are shown in Fig. 1.

3 � Results and Discussion

3.1 � Single Crystal X‑ray Diffraction Analysis

Single crystal X-ray diffraction analysis of 4CBTCA 
crystal was carried out using BRUKER AXES KAPPA 
APEX2 CCD diffractometer with a MoKα (0.71073 Å) 
radiation to determine the molecular structure and to esti-
mate the lattice parameter values. The crystal structure 
was resolved by the direct method and refined by the full 
matrix least square technique using the SHELXL program. 
Least squares refinement of 165 reflections was performed 
in the range of 20–30°. The single crystal X-ray analysis 
confirmed that the as-grown 4CBTCA crystal belongs to 
the triclinic system with the centrosymmetric space group 
P 1 and the obtained cell parameters are a = 5.826(3) 
Å, b = 9.253 (4) Å, c = 12.908 (6) Å, α = 97.354 (9)°, 
β = 100.629 (9)°, γ = 91.245 (8)° and V = 677.6 (5) Å3. 
4CBTCA cell parameters obtained from this study shown 
in Table 1 and the crystal structure with atomic-numbering 
are shown in Fig. 2.

It consists of one 4-chlorobenzhydrazide cations and 
one trichloro acetate anion. The protonated planner of 
4-chlorobenzhydrazide in 4CBTCA molecules gateway is 
the cation with a positively charged amine group, whereas 
the trichloroacetic acid is in the anionic state. The 4- chlo-
robenzhydrazide cations and trichloro acetate anions are 
linked together by an inestimable network of hydrogen 
bonds. The final fractional position coordinates with 
equivalent isotropic and anisotropic temperature factors 
for all non-hydrogen atoms are given in Tables 2 & 3.

Atoms C12 – N11 – N8 and O2 – C12 – N11 partici-
pate in the hydrogen bonding network as both acceptor 
and donors, mediating the amine and acid interactions. 
The bond lengths and angles of non-hydrogen atoms of 

Fig. 1   Grown 4CBTCA single crystals
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the title crystal are obtained (Table 4). The two rings 
of 4CBTCA cations approximately co-planer crystallo-
graphic ab axis. All hydrogen atoms protonated amine 
group mixed up in N–H•••O hydrogen bonds with near 
trichloro acetate anions. The hydrogen coordinates and equivalent isotropic distance H8A and H8B (0.046), H11 

(0.048), H13(0.062), H14 and H17 (0.054). Atoms C12 
– N11 – N8 and O2 – C12 – N11 go in for in the hydrogen 
bonding network as both acceptor and donors, mediating 
the amine and acid interactions.

All hydrogen atoms protonated amine group involved in 
N –  H•••O hydrogen bonds with near trichloro acetate ani-
ons. ORTEP of 4CBTCA is shown in Fig. 2, and the packing 
diagram is displayed in Fig. 3. Selected bond distances and 
angles are given in Table 4. The C12 - –  C10 bond distance is 
1.764 (3)˚A which is characteristic of the C —  – C bond. The 
observed dihedral angle between the O7 and N11 is 119.5 (3) ° 
[O7-C12-N11]. From the geometrical parameters, it is observed 
that the 4-chlorobenzhydrazide with trichloro acetate atoms par-
ticipating in the hydrogen bonding network N11-C12 —  – C15 
and N8 — – N11 is 1.423(3). The observed O5 — – C9 bond 
distance is 1.235(3), O6 —  – C9 (1.240(3)), C9 — – C10 
(1.574(4)), C15 —  – C17 (1.398(4)) and C13—C18 bond 
distances are presented in Table 4. The atomic displacement 
parameters are C13 (-0.0026), N8 (0.0007), N11 (0.0025), 
O5 (0.074), O6 (0.0088) in U23 modify. In the 4CBTCA, the 
hydrogen group forms an intra-molecular N8 — – H8A•••O5i 

Table 1   Crystal data and structure refinement details for 4CBTCA 
single crystal

CCDC deposit No 2,051,383
Moiety formula C7H7ClN2O, C2Cl3O2

Crystal data Formula C9H7Cl4N2O3

Formula weight 332.97
Crystal system Triclinic
Space group P 1
a, b, c [Å] 5.826 (3), 9.253 (4), 12.908 (6)
α, β, ν [˚] 97.354 (9), 100.629 (9), 91.245 (8)
V[Å3] 677.6 (5)
Z 2
D(calc)[Mg/m3] 1.632
μ(Mo Kα) [/mm–1] 0.873
F(000) 334.0
Crystal size [mm3] 0.30 × 0.25 × 0.20
θ Min–Max [˚] 3.24–27.38
Dataset  − 7 → 7: − 11 → 10: − 16 → 15
Temperature (K) 293
Radiation [Å] MoKα 0.71075
Nref, Npar 2987,165
R, wR2, S 0.0568, 0.1534, 1.023
H-atom treatment H-atom parameters constrained
Largest diff. peak and hole 

(e/Å–3)
0.531, − 0.462

Fig. 2   ORTEP of grown 4CBTCA single crystal

Table 2   Fractional atomic coordinates and isotropic or equivalent iso-
tropic displacement parameters (Å2) of 4CBTCA single crystal

Atoms X Y Z Uiso*/Ueq

Cl2 1.1098 (2) 0.27199 (9) 0.15902 (9) 0.0758 (4)
Cl3 1.27742 (19) 0.50878 (16) 0.32261 (8) 0.0843 (4)
Cl4 1.2922 (2) 0.24337 (13) 0.54577 (8) 0.0817 (4)
O5 1.2947 (4) 0.4927 (2) 0.05711 (18) 0.0445 (6)
O6 1.1192 (4) 0.6825 (2) 0.12405 (19) 0.0461 (6)
O7 0.4634 (4) 0.0143 (2) 0.11938 (18) 0.0433 (5)
N8 0.5235 (4)  − 0.2393 (2) 0.0179 (2) 0.0381 (6)
H8A 0.5790  − 0.3158  − 0.0135 0.046*
H8B 0.3912  − 0.2645 0.0338 0.046*
C9 1.1733 (4) 0.5532 (3) 0.1172 (2) 0.0297 (6)
C10 1.0891 (5) 0.4602 (3) 0.1982 (2) 0.0356 (6)
N11 0.6832 (4)  − 0.1811 (2) 0.1120 (2) 0.0398 (6)
H11 0.8020  − 0.2276 0.1376 0.048*
C12 0.6373 (5)  − 0.0479 (3) 0.1589 (2) 0.0336 (6)
C13 1.1703 (6) 0.0307 (4) 0.3801 (3) 0.0516 (8)
H13 1.3166  − 0.0051 0.4023 0.062*
C14 0.7350 (6) 0.1406 (3) 0.3153 (3) 0.0453 (8)
H14 0.5895 0.1777 0.2935 0.054*
C15 0.8016 (5) 0.0156 (3) 0.2568 (2) 0.0360 (7)
C16 0.8824 (7) 0.2092 (4) 0.4050 (3) 0.0535 (9)
H16 0.8366 0.2914 0.4442 0.064*
C17 1.0207 (6)  − 0.0386 (3) 0.2911 (3) 0.0453 (8)
H17 1.0663  − 0.1223 0.2536 0.054*
C18 1.0994 (7) 0.1539 (4) 0.4355 (3) 0.0513 (8)
Cl1 0.79822 (14) 0.49307 (10) 0.21161 (8) 0.0565 (3)
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(− x + 2, − y, − z), N8 — – H8B•••O6ii (x − 1, y − 1, z;) and 
C17 —  – H17 ···   ••• O6iii (x, y − 1, z of hydrazide with  
acid fragments (Table 5).

3.2 � Determination of Some Fundamental Data

The free electron plasma energy ℏωP is considered as:

ℏ𝜔
P
= 28.8(Z𝜌∕M)1∕2

Table 3   Atomic displacement 
parameters (Å2) of 4CBTCA 
single crystal

Atoms U11 U22 U33 U12 U13 U23

Cl2 0.1140 (9) 0.0337 (4) 0.1054 (9) 0.0184 (5) 0.0737 (7) 0.0267 (5)
Cl3 0.0579 (6) 0.1474 (12) 0.0434 (5)  − 0.0159 (7)  − 0.0043 (4) 0.0206 (6)
Cl4 0.0928 (9) 0.0914 (8) 0.0503 (6)  − 0.0222 (7) 0.0005 (5)  − 0.0064 (5)
O5 0.0492 (12) 0.0323 (10) 0.0607 (14) 0.0069 (10) 0.0283 (11) 0.0117 (10)
O6 0.0466 (13) 0.0272 (10) 0.0677 (15) 0.0078 (9) 0.0176 (11) 0.0074 (10)
O7 0.0445 (12) 0.0339 (10) 0.0537 (13) 0.0155 (9) 0.0109 (10) 0.0088 (9)
N8 0.0379 (13) 0.0273 (12) 0.0499 (15) 0.0006 (10) 0.0135 (12) 0.0007 (11)
C9 0.0225 (12) 0.0276 (13) 0.0371 (14)  − 0.0018(10) 0.0012 (11) 0.0038 (11)
C10 0.0331 (14) 0.0363 (14) 0.0403 (16) 0.0094 (12) 0.0119 (12) 0.0078 (12)
N11 0.0387 (14) 0.0266 (12) 0.0508 (15) 0.0100 (11) 0.0012 (12) 0.0025 (11)
C12 0.0379 (15) 0.0260 (13) 0.0429 (16) 0.0047 (12) 0.0189 (13) 0.0099 (12)
C13 0.0486 (19) 0.0524 (19) 0.054 (2) 0.0024 (16) 0.0077 (16) 0.0089 (16)
C14 0.0499 (19) 0.0414 (16) 0.0479 (19) 0.0054 (15) 0.0194 (15) 0.0030 (14)
C15 0.0400 (16) 0.0293 (13) 0.0426 (16) 0.0012 (12) 0.0154 (13) 0.0091 (12)
C16 0.067 (2) 0.0468 (18) 0.049 (2)  − 0.0030(18) 0.0241 (18)  − 0.0035 (16)
C17 0.0474 (18) 0.0372 (16) 0.0522 (19) 0.0080 (14) 0.0113 (15) 0.0060 (14)
C18 0.060 (2) 0.057 (2) 0.0369 (17)  − 0.0133(17) 0.0084 (15) 0.0070 (15)
Cl1 0.0339 (4) 0.0651 (6) 0.0810 (7) 0.0138 (4) 0.0241 (4) 0.0282 (5)

Table 4   Selected geometric parameters of 4CBTCA single crystal

Bond lengths (Å)

Cl2—C10 1.764 (3) N11—C12 1.357 (3)
Cl3—C10 1.768 (3) C12—C15 1.482 (4)
Cl4—C18 1.744 (4) C13—C18 1.379 (5)
O5—C9 1.235 (3) C13—C17 1.382 (5)
O6—C9 1.240 (3) C14—C16 1.379 (5)
O7—C12 1.236 (3) C14—C15 1.401 (4)
N8—N11 1.423 (3) C15—C17 1.398 (4)
C9—C10 1.574 (4) C16—C18 1.383 (5)
C10—Cl1 1.764 (3)
Bond angles (º)
O5—C9—O6 126.7 (3) N11—C12—C15 117.3 (2)
O5—C9—C10 117.2 (2) C18—C13—C17 119.0 (3)
O6—C9—C10 116.1 (2) C16—C14—C15 120.8 (3)
C9—C10—Cl2 111.16 (19) C17—C15—C14 118.7 (3)
C9—C10—Cl1 112.05 (18) C17—C15—C12 123.8 (3)
Cl2—C10—Cl1 108.57 (17) C14—C15—C12 117.4 (3)
C9—C10—Cl3 107.3 (2) C14—C16—C18 118.8 (3)
Cl2—C10—Cl3 108.11 (15) C13—C17—C15 120.7 (3)
Cl1—C10—Cl3 109.52 (16) C13—C18—C16 121.9 (3)
C12—N11—N8 116.2 (2) C13—C18—Cl4 118.7 (3)
O7—C12—N11 119.5 (3) C16—C18—Cl4 119.4 (3)

Fig. 3   Packing of the molecules when viewed down along ab axis of 
grown 4CBTCA single crystal
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where ρ is the density, Z is the total number of free electron, 
and M is the molecular weight of the crystal. The Fermi 
energy and Penn gap are obviously dependent on the ћωP 
[39]. The Penn gap energy is calculated using the relation.

The Fermi energy is established from the relation:
EF = 0.2948(�P)

4∕3 Polarizability α was attained by using 
the following relation [40]:

where S0 is a constant for the material, which is given by

The value of α so obtained agrees well with that of Clau-
sius–Mossotti equation, which is given by

The calculated data for the grown 4CBTCA crystal are 
presented in Table 6.

3.3 � Hirshfeld Surface Analysis

It is influential to acquire quantitative evaluation of intermo-
lecular interactions in the purpose of gaining a greater inter-
pretation of intermolecular interactions in supramolecular 

E
P
=

ℏ𝜔
P

(𝜀∞ − 1)1∕2

𝛼 =

[

(ℏ𝜔
P
)2S

0

(ℏ𝜔
P
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assemblies. Hirshfeld surface analysis (HS) is potential to 
be a possible method for quantitatively explaining molecular 
crystal structures. Depending on the results of single crystal 
X-ray diffraction studies, Hirshfeld surface and 2D finger-
print plots were created using Crystal Explorer 3.1 [41–44]. 
The dnorm function is a proportion that involves the intervals 
linking the same surface point and the nearest interior (di) 
and exterior (de) atoms, and also the atoms' van der Waals 
radii [44]. The intermolecular low or huge contacts within 
the molecular structure can be identified using the molecular 
Hirshfeld surface analysis. Figure 4 depicts fingerprint plots 
(2D) revealing the percentage of area occupied by several 
types of intermolecular interactions. Figure 5(a) depicts the 
shape index dnorm and curvedness of the 4CBTCA molecule. 
The normalized contact distance dnorm based on the distance 
from a point on the surface to the nearest nucleus outside 
the surface di enables the identification of the regions of 
particular importance to the intermolecular interactions. The 
combination of de and di in the form of 2D fingerprint plot is 
shown in Fig. 5(b) which gives the summary of intermolecu-
lar contacts in the crystal lattice. The fingerprint plots reveal 
the ratio contribution of intermolecular performance to the 
surface which can be described in terms of colour codes. 
In the 4CBTCA, the addition owing to C•••C interactions 
to the Hirshfeld surface is (19.1%) and that of C•••H con-
tacts [44] to the total Hirshfeld surface is (5.1%), while the 
C•••Cl less behaviour contributing to third most Hirshfeld 
surface is 3.6% and the other intermolecular performance 
Cl•••Cl (10.2%), Cl•••H (30.9%), O•••H (4.4%), Cl•••N 
(1%), H•••H (7.2%), Cl•••O (6.6%), C•••O (2%), O•••H 
(24.8) and O•••O (2%) for interactions for in for 4-chlo-
robenzhydrazide trichloro acetate. The intense red colour 
circular point revealed the intermolecular short contacts due 
to the showing of Cl•••O hydrogen bonds. The sharp spikes 
in the fingerprint plot reveal the owing of Cl•••Cl hydrogen 
bonds in the crystal structure of the 4CBTCA.

3.4 � Powder X‑ray Diffraction Studies

The freshly crushed 4CBTCA powder of the crystal has 
been described by powder X-ray diffraction analysis 
using BRUKER X-ray diffraction with CuKα radiation of 
λ = 1.5406 Å. The 4CBTCA crystal was scanned in the range 
10–70° at the rate of 1°min−1. The evidence of powder X-ray 
diffraction pattern of 4CBTCA is depicted in Fig. 6, and 
the sharp peaks at specific 2θ values show high crystalline 
nature of the 4CBTCA crystals.

3.5 � FT‑IR and FT‑Raman Spectral Studies

The Fourier transform infrared spectrum of the title crystal 
was recorded on a BRUKER IFS–66 V spectrophotometer 

Table 5   Hydrogen-bond geometry (Å)

Symmetry codes: (i) − x + 2, − y, − z; (ii) x − 1, y − 1, z; (iii) x, y − 1, z

D—H···A D—H H···A D···A D—H···A

N8—H8A···O5i 0.87 1.87 2.732 (3) 170
N8—H8B···O5ii 0.87 2.37 2.934 (3) 123
N8—H8B···O6ii 0.87 2.21 3.053 (4) 162
N11—H11···O6iii 0.86 2.07 2.848 (4) 150
C17—H17···O6iii 0.93 2.37 3.276 (4) 166

Table 6   Characteristic data of the 4CBTCA single crystal

Parameters 4CBTCA​

Plasma energy (eV) 14.3
Penn gap (eV) 1.2223
S0 3.922
Electronic Polarizability (Penn analysis) cm3 4.4279 × 10–23

Electronic Polarizability (Clausius Mossotti) cm3 5.713 × 10–23
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in the frequency range of 4000–400 cm–1 at a resolution 
of ± 1 cm–1 by using KBr pellet. Fourier Transform Raman 
spectrum has also been reported by the BRUKER KFS 
27 FT-Raman spectrometer in the wavelength range of 
50–4000 cm−1. The presence of various functional groups 
is tabulated (Table  7) from the FT-IR and FT-Raman 
spectrum which is seen in Figs. 7 and 8, respectively. In 
the higher energy field, NH asymmetrical and symmetri-
cal stretching is assigned to the specific characteristics 
observed at 3187 and 3036 cm−1. The high absorption at 
1651 cm−1 led to the identification of the amide (> C = O). 
This confirms the molecular structure of the material. 
The 750 and 668 cm−1 bands proved the presence of OH 
plane deformation in FT–IR and FT–Raman spectrum 
[35]. The CH2 wagging vibration owes a sharp, intense 
peak at 1326 cm−1 in the FT–IR and FT–Raman spectra, 
respectively. The bands at 1190, 1094 and 1012 cm−1 rec-
ognized the presence of C–C stretching. The strong band 
observed at 836 cm−1 is due to the asymmetric stretching 

vibrations of C–Cl3 in the FT–Raman spectrum. The band 
at 1260 cm−1 revealed the presence of C–H bending. The 
bands at 948 and 668 cm−1 illustrate the presence of CH2 
rocking vibration [45]. The C–C and C–CO deformation 
vibrations of 4CBTCA give their characteristic vibra-
tion at 580 and 521 cm−1

, respectively. The presence of 
COO– rocking is clearly demonstrated by the peak at about 
459 cm−1 in the title crystal. The peak at 1654 cm−1 is due 
to the presence of stretching vibration of COO–, and the 
peak at 1596 cm−1 represents the bending vibrations of 
the N–H group [45]. The strong peak observed at 730 and 
753 cm−1 corresponds to the in-plane deformation modes 
of COO– group derived from trichloroacetic ions.

3.6 � Nuclear Magnetic Resonance Spectroscopy

1H NMR and 13C NMR spectra were recorded on a 500 MHz 
AVANCE II (Bruker) spectrophotometer in deuterium oxide 
solvent. Hydrogen atoms involved in different regulatory 

Fig. 4   2D-fingerprint plot of 4CBTCA​
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quality have been represented at different chemical shift posi-
tions. Since the compound involves different functional groups 
of hydrogen atoms 4-chlorobenzhydrazide trichloro acetate, 
the spectrum shows numerous signals at distinct δ positions. 

Hydrogen contained in 4–chlorobenzhydrazide can be seen 
positioned parallel to antiparallel resonance three to four times. 
Thus, the hydrogen appears as distorted multiple signals at 
9.983 – 10.310 ppm (m, NH) and 8.327 – 7.529 ppm (m, 

Fig. 5   a Hirshfeld surface 
de di dnorm of the 4CBTCH 
molecule b Curvedness, shape 
index and fragment patch of the 
4CBTCH molecule

Fig. 6   Powder X-ray diffrac-
tion of grown 4CBTCA single 
crystal
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Ar–H) as shown in Fig. 9(a). In 13C NMR spectrum, 165.26, 
136.52–124.67, 79.65 and 40.60 – 39.35 ppm carbon groups 
are presented for the grown 4-chlorobenzhydrazide trichloro 
acetate single crystal depicted in Fig. 9(b).

3.7 � UV–Vis‑NIR Spectroscopy

The UV–Vis-NIR spectrum was measured for the 4CBTCA 
crystals by Varian carry 5000 UV–Vis-NIR spectroscopies. 

Fig. 7   FT-IR Spectrum of 
4CBTCA single crystal

Fig. 8   FT-Raman Spectrum of 
4CBTCA single crystal
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The absorption and transmittance spectrum of the grown 
4CBTCA crystal is shown in Fig. 10. 4CBTCA crystal cut 
and polished with 2 mm thickness was used for the optical 
studies. It is observed that the cut-off wavelength is at 389 nm 
for the grown 4CBTCA single crystal. The 4CBTCA crystal 
is transparent through the entire visible region and the near 
IR region. It can be used as a window material for UV region. 
The majority of papers available in which UV–Vis—NIR 
spectroscopy has been used for the study of 4CBTCA crystal 
use the direct bandgap calculation, and the optical absorption 
coefficient can be determined from the maximum absorbance 
that used the ensuing formula as:

where t is the sample thickness and log(1
T
) is defined as the 

absorbance of the sample. In the high photon energy region, 
the energy dependence of absorption coefficient (α) obeying 
the following relation for high proton energies (hυ) Eg is the 
optical band gap of the crystal and A is an optical constant. 
The variation of (αhυ)2 versus hυ is plotted in Fig. 11, and Eg 
is evaluated by extrapolation of the linear part. The band gap 
is found to be 2.38 eV for the grown 4CBTCA single crystal.

3.8 � Fluorescence Behaviour

The 4CBTCA crystal excitation and emission spectrum were 
reported in the F-7000 FL spectrophotometer. The spectrum 
of excitation was observed in the range of 200- 400 nm. 

� =
1

t
���

(

1

T

)

� =
A(h� − Eg)1∕2

h�

The sample was excited at 274 nm. In Fig. 12, the emission 
spectrum was observed in the range from 400 to 700 nm. 
4CBTCA crystal exhibits a green fluorescence property. The 
band gap energy was estimated using the formula:

The band gap energy correlates with the absorption maxi-
mum and can be approximately evaluated by the above rela-
tion, where h is the Planck’s constant (6.626 × 10−34Js), Eg is 
the band gap energy (eV), cis the light velocity (3 × 108 m/s), 
and λ is the wavelength (nm). In the 4CBTCA single crystal, 
band gap energy is obtained at 2.82 eV, and the present study 
shows a band gap specifying their activity in the visible 
region of the spectrum. The fluorescence samples exhibit 
the green and blue emission; the crystal can be esteemed 
that the 4CBTCA crystal is a promise candidate for opto-
electronic fluorescence applications.

3.9 � Thermal Properties

Thermo-gravimetric analysis (TGA) and differential thermal 
gravimetric analysis (DTG) were performed using SDT Q600 
V8.3 Build 101 thermal analyser at temperatures ranging from 
25 °C to 1000 °C at a heating rate of 20 °C/min in the process 
of a nitrogen atmosphere in alumina crucible. The mass of 
4.153 mg of the material was analysed. The thermogram of the 
title compound TGA and DTG is shown in Fig. 13. The TGA 
trace occurs at 154 °C and then decomposes into four phases. 
The first period of decomposition was between 154.8 °C and 
255 °C and a weight loss of 46.76 percent. This would be 
attributed to the elimination of hydrogen, carbon and oxygen 
molecules from the material. Second level of decomposition 

Eg =
hc

�
eV;Eg =

1240

�
eV

Table 7   Vibrational band assignments of 4CBTCA single crystal

Wave number (in cm−1) Assignments Wave number (in cm−1) Assignments

FT-IR FT-Raman FT-IR FT-Raman

3187 - NH asymmetric stretching 1260 - NH3
+ deformation

- 3071 NH symmetric stretching 1094 1094 C– C stretching
3036 - C–N out plane bending 1012 - C– C stretching
2989 2974 Combination and overtone 948 - C-NH stretching
2848 2882 CH2 stretching 866 869 COO−symmetric stretching
2663 - C–H stretching 842 836 C–Cl3asymmetricstretching vibrations
1673 - C–H stretching 750 753 COO- in plane deformation
1651 1654 COO– stretching vibration 668 679 NH2 twisting
1624 - O–H stretching 580 628 C–N bending
1597 1596 C– N ring stretching 521 - C–N bending
- 1567 C–N stretching vibration 459 - CCO deformation
1378 - Ring: Semi-circle stretching - 284 C–Cl3 asymmetric deformation
- 1351 C–N stretching - 206 C– Cl3 rocking vibration
1326 1326 C– N semicircular ring - 100 Lattice vibration
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starts at 255.4 °C and ends at 324 °C with 18. 23% weight loss, 
which is owing to the removal of remaining carbon molecules, 
and two nitrogen groups. The third weight loss (31.61%) occurs 
between 255.8 °C and 350 °C, which prove that the decom-
position is nearly complete. There is no weight loss between 
351 °C and 450 °C due to the decomposition of the residue 
that is left over after the major weight loss, which corresponds 
to 2.29%. Differential scanning calorimetry analysis (DSC) 
is utilized for multitudinous applications in a wide range of 
industries, likewise involve glass transition and examinations 
of crystallization behaviour, melting and chemical reactions. 
Moreover, DSC applications assign with the impact of addi-
tives, fillers or the processing of materials. The DSC shows a 
very sharp exothermic peak at 143 °C which correlated to the 
melting of this compound, as presented in Fig. 14.

3.10 � Third Order NLO Technique

The Z-scan measurement studied nonlinear characteristic 
properties of cultivated title crystal for nonlinear (β) and 
nonlinear refractive coefficients (n2). The Z-scan pro-
cess is a common procedure that allows nonlinear optical 
properties of centrosymmetric crystals to be studied for 
the third order. It was a single system of experimental 
beam suggested by  Prakash et. al. [46], with the goal of 
conducting and presenting information both on real and 
imaginary elements and on the sign of nonlinear and non-
linear material absorption. Figure 15(a) and (b) shows the 
amplitude recorded according to the distance between the 
opening and the closed curves. In order to calculate the 
absorption coefficient and nonlinear refraction index, the 

Fig. 9   1H and 13C NMR Spectrum of 4CBTCA single crystal
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propagation of the sample from the far region by closed 
and open aperture modes permits the approximation of 
nonlinear refractive index and absorption coefficient. 
Since absorption coefficient and third-order nonlinear 
optical susceptibility are experimentally calculated by 
Z-scan method, these values are presented in Table 8. The 
closed aperture measurement followed by valley is owing 

to the self-defocusing nature of the title compound owing 
to local variation of refractive index [47]. In order that, 
we are finishing that the Z-scan experimental technique 
confirmed the third-order NLO properties. Sheik – Bahae 
et al.  [48] have reported a single beam Z-Scan technique 
for the measurement of third-order nonlinear refractive 
index (n2) and absorption coefficient (β) unitedly.

Fig. 10   Absorbance and transmittance spectrum of 4CBTCA single crystal

Fig. 11   Plot of (αhυ) 2 vs pho-
ton energy of 4CBTCA single 
crystal
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Fig. 12   Emission spectrum of 
4CBTCA single crystal

Fig. 13   TGA /DTA plots of 
4CBTCA single crystal
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Fig. 14   DSC plots of 4CBTCA 
single crystal

Fig. 15   (a) Z – scan (close) and (b) (open) spectrum of 4CBTCA​
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4 � Conclusions

Organic single crystal of 4-chlorobenzhydrazide trichloro 
acetate with a dimension 5 × 3 × 2 mm3 has been success-
fully grown by slow evaporation method. The 4CBTCA 
crystal was confirmed the triclinic crystal system with the 
centrosymmetric space group P 1 by single and powder 
X-ray diffraction studies. Ultraviolet–visible–near infrared 
analysis exhibits that 4CBTCA crystal is fully transparent 
throughout visible and near infrared region. The grown 
4CBTCA single crystal has a huge spectrum of optical 
transmission and is suitable for optoelectronics applica-
tions. The structure and presence of various functional 
groups in the crystal were affirmed by NMR, FT-IR and 
FT-Raman studies, respectively. The fluorescence sam-
ples exhibit the green and blue emission of the 4CBTCA 
is a potential candidate for opto-electronic fluorescence 
applications. The thermal behaviour confirmed by the 
TGA and DTA. The third harmonic generation materials 
of 4CBTCA crystal were confirmed by the Z-scan method. 
The title compound promising structural, optical and ther-
mal can be a potential materials for optoelectronics and 
frequency conversion devices and NLO optical limiting 
applications. The appearance of intermolecular interaction 
was revealed by Hirshfeld surface analysis.
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