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A B S T R A C T   

Anthranilamide (AAM) compound were fabricated via an alcoholic solvent assisted slow evaporation at room 
temperature for investigating the multi functional device applications. The solubility test was performed with 
different concentrations of AAM salt dispersed in 100 mL ethanol solvent to understand the crystallization 
process of fabricated material. The cell parameters, and diffraction peaks of the title compound were collected 
through nondestructive tool like single crystal XRD and powder XRD studies, and thus results showed the 
monoclinic structure. The fabricated material’s functional group, thermal stability, and hardness behavior were 
tested by various tool viz FT-IR, TG-DTA, and Vickers hardness analysis. With the aid of UV–vis–NIR spectrum, 
and frequency conversion test technique, optical transmittance and double harmonic generation efficiency values 
are detected to be 92% and 4.1 mV. Using electrical studies, the dielectric parameters and specific conductance of 
the title compound values are varied by applying a low frequency to a high frequency region at different tem-
peratures (313, 323, and 333 K).   

1. Introduction 

Nonlinear optical crystals that are inorganic, semi-organic, and 
organic have a wide range of utilization in information technology, 
optoelectronics, light transmission storage devices, frequency conver-
sion, and mixing etc. [1–8]. Especially, organic material exhibits much 
higher frequency conversion efficiencies, and faster response in 
opto-electric based switches than their inorganic material, and thus 
leads to applicable for light sensing devices [7,8]. In this present work, 
the optical transmittance spectrum, mechanical hardness test, and 
electrical study revealed that synthesized AAM material have a 92% 
optical transmittance in the visible light, acceptable optical transmission 
quality and stability, moderate hardness, low dielectric loss, and con-
ductivity. The above-mentioned feature of the title compound can be 
used in multifunctional device applications. Jin et al. [9], Hergett et al. 
[10], Hu et al. [11], Mythili et al. [12], and Liang et al. [13] used 

solution growth, slow evaporation, optical floating zone method, mi-
crowave plasma chemical vapor deposition, Czochralski pulling tech-
nique, and melt growth assisted single crystal to tested the NLO and 
electro-optics related device applications. The slow evaporation route 
is chosen for the following reasons: low operating temperature, without 
using any instruments or tedious process applying pressure and high 
temperature [7,8]. 

In the current work, AAM are fabricated from ethanol solvent 
assisted slow evaporation technique followed by characterized various 
instruments like single crystal XRD, powder XRD, FT-IR, UV, SHG, 
thermal, mechanical and electrical analysis. The above-mentioned title 
compound characterization outcomes are explained in elaborated. The 
synthesized AAM material exhibits good transmittances in the visible 
region, as confirmed by the UV spectrum analysis. According to elec-
trical studies, dielectric loss, dielectric constant, and AC conductivity 
values are tuned depending on the applied frequency and a set of 
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different temperatures. The above -mentioned properties are suitable for 
electro-optic device applications. The synthesized AAM material has 
been tested by Kurtz and Perry powder route with solid-state laser (Nd: 
YAG) for investigation frequency conversion applications. 

2. Experimental 

Anthranilamide (AAM) compound were developed through mixing 
of anthranilamide salt with an ethanol solvent followed by slow solvent 
evaporation technique. The commercially available anthranilamide 
solid was cleaned with ethanol by several times repeating crystallization 
process, consequently it was taken as a purified precursor for fabricate of 
the title compound. 100 mL ethanol solvent was preserved in a beaker 
and a certain amount of purified precursor was gradually added under 
magnetic stirred continuous processing temperature from 26◦ to 46◦C to 
reach the supersaturated solution. The supersaturated solution was 
filtered in a petty disc followed by preserved it for 10 days in order to 
fabricate the AAM material. The AAM material was taken and it’s 
characterized the cell parameters, optical transmittance, frequency 
conversion efficiency, thermal and material stability, and electrical 
properties. The above said features can be used to identify various tools 
like single crystal XRD, powder XRD, FT-IR, TGA, UV–visible, NLO, 
mechanical and electrical instruments (Supporting Information). 

Solubility test was performed with various concentration of anthra-
nilamide dispersed in 100 mL of ethanol solvent under magnetic stirring 
at temperatures between 26 and 46 ◦C, as displayed in Fig. 1. The su-
persaturated solution was obtained, 29 g of anthranilamide dispersed in 
100 mL of ethanol solvent, temperature processed at 45 ◦C. 

3. Results and discussion 

The six parameters of unit cell (length of each side (a, b, c), inter-
facial angles (α, β,γ)), as well as the cell volume of the fabricated com-
pound can be collected using single crystal XRD analysis, and the 
obtained values are mentioned in Table 1. Further, collections of unit 

cell parameters from Table 1 reveals that the synthesized AAM material 
has respect to formation of a monoclinic crystal system with the space 
group P21/c (ICDD code No.00–004–0435). 

The presence of a few strong intensity sharp peaks in the obtained 
XRD pattern of the title compound (Fig. 2) shows the material’s good 
crystalline behavior [12]. In addition, the observed diffraction peaks of 
12.70◦, 18.96◦, 21.27◦, 24.60◦, 25.50◦, 27.75◦, 32.11◦, 38.47◦, and 
47.11◦ corresponding planes are indexed in the XRD pattern as (200), 
(210), (21−1), (102), (400), (202), (500), (420), and (422), 
respectively. 

The chemically attached functional groups of the AAM material are 
recorded with the assed of FT-IR spectrum, and are shown in Fig. 3. The 
recorded FT-IR vibrational band assignment of the synthesized AAM 

Fig. 1. Solubility test of AAM salt concentration dispersed in 100 mL ethanol at 
temperature of 26–46 ◦C. 

Table 1 
Crystallographic data of AAM material.  

Unit cell parameters Obtained values from the single crystal XRD 
a 14.05 Å 
b 6.31 Å 
c 7.83 Å 
α 90̊
β 97.67̊
γ 90̊
V 687 Å3  

Fig. 2. Powder XRD spectrum of AAM material.  

Fig. 3. FT-IR spectrum of AAM material.  

Table 2 
The detected bands wave number and its corresponding vibrational band 
assignments of AAM material.  

Wave number (cm−1) Vibration Assignments 
3839 OH stretching 
3411 OH stretching 
3324 NH2 stretching 
3199 NH2 stretching 
3069 C-H stretching 
1659 C––O stretching 
1401 C––C stretching 
1316 C-N stretching 
1257 C-N stretching 
943 C-H out of plane bending  
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material is carefully noticed and consolidated in Table 2. The recorded 
vibrational bands of the fabricated compound are checked to the re-
ported vibrational frequency and functional groups of the anthranila-
mide [14]. The obtained FT-IR results indicate that the synthesized 
compound is anthranilamide. 

Kurtz and Perry powder route with solid state laser (Nd:YAG), beam 
energy 1.1 mJ/pulse, pulse width 8 ns with repetition frequency rate 
10 Hz was operated to identify the SHG efficiency value of the synthe-
sized AAM material. The SHG value of the synthesized AAM material is 
determined to be 4.1 mV, which compares to the standard crystals SHG 
values of KDP (4 mV) and Urea (34 mV). The synthesized AAM material 
exhibits centrosymmetric behavior; however, the SHG value is approx-
imately 1.03 times that of KDP. Due to the presence of defects, internal 
stress, or surface effects in the synthesized material [15–17]. 

The transmittance quality of the synthesized AAM material was 
evaluated via UV-Vis-NIR transmittance spectrum with wavelength 
ranging from 200 to 800 nm (Fig. 4). According to Fig. 4, the cut off 
wavelength in the UV region is around 364 nm. The above mentioned 
optical transmittances of the synthesized compound reveal that it has a 
good transparency of ~ 92% after reaching a wavelength of 390 nm in 
the UV region. The synthesized AAM material exhibits good trans-
mittance in the visible region. This behavior in the visible region is 
suitable for frequency conversion based device applications [18,19]. 

TGA/DTA study was introduced to test the ability of the synthesized 
AAM material to withstand certain temperatures, as shown in Fig. 5a. 
There is an utmost weight loss of the fabricated material in the tem-
perature range from 260 ◦C to 340 ◦C. The weight loss mentioned above 
indicates residue removal from the fabricated material. The first endo-
thermic peak at 112 ◦C on the DTA curve (Fig. 5b) indicates the starting 
point for the material’s decomposition, confirming that the material can 
retain its texture until 112 ◦C. Another endothermic broad peak ob-
tained at 355 ◦C demonstrates the compound’s volatile substance 
liberation. 

Vickers hardness tests were used to examine the material behavior 
(softness or hardness) of the AAM material, and the results are discussed 
in this section. In this study, a diamond indenter was pressed against the 
plane of synthesized AAM material with a load ranging from 25 to 100 g, 
and the resulting indentation was determined. For all trials, the inden-
tation time interval was set to 25 s. The hardness (Hv) values are changes 
observed as a result of the processing load P, as displayed in Fig. 6a. 
According to the graph above, hardness values increase with increasing 
load, satisfying the normal indentation effect [8]. 

The material hardness or softness determined by Vickers hardness 
analysis is dependent on the work hardening coefficient (n). The n value 
ranges from 1 to 1.6, with larger than 1.6 denoting stiffness and soft 
material nature behavior, respectively. A plot of log P versus log 
d (Fig. 6b) yields a straight line and the slope of the line gives the 
Meyer’s indexes, which are 3.07 according to the Meyer’s relation. 
Hence, based on the n value results represent that fabricated AAM ma-
terial are of a moderately soft material. The obtained moderately soft 
behavior reveals that the crystalline defect in the synthesized AAM 

Fig. 4. UV-Vis transmittance spectrum of AAM material.  

Fig. 5. TGA-DTA curve of AAM material.  

Fig. 6. (a) Plot of Vicker’s hardness versus load P, and (b) log P versus log d of the AAM material.  
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material. 
The dielectric properties of solid materials vary depending on the 

applied electric field distribution. The relative dielectric constant and 
dielectric loss of a material can be providing about the blocking or 
movement of charge carrier activity. Fig. 7a shows how dielectric con-
stants change when changing from a lesser frequency to a higher fre-
quency region for all temperatures (313, 323, and 333 K). The dielectric 
constant decreases with increase in frequency (1.5–2.48 Hz) and re-
mains constant at higher frequencies portion (i.e. from 2.48 to 6.75 Hz). 
Further, all four types of polarization (electronic, ionic, orientation, and 
space charge) are present in the fabricated material, which explains why 
dielectric constant values are higher in the low frequency region 

[20–25]. The dielectric constant was high at low frequencies. This is 
because space charge polarization exists at the grain boundaries, 
creating a potential barrier. The charge then accumulated at the grain 
boundary, resulting in higher values of the real part of permittivity. 
According to Miller’s rule, a lower dielectric constant at higher fre-
quency is a preferable for increasing SHG efficiency [26]. 

Frequency on the X-axis, and dielectric loss on the Y-axis were 
plotted for the synthesized AAM material and its results are presented in 
Fig. 7b. For all temperatures (313, 323 and 333 K), the four types of 
polarization mechanisms mentioned above contribute to a higher value 
of the dielectric constant in the lesser frequency region. The samples’ 

has found low dielectric loss at high frequency region in the electrical 
studies [27]. The synthesized AAM material has improved optical 
transmission ability with less deformity. The above said characteristics 
are applicable for the frequency conversion devices. 

Fig. 7c depicts the AC conductivity vs. frequency of the AAM material 
at three different temperatures (313, 323, and 333 K). The nearly uni-
form value of AC conductivity at frequencies ranging from 1.5 to 
5.98 Hz is inferred from Fig. 7c. This was due to the blocking of electron 
or ion hopping in the low frequency portion. For all temperatures, AC 
conductivity values increase above 6 Hz. This was caused by hopping 
electrons or ions in the higher frequency portion. AC conductivity values 
are relatively higher at temperature set of 333 K than at other temper-
atures set (313 and 323 K) as presented in Fig. 7c. According to electrical 
studies, AC conductivity values are tuned depending on the applied 
frequency and a set of different temperatures. 

4. Conclusion 

Anthranilamide compound were synthesized through an alcoholic 
solvent slow evaporation technique. The AAM material belongs to the 
monoclinic system, according to the single crystal XRD and powder XRD 
analyses. Using optical transmittance spectrum analysis of the synthe-
sized AAM material, optical transmittance has found to be constant in 
the visible region. Vibrational bands and thermal stability of the AAM 
material were examined with the FT-IR and TGA/DTA analysis. The title 
compound’s SHG efficiency value is found to be relatively greater than 
that of the standard reference KDP crystal. The results of the micro 
hardness tests show that the AAM material has a moderate strength. The 
results of the optical, NLO, and electrical characterization imply that the 
anthranilamide compound could be a viable for the fabrication of 
electro-optics and nonlinear optical devices. 
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Fig. 7. a. Dielectric constant vs. logarithmic frequency of the fabricated AAM 
material.b. Dielectric loss vs. logarithmic frequency of the fabricated AAM 
material.c. Electrical conductivity vs. logarithmic frequency of the fabricated 
AAM material. 
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Appendix A. Supporting information 

Supplementary data associated with this article can be found in the 
online version at doi:10.1016/j.mtcomm.2023.106478. 
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