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Abstract  

The nitroaromatic organic 3-nitroacetophenone single crystal 

was grown by slow evaporation technique by using acetone as 

a solvent. Single crystal XRD shows the grown crystal 

belongs to the monoclinic system with a centrosymmetric 

space group of P21/n. Powder XRD study displays the 

crystalline quality of the grown crystal. The presence of 

various functional groups is confirmed by using Fourier 

transform infrared (FTIR) and FT-Raman spectral analyses. 

The optical properties of the grown crystal were analysed by 

UV-Visible studies. The cut-off was obtained around 382 nm 

and the optical parameters are calculated. The thermal 

stability of the grown single crystal was analyzed by 

thermogravimetric (TG) and differential thermal analyses 

(DTA). The melting and the decomposition points are 

observed at 85C and 238C from the DTA analysis. The TG 

analysis shows single stage decomposition. Three well known 

integral approximations Coats-Redfern, Horowitz-Metzger 

and Broido methods are used to calculate the kinetic and 

thermodynamic parameters. The dielectric constant, dielectric 

loss, AC electrical conductivity, activation energy and various 

electrical parameters are determined by dielectric analysis.  

Keywords: Organic compounds; X-ray diffraction; 

Vibrational analysis; Optical Properties, Thermal Properties; 

Electrical properties. 

 

1. Introduction 

Organic crystals having optical properties are increasing the 

interest of researchers in creating favourable photonic devices 

such as sensitive detectors, organic field-effect optical 

waveguides, optical switching, multichannel signal converters 

and optical logic gates. Organic compounds have a high 

degree of delocalization and are mostly created by weak van 

der Waal and hydrogen bonds. Hence, they are often more 

optically nonlinear than inorganic materials. The organic  

materials with nonlinear properties have higher second 

harmonic generation efficiencies and also shows significantly 

better laser damage thresholds . Most of the organic materials 

used in nonlinear optical technologies are aromatic system 

derivatives with donor and acceptor substitutions [1-3]. The 

need of electronic devices which are environment friendly is 

leading the demand for solution-based fabrication methods. 

The use of soluble organic semiconductors allows fabrication 

of electronic devices, such as organic light emitting diodes, 

organic field effect transistors (OFETs) and organic solar 

cells, with both low energy consumption and low cost. The 

absence of grain boundaries and the resulting low defect 

density, organic single crystals shows good performance in 

OFETs [4-6]. The use of biological compounds in photonic 

devices are recently under investigation. Acetophenone 

derivatives are such biological compound which shows good 

photochemical and biological characteristics. Nitroaromatic 

compounds have been broadly studied due to their interesting 

biological activities and their extended use in the chemical 

industry. The 3-nitroacetophenone is an aromatic nitro 

organic compound in which NO2  group is attached to the 

aromatic ring in the meta position and its molecular formula is 

C8H7NO3. The 3-nitroacetophenone is an aromatic ketone 

group used as fragrance in perfumes and soaps, intermediate 

in pharma industry, as a solvent for plastics and resins and as 

food flavouring agent [7-9]. The organic material 3-

nitroacetophenone single crystal was successfully grown by 

slow evaporation method using the organic solvent acetone. 

The grown crystals are characterized by single crystal and 

powder X-ray diffraction, FTIR, FT-Raman, optical, thermal 

and dielectrically. 

 

2. Experimental 

The organic material 3-nitroacetophenone was commercially 

purchased. It has a molecular weight of 165.15 g/mol. 3-

nitroacetophenone is insoluble in water while soluble in 

organic solvents. The solubility was determined by using 

different organic solvents like acetone, ethanol and methanol. 

Finally, acetone was recognized as the best solvent. The 

solubility of the nitroaromatic material 3-nitroacetophenone 

was studied by the gravimetric method for temperatures 

varying from 33°C to 50°C. The obtained result reveals that 

the solubility increases with the increase in temperature and is 

shown in fig.1. The solution was stirred well at room 
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temperature for 2 hours to obtain a clear solution and it was 

further purified by repeated recrystallization processes. The 

solution was then filtered to eradicate the impurities. The 

container was covered perfectly using a perforated 

polyethylene sheet and was allowed to crystallize at room 

temperature. Good quality organic 3-nitroacetophenone single 

crystals were grown after 20-22 days with good transparency. 

The grown 3-nitroacetophenone single crystal is shown in 

fig.2. 

 

Fig. 1 Solubility curve of 3-nitroacetophenone 

 

 

Fig. 2 Photograph of grown 3-nitroacetophenone single 

crystal 

3. Result and discussion 

3.1  X-ray diffraction analyses 

 Single crystal X-ray diffraction analysis for the 

grown 3-nitroacetophenone crystal has been carried out to 

identify the cell parameters. The single-crystal X-ray 

diffraction studies have been carried out using Bruker single 

crystal KAPPA APEX II diffractometer. The obtained lattice 

parameters are precisely close to the reported values [10]. The 

result shows that the grown 3-nitroacetophenone single 

crystal belongs to the monoclinic system with the 

centrosymmetric space group P21/n. The reported lattice 

parameters are compared with the obtained lattice parameters 

and are shown in table 1. 

 

Table 1 

 

Single crystal XRD data for grown 3-nitroacetophenone 

 

 

The structure of the grown crystal was examined by powder 

XRD using PANalyticalX’Pert Pro powder X-ray with CuK 

radiation. The powdered sample was analyzed in the 

diffraction angle range from 10 to 80. The recorded powder 

X-ray diffraction spectrum is shown in fig.3. The obtained (h 

k l) values are analyzed by using the 2 software. The well-

defined and sharp intensity peaks at definite 2 angles reveal 

the fine crystalline nature of the grown 3-nitroacetophenone 

single crystal. 

 

Fig. 3 Powder XRD Pattern of 3-nitroacetophenone 

3.2 FTIR and FT-Raman analyses : 

Infrared absorption and Raman scattering are the two main 

common spectroscopies used to detect the vibrations in 

molecules. They are used to provide information on chemical 

structures, physical shapes and to identify substances groups 
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based on their spectral patterns. Infrared absorption  involve 

direct excitation of the molecule from ground state  to  excited 

state  by a photon of exactly same energy difference between 

them. Raman scattering uses higher energy radiation and the 

difference in energy between excited state and ground state is 

measured by subtracting the energy of the scattered photon 

from the incident beam [11]. The functional groups of organic 

3-nitroacetophenone single crystal are confirmed by FTIR and 

FT-Raman spectral analyses. The FTIR spectrum was 

recorded using a Perkin Elmer FTIR spectrum RIX 

spectrometer with KBr pellet from 4000 – 400 cm-1. The 

obtained FTIR spectrum of 3-nitroacetophenone is shown in 

fig. 4. The FT-Raman spectrum was recorded using 

BRUKER: RFS 27 FT Raman spectrometer from 3500 – 50 

cm-1. The obtained FT-Raman spectrum of 3-

nitroacetophenone is shown in fig. 5. The absorption peak at 

3089 cm-1in FTIR and FT-Raman is due to the aryl CH 

stretching vibration indicates the presence of aromatic =C-H. 

The strong and medium absorption peak obtained at 2965 and 

2968 cm-1 in FTIR and FT-Raman  spectrum confirms the 

presence of methyl ketones due to CH asymmetric stretching 

vibration. The medium absorption peak obtained at 2924 cm-1 

in FTIR and the strong absorption peak obtained at 2925 cm-1 

in FT-Raman confirms the presence of methyl ketones due to 

CH symmetric stretching vibration. The two absorption peaks 

observed at 1614, 1577 cm-1 in FTIR spectrum and FT-Raman 

spectrum are due to the aromatic ring quadrant stretching 

vibrations. The intensity peak at 1526 cm-1 in FTIR and 1522 

cm-1 in FT-Raman indicates the presence of aromatic nitro 

compounds due to asymmetric NO2 stretching vibration. The 

absorption peak at 1349 cm-1 and 1348 cm-1 in FTIR and FT-

Raman spectrum are due to symmetric NO2 stretching, 

indicates the presence of aromatic meta substituted nitro 

compound. Also the strong absorption peak obtained at 1349 

and 1348 cm-1 from FTIR and FT-Raman spectrum may due 

to CH3 deformation vibration indicate the presence of methyl 

ketones. The peaks of different intensities obtained at 1276, 

1249 and 1108 cm-1 in FTIR spectrum and 1276,1250 and 

1106 cm-1 in FT-Raman spectrum are due to ring C-H in-plane 

deformation vibrations. The multiple absorption peaks 

obtained between the range 900 – 650 cm-1confirms the 

presence of aromatic C-H out of plane bending vibrations [12-

15]. The identified intensity peaks in FTIR and FT-Raman 

spectrum with their particular assignments are tabulated in 

table 2. 

 

Fig.4 FTIR spectrum of 3-nitroacetophenone single crystal 

 

Fig.5 FT-Raman spectrum of 3-nitroacetophenone single 

crystal 

 

Table 2 

 

Molecular Vibrational assignments of 3-

nitroacetophenone 

 

 

3.3 UV-Vis spectral analysis 

The transmittance of the grown 3-nitroacetophenone single 

crystal was measured at room temperature in the wavelength 
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range of 200-800 nm by using Perkin-Elmer model: Lambda 

35 spectrophotometer. The 3-nitroacetophenone single crystal 

of 2 mm thickness is used for the analysis. The transmittance 

versus wavelength plot of the grown crystal is shown in fig. 

6(a). The cut-off wavelength was spotted at 382 nm and the 

crystal shows good transparency. The optical absorption 

coefficient () is a significant parameter used for optical 

applications . It is calculated by the equation 

𝛼 =
2.303 log (

1

𝑇
)

𝑡
 

Where T is the transmittance and t is the thickness of the 

grown crystal. The optical band gap (Eg) is correlated to 

absorption coefficient () and photon energy (h) through 

Tauc relation 

𝛼ℎ𝜐 = 𝐴(ℎ𝜐 − 𝐸𝑔)
𝑚

 

Where h is the incident photon energy, A is constant and m 

denotes the index, which varies according to the mechanism 

of transition, m = 1/2, 2, 3/2 and 3 for direct allowed, indirect 

allowed, direct forbidden and indirect forbidden transition. 

Since the transition here is direct we take m=1/2 and the 

equation becomes [16,17] 

𝛼ℎ𝜐 = 𝐴(ℎ𝜐 − 𝐸𝑔)
1/2

 

The Tauc plot drawn between (h)2 and (h is shown in 

fig. 6(b). From the graph, the optical band gap (Eg) is found to 

be 2.83 eV. The absorption coefficient () is related to the 

extinction coefficient (K) by the equation [18] 

K =
λα

4π
 

The graph of extinction coefficient against wavelength is 

plotted and shown is shown in fig.6(c). The transmittance (T) 

is given by the equation 

𝑇 =   
(1 − 𝑅)2exp (−𝛼𝑡)

1 − 𝑅2  exp (−2𝛼𝑡)
 

The reflectance (R) in terms of the absorption coefficient () 

is calculated from the equation 

𝑅

=
exp(−𝛼𝑡) ± √exp(−𝛼𝑡) 𝑇 − exp(−3𝛼𝑡) 𝑇 + exp (−2𝛼𝑡)𝑇2

exp(−𝛼𝑡) + exp(−2𝛼𝑡) 𝑇
 

By using the calculated reflectance (R) value, the refractive 

index (n) can be determined by using the formula 

𝑛 =  
−(𝑅 + 1) ± 2√𝑅

(𝑅 − 1)
 

The graph between refractive index (n) and wavelength () 

for 3-nitroacetophenone is shown in fig 6(d), which shows 

that the wavelength increases the refractive index decreases. 

The optical conductivity (op) which is a measure of the 

frequency response of the material is given by [19,20] 

𝜎𝑜𝑝 =  
𝛼𝑛𝑐

4𝜋
 

Where c is the velocity of light. The dependence of 

wavelength to optical conductivity of 3-nitroacetophenone is 

shown in fig 6(e). It shows that the optical conductivity is 

decreasing as the wavelength increases. 

 

 

Fig. 6(a) UV-Vis spectrum of 3-nitroacetophenone single 

crystal 

 

 

Fig. 6(b) Tauc plot (αhν)2 versus photon energy of 3-

nitroacetophenone 

 

 

Fig. 6(c) Plot of extinction coefficient versus wavelength of 

3-nitroacetophenone 
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Fig. 6(d) Plot of refractive index (n) versus wavelength for 

3-nitroacetophenone 

 

 

Fig. 6(e) Optical conductivity versus wavelength curve of 

3-nitroacetophenone 

 

3.4 Thermal analysis 

 Thermogravimetric (TG) and differential thermal 

analyses (DTA) is used to analyze the thermal stability of the 

grown 3-nitroacetophenone single crystal. The sample was 

analyzed simultaneously using SIINT 6300, between the 

temperature range of 30C to 500C at the heating rate of 

10C/min in the nitrogen atmosphere. The recorded TG/DTA 

curve is shown in fig 7(a). The DTA curve shows two 

endothermic peaks at 85C and 238C. The peak at 85C is 

the melting point and no loss of mass in TGA is also been 

noted. The second endothermic peak at 238C provides the 

decomposition point and at this point heavy loss of mass was 

also observed in the TGA plot. The TGA plot shows single 

stage decomposition with heavy loss of mass around 238C, 

which further leads to determine kinetic parameters.  

 

 

        Fig. 7(a) TG/DTA curve of grown 3-

nitroacetophenone single crystal 

 

The rate constant which depends upon temperature is obtained 

by Arrhenius equation as 

𝑑𝛼

𝑑𝑡 
= 𝐴 exp (

−𝐸𝑎

𝑅𝑇
)  𝑓(𝛼) 

Where A is the frequency factor (sec-1), Ea is the activation 

energy (kJmol-1), R is the universal gas constant (J mol-1 K-1) 

and T is the absolute temperature. The above equation takes 

the general integral form  

𝑔(𝛼) = ∫
𝑑𝛼

𝑓(𝛼)

𝛼

0

 = 𝐴 ∫ 𝑒𝑥𝑝 (
−𝐸𝑎

𝑅𝑇
)

𝑡

0

 𝑑𝑡 

The time dependence of the above equation is removed by 

constant heating rate ( , where   dT/dt. Then the 

equation takes the form 

𝑔(𝛼) =
𝐴

𝛽
∫ 𝑒𝑥𝑝 (

−𝐸𝑎

𝑅𝑇
)

𝑇

0

 𝑑𝑇 

This is the preliminary equation used for integral 

approximation under non-isothermal conditions. The equation 

is again replaced by x =Ea/RT and the equation takes the form 

𝑔(𝛼) =
𝐴𝐸𝑎

𝛽𝑅
∫

exp(−𝑥)

𝑥2

∞

𝑥

 𝑑𝑥 =  
𝐴𝐸𝑎

𝛽𝑅
 𝑝(𝑥) 

Where, 

𝑝(𝑥) =  ∫
exp (−𝑥)

𝑥2

∞

𝑥

 𝑑𝑥 

The three familiar integral approximation methods such as 

Coats-Redfern, Horowitz- Metzger and Broido are subjected 

to determine the kinetic parameters activation energy (Ea) and 

frequency factor (A). The exponential integral in the above 

equation is approximated by Coats-Redfern for n = 1 as [21-

23] 

ln [
𝑔(𝛼)

𝑇2
] = 𝑙𝑛 [

𝐴𝑅

𝛽𝐸𝑎

(1 −
2𝑅𝑇

𝐸𝑎

)] −
𝐸𝑎

𝑅𝑇
 

The value 𝑙𝑛 [
𝐴𝑅

𝛽𝐸𝑎
(1 −

2𝑅𝑇

𝐸𝑎
)] = (

𝐴𝑅

𝛽𝐸𝑎
)  remains constant 

throughout the decomposition process. By linear fitting, the 

plot of ln[g()/T2] versus 1000/T and then by taking the 

slope, the activation energy (Ea) is calculated. The curve 

between ln[g()/T2] and 1000/T for the Coats-Redfern 
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method is shown in fig.7(b). Horowitz and Metzger derived 

the mathematical form of integral approximation using the 

temperature (K) such that  = T-Tm and generated the 

equation g() for n =1 given by [24,25] 

ln 𝑔(𝛼) =
𝐸𝑎𝜃

𝑅𝑇𝑚
2

 

Tm represents the peak temperature of the DTA curve. A plot 

of lng() versus  shown in fig. 7(c) gives the best fit and the 

slope provides the activation energy (Ea) for Horowitz and 

Metzger method. Broido derived the relation for n = 1 as [26] 

ln 𝑔(𝛼) =  
−𝐸𝑎

𝑅𝑇
 

A plot between ln g() and 1000/T is drawn as shown in fig. 

7(d). The slope of the straight line obtained from the above 

graph is used to determine the activation energy (Ea). The 

kinetic parameter activation energy (Ea) is calculated by three 

approximations. By using the obtained activation energy, the 

frequency factor (A) is calculated using the formula 

𝐴 =  [(
𝐸𝑎

𝑅𝑇𝑚
2

) 𝛽 𝑒𝑥𝑝 (
𝐸𝑎

𝑅𝑇𝑚

)] 

By finding the values of kinetic parameters Ea and A, we can 

calculate the thermodynamic parameters entropy (S), 

enthalpy (H) and Gibb’s free energy (G) by the following 

equations using the peak temperature (Tm).  

   ∆𝑆 = 𝑅 ln (
𝐴ℎ

𝑘𝐵𝑇𝑚

) 

∆𝐻 = 𝐸𝑎 − 𝑅𝑇𝑚 

     ∆𝐺 =  ∆𝐻 − 𝑇𝑚 ∆𝑆 

Where kB is Boltzmann constant and h denotes the Planck’s 

constant respectively. The kinetic and thermodynamic 

parameters are calculated by the three approximation methods 

for n = 1 and are in good agreement. The negative entropy 

(S) indicates the more ordered structure of the grown 

organic single crystal. The positive values of enthalpy (H) 

and Gibb’s free energy (G) shows the endothermic process 

and the reactions in the decomposition of 3-nitroacetophenone 

are non-spontaneous. The kinetic and thermodynamic 

parameters calculated by the three approximation equations 

are summarized in table 3. 

 

Fig. 7(b) Coats-Redfern curve of 3-nitroacetophenone 

single crystal 

 

Fig. 7(c) Horowitz-Metzger curve of 3-nitroacetophenone 

single crystal 

 

 

Fig. 7(d) Broido curve of 3-nitroacetophenone single 

crystal 

 

Table 3 

Kinetic and Thermodynamic parameters of 3-

nitroacetophenone single crystal from the three integral 

approximation methods 
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3.5 Dielectric analysis 

The dielectric analysis for the grown 3-nitroacetophenone 

single crystal was done by Agilent 4284A LCR Meter using 

conventional parallel plate capacitor method [27-28]. The 

capacitance value and dielectric loss(tan 𝛿) are measured for 

various temperatures ranging from 313 to 353 K for the 

frequencies 100 Hz, 1 kHz, 10 kHz, 100 kHz and 1 MHz. The 

dielectric constant (r) of the  grown crystal was calculated 

using the formula 

εr = [
1

𝐶𝑎𝑖𝑟

] [𝐶𝑐𝑟𝑦𝑠 − 𝐶𝑎𝑖𝑟 (1 −
𝐴𝑐𝑟𝑦𝑠

𝐴𝑎𝑖𝑟

)] [
𝐴𝑎𝑖𝑟

𝐴𝑐𝑟𝑦𝑠

] 

 

Where Cair is the air capacitance, Ccrys is the capacitance of the 

crystal, Acrys is the area of crystal in contact with the electrode 

and Aair is the area of electrode. The ac electrical conductivity 

(ac) was calculated using the relation 

𝜎𝑎𝑐 =  휀0휀𝑟𝜔 tan 𝛿 

Where o is the permittivity of free space (8.85 × 10-12 C2 N-1 

m-2),  is the angular frequency ( = 2f, f is the ac frequency 

chosen for the analysis) and tan  is the dielectric loss factor.  

The variation of dielectric constant, dielectric loss and AC 

electrical conductivity for different temperature are shown in 

fig. 8 (a-c). The figure reveals that the dielectric constant, 

dielectric loss and AC electrical conductivity increases as the 

temperature increases. The high dielectric constant attained at 

low frequency is due to the role of space charge, orientational, 

ionic and electronic polarization and low dielectric constant at 

high frequency attained may be due to the gradual loss of 

polarization. The low dielectric constant (r) and dielectric 

loss (tan ) at high frequencies shows the less defect and good 

optical quality  of the grown 3-nitroacetophenone single 

crystal, it may be used for the fabrication of nonlinear optical 

devices [27-30]. The activation energy of the grown crystal 

was calculated from Arrhenius plot using the relation.  

𝜎𝑎𝑐 =  𝜎0 𝑒𝑥𝑝 (
−𝐸𝑎

𝑘𝑇
) 

ac denotes the electrical conductivity at the particular 

temperature , 0 is the pre-exponential factor, Ea is the 

activation energy,  k is the Boltzmann constant and T is the 

absolute temperature. The activation energy is calculated by 

the slope of the Arrhenius plot drawn between (σac) and 1/T.  

The slope from the graph is (-Ea/k) and hence the above 

equation can be written as  

ln 𝜎𝑎𝑐 = ln 𝜎0 +  𝑠𝑙𝑜𝑝𝑒 (
1

𝑇
) 

 

The slope which is in negative value is figured out from the 

plot drawn between ln (σac) and 1/T, which is further used to 

calculate the activation energy as 

𝐸𝑎 =  −𝑘 ×  𝑠𝑙𝑜𝑝𝑒 

The activation energy obtained for various frequencies are 

0.2996, 0.2647, 0.1772, 0.0962, 0.0798 eV. The activation 

energy Ea decreases as the frequency increases, indicating that 

the bounding conduction is the principal mechanism [31, 32]. 

The dielectric analysis is further used to determine the 

valence electron plasma energy and an average energy gap 

known as Penn gap and Fermi energy. 

ℏ𝜔𝑃 = 28.8 (
𝑍𝜌

𝑀
)

1/2

 

Z denotes the total number of valence electrons. The density 

() and molecular weight (M) of the grown 3-

nitroacetophenone is 1.407 g/cm3 and 165.15 g/mol. Using the 

relevant dielectric constant in the plasmon energy, the Penn 

gap can be determined. The Penn gap is found by using the 

formula [33-35] 

𝐸𝑃 =
ħ𝜔𝑃

(𝑟 − 1)1 2⁄
 

Fermi energy is calculated by the following formula 

𝐸𝐹 = 0.2948(ħ𝜔𝑃)4 3⁄  

EP is the Penn gap, EF is the Fermi energy , ћωp is the valence 

electron plasma energy and εr is the dielectric constant of the 

grown crystal at 1 kHz frequency.  The electronic 

polarizability (α) is calculated by three methods and are 

compared. 

Using the valence electron plasma energy α is given by 

𝛼 = [
(ℏ𝜔𝑃)2𝑆0

(ℏ𝜔𝑃)2𝑆0 + 3𝐸𝑃
2] ×

𝑀

𝜌
× 0.396 × 10−24𝑐𝑚3 

 Where S0 is a constant given by, 

𝑆0 = 1 − (
𝐸𝑃

4𝐸𝐹

) +
1

3
(

𝐸𝑃

4𝐸𝐹

)
2

 

Using the Clausius-Mossotti equation, α is given by 

𝛼 = (
3𝑀

4𝜋𝑁𝑎𝜌
) (

휀𝑟 − 1

휀𝑟 + 2
) 

Where Na is the Avogadro number (Na = 6.023 ×1023)  

The following empirical relationship is used to calculate α  

 𝛼 = (1 −
√𝐸𝑔

4.06
) ×

𝑀

𝜌
× 0.396 × 10−24cm3 

Where Eg is the optical band gap (eV). The calculated 

electronic parameters plasma energy, Penn gap, Fermi energy 

and electronic polarizability for the grown single crystal 

values are shown in Table 4. 

 

             Fig. 8(a) Dielectric constant versus temperature 

graph of 3-nitroacetophenone 
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Fig. 8(b) Dielectric loss versus temperature graph of 3-

nitroacetophenone 

 

 

Fig. 8(c) AC electrical conductivity versus temperature 

plot of 3-nitroacetophenone 

 

 

          Fig. 8(d) Plot of lnσac versus 1000/T for 3-

nitroacetophenone 

 

Table 4 

Electronic parameters for 3-nitroacetophenone single 

crystal 

 

 

4.Conclusion 

 The organic 3-nitroacetophenone single crystal was 

grown using acetone as solvent by slow evaporation technique 

at room temperature. The lattice parameter is identified by 

single crystal XRD and powder XRD analyses, which shows 

the good crystalline nature of the grown crystal. The 

functional groups present in the grown crystal were spotted by 

FTIR and FT-Raman analyses. The grown crystal has good 

transparency in the visible region. The TG/DTA study shows 

that the crystal possesses good thermal stability. Coats-

Redfern, Horowitz-Metzger and Broido integral 

approximation methods are used to calculate the kinetic and 

thermodynamic parameters. The dielectric analysis shows that 

the grown crystal has normal dielectric characteristics. The 

electronic parameters like Plasma energy (ћωp), Penn gap 

(EP), Fermi energy (EF) and electronic polarizability (α) were 

calculated. 
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