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Abstract 

The organic compound 2,3,4-trihydroxybenzophenone single crystal was grown by 

slow evaporation technique. The grown crystal structure was confirmed using powder XRD 

studies. The melting and decomposition points of the grown crystal were identified using 

TG/DTA analyses. The kinetic and thermodynamic parameters of the grown crystal were 

calculated using the Coats-Redfern method. The antibacterial activity of the grown crystals was 

analyzed for two gram-positive bacterial strains (Bacillus subtilis and Staphylococcus aureus) 

and two gram-negative bacterial strains (klebsiella pneumoniae and Escherichia coli) by the 

Agar Well diffusion method. The grown 2,3,4-trihydroxybenzophenone crystal exhibited 

powerful antibacterial activities against all the tested bacterial strains in higher concentrations. 

1. Introduction 

The organic single crystals are used for various technological and optical applications, 

especially for optoelectronic switching, electro-optic modulation, and laser frequency 

conversion [1-3]. The benzophenone derivatives have been observed as having good optical 

characteristics and biological activity.  So, many researchers have grown various 

benzophenone derivative crystals using different methods and their structural and optical 

properties were analyzed [4]. Plants in the Clusiaceae and Hypericaceae families are the most 

important sources of biologically active benzophenones, which have proven to be extremely 

beneficial to human health. The benzophenone derivative 2,3,4-trihydroxybenzophenone-4-

methylol has been widely used in the field of optoelectronics as a photo-resists in 

microelectronic circuits [5,6]. The benzophenone derivative 2,3,4-trihydroxybenzophenone 

were successfully grown by slow evaporation technique. The grown crystal was characterized 

by powder XRD, TG/DTA and antibacterial studies.  
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2. Experimental  

The organic 2,3,4-trihydroxybenzophenone were commercially purchased from the 

sigma Aldrich with 99% purity. The solvent ethanol was used for growing 2,3,4-

trihydroxybenzophenone single crystal. The solution was filtered and covered with perforated 

polythene sheets. It was kept in an undisturbed place for crystallization at room temperature. 

The good quality 2,3,4-trihydroxybenzophenone crystals were collected. The grown 2,3,4-

trihydroxybenzophenone crystal was used for characterization studies.  

3. Result and Discussions 

3.1 Powder XRD Analysis 

The powder XRD pattern of the grown 2,3,4-trihydroxybenzophenone single crystal 

was observed using the BRUKER D8 ADVANCE X-Ray Diffractometer. The powder sample 

was recorded over the range of 10 to 80. Figure 1 depicts the powder XRD pattern of grown 

2,3,4-trihydroxybenzophenone. The sharp and strong peaks detected in the powder XRD 

pattern revealed that the grown 2,3,4-trihydroxybenzophenone crystal possesses good 

crystalline nature. The hkl parameters are indexed using 2θ software [7]. 

 

 

 

 

 

 

 

 

 

Fig.1 Powder XRD pattern of 2,3,4-trihydroxybenzophenone 

3.2 Thermal Analysis 

The thermogravimetric (TG) and differential thermal analyses (DTA) are extremely 

important in technology because they provide the thermal stability of the material for 

fabrication, where a significant amount of heat is generated during the cutting process. Thermal 
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analyses were carried out on the grown crystals to determine their thermal stability and melting 

point. The thermal properties of the grown 2,3,4-trihydroxybenzophenne single crystal were 

determined by TG/DTA studies using a Perkin Elmer Diamond TG/DTA analyzer with a 

heating rate of 10°C/min in a nitrogen atmosphere. The TG/DTA curve of the grown single 

crystal is shown in Fig.2. 

 

 

 

 

 

 

 

 

 

 

Fig.2 TG/DTA curve of a 2,3,4-trihydroxybenzophenone 

 

The sharp endothermic peak observed around 149°C indicates the melting point of the 

grown crystal. The peak observed around 384°C assigned as the decomposition point. The 

sharpness of the peak observed in DTA indicates the good crystallinity of the sample [8, 9]. 

The kinetic parameters, such as activation energy, frequency factor, and order of reaction, are 

calculated using TGA data. The data is evaluated using various mathematical methods. In the 

present study, using the Coats-Redfern method, the kinetic parameters are evaluated. For 

thermal reaction, the rate of conversion at a constant heating rate is expressed as [10, 11]. 

𝑑𝛼

𝑑𝑇
= 𝑘(𝑇)𝑓(𝛼) 

Where α is the conversion degree, f(α) is the function of degree, t is the time, k(T) is 

the rate constant, T is the Kelvin temperature. Based on Arrhenius equation, 

𝑘(𝑇) = 𝐴𝑒𝑥𝑝 (
−𝐸𝑎

𝑅𝑇
) 
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A is the frequency factor, R is the gas constant (R = 8.317 Jmol-1 K-1), and Ea is the 

activation energy. The rate of conversion can be written as, 

𝑑𝛼

𝑑𝑡
=  𝐴𝑒𝑥𝑝 (

−𝐸𝑎

𝑅𝑇
) 𝑓(𝛼) 

The function of the conversion, 

𝑓(𝛼) = (1 − 𝛼)𝑛 

 

where n is the empirical order of the reaction. The rate of conversion can be written as 

𝑑𝛼

𝑑𝑡
=  𝐴𝑒𝑥𝑝 (

−𝐸𝑎

𝑅𝑇
) (1 − 𝛼)𝑛 

 

If the heating rate is β=dT/dt then the above equation is written as 

 

𝑑𝛼

𝑑𝑇
=

1

𝛽

𝑑𝛼

𝑑𝑇
=

𝐴

𝛽
 𝑒𝑥𝑝 (

−𝐸𝑎

𝑅𝑇
) (1 − 𝛼)𝑛 

By separation of variable we obtain, 

 

𝑑𝛼

(1 − 𝛼)𝑛
=

𝐴

𝛽
𝑒𝑥𝑝 (

−𝐸𝑎

𝑅𝑇
) 𝑑𝑇 

The foundations for the equation of the kinetic parameters of the crystal thermal 

degradation process The Coats-Redfern used the equation for calculating the activation energy 

from the TG data [12,13]. 

 

𝑙𝑛 [
1 − (1 − 𝛼)1−𝑛

𝑇2(1 − 𝑛)
] = 𝑙𝑛 [(

𝐴𝑅

𝛽𝐸𝑎
) (1 −

2𝑅𝑇

𝐸𝑎
)] −

𝐸𝑎

𝑅𝑇
   𝑓𝑜𝑟 𝑛   1 

  

The Fractional weight lossα can be calculated using the formula. 

 

𝛼 =
𝑊0 − 𝑊

𝑊0 − 𝑊𝑓
 

where W0 is the starting weight and W is the instantaneous weight, Wf is the final 

weight at the end of the thermal deterioration process, n is the order of the reaction, T is the 

absolute temperature, A is the frequency factor, R is the gas constant (R = 8.317 Jmol-1 K-1), β 

is the rate of heating per second and Ea is the activation energy. The Coats-Redfern formula for 

first-order reaction (n=1) is 
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𝑙𝑛 [
−ln (1 − 𝛼)

𝑇2
] = 𝑙𝑛 [(

𝐴𝑅

𝛽𝐸𝑎
) (1 −

2𝑅𝑇

𝐸𝑎
)] −

𝐸𝑎

𝑅𝑇
   𝑓𝑜𝑟 𝑛 = 1 

By plotting the graph in-between 𝑙𝑛 [
−ln (1−𝛼)

𝑇2 ] and 1000/T we obtain a straight line and it is 

shown in Fig.3.  

 

  

 

 

 

 

 

Fig.3. Coats Redfern plot for 2,3,4-trihydroxybenzophenone 

The slope of the straight line is used to calculate the activation energy (Ea) and the intercept is 

used to calculate the frequency factor (A). The kinetic parameters enthalpy of activation(∆H*), 

the entropy of activation (∆S*), and Gibb’s free energy(∆G*) were calculated by using the 

following equations. 

∆𝐻∗ = 𝐸 − 𝑅𝑇 

∆𝑆∗ = 𝑅 ∗ ln (
𝐴ℎ

𝑘𝑇𝑚
) 

Where h is Planck’s constant (6·626 × 10−34 J s), k is Boltzmann constant 

  𝑍 =
𝑘𝑇𝑚

ℎ
exp (∆𝑆∗

𝑅
) 

∆𝐺∗ = ∆𝐻∗ − 𝑇∆𝑆∗ 

The calculated kinetic and thermodynamic parameter values are shown in Table 1.  
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Table 1. Kinetic and thermodynamic parameters of the grown 2,3,4-

hydroxybenzophenone crystal  

Parameters                                                                     Calculated Values 

 Activation energy (E) kJ mol-1                                                     87.57 

 Frequency factor (Z) S-1                                                                    1.39E+6 

 Entropy, (∆S*) J K-1 mol-1                                          -130.235 

 Enthalpy, (ΔH*) k J-1 mol-1                                                             84.041 

 Gibb's free energy(∆G*) k J mol-1                                             139.39 

 

The positive value of enthalpy indicates that the dissociation process is endothermic. 

The negative value of the entropy of activation shows that the activated complex is further 

ordered than the reactant and the decomposition reaction is slow. It may due to the 

chemisorption of oxygen and other decomposition products [13]. Gibbs free energy is a value 

that defines how spontaneous a reaction is, with a negative value meaning the reaction is 

spontaneous, and a positive value meaning the reaction is nonspontaneous. The positive value 

of Gibb’s free energy indicates that the reaction was nonspontaneous. 

3.3 Antibacterial studies 

The antibacterial activity of the grown crystal was tested against Klebsiella 

pneumoniae, Bacillus subtilis, Staphylococcus aureus and Escherichia colito assess their 

potential against antimicrobial agents. Escherichia coli cause clinical infections (pneumonia 

and neonatal meningitis), urinary tract infections, bacteraemia, cholecystitis, cholangitis and 

travelers diarrhea. Hospital implants are easily inhibited by Staphylococcusaureus and thus 

spread and cause different severe infections. The antibacterial activity of grown crystals has 

been analyzed by a method called the agar well diffusion method. The glassware that is used 

in the analysis is initially sterilized at 130°C for 3 h. The tested microbes were prepared using 

a Muller Hinton medium which supports the growth of bacteria. The solution was placed on 

the Petri plates which contain the media. Then the Petri plates were maintained under 

incubation for 24 h and the results were noted. The above-mentioned bacterial species were 

prepared at 500μg/mm and 750μg/mm concentrations. The standard drug Streptomycin 10 mcg 

concentration disc was used for positive control and the empty sterile disc was used for negative 
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control. The plates were kept for incubation at 37°C for 24 hours. At the end of incubation, 

inhibition zones were examined around the disc (including disc) and measured with a 

transparent ruler in millimeters (14-16).  

This method is a simple, rapid, and inexpensive toxicity test for environmental 

pollutants based on the growth inhibition of different bacteria and fungi [17]. The results 

concluded that ethanol dissolved 2,3,4-trihydroxybenzophenone fractions showed significant 

novel antibacterial potential against all the tested human pathogenic organisms in higher 

concentrations. It shows the present 2,3,4-trihydroxybenzophenone sample should act as an 

adequate antibacterial agent against the four treated human pathogenic bacterial organisms. 

 

 

  

 

 

 

 

 

 

 

 

Fig.4.Antibacterial activity of the 2,3,4-trihydroxybenzophenone 

 

4. Conclusion 

The organic material 2,3,4-trihydroxybenzophenone single crystal has been grown 

successfully by slow evaporation solution growth technique using ethanol solvent. The Powder 

XRD studies confirm the grown crystal. The thermal behaviour of the grown crystal was 

studied by TG/DTA analyses, the melting and decomposition points are reported. The kinetic 

and thermodynamic parameters are calculated. The antibacterial activity of the grown crystal 

shows the inhibitory action against all the tested disease-causing pathogens. 
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