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Introduction
Chlorobenzenes are the colourless liquid with an almond-like 

odour. The compound does not occur widely in nature, but it is one 
of those chemicals which are produced industrially in large amounts. 
They have many applications, such as intermediate products of the 
chemical and pharmaceutical industries and as biocides and additives 
[1]. Chlorination of chlorobenzenes in the presence of variety of 
catalysts produce ortho and para-Dichlorobenzene isomers. p-DCB 
results from chlorination of chlorobenzene and have wide applications. 
1,4-Dichlorobenzene (p-DCB; formula: C6H4Cl2) is a colourless solid 
having strong odour. It is mainly used as insecticide and fungicide on 
crops and air deodorizer [2]. Nowadays, it is used in the production 
of mothballs in place of naphthalene. Moreover, it is used as chemical 
intermediate to manufacture dyes, agrochemicals, pharmaceuticals, 
2,5-dichloroaniline, plastics, polymers (e.g polyphenylene sulfide 
resins used for surface coatings and molding resins), and other 
organic synthesis [3,4]. Besides, it is also used in ear preparations as 
ear wax softener and help in the removal of the wax [5]. To be used 
as intermediate in various chemical reactions, the rate of reaction of 
p-DCB plays a crucial role. Carballo et al. reported that rate of reaction
in organic compounds can be controlled by modulating the crystallite
size [6]. Since p-DCB is basically used as chemical intermediate in
various reactions, if some changes happened in their crystallite size
it may affect the rate of reaction and ultimately the percentage yield.
Besides all the benefits associated with p-DCB, the low flash point
(66°C) limits its application [7] and this is one of the reasons for the
health discomfort of personnel working with them such as headaches,
numbness, sleepiness, nausea, and vomiting [8,9]. After considering of
p-DCB properties, and applications, authors wanted to investigate an
economically safe approach that could be beneficial in order to modify
the physical, thermal and spectroscopic properties of p-DCB. Biofield
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Abstract
Para-dichlorobenzene (p-DCB) is widely used as a chemical intermediate in manufacturing of dyes, pharmaceuticals, 

polymers and other organic synthesis. The aim of present study was to evaluate the impact of biofield treatment on 
physical, thermal, and spectroscopic properties of p-dichlorobenzene. The p-dichlorobenzene sample was divided into 
two groups that served as treated and control. The treated group received Mr. Trivedi’s biofield treatment. Subsequently 
the control and treated samples were evaluated using X-ray diffraction (XRD), differential scanning calorimetry (DSC), 
thermogravimetric analysis (TGA) and UV-Vis spectroscopy. XRD result showed an increase in crystallite size (4.93%) 
along with alteration in peak intensity of treated sample as compared to control. Furthermore, DSC analysis results 
showed that the latent heat of fusion of treated p-dichlorobenzene was considerably reduced by 8.66% as compared to 
control. The reduction in melting point of treated sample (54.99°C) was also observed as compared to control (57.01°C) 
p-dichlorobenzene. Moreover, TGA/DTG studies showed that Tmax (temperature, at which sample lost maximum of its
weight) was increased by 6.26% and weight loss per degree celsius (°C) was decreased by 12.77% in biofield treated
p-dichlorobenzene as compared to control sample. It indicates that thermal stability of treated p-dichlorobenzene sample 
might increase as compared to control sample. However, no change was found in UV-Vis spectroscopic character
of treated p-dichlorobenzene as compared to control. These findings suggest that biofield treatment has significantly
altered the physical and thermal properties of p-dichlorobenzene, which could make it more useful as a chemical
intermediate.
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therapies are very popular in biomedical heath care systems, as well 
described by National Center for Complementary and Alternative 
Medicine (NCCAM). NCCAM places biofield therapy in subcategory 
of energy therapies as one of the five complementary medicine 
domain [10]. These healing treatment suggest their mechanism upon 
modulating patient-environmental energy fields. It is scientifically 
preferred term for the biologically produced electromagnetic and subtle 
energy field that provides regulatory and communications functions 
within the organism. The cumulative effect of bio-magnetic and electric 
field that surrounds the human body is known as biofield energy 
[11,12]. Human has the ability to harness this energy from environment 
or universe and can transmit the energy into any living or non-living 
object around this Globe. The object(s) always receive the energy and 
respond into useful way. This process is termed as biofield treatment. 
Mr. Trivedi’s biofield treatment (The Trivedi Effect®) is well known and 
significantly studied in different fields such as microbiology [13-15], 
agriculture [16-18], and biotechnology [19,20]. Recently, the impact of 
biofield treatment on atomic, crystalline and powder characteristics as 
well as spectroscopic characters of different materials was studied, and 
alteration in physical, thermal and chemical properties was reported 
[21-23]. Hence, based on the outstanding results obtained after biofield 
treatment on different materials and considering the pharmaceutical 
applications of p-DCB, the present study was undertaken to evaluate 
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the impact of biofield treatment on physical, thermal and spectroscopic 
characteristics of p-DCB.

Materials and Methods
p-DCB (1,4-dichlorobenzene) was procured from S D Fine 

Chemicals Pvt., Ltd., India and divided into two parts; one was kept as 
a control, while other was subjected to Mr. Trivedi’s biofield treatment 
and coded as treated sample. The treatment group in sealed pack was 
handed over to Mr. Trivedi for biofield treatment under standard 
laboratory condition. Mr. Trivedi provided the treatment through his 
energy transmission process to the treated group without touching the 
sample. The biofield treated sample was returned in the similarly sealed 
condition for further characterization using XRD, DSC, TGA and UV-
Vis spectroscopic techniques. 

X-ray diffraction (XRD) study

XRD analysis was carried out on Phillips, Holland PW 1710 X-ray 
diffractometer system, which had a copper anode with nickel filter. 
The radiation of wavelength used by the XRD system was 1.54056 Å. 
The data obtained were in the form of a chart of 2θ vs. intensity and a 
detailed table containing peak intensity counts, d value (Å), peak width 
(θ°), relative intensity (%) etc. 

The crystallite size (G) was calculated by using formula:

 G = kλ/(bCosθ)

Here, λ is the wavelength of radiation used, b is full width half 
maximum (FWHM) of peaks and k is the equipment constant (=0.94). 
However, percent change in crystallite size was calculated using the 
following equation:

Percent change in crystallite size = [(Gt-Gc)/Gc] ×100

Where, Gc and Gt are crystallite size of control and treated powder 
samples respectively. 

Differential scanning calorimetry (DSC) study 

For studies related to melting point, Differential Scanning Calorimeter 
(DSC) of Perkin Elmer/Pyris-1, USA with a heating rate of 10oC/min 
under air atmosphere and flow rate of 5 ml/min was used. Melting point 
and latent heat of fusion were obtained from the DSC curve.  

Percent change in melting point was calculated using following 
equations:

% change in melting point = [(T Treated - T Control)/ T Control] × 100

Where, T Control and T Treated are the melting point of control and 
treated samples, respectively.

Percent change in latent heat of fusion was calculated using 
following equations:

% change in latent heat of fusion = [(ΔH Treated - ΔH Control)/ ΔH Control] 
× 100

Where, ΔH Control and ΔH Treated are the latent heat of fusion of control 
and treated samples, respectively.

Thermogravimetric analysis/ Derivative Thermogravimetry 
(TGA/DTG) 

Thermal stability of control and treated samples of p-DCB were 
analyzed by using Metller Toledo simultaneous Thermo-gravimetric 
analyser (TGA/DTG). The samples were heated from room temperature 

to 400ºC with a heating rate of 5ºC/min under air atmosphere. From 
TGA curve, onset temperature Tonset (temperature at which sample start 
losing weight) and from DTG curve, Tmax (temperature at which sample 
lost its maximum weight) were recorded.  

Percent change in temperature at which maximum weight loss 
occur in sample was calculated using following equation:

% change in Tmax = [(Tmax, treated − Tmax, control) / Tmax, control] × 100	

Where, Tmax, control and Tmax, treated are temperature at which maximum 
weight loss occurs in control and treated sample, respectively.

UV-V is spectroscopic analysis
 The UV-Vis spectral analysis was measured using Shimadzu UV-

2400 PC series spectrophotometer over a wavelength range of 200-400 
nm with 1 cm quartz cell and a slit width of 2.0 nm. This analysis was 
performed to evaluate the effect of biofield treatment on structural 
property of p-DCB. The UV-Vis spectroscopy gives the preliminary 
information related to the skeleton of chemical structure and possible 
arrangement of functional groups on the chemical structure [24].

Result and Discussion
X-ray diffraction

X-ray diffraction study was conducted to study the crystalline 
pattern of the control and treated p-DCB. Figure 1 showed the XRD 
diffractogram of control p-DCB. It showed intense crystalline peaks at 
2θ equals to 12.96°, 26.07°, 30.32°, and 39.59°. Intense peaks indicated 
the crystalline nature of p-DCB. Whereas, the XRD diffractogram of 
treated p-DCB showed peaks with less intensity as compared to control 
sample. The XRD diffractogram of treated p-DCB showed (Figure 
1) crystalline peaks at 2θ equals to 12.95°, 19.96°, 26.09°, 26.61°, 
and 39.59°. It is hypothesized that biofield treatment might disturb 
the regular arrangement of the molecules, which resulted into less 
intense peaks in treated p-DCB as compared to control. In addition, 
the crystallite size was found to be 92.647 and 97.213 nm in control 
and treated p-DCB, respectively (Figure 2). It suggests that crystallite 
size was increased by 4.93% in treated p-DCB as compared to control. 

 
Figure 1: XRD diffractogram of p-dichlorobenzene.

Figure 2: Crystallite size of control and treated sample of p-dichlorobenzene.
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It was previously reported that crystallite size increase with elevation 
in temperature or thermal energy [25-26]. Hence, it is assumed that 
biofield energy may elevate the temperature or thermal energy which 
increases the crystallite size of treated p-DCB. As p-DCB is used as 
intermediate in the synthesis of many pharmaceutical compounds, the 
increase in crystallite size may lead to increase in rate of reaction which 
ultimately enhances the percentage yield of end product.

Thermal Studies
DSC analysis

Differential scanning calorimetry (DSC) was used to determine the 
latent heat of fusion and melting point in control and treated sample of 
p-DCB. The DSC thermogram of control and treated samples of p-DCB 
is shown in Figure 3, and the results are presented in Table 1. In a solid, 
substantial amount of interaction force exists in atomic bonds to hold 
the atoms at their positions. Latent heat of fusion (ΔH) is defined as the 
energy required overcoming this interaction force to change the phase 
from solid to liquid. Thus, the energy supplied during phase change i.e. 
ΔH is stored as potential energy of atoms. However, melting point is 
related to the kinetic energy of the atoms [27]. Data showed that ΔH 
was reduced from 106.62 J/g (control) to 97.39 J/g in treated p-DCB. 
It indicates that ΔH was decreased by 8.66 % in treated sample as 
compared to control. However, the melting point of treated p-DCB was 
also reduced from 57.01°C (control) to 54.99°C. Thus, data suggest that 
melting point was reduced by 3.63% as compared to control (Figure 
4). Previously, our group reported that biofield treatment has altered 
the latent heat of fusion and melting point in lead and tin powder [28]. 
Thus, it is assumed that biofield treatment might induce the alteration in 
potential and kinetic energy of p-DCB molecules that possibly resulted 
into lower the ΔH and melting point in treated sample. In addition, 
the sharpness of the endothermic peaks showed a good degree of 
crystallinity in control and treated p-DCB.

TGA/DTG analysis
Thermal Gravimetric Analysis/Derivative Thermogravimetry 

analysis (TGA/DTG) of control and biofield treated samples are 
summarized in Table 2. TGA data showed that control p-DCB sample 
started losing weight around 79°C (onset) and stopped at 115.76°C 
(end set). However, the treated p-DCB started losing weight near to 
80°C (onset) and terminated at 127°C (end set). It indicates that no 
significant change was found in onset temperature of treated p-DCB 
as compared to control, but end set temperature was increased by 
11.24°C as compared to control. Furthermore, in this process, control 
sample lost 42.16% and treated p-DCB sample lost 60.29% of its weight, 
which could be due to vaporization of p-DCB into its gaseous form. 
Besides, DTG thermogram data showed that Tmax was found at 94.5°C 
in control whereas, it was increased to 100°C in treated p-DCB (Table 
2). It indicates that Tmax was increased by 6.26% in treated p-DCB. 
DTG data showed that control sample lost its weight at 29.69 mg/°C 
during vaporization, whereas treated samples lost its weight at 25.90 
mg/°C. It shows that the weight loss per degree celsius (°C) in treated 
p-DCB was decreased by 12.77%, as compared to control (Figure 5). 
Furthermore, the reduction in weight loss per °C and increase in Tmax 
in treated p-DCB may be correlated with increase in thermal stability 
of treated p-DCB sample after biofield treatment which might reduce 
the problem of health hazards related with it. Hence, it is hypothesised 
that biofield treatment might enhance the intermolecular interaction in 
p-DCB, which probably resulted into the increase of Tmax and reduction 

Figure 3: DSC thermogram of control and treated sample of p-dichlorobenzene.

Group ΔH (J/g) Tm (ºC)
Control 106.62 57.01
Treated 97.39 54.99

ΔH= Latent heat of fusion; Tm = Melting temperature.
Table 1: DSC analysis of control and treated samples of p-dichlorobenzene.

Figure 4: Percent change in latent heat of fusion and melting point in biofield 
treated pdichlorobenzene sample with respect to control.

Parameters Control Treated
Tmax (ºC) 94.5 100.42

Weight loss (mg)/ ºC 29.69 25.9
Weight loss (%) 42.16 60.29

Tmax: temperature at which maximum weight loss occur; TGA/DTG: 
Thermogravimetric/derivative thermogravimetry
Table 2: Thermal decomposition (TGA/DTG) analysis of control and treated 
samples of p-dichlorobenzene

Figure 5: weight loss per degree celsius (°C) in treated p-DCB.
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in weight loss per °C.

UV-Vis spectroscopic analysis

The UV spectra of control and treated sample of p-DCB are shown 
in Figure 6. The UV spectrum of control sample showed two absorption 
peaks i.e. at 201 and 223 nm, and the spectrum was well supported by 
literature data [29]. The UV spectrum of treated sample of p-DCB also 
showed similar absorption peaks as compared to control. It suggests 
that biofield treatment could not make any alteration in the structure of 
chromophore groups present in p-DCB which are mainly responsible 
for absorption of light.

Conclusion
This work was evaluated to see the influence of biofield treatment on 

physical, thermal, and spectroscopic properties of p-DCB. XRD result 
showed that crystallite size was increased by 4.93% in biofield treated 
p-DCB as compared to control, which might be due to decreasing 
nucleus densities caused by biofield treatment. The alteration in 
crystallite size might affect the rate of chemical reaction of p-DCB and 
make it more useful as an intermediate compound. Thermal analysis 
data revealed that latent heat of fusion was reduced by 8.66% in treated 
p-DCB as compared to control and melting point was reduced by 
3.54%. TGA/DTG studies showed that Tmax was increased by 6.26% 
and weight loss per degree celsius (°C) was decreased by 12.77% in 
biofield treated p-DCB as compared to control sample. Hence, it was 
hypothesized that overall thermal stability of treated p-DCB sample 
increased which could be related to its stability at high temperature and 
reducing the risk of health hazards associated with products released 
after vaporization. Therefore, it is assumed that biofield treatment 
might alter the physical and thermal properties of p-DCB that may be 
helpful to use it more effectively as an intermediate in the production of 
various pharmaceutical products.
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