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Abstract: The chlorinated phenols are widely used in chemical industries for the manufacturing of herbicides, insecticides, 
etc. However, due to consistent use they create hazards to the environment. This study was designed to use an alternative 
method i.e. biofield energy treatment and analyse its impact on the physicochemical properties of 2,4-dichlorophenol (2,4-
DCP), which are the important factors related to its degradation. The 2,4-DCP sample was treated with Mr. Trivedi’s biofield 
energy and analyzed as compared to the untreated 2,4-DCP sample (control) using various analytical techniques. The X-ray 
diffraction studies revealed up to 19.4% alteration in the lattice parameters along with approximately 1.8% alteration in the 
molecular weight, unit cell volume and density of the treated sample. The crystallite size of treated sample was increased and 
found as 215.24 nm as compared to 84.08 nm in the control sample. Besides, the thermal study results showed an alteration in 
the thermal stability profile of the treated sample as compared to the control. The differential scanning calorimetry studies 
revealed the decrease in the thermal decomposition temperature from 137.9°C (control) to 131.94°C in the treated sample 
along with 92.19% alteration in the quantity of heat absorbed during the process. Moreover, the thermogravimetric analysis 
showed that onset temperature of degradation was decreased, while the percent weight loss of the sample was increased from 
59.12% to 71.74% in the treated sample as compared to the control. However, the Fourier transform infrared and UV-visible 
spectroscopic studies did not show any significant alteration in the spectra of the treated sample as compared to the control. 
Hence, the overall studies revealed the impact of biofield energy treatment on the physical and thermal properties of the 2,4-
DCP sample. 
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1. Introduction 

The chlorinated derivatives of phenols are an important 
class of pollutants that originate from the industrial chemicals 
[1]. They are non-biodegradable and hence remain in the 
environment for a longer duration. 2,4-dichlorophenol (2,4-
DCP) is a widely used chlorinated phenol that comes under 
the category of industrial toxic compounds and listed by 
United State Environmental Protection Agency (US EPA) as 
primary pollutants [2, 3]. 2,4-DCP is used as a precursor in 
the synthesis of 2,4-dichlorophenoxy acetic acid (2,4-D), an 
herbicide. Other uses include as a wood preservative, 
insecticide, plant growth regulator, etc. [4, 5]. However, due 
to the consistent use, it poses hazards to the environment 

hence, these toxic and bio-resistant compounds need to be 
removed from the environment or transformed into some 
other form that are less harmful. 

When a chemical enters the environment, it distributes 
itself in the different compartments viz. air, water, soil and 
living organisms. Moreover, the distribution, as well as 
degradation of the chemical from these compartments, were 
decided by the physicochemical properties of that chemical. 
These properties include molecular weight, solubility, 
volatilization, and polarity, etc. [6, 7]. The environmental 
fate of 2,4-DCP from the aquatic surface and the soil 
surface is expected through the volatilization process [8, 9]. 
Its molecules reach in the atmosphere through the process 
of volatilization where they degraded by reacting with the 



 American Journal of Environmental Protection 2015; 4(6): 292-299 293 
 

photochemically produced free radicals [10]. However, this 
process is slow and not suitable for high concentration of 
pollutants. Recently, several processes are designed for 
making this process fast that include advanced oxidation 
processes [11], but they are not very much cost- effective. 
Therefore, it is of great significance to search an alternative 
strategy that can help in the fast degradation of these 
chemicals from the environment in a cost effective manner. 
Biofield energy treatment is recently known for its ability in 
altering the physicochemical properties of several metals 
and organic compounds [12, 13]. Biofield energy is 
scientifically related to the human energy field that is 
formed by the body in the surrounding space. This energy 
field is generated by the physical and thought processes of 
the human body and its interaction with the environment 
[14]. The living organisms are regularly exchanging this 
energy with the surroundings to maintain themselves [15]. 
The biofield energy and its interaction with the environment 
are used by the practitioners as the healing therapies. Its 
effectiveness was reported in the reduction of tension, 
anxiety and pain. Moreover, these therapies are considered 
as complementary and alternative medicines (CAM) by 
National Institute of Health (NIH)/National Centre for 
Complementary and Alternative Medicine (NCCAM). It 
was believed that the healers/practitioners channel the 
energy from the environment and direct it towards certain 
target [16-18]. Thus, the human has the ability to harness 
the energy from the environment and can transmit it to any 
living or non-living object(s) around the Globe. By 
absorbing this energy, the object will respond in a useful 
way. This process is known as biofield energy treatment. 
Mr. Trivedi is well known to possess a unique biofield 
energy treatment (The Trivedi Effect®). The impact of his 
biofield energy treatment has been reported for causing 
alterations in various research field viz. agriculture, 
microbiology, biotechnology [19, 20], and materials science 
[12, 13]. Hence, the present study was designed to analyse 
the impact of the biofield energy treatment on the various 
physicochemical properties of the 2,4-DCP using different 
analytical methods viz. X-ray diffraction (XRD), 
differential scanning calorimetry (DSC), thermogravimetric 
analysis (TGA), Fourier transform infrared (FT-IR) and 
UV-visible (UV-Vis) spectroscopy. 

2. Materials and Methods 

2,4-Dichlorophenol (2,4-DCP) was procured from Loba 
Chemie Pvt. Ltd., India. The procured sample was divided 
into two parts and named as control and treated. Mr. 
Trivedi’s biofield energy treatment was provided to the 
treated part while no treatment was given to the control 
part. For treatment, the treated part was handed over to Mr. 
Trivedi in sealed pack under standard laboratory conditions. 
Mr. Trivedi provided the treatment to the treated part 
through his unique energy transmission process. The 
control and biofield treated samples were further 
characterized using various analytical techniques. 

2.1. X-ray Diffraction (XRD) Study 

The Phillips Holland PW 1710 X-ray diffractometer 
system was used to obtain the X-ray powder diffractogram of 
control and treated samples. The X-ray generator was 
equipped with a copper anode with nickel filter operating at 
35kV and 20 mA. The XRD system used 1.54056 Å 
wavelength of radiation. The data were collected from the 2θ 
range of 10°-99.99° and a counting time of 0.5 seconds per 
step along with a step size of 0.02°. 

The crystallite size (G) was calculated from the Scherrer 
equation:  

G = kλ/(bCosθ)                               (1) 

Where, k is the equipment constant (0.94), λ is the X-ray 
wavelength (0.154 nm), b in radians is the full-width at half 
of the peak and θ is the corresponding Bragg angle. The 
PowderX software was used to calculate the other parameters 
viz. lattice parameter, unit cell volume, molecular weight and 
density of the control and treated samples. 

Moreover, the percent change in crystallite size was 
calculated using the following equation: 

Percent change in crystallite size = [(Gt-Gc)/Gc] ×100   (2) 

Here, Gc and Gt denotes the crystallite size of control and 
treated powder samples, respectively. Similarly, the percent 
change in lattice parameter, unit cell volume, molecular 
weight, and density was calculated to analyse the impact of 
biofield treatment on crystal parameters of treated sample as 
compared to the control. 

2.2. Thermal Analysis 

The effect of temperature on the thermal stability profile of 
2,4-DCP was analyzed using DSC and TGA/DTG studies. 
The impact of biofield treatment was analyzed by comparing 
the results of treated sample with the control sample. 

2.2.1. Differential Scanning Calorimetry (DSC) Study 

The DSC analysis of control and treated sample was 
carried out using Perkin Elmer/Pyris-1. The control and 
treated samples were accurately weighed and hermetically 
sealed in aluminium pans. Further, the samples were heated 
at a rate of 10°C/min under air atmosphere (5 mL/min). The 
thermograms were collected over the temperature range of 
50°C to 250°C. An empty pan sealed with cover pan was 
used as a reference sample.  

2.2.2. Thermogravimetric Analysis / Derivative 

Thermogravimetry (TGA/DTG) 

The effect of temperature on the stability of the control and 
treated samples of 2,4-DCP was analyzed using Mettler 
Toledo simultaneous thermogravimetric analyser 
(TGA/DTG). The samples were heated from room 
temperature to 350ºC with a heating rate of 5ºC/min under air 
atmosphere. From TGA/DTG curve, the onset temperature, 
Tonset (temperature at which sample start losing weight), the 
end set temperature (temperature at which thermal 
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degradation was completed), Tmax (maximum thermal 
degradation temperature), and percentage weight loss of 
samples were recorded. 

2.3. Fourier Transform-Infrared (FT-IR) Spectroscopic 

Characterization 

For FT-IR characterization, the samples were crushed into 
fine powder and mixed in spectroscopic grade KBr in an 
agate mortar. Then the mixture was pressed into pellets with 
a hydraulic press. The FT-IR spectra were recorded on 
Shimadzu’s Fourier transform infrared spectrometer (Japan) 
in the frequency range 4000-350 cm-1. The FT-IR spectral 
analysis was helpful in determining the effect of biofield 
energy on the strength of bonds and stability of the samples.  

2.4. UV-Vis Spectroscopic Analysis 

The UV-Vis spectral analysis was measured using Shimadzu 
UV-2400 PC series spectrophotometer. The spectrum was 
recorded with 1 cm quartz cell having a slit width of 2.0 nm 
over a wavelength range of 200-400 nm. This study helps to 
investigate any change in the electron transfers behavior 
between the orbitals or bands of atoms, ions and molecules 
from the ground state to the first excited state. 

3. Results and Discussion 

3.1. X-ray Diffraction (XRD)  

 
Fig. 1. XRD diffractograms of control and treated samples of 2,4-dichlorophenol. 
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Fig. 2. Percent change in crystal parameters of treated 2,4-dichlorophenol. 

The X-ray powder diffractograms of control and treated 
samples of 2,4-DCP are presented in Fig. 1. The 
diffractograms showed a series of sharp peaks in the regions 
of 10º<2θ>50º. The sharp peaks in the diffractograms showed 
the crystalline nature of 2,4-DCP [21]. In addition, the most 
intense peak in control sample was observed at 2θ equal to 
20.62°; however, in treated sample it was observed at 32.11°. 
It indicated that the relative intensities of XRD peaks were 
altered in the treated 2,4-DCP as compared to the control 
sample. Moreover, the crystal structure parameters such as 
lattice parameter, unit cell volume, density, and molecular 
weight were computed using PowderX software. The results 
are presented in Table 1, and the data showed that the lattice 
parameter ‘a’ was increased by 19.4%, whereas ‘c’ was 
decreased by 2.44% in the treated sample as compared to the 
control. Similarly, the unit cell volume, molecular weight, 
and density were also altered in the treated sample as 
compared to the control (Fig. 2). It was reported that the 
temperature has a significant impact on the crystal parameter, 
and it is directly related to the lattice parameter [22]. Hence, 
it is assumed that the biofield treatment provided some 
energy to the treated sample due to which its lattice 
parameter was increased as compared to the control. Besides, 
the crystallite size of the control sample was found as 84.08 
nm whereas; in the treated sample it was found as 215.24 nm. 
It suggested that crystallite size of the treated sample was 
significantly increased by 155.99% as compared to the 
control. Furthermore, it is assumed that biofield treatment 
might induce some internal strain in the treated sample that 
resulted in the re-orientation of neighboring planes in the 
same planes. This may lead to increased crystallite size in the 
treated sample of 2,4-DCP [12]. The decrease in the 
crystallite size may results in decreasing the lattice parameter 
and vice versa [23]. Hence, the alteration in crystallite size 
was supported by the result of lattice parameter. Besides, the 
process of degradation through volatilization increases with 
the decrease in the molecular weight. Also, the less water 
soluble chemicals tend to be on the water surface and hence 
increased volatilization [24]. It was observed that the biofield 
treated 2,4-DCP had decreased molecular weight as 
compared to the control sample. Moreover, the crystallite 

size was increased in the treated sample, which can be further 
correlated with increased particle size, and hence decreased 
solubility [25]. Both parameters of treated sample suggested 
the possible increase in decomposition of the biofield treated 
2,4-DCP through the process of volatilization in the 
environment as compared to the control. 

Table 1. X-ray diffraction analysis of control and treated 2,4-dichlorophenol. 

Parameter Control Treated 

Lattice parameter   
a (Å) 30.05 35.88 
b (Å) 24.23 23.64 
Unit cell volume (×10-21 cm3) 3.175 3.117 
Density (w/cm3) 1.709 1.740 
Crystallite size (nm) 84.08 215.24 

3.2. Thermal Analysis 

The DSC analysis of control and treated samples of 2,4-
DCP are presented in Table 2. The peak width of samples 
revealed that both samples exhibited a broad endothermic 
peak, in which the control sample exhibited it at 137.90°C, 
whereas the treated sample exhibited the similar broad peak 
at 131.94°C. The peaks are due to the decomposition of the 
control and treated samples of 2,4-DCP that occurs through 
the process of vaporization as suggested by the literature 
[26]. The result suggested about 6°C decrease in the 
decomposition temperature of the treated sample as 
compared to the control. However, a very slight alteration 
was observed in the onset and end set temperature of the 
decomposition as well as the peak width in the control and 
treated samples. The data also showed that the control sample 
absorbed 90.83 J/g of heat in this process, whereas the treated 
sample absorbed 174.57 J/g of heat. It indicated that amount 
of heat absorbed was significantly increased by 92.19% in 
the treated sample as compared to the control. The heat 
needed to decompose/vaporize the sample is related to the 
internal energy of the molecules. It is presumed that biofield 
energy might alter the internal energy stored in the molecules 
of the treated sample. 

Table 2. Differential scanning calorimetry analysis of 2,4-dichlorophenol. 

Parameter Control Treated Percent change 

Onset temperature (°C) 126.40 127.65 0.99 
Peak temperature (°C) 137.90 131.94 -4.32 
Endset temperature (°C) 143.73 145.95 1.54 
Peak width (°C) 17.33 18.30 0.06 
∆H (J/g) 90.83 174.57 92.19 

Besides, the TGA/DTG studies revealed the change in 
weight of sample during thermal decomposition. The 
TGA/DTG thermograms of the control and treated samples 
of 2,4-DCP are presented in Fig. 3, and data are presented in 
Table 3. The control sample started to decompose around 
101.5°C (onset), and the process of decomposition was 
completed around 135.5°C (end set). However, the treated 
sample started losing weight around 95°C (onset) and 
terminated around 142°C (end set). It indicated that onset 
temperature was decreased while the end set temperature was 
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increased in the treated sample as compared to the control. In 
this process, the control sample lost 59.12% of its initial 
weight; however the treated sample lost 71.74% of its initial 
weight. The weight loss mainly occurred due to the 
volatilization/vaporization of the sample after heating. From 
this data, it was observed that the total weight loss in the 
treated sample was increased during its decomposition as 
compared to the control. Besides, DTG thermogram data 
showed that Tmax was observed at 120.54°C in the control 
sample and 119.31°C in the treated 2,4-DCP sample. It 
indicated that Tmax was slightly decreased in treated sample 
as compared to the control. Furthermore, the decrease in 
onset temperature of decomposition, Tmax, and increased 
weight loss in the treated sample of 2,4-DCP with respect to 
the control sample (Fig. 4) may be correlated with the 
decreased thermal stability and increase in volatilization of 
the treated sample after biofield treatment. It was reported 
that in 2,4-DCP molecules, the phenolic H atom possess the 
intermolecular hydrogen bonding [27]. Moreover, the 

bonding between the neighboring molecules may results in 
packed molecules resulting in higher thermal stability [28]. It 
is assumed that biofield energy was absorbed by the treated 
sample that might break the hydrogen bonding between the 
molecules. Due to this the thermal stability of the treated 
sample was reduced as compared to the control sample. The 
treated sample with increased volatility suggested the 
increased degradation of the treated 2,4-DCP in the 
environment through the process of vaporization as 
compared to the control sample. 

Table 3. Thermogravimetric analysis of 2,4-dichlorophenol. 

Parameter Control Treated 

Onset temperature (°C) 101.50 95.00 
Peak temperature (°C) 120.54 119.31 
Endset temperature (°C) 135.50 142.00 
Peak width (°C) 34.00 47.00 
Change in weight (%) -59.12 -71.74 

 

 
Fig. 3. TGA/DTG thermograms of control and treated samples of 2,4-dichlorophenol. 
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Fig. 4. Percent change in thermal analysis parameters of treated sample. 

3.3. FT-IR Spectroscopic Analysis 

The FT-IR spectra of control and treated samples of 2,4-
DCP are shown in Fig. 5. The major vibration peaks 
observed were as follows: 

O-H vibrations 

The OH group gives rise to three vibrations: stretching, in-
plane bending and out-of-plane deformations. In the present 
study, the strong band observed at 3437 cm-1 in control and 
3435 cm-1 in the treated sample was assigned to O-H 
stretching mode of vibration. The peaks observed at 1251 and 
653 cm-1 in both, control and treated samples were assigned 
to OH in-plane and out-of-plane bending vibration, 
respectively. 

C-O vibrations 
The C-O stretching vibration peak was observed at 1184 

cm-1 in the control sample and 1186 cm-1 in the treated 
sample. Moreover, the peak due to C-O in-plane bending was 
appeared as merged with the O-H out-of-plane bending at 
653 cm-1 in both, control and treated samples.  

Aromatic C-H vibrations 
The aromatic C-H stretching vibration was observed as a 

weak band at 3091 cm-1 in both, control and treated samples. 
Similarly, the in-plane CH bending peaks were observed at 
1238 and 1093 cm-1 in both, the control and treated samples. 

 
Fig. 5. FT-IR spectra of control and treated samples of 2,4-dichlorophenol. 
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C-C vibrations 
The C-C aromatic stretching peaks were observed at 1479 

and 1406 cm-1 in the control sample; whereas 1477 and 1406 
cm-1 in the treated sample. Moreover, the C-C-C in-plane 
bending peak (441 cm-1) and out-of-plane bending peak (555 
cm-1) were observed at the same frequency in both, control 
and treated samples.  

C-Cl vibrations 
The control and treated 2,4-DCP showed a very strong 

band of C-Cl stretching due to the presence of two chlorine 
atoms. In the FT-IR spectra, C-Cl stretching was observed at 
727 and 725 cm-1 as the strong, sharp bands in control and 
treated samples, respectively. The C-Cl in-plane bending 
peak has appeared at 378 cm-1 in the control and 374 cm-1 in 
the treated sample. 

Ring vibrations 
The ring stretching vibration peak was observed at 1583 

cm-1 in both control and treated samples. Moreover, the 
1,2,4-trisubstituted benzene ring showed a doublet peak in 
the region of 750-850 cm-1 [29]. In the present study, the 
peaks were observed at 810 and 856 cm-1 in the control 
sample, while 815 and 854 cm-1 in the treated sample. 

The FT-IR spectrum of the control sample of 2,4-DCP was 
well supported by literature [29,30]. The FT-IR spectra of 
treated 2,4-DCP sample showed the similar pattern of IR 
absorption peaks as the control sample. It suggested that 
biofield energy treatment did not cause any significant 
alteration in the bond strength, dipole strength, etc. of the 
treated sample.  

3.4. UV-Vis Spectroscopic Analysis 

The UV spectra of control and treated samples of 2,4-DCP 
are shown in Fig. 6. The UV spectrum of control sample 
showed absorption peaks at λmax equal to 205, 220, 228, and 
287 nm. The spectrum of control sample was well supported 
by the literature [31, 32]. 

However, the biofield treated sample showed absorption 
peaks at 206, 229, and 287 nm. The λmax was found similar in 
both, the control and treated samples, except the peak at 220 
nm in the control sample that was not observed in the treated 
sample. The peak at 220 nm was probably merged in the 
peak at 229 nm in the treated sample.  

 
Fig. 6. UV-Vis spectra of control and treated samples of 2,4-dichlorophenol. 

4. Conclusions 

The overall study was accomplished to determine the 
impact of biofield treatment on various physicochemical 
properties of the sample of 2,4-DCP. The XRD results 
showed an alteration in the lattice parameters and molecular 
weight along with 156% increase in crystallite size of the 
treated sample as compared to the control. It suggested the 
presence of some internal strain due to the biofield energy 
treatment. Moreover, the increased crystallite size may 
ensure the less solubility of the treated sample; thereby the 
sample remained on the water surface and hence might result 
in more volatilization. Besides, the thermal analysis data 
revealed the decreased thermal stability and increased 
vaporization of the treated sample as compared to the control. 

It probably occurred due to the breaking of intermolecular 
hydrogen bonding after biofield treatment. The decreased 
thermal stability of the treated sample suggests its fast 
vaporization from ground and water surface to the 
atmosphere where it can further degrade by reacting with 
photo-chemically produced free radicals. Hence, it was 
concluded that the biofield treated 2,4-DCP could be less 
harmful to the environment due to their fast degradation 
process.  
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