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Abstract
Myristic acid has been extensively used for fabrication of phase change materials for thermal energy storage
applications. The objective of present research was to investigate the influence of biofield treatment on physical and
thermal properties of myristic acid. The study was performed in two groups (control and treated). The control group
remained as untreated, and biofield treatment was given to treated group. The control and treated myristic acid were
characterized by X-ray diffraction (XRD), Differential scanning calorimetry (DSC), Thermogravimetric analysis (TGA),
Fourier transform infrared (FT-IR) spectroscopy, and Laser particle size analyzer. XRD results revealed alteration in
intensity of peaks as well as significant increase in crystallite size (27.07%) of treated myristic acid with respect to control.
DSC study showed increase in melting temperature of treated myristic acid as compared to control. Nevertheless,
significant change (10.16%) in latent heat of fusion (∆H) was observed in treated myristic acid with respect to control.
TGA analysis of treated myristic acid showed less weight loss (31.33%) as compared to control sample (60.49%). This
may be due to increase in thermal stability of treated myristic acid in comparison with control. FT-IR results showed
increase in frequency of –CH2 and C=O stretching vibrations, probably associated with enhanced bond strength and
force constant of the respective bonds. The particle size analyzer showed significant decrease in average particle size
(d50 and d99) of treated myristic acid with respect to control. Overall, the results showed significant alteration in physical,
spectroscopic and thermal properties of myristic acid. The enhanced crystallite size, and thermal stability of treated
myristic acid showed that treated myristic acid could be used as phase change material for thermal energy storage
applications. .

Keywords: Myristic acid; Phase change materials; X-ray diffraction;
Thermal stability; Fourier transform infrared spectroscopy; Particle
size analysis

Abbreviation: XRD: X-ray diffraction; DSC: Differential scanning
calorimetry; TGA: Thermogravimetric analysis; DTA: Differential
thermal analysis; DTG: Derivative thermogravimetry; FT-IR: Fourier
transform infrared; PCMs: Phase change materials

Introduction

encapsulation and drug delivery [11]. Additionally, fatty acids possess
excellent properties such as high phase change enthalpy and tunable
phase change nature [12]. Myristic acid has recently showed great
potential as solid-liquid PCMs for thermal energy storage applications
[13,14]. Hence, by considering the phase change property of myristic
acid, authors decided to investigate the influence of biofield treatment
on its physical, spectroscopic and thermal properties which can be
further utilized for thermal storage applications.
Fritz, has first proposed the law of mass-energy interconversion and
after that Einstein derived the well-known equation E=mc2 for light and
mass [15,16]. Though, conversion of mass into energy is fully validated,
but the inverse of this relation, i.e. energy into mass is not yet verified
scientifically. Additionally, it was stated that energy exist in various
forms such as kinetic, potential, electrical, magnetic, nuclear etc. which
have been generated from different sources. Similarly, neurons which
are present in human brain have the ability to transmit the information
in the form of electrical signals [17-20]. Thus, human beings have the
ability to harness the energy from environment/Universe and can
transmit into any object (living or non-living) around the Globe. The

Nowadays, the energy consumption and production has considered
as an interesting topic and debatable among researchers. The demand
for generation of newer energy sources are increasing steadily day
by day. This calls for design and development of novel energy saving
devices in order to reduce the consumption of energy [1]. The
enormous increase in production of greenhouse gases in atmosphere
and elevation in cost of fossil fuel have caused researchers to develop
more efficient thermal energy storage devices. Thermal energy storage
has grabbed significant attention worldwide for energy conservation
from the available sources of heat [2,3]. Phase change materials
(PCM) are known as substance with high latent heat of fusion, which
are capable of storing and releasing large amount of energy whenever
required. Phase change materials (PCMs) are smart devices that can
be utilized for thermal energy storage. Moreover, form stable phase
change PCMs are especially interesting due to high latent heat, shape
stable and it can be directly used without encapsulation methods [4].
The materials used for fabricating the form stable solid-liquid PCMs
are organic compounds such as paraffin [5], fatty acids [6], fatty alcohol
[7,8], polyethylene glycol and their mixtures [9,10].
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Fatty acids are commonly obtained from natural resources
such as vegetable and animal oil products. These compounds have
wide applicability in cosmetics, washing, environmental clean-up,
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object(s) always receive the energy and respond into a useful manner
that is called biofield energy. This whole process is known as biofield
treatment. Mr. Trivedi is known to transform the characteristics of
various living and nonliving things. The biofield treatment has altered
the physical and thermal properties in metals [21-24], improved the
growth and production of agriculture crops [25-28] and significantly
altered the phenotypic characteristics of various pathogenic microbes
[29-31]. Additionally, biofield treatment has substantially altered the
medicinal, growth and anatomical properties of ashwagandha [32].
By conceiving above mentioned excellent outcome from biofield
treatment and phase change property of myristic acid, this work
was undertaken to investigate the impact of biofield on physical,
spectroscopic and thermal properties of myristic acid.

Materials and Methods
Myristic acid was procured from Sisco Research Laboratories (SRL),
India. The sample was divided into two parts; one was kept as a control
sample, while the other was subjected to Mr. Trivedi’s biofield treatment
and coded as treated sample (T). The treatment group (T) was in sealed
pack and handed over to Mr. Trivedi for biofield treatment under
laboratory condition. Mr. Trivedi provided the treatment through his
energy transmission process to the treated group without touching the
sample. The control and treated samples were characterized by XRD,
DSC, TGA, FT-IR, and particle size analysis.

Characterization
X-ray diffraction (XRD) study
XRD analysis of control and treated myristic acid 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 from this XRD 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).
Percentage change in crystallite size was calculated using following
formula:
Percentage 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
DSC was used to investigate the melting temperature and latent
heat of fusion (∆H) of samples. The control and treated myristic acid
samples were analyzed by using a Pyris-6 Perkin Elmer DSC on a
heating rate of 10ºC/min under air atmosphere and air was flushed at a
flow rate of 5 mL/min.
Percentage change in latent heat of fusion was calculated using
following equations:

Thermogravimetric analysis-differential thermal analysis
(TGA-DTA)
Thermal stability of control and treated Myristic acid were analyzed
by using Mettler Toledo simultaneous TGA and Differential thermal
analyzer (DTA). The samples were heated from room temperature to
400ºC with a heating rate of 5ºC/min under air atmosphere.

FT-IR spectroscopy
FT-IR spectra were recorded on Shimadzu’s Fourier transform
infrared spectrometer (Japan) with frequency range of 4000-500 cm1
. The treated sample was divided in two parts T1 and T2 for FT-IR
analysis.

Particle size analysis
The average particle size and particle size distribution were
analyzed by using Sympetac Helos-BF laser particle size analyzer with
a detection range of 0.1 micrometer to 875 µm. Average particle size d50
and d99 (size exhibited by 99% of powder particles) were computed from
laser diffraction data table. The d50 and d99 values were calculated by the
following formula:
Percentage change in d50 size = 100 × (d50 treated- d50 control)/ d50
control
Percentage Change in d99 size = 100× (d99 treated- d99 control)/ d99
control

Results and Discussion
XRD study
XRD diffractogram of myristic acid (control and treated) are
shown in Figure 1. XRD diffractogram of control sample showed
intense crystalline peaks at 2θ equals to 18.58º, 18.93º, 20.18º, 20.79º,
21.51º, 23.92º, and 37.80º. However, the treated myristic acid showed
alteration in intensity of the XRD peaks. The XRD data of the myristic
acid was well supported by the literature [13]. The XRD peaks of treated
sample were observed at 2θ equals to 18.62º, 18.93º, 20.74º, 21.51º,
23.80º, 23.97º and 37.65º. The result showed that control and treated
myristic acid both has γ pattern α pattern after crystallization [33]. The
crystallite size was calculated using Scherrer formula (crystallite size =
kλ /b cos θ) and the result are presented in Figure 2. The crystallite size
of control myristic acid was 61.58 nm and it was increased to 78.26 nm
in treated sample. The result showed that crystallite size was increased
significantly by 27.07% in treated myristic acid as compared to control.
It was reported previously that increase in processing temperature
significantly affects the crystallite size of the materials. The increase
in temperature causes decrease in dislocation density and increase
in number of unit cell which ultimately causes increase in crystallite
size [34,35]. It is hypothesized that biofield may provide some thermal
energy that possibly cause elevation in crystallite size of treated myristic
acid with respect to control.
Additionally, recently it was showed that introduction of ultrasound
to materials leads to substantial increase in crystallite size [36]. Hence,
it is assumed that biofield treatment may provide electromagnetic
waves similar like ultrasound to treated myristic acid atoms that led to
increase in crystallite size with respect to control.

Thermal analysis
Where, ΔH Control and ΔH Treated are the latent heat of fusion of control
and treated samples, respectively.
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Figure 1: XRD diffractogram of control and treated myristic acid.

Figure 3: DSC thermogram of control and treated myristic acid.

Figure 2: Crystallite size of control and treated myristic acid.

heat of fusion of control and treated myristic acid. DSC thermogram
of control myristic acid shows (Figure 3) an intense endothermic
inflexion at 55.95ºC; attributed to melting temperature of myristic
acid. The melting temperature of myristic acid was well supported by
the literature [37]. However, the treated myristic acid showed a melting
endothermic peak at 57.10ºC. It is assumed that increase in melting
temperature may be due to interaction of treated myristic acid with
biofield energy. It was previously reported that melting temperature
of a material depends on its kinetic energy. Hence, it is assumed here
that biofield may cause alteration in kinetic energy of treated myristic
acid that led to increase in melting temperature. The latent heat of
fusion (∆H) was calculated from the DSC thermograms and results
are presented in Table 1. The control myristic acid showed a ∆H of
211.43 J/g; however after biofield treatment it was changed to 190.15
J/g. The latent heat of fusion was decreased by 10.16% in treated sample
as compared to control. Sari and Kaygusuz showed that myristic acid
J Fundam Renewable Energy Appl
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has a suitable melting point of 49-51ºC and a high latent heat of fusion
[38]. They stated that myristic acid is good for thermal energy storage
for domestic solar water systems [38]. Hence, in the present work the
biofield treated myristic acid showed increase in melting temperature
and appreciable latent heat of fusion which may be utilized for PCMs
for thermal energy storage applications.

TGA Study
TGA was used to get further insights about the thermal stability
of the control and treated myristic acid. TGA thermogram of control
and treated myristic acid are shown in Figure 4. The thermogram of
control myristic acid showed single step thermal degradation pattern.
The onset temperature was noticed at around 196ºC and the thermal
degradation was stopped at around 237ºC. During this step the control
myristic acid lost 60.49% of its weight. However, the treated myristic
acid also showed one step thermal degradation pattern. The sample
started to degrade at around 182ºC and the degradation terminated at
around 237ºC. The thermogram showed 31.33% of weight loss during
this step. This showed that % weight loss of myristic acid was decreased
after biofield treatment and this may be inferred as improvement in
thermal stability of treated sample. Sharma et al., mentioned that good
thermal stability, cheap and wide availability of fatty acids allows them
to be used as PCMs [39]. Hence, it is presumed here that biofield treated
myristic acid could be a good prospect as PCMs.
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Figure 5: FT-IR spectrum of control myristic acid.

Figure 4: TGA thermogram of control and treated myristic acid.

The DTA thermogram of control myristic acid showed two
endothermic peaks at 56.18ºC and 222.09ºC. The former peak
attributed to melting of the myristic acid and second peak represented
the thermal decomposition of the compound. However, the DTA
thermogram of treated myristic acid showed two endothermic peaks;
first one corresponded to melting endotherm (56.71ºC) and second
peak was due to thermal decomposition (227.77ºC). Derivative
thermogravimetry (DTG) of control myristic acid showed maximum
thermal decomposition temperature (Tmax) at 213.87ºC; however it was
decreased in treated myristic acid (206.38ºC) (Table 1). Hence, the
DTG result of treated myristic acid showed no improvement in Tmax
after biofield treatment.

FT-IR spectroscopy
FT-IR spectrum of control and treated myristic acid are presented
in Figures 5 and 6, respectively. The control myristic acid showed band
corresponding to C=O stretching vibration at 1701 cm-1. Other peaks
at 2916 and 2848 were due to symmetrical and asymmetrical stretching
of –CH2 functional group in fatty acid. The stretching peaks at 686, 721
and 939 cm-1 were due to –OH swinging or rocking mode, which were
characteristics of aliphatic chain of myristic acid [40]. The FT-IR peaks
at 1431, and 1464 cm-1 were due to –CH2 bending vibration peaks.
Other peaks were observed at 1286 and 1261 cm-1 represents the C-H
and C-C bending vibrations, respectively.
FT-IR spectrum of treated myristic acid T1 and T2 are presented
in Figure 6. FT-IR spectrum of T1 showed typical absorption peaks of
–CH2 stretching vibrations at 2916 and 2848 cm-1. Likewise, to control
the peak at 1701, 1431 and1464 cm-1 were due to C=O group stretching
and –CH2 bending vibrations. The absorption peaks at 1286 and 1261
J Fundam Renewable Energy Appl
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Figure 6: FT-IR spectra of treated myristic acid (T1 and T2).

cm-1 corresponded to C-H and C-C bending vibrations, respectively.
The FT-IR peaks at 686, 721, and 939 cm-1 were due to –OH swinging
or rocking vibrations. This showed no significant difference in FT-IR
peaks of control and T1 myristic acid sample.
Whereas, the T2 sample showed substantial upward shifting of the
FT-IR peaks of 2916→2926 cm-1 (-CH2 stretch), 2848→2854 cm-1 (-CH2
stretch), and 1701→1712 (C=O stretch). It was previously suggested that
the frequency (ν) of vibrational peak depends on two factors i.e. force
constant and reduced mass [41]. If mass is constant then frequency is
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directly proportional to force constant, hence, increase in frequency
of any bond may cause possible enhancement in force constant of
respective bond and vice versa. Hence, it is assumed that increase in
frequency of –CH2 and C=O groups in T2 sample may increase the
force constant and strength of these bonds. Moreover, the FT-IR of T2
also showed upward shifting of –CH2 bending (1464→1471 cm-1) and
C-C bending (1286→1294 cm-1) which may be due to some changes
in chemical nature of the sample. Overall, the FT-IR results of treated
myristic acid (T2) showed substantial alteration in bond strength and
force constant after biofield treatment which may improve the stability
of treated sample with respect to control.

Particle size analysis
Particle size of myristic acid (control and treated) was calculated
from particle size distribution graph and presented in Figures 7 and
8. The average particle size (d50) of control myristic acid was 63.19
µm and it was decreased to 21.67 µm in treated sample (Figure 7).
Additionally, the d99 value (size exhibited by 99% of the particles) was
decreased significantly in treated myristic acid 135.25 µm as compared
to control myristic acid (679.95 µm). The d50 and d99 both were altered
significantly by 65.7% and 80.1%, respectively in treated myristic acid

(Figure 8). The biofield treatment may cause fracture in the bigger size
microparticles which led to reduction in particle size of treated myristic
acid as compared to control.

Conclusion
The result showed significant impact of biofield treatment on
physical, spectroscopic and thermal properties of myristic acid. XRD
showed substantial increase in crystallite size of treated myristic acid
with respect to control. DSC study on treated myristic acid showed
increase in melting temperature with respect to control. A significant
change in latent heat of fusion (10.16%) was observed in treated
myristic acid as compared to control. TGA analysis revealed the
lowering in weight loss of treated myristic acid as compared to control,
which corroborated its high thermal stability. FT-IR spectroscopic
study showed the alteration in force constant and bond strength of
treated myristic acid with respect to control. Moreover, the biofield
treated myristic acid showed decrease in particle size that may enhance
the surface area as compared to control sample. Therefore, high melting
temperature, thermal stability and appreciable latent heat of fusion of
treated myristic acid may improve the phase change nature and it could
be used for fabrication of thermal energy storage devices. Although,
future studies such as thermal conductivity measurement can be
further design to study the potential of biofield treated myristic acid for
these applications.
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