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Introduction
Diaminopyridine are important class of organic compounds, mostly 

used for synthesis of dyes, cosmetics, drugs and explosives. Recently, 
2, 4-diaminopyridine was used as pharmacological agent for muscle 
relaxant used in anesthesia and it can increase the neuromuscular 
transmission in certain disease conditions. Additionally, 3, 
4-diaminopyridine was used as a drug for the treatment of Lambert–
Eaton syndrome (a rare autoimmune disorder characterized by muscle 
weakness) and also prescribed for multiple sclerosis [1]. Moreover, 
4-aminopyridine a pyridine derivative was used for K-channel blocker 
in axonal membranes, and also to prolong the nerve action potential 
[2]. 2, 6- Diaminopyridine (2, 6-DAP) is used for synthesis of hair dye 
and energetic compounds [3]. Besides, it is also used as intermediate 
for the synthesis of epoxy curing agent, polyamides, and preparation 
of analgesic phenazo- pyridine hydrochloride. Further, it was reported 
that amino pyridine and diaminopyridine are present in many 
biologically significant molecules such as folate, antifolate drugs, and 
cytosine derivatives [4]. However, it has been shown that 2, 6-DAP and 

related compounds have less water solubility and it does not cross the 
blood brain barrier [5], which limits its pharmaceutical applications. 
Hence, alternative strategies should be devised in order to improve the 
solubility and stability of the compounds. Mohammadi et al. used fast 
neutron and gamma irradiation to investigate the thermal, structural 
and colorant properties of 2, 6-DAP [6]. Recently biofield treatment has 
been reported to use as an effective alternative strategy for altering the 
physical and thermal properties of various metals and ceramics [7-10]. 
Hence, by considering the pharmaceutical significance of 2, 6-DAP, the 
present study was aimed to evaluate the influence of biofield treatment 
on physical, thermal and spectral properties of this compound. 

German physicist George Christopher Lichtenberg coined the 
term Bioelectrography in 1770 and it was observed that light coming 
out from different subjects in electrical fields [11]. Moreover, short-
lived electrical events called action potential exist in several types of 
animal cells, neuronal cells, muscle cells, and endocrine cells. For 
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instance, neurons which are present in human nervous system have 
the ability to transmit the information in the form of electrical signals 
[12-16]. Additionally, the biofield is a cumulative outcome of electric 
and magnetic field, exerted by the human body [17,18]. It is generates 
through some internal dynamic processes such as blood flow, lymph 
flow, brain functions, and heart function in the human body. 

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 object(s) always receive the energy 
and responding into a useful manner that is called biofield energy. 
Mr. Trivedi’s unique biofield treatment is also known as The Trivedi 
Effect®. Mr. Trivedi is known to transform the characteristics of various 
living and nonliving things. The biofield treatment has improved the 
growth and production of agriculture crops [19-22] and significantly 
altered the phenotypic characteristics of various pathogenic microbes 
[23-25]. Additionally, biofield treatment has substantially altered 
the medicinal, growth and anatomical properties of ashwagandha 
[26]. After considering the above mentioned outcome from biofield 
treatment and pharmaceutical applications of 2, 6-DAP, this work was 
undertaken to investigate the impact on physical, thermal and spectral 
properties of the 2, 6-DAP. 

Materials and Methods
2, 6-Diaminopyridine (2, 6-DAP) was procured from SD Fine 

Chemicals Limited, India. The control and treated samples were 
characterized by XRD, DSC, TGA, laser particle size analyzer, surface 
area analyzer, FT-IR and UV visible analysis. 

Biofield treatment 

2, 6-Diaminopyridine (2, 6-DAP) 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. The treatment 
group 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. After biofield treatment the control and 
treated group was subjected to physicochemical characterization under 
standard laboratory conditions. 

Characterizations
X-ray diffraction (XRD) study

XRD analysis of control and treated 2, 6-DAP was carried out on 
Phillips, Holland PW 1710 X-ray diffract meter 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)

DSC was used to investigate the melting temperature and latent 
heat of fusion (∆H) of samples. The control and treated 2, 6-DAP 
samples were analyzed using a Pyris-6 Perkin Elmer DSC on a heating 
rate of 10°C/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:

[ ]Treated Control

Control

  
% change in Latent heat of fusion 100

ÄH 
∆Η −∆Η

= ×

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

Thermo gravimetric analysis-differential thermal analysis 
(TGA-DTA) 

Thermal stability of control and treated 2, 6-DAP were analyzed 
by using Mettler Toledo simultaneous TGA and Differential thermal 
analyzer (DTA). The samples were heated from room temperature to 
400°C with a heating rate of 5°C/min under air atmosphere. 

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

Surface area analysis 

Surface area of 2, 6-DAP were characterized by surface area 
analyzer, SMART SORB 90 Brunauer-Emmett-Teller (BET) using 
ASTM D 5604 method which had a detection range of 0.2-1000 
m2/g. Percent changes in surface area were calculated using following 
equation:

[ ]Treated Control

Control

S S 
% change in surface area 100

S 
−

= ×

Where, S Control and S Treated are the surface area of control and treated 
samples respectively. 

FT-IR spectroscopy

FT-IR spectra were recorded on Shimadzu’s Fourier transform 
infrared spectrometer (Japan) with frequency range of 4000-500 cm-1. The 
treated sample was divided in two parts T1 and T2 for FT-IR analysis. 

UV-Vis spectroscopic analysis

UV spectra of control and treated 2, 6-DAP samples were recorded 
on Shimadzu UV-2400 PC series spectrophotometer with 1 cm quartz 
cell and a slit width of 2.0 nm. The analysis was carried out using 
wavelength in the range of 200-400 nm. The treated sample was divided 
in two parts T1 and T2 for the analysis. 
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in treated 2, 6-DAP as compared to control. It is hypothesized that 
biofield energy may be acted on treated 2, 6-DAP crystals at nuclear 
level and altered the number of proton and neutrons as compared to 
control, which may lead to change in its molecular weight [27]. 

The crystallite size was calculated using Scherer formula and data 
are reported in Figure 2. The crystallite size of control 2, 6-DAP was 
139.48 nm and it was decreased to 105.02 nm in treated sample. The 
result showed reduction in crystallite size by 24.70% in treated 2, 
6-DAP with respect to control. The decrease in crystallite size in treated 
2, 6-DAP was may be due to development of internal strain in the 
compound that led to reduction in crystallite size in the sample (Figure 
2). Zhang et al. reported that presence of internal strains and increase of 
atomic displacement from their ideal lattice positions cause reduction 
in crystallite size [28]. Hence, it is assumed that biofield treatment may 
induce internal strain, which may decrease the crystallite size of the 2, 
6-DAP as compared to control. It was previously suggested that Nano 
scale particle size and small crystallite size can overcome slow diffusion 
rate by reducing overall diffusion distance and this enhances the net 
reaction rate [29,30]. Hence, it is assumed that lower crystallite size 
of treated 2, 6-DAP may improve its reaction rate [31] and it could be 
utilized as intermediate for synthesis of pharmaceutical compounds. 

DSC Study

DSC thermo gram of control and treated 2, 6-DAP are depicted 
in Figure 3. DSC thermogram of control 2, 6-DAP showed two 
endothermic peak behaviors in the sample. The first endothermic 
inflexion was observed at 74.26°C corresponded to melting of the 
monomeric form of control 2, 6-DAP. The second endothermic peak 
was observed at 122.34°C corresponded to melting of dimeric form 
of control 2, 6-DAP, that was in agreement with reported melting 
point value in literature (115-123°C) [6]. Schwalbe et al. reported 
that 2, 6-DAP molecule has two monomer and dimmer forms [4]. 
They suggested that presence of hydrogen bonds in dimer lattice form 
increased its melting point with respect to monomer form. Likewise, the 
DSC thermogram of treated 2, 6-DAP also showed occurrence of two 
endothermic peaks. The first peak was observed at around 78°C, which 
was due to melting of monomeric form in treated sample (Figure 3). 
The second endothermic peak was observed at 122.80°C corresponded 
to melting of the dimer form of the compound. 

The latent heat of fusion was computed from the respective DSC 
thermogram of control and treated 2, 6-DAP samples and data are 
presented in Table 2. The control 2, 6-DAP showed a latent heat of 
fusion of 109.5 J/g; however, it was increased considerably in the 
treated 2, 6-DAP (148.18 J/g). The increase in latent heat of fusion in 
the treated 2, 6-DAP was 35.32% that showed significant increase as 
compared to control 2, 6-DAP. It was reported that intermolecular 
forces exist between molecules of a material, hence, energy required to 
overcome this interaction is known as latent heat of fusion. Hence, the 
energy absorbed during phase change of a material from solid to liquid 
is stored as potential energy in the substance [32]. Thus, it is assumed 
that biofield treatment may enhance the potential energy of the treated 
2, 6-DAP that may lead increase in latent heat of fusion of sample with 
respect to control. 

TGA study

TGA thermogram of control and treated 2, 6-DAP are presented 
in Figure 4. The TGA thermogram of control 2, 6-DAP showed one 
step thermal degradation pattern. The sample started to degrade at 
around 148°C and the thermal degradation was terminated at 225°C. 
During this step sample lost 69.07% of its weight. However, the treated 

Results and Discussions
XRD study

XRD diffractogram of control and treated 2, 6-DAP are presented 
in the Figure 1. The XRD diffractogram of control 2, 6-DAP showed 
intense crystalline peaks at 2θ equals to 17.26°, 17.37°, 19.73°, 19.89°, 
and 22.63°. Whereas the treated 2, 6-DAP sample also showed similar 
crystalline nature. The XRD diffractogram of treated sample showed 
intense peaks at 2θ equals to 17.60°, 19.97°, 20.09°, 23.90°, and 29.59°. 
The comparative evaluation of the XRD diffractogram showed decrease 
in intensity of the treated 2, 6-DAP with respect to control (Figure 1). 
This showed that crystallinity of the 2, 6-DAP was decreased after 
biofield treatment as compared to control. It is assumed that biofield 
treatment may cause disturbance in molecular arrangement or long 
range pattern of the treated 2, 6-DAP that might leads to decrease in 
crystallinity. 

The unit cell volume, crystallite size and change in molecular weight 
were computed from the XRD diffractogram and results are presented 
in Table 1. The unit cell volume of control 2, 6-DAP was 577.99 × 10-23 
cm3 and it was decreased to 560.77 × 10-23 cm3 in treated sample. The 
treated 2, 6-DAP sample showed 2.97% decrease in unit cell volume as 
compared to control sample. Whereas the molecular weight of control 
2, 6-DAP was 113.14 g/mol; however it was decreased to 109.77 g/
mol in treated sample. The molecular weight was decreased by 2.98% 

Figure 1: XRD diffractogram of control and treated 2, 6-Diaminopyridine.

Compound Characteristics Control Treated % change
Unit cell volume (10-23 cm3) 577.99 560.77 -2.97
Molecular Weight (g/mol) 113.14 109.77 -2.98

Table 1: XRD data (unit cell volume, crystallite size and molecular weight) of 
control and treated 2, 6-Dimanopyridine.
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Figure 2: Crystallite size of control and treated 2, 6-Diaminopyridine.

Figure 3: DSC thermogram of control and treated 2, 6-Diaminopyridine.

reduction in weight loss with respect to control revealed the increase in 
thermal stability of the sample

Particle size and surface area analysis

Particle size (d50 and d99) of control and treated 2, 6-DAP are 
computed from the particle size distribution graph and results are 
presented in Figure 5. The d50 (average particle size) of control 2, 6-DAP 
was 88.59 µm and it was decreased to 70.47 µm in treated sample. 
Whereas, the d99 (size exhibited by 99% of the particles) of control 2, 
6-DAP was 397.08 µm and it was decreased substantially to 169.32 µm 
in treated sample. The result showed significant decrease in d50 and d99 
by 20.5 and 57.4% in treated 2, 6-DAP with respect to control sample 
(Figure 5). This marked reduction in particle size of treated 2, 6-DAP 
was may be due to energy milling caused by biofield treatment. The 

Figure 4: TGA thermogram of control and treated 2, 6-Diaminopyridine.

2, 6-DAP started to degrade at around 184°C and this thermal event 
terminated at around 235°C. During this thermal process sample lost 
47.97% of its weight. Hence, the result showed reduction in weight loss 
of treated 2, 6-DAP with respect to control. 

DTA thermogram of control and treated 2, 6-DAP are presented 
in Figure 4. DTA thermogram of control 2, 6-DAP showed two 
endothermic peaks at 120.64°C and 199.35°C. The former peak was 
due to melting temperature of the control sample. Whereas, later peak 
was due thermal degradation of sample. DTA thermogram of treated 
2, 6-DAP showed two endothermic peaks at 121.33°C due to melting 
temperature and second peak at 211.95°C which was may be due to 
thermal degradation of the sample. Hence, this showed increase in 
thermal degradation temperature of treated 2, 6-DAP with respect to 
control. 

The maximum decomposition temperature (Tmax) was evaluated 
from derivative thermogravimetry (DTG) of control and treated 2, 
6-DAP. The DTG thermogram of control 2, 6-DAP showed a Tmax at 
186.84°C; however, it was significantly increased to 203.52°C in treated 
2, 6-DAP. The significant increase in Tmax of treated 2, 6-DAP and 

Parameter Control Treated
Latent heat of fusion ΔH (J/g) 109.5 148.18

Melting temperature (°C) 122.34 122.80
Tmax (°C) 186.84 203.52

Weight loss (%) 69.07 47.97

Table 2: Thermal analysis data of control and treated 2, 6-Dimanopyridine.
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energy milling led to fracture in the internal boundaries and that led to 
formation of smaller particles [27]. 

 Surface area analysis was conducted using BET analysis and results 
are presented in Figure 6. The control 2, 6-DAP showed a surface area 
of 0.0594 m2/g and it was increased to 0.1043 m2/g in treated sample. 
The result showed significant increase in surface area by 75.58% in 
treated 2, 6-DAP as compared to control. Since the surface area and 
particle size changes are usually opposite to each other i.e., smaller the 
particles size, larger the surface area and vice versa [33,34]. Hence, it 
is assumed that biofield treatment may cause reduction in particle size 
and increase in surface area of treated 2, 6-DAP with respect to control. 
It was reported that in a reaction between solid and liquid, the high 
surface area of the solid will ultimately affect the rate of reaction. Thus 
liquid and solid can bump into each other at the solid liquid interface, 
which is on the surface of the solid. Therefore more surface area of the 
solid will expose more molecules to the liquid, which allows for a faster 
reaction [35]. Thus, increase in surface area might improve solubility of 
treated 2, 6-DAP that could improve its reaction rate during synthesis 
of pharmaceutical compounds. 

FT-IR spectroscopy 

FT-IR spectroscopy was used to investigate the structural changes 
in the treated 2, 6-DAP with respect to control. FT-IR spectrum 
of control and treated 2, 6-DAP are presented in Figure 7. FT-IR 
spectrum of control 2, 6-DAP showed characteristic vibration peaks at 
3390, 3309 and 3132 cm-1 due to N-H asymmetric, N-H symmetric and 
N+-H stretching vibrations, respectively. Vibration peaks at 2951, and 
2883 cm-1 were due to C-H aromatic and C-H symmetric stretching 
(methyl), respectively. FT-IR peak at 1637 cm-1 was due to bending 
vibrations of N-H group of pyridine. The vibration peaks for C=C, C-N 
stretching and C-H in plane bending were observed at 1577, 1184, and 
1120 cm-1, respectively. Vibration peaks at C-O stretching was noticed 
at 1064 cm-1. FT-IR results were well supported from the published 
literature [34].

FT-IR spectrum of 2, 6-DAP (T1) is presented in Figure 7. The FT-
IR spectrum showed peaks at 3390, 3306 and 3126 cm-1 corresponded 
to N-H asymmetric, N-H symmetric and N+-H stretching vibrations. 
The other typical peaks observed at 2951, and 2756 cm-1 were due to 
C-H aromatic and C-H symmetrical vibrations, respectively. Vibration 
peaks for N-H bending and C=C group stretching were observed at 
1637 and 1577 cm-1, respectively. FT-IR peaks at 1182, and 1064 cm-1 
corresponded to C-N and C-O, stretching vibrations. C-H out of plane 
bending vibration was observed at 1118 cm-1. 

FT-IR spectrum of 2, 6-DAP (T2) is shown in Figure 7. The FT-
IR spectrum showed peaks at 3377, 3302 and 3138 cm-1 corresponded 
to N-H asymmetric, N-H symmetric and N+-H stretching vibrations, 
respectively. C-H (aromatic) and C-H methyl stretching were observed 
at 2949 and 2798 cm-1, respectively. FT-IR peaks at 1604, 1589, and 
1184 cm-1 were mainly due to N-H bending, and C=C, C-N stretching 
vibrations. Vibration bands at 1116 and 1064 cm-1 were corresponded 
to C-H out of plane bending and C-O stretching vibrations. Overall, 
the result showed changes in O-H stretching (3390→3377 cm-1), C-H 
stretching (3132→3138 cm-1) and N-H bending (1637→1604 cm-1) FT-
IR peaks with respect to control. The downward shift of O-H stretch 
and N-H bending of 2, 6-DAP (T2) could be due to biofield treatment. 
It is presumed that decrease in wavenumber of these FT-IR peak may 
be due to decrease in force constant and bond strength of treated 2, 
6-DAP (T2) as compared to control [35]. 
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Figure 5: Particle size (d50 and d99) data of control and treated 2, 6-Diaminopyridine.

0

0.02

0.04

0.06

0.08

0.1

0.12

Control Treated

Su
rf

ac
e 

ar
ea

 (m
2 /g

) 

Figure 6: Surface area of control and treated 2, 6- Diaminopyridine.

Figure 7: FT-IR spectra of control and treated 2, 6- Diaminopyridine (T1 and T2).  
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Figure 8: UV-visible spectra of control and treated 2, 6-Diaminopyridine (T1 
and T2). 

UV visible spectroscopy 

UV-visible spectroscopy was used to investigate the chemical 
changes in treated 2, 6-DAP with respect to control. UV visible spectra 
of control and treated sample are shown in Figure 8. The UV spectrum 
of control 2, 6-DAP showed absorption peaks at 308, 244, and 203 nm 
(λmax). However, the treated 2, 6-DAP (T1) showed absorption peaks at 
309, 244, and 203 nm (λmax). Likewise the 2, 6-DAP (T2) also showed 
similar absorption peaks at 308, 244 and 202 nm (λmax). The result 
showed no alterations in absorption peaks of the treated 2, 6-DAP as 
compared to control sample. 

Conclusion
XRD analysis showed reduction in peak intensity of treated 

2, 6-DAP with respect to control that may be due to decrease in 
crystallinity of the sample. XRD results showed decrease in unit 
cell volume and molecular weight in treated 2, 6-DAP sample with 
respect to control. A significant decrease in crystallite size of treated 
2, 6-DAP was observed as compared to control. DSC analysis showed 
no significant change in the melting temperature of treated 2, 6-DAP 
with respect to control. However, significant increase in latent heat 
of fusion was evidenced in treated 2, 6-DAP with respect to control. 
TGA analysis of treated 2, 6-DAP showed reduction in weight loss as 
compared to control. The treated 2, 6-DAP showed increase in Tmax 
with respect to control. This showed the increase in thermal stability 
of the treated 2, 6-DAP with respect to control. Moreover, the treated 
sample showed substantial reduction in particle size as compared to 
control. Additionally, significant increase in surface area was observed 
in treated 2, 6-DAP with respect to control. FT-IR analysis showed 
changes in O-H stretching, C-H stretching and N-H bending with 
respect to control. However, UV-visible analysis results of treated 
compound showed no alteration in absorption peaks when compared 
to control. Altogether, the results demonstrated the substantial impact 
of biofield treatment on physical, thermal and spectral properties of 
treated 2, 6-DAP. It is assumed that high thermal stability of treated 2, 
6-DAP could be used as intermediate for synthesis of pharmaceutical 
compounds. 
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