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Abstract
Aromatic amines and their derivatives are widely used in the production of dyes, cosmetics, medicines and
polymers. However, they pose a threat to the environment due to their hazardous wastes as well as their carcinogenic
properties. The objective of the study was to use an alternate strategy i.e. biofield energy treatment and analyse its
impact on physicochemical properties of aromatic amine derivatives viz. p-phenylenediamine (PPD) and p-toluidine.
For this study, both the samples were taken and divided into two parts. One part was considered as control and another
part was subjected to Mr. Trivedi’s biofield treatment. After treatment, both samples were analysed for their physical,
thermal and spectral properties as compared to their respective control samples. The analysis was done by using X-ray
diffraction (XRD), surface area analyser, thermogravimetric analysis (TGA), Fourier transform infrared (FT-IR), and
ultraviolet-visible (UV-Vis) spectroscopy. The XRD studies and surface area analysis of PPD sample revealed that the
crystallite size and surface area of the treated sample was increased by 11.12% and 8.49%, respectively as compared
to the control sample. In case of p-toluidine, the crystallite size and surface area of treated sample were decreased by
4.8% and 8.43%, respectively as compared to control. The treated PPD sample also showed an alteration in thermal
degradation properties as it exhibited two-steps thermal decomposition as compared to single step decomposition in
the control sample. In case of p-toluidine, the treated sample showed decreased onset temperature of degradation
(112°C→100°C) and Tmax (temperature at which maximum weight loss occur) (136°C→125°C) as compared to control
sample. Moreover, the FT-IR analysis revealed that C-C aromatic stretching peak in treated PPD sample was shifted to
the lower frequency (1456→1444 cm-1) as compared to the control sample. Besides, in p-toluidine, the treated sample
showed the alteration in frequencies of C-N-H bending, C-H bending, C-H stretching, and C-C aromatic stretching and
bending peaks as compared to the control sample. However, no alteration was found in UV-Vis spectroscopic analysis
of treated PPD and p-toluidine samples as compared to their respective control samples. These findings suggest that
the biofield treatment significantly altered the physical, thermal and IR spectroscopic properties of PPD and p-toluidine
samples.
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p-Toluidine; X-ray diffraction; Surface area analysis; Thermogravimetric
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Abbreviations:
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Introduction
Aromatic amines are widely present in natural products, sulpha
drugs, dyes, vitamins, amino acids, and nucleic acids [1]. Amines and its
salts are known to possess bactericidal, fungicidal and algaecidal activities
[2]. They are also used in manufacturing of dyes, cosmetics, medicines
and rubber. Aromatic secondary amines are used as antioxidants
in rubber industries [3]. Aromatic amines have growing interest in
the environmental chemistry as they form hazardous waste and also
considered as potential carcinogens [4]. p-Phenylenediamine (PPD) is
a derivative of the aromatic amine, which is widely used in the organic
and coordination chemistry. In the presence of air, it oxidizes to purple
and black colour hence, it is mainly used as an ingredient of oxidative
hair colouring products [5]. The mechanism is based on the alkaline
peroxide oxidation where this diamine is oxidized in combination with
other amino and phenolic compounds (modifiers) and gives various
shades on hair [6]. Moreover, it is also used as a precursor to certain
polymers, plastics and fibres, photographic developing agent and as a
histological stain for some lipids [7,8]. p-Toluidine is another aromatic
amine that is used in the manufacturing of various dyes, pesticides and
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pharmaceuticals. It is mainly demanded worldwide for the production
of intermediates in pigment synthesis, for example, 4-toluidine-3sulfonic acid (4B acid), m-nitro-p-toluidine, etc. It is also used as a
reagent for lignin, nitrite and chloroglucinol [9,10]. Although these
compounds have wide applications but they also create certain toxicity
problems. PPD is reported to cause immunologic skin reactions and
it is a very common allergen in human [11,12]. Similarly p-toluidine
is reported as carcinogenic and may cause cyanosis by oxidation of
iron in the haemoglobin ring and converting it to methemoglobin
[13,14]. All these problems are associated with the structural properties
of aromatic amine derivatives. Hence, some alternative strategies are
needed that can alter the physical, thermal and structural properties of
these compounds in a cost effective manner. Recently, studies reported
that biofield treatment has been known to alter various properties of
living organisms and non-living things. A biofield is generated in the
form of electromagnetic field due to the motion of charged particles
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such as protons, electrons, and ions in the human body [15]. The
energy associated with this field is known as biofield energy and is
responsible for communicating information to and among the body.
The health of living organisms can be influenced by balancing this
energy from the environment through natural exchange process [16].
Biofield therapies are described by National Institute of Health (NIH)
and National Centre for Complementary and Alternative Medicine
(NCCAM). NCCAM includes biofield therapy as a subcategory of
energy medicine among complementary and alternative medicines
[17,18]. Almost 43% of the US populations and approximately onethird of the UK populations have been using either form of the healing
therapies or the complementary and alternative medicine (CAM)
therapy [19]. Thus, the human has the ability to harness the energy
from the environment or universe and can transmit it to any living
or nonliving object(s) around the Globe. The objects always receive
the energy and responding to the useful way. This process is known
as biofield energy treatment. Mr. Trivedi’s unique biofield energy
(The Trivedi effect®) has been known for its significant impact in the
field of material science research [20-22], agriculture research [23,24],
microbiology research [25-27] and biotechnology research [28,29].
Hence, based on wide applications of biofield treatment, the current
study was designed to evaluate the impact of biofield treatment on
physical, thermal and spectroscopic properties of PPD and p-toluidine.

Materials and Methods
p-Phenylenediamine (PPD) and p-toluidine were procured from
Loba Chemie Pvt. Ltd., India. Both samples were divided into two
parts; one part was kept as a control while the other part was subjected
to Mr. Trivedi’s biofield treatment and coded as treated sample. The
treated samples in sealed pack were handed over to Mr. Trivedi for
biofield treatment under standard laboratory conditions. Mr. Trivedi
provided the treatment through his energy transmission process to
the treated groups without touching the samples. The biofield treated
samples were returned in the same sealed condition for further
characterization using XRD, surface area analyser, TGA, FT-IR and
UV-Vis spectroscopic techniques.

X-ray diffraction (XRD) study
XRD analysis was carried out on Phillips, Holland PW 1710 X-ray
diffractometer system. The X-ray generator was equipped with a copper
anode with nickel filter operating at 35 kV and 20 mA. The wavelength
of radiation used by the XRD system was 1.54056 Å. The XRD data
were acquired over the 2θ range of 10°-99.99° at 0.02° interval with a
measurement time of 0.5 seconds per 2θ intervals. 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°), and
relative intensity (%).
The average size of crystallite (G) was calculated from the Scherrer
equation with the method based on the width of the diffraction patterns
obtained in the X-ray reflected the crystalline region.
G=kλ/(bCosθ)
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 peaks and θ the
corresponding Bragg angle.
Percent change in crystallite size was calculated using the following
equation:
Percent change in crystallite size=[(Gt-Gc)/Gc] × 100
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Where, Gc and Gt are crystallite size of control and treated powder
samples respectively.

Surface area analysis
The surface area of PPD and p-toluidine were measured by the
surface area analyser, Smart SORB 90 based on Brunauer–Emmett–
Teller (BET). Percent changes in surface area were calculated using
following equation:
[STreated − SControl ] ×100
% change=
in surface area
SControl
Where, S Control and S Treated are the surface area of control and treated
samples respectively.

Thermogravimetric analysis/Derivative thermogravimetry
(TGA/DTG)
Thermal stability of control and treated samples of PPD and
p-toluidine was analysed using Mettler Toledo simultaneous
thermogravimetric 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.

Spectroscopic studies
For determination of FT-IR and UV-Vis spectroscopic characters,
the treated samples were divided into two groups i.e. T1 and T2. Both
treated groups were analysed for their spectral characteristics using
FT-IR and UV-Vis spectroscopy as compared to respective control
samples.

Fourier
transform-infrared
characterization

(FT-IR)

spectroscopic

The samples were crushed into fine powder for analysis. The
powdered sample was mixed in spectroscopic grade KBr in an
agate mortar and pressed into pellets with a hydraulic press. FT-IR
spectra were recorded on Shimadzu’s Fourier transform infrared
spectrometer (Japan). FT-IR spectra are generated by the absorption
of electromagnetic radiation in the frequency range 4000-400 cm-1. The
FT-IR spectroscopic analysis of PPD and p-toluidine was carried out to
evaluate the impact of biofield treatment at atomic and molecular level
like bond strength, stability, rigidity of structure, etc. [30].

UV-Vis spectroscopic analysis
The UV-Vis spectral analysis was measured using Shimadzu UV2400 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 the optical
properties of PPD and p-toluidine samples. With UV-Vis spectroscopy,
it is possible to investigate the electronic transition between orbitals or
bands of atoms, ions and molecules existing in the gaseous, liquid and
solid phase [31].

Results and Discussion
X-ray diffraction
X-ray diffraction study was conducted to study the crystalline
pattern of the control and treated samples of PPD and p-toluidine
(Figure 1). Figures 2 and 3 showed the XRD diffractogram of control
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that probably strengthen the hydrogen bonding between amino groups
of PPD. These intermolecular interactions might lead to the formation
of a polymeric chain-like structure that could lead to increasing
crystallite size of treated PPD sample as compared to control.

p-Phenylenediamine

p-Toluidine

Figure 1: Chemical structures of p-phenylenediamine and p-toluidine.

p-Phenylenediamine

Besides, the crystallite size of p-toluidine samples was found as 81.21
and 77.31 nm in control and treated sample, respectively. It suggested
that crystallite size was decreased by 4.8% in treated p-toluidine as
compared to control (Figure 4). It was previously reported that ultrasonic
energy can cause the decrease in crystallite size [33]. Recently, our group
reported that biofield treatment has produced lattice strain in ceramic
nano oxides [20]. Hence, it is hypothesized that biofield energy treatment
might transfer some energy that may create some lattice strain within
the molecules geometry. This strain may lead to fracturing of grains into
subgrains, which resulted in the decreased crystallite size.

Surface area analysis
Control

The surface area of control and treated samples of PPD and
p-toluidine was investigated using BET method. In PPD, the control
sample showed a surface area of 0.377 m2/g; however, the treated sample
showed a surface area of 0.409 m2/g. The increase in surface area was
8.49% in the treated PPD sample as compared to control (Figure 4). As
it was evident from XRD studies that after biofield treatment, the PPD
molecules may form intermolecular chain-like structure [32], hence it
could lead to increase the surface area of treated sample as compared
to control.
In the p-toluidine sample, the control sample showed a surface area
of 0.249 m2/g; however, treated sample showed surface area of 0.228

Treated

p-Toluidine
Control

Figure 2: X-ray diffractogram (XRD) of control and treated samples of
p-phenylenediamine.

and treated samples of PPD and p-toluidine, respectively. The XRD
diffractograms showed a series of sharp peaks in the regions of
10º<2θ>35º, which depicted that both samples had high crystallinity
and long range ordering. From the diffractograms, it was evident that
there was no broadening of peaks due to amorphous components, and
both samples were found to be crystalline in nature.
The average crystallite size was calculated using Scherrer equation.
The crystallite size of PPD samples was found as 96.00 and 106.67 nm
in control and treated PPD, respectively. It showed that crystallite size
was increased by 11.12% in treated PPD as compared to control (Figure
4). It was previously reported that amino groups present in PPD
structure have the tendency to interact via N-H⋯N hydrogen bonds
into a polymeric chain. These N-H⋯N interactions generate a threedimensional network of PPD molecules [32]. It is hypothesized that the
treated PPD molecules absorbed the energy through biofield treatment
J Environ Anal Toxicol
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Treated

Figure 3: X-ray diffractogram (XRD) of control and treated samples of
p-toluidine.
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Figure 4: Percent change (%) in crystallite size and surface area of treated
samples of p-phenylenediamine and p-toluidine as compared to respective
control samples.

m2/g. The surface area of the treated sample was decreased by 8.43%
(Figure 4) as compared to control sample. It was reported previously
that pore volume of particles decreased significantly with increasing
heat treatment that ultimately decreased the surface area of particles
[34]. Hence, it is hypothesized that biofield treatment might transfer
the energy that probably reduces the pore volume of treated p-toluidine
sample. It further leads to decreased surface area of treated sample as
compared to control.

TGA/DTG analysis
The thermal degradation of PPD and p-toluidine was studied using
thermogravimetric techniques. The TGA and DTG thermograms of
control PPD sample (Figure 5) showed that decomposition of sample
took place in a single step, which started around 141°C (onset) and
ended at 216°C. However, the decomposition of treated PPD proceeded
in two steps, in which first weight loss was observed around 120-160°C
and second decomposition occurred in the temperature range of 170220°C. Besides, DTG thermogram data showed that Tmax was found at
186.8°C in control whereas, in treated sample, it was found at 140.72°C
in the first step and 192.69°C in the second step. It was assumed in XRD
studies that PPD molecules may form a polymer chain like structure due
to intermolecular bonding after biofield treatment. Hence from TGA data,
it is hypothesized that the first stage degradation of treated PPD sample
might occur due to loss of oligomer like structures [35] and second step
might be related to thermal decomposition of treated PPD sample.
In case of p-toluidine, TGA thermogram (Figure 6) showed that
control sample started to decompose at 96°C (onset) and stopped at
166°C (end set). However, the treated p-toluidine started losing weight
at 92°C (onset) and terminated at 153°C (end set). It indicated that
onset temperature of treated p-toluidine decreased as compared to
control. Besides, DTG thermogram data showed that Tmax was found
at 136.03°C in control whereas; it was decreased to 125.28°C in treated
p-toluidine. It indicated that Tmax was also decreased in treated sample
as compared to control. Furthermore, the reduction in Tmax in treated
sample of p-toluidine with respect to control sample may be correlated
with the increase in thermal decomposition of treated sample of
p-toluidine after biofield treatment. The data was also supported by
XRD studies, which revealed that crystallite size of treated p-toluidine
sample decreased as it was found that there is an inverse relationship
between the rate of decomposition and crystallite size [36]. Hence,
decrease in crystallite size of treated p-toluidine sample suggested the
increase in its thermal decomposition rate.
J Environ Anal Toxicol
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Infrared (IR) spectroscopy is based on the vibrations of the atoms
in a molecule. When a molecule absorbs infrared radiation, its chemical
bonds vibrate and can stretch, contract or bend. FT-IR spectra of
control and treated (T1 and T2) samples of PPD and p-toluidine are
shown in Figures 7 and 8, respectively. The comparative values of IR
peaks of the control sample with treated (T1 and T2) samples are given
in Table 1. The major vibration peaks observed were as follows:
N-H vibrations: The structure of PPD contains two NH2 groups at
the para position. The vibration peaks corresponding to N-H stretching
were observed at 3410 and 3375 cm-1 in all three samples i.e. control,
T1 and T2. Similarly, the N-H bending peak was observed at 798 cm-1
in all three samples i.e. control, T1, and T2. However, the vibration
peak corresponding to C-N-H bending was appeared at 1633 cm-1 in
control sample whereas, at 1627 and 1629 cm-1 in T1 and T2 sample,
respectively.
In case of p-toluidine, the peaks corresponding to N-H stretching
were observed at 3419 and 3340 cm-1 in the control sample and 3419
and 3338 cm-1 in treated (T1 and T2) samples. The N-H bending peak
was observed at 759 cm-1 in control and T1 samples and 758 cm-1 in
T2 sample. Moreover, the vibration peak corresponding to C-N-H
bending was appeared at 1616 cm-1 in control sample whereas, in
treated samples (T1 and T2) it appeared at 1624 cm-1.
Carbon-hydrogen vibrations: The aromatic structures showed
the presence of C-H stretching vibrations in the region 3100-3000 cm-1
that were the characteristic region. In PPD samples, the peak of C-H
stretching was observed at 3009 cm-1 in all three samples i.e. control,
T1, and T2. Similarly, C-H in plane bending peaks was observed at
1130 and 1066 cm-1 in all three samples i.e. control, T1, and T2. The
vibration peak due to C-H out of plane bending was observed at 721
cm-1 in control and T2 sample whereas, at 719 cm-1 in T1 sample.
The structure of p-toluidine contains two types of C-H bond i.e.
aromatic and aliphatic. The aromatic C-H stretching was observed at
3055 and 3024 cm-1 in all three samples i.e. control, T1 and T2. The
aliphatic C-H stretching was observed at 2912 and 2860 cm-1 in control
and T1 samples and 2908 and 2862 cm-1 in T2 sample. The vibration
peaks due to C-H in plane bending were observed at 1178 and 1076
cm-1 in control, 1178 and 1074 cm-1 in T1, and 1178 and 1078 cm-1 in
T2 sample. Moreover, C-H out of plane bending peaks were observed
at 675 and 640 cm-1 in control sample whereas, at 659 and 640 cm-1 in
T1, and 653 and 642 cm-1 in T2 sample.
Carbon- carbon vibrations: In PPD sample, the C-C stretching
vibrations were observed at 1516 and 1456 cm-1 in control and T1
samples whereas, at 1514 and 1444 cm-1 in T2 sample. However, the
peak due to C-C deformation was observed at 515 cm-1 in all three
samples i.e. control, T1 and T2.
In the p-toluidine sample, the vibration peak due to C-C stretching
was observed at 1516 cm-1 in control and T1 sample whereas, at 1521
cm-1 in T2 sample. The peaks due to C-C deformation were appeared
at 505 and 462 cm-1 in control and T1 sample but T2 sample, the peaks
were observed at 515 and 462 cm-1.
C-N vibrations: In PPD sample, the vibration peak belonging to
C-N stretching was observed at 1340 cm-1 in control and T1 samples
whereas, at 1342 cm-1 in T2 sample. The peak due to C-N-C bending
was appeared at 1263 cm-1 in control and T2 samples and at 1265 cm-1
in T1 sample.
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Figure 5: TGA/DTG thermogram of control and treated samples of p-phenylenediamine.

J Environ Anal Toxicol
ISSN: 2161-0525 JEAT, an open access journal

Volume 5 • Issue 6 • 1000329

Citation: Trivedi MK, Branton A, Trivedi D, Nayak G, Singh R, et al. (2015) Characterization of Physical, Thermal and Spectroscopic Properties of
Biofield Energy Treated p-Phenylenediamine and p-Toluidine. J Environ Anal Toxicol 5: 329. doi:10.4172/2161-0525.1000329

Page 6 of 10

p-Toluidine
Control

Treated

Figure 6: TGA/DTG thermogram of control and treated samples of p-toluidine.
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(p-Phenylenediamine)
Control

T1

T2

Figure 7: FT-IR spectra of control and treated (T1 and T2) samples of p-phenylenediamine.
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T1

T2

Figure 8: FT-IR spectra of control and treated (T1 and T2) samples of p-toluidine.
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Wavenumber (cm-1)
S No
1

Functional group
N-H stretching

p-phenylenediamine

p-toluidine

Control

T1

T2

Control

T1

T2

3410 3375

3410 3375

3410 3375

3419 3340

3419 3338

3419 3338

2

C-H stretching (aromatic)

3009

3009

3009

3055 3024

3055 3024

3055 3024

3

C-H stretching

-

-

-

2912 2860

2912 2860

2908 2862

4

C-N-H bending

1633

1627

1629

1616

1624

1624

5

C-C stretching (aromatic)

1516 1456

1516 1456

1514 1444

1516

1516

1521

6

C-N stretching

1340

1340

1342

1338

1338

1340

7

C-N-C bending

1263

1265

1263

1269

1269

1271

8

C-H deformation (in plane)

1130 1066

1130 1066

1130 1066

1178 1076

1178 1074

1178 1078

9

Disubstituted ring

831

831

831

813

813

821

10

N-H bending

798

798

798

759

759

758

11

C-H bending (out of plane)

721

719

721

675 640

659 640

653 642

12

C-C deformation

515

515

515

505 462

505 462

515 462

Table 1: Vibration modes observed in p-phenylenediamine and p-toluidine.

In the p-toluidine sample, the peak corresponding to C-N stretching
was observed at 1338 cm-1 in control and T1 sample and 1340 cm-1 in
T2 sample. Similarly, the peak corresponding to C-N-C bending was
appeared at 1269 cm-1 in control and T1 samples and at 1271 cm-1 in
T2 sample.
Ring vibration: The peak due to disubstituted benzene in PPD
was appeared at 831 cm-1 in all three samples i.e. control, T1 and T2.
However, in the p-toluidine sample, the peak was observed at 813 cm-1
in control and T1 samples but at 821 cm-1 in T2 sample.
The FT-IR spectra of the control sample of PPD and p-toluidine are
well supported by literature [37,38]. The FT-IR spectra of treated PPD
samples (T1 and T2) showed similar pattern of IR absorption peaks
as control sample except C-C aromatic stretching peak in T2 sample
which was shifted to lower frequency (1456→1444 cm-1) as compared
to control sample. It is already reported that the peak frequency
(ν) in IR spectra for any bond is directly proportional to its bond
force constant (k). Also, the bond force constant (k) is inversely
related to average bond length (r) [22]. Hence, it is presumed that
shifting of peak wavenumber corresponding to aromatic C-C bond
could be due to change in corresponding bond length after biofield
treatment.
The FT-IR spectra of treated p-toluidine (T1 and T2) samples
showed similar peaks like in control sample except the peaks
corresponding to C-N-H bending and C-H bending in both treated
samples (T1 and T2); and vibration peaks due to C-H stretching,
disubstituted ring, C-C aromatic stretching and bending in T2 sample
(Table 1). The peaks corresponding to C-N-H bending peak was shifted
towards higher frequency in both treated samples (1616 cm-1→1624
cm-1) and C-H bending peak was shifted towards lower frequency
(675→659 cm-1 in T1 and 675→653 cm-1 in T2) as compared to control.
Similarly, the C-H stretching peak was shifted towards lower frequency
(2912→2908), and disubstituted ring (813→821), C-C aromatic
stretching (1516→1521 cm-1) and C-C bending (505→515 cm-1) peaks
were shifted towards higher frequency in T2 sample. These results
suggest that biofield treatment might induce some changes in bond
length and bond angle corresponding to these bonds in treated samples
as compared to control.
UV-Vis spectroscopic analysis: In UV spectra of control PPD
sample, the absorption peaks were observed at 205, 242 and 308 nm.
The treated samples (T1 and T2) showed similar peaks i.e. at 204, 243
and 308 nm in T1 sample and at 204, 242 and 308 nm in T2 sample.
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Similarly, the control sample of p-toluidine showed absorption
peaks at 204, 234 and 290 nm. The treated samples showed similar
peaks i.e. at 204, 235 and 290 nm in T1 sample and 202, 234 and 289
nm in T2 sample.
The UV-Vis spectral data suggested that biofield treatment might
not cause any significant change in treated PPD and p-toluidine
samples in terms of structure or position of functional groups as well as
the energy which is responsible for electron transfer between orbitals
or bands of atoms, ions and molecules.

Conclusion
The XRD results showed 11.12% increase in crystallite size in the
biofield treated PPD, which suggests that biofield treatment may induce
the intermolecular interactions in the treated PPD sample. However, the
crystallite size of treated p-toluidine sample was decreased by 4.8% as
compared to the control sample which may be a result of the fracturing
of grains into subgrains caused by lattice strain produced via biofield
energy. Thermal analysis data revealed that thermal decomposition of
biofield treated PPD sample took place in two steps as compared to
single step in the control sample. In treated p-toluidine sample, the
onset temperature and Tmax was reduced as compared to the control
sample. On the basis of reduction in these values, it is hypothesized
that thermal decomposition of treated p-toluidine sample increased.
The FT-IR analysis revealed that vibration peak corresponding to
C-C aromatic stretching in treated PPD sample shifted to lower
frequency. Moreover, in treated p-toluidine samples, the frequency
of peaks corresponding to C-N-H bending, C-H bending, C-H
stretching, disubstituted ring, and C-C aromatic stretching and
bending were altered as compared to the control sample. These
alterations suggest that biofield treatment might induce some
changes at bonding level, which ultimately results in the change
in frequencies of corresponding peaks. The overall results suggest
that the biofield treatment affected the physical, thermal and
spectroscopic properties of PPD and p-toluidine samples. However,
further studies are needed to elucidate the impact of these findings
on the uses and hazards associated with these compounds.
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