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Abstract

The single crystals of dimension 15 x 15 x 8 mm’ of Bisthiourea cadmium
chloride (BTCC) are synthesized from aqueous solution using slow evaporation
technique at ambient temperature. High resolution X-ray diffraction technique is
employed to estimate the crystalline perfection of the grown single crystals. The grown
crystals are confirmed by CHN analysis. The UV cut-off wavelength is found to be 320
nm and the optical band gap of BTCC crystals is measured to be about 3.75eV. The
electrical properties such as dielectric constant, dielectric loss and ac conductivity of the
BTCC crystals are carried out by Agilent E 4980 A LCR meter at different
temperatures. The piezo electric charge coefficient is found to be 8pC/N. The P-E loop

of the BTCC crystal was analyzed and the loop parameters were measured.

Key words: HRXRD,; High-resolution X-ray diffraction, Piezoelectric properties,
Photopyroelectric.

1. Introduction

During the past few decades researchers working in the field of nonlinear optics
developed new organometallic compounds having appreciable second harmonic
properties, improved laser damaged threshold and excellent optical nonlinearity when
compared to the organic counterpart [1]. In 1987 Chinese scientists investigated metal
organic compounds for nonlinear optical applications, based on the Double-radical
model [2-4]. The insights of this research laid the foundation for our research group to

start the study of a primary aspect of the nonlinear optical properties of the
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organometallic crystals. While giving credits to the these materials of Chinese
researches as well as research carried out by the Indians, this study concentrates on
experiments providing more insights into the nonlinear optical properties of the
materials and their qualities that can be easily and economically made use in our day to
day life. The materials showing high quality optical bistability are found to be
applicable in optoelectronics. Thiourea crystals exhibit large dipole moment and ability
to form extensive network hydrogen bonds [5]. When the centrosymmetric thiourea is
joined with metals, it will produce large hyperpolarizability which in turn results high
nonlinear optical properties. Materials researchers are fascinated by this nonlinear
optical property in thiourea complexes and many crystals based on the thiourea were
investigated. Motivated by this consideration, a lot of thiourea complex crystals were
explored. Recently, M[tu],X, type materials are interested by researchers where M =
Cd, Co, Hg, Pb, Ti and Zn, tu is thiourea and X is a halogen[6], because they exhibit
good nonlinear optical properties. Bisthiourea cadmium chloride (BTCC) [7],
bisthiourea zinc chloride (BTZC) [8], bisthiourea cadmium acetate (BTCA) [9] Zinc tris
(thiourea) sulphate (ZTS), Allylthiourea cadmium chloride (ATCC) [10], allylthiourea
cadmium bromide (ATCB) [11] are some of the crystals of the above said type.

BTCC is superior to other organometallic crystals for researchers because of their
extended transparency down to UV, high optical nonlinearity and moderate mechanical
property. BTCC is 110 times more nonlinear than quartz [12]. The laser damage
threshold of BTCC crystals is 32 GW/cm? and 6 GW/cm? for single and multiple shots
respectively. From the earlier reports BTCC belongs to orthorhombic crystal structure
with the space group P21 and its unit cell contains four molecules. They have the large
laser induced damaged threshold compared to the other NLO crystals[13,14].
Bis(thiourea) cadmium chloride (BTCC) is a good candidate for engineering, a material
with high nonlinearity out of an organic ligand by metal complexation[15]. Hence the
present chapter deals with the synthesis, growth and physicochemical properties of the
BTCC crystals.
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2. Materials and Methods

Single crystals of Bisthiourea cadmium chloride (BTCC) were grown by the
solution growth techniques. Analytical reagent (AR) grade of the cadmium chloride and
thiourea along with millipore water were used for the growth process. BTCC was
synthesized from aqueous solutions of CdCl, and thiourea in the ratio 1:2 following the

chemical reaction.
CdCl, + 2CS(NH;); —» Cd[CS(NH)»),].Cl,

The pH value of the solution was adjusted to be 3 by adding hydrochloric acid
with continuous stirring for few hours. The solution was heated and stirred well at room
temperature to avoid the precipitation of multiple phases[16,17]. The purity of the
synthesized salt was increased by successive re-crystallization process. Temperature as
low as 50°C was maintained in order to avoid decomposition. The saturated solution
was taken in a beaker covered it tightly and then it was allowed to evaporate at room
temperature by making small holes on the top of the cover. Seed crystals of dimension

3

15 x 15 x 8 mm” were hatched out due to spontaneous nucleation, within a period of

around one month. The photographs of as grown crystals were shown in Fig.1.

Fig. 1: Photograph of as grown crystals of BTCC
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3. Results and Discussion

3.1 High-resolution X-ray diffractometry study on BTCC

The crystalline perfection of the grown single crystals was characterized by
HRXRD by employing a multicrystal X-ray diffractometer developed at NPL[19]. The
well-collimated and monochromated MoKa; beam obtained from the three
monochromator Si crystals set in dispersive (+,-,-) configuration has been used as the
exploring X-ray beam. The specimen crystal is aligned in the (+,-,-,%) configuration.
Due to dispersive configuration, though the lattice constant of the monochromator
crystal(s) and the specimen are different, the unwanted dispersion broadening in the
diffraction curve (DC) of the specimen crystal is insignificant. The specimen can be
rotated about the vertical axis, which is perpendicular to the plane of diffraction, with
minimum angular interval of 0.4 arc sec. The rocking or diffraction curves were
recorded by changing the glancing angle (angle between the incident X-ray beam and
the surface of the specimen) around the Bragg diffraction peak position 0p (taken as
zero for the sake of convenience) starting from a suitable arbitrary glancing angle and
ending at a glancing angle after the peak so that all the meaningful scattered intensities
on both sides of the peak include in the diffraction curve. The DC was recorded by the
so called ® scan wherein the detector was kept at the same angular position 205 with

wide opening for its slit.

Before recording the diffraction curve to remove the non-crystallized solute atoms
remained on the surface of the crystal and the possible layers which may sometimes
form on the surfaces on crystals grown by solution methods and also to ensure the
surface planarity, the specimen was first lapped and chemically etched in a non

preferential etchant of water and acetone mixture in 1:2 volume ratio.
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Fig. 2: HRXRD spectrum of BTCC

Fig. 2: HRXRD spectrum of BTCC

Fig. 2 shows the high-resolution diffraction curve (DC) recorded for a typical
BTCC single crystal specimen using diffracting planes in symmetrical Bragg geometry
by employing the multicrystal X-ray diffractometer. The solid line (convoluted curve) is
well fitted with the experimental points represented by the filled circles. On
deconvolution of the diffraction curve, it is clear that the curve contains two additional
peaks, which are 65 and 150 arcs away from the main peak. These additional peaks
depict internal structural low angle (tilt angle > 1 arc min but less than a degree)
boundaries[20], whose tilt angles (misorientation angle between the two crystalline
regions on both sides of the structural grain boundary) are 65 and 150 arcs from the
main crystal block. The FWHM (full width at half maximum) of the main peak and the
low angle boundaries are respectively 132, 75 and 55 arcs. Though the specimen
contains low angle boundaries, the relatively low angular spread of around 600 arcs (~
one sixth of a degree) of the diffraction curve and the low FWHM values show that the
crystalline perfection is reasonably good. The effect of such very low angle boundaries
may not be very significant in many device applications, but for applications like phase
matching, it is better to know these minute details regarding crystalline perfection.
Thermal fluctuations or mechanical disturbances during the growth process could be

responsible for the observed low angle boundaries.

7
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3.2 CHN analysis

The elemental analysis of the as grown crystals of BTCC is performed using
Elemental Vario El III Elemental analyzer. The molecular components carbon,
hydrogen and nitrogen of the BTCC single crystals are experimentally measured. The

results of the study are given in the Table 1.

Table 1: Results of elemental (C, H and N) analysis of BTCC

Weight Composition %
Carbon Hydrogen Nitrogen
Theoretic | Experimenta Theoretical Experimenta | Theoretic | Experimenta
al 1 1 al |
7.16 7.17 2.40 2.39 16.69 16.71

3.3 Spectroscopic studies of BTCC

The UV visible NIR spectrum was taken in the wavelength range of 200-1100nm,
using Perkin Elmer UV Win Lab and is shown in Fig.3. The UV cut-off wavelength is
found to be 320 nm. There is no significant absorption in the 300-1000 nm visible
range. The crystal is appeared to be a good transmitter in the visible region. Using
Tauc’s relation[21] a graph has been plotted between hv and (ahv)* to measure the
direct band gap value, where a is absorption coefficient and Av is the energy of the
incident photon. From the plot (Fig.4) the band gap of BTCC is found to be 3.75 eV.
BTCC crystal has large band gap compared with other prominent organometallic

crystals such as ATCC [22], MMTG [23], BTCZC [24] and BTZB [25] (Table 2).
The urbach energy is calculated by the following equation:

hv—Eg
E, )

a = agexp(
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Where a, and E, are the material parameter, ‘4v’ is the photon energy and E, is the
Urbach energy [26-28]. Urbach energy is determined by plotting In(a) vs. £ and fitting
the linear portion of the curve with a straight line (Fig.5). The Urbach energy is found to

be 0.046 eV.

Table: 2 Direct Band gap of Organometallic compounds.

Sample Direct band gap (eV)
ATCC 3.6
MMTG 3.5
BTCZC 3.65
BTZB 3.5
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Fig. 3: UV visible NIR absorption spectrum of BTCC
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Fig.4: Tauc’s plot of BTCC
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Fig. 5: The dependence of In(a) with incident photon energy

3.3 Thermal analysis of BTCC

The thermal studies (TGA/DTA) of the BTCC crystals were performed by Perkin
Elmer STA6000 and is shown in Fig.6. Thermal analysis was carried out in the range
40-700°C at a rate of 10°C/min in inert nitrogen atmosphere. The DTA endothermic
peak at 213°C, coincides with the major weight loss in the TG trace. This high-

10
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temperature weight loss may be due to melting and decomposition of BTCC. The
melting point of BTCC shows higher value in comparison to the endothermic peak of

BTZA [29] and BTCA [30] in the same family.

108.1 04403

Area - 22332 Cu;.-‘-_jc

80 Peak = 21303 °C

ot
T Endo Down (T} =

Dol

Fig. 6: TG-DTA curve of the grown BTCC crystals
3.4 Dielectric properties of BTCC

The dielectric study of a crystal reveals the interaction of the molecules in the presence
of an external electric field. When an electric field oscillates, the dipole in the system
tend to follow the field and experiences some friction due to its collision with other
molecule in the system or some energy is absorbed from the field, which is known as
the dielectric loss. The dielectric studies are measured from the Agilent E4980 LCR
meter, and plotted with frequency in the range 100Hz to 100kHz in the temperature
range 25-145°C with an interval of 20°C. The graph of dielectric loss (Fig.7) shows an
exponential decrease at high frequencies. The very low dielectric loss at higher
frequencies is an indication of the perfection and purity of the crystal sample. The
dielectric loss increases with temperature indicating high energy absorption. The real
part of the dielectric constant is plotted in the temperature range 25-165°C (Fig.8). At

low frequencies all kinds of polarization are well active and the space charge

11
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polarization are absent at higher frequencies. Hence the BTCC sample exhibits high
dielectric constant at high temperature. The space charge polarization is trusted on
purity and perfection of the crystals [31,32]. Dielectric studies of sample indicate the

strong S.H.G conversion efficiency with lesser defects of the given crystals[33].
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Fig.7: Dielectric loss versus log frequency
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Fig.8: Dielectric constant versus log frequency
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3.5 Piezoelectric studies of BTCC

Piezoelectricity is the phenomenon in which electric charges are separated when
the material is subjected to an external stress. The inverse effect is also possible — that
an applied field can produce vibration in the crystal. The crystal having non-
centrosymmetric structure can exhibit piezoelectric properties. In the absence of
external stress, the internal electric field is zero because of the symmetric charge
distribution at their lattice sites. But when the crystal is under stress, the charges are
displaced and the electric field is developed. The materials showing this phenomenon
are known as piezoelectric materials. The common application of piezoelectric materials
is in transducers and in delay lines. A good piece of the crystal with area 30 mm? and
thickness 1.50 mm was prepared, and is placed in the piezometer system. Piezoelectric
charge coefficient (d3;3;pC/N) was calculated with a piezometer system in the tapping
frequency range of 50-300Hz and applying a tapping force of 0.25N at room
temperature and the obtained value is 8pC/N. The P E loop (Fig.9) of the BTCC crystal
was taken using computer controlled P-E loop tracer. For an applied field of 40.4kV/cm
polarization reaches saturation (Pmax=0.637uC/cm2). Also it is measured that
polarization has a value around 0.346pC/cm’® at near zero electric field (remnant
polarization, P;) and the coercive filed, is 21.17kV/cm. A corona dc poling technique is
employed to the shaped BTCC crystal, but also after poling the hysteresis loop
parameters remains unaffected as an indication of saturation of dipoles. The loop

parameters are tabulated in the Table 3.

13
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Fig.9: P-E loop of BTCC
Thickness Remnant | Coercive | Maximum | Maximum
Sample of the polarization | field (E.) fEllflcglc Polall)'lzatlon
1€ max max
sample(mm) (Pr)(pC/cmz) (kV/em) (kV/em) (nC /cmz)
BTCC
0.346 21.174 40.402 0.637
(Unpoled)
1.5
BTCC
0.346 21.174 40.402 0.637
(Poled)

Table 3: Hysteresis loop parameters of BTCC crystal
4. Conclusion

Single crystals of Bisthiourea cadmium chloride (BTCC) were prepared using
slow evaporation technique. The crystalline perfection of the sample was estimated
through high resolution X-ray diffraction technique. The UV cut-off wavelength and
optical band gap were calculated from optical absorption studies. The dielectric loss and

dielectric constant were measured from the Agilent E4980 LCR meter. Piezoelectric

14
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studies were conducted and the Hysteresis loop parameters are measured from the PE

loop.
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Abstract

Homogeneous and transparent BaTiO; thin films were prepared by sol-gel dip
coating method. The influence of annealing temperature on the optical and
photoluminescence properties of BaTiO; thin films deposited on quartz substrates by
sol-gel dip coating method was investigated. XRD patterns of the annealed films
showed an amorphous nature. The surface morphology of the films was found to be
strongly dependent on the annealing temperature. The films were transparent in the
visible region with 70% transmittance. The optical band gap was found to decrease from
3.86 to 3.76 eV with increase in annealing temperature. The decrease in the band gap
corroborates the decrease in visible PL intensity in the photoluminescence spectra.
Refractive index was found to increase from 1.64 to 2.17 with increase in annealing
temperature. The porosity decreased from 64 to 22% as the temperature increased from
500 to 800°C. Photoluminescence spectra of the films consist of intense UV and visible
emission peaks at 393 and 675 nm. The change in the luminescence intensity of BaTiOs;

thin films with temperature makes it suitable for optoelectronic temperature sensors.

Keywords: Thin films, BaTiOj; Sol-gel, porosity, luminescence
1. Introduction
Barium titanate (BT) is an attractive material for applications such as multilayer

capacitors (MCL), pyroelectric detectors, dynamic random access memory devices

(DRAM) and positive temperature coefficient of resistance (PTCR) sensors [1]. The
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synthesis of perovskite type compounds with chemical formula ABO; is of special
interest, because of their unusual magnetic, dielectric and luminescence properties. In
perovskite type crystals, a broad luminescence band is usually observed at low
temperatures and this behavior is associated with the presence of imperfections or
defects in the band gap [2]. Various deposition techniques such as electrochemical
deposition, sputtering, hydrothermal, and sol-gel were used to prepare BT thin films.
The sol-gel is a low-temperature processing method which ensures good chemical
homogeneity, non-vacuum requirement and easy control of films composition [3].
Thermal annealing is a widely used method to improve crystal quality and to study
structural defects in materials. Due to annealing, the structure and the stoichiometric
ratio of the material will change. This phenomenon can have major effects on the
optical properties and the photoluminescence properties. The structure of BT thin film is
either amorphous or polycrystalline depending on the deposition temperature or the

post-heating treatments.

In this paper we present the preparation of BT thin films from barium acetate
[Ba(Ac),] and titanium butoxide [Ti(O-Bu)s, Ti(C4sH9O)4] precursors. We investigated
the structural and optical properties of the BT thin films with special attention on its

photoluminescence (PL) properties.
2. Materials and Methods

Thin films of barium titanate were fabricated by sol-gel dip coating method.
Barium acetate (Aldrich, 99%) and titanium butoxide (Aldrich, 97%) were used as
precursors. Acetyl acetone (AcAc, CsHsO,), acetic acid (CH3;COOH, HAc), and
deionized water (DI H,O) were adopted as solvents. Barium acetate is dissolved in the
mixed solution of water and acetic acid in the molar ratio of (1:1:1 in volume) (sol I).
Titanium butoxide is dissolved in acetyl acetone in the molar ratio of 1:8 (sol II). Then,
sol I is added to sol II drop by drop under vigorous stirring. The precursor thus obtained

was clear with bright yellow color stable for about six months if sealed.
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BT films were prepared by dipping quartz substrate in BT solution and
subsequently pulling it up at a constant speed of 1cm/min. The processes of coating and
drying were repeated five times, as five coatings were required to get useful data for
characterizations. Finally, the films were annealed in air at temperatures 500 and 700°C
at a constant rate of 5°C/min for 5h and then cooled to room temperature at the same
rate. Structural and optical characterizations of these annealed films were then

performed.

X-ray diffraction studies were carried out to examine the structures of the films
using X-ray diffractometer (Model-XPERT-PRO). Surface morphology of the films was
examined by Scanning Electron Microscopy (Model-JSM 5600 LV JEOL). Optical
transmittance was studied using a UV-Visible spectrophotometer (Model-JASCO-
V550). Photoluminescence spectra of the samples were recorded by using a Perkin

Elmer Fluorescence Spectrometer (Model-LS55) with a 40W Xenon lamp.
3. Results and discussion
3.1. X-ray diffraction studies

The X-ray diffraction pattern of sol-gel derived BT thin films (5 coatings) on
quartz substrates annealed at different temperatures in air are shown in Fig: 1. F.M.
Pontes et al [4] reported that for amorphous BT films a direct crystallization occurred
from the amorphous phase above 500°C. However, in our study the films annealed in air

at 500 and 800°C exhibit a nearly amorphous nature.
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Fig:1 XRD patterns of BT thin film deposited on quartz
substrates annealed in air at (a) 500 and (b) 800°C.

3.2. Surface morphology studies

@

Fig: 2.SEM images of BT thin films annealed in air at (a) 500 and (b) 800°C

Fig: 2 shows surface morphology of BT thin films annealed in air at 500 and
800°C. All the films were smooth and crack free. Small numbers of dark centers were
present on the surface when annealed in air at 800°C (fig. b). These centers sat on the

top of the film and did not penetrate it. It is possible that these centers act as nucleation
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centers for further film growth. Changes in annealing temperature, greatly affects the
surface morphology of thin films. This observation is in good agreement with the XRD

and photoluminescence studies.

3.3. Optical studies

Fig: 3 shows the spectral transmittance of BT thin films (5 coatings) on quartz
substrates annealed in air at different temperatures. The BT film annealed in air at
500°C was transparent in the visible region having 70% transmittance (fig 3a). The high
transparency indicates small surface roughness and relatively good homogeneity of the
film. The transmittance decreases with increasing annealing temperature in air which is
due to the increase in surface roughness and porosity reduction. The transmission of the
films decreased sharply when the wavelength was reduced to around 360nm, which

could be due to the fundamental absorption of light and occurrence of inter-band

transitions [5].

Transmittance (%)

300 400 500 600 700 800 900
Wavelength (nm)

Fig:3 Uv-vis transmittance spectra of BT thin films

annealed in air at (a) 500 and (b) 800°C
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Inset shows (ozhv)2 versus (hv) plot.

The film thickness, band gap, porosity and refractive index of BT thin films, at
different annealing temperatures in air have been determined (Tablel) from the

transmittance spectra following Swanepoel’s envelope method [6].

Tablel. Porosity, refractive index, thickness and band gap of BT thin

films (5 coatings) annealed at different temperatures in air.

tﬁn?neefz:ltll]l%e Porosity Thickness Refractive | Band gap
po (%) (nm) index (eV)
O
500 64 294 1.64 3.86
800 36 274 2.0 3.76

The optical band gap (Eg) was calculated using the Tauc relation which is given by
ahv = C(hv — Eg)™

where C is a constant, o is absorption coefficient, hv the incident photon energy and n
depends on the type of transition. The band gap energy, Eg of the film was obtained by
extrapolating the linear portion of the plot of (ahv)® against hv to (ahv)” = 0. Inset (fig.
3) shows the optical band gap for annealed BT films at different temperatures in air. The
optical band gap of the film decreased from 3.86 to 3.76 eV with annealing in air (Table
1). The decrease in band gap for BT films annealed in air were attributed to the stress-

induced distortion of the band by lattice film interaction [7].

The refractive index (n) of the BT film increases with annealing temperature and
attains a maximum value of 2.0 around 800°C when annealed in air. The reduction in
interatomic spacing resulting in the densification of film (porosity reduction) will lead
to an increase in the refractive index. The porosity of the film decreased from 64 to 36%

as the temperature increased from 500 to 800°C when annealed in air. For BT thin films,
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increase of refractive index of the films by annealing temperature can be attributed to

the reduction in porosity and film densification.

3.4. Photoluminescence studies.

Figs: 4 and 5 show the PL spectra of BT thin films on quartz substrates (5 coatings)
annealed in air at different temperatures using two excitation wavelengths: 335 and 514
nm. Free-excitation levels and defect or impurity levels are two types of energy levels
found in the forbidden band of titanate. The emission spectra of BT films excited at
335nm consist of near band edge excitonic UV emission and defect related deep level
emission in the visible range. The annealed sample in air at 500°C shows an intense UV
emission peak centered at 393nm. The emission in the UV region is attributed to the

recombination between electrons in the conduction band and holes in the valence band

[8].

excitation wavelength = 335 nm
i i excitation wavelength :514nm
- (a)
=]
£ 5
2 s
@ | >
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Fig:4 PL spectra of BT thin films annealed Fig:5 PL spectra of BT thin films annealed in air at
in air at (a) 500 and (b) 800°C. (a) 500 and (b) 800°C

The emission spectra of BT thin films annealed in air, excited at 514nm consist of
a large part of visible region from 550 to 800nm (fig.5). The broad intense emission
peaks at 675nm (red) and weak emission peaks at 613nm (orange), and 563nm (green)
were observed in the spectrum during annealing in air. The intensity of red emission
decreases with increase in annealing temperatures from 500 to 800°C. The intense red
emission is due to charge transfer via intrinsic defects inside oxygen octahedron [9].

The weak peak at 613nm (orange) may be due to the regions with local oxygen excess
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[10]. The other weak emission is at 565nm (green). This green emission can be
associated with the radiative recombination of a hole in the valence band with an
electron occupying the deep oxygen vacancy energy band. It is seen that the PL
intensity decreased when annealed in air at high temperature. The change in
luminescence intensity of BT thin films are extensively used in optoelectronic

temperature sensors.

Since our XRD analysis showed no sign of crystallization, it remains unclear
why a decrease in PL intensity was observed at 500 and 800 °Cin air. T herefore, a
comparative analysis between the photoluminescent response of BT thin films and
their surface morphology was made using SEM. The SEM analysis showed a
considerable variation in the surface morphology at the annealing temperatures 500
and 800 °C. The SEM analysis revealed that the samples annealed at 5 00°C in air had
a homogeneous surface morphology, with only slight roughness and no evidence of a
granular structure. The nucleation in the sample (or the increased roughness of the
sample) annealed at 800°C in air suggests that the material’s structure became
increasingly ordered (in a medium-order range). This increased structural order is
believed to be responsible for the decrease in the intensity of the photoluminescent

response. This result is in agreement with the XRD analysis.
Conclusion

In summary BT films have been prepared by sol-gel dip coating method on quartz
substrates. The XRD analysis showed the BT films are in amorphous nature. SEM
studies demonstrate the nucleation of particles in BT thin film. Photoluminescence (PL)
revealed an intense emission peak at 393nm and peaks in the visible region from 550 to
800nm. The PL intensity decreases with increase in annealing temperature. The
decrease in PL intensity is due to the increased structural order and decrease in the

oxygen vacancy. To conclude, the results of our studies the optical and
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photoluminescence of BaTiO3; amorphous thin film indicate that this material is a highly

promising candidate for optoelectronic applications.
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Abstract

The edible underutilized fruits Averrhoa bilimbi and Averrhoa carambola were
investigated for their total phenolics, flavonoids and antioxidant potential. Total
phenolics and flavonoids of methanol extract of the fruits were quantified using
standard methods. A positive correlation between these phytochemicals and antioxidant
potential was observed. Significant antioxidant potential was observed with DPPH,
ABTS and FRAP assays. The study concluded that these underutilized fruits are
excellent sources of valuable antioxidant phytochemicals and recommends their
consumption on a daily basis to reduce the effect of reactive oxygen species (ROS)
induced oxidative stress.

Key words: Antioxidants, underultilized fruits, phenolics, radical scavenging
1. Introduction

Free radicals such as superoxide anion, hydroxyl radicals, and hydrogen
peroxide, are known as reactive oxygen species (ROS). These molecules contain
unpaired electrons that cause tissue collapse by means of DNA, protein, and lipid
damage. ROS, which are generated either by normal physiological processes or by
various exogenous factors, cause oxidative stress. They initiate peroxidation of
membrane lipids causing damage to a wide range of biological molecules through a
process that is implicated in the etiology of several chronic diseases. Excess free
radicals originating from endogenous or exogenous sources are responsible for several

degenerative diseases as well as aging.
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Natural products and plants in particular are indispensable resources in the
discovery and development of drugs for the treatment of a multitude of human diseases.
India is endowed with a rich reserve of fruits both wild and cultivated. Many of these
fruits are underutilized and often unexplored in terms of their medicinal potential. These
underutilized fruits have recently attracted researchers across the globe owing to their
ability to cure a number of human ailments. Studies on underutilized fruits have claimed
them to be better sources of nutrients [1]. Such underutilized tropical fruits provide
limitless opportunities for screening of novel drugs. Exploring and understanding the
phytochemical composition and antioxidant potential of these non-conventional and
underutilized fruits may encourage their utilization as a source of antioxidants and their

acceptability for nutraceutical and pharmaceutical purposes.

Averrhoa bilimbi L. (Family: Oxalidiaceae), is an underutilized fruit and
medicinal plant which is extensively used in traditional medicine to cure cough, cold,
itches, boils, rheumatism, syphilis, diabetes, whooping cough and hypertension [2,3]. 4.
bilimbi fruits are rich in oxalic acid, vitamin C, tannins, minerals and volatile
components. Several active principles consisting mainly of aliphatic acids,
hexadecaenoic acid, 9-octadecaenoic acid, esters, butyl nicotinate and hexyl nicotinate

have been found in the fruits [4]

Averrhoa carambola L. known as star fruit is a five-lobed fleshy, yellow-greenish,
edible fruit of Oxalidaceae. It is a native of South-East Asia and is cultivated in some
parts of India. Averrhoa carambola L. is thermogenic, febrifuge, antipyretic, tonic,
antiscorbutic, and is used to treat vomiting, headache and restlessness, and also as
traditional medicine in Malaysia and China. The fruits are a good source of antioxidants

and used traditionally in mouth ulcers, toothache, nausea, diarrhea, ascites etc. [5].

In spite of the medicinal potential of these fruits they are often underutilized in the
Indian scenario. The accumulation of phytochemicals and subsequent antioxidant

potential often varies with the agroclimatic conditions. Keeping this in view the present
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study was undertaken to quantify the phenolics, flavonoids and antioxidant activities of

Averrhoa bilimbi L.and Averrhoa carambola L. from Kerala, India

2. Materials and Methods

2.1. Materials

1,1-Diphenyl-2-picrylhydrazyl (DPPH), 2,4,6-Tris (2-pyridyl)-1,3,5-triazine
(TPTZ), 6-hydroxy-2,5,7,8-tetramethyl chroman-2-carboxylic acid (Trolox), 2,2’-azino-
bis (3-ethylbenzo-thiazoline-6-sulphonic acid) (ABTS), gallic acid, quercetin and Folin
Ciocalteau reagent were purchased from Sigma Aldrich (Milwaukee, WI, USA).
Sodium chloride, Sodium bicarbonate, potassium persulphate, aluminium trichloride,
sodium acetate, methanol and ferric chloride were purchased from Merck, India. Acetic
acid and hydrochloric acid were purchased from Nice Chemicals, India. All the

chemicals were of analytical grade.
Plant material

The underutilized fruits Averrhoa bilimbi L. and Averrhoa carambola L. were
selected for the present study. The ripe fruits were collected from rural areas of

Kottayam district, Kerala, India.
2.2. Methods

The collected fruits were washed thoroughly and blotted dry with tissue paper.
Subsequently, the fruits were air dried in shade at room temperature (30+2°C) to
constant weights and ground to a fine powder. The powdered samples (10g) were used
for extraction.

Methanol Extraction of the fruits was done using an orbital shaker (Kemi, India)
with constant agitation at 200 rpm for 8 hrs. The extracts were filtered through a
Whatman No.1 filter paper and the residue was re-extracted with the same volume of

solvent. Subsequent to extraction, the extract in small volume of methanol was
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transferred to pre-weighed glass vials. Methanol was evaporated and the weight of the
extract was determined gravimetrically. The extracts were stored under refrigerated

conditions in screw capped bottles until use.
Estimation of total phenolics

Total phenolic content (TPC) of the extracts was measured using
spectrophotometric Folin-Ciocalteu method as described by Singleton et al. [6] The

absorbance was read at 725 nm using a UV/Vis spectrophotometer (Systronics, India).

Gallic acid was used as standard. The standard calibration curve of Gallic acid
(0.01-0.08 mg/mL) was plotted (Fig.1) and the phenolic content of extracts was

expressed in Gallic acid equivalents (GAE mg/mL) using the following equation.
T=C*v/M

Where T=Total phenolic content (GAE), C=Concentration of Gallic acid established
from calibration curve in mg/mL, V=Volume of extract solution in ml, M=Weight of

the extract in g
Estimation of total flavonoids

The total flavonoid Content (TFC) was estimated according to the Dowd method
as adapted by Arvouet-Grand et al. [7]. Quercetin was used as reference (Fig. 2) and the

results were expressed as mg of quercetin equivalents (QE)/ g of sample.
Estimation of antioxidant power
DPPH radical scavenging activity

The DPPH assay was done according to the method of Brand-Williams et al. [8]
with some modifications. The stock solution was prepared by dissolving 24 mg DPPH
with 100 mL methanol and then stored at -20°C until needed. The working solution was

obtained by mixing 10 mL stock solution with 45 mL methanol to obtain an absorbance
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of 1.170 = 0.02 units at 515 nm using the spectrophotometer. Fruit extracts (150 pL)
were allowed to react with 2850 pL of the DPPH solution for 24 h in the dark. Then the
absorbance was taken at 515 nm. The standard curve was linear between 5 and 25ug
Trolox (Fig.3). Results are expressed in pg Trolox equivalents (TE)/g. DPPH radical
scavenging activity (%)= ( Abs control — Abs sample ) /( Abs control) x 100 where Abs
control is the absorbance of DPPH radical + methanol and Abs sample is absorbance of

DPPH radical + sample extract/standard.
ABTS assay

For ABTS assay, the procedure followed was the method of Arnao ef al. [9] with
some modifications. The stock solutions included 7.4 mM ABTS" solution and 2.6 mM
potassium persulfate solution. The working solution was then prepared by mixing the
two stock solutions in equal quantities and allowing them to react for 12 h at room
temperature in the dark. The solution was then diluted by mixing 1 mL ABTSd+
solution with 60 mL methanol to obtain an absorbance of 1.170+0.02 units at 734 nm
using the spectrophotometer. Fresh ABTSd+ solution was prepared for each assay. Fruit
extracts (150 puL) were allowed to react with 2850 pL. of the ABTSd+ solution for 2 h in
a dark condition. Absorbance was taken at 734 nm using the UV-Vis
spectrophotometer. The standard curve was linear between 5 and 25 ug Trolox (Fig.4).
Results are expressed in pg Trolox equivalents (TE) per gram. Additional dilution was
needed if the ABTS value measured was over the linear range of the standard curve.

FRAP assay

The FRAP assay was done according to Benzie and Strain [10] with some
modifications. The stock solutions included 300 mM acetate buffer (pH 3.6), 10 mM
TPTZ (2, 4, 6- tripyridyl-s-triazine) solution in 40 mM HCI, and 20 mM FeCl; 6H,0O
solution. The fresh working solution was prepared by mixing 25 mL acetate buffer, 2.5
mL TPTZ solution and 2.5 mL FeCl; 6H,O solution and then warmed at 37°C before
using. Fruit extracts (150uL) were allowed to react with 2850 pL of the FRAP solution
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for 30 min in the dark condition. Readings of the coloured product [ferrous
tripyridyltriazine complex] were then taken at 593 nm. The standard curve was linear
between 5 and 25pg Trolox (Fig.5). Results are expressed in pg TE/g. Additional
dilution was needed if the FRAP value measured was over the linear range of the

standard curve.
Statistical analysis

All assays were done in triplicate. The values are given as mean = SD. Statistical
analysis was done using SPSS software version 20. Comparison of results for each
parameter was carried out by one way analysis of variance (ANOVA) and post hoc
analysis was performed by Duncan’s multiple range test. Level of significance was

considered at P < 0.05.
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3. Results

The present study investigated the total phenolics, flavonoids and antioxidant

potential of two underutilized fruits from Kerala, India.

Extraction of the fruit samples was done using an orbital shaker. The extracts
showed minor variation in colour attributes. A. carambola extract was light yellow
whereas A. bilimbi extract was golden yellow in colour. The fruit samples varied
considerably in terms of the extract yield with methanol. Extract yield was significantly
higher in case of A. carambola (405. 69+4.04 mg/g) when compared to A. bilimbi
(228.67+5.03mg/g).

Total Phenolic content (TPC) of the fruit extracts showed significant variation. In
Folin ciocalteau assay a blue coloured complex was formed which was measured
spectrophotometrically at 725nm. The absorbance of the extract increased with an
increase in the total phenolic content. TPC of 4. bilimbi (27.76+0.60 GAE) was higher
than 4. carambola (21.91+0.37 GAE) (Table 1).

Flavonoid contents of the fruit extracts also exhibited significant variation. In this

assay a yellow coloured complex was formed which was measured
spectrophotometrically at 415nm. The absorbance of the extract increased with an
increase in the total flavonoids. Flavonoid content was significantly higher in A. bilimbi

(64.83+4.03QE) when compared to A. carambola (34.09+1.02) (Table 1).

Table 1: Total phenolic content and total flavonoid

content of the fruit extracts

Total Total

SL. No Plant phenolics Flavonoids
(GAE) (QE)

1 Averrhoa carambola L. 21.91+0.37% 34.09+1.02%

2 Averrhoa bilimbi L. 27.76+0.60° 64.83+4.03¢
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GAE-Gallic acid equivalent, QE-Quercetin equivalent. All values are mean +
SD of three replicates. Values in the same column followed by different alphabetic
superscripts are significantly different at 5% level according to Duncan’s multiple range
test.

Evaluation of antioxidant potential

In the present study 3 different methods were adopted to analyze the antioxidant
potential of the fruits. Each assay has specificity of free radicals; therefore, all these
assays are essential to study antioxidant potential of any species. The fruits were
analysed for their antioxidant activities using the DPPH (2, 2-Diphenyl-1-
picrylhydrazyl) free radical scavenging activity, ABTS free radical scavenging activity
and ferric reducing antioxidant property (FRAP).

The DPPH free radical scavenging activity of the fruit extracts are given in Fig.
6. Maximum DPPH free radical scavenging activity was observed in 4. carambola. The
Trolox equivalent antioxidant capacity (TEAC) of the extracts in DPPH assay is
detailed in Table 2.

In ABTS assay maximum free radical scavenging activity was observed in 4.
bilimbi. The difference between the extracts in free radical scavenging activity was not
significant. The Trolox equivalent antioxidant capacity of the extracts in ABTS assay is

given in Table 2.

In the FRAP assay maximum absorbance and reducing power was observed in
A. bilimbi which demonstrated a significantly high antioxidant capacity when compared

to A. carambol.

A significant positive correlation between total flavonoids and antioxidant
property was observed with A. bilimbi exhibiting greater FRAP reducing ability.
Maximum correlation between flavonoids and antioxidant potential was obtained in

case of FRAP assay.
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Table 2: Trolox equivalent antioxidant capacity (TEAC)

of the extracts in the three antioxidant assays

TEAC (ng/g)

SI. No Plant
DPPH ABTS FRAP

1 Averrhoa carambola. 6.32+0.13f 21.04+0.26° 45.70+2.38°

2 Averrhoa bilimbi 4.55+0.51° 21.70+0.04° 69.33+3.53

4. Discussion

In the present study methanol was used as the solvent for extraction. Methanol
being effective in dissolving active compounds in cells easily penetrates the cellular
membrane to extract the intracellular ingredients from plant materials. Several active
compounds including anthocyanins, saponins, tannins, flavones and polyphenols will be
obtained if methanol is used as solvent in the extraction technique [11]. The choice of

solvent has been shown to have a significant influence on the concentration of

39



Volume 5(2), September 2018 @ JOURNAL of dbct

antioxidants extracted [12,13]. It has also been reported that antioxidant activity of
extracts is strongly dependent on the types of solvent used due to compounds with
different polarity exhibiting differing rates of antioxidant potential [14]. Significant
variation was observed in the extraction yield in the two fruit samples owing to the
differential ability of methanol to extract the various components in these plant

materials.

Polyphenolic compounds, like flavonoids, tannins and phenolic acids,
commonly found in plants have been reported to have multiple biological effects,
including antioxidant activity. Flavonoids and phenolic compounds present in the plant
extract, may be responsible for the antioxidant action of these fruits. Many
investigations revealed that phenolics and flavonoids content contribute to the
antioxidant activities of plant materials [15, 16] Phenolic compounds act as free radical
terminators and their bioactivities may be related to their abilities to chelate metals,
inhibit lipoxygenase and scavenge free radicals [17]. This activity is believed to be
mainly due to their redox properties, which play an important role in adsorbing and
neutralizing free radicals, quenching singlet and triplet oxygen, or decomposing
peroxides [18]. Phenolics are composed of one or more aromatic rings bearing one or
more hydroxyl groups and are therefore potentially able to quench free radicals by
forming stabilized phenoxyl radicals. Most of the antioxidants isolated so far from
flowering plants are simple phenolic compounds which owe their properties to their

aromatic hydroxyl moieties that react with free radicals.

Flavonoids are antimicrobial, antiviral, antiatherosclerotic, cardioprotective,
antiulcerogenic, cytotoxic, antineoplastic, mutagenic, antidiabetic, anti-inflammatory,
antioxidant, anti-aging, antihepatotoxic, antihypertensive, hypolipidaemic and
antiplatelet [19]. Antioxidant capacity of flavonoids may arise from several
mechanisms, such as scavenging of free radicals, chelation of metal ions, such as iron

and copper, and inhibition of enzymes responsible for free radical generation [20] .
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Depending on their structure, flavonoids are able to scavenge practically all known ROS

[21].

Fruit extract of Averrhoa carambola L. showed moderate amount of phenolic
compounds. Results of the present study are comparable (33.2 + 3.6 mg GAE/gm) to the
total polyphenol compound in studies done with freeze-dried fruit residue [22]. There
are studies, where it was reported that fruit of Averrhoa carambola L. is rich in
antioxidants, especially polyphenols, flavonoids (proanthocyanidins, epicatechin) and
vitamin C, carbohydrates [23]. The phenolic compounds of starfruit were identified as
epicatechin, gallic acid, gallotannin, proanthocyanidins etc. [5]. Proanthocyanidins,
which existed as singly-linked dimers through pentamers, were most likely to be the
major antioxidants in star-fruit [5]. Presence of these compounds in Averrhoa

carambola L. fruit extract accounts for the antioxidant effect of the extract.

Previous studies reported that the 4. bilimbi extract fed animal groups showed
the elevated levels of the antioxidant enzymes superoxide dismutase, glutathione
peroxidase and glutathione in blood and tissues (liver, kidney and heart), when
compared with the control group. The efficacy of the extract was found to be significant

and dose dependent [24].

Antioxidant potential of an extract is often quantified by a combination of
several methods since a single method is not capable of predicting the true antioxidant
status. DPPH scavenging assay is applied extensively for the determination of free
radical scavenging or antioxidant activity of any compound. DPPH assay measures the
capability of the extract to donate hydrogen to the radical. In addition to this ABTS and
FRAP assays were also used to study the antioxidant ability.A comparison of results
from the three antioxidant assays revealed high antioxidant potential in methanol
extracts of Averrhoa with A. bilimbi exhibiting higher ability to quench free radicals as

evidenced by the ABTS and FRAP assays. In addition to phenolics and flavonoids, high
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vitamin C content which is a potent antioxidant may also account for their rich

antioxidant profile.

5. Conclusion

The data imply that these extracts have significant ability to react with free
radicals, to convert them into more stable nonreactive species and to terminate radical
chain reaction. This is indicative of the fact that these fruits have significant antioxidant
potential which necessitates further evaluation of their in vivo effect in order to testify

their use as potential antioxidants.

Further studies are required to determine the different active components, isolate
them from these under-utilized tropical fruits and investigate their full spectrum of
efficacy. These natural resources have the prospect of finding new clinically efficient
antioxidant compounds and the knowledge can be extended for future investigation into

the field of pharmacology for better drug discovery.
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Abstract

Optically active 1, 4-diols were prepared and converted to 2-substituted
tetrahydrofurans via an intramolecular Mitsunobu reaction.

Keyword: diols, substituted tetrahydrofurans, hydroboration, Mitsunobu reaction.
1. Introduction

Lignans [1], a class of secondary plant metabolites, widely distributed in Flora
and play a significant role in the growth and development of plant. Recent research
revealed that they exhibit important pharmacological activities, such as, antitumor, anti-
inflammatory, immunosuppressive, cardiovascular, antioxidant and antiviral actions [2].
Dibenzylbutyrolactones 1 display strong activity as potent anti HIV agents. 2, 5-Diaryl-
3,4-dimethyltetrahydrofuran lignans 2, 3, isolated from Himantandra are constituents of
Haifengteng, a chinese medicine and they are phospholipase C[J1 inhibitors, NF-T/B
inhibitors and potent neurotropic agents. Trisubstituted tetrahydrofuran lignan 4,
isolated from Agastache rugosa inhibits etopside-induced apoptosis in U937 cells.
Furofuran lignans of type 5 were tested on human cancer cells and showed good

inhibitory activities.[3-6]
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Figure 1. Biologically active lignans

Tetrahydrofurans are basic structural motifs in lignans. The synthetic protocols
reported in the literature contained multi steps with several difficulties. 1, 4-diols were
synthesized using one-pot sequential asymmetric allyl boration-hydroboration-oxidation
strategy. The future strategy is to cyclise these diols to synthesize a-substituted

tetrahydrofurans via intramolecular Mitsunobu reaction.
2. Synthetic Strategy

The retrosynthetic analysis of tetrahydrofurans 6 is shown in Scheme 1.
Cleavage of the ether group provides a diol 7 which can be obtained from corresponding
hydroboration of homoallylic alcohols 8. Assymmetric "allylboration" of aldehydes

with "allylboranes" can provide homoallylic alcohols with excellent enantioselectivity.

 — OH —_
Ar Ar .
Hydroboration
R R
6

7

BI
OH )(Jj\ %\/ pC2

Ar o Aa"H TR0
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46



Volume 5(2), September 2018 @ JOURNAL of dbct

Scheme 1. Retrosynthetic analysis for the synthesis of tetrahydrofurans

Hydroboration of allylboration can be done in one pot (Scheme 2) [8]. This

method was used to synthesise diols with high enantioselectivity.

O /\/Blpcz OBlpc, R',BH OBlpc, o] '

R™ "H J100°c,1h | R St ,h |R R

Scheme 2. Tandem Allylboration-Hydroboration-Oxidation
3. Results and Discussion

Allyl diisopinocampheylborane was used as the chiral allylborating agent for the
synthesis of various diols from different aldehydes. Here hydroboration was done using

dicyclohexylborane (Scheme 3).

1, ~Blpcz
EE, -100 °C OH
R—CHO ~_~OH

2. Chx,BH R

3. H,O,/NaOH
R=CgHs, 72%
R=4-CF3CGH4, 71%
R=4-OCH3CgH4, 65%
R=4-CF3CgHy4, 50%

Scheme 3. Synthesis of diols

Further the diols were subjected to Mitsunobu condition to convert into
tetrahydrofuran derivatives. A series of phosphine reagents were screened for the
reaction. The best result was with triisopropyl phosphine. Only a very poor yield of

product was obtained with classical triphenylphosphine.
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Scheme 4. Synthesis of tetrahydrofuran derivatives

From the above scheme 4, it is clear that enantiomeric excess is very less for
compounds (c) and (d). It is noticed that, excellent enantiomeric excess rates were
obtained when an electron withdrawing groups like fluorine (a) and trifluoromethyl (b)
groups present on the aromatic ring. It is also evident from the scheme that, when there
was no groups attached to the aromatic ring enantiomeric excess got extremely reduced.
The same trend was observed for the case of electron donating group (-OMe). This
could be attributed to the higher feasibility of carbocation formation at the o carbon

atom (Scheme 5). The carbocation undergoes cyclisation to form racemic product.
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Scheme 5. Proposed mechanism for racemic product formation

The carbocation formation at the benzylic position will be facilitated by electron
donating groups as they stabilises the carbocation. Tetrahydrofuran derivatives formed

via a cabocation intermediate can only be racemic. Thus the reaction loses its

stereoselectivity.
|Pr3P\
‘ N NN 3 o OH
P bap | P
F3C F3C

Scheme 6. Intramolecular Mitsunobu reaction

When there are electron withdrawing groups on the aromatic ring, carbocation
formation is less feasible as the electron withdrawing groups destabilises the benzylic
carbocation. So the reaction goes through a normal Mitsunobu reaction and there is no

loss of stereochemistry.
4. Conclusion

Diols prepared by tandem allylboration-hydroboration-oxidation reaction were

subjected to Mitsunobu reaction and 2-substituted tetrahydrofurans were obtained. It is
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noted that electron donating substituent scrambles the stereochemistry and the diols
with electron withdrawing groups on the aromatic ring yielded the expected
stereochemistry. A mechanism with carbocation intermediate is proposed to explain the

loss of stereochemistry.
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Abstract

Volleyball has developed into a highly competitive sport which requires a high
level of explosive power and muscular strength. The success of the game requires
sudden movements and fast reaction. Special training is required for better performance
of Volleyball players. The purpose of the study is to find out the influence of special
training on explosive power and muscular strength among adolescent volleyball players.
To achieve this purpose of the study twenty-four adolescent Volleyball players were
selected from Bharathidasan University, Tiruchirapalli Tamilnadu India. They were
divided into two equal groups, each of twelve subjects, namely special training group
and control group. The Group I underwent special training package for five days per
week for eight weeks and Group II acted as control who did not participate in any
special training programme apart from their regular day-to-day activities in the
curriculum. The following variables such as explosive power and muscular strength
were selected as criterion variables. The explosive power rate was assessed by the
vertical jump test and muscular strength measured by the squat test. All the subjects of
two groups were tested on selected criterion variables at prior to and immediately after
the training programme. Analysis of covariance (ANCOVA) was used to find out the
significant difference if any, among the groups on each selected criterion variables
separately. In all the cases 0.05 level of confidence was fixed to test the significance,
which was considered as appropriate. The results of the study revealed that there was a

significant difference between special training package and control group on selected

52



Volume 5(2), September 2018 @ JOURNAL of dbct

criterion variables such as explosive power and muscular strength. There was a
significant improvement as per selected criterion variables, namely explosive power and
muscular strength with respect to the special training package.

Keywords: Explosive Power, Muscular Strength, Vertical jump, Squat test

Introduction

Special training is good for everyone, for preventing heart disease and type II
diabetes, to manage weight and stress, to maintain fitness. Regular physical activity
helps to extend life and improve its quality. It is any bodily activity that enhances or
maintains physical fitness and overall health and wellness. Exercise training favourably
alters lipid and carbohydrate metabolism. The exercise-induced increase in high density
lipoproteins is strongly associated with changes in body weight. Special training is
systematic activity that involves continuous participation. Exercise is active with a
leading role in keeping a person fit. Physical exercises are helpful to maintain naturally
sound body and to enjoy an optimum state of health and physical fitness. Many
researchers strongly support that regular exercise helps one to keep a strong and healthy
heart and to prevent cardiovascular diseases (M.L.Kamalesh). Physical exercise is an
organised activity. It involves a continuous participation and occupies a leading role in
keeping a person fit. It will be quite difficult to adjust one's life in terms of stress, diet,

and sleep so on without proper exercise (Robert, 1989).

Volleyball has one of the highest participation rates of any sport in the world. This
game relies heavily on the explosive power of the legs for attaining maximum height of
jumping. The volleyball players’ most required skill is jump set, jump serves,
blocking and spiking. A successful player must not only be able to jump high but must
also reach that height quickly. Special training for volleyball should focus on
developing strength and power through fast, explosive movements (Tant, C.L.).
Vertical jumping ability is the product of muscular strength and muscular speed (Singh,

Harmandeep).
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Statement of the Problem

The purpose of the study is to find out the effect of special training package on

selected explosive power and muscular strength among adolescent volleyball players.
Objectives

To find out the effect of special training on the selected explosive power and

muscular strength among adolescent volleyball players.
Hypothesis

It was hypothesised that the special training package would improve the

selected explosive power and muscular strength among adolescent volleyball players.
Methodology

The purpose of the study is to find out the effect of the special training group on
selected explosive power and muscular strength among adolescent volleyball players.
To achieve the purpose of this study, twenty-four volleyball players were selected from
Bharathidasan University, Tiruchirapalli, Tamilnadu, India. The subjects were randomly
selected from the age group ranging from 20 to 25 years. The selected subjects were
divided into two equal groups of twelve each. Group one was considered as
experimental group who underwent eight weeks special training programme for five
days in a week and group two as a control group with no special training. The variables

and tests used are presented below.
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Table - I
Variable and testing procedures
SI. No Variables Test /Instruments Unit of Measure
1. Explosive Power Vertical Jump CM
2. Muscular Strength Squat Test Numbers
Statistical Analysis

The data were collected from the selected criterion variables prior to and
immediately after the training programme as pre and post test, respectively. The
analysis of covariance (ANCOVA) was used to find out the significant difference
between the groups of selected criterion variable separately. The influence of special

training on explosive power and muscular strength was analysed separately and the data

are presented below.

Table - 11
Computation of analysis of Covariance of Explosive power

both Experimental Group and Control group

Variables |Variance| EG | CG Soul.'ce of| Sum of df Mean F
Variance | Squares square
BG 1204 | 1| 12.04
PET;I“ 79.92|78.50 0.14
¢ WG |1887.917| 22| 85.81
EXPLOSIVE | Post test BG | 486.000 | 1 |486.00
POWER e |87:25]78.25 4.84*
WG |2210.500| 22| 100.48
. BG | 343.681 | 1 |343.68
Aﬁumd 86.55|78.95 20.81*
can WG | 346.838 | 21| 16.52

*Significant at 0.05 level of confidence.
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The table value required for significant at the 0.05 level confidence for 1 to 22 &1
to 21 are 4.30 and 4.33 respectively.

The table-Il show that the pre test mean values of explosive power for
experimental group and control group were 79.92 and 78.50 respectively. The obtained
‘f* ratio value 0.14 for pre test score on explosive power was less than required table
value 4.30 for insignificant with df 1 and 22. The post mean value of explosive power
for experimental group and control group were 87.25 and 78.25 respectively. The
obtained ‘f” ratio value 4.84 for post test score on explosive power was more than
required table value 4.30 for significant with df 1 and 22. The adjusted post mean value
of explosive power for experimental group and control group were 86.55 and 78.95
respectively. The obtained ‘f” ratio value 20.81 for adjusted post test score on explosive
power was more than required table value 4.33 for significant with df 1 and 21. The
results of the study showed that there was a significant difference between experimental

group and control group on explosive power.

.. EXPLOSIVE POWER
N w)
=i 00
=] o
88 -~ *
86 - u Pre Test Mean
84 -
w
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80 - gl
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F r ;
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TRAINING CONTROL
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Training Group and Control group on Explosive power

are graphically presented in figure-i
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Table - 111
Computation of analysis of covariance of muscular

strength of experimental group and control group

Variables | Variance | EG | cG | Seurceof | Sumof | .0 | Mean |
Variance | Squares square
BG 1350 | 1 | 13.50

Pre Test | 1¢ 951 29.75 0.20
mean WG 1510.50 | 22 | 68.66
BG 160.17 | 1 | 160.17

l‘sqt“sc“lt’;l" Posttest | 37519910 1.96
reng mean WG 1797.17 | 22 | 81.69
i BG 27152 | 1 | 271.52

Ag}““ed 35.05 | 28.29 57.48*
ean WG 99.18 |21 | 4.72

*Significant at 0.05 level of confidence.

The table value required for significant at 0.05 level confidence for 1 to 22 &1 to
21 are 4.30 and 4.33 respectively.

The table III shows that the pre test mean values of muscular strength for
experimental group and control group were 28.25 and 29.75 respectively. The obtained
‘F’ ratio value 0.20 for pre test score of muscular strength was less than required table
value 4.30 for insignificant with df 1 and 22. The post mean value on muscular strength
for experimental group and control group were 34.25 and 29.10 respectively. The
obtained ‘F’ ratio value 1.96 for post test score on muscular strength was less than
required table value 4.30 for insignificant with df 1 and 22. The adjusted post mean
value of muscular strength for experimental group and control group were 35.05 and
28.29 respectively. The obtained ‘F’ ratio value 57.48 for adjusted post test score on
muscular strength was more than required table value 4.33 for significant with df 1 and
21. The results of the study showed that there was a significant difference among

experimental group and control group on muscular strength.

57



Volume 5(2), September 2018 @ JOURNAL of dbct

MUSCULAR STRENGTH
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Training Group And Control Group On Muscular Strength
are Graphically Presented In Figure-II
Discussion

In the game of volleyball a player should have explosive power and muscular
strength. This game demands the involvement of whole body for attaining maximum
performance. The ability to generate strength and power is a very important component
for success in many sports, particularly in those involving explosive movements. The
experiment to develop the explosive power and muscular strength positively affected

the basketball players.
Conclusions

From the above discussion and within the limits of the study the following

conclusions are given below.

1. There was a significant difference between special training group and control
group on explosive power and muscular strength.

2. It was also found that there was a significant improvement on selected criterion
variables as explosive power and muscular strength due to special training

package effects.
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Author Guidelines (Instruction to Authors)
The authors are requested to prepare their manuscripts as per the instructions or specifications given
below. It should be noted that the review process is solely depend upon the significance of the work and
the care used by authors to represent it, in the form of their manuscripts. Therefore, authors are strongly
encouraged to read these instructions carefully before preparing/submitting their manuscript for
publication. The Chief Editor reserves the right to make any necessary changes in the papers, or
request the author to do so, or reject the paper submitted.
Criteria for Manuscript
Submitted manuscripts must meet the following criteria:
1. The material must be original.
2. The writing must be clear, concise and unambiguous.
3. The data should be valid
4. The discussions and conclusions drawn by the authors must be reasonable and supportable.
5. The information must be relevant and interesting.
Manuscript Type
1. Full length Research papers
2. Review articles
3. Short communications and Case reports
Manuscript Preparation
Page format: Manuscript should be typewritten in Times Roman, 12 font size, line space:1.5, title should
be in a font size 14, bold face capitals, with margins of at least one (1.cm) on all sides (Justified). All
figures and tables should be in the body of the text.
Fonts: Times New Roman and font size should be 12.
Tables: Tables should be numbered consecutively using Arabic numerals and should be in the text itself
and should have an explanatory caption that should be as concise as possible.
Figures and Images: The figures and images should be clear, easy to read and of good quality. All the
figures/images must be in the text and be numbered with Arabic numerals.
The order of Manuscript
1. Title page with affiliation and email of corresponding author
2. Abstract
3. Keywords
4. Introduction
5. Materials and Methods
6. Results and Discussion
7. Conclusion
8. Acknowledgements (if any)
9. References
1. Title page
Title (Short title) (Font Size: 14)
The title should be relatively short but informative. If a long title is necessary, please prepare an optional
short title.
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Names (s) of author (s) (Font size:12)

A list of all authors of the paper should be prepared. It should contain full name.

Name and address of workplace (s)

Authors’ affiliations should be indicated in this section.

Personal E-mail ID’s and mobile number.

At least one e-mail address and contact mobile number are needed. It will be used as the corresponding
author’s email address in all contacts with the authors.

2. Abstract

An abstract must accompany every article. It should be a brief summary of the significant items of the
main paper. An abstract should give concise information about the content of the core idea of your paper.
It should be informative and not only present the general scope of the paper but also indicate the main
results and conclusions. An abstract should not normally exceed 250 words.

3. Keywords

List of all keywords proposed by the authors, separated by commas. Up to 5 key terms can be selected.

4. Introduction

It should present the subject of paper clearly, indicate the scope of the subject, and present the goals of
paper, novelty of research work and finally the organization of paper.

5. Materials and Methods

Animals, chemicals and permission from animal ethical committee should be in the first paragraphs.
Newly introduced techniques should be described in detail to allow easy repetition. Any modification
should be mentioned briefly, with proper references. Techniques which have been previously described
should be mentioned in brief only, with proper references, unless they were published in sources that are
not easily accessible. The experimental part should be written in sufficient detail to enable others to repeat
the authors” work. Chemical compounds should be named according to the systematic rules of IUPAC or
Chemical Abstracts. Units and dimensions should be expressed according to the metric system and SI
units.

6. Results and Discussion

It may be combined or kept separate and may be further divided into subsections. It should deal with the
major findings and their explanation/interpretations.

7. Conclusion

It should represent the summary of the important findings.

8. Acknowledgements

Information concerning research grant support and the assistance of colleagues or similar notes of
appreciation should appear in Acknowledgements section at the end of the paper.

9.References

The references should be cited in the text in large brackets not in superscript or subscript. A complete
reference should comprise the following:

Mode of citation of references

An article in a journal

Author’s Initials Surname. Journal, year, volume, issue, page no. (without prefixes like Dr./ Prof. etc.)
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MM Youle; DA Hawkins; P Collins; DC Shanson; R Evans; N Oliver; Lawrence A. Lancet, 1988, 2, 341.
A book

Author’s Initials Surname. Title, Edition, Publisher, Place of publication, Year of publication; page no.
RL Ashley. In Laboratory Diagnosis of Viral Infections, 3rd ed., Marcel Dekker, New York, 1999; pp.
489-513.

A thesis

Author’s Initials Surname. MSc/PhD/DSc thesis, University (town, country, year of publication).
RJ David. PhD thesis, Edinburgh University (Edinburgh, UK, 1998).

Patents

Patents: AB Inventorl, CD Inventor, (Holder), Country Code and patent number (Registration year).

For articles in Malayalam (MI-TT Karthika), Sanskrit (Arjun) and Hindi (Dv- TT Surekha) the

manuscript to be prepared in micro soft word at a Font size:14.
The authors must submit their manuscript at: journal.dbct@gmail.com
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