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Abstract
Chloro penta amine Cobalt (III) Cloride [Co(NH3)5Cl]Cl2 was prepared then
characterized by FTIR and XRD . The obtained results indicated the formation of
Orthorhombic [Co(NH3)5Cl]Cl2 nano particles of ≈ 28.75 nm size .Polymeric films
based on polyvinyl alcohol PVA doped with Chloro penta amine Cobalt (III) Cloride
[Co(NH3)5Cl]Cl2 at different weight percent ratios were prepared using the solvent
cast technique. The structural properties of these polymeric films were examined by
XRD, FTIR and SEM studies. The complexation of the additive with the polymer was
confirmed by FTIR and SEM studies. The XRD pattern revealed that the
amorphousicity of PVA polymer matrix increased with raising the [Co(NH3)5Cl]Cl2
content. Ultrasonic pulse technique of variable frequency (25, 30, 35 and 40) kHz
were performed to study the influence of ultrasonic frequency on the mechanical
properties of PVA/ [Co(NH3)5Cl]Cl2 composite.
Some properties such as ultrasonic velocity, acoustic impedance ,bulk modulus and
transmittance and relaxation amplitude were found to be decreasing with frequency
while absorption coefficient and compressibility were increasing with frequency
.Results showed that ultrasonic wave made degradation to the randomly coiled
polymer chains ,when ultrasonic frequency increase there were more degradation that
increasing the number of un-tied chains as a result of absorbing composite ultrasonic
waves ,for this reason it could be pointed that PVA/[Co(NH3)5Cl]Cl2 composite as a
good ultrasonic absorber. It was found that there was significant relationship between
ultrasonic velocity and material properties.
Keywords: polymer composite; solution casting method; acoustical parameters:
nanoparticles.
systems are made up of chemical
bonds along the polymer chains and
1. Introduction
physical bonds across the polymer
Composites have good potential for
chains, former includes covalent bonds
various industrial fields because of
and the latter results from hydrogen
their excellent properties such as high
bonding, dipolar bonding or van der
hardness, high melting point, low
Waals forces. The type of physical
density, low coefficient of thermal
bonding has huge effects on the
expansion, high thermal conductivity,
physical properties of polymers [2].
good chemical stability and improved
Ultrasonic technique is one of the basic
mechanical properties such as higher
non-destructive methods for evaluation
specific strength, better wear resistance
of materials and structures. A
and specific modulus [1]. Polymer

81

JOURNAL OF KUFA – PHYSICS Vol.7/ No.2 (2015)

significant part of every ultrasonic
inspection is the way in which the
ultrasonic energy is transferred
between the transducer and the tested
object. [3] Some of mechanical
properties of different polymers were
carried by some workers using
ultrasonic
technique
[4].
The
absorption of ultrasound in polymer
systems is governed by local modes of
motion and cooperative because of the
existence of strong intermolecular
interaction within the polymer.
Ultrasonic attenuation measurements
are a standard method used to assess
the effects of material degradation [5].
Al-bermany et.al, (2013) [2] prepared
CMC/PVA composite films by casting
method and studied the mechanical
properties of the composites by sound
waves.
Ultrasonic
velocity,
compressibility, acoustic impedance
and bulk modulus, were measured and
calculated at fixed frequency (f =2.5
KHz).
Also, the absorption
coefficient, transmittance and the
reflected pressure ratio of the sound
were calculated. The results revealed
that, there is considerable relationship
between ultrasonic velocity and
material properties also the results
showed that PVA is affecting on the
density and the absorption of the
ultrasonic waves by the composites
samples.
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Coordination compounds or metal
complex are metal ions surrounded by
ligands. Ligands are either anions or
molecules that can donate electrons
into the d-orbitals of the metal ion and
form a bond. An example of common
ligands is chloride ion. The metal ions
that form coordination compounds are
from a group of metals known as
transition metals. These metals have
more than one oxidation state. This
property allows the transition metals to
act as Lewis acids [10]. The metal
complex used in this paper is Chloro
pentammine cobalt (III) chloride which
is a paramagnetic compound [11]. It
decomposes upon heating above 150
°C. Its solubility is 0.4 g per 100 ml at
25 °C [12].
In this paper an effort has been made
to study the effect of addition of
[Co(NH3)5Cl]Cl2
on structural,
optical properties and acoustical
parameters of polyvinyl alcohol by
FTIR, XRD, SEM and velocity of
sound instrument SV-DH-7A/SVX-7.
The results obtained from these
measurements have been analyzed and
discussed to be utilized in deferent
industrial applications.
2. Experimental Work
2.1 Preparation of chloro penta
amine cobalt (III) chloride
[Co(NH3)5Cl]Cl2
Chloro penta amine Cobalt (III)
Cloride [Co(NH3)5Cl]Cl2 was prepared
by the procedure reported in [13].

The effects of various parameters like
ultrasound intensity, frequency of
ultrasonic
waves
and
polymer
concentration
have
been
investigated[6].

1.7 g of Ammonium Chloride NH4Cl
was completely dissolved in ~10 ml of
concentrated ammonia NH3 in a 400
ml beaker. With continuous stirring,
3.3 g of cobalt (II) chloride CoCl2 was
add in small portions. With continued
stirring of the resulting brown slurry,
2.7 ml of 30% Hydrogen Peroxide
H2O2 was added slowly. After the
effervescence had stopped, ~10 ml of

Polyvinyl alcohol (PVA) is a semi
crystalline polymer whose hydroxyl
groups produce inter- and intramolecular hydrogen bonding [7].
These hydrogen bonding assist in the
formation of polymer [8].Certain
physical properties resulting from
crystal-amorphous
interfacial
effects[9].

82

JOURNAL OF KUFA – PHYSICS Vol.7/ No.2 (2015)

Nada K. Abbas, Majeed Ali Habeebb, Alaa J. K.

was taken for the 2θ range of 5-50°.
Measurements were carried out at
room temperature. The diffracted
intensity was measured as a function of
the reflection angel automatically by
the X-ray diffractometer. The various
peaks obtained in the diffraction
pattern gave the information about the
size and interplanar spacing of the
compound. A FTIR was recorded on
Fourier
Transform
Infrared
spectrophotometer, Shimatzu, model
IR-Prestige 21, using KBr pellets. FTIR spectra of the samples were
obtained in the spectral range of
(4000–400) cm-1 . The measurement
of velocity (v) was based on the
accurate
determination
of
the
wavelength (λ) in the medium
.Ultrasonic measurements were made
by pulse technique of sender-receiver
type (SV-DH-7A/SVX-7 velocity of
sound instrument) with different
frequencies (25, 30, 35 and 40) kHz.
The morphology of the films was
characterized by scanning electron
microscope using Bruker Nano GmbH,
Germany , operating at 5 kV
accelerating voltage.

concentrated Hydrochloric acid HCl
was add slowly. With continued
stirring, the mixture heated on a hot
plate and maintain at 85oC for 20
minutes. Then, the mixture cooled to
room temperature in an ice bath and
filter (using a Buchner funnel).The
crystals of [Co(NH3)5Cl]Cl2 were
washed with 5-6, 5 ml portions of ice
water (distilled water cooled in ice)
and then 5-6, 5 ml portions of Ethanol
C2H6O. All chemicals used in
preparation of chloro penta amine
cobalt (III) chloride were purchased
from Sigma –Aldrich.
2CoCl2⋅6H2O(s) +2 NH4Cl(s) +8
NH3(aq) +H2O2(aq) +3 H2O(l) →2
[Co(NH3)5Cl]Cl2 (s) + ½ O2(g)
2.2 Sample Preparation
Polyvinyl
alcohol
(PVA)
with
molecular weight (30,000-70,000) was
purchased from Aldrich. The PVA/
[Co(NH3)5Cl]Cl2 composites films
were fabricated by the solvent casting
technique. At first a PVA solution was
prepared by adding distilled water to
solid PVA (-C2H4O)n then stirred by
magnetic stirrer for 2 h. at 70 οC. The
necessary
weight
fractions
of
[Co(NH3)5Cl]Cl2 were first dispersed
in distilled water with a magnetic
stirrer for 1 h. then it was added
gradually into the polymeric emulsion
with continuous stirring and kept under
string for 1 h. Finally, the solution was
poured on to cleaned Petri dishes and
allowed to evaporate slowly at room
temperature for a week. After drying,
the films were peeled from Petri dishes
and kept in vacuum desiccator until
use. The thickness of the obtained
films was in the range of ≈120–150
μm.

3. Theory
Relaxation processes are the primary
mechanisms of energy dissipation for
an ultrasound beam transverse a
substance. These processes involve (a)
removal of energy from the ultrasound
beam and (b) eventual dissipation of
this energy primarily as heat.
Ultrasound
is
propagated
by
displacement of molecules of a
medium into regions of compression
and rarefaction. This displacement
requires energy that is provided to the
medium by the source of ultrasound.
As the molecules attain maximum
displacement from an equilibrium
position, their motion stops, and their
energy is transformed from kinetic

X–ray diffraction scans were obtained
using DX-2700 Diffractometer using
Cu Ka radiation (λ= 1.5406Aº)
operating at 40 kV and 30 mA, Data
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energy associated with motion to
potential energy associated with
position in the compression zone.
From this position, the molecules
begin to move in the opposite
direction, and potential energy is
gradually transformed into kinetic
energy. The maximum kinetic energy
(i.e., the highest molecular velocity) is
achieved when the molecules pass
through their original equilibrium
position, where the displacement and
potential energy are zero. Actually, the
conversion of kinetic to potential
energy (and vice versa) is always
accompanied by some dissipation of
energy. Therefore, the energy of the
ultrasound beam is gradually reduced
as it passes through the medium [14].
The existence of sound waves is
always restricted to a material medium,
the nature and the structure of which
determines the particular parameters of
their
propagation
[15].
Sound
absorption in a plane harmonic sound
wave is characterized by an
exponential decrease of amplitude with
traveling distance [16].
The absorption coefficient α was
calculated from Beer–Lambert law
equation [17]:
A/A0=e(-αx)
………… (1)
Where (A0) is the initially amplitude of
the ultrasonic waves, (A) is the wave
amplitude after absorption.
The transmittance (T) is the fraction of
incident wave at a specified
wavelength that passes through a
sample was calculated from the
following equation [18]:
T=I/Io
…………………… (2)
The relaxation amplitude of ultrasonic
wave is calculated from the following
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equation where (f) is the frequency
[19]:
D=α/f2 …………………… (3)
The method of measuring the speed of
ultrasound is by measuring the
thickness of the sample and the time it
takes inside the sample [20]:
v=x/t…………………… (4)
Where (x) is the sample thickness
measured by digital vernier; (t) is the
time that the waves need to cross the
sample.
As known from basic physics the
characteristic variables describing the
propagation of a monochromatic wave
in time and space are frequency f or
period T and wavelength λ given by:
λ=v/f …………………… (5)
Where, v is the wave propagation
velocity (also termed sound velocity or
speed of sound) [21].
The acoustic impedance of a medium
which is a material property is
calculated by the fallowing equation
[22]:
Z=ρv…………………… (6)
Where
Z
acoustic
impedance
[kg/(m²s)] = [Ray], ρ density of
transmitting medium [kg/m³], and v is
sound velocity [m/s] [23].
The bulk modulus B, is defined as the
pressure increase needed to decrease
the volume; its base unit is the Pascal
(Pa.) is calculated by following
equation [24]:
B=ρv2…………………… (7)
Compressibility β is a measure of the
relative volume change of a fluid or
solid as a response to a pressure (or
mean stress) change, it was calculated
by the following equation [25]:
β=(ρv2)-1…………………… (8)
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particle size could be calculated using
the first sphere approximation of
Debye–Scherrer formula [27]:

4. Results and discussion
4.1 X-ray diffraction (XRD)
A
typical
XRD
pattern
for
[Co(NH3)5Cl]Cl2 is shown in Figure 1 .
It can be seen that many sharp peaks
were observed in the X-ray profile.
The crystalline nature of synthesized
[Co(NH3)5Cl]Cl2 was observed by the
various sharp crystalline peaks in the
XRD pattern.
Figure 1 shows
diffraction peaks at 15.8313ᵒ, 25.6011ᵒ,
32.6249ᵒ and 34.8279ᵒ corresponding
to the (011), (221), (122) and (040)
planes [Co(NH3)5Cl]Cl2 which are
indexed to Orthorhombic structure
according to the literature data of
Materials Data, Inc. [26]. The average

…………………… (9)

D=

Where D is the average diameter of the
crystals, λ is the wavelength of X-ray
radiation, and b is the full width at half
maximum intensity of the peak
(FWHM). The obtained particle size of
[Co(NH3)5Cl]Cl2 was around 28.75
nm. The structural parameter such as
diffraction angle 2θ (deg.), interplaner
d (A°), relative intensity (I/Iο) and full
width at half maximum FWHM (deg.)
are presented in table 1.

Table 1: Diffraction angle 2θ (deg.), interplaner d (A°), relative intensity (I/Iο) and full width at half
maximum FWHM (deg.).

Material

[Co(NH3)5Cl]Cl2

2 θ (deg.)

d(A°)

I/Iο

FWHM (deg.)

15.7313

5.59343

100

0.2763

25.6011

3.47674

60

0.2046

33.4837

2.6741

36

0.2359

34.7279

2.5739

43

0.2143

illustrated in Figure 2 (pure). The
crystalline nature of this polymer was
emphasized by the diffraction peaks at
2θ = 19.8°, 41.05° assigned for PVA,
with a hallow shoulder at 2θ = 23°
representing the amorphous phase in
PVA [28]. On a molecular level, the
crystalline nature of PVA results from
the strong intermolecular interactions
between layered PVA chains through
hydrogen bonding. Meanwhile, weaker
Van Der Waal’s forces operate
between double layers. This folded
chain structure leads to small ordered
regions (crystallites) scattered in
unordered amorphous domains [28] as
indicated by the XRD pattern shown in
Figure 2 (pure) . Moreover, PVA
structure enriched with hydroxyl (OH)
groups, which are small enough to fit
into the lattice without disrupting the
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(420)

250
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300
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400
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0
5
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15

20
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Fig.1: XRD pattern for [Co(NH3)5Cl]Cl2
powder.

PVA is semi-crystalline polymer as
indicated from the XRD patterns
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carbon backbones chains [29]. It has
been found that the diffraction peak of
pure PVA decreases in intensity with
addition
of
[Co(NH3)5Cl]Cl2
concentration and also broad nature
has been found to be increased . This
could be due to the disruption of the
PVA crystalline structure by the
additive [30] or in other words the
interactions between PVA and
[Co(NH3)5Cl]Cl2 lead to the decrease
of the intermolecular interaction
between the PVA chains [31]. Similar
results have been obtained for the
system PVA–H3PO4 [32], PVALiCF3SO3 [33] and PVA-CuI [27].
This is in agreement with Hodge et al.
[34] criterion, which established a
correlation between the intensity of the
peak and the degree of crystallinity. No
sharp
peaks
pertaining
to
[Co(NH3)5Cl]Cl2 appeared in the PVA/
3
wt.%
concentration
of
[Co(NH3)5Cl]Cl2
composites,
indicating
the
complete/partial
dissolution of the additive in the
polymer matrix [30]. Also, figure 2 ( 6
wt.% and 9 wt.% ) shows obvious
presence of [Co(NH3)5Cl]Cl2 peaks
,especially (011) plane (which is used
to
find
the
grain
size
of
[Co(NH3)5Cl]Cl2 particles), that means
a growth of [Co(NH3)5Cl]Cl2 crystallite
particles in the polymer matrix. Figure
2 (9 wt.%) shows that the peaks
belongs to [Co(NH3)5Cl]Cl2 observed
with lower intensity. This behavior is
similar to other PVA composites [27].
From above, it can be concluded that
[Co(NH3)5Cl]Cl2 has retained its
structure even though it is being
capped with PVA after formation of
composites, that agrees with (Aashis S.
Roy et.al 2013) [35].
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film which were around 44.63 nm and
19.76 nm respectively . The apparent
fluctuation of the particle size of
[Co(NH3)5Cl]Cl2 may be attributed to
the particles aggregation in the samples
rich with [Co(NH3)5Cl]Cl2 [36].
2500
pure

Intensity (counts)

2000

3 wt.%
6 wt.%

1500

(302)
(040)

(221)

(011)

9 wt.%

1000
500
0

10 15 20 25 30 35 40 45 50
2ϴ
(degree)

Fig. 2: XRD pattern for PVA/
[Co(NH3)5Cl]Cl2 composites film with
different concentrations .

4.2 Fourier transform
spectroscopy (FTIR)

infrared

FTIR spectroscopy is an important
technique for the investigation of
polymer structure, as it provides
information about the complexation
and interactions between the various
constituents in the polymer complexes
[37].
FTIR was recorded on Fourier
Transform Infrared spectrophotometer,
Shimatzu, model IR-Prestige 21, using
KBr pellets. FTIR spectra of
[Co(NH3)5Cl]Cl2 showd peaks at 3278,
1620, 1307, 840 and 486 cm-1 which
correspond to the NH3 stretching
vibration, degeneration deformation
vibration of NH3 ligand, symmetric
deformation vibration of NH3, rocking
vibration of NH3 and Co–NH3
stretching vibrations respectively. Also
Co-Cl peak appeared around 840 cm-1.
The FTIR characterization agreed with

Equation (9) was used to find particle
size of [Co(NH3)5Cl]Cl2 particles
according to the preferred direction
plane (011) for PVA / 6 wt.% and 9
wt.% of [Co(NH3)5Cl]Cl2 composites

86

JOURNAL OF KUFA – PHYSICS Vol.7/ No.2 (2015)

Mohd. Hanief Najar and Kowsar Majid
(2013)
[38]
who
investigated
[Co(NH3)5Cl]Cl2. The only functional
group of [Co(NH3)5Cl]Cl2 is N-H
which was around 3100-3500 cm-1
.Figure 3 represents
the FTIR
spectrum of [Co(NH3)5Cl]Cl2. The NH is between (3161.34 – 3279.1) cm-1 .
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specific
interaction
of
the
[Co(NH3)5Cl]Cl2 with polymer matrix,
which
clearly
confirms
the
complexation of the system [39]. In
addition, broadening of the peak
corresponding to C–H stretching has
been observed progressively from pure
PVA to PVA–[Co(NH3)5Cl]Cl2 system.
This signifies the augmentation in the
amorphicity of the PVA, which may be
due to the random type of
intermolecular force that produces a
slightly different force field for each
absorbing group [39]. This type of
behavior has been also indicated by the
analysis XRD patterns. However, the
peak corresponding to1712 cm-1 has
been found to be missing with adding
[Co(NH3)5Cl]Cl2 which also implies
complexation and specific interaction
of the [Co(NH3)5Cl]Cl2 in the polymer
matrix [39]. In figure 4 (b) , O-H is
appeared as a broad absorption band as
it usually appeared in 3394.72 cm-1
covering the absorption band of sharp
tip of N-H group , while the N-H was
hidden behind the O-H rounded tip
which due to the low concentration of
[Co(NH3)5Cl]Cl2
.
At
higher
concentration, the N-H is appeared as a
sharp tip in 3282.84 cm-1, as it is seen
in figure 4(c and d).

Fig. 3: FTIR graph of [Co(NH 3)5Cl]Cl2

The absorption peaks of pristine PVA
at 3425, 2939,1712,1446 and 1083cm-1
are assigned to O–H stretching, C–H
stretching, C=O stretching, O–H and
C–H bending and C–O stretching,
respectively which can be seen in
figure 4 (a) . The mentioned PVA
absorption peaks are found to be
shifted with adding [Co(NH3)5Cl]Cl2
as it is shown in figure 4 (b, c and d)
,this shifting gives an insight to a

(a)

(b)
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(d)

Fig.4: FTIR graph of PVA / [Co(NH3)5Cl]Cl2 composites film with different concentrations (a) pure
PVA, (b) 3 wt.% (c) 6 wt.% and (d) 9 wt.%.

[Co(NH3)5Cl]Cl2 (figure 5 c), an
agglomerations with different size (
about 4.2-1.8 μm ) are appeared ,while
in PVA/ 9wt.% of [Co(NH3)5Cl]Cl2
prepared samples (figure 5d) there are
some semi-tori (with different sizes in
the range of about 0.178-0.625μm)
appeared as bright spots in all of them
with different degrees of roughness.
These showed uniform distributed
bright spots on the backscattered
images shown in the figure 5b,c and d,
seem to be agglomerates of
[Co(NH3)5Cl]Cl2 particles, which
increase
with
increasing
the
concentration of [Co(NH3)5Cl]Cl2. The
degree of roughness of the film surface
increases with increase of the content
of [Co(NH3)5Cl]Cl2. This indicates
agglomeration of the [Co(NH3)5Cl]Cl2
in the host matrix and this may confirm
the interaction and complexation
between the [Co(NH3)5Cl]Cl2 and the
PVA ,also refers to growth of
[Co(NH3)5Cl]Cl2 particles [40]. These
results are in agreement with XRD and
FTIR results.

4.3 Scanning electron microscope
(SEM)
Depending on the amount of
[Co(NH3)5Cl]Cl2 present in the
polymer matrix, the morphology of the
PVA/[Co(NH3)5Cl]Cl2composite will
vary and greatly influence its
properties.
Scanning
electron
micrographs of pure PVA, and PVA/
(3,
6,
9)
wt.
%
of
[Co(NH3)5Cl]Cl2composites are given
in Figure 5 (a, b, c and d) respectively .
Very distinguishable changes have
been observed from pure PVA, to low,
intermediate and high concentrations
of [Co(NH3)5Cl]Cl2. Pure PVA showed
smooth surface of the PVA film. Tiny
and very few agglomeration of
[Co(NH3)5Cl]Cl2
particles
was
observed in Figure 5 (b), which
contained 3 wt.% of [Co(NH3)5Cl]Cl2.
Thus suggesting that [Co(NH3)5Cl]Cl2
particle can be well dispersed in PVA
matrix and the fabricated film can be
considered as homogenous and dense
with no obvious phase separation.
With 6 wt.% concentration of
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(b)

(c)

(d)

Fig. 5: SEM photographs for PVA/ [Co(NH3)5Cl]Cl2 composite films with different concentration of
[Co(NH3)5Cl]Cl2 : (a) 0 wt.%,(b) 3wt.%,(c)6wt.% and (d) 9wt.%.

complex molecules. During the
propagation of ultrasonic wave through
the composite, periodical changes are
occurring. Because of wave pressure,
molecules are flowing into vacancies
in the lattice during compression phase
and to return to their original positions
in the lattice during rarefaction, so
when concentration increases the
velocity decreases [41]. Also, adding
metal complex forms a network
between polymer chains acting as
restriction of the ultrasonic waves
leading to more ultrasound wave
attenuation [42] so, Ultrasonic wave
velocity decreases with concentration.
Figure 7 show that, the velocity is
decreasing with frequency. The
ultrasonic wave causes degradation in

4.4 Acoustical parameters
Since the density is defined as mass
per unit volume and the volume is
fixed (in this study) ,so the density is
increasing with the concentration
.Also, the increas of density with
concentration is the result of the tight
interaction between the metal complex
and polymer molecules as shown in
figure
6.
Ultrasonic
velocity
(calculated by equation 4) versus
concentration of metal complex
composites at different ultrasonic
frequencies is shown in figure 7. The
velocity is decreasing with the increase
of concentrations, this could be
attributed to the interaction causing
association between polymer and metal
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polymer chains which is attributed to
decrease in the number of tie-chains
and leads to slight decrease in tensile
properties [41]. Since frequency
related
to
energy,
degradation
increases and number of tie chains are
reduced, so, velocity decreased [43].
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absorption coefficient of the ultrasonic
waves are increasing with frequency
,because when the frequency increases,
the vibration is increasing leading to
increase and decrease in pressure
relatively to atmospheric pressure .
The compression and rarefaction are
decreasing by displacement of the
molecules from their equilibrium
positions so as a result to high
frequency, there are more degradation
to polymer chains, then increasing in
absorption by composite which agrees
with decreasing transmittance [47].

Polymer molecules absorbed the sound
waves according to Lambert-Beer Law
which is based on concentration [44]
rather than as shown in figure 8
Absorption coefficient is increases
with concentration, because the
attenuation of the ultrasonic wave is
determined mainly by the size, shape,
and particles distribution which is
attributed to the fact that when metal
complex concentration increase there
will be more molecules in polymer this
lead to more attenuation against wave
propagation. The attenuation can be
attributed to the friction and heat
exchange between the particles and the
surrounding medium as well as to the
decay of the acoustic wave in the
forward direction due to scattering by
the particles [45]. This behavior is
similar to that given by other
researchers for other polymers [46].As
an ultrasound beam penetrates a
medium, energy is removed from the
beam by absorption, scattering, and
reflection. As with x-rays, the term
attenuation refers to any mechanism
that removes energy from the
ultrasound beam. Ultrasound is
“absorbed” by the medium if part of
the beams energy is converted into
other forms of energy, such as an
increase in the random motion of the
molecules. Ultrasound is “reflected” if
there is an orderly deflection of all or
part of the beam. If part of an
ultrasound beam changes direction in a
less orderly fashion, the event is
usually described as “scatter” [14], so
adding [Co(NH3)5Cl]Cl2 enhancing
absorption coefficient of PVA. Also it
can be seen from figure 8 that the

Little attenuation occurs in a medium
means, this medium is very good
transmitter and vice versa [14]. The
transmittance is calculated by equation
2, is decreasing with [Co(NH3)5Cl]Cl2
concentration as shown in figure 9.
The molecules of [Co(NH3)5Cl]Cl2 fill
the vacancies between polymer chains
and restricted these chains, so
ultrasonic wave faces a strong
resistance to follow through the
composite [48]. Figure 9 clarifies that
transmittance are decreasing with
frequency. Since frequency related to
energy, so, high frequency causes more
degradation that introduces un tie
chains .Ultrasonic wave transfer as
compression and rarefaction, the un tie
chains play an important role of
dumping the propagation of ultrasonic
wave which decreases transmittance
[43].
The relaxation amplitude, calculated
by equation 3, is found to be increasing
with increasing concentration as in
figure 10. This is attributed to the
displacement of excited molecules
which became small, because the
moment of inertia of molecules is
reduced [48].
Since wavelength is
to the frequency
equation 5) the
ultrasonic wave
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frequency as shown in figure 11, also it
can be noticed that, the ultrasonic
wavelength
is
decreasing
with
[Co(NH3)5Cl]Cl2 concentration . This
behavior is related to the closeness of
the molecules at high concentration so
there are more interaction between
neighbored molecules and there are
more
attenuation
according
to
compression and rarefaction of wave
propagation by these molecules [2].
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with the concentration of metal
complex as it is shown in figure 13,
this is attributed to the fact that metal
complex molecules make entanglement
interaction to the polymer chains
forming a network [52] which can be
indicated from the reduction of
polymer crystallinity [53]. This result
agree with XRD observation, also low
concentration of metal complex means
more vacancies that coiling polymer
chains randomly to be close to each
other giving the composite higher Bulk
modulus
[51].
While
the
compressibility, as calculated using
equation 8, is increasing with
increasing concentration shown in
figure 14, this is the same behavior
found by other researches [42] .This
behavior is caused by the propagation
of ultrasonic waves which made
polymer chains are adjacent to each
other which change conformation and
configuration of these molecules
producing more compression for these
molecules [54]. Sequentially with
increasing
frequency,
the
compressibility is also increasing. The
bulk modulus is inversely related to the
compressibility as it clear by the
equations (7) and (8) respectively, so
Bulk modulus is decreasing with
frequency as it is seen in figure 14, this
result is in agreement with the fact that
the velocity of ultrasound is
determined
principally
by
the
compressibility of the medium. A
medium with high compressibility
yields a slow ultrasound velocity, and
vice versa [14] and in another hand it
agreed with previous result in this
study.

The acoustic impedance, calculated by
equation 6, is decreasing with
concentration as shown in figure 12;
this result agreed with other
researcher’s [49]. From equation (6),
acoustic impedance follows the same
behavior of ultrasonic velocity because
it is more effective than density which
has small variation with respect to
velocity
variation
[50].
When
concentrations
increases,
rearrangements of the polymer
network is occurs, by breaking chains
bonds. It was probably the clusters
grew and contacted with each other in
the composites resulting in a gradual
change from small metal complex
clusters to larger clusters with stronger
hydrogen bonds which were confirmed
by SEM results [51]. Also from figure
12, it can be noticed that, the acoustic
impedance
is
decreasing
with
frequency because of the polymer
chains degradation which is combined
with high frequency. This degradation
is resisting the transferring of the
ultrasonic wave and gave the
composite good acoustic impedance
[43].
Bulk modulus can be calculated by
equation 7. Bulk modulus is decreasing
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Fig. 6: The variation of density versus the
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Fig. 7: The variation of ultrasonic velocity
versus [Co(NH3)5Cl]Cl2 concentration for
PVA/[Co(NH3)5Cl]Cl2 composites.
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Fig. 8: The variation of absorption coefficient
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Fig. 9: The variation of transmittance
versus [Co(NH3)5Cl]Cl2 concentration for
PVA/[Co(NH3)5Cl]Cl2 composites.
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Fig. 10: The variation of relaxation amplitude
versus [Co(NH3)5Cl]Cl2 concentration for
PVA/[Co(NH3)5Cl]Cl2 composites.
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5. Conclusions

PVA/[Co(NH3)5Cl]Cl2 composites.

Polymer films based on PVA with
different
concentrations
of
[Co(NH3)5Cl]Cl2 were prepared using
solvent casting technique. XRD reviled
that, the synthesized [Co(NH3)5Cl]Cl2
was
indexed
to
Orthorhombic
structure. The formation of an
intermolecular
interaction
and
complexation between PVA and
[Co(NH3)5Cl]Cl2 has been confirmed
using XRD, FTIR, SEM. The presence
of [Co(NH3)5Cl]Cl2 leads to decrease
the velocity because, [Co(NH3)5Cl]Cl2
forms a network between polymer
chains acting as restriction of the
ultrasonic waves. [Co(NH3)5Cl]Cl2)

enhances the ultrasonic absorption
coefficient of PVA, making PVA/
[Co(NH3)5Cl]Cl2 composite a good
candidate for coated material to objects
that wanted to be observed by sonar or
such radars. This study shows there is
strong intermolecular interaction which
is
responsible
for
increasing
compressibility of composite with
adding
[Co(NH3)5Cl]Cl2.
PVA/[Co(NH3)5Cl]Cl2 composite can
be applied in deferent industries such
as reducing sound noise in factories,
airplane, coating wall buildings and
teaching room.

93

JOURNAL OF KUFA – PHYSICS Vol.7/ No.2 (2015)

Nada K. Abbas, Majeed Ali Habeebb, Alaa J. K.

9. Vijaya K.G.; Chandramani, R. “Study
of the Semi conducting Behavior of La
(No3)3 Doped Poly Vinyl Alcohol Films
with and Without Gamma (Y)Irradiation”, Journal of Applied Science
Research, Vol.4, No.11, pp. 1603-1609,
2008.
10. Gary
Wulfsberg
,
“Inorganic
Chemistry”, University Science Books
Pub., pp. 370-393, 2000.
11. I. I. Mikhalenko, Yu. A. Zubarev, L. V.
Krasnyi-Admoni, V. D. Yagodovskii,
Journal of Applied Chemistry USSR
(English Translation), vol. 63, pp.
1337–1341, 1990.
12. S.
Young
Tyree
Jr.,
"Chloropentaamminecobalt
(III)
Chloride".
Inorganic
Syntheses
9.McGraw-Hill Book Company,Inc.
ch43, p. 160,1967.
13. Theodore Brown, Eugene LeMay, and
Bruce Bursten, “Chemistry: The Central
Science”, 9th edition, May 17, 2002,
14. William R. Hendee and E. Russell
Ritenour, “Medical Imaging Physics”,
Fourth Edition, ISBN: 0-471-38226-4
Copyright © 2002 Wiley-Liss, Inc
.p.314.
15. P. Laugier and G. Haϊat (Eds.), “Bone
Quantitative Ultrasound”, Springer
Science+Business Media B.V. 2011
16. Kuttruff H., “Ultrasonics fundamentals
and applications”, London, Elsevier
Applied Science, 1991.
17. Zong fang Wu1 and Dong C. Liu ,
“Method of improved scatterer size
estimation without attenuation known a
priori”, Bioinformatics and Biomedical
Engineering (iCBBE), 4th International
Conference ,IEEE,Vol.8,No.10,pp.1- 4,
2011.
18. Dipak Basu, “Dictionary of pure and
applied physics”, CRC Press, 2001.
19. Josef
Krautkrämer
and
Herbert
Krautkrämer, “Ultrasonic testing of
materials” 4th edition , Springer, 1990,
20. Boutouyrie P, Briet M, Collin C,
Vermeersch S, Pannier B ,"Assessment
of pulse wave velocity ". Artery
Research, Elsevier, Vol.3, No.1, pp. 3–
8, 2009.
21. S.C Bhatt, H.K Semwal, Manish Uniyal
and B.S Semwal. , “Acousticl
investigation of ferro fluids”, Journal of

5.References
1. Canan Aksu Canbay and Ayşe
Aydoğdu, “Microstructure, Electrical
and Optical Characterization of Zn0NiO-SiO2 Nanocomposite Synthesized
by Sol-Gel Technique”, Turkish Journal
of Science & Technology, Vol. 4, No 2,
pp.121-126, 2009.
2. Abdul-Kareem J. Al-bermany, Burak
Yahya Kadem, Layth T. H.Kadouri,
“Preparation and study the mechanical
properties of CMC/PVA composites by
sound waves”, Advances in Physics
Theories and Applications, The
International Institute for Science,
Technology
and
Education
(IISTE),Vol.15,pp.11-20,2013.
3. Bogomil
YOCHEV,
Svetoslav
KUTZAROV, Damyan GANCHEV,
Krasimir STAYKOV, “Investigation of
Ultrasonic Properties of Hydrophilic
Polymers for Dry-coupled Inspection”,
ECNDT - We.1.6.5 , (2006)
4. Boro Djordjevic, B. ,"Ultrasonic
characterization of advanced composite
materials", the 10th International
Conference of the Slovenian Society for
Non- Destructive Testing (Application
of
Contemporary Non-Destructive
Testing in Engineering), Ljubljana,
Slovenia, pp.47-57, 2009.
5. Nondestructive
Testing,
ASTM
Standard E664-93, Vol. 03.03, Easton,
MD, pp.264-266,1994.
6. Jayanta Chakraborty, Jayashri Sarkar,
Ravi Kumar and Giridhar Madras,
“Ultrasonic
Degradation
of
Polybutadiene
and
Isotactic
Polypropylene”, Polymer Degradation
and Stability, Vol.85, pp. 555-558,
2004.
7. Song Ie Song, Byoung Chul Kim,
“Characteristic rheological features of
PVA solutions in water-containing
solvents with different hydration states”,
Polymer, Elsevier, Vol. 45, pp.2381–
2386, 2004.
8. Balaji B.P.; Madhu M.V.; Sharma A. K;
Rao V. V; “Structural and electrical
properties of pure and NaBr doped poly
(vinyl
alcohol)
(PVA)
polymer
electrolyte films for solid state battery
applications”, Ionics, springer, Vol.13,
pp.441–446, 2007.

94

JOURNAL OF KUFA – PHYSICS Vol.7/ No.2 (2015)

22.

23.

24.

25.

26.

27.

28.

29.

the Acoustical Society of India,Vol,
33,pp. 264-267, 2005.
Chethana. C , Daraka Prasad,
“Determination of Acoustic Impedance
values of Ultrasonic Waves using
Taguchi method” , International Journal
of Innovations & Advancement in
Computer Science IJIACS ISSN 2347 –
8616 Volume 1, issue 2, p.33,
January,2014.
Thomas Geisler, “Ultrasonic Velocity
Profile Measurements in Experimental
Hydraulics”, Diploma Thesis, Graz
University of Technology Faculty of
Civil Engineering Institute of Hydraulic
Structures and Water Resources
Management
HermannGrengg
Laboratories Graz, Graz, Austria,p.8,
2001.
Siddhartha Roy ,Alexander Wanner
,Tilmann Beck Thomas Studnitzky and
Gu¨nterStephani “Mechanical properties
of cellular solids produced from hollow
stainless steel spheres” Journal of
Materials Science,
Springer ,
Vol.46,pp.5519–5526, 2011.
R. Palani and S. Kalavathy, “volumetric
compressibility and transport studies on
molecular Interactions of mono, di and
tri saccharine in aqueous sodium
butyrate mixtures at 303.15 K”,
Advances
in
Applied
Science
Research,Vol. 2,No.2,pp. 146-155,
2011.
Kirk, S., Solovyev, L., Blokhin, A.,
Mulagaleev, P., Academy of Science,
Krasnoyarsk, Russia. ICDD Grant-inAid, 2000.
E. Sheha, H. Khader, T.S. Shanap, M.G.
El-Shaarawy,
M.K.
El
Mansy,
“Structure, dielectric and optical
properties of p-type (PVA/CuI)
nanocomposite polymer electrolyte for
photovoltaic cells”, Optik - Int. J. Light
Electron Opt., Elsevier GmbH, 2011.
Y.A. Badr, K.M. ABD El-Kader, R.M.
Khafagy, “Raman spectroscopic study
of CdS, PVA composite films”, Journal
of Applied Polymer Science, Vol.92,
Issue
3,pp.
1984-1992,
(2004).
http://refhub.elsevier.com/S09258388(13)01114-6/h0120
M.A. Ahmed, Rasha M. Khafagy,
Samiha T. Bishay, N.M. Saleh ,
“Effective dye removal and water

Nada K. Abbas, Majeed Ali Habeebb, Alaa J. K.

30.

31.

32.

33.

34.

35.

36.

37.

38.

95

purification using the electric and
magnetic Zn0.5Co0.5Al0.5Fe1.46La0.04O4/
polymer core–shell nanocomposites”,
Journal
of
Alloys
and
Compounds,Vol.578,pp 121-131, 2013.
http://dx.doi.org/10.1016/j.jallcom.2013
.04.182
V. M. Mohan, Weiliang Qiu, Jie Shen,
Wen Chen, “Electrical properties of
poly(vinyl alcohol) (PVA) based on
LiFePO4 complex polymer electrolyte
films”, Journal of Polymer Research,
Springer Science + Business Media,
Vol.17,pp.143–150,2010.
M. Abdelaziz , Magdy M. Ghannam ,
“Influence of titanium chloride addition
on the optical and dielectric properties
of
PVA
films”,
Physica
B,Elervier,Vol.405,pp. 958–964, ,2010.
P.N.
Gupta,
K.P.
Singh,
“Characterization of H3PO4 based PVA
complex” Solid State Ionics, Volumes
86–88, part 1,pp. 319-323, 1996.
J. Malathi, M. Kumaravadivel, G.M.
Brahmanandhan,
M.
Hema,
R.
Baskaran,
S.Selvasekarapandian,
“Structural, thermal and electrical
properties of PVA–LiCF3SO3 polymer
electrolyte”, Journal of Non-Crystalline
Solids, Elervier, Vol.356, pp.22772281, 2010.
R.M. Hodge, G.H. Edward, G.P. Simon,
“Water absorption and states of water in
semicrystalline poly (vinyl alcohol)
films”, Polymer, Vol.37, no.8, pp.
1371–1376, 1996.
Aashis S. Roy, Satyajit Gupta, S.
Sindhu, Ameena Parveen, Praveen C.
Ramamurthy, “Dielectric properties of
novel PVA/ZnO hybrid nanocomposite
films”,
Composites:
Part
B,
Elsevier.Vol. 47, pp. 314–319, 2013.
B. Pejova, I. Grozdanov, “Three
dimensional confinement effects in
semicoducting zinc selenide quantum
dots deposited in thin film form”,
Materials Chemistry and Physics,
Vol.90,Issue 1, pp. 35–46, 2005.
Dyer, John, “Applications of Absorption
Spectroscopy of Organic Compounds”,
Prentice-Hall of India Private Limited ,
New Delhi, 1991.
Mohd. Hanief Najar, Kowsar Majid,
“Synthesis, characterization, electrical

JOURNAL OF KUFA – PHYSICS Vol.7/ No.2 (2015)

39.

40.

41.

42.

43.

44.

45.

46.

Nada K. Abbas, Majeed Ali Habeebb, Alaa J. K.

47. Al-Bermany ,“Enhancement mechanical
and rheological properties and some its
different
industrial
applications”,
Journal of college of education, Vol.5,
No.3,pp.8-15,2009.
48. Burak Yahya Kadem, “Study of Some
Mechanical Properties of PVA/TiO2
Composite by Ultrasonic Technique” ,
International Journal of Science and
Technology , Vol.1 No.5, pp. 183-184,
2011.
49. Subhi K. Hassun, Kadhim H. Hussain
and Najiba A. Hassan (1990), ViscoRelaxation Studies of Polystyrene
Solutions in Different Solvents by
Ultrasonic , Acta Polymerica,Vol.
41,no. 8,pp. 438-441.
50. Abdul Kareem J. Al-Bermany, Rawaa
Mizher Obiad, “Structural Study Of
Rheological And Mechanical Properties
of Polyvinyl Alcohol By Ultrasonic”
,Journal
of
Babylon
University
,Vol.21,No.3,pp.968-977, 2013.
51. Wiggens P.M. and Van Ryn R.T., “the
solvent properties of water in
desalination membrane”, Journal of
Macromolecules Sci.-Chem. A, Vol.
23,pp. 875-905, 1986.
52. Pradeep K. Rohatgi, Takuya Matsunaga
and Nikhil Gupta,” Compressive and
ultrasonic properties of polyester/fly ash
Composites”,
J
Mater
Sic,
Vol.44,pp.1485–1493, 2009.
53. Y. Cai, Zh. Wang, Ch. Yi, Y. Bai, J.
Wang, Sh. Wang, “Gas transport
property of polyallylamine–poly(vinyl
alcohol)/polysulfone
composite
membranes”,
J.
Membr.
Sci.
Vol.310,pp. 184–196, 2008.
54. Hasun S.K., “ultrasonic study and viscorelaxation of PVA”, British polymer
Journal, Vol. 21, No. 1, pp. 333-338,
1989.

and
thermal
properties
of
nanocomposite of polythiophene with
nanophotoadduct: a potent composite
for electronic use”, J Mater Sci: Mater
Electron, Springer Science+Business
Media New York, 2013.
G.K. Prajapati, R. Roshan, P.N. Gupta,
“Effect of plasticizer on ionic transport
and dielectric properties of PVA–H3PO4
proton
conducting
polymeric
electrolytes” , Journal of Physics and
Chemistry of Solids, Elsevier Ltd ,Vol.
71 ,pp.1717–1723, 2010 .
E.M. Abdelrazek, I.S. Elashmawi, A.
El-khodary, A. Yassin , “Structural,
optical, thermal and electrical studies on
PVA/PVP blends filled with lithium
bromide”,Current Applied Physics,
Elsevier, Vol. 10,pp. 607–613, 2010.
Formageau J., Brusseau E. Vary D.,
Gimenez
G.
and
Chartre
P.,
“characterization of PVA cryogel for
intravascular
ultrasound
elasticity
imaging”, IEEE transactions on
ultrasonic ferroelectrics and frequency
control, Vol.50, issue 10 pp.1318-1324,
2003.
Al-Bermany K.J., “Enhancement of
mechanical properties using gamma
radiation for HEC polymer” , Journal of
college
of
Education
,Babylon
university,Vol.1,No.5, pp.10-15, 2010.
Abdul-Kareem J. Rashid and Burak Y.
Kadem , “Effect of variable ultrasonic
frequencies on some physical properties
of Iraqi palm fiber PVA composite”
,Journal of Asian Scientific Research,
Vol.1.No.7,pp.359-365, 2011.
James D. Ingle and Stanley R. Crouch ,
:Spectrochemical Analysis,1st edition”,
Prentice Hall , New Jersey,1988 .
Tomasz
Hornowski,
Arkadiusz
Józefczak ,Andrzej Skumiel and
MikołajŁabowski
,
“Effect
of
Poly(Ethylene Glycol) Coating on the
Acoustic Properties of Biocompatible
Magnetic Fluid”, International Journal
of Thermophysics,Vol. 31,pp. 70–76,
2010.
Hassun
S.K.
and
Rahman,K.,
“Ultrasonic Study of Molecular
Association of High Impact Polystyrene
Solutions in Toluene”, Iraqi Journal of
Science,Vol. 31,No.3pp.,24 -30, 1990.

96

