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Effect of Cobalt Chloride on the Optical Properties of PVA/PEG Blend
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Received 27‘“Jan 2018 Different composite films of cobalt chloride (CoCl,) embedded in a blend of (poly vinyl alcohol (PVA)

Accepted 21 Feb 2018 /o1y ethylene glycol (PEG) 72/28 wt. %) were prepared by the solution casting technique. Fourier
Transform infrared (FT-IR) spectroscopy was used to identify the effect of CoCl, on the characteristic
functional groups of both PVA and PEG. A shift in the absorption edge of the pure blend was observed
by adding CoCl, which indicates a decrease in the energy gap (Ey) values based on the CoCl, content. By
increasing the content of CoCl,, the refractive index, the Urbach energy, the dispersion parameters, the
moments of the optical spectrum and the static dielectric constants show a reduction in their values
compared to those of the pure blend. The oscillator energy gap E, equals about 2.23 E, for the different
composites. The calculated values of the penetration depth, for all the composites, exhibit an increase by
increasing the wavelength whereas they decrease in the region of the absorption band of the CoCl, from
420 nm to 750 nm depending on the CoCl, content. The optical conductivity of the composites has been
increased in the region of the absorption band of the CoCl,.
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Introduction

Composite materials are described as materials that
contain two or more different phases, which are
not the same in their chemical and physical
properties and separated from each other by a
distance interface. Due to their ability to be applied
in many technological applications, polymer
composites have attracted great attentions. They
are effectively used in the daily applications as
radio frequency interference shielding for
electronic devices and photo thermal optical
recording. Polymeric materials are essentially
nominated to be used in the electronic applications

[1].

A previous study by the author of the present work
[2] shows that polyvinyl alcohol is a kind of
polymers whose physical properties can be
modified by incorporating it with appropriate
fillers or polymers. Because of its high charge

storage capacity, high flexibility and its good
dielectric strength, polyvinyl alcohol (PVA) has
been incorporated into many applications of
industry. PVA is a semi-crystalline polymer and it
plays a main role in the biomedical applications
due to its good chemical resistance, simple
preparation and excellent biodegrade ability. The
carbon chain backbone of PVA with hydroxyl
groups provides a hydrogen-bonding source to
improve the creation of polymer complexes [3, 4].
On the other hand, PEG has important
characteristics as superb water solubility, being
good protein adsorption resistance, low toxicity
and poor immunogenicity. In addition, no observed
damage is observed when PEG is contacted with
the lips or skin, so it is suitable to be used in
different applications as coating material for the
biotechnical applications [5]. PEG can be used as a
binder in ceramic preparation and its considerable
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physical and chemical properties enable it to be
used in variant industrial applications [6].
Transition metal halides play an essential role on
modifying the structure and the physical properties
of the hosting polymer depending on the kind of
interaction between them and the hosting matrix.
In order to improve the physical properties of a
polymeric material, inorganic fillers including
C0304, Zno, TiO, SnO, and PdCI, have been
utilized. One of the most interesting inorganic
fillers is cobalt chloride (CoCl,), which is
produced in the form of hexahydrate (CoCl,.6H,0)
and it employed in manufacturing of vitamin B12,
catalyst preparation, electroplating and painting on
glass and porcelain. CoCl, is also acting as silica
gel, computer memory devices, invisible ink and
water indicator [7]. Furthermore, it is used in
variant humidity sensing applications. Due to the
creation of Co*, CoCl, is nominated as an
effective electron acceptor in different research
fields [2].

In the present study, films of different contents of
CoCl, embedded in a blend of PVA/PEG 78/28
wt.% were prepared by solution casting method.
FT-IR was used as a powerful tool to determine
the functional groups of the different composites.
The effect of CoCl, on the optical properties of the
hosting blend was investigated from the reflection
and the absorption measurements. Also, different
optical parameters were calculated for this purpose
including Urbach energy, optical energy gap,
refractive index, optical conductivity and some
other important parameters.

Experimental Techniques

Sample preparation

PVA (M, 115,000 g.mol™) and cobalt chloride
(CoCly) were purchased from India while PEG (M,,
~ 4000 g.mol™) was obtained from (Fluka chemical
Co., Germany). These two homopolymers were
absolutely used without further purifications.
Solution casting method was used to prepare the
films of the composites. The powder of PVA was
dissolved in distilled water under heating at 80° C
with a gentle stirring for 120 minute then left to
reach the room temperature. On the other hand, the
powders of PEG and CoCl, were dissolved,
separately, in distilled water at room temperature
for 60 minutes. The solution of PEG was added
slowly to PVA under stirring for 60 minutes to
form the blend of (PVA/PEG 72/28 wt. %).
Composites of different cobalt chloride contents (0,

4,76, 11.1, 14.0, 16.2 and 19.2 wt. %) were
prepared by embedding in the blend of (PVA/PEG
72128 wt. %). The content of cobalt chloride, W
(wt. %), was calculated from the equation,

Wf

%100’
p+Wf
where w; and w, represent the filler and the
polymer weights, respectively. Consequently, the
solutions of the composites were poured in glass
dishes in vacuum at 318 K for 48h. After cooling to
room temperatures, the films were taken out and
kept in desiccators to ensure good drying. The
produced films had an average thickness of =~
0.0053+ 0.001 cm.

W (Wt%) =

UV- Visible measurements

UV- visible spectrophotometer JASCO (V-550) was
used for the measurements of UV/Vis absorption
spectra in a range of wavelengths from (190-900)
nm.

Reflection measurements

UV-Vis-NIR spectrometer (UV-3101 PC) shimadzu
was used to detect the specular reflection spectra in a
range of wavelengths from (190 - 900) nm.

FT-IR Measurements

Fourier Transform Infrared Spectrometer (FTIR —
460 plus) was used to measure FT-IR spectra in the
wave number range (4000 — 400 cm™).

Results and Discussion

FT-IR Characterization

FTIR spectroscopy was used to discover the
possible interaction between the functional groups
of PVA and PEG and the cobalt chloride as shown
in Fig (1). In a range of wave numbers from 4000
cm™ to 400 cm™, FT-IR absorption spectra were
measured for some selected composites of the
different contents of CoCl, (0, 4.76, 14.0 and 19.2
wt.%) embedded in the blend. For the pure blend
of (PVA/PEG 72/28 wt.%), Table 1 illustrates a
characteristic absorption band in the range of
3000-3400 cm™ which is ascribed to the
symmetrical stretching vibration of O-H group.
The bands existed at 2893 cm™ and 1707 cm™ are
attributed to C—H asymmetric stretching vibration
of the alkyl group and to the C=O stretching
vibration of vinyl acetate group of PVA,
respectively. The CH, bending group and CH,
wagging vibrations appeared at 1443 cm™ and
1346 cm™, respectively. The observed band at
1098 cm™ is corresponding to the C—O stretching
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vibration of an acetyl group. C-OH group of PEG
was observed at 948 cm™. The stretching vibration
band of C-C group was detected at a wave number
of ~ 844 cm™[2, 8]. The positions of some bands of
PVA and PEG, in the different compositions,
detected at 1443, 1098, 948, 2893 and 1346 cm™
were slightly shifted upon incorporation of CoCl,
into the blend. This indicates the presence of
polymeric structure changes. The disappearance of
C=0 symmetric stretching bond in all the
composites which was located at 1707 cm™ in the
blend can be attributed to the molecular interaction
of CoCl, with many reaction sites of the blend [2].

UV-Visible spectroscopy

Studying the optical absorption spectra is one of
the most interesting methods used in understanding
the structure and energy gap of polymeric
materials [9]. The measurements of the optical
absorption were achieved to determine the effect of
embedding CoCl, in the blend of PVA/PEG 72/28
wt.%. Fig. (2) illustrates the absorption spectra for
composites of CoCl, (0, 4.76, 11.1, 14.0, 16.2 and
19.2 wt. %) embedded in PVA/PEG 72/28 wt. %
which were measured in the UV/vis region (190-
900) nm. For all the composites, an absorption
peak was detected at ~ 522 nm which is a
characteristic of octahedral structure around the Co
(1) ion due to the electronic transition
T,y (F)—>*T,, (p)(v,) - Moreover, it is reasonable

to assign the absorption band detected at ~ 674 nm
to*T,,—*A,, transition. Also, a shoulder for

cobalt chloride concentrations observed at ~ 626
nm is assigned to Ty (F)—=*A (F)(1,)
transition. The position of these bands suggests an
octahedral environment around the Co (lI) ion [2].
For only the pure blend of PVA/PEG 72/28 wt. %,
an absorption band is observed at about 279 nm
which was ascribed to m — w* electronic
transition[5].

The variation of the absorption coefficient o (cm™)
with energy E (eV) acts as a significant
identification for the polymeric materials which
provides optical information about them. The
absorption coefficient « (cm™) was estimated
according to Eq. 1 [10]:

2.303 XA

- )

a(v) =
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Where A is the absorbance and d is the sample
thickness. Fig. (3a-3f) illustrate the variation of «
(cm™) with E (eV) for all the composites which
show an increase in the absorption near the edge.
This is a result of the creation of neutral excitations
and/or the transition of electrons from the valence
band to the conduction band. Fig. 3a-3f show a
steep rise near the absorption edge and there is a
straight line relationship can be determined in the
high a-region. The absorption edge values were
determined from the intercept of extrapolation to
zero absorption with photon energy axis [11].
Table (2) illustrates that the calculated values of
absorption edges were decreased from 6.26 eV for
the pure blend of PVA/PEG 72/28 wt.%. to 4.67
eV for the highest content of CoCl, embedded in
the blend.
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Fig. (1): FT-IR spectra for different contents of cobalt
chloride (CoCl,) embedded in the blend of PVA/PEG
72/28 wt.%
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Fig. (2): UV-visible absorption spectra for different
contents of cobalt chloride (CoCl,) embedded in the
blend of PVA/PEG 72/28 wt.%
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0 1707 1443 1098 948 2893 3000-3400 844 1346
4.76 - 1436 1115 940 2915 3148-3364 843 1337
14.0 - 1438 1076 949 2885 3025-3292 841 1350
19.2 - 1430 1089 950 2889 3097-3407 841 1349

wavenumbers of assignments of the absorption bands deduced from FT-IR spectra for different concentrations of CoCl,
embedded in PVA/PEG 72/28 (wt. %)
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Fig. (3): The variation of the absorption coefficient (a) versus photon energy for cobalt chloride (CoCl,) embedded in the
blend of PVA/PEG 72/28 wt.% with different contents (a) 0 wt.%, (b) 4.76 wt.%, (c) 11.1 wt.%, (d) 14.0 wt.%, (e) 16.2
wt.% and (f) 19.2 wt.%
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Table (2): The values of the absorption edge Aqq, the optical energy gap Eg, the Urbach energy E,, the dispersion energy
Eg, the single oscillator energy E,, the static refractive index n,, the static dielectric constant ., and the moments of the
optical spectrum (M; and M) for different concentrations of CoCl, embedded in PVA/PEG 72/28 (wt%)

CoCL/PVAIP
EG
Avy  E E, E. E M*
7228 WL%) @) (V) (V) (V) (ev) B Mo & M43
0 626 634 027 2513 698 110 214 460 _ 360 _ 7390
4.76 514 585 069 1441 1239 212 147 216 116 7576
1111 472 518 032
14.00 474 498 024 1088 1135 227 140 196 096  7.443
16.17 473 491 021
19.20 467 480 018 5876 1128 230 123 152 052 4099

Interband transitions

Davis and Mott formula describes the absorption
coefficient for simple parabolic band as a function
of photon energy as illustrated by the Eq. 2 [12]:

oF =B(E-E,)" 2

where B is a constant, E, is the optical band gap, E
is the photon energy and m is an index with the
values of 2, 3, 1/2 and 3/2, depending on the nature
of electronic transition responsible for the
absorption. The dependence of (aE)? on the photon
energy E(eV) for the different composites of CoCl,
embedded in PVA/PEG 72/28 blend are shown in
Fig. (4a-4f) which exhibits a linear behavior that
proves the existence of the direct transition (i.e.,
for m= %). The optical gap was estimated from the
intercept on the energy axis of the linear fit of the
large energy data of the plot and tabulated in Table

).

Table (2): shows a decrease in the values of Eg, by
increasing the CoCl, content embedded in the
blend of (PVA/PEG 72/28). The decrease in the
energy gap values is attributed to the formation of
the localized states in the band gap by embedding
the CoCl, in the blend [13]. The formed localized
states are playing as trapping and recombination
centers, which results in a remarkable alteration in
the optical band gap. In addition, the change in the
structure of the blend of (PVA/PEG 72/28)
because of increasing the disorder degree by
adding CoCl, can explain the decrease in the band

gap [1].

In amorphous and disordered materials, the
detected Urbach tail is important to study well the
properties of electronic transport of them. The

Arab J. Nucl. Sci. & Applic. Vol. 52, No. 1 (2019)

strains in the network of the material, which are
enough to force the states in the forbidden gap,
result in the formation of the band tail states that
decay exponentially in the band gap. Therefore, the
Urbach tail acts as an indicator of the defect levels
exist in the forbidden band gap. In this region, the
absorption process is due to the transitions
between extended states in one band and localized
states in the exponential tail of the other band [1].
The Urbach energy was calculated from the
following empirical formula [14]:

a=oa,exp(E/E,) (3)

Where, a, is a constant and the Urbach energy is
E. which is corresponding to the band tail width of
the localized states in the band gap. The straight
line, observed in plotting In (a) versus energy (E)
as seen in Fig. (5a-5f), shows that the absorption
spectra of the different composites confirm the
rule of Urbach and it obeys the interband
transition of the quadratic relation. Table (2)
illustrates the calculated values of E, of all the
samples which were estimated from the reciprocal
of the slopes of the linear portion that are
obtainable in Fig. (5) [15].

The decrease in the Urbach energy value of the
polymer blend by increasing the content of CoCl,
is attributed to free radicals or cluster formation
[16].

Refractive index and dispersion parameters

The refractive index of the composites was
calculated from the reflection and absorption
spectra, in a range of wavelengths from 190 to 900
nm, by using the following relation [10]:
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— (R AR 2
n= (1—R) + (1-R)2 k
4

Where R is the reflection and k is the extinction
coefficient, which is known as the imaginary part
of the complex refractive index that can be
estimated from the Eq. 5 [10]:

al

k=" (%)

Where a is the absorption coefficient and A is the
wavelength. Fig. (6a) shows typical dispersion
curves of the refractive index of the different
contents of CoCl, (4.76, 14 and 19.2 wt.%)
embedded in PVA/PEG 72/28 (wt.%) blend which
result from the slow decreasing of the refractive
index with increasing the wavelength. A decrease
of the refractive index of the composite films was
observed by increasing the content of CoCl,,
which is owing to localized fluctuation of charged
particles in medium. In other words, the decrease
in the value of refractive index of the composites
compared to that of the pure blend of PVA/PEG
72/28 (wt.%) can be a result of increasing the
interatomic  spacing. This is because of
intermolecular  hydrogen bonding formation
between the adjacent OH groups and CoCl, [17].
Designing devices and the optical communication
are mainly affected by the dispersion behavior of
the refractive index which has been analyzed by
the theory of the single effective oscillator model
that was proposed previously by Wemple-
DiDomenico (W-D) [18]. According to this model,
the dispersion energy E4 (which is a measure of the
intensity of the inner band optical transitions), the
single oscillator energy E, (which is considered as
an average energy gap), and the refractive index n
are related to each other through the following
formula [19]:

n?(E) =1+ 5" (6)

Using Eq. 6, the optical dispersion parameters
including E4 and E, were deduced from plotting
(n*1)" versus E? as shown in Fig. (6b). Therefore,
the slope is (E, Eq)™" and the intercept on the
vertical axis represents (E,/Eg). The estimated
values of E; and E, as illustrated in Table (2) show
that the oscillator energy gap E,, and the dispersion
energy Eg, were decreasing by increasing the

content of CoCl, in the composites. The decrease
in the dispersion energy E4of composites by CoCl,
gives an indication of decrease their bond strength
[20]. In addition, E, can be used to deduce
approximately the optical energy gap value (Eg) by
utilizing an empirical relation that was previously
reported by Tanaka [21], i.e. E, = 2.23 E, for the
different composites whereas E, ~ 1.1 E, for the
pure blend of PVA/PEG 72/28 (wt.%).

The static refractive index (n,) has been
determined via extrapolating (E) to zero in Fig 6b.
So, Eq. 6 reduced to Tanaka formula as the
following [21]:

n,= [1+-= 7

The static dielectric constant ¢, has been deduced
according to the following formula [21]:

€0~ 3 (8)
Table (2) presents the values of n, and ¢, for the
composites and the pure blend in which they
decreased by increasing the content of the CoCl,.
Also, it was found that the values of n, estimated at
zero - E from (W-D) model, as seen in Table 2,
were almost equal to the determined values of n at
long wavelengths as shown in Fig (6a) for pure
blend (2.58) and the composites (1.45, 1.45 and
1.26) from the lowest to the highest content of
CoCly, respectively.

The moments of the optical spectrum (M; and M)
can provide a measure of inter-band transition
strengths, which are calculated as the following
relations [21]:

2_ M
E; = 2
9)

2 _ M
Ef =
(10)

Table (2) shows the values of M; and M; for all the
composites in which they were decreasing with
increasing the cobalt contents. The optical
moments are associated to the macroscopic
quantities as dielectric constants, effective number
of valence electrons in the studied composites [22].
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Optical conductivity

The optical conductivity o, represents the optical
response of the tested sample material and it has
the dimensions of frequency, which are valid only
in the Gaussian system of units. c,, was obtained
from the following formula [23]:

_anc
Gop = —4

ay

Where c is the velocity of light in space, o is the
absorption coefficient and n is the refractive index.
The variation of the optical conductivity c,, with
the incident photon energy for the composites is
shown in Fig. (7a). In the regions of wavelengths
of (190-580 and 725-900) nm, the values of oy,
were decreasing by increasing the CoCl, content in
the blend due to the low absorbance of the films.
However, in the range of the absorption band of
CoCl,, from 580 to 725 nm, o,, Was increasing
with CoCl, content as a result of the high
absorbance of the films in this region [24].

Optical dielectric constants

The well-known formula for the complex dielectric
function is described by € = &, + ie;, where &, is the
real part and &; is the imaginary part of dielectric
constant. The real part of dielectric constant is
associated with the dispersion which depends
mainly on the motion of the electrons in the optical
medium through the traveling of the light. On the
contrary, the imaginary part is responsible of the
dissipative rate of electromagnetic wave
propagation in the medium. The real and
imaginary parts of dielectric constant are described
by the following equations [17]:

e=2nk (12)

g =n?-K (13)
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Fig. (7b, 7c) shows the dependence of ¢ and g,
respectively, on the photon energy E (eV) for all
the different composites. Fig. (7b) shows that by
increasing the content of CoCl,, the values of ¢;
were decreasing in all spectrums, but vice versa in
the region of the cobalt chloride absorption (580 —
725) nm. The increase of &; in the absorption band
of cobalt chloride depends on k value which is
essentially related to the change of absorption
coefficients On the other hand, Fig. (7c) illustrates
that the values of &, were decreased with increasing
the content of CoCl, in all range of the
wavelengths which is the same attitude observed in
case of the refractive index spectrum as seen
previously in Fig. (6a). This behavior is due to that
& does effectively depending on the values of n?
owing to the small value of k* which can be
negligible [17].

Penetration depth

The penetration depth (8) is known as skin depth
and it expresses the exact distance that the
electromagnetic wave can penetrate in to the
polymeric material. The penetration depth was
estimated by using the following relation [24]:

5=- (14)

Where o is the absorption coefficient. Fig. (8)
shows the variation of the penetration depth ()
with wavelength for the different contents of the
composites. It can be observed, for all the studied
films, that the penetration depth increases as the
wavelength increases. However, by increasing the
content of CoCl; in the blend PVA/PEG 72/28
(wt.%), the penetration depth (3) shows an obvious
decrease in its values, in the range of absorption of
the cobalt chloride (420 nm -750 nm), due to
increase the absorption possibility. Consequently,
it is worth to say that the penetration depth is a
transmittance related [24].
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Conclusion

Variant contents of cobalt chloride (CoCl,)
embedded in a blend of (PVA/PEG 72/28 wt. %)
were prepared by simple casting method to form
their composite films. The change in the optical
band gap of the composites is due to the formed
localized states which play as trapping and
recombination centers. The formation of free
radicals can explain the reduction in the values of
the Urbach energy depending on the content of
CoCl,. The refractive index of the composites was
decreased compared to that of the pure blend
which

is a result of increasing the interatomic spacing.
The results show that E, = 2.23 E, for the different
composites whereas for pure blend, E, = 1.1 Eq. In
the range of the absorption band of CoCl,, from
580 to 725 nm, o,, was increasing with CoCl,
content due to the high absorbance of the films in
this region. A slight shift in the positions of some
bands of PVA and PEG was observed in the FT-IR
spectra for the composites as a result of adding
CoCl; to the blend. The imaginary part of the
optical dielectric constant as well as the optical
conductivity showed a decrease in their values by
increasing CoCl, content except for the region of
CoCl, absorption (580 — 725) nm. The real part of
the dielectric constant of the composites is affected
directly by the behavior of the refractive index
spectrum; therefore it was decreasing by CoCl,. By
increasing the content of CoCl, in composites, the
penetration depth (8) decreased in the range of
absorption of the CoCl, (420 nm -750 nm),
because of increasing the absorption possibility.

500

600 700 800 200

Fig. (8): The penetration depth for different Eontents of cobalt chloride (CoCly)
embedded in the blend of PVA/PEG 72/28 wt. %
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