AL-Qadisiya Journal For Science Vol .16 No.4 Year 2011

The Effect of Ni on Some Optical Properties For (PVA-NI)
Composites

Marwa Abdul-Muhsien® Ahmed Hashim @ Mohammed Jasim® Ahmed
Hashim @, Keiser Mahdy®

WAI-Mustansiriyah University, College of Science
@ Babylon University, College of Science

Abstract :-

In the present work ,the effect of addition nickel on some optical properties of poly-vinyl
alcohol has been studied . For that purpose , many samples has been prepared by adding nickel on
the poly-vinyl alcohol with different weight percentages from nickel with polymer and by different
thickness .The absorption and transmission spectra has been recorded in the wavelength range
(300-900)nm . The absorption coefficient, extinction coefficient and energy gap of the indirect
allowed and forbidden transition have been determined .

Introduction :-

The main two types of optical transitions are direct and indirect transitions, both involve the
interaction of an electromagnetic wave with the electron in valence band which may cross the
forbidden gap to the conduction band [6]. Indirect transitions are possible only by phonon assisted
transition. The value and shape of the mobility gap in the amorphous semiconductors depend on
the preparation condition such as substrate temperature, annealing temperature, degree of impurity
and defect of the material. Any variation in such parameters leads to a shift in the absorption edge
towards higher or lower energy [12]. In order to fulfill the requirements of polymer industry many
developers usually blend polymers together in order to reach anoptimun balance of properties. this
approach allows high flexibility in proerty adjustment and avoids development of new
macromolecules which is generally long and expensive compared to polymer alloying [5].

This paper deals with results of the effect of Ni on the some optical properties of poly-vinyl
alcohol

Experiment
The materials used in the papar is poly-vinyl alcohol as matrix and nickel as a filler.

The electronic balanced of accuracy 10 have been used to obtain a weight amount of Ni
powder and polymer powder . These mixed by Hand Lay up and the microscopic examination used
to obtain homogenized mixture . The weight percentages of Ni are ( 0,20, 50) wt%. The Hot Press
method is used to press the powder mixture. The mixture of different nickel percentages have
been compacted at temperature 145°C under a pressure 100 Par for 10 minutes . Its cooled to room
temperature , the samples were disc shap of a diameter about 30mm and thickness ranged between
(1.85-2.2)mm. The transmission & absorption spectra of PV A-Ni composites have been recording
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in the length range (300-1100) nm using double-beam spectrophotometer (UV-210°A shimedza
).

Results and Discussion

The absorption coefficient (o) is known to be the key parameter which governs the optical
properties of semi conducting materials, o can be calculated using[2]:

a=(In10 xA)\d................ (1)
A : absorbance.
d : the thickness of sample.

Figure (1) shows the relationship between the absorption coefficient and photon energy of the
PVA-Ni composites we note that the change in the absorption coefficient is small at low energies
this indicates the possibility of electronic transitions is a few. At high energy , the change of
absorption coefficient is large that indicate the large probability of electronic transitions are the
absorption edge of the region[7]. The absorption coefficient helps to conclude the nature of
electronic transitions, when the high absorption coefficient values (o>10*cm™) at high energies
we expected direct electronic transitions ,and the energy and momentum preserve of the electron
and photon , when the values of absorption coefficient is low(a<10%cm™) at low energies we
expected in this case indirect electronic transitions, the momentum of the electron and photon
preserves by phonon helps[11]. The results showed that the values of absorption coefficient of the
PVA-Ni composites less than 10%cm™ which indicates to indirect electronic transition. The
forbidden energy gap of indirect transition both allowed, forbidden calculated according to the
relationship[4] :

=t q(cm)"-1 pure

et q1(cm)"-120Wt%.

o q(cm)"-150Wt%.
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Figure (1) The relationship between the absorption
coefficient and photon energy of the PVA-Ni composites
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Where : hv is the energy of photon , A is proportionality constant, Eg is forbidden energy gap of
the indirect transition.

If the value of (m=2) indicates to allowed indirect transition . when the value (m=3) indicates
to forbidden indirect transition. Figure (2) shows the relationship between (ahv)*? (cm™.eV)*? and
the photon energy of pure polymer (PVA) , with take over part of the straight cut oriented axis at
the point (ahv)*2 =0 will get the value of forbidden energy gap of the allowed indirect
transition , which equal ( 2.7eV ). Figure (3) and figure (4) represents the same relationship but to
the polymer doped with (Ni) with weight percentages of Ni are (20,50) wt.% we can concluded
that the forbidden indirect transition equal (2.4eV) for 20wt.% Ni, and (2eV) for 50 wt.% Ni, we
note that the value of the forbidden energy gap decreases with increasing Ni concentration.

ok N W
H Ll

(athv)¥2(cmt.eV)1/2

Photon energv(eV)

Figure (2) the relationship between (ahv)Y?(cm-
1 eV)¥2 and photon energy of pure polymer (PVA).
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Figure (3) the relationship between (ahv)*2(cm™.eV)*?
and photon energy of PVA-Ni composites for 20wt.%
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Figure (4) the relationship between (¢hv)*2(cm=.eV)¥? and
photon energy of PVA-Ni composites for 50wt.% Ni
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Figure(5) shows the relationship between the (ahv)¥® (cm™.eV)Y® and photon energy of pure
polymer (PVA),the same way we obtain to the forbidden energy gap of forbidden indirect
transition which equal (2.65eV) . Figure (6) and figure (7) represents the same relationship but to
the polymer doped with (Ni) with volume percentages of Ni are(20,50) wt.% , we can concluded
that the forbidden indirect transition equal (2.3eV) for 20wt.% Ni, and ( 1.95eV ) for 50 wt.% Ni.
We note that the value of the energy gap decreases with increasing Ni concentration[9]. Figure(8)
shows the variations of extinction coefficient (K) with wave length of pure and doped PVA-Ni .
(k) shows an increase with increasing dopant concentration. The behavior of (k) can be ascribed
to high absorption coefficient. This result indicates that the dopant atoms of Ni will modify the
structure of the host polymer. An interesting result is Ni dopants increases the absorbance in the
visible region[1].
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Figure (5) the relationship between (ahv)“*(cm™.eV)3
and photon energy of pure polymer (PVA).
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Figure (6) the relationship between (ahv)*(cm=.eV)¥® and
photon energy of of PVA-Ni composites for 20wt.% Ni
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Figure (7) the relationship between (¢hv)*3(cm™.eV)*® and
photon energy of of PVA-Ni composites for 50wt.% Ni
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AMnm)

Figure (8) the relationship between the extinction
coefficient (k) and wave length(}) of the PVA- Ni composites

Conclusion

1. The absorption coefficient is increasing with increasing of the filler
wt.% content.

2. The experimental results showed that the absorption coefficient less
than 10*%cm™ this is indicates to forbidden and allowed
indirect electronic transitions.

3. The forbidden energy gap is decreasing with increasing of the filler wt.%
content.

4- The extinction coefficient is increasing with increasing of the filler wt.%
content.
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