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Abstract—In this work, we report, a systematic study on the
structural and optical properties of Pr-doped ZnO nanostructures and
PVA:ZngPr,0O polymer matrix nanocomposites free standing films.
These particles are synthesized through simple wet chemical route
and solution casting technique at room temperature, respectively.
Structural studies carried out by X-ray diffraction method confirm
that the prepared pure ZnO and Pr doped ZnO nanostructures are in
hexagonal wurtzite structure and the microstrain is increased upon
doping. TEM analysis reveals that the prepared materials are in sheet
like nature. Absorption spectra show free excitonic absorption band
at 370 nm and red shift for the Pr doped ZnO nanostructures. The
PVA:ZnggPr,0 composite film exhibits both free excitonic and PVA
absorption bands at 282 nm. Fourier transform infrared spectral
studies confirm the presence of 4; (TO) and E; (TO) modes of Zn-O
bond vibration and the formation of polymer composite materials.

Keywords—Pr doped ZnO, polymer nanocomposites, optical
properties.

[. INTRODUCTION

EMICONDUCTOR  nanostructured  materials have

enhanced mechanical, optical, electrical and thermal
properties that are quite different from the bulk [1]-[3].
Among them, oxide semiconductor nanostructures are gained
much attention because of versatile properties and their
application in various fields. Especially, ZnO is an II-VI wide
band gap semiconductor with band gap of 3.37 eV and very
high exciton binding energy of 60 meV at room temperature
compared to the other materials in this family [4]. ZnO has
wide range of technological application in various fields like
opto-electronic fields [5], photocatalysis [6], sensors [7], and
antimicrobial agents [8]. There are several techniques like sol—
gel [9], hydrothermal [10], laser ablation [11], and wet
chemical [12] developed for the synthesis of ZnO
nanostructures. Among these, wet chemical method is the
simplest technique to prepare ZnO nanostructures at room
temperatures and has the ability to control the morphology and
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Doping of foreign trace element into semiconductors is a
promising method that is efficient, cost effective, and easy to
manipulate their optical and electrical properties. It is known
that the optical and electrical properties of the rare earth (RE)
ions depend on the host matrix and dopant compositions.
Trivalent rare earth doped semiconductors are technologically
important materials in optoelectronic devices like visible light
emitting phosphors for displays. Among trivalent ions, Pr’*
ion has unique optical properties along with tunable emissions
from the blue region to the near infrared regime. There are
reports available on the structural and optical properties of
Pr’" doped ZnO nanostructures. For instance, Ilanchezhiyan
and co-workers have studied the effect of Pr doping on
structural and optical properties of ZnO nanostructures [13].
Inoue et al. have observed the enhancement in the green
photoluminescence from ZnO:Pr powders [14]. Li et al. have
studied the optical properties with respect to the effects of
aging and Pr doping on ZnO quantum dots [15]. Ohashi and
his group have reported the nonlinear current-voltage
characteristics of Pr doped ZnO ceramics [16]. Similarly,
Mass transport properties of Pr-based ZnO varistors have been
studied by Chun et al. [17].

Optical properties of semiconducting materials can also be
tuned/controlled by tailoring its size, shape and surface
capping. Incorporation of nanomaterials into polymers makes
new kind of materials which have enhanced physical
properties and show potential applications in various fields
like flexible light emitting diodes [18] sensors [19] and optical
power limiters [20]. Among the polymers, poly vinyl alcohol
(PVA), an eco-friendly, water soluble and easily film forming
material at room temperature, exhibits an excellent host
matrix. Dispersion of ZnO nanostructures into PVA shows
enhanced optical properties.

Owing importance to the aforementioned aspects, we have
carried out a systematic study of Pr-doped ZnO nanostructures
and PVA:ZnePr,O polymer nanocomposites free standing
films, synthesized through wet chemical route and solution
casting techniques at room temperature, respectively. The
influence of Pr ion and PVA capping on the structural,
morphology and optical properties of the ZnO nanostructures
are also studied in detail.

II. EXPERIMENTAL

All chemicals used in the experiment were of high purity
reagents purchased from Sigma-Aldrich. ZnO is prepared by
adding drop-wise 100 ml of 0.1M NaOH dissolved in double
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distilled water into 100 ml of 0.05 M zinc nitrate hexahydrate
(Zn(NOs),*6H,0) dissolved in double distilled water. The
formed white gel was kept at room temperature for 12 hours to
get precipitated. Similarly, Pr doped ZnO samples were
prepared by mixing 0.002 M solution of praseodymium nitrate
hexahydrate (Pr (NO;);*6H,0) with 0.048M zinc nitrate
solution. Then 0.1M NaOH solution was added drop-wise into
the above mixture, a white coloured gel was obtained and kept
at room temperature for over 12 hours. The precipitates were
collected and dried in a hot air oven at 60°C for four hours. On
the other hand, PVA:ZngPr,O free standing film were
prepared by the following procedure: Initially, 1.0 g of PVA
(M.Wt. 19,000; 98% solubility) was dissolved into 20 ml of
hot distilled water and stirred for about a half an hour to form
the clear solution. 5 mg of prepared ZnogPr,O nanostructures
was dispersed into the 3 ml of double distilled water
separately. The prepared ZnogPr,O solution was added into the
PVA solutions and stirred for half an hour to get uniform
dispersion. Then the solution was poured in the petridish and
kept at room temperature over 10 days of period. The obtained
films are transparent with free standing in nature which is
shown in inset of Fig. 5. The samples are code denoted as
Zn0, ZnggPr,O and PVA:ZngsPr,0, respectively.

The crystal structure of the pure ZnO, Pr doped ZnO
nanostructures and PVA:ZnggPr,0O composite film formations
were investigated by the X-ray diffraction (XRD) technique
(Bruker, D4 Endeavor). The power of the XRD (Cu—Ka
radiation) was fixed at 40 kV and 20 mA. The measurements
were made with XRD diffracion angle (26) in the range 10—
80°. Morphology of the prepared nanostructures was carried
out by transmission electron microscope (TEM, JEOL JEM
2000 EX). To study, optical characterization, 1 mg of pure
ZnO and Pr doped ZnO nanostructured samples were
dispersed in 15 ml doubly distilled water and then sonicated
for about 30 minutes. Absorption and transmission
measurements were carried out using a Shimadzu
spectrophotometer. Fourier transform infrared spectroscopy
(FTIR) absorption measurements were carried out using
Perkin Elmer spectrometer by KBr pellet technique in the
range 4000-350 cm™.

III. RESULTS AND DISCUSSION

A. Structural Studies

X-ray diffraction pattern of the synthesized ZnO, ZnysPr,0O
nanostructures and PVA:ZngPr,O nanocomposite film is
shown in Fig. 1. ZnO nanostructures show strong and sharp
peaks which are well assigned to the wurtzite structure. The
peaks are located at the angles (20) of 31.71°, 34.35° and
36.18°, which corresponds to (100), (002) and (101) planes of
the ZnO, similarly the other peaks are found in the 20 angles
of 47.45° 56.51° 62.76°, 66.25°, 67.85° and 68.99°
corresponds to (102), (110) (103), (200), (112) and (201)
planes of the ZnO which confirms wurtzite structure,
respectively. The PVA film shows broad peaks around the 26
angles of 19.45° and 41.05° corresponds to the crystalline
PVA (JCPDS: 53-1487). Similarly, for PVA:ZngPr,0

composite films exhibit both diffraction peaks of PVA and
ZnO structures. Enlarged view of XRD pattern of polymer
nanocomposite film in the range of 20° to 45° is shown in the
inset of Fig. 1 and it is clearly shows the appearance of ZnO
peaks which conclude the formation of the composite
materials.
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Fig. 1 XRD spectra of pure ZnO, Pr doped ZnO nanostructures and
PV A:ZnggPr,0 polymer nanocomposite free standing film

B. Microstrain Analysis

X-ray profile analysis is a simple and powerful technique to
quantify the crystallite size and lattice strain. Williamson-Hall
had proposed the diffraction line broadening is due to
crystallite size and strain contribution as a function of
diffraction angle and can be written in the form of a

mathematical expression g, = g, + g, [21] where, B is

due to crystallite size contribution, ,Bg is due to strain induced

broadening and g, , is the width of the half maximum
intensity of diffracted peak. The diffraction peaks were fitted
using Pearson VII function to calculate full width at half
maximum (FWHM). Crystallite size (7) contribution can be

calculated by using Scherer formula B = kA, where, k is the
" tcosd

shape factor, A is the wavelength of the X-ray used
(1.54056x10™"° m) and B, is FWHM of the diffracted peak.

Similarly, strain contribution can be calculated by
B, =4etan @, where ‘ £ is the microstrain. It is clear that the

line broadening is a combination of crystallite size and strain

and it is represented by B = [t Kﬁgj + (4 tan 0)- This can
cos

i i KA .
be further simplified as 0086, {7} +(4ssin6,,)" The value

of f3,,cosé,, as a function of 4sinf@,,, is plotted and is

shown in Fig. 2. The microstrain can be obtained by
measuring the slope of the linear fit of data and the calculated
microstrain values are 0.00248+0.000628 and
0.0025240.000846 for ZnO and ZnygPr,O, respectively. It is
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clear that the doping of Pr’" into ZnO matrix leads to increase
in microstrain value of the system. Microstrain calculations
are not performed for the polymer nanocomposite film due to
decrease in peak intensity of ZnO into the polymer matrix.
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Fig. 2 Williamson-Hall analysis of pure ZnO and Pr doped ZnO
nanostructures

C. Morphological Studies

Morphology of the synthesized materials was analyzed
through transmission electron microscopy (TEM) and is
shown in Figs. 3 (a)-(c).

ZnggPr,0

(b)

Fig. 3 (a) TEM images of pure ZnO (b) Pr doped ZnO nanostructures
(¢) PVA:ZnggPr,0 polymer nanocomposite free standing film and (d)
Selected area diffraction pattern of Pr doped ZnO nanostructure.

Images reveal that the ZnO and ZngPr,O are in sheet like
structure. PVA:ZngPr,O composite shows brush like nature
because of the polymer backbone. Fig. 3 (d) represents
selected area diffraction pattern of Pr doped ZnO
nanostructures in which the well-defined dots confirm the
crystalline nature of the materials.

D. Optical Properties

Optical absorption spectra of the pure ZnO and Pr doped
ZnO dispersed in distilled water are shown in Fig. 4. Spectra
show a strong absorption band at 370 nm is due to the free
excitonic absorption of ZnO nanostructures. A significant red

shift (373 nm) in the absorption band was observed in Pr doped
ZnO nanostructures and is due to the formation of electronic
state impurity band into the band gap of ZnO by Pr (4f)
electronic localized states. The merging of electronic state
with the bottom of the conduction band could be reasoned for
the reduction in the band gap. The PVA:ZngPr,O polymer
film shows absorption bands at ~ 282 nm and 368 nm and
these arise due to the presence of carbonyl containing
structures connected to the PVA polymeric chains, mainly at
the ends [22] and free excitonic absorption of ZnO
nanostructures, respectively.
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Fig. 4 UV-visible spectra of pure ZnO and Pr doped ZnO

nanostructures. Inset represents for the PVA:ZnggPr,0 polymer
nanocomposite free standing film

The presence of ZnO band confirms the ZnO nanostructures
are embedded into the PVA matrix. In general, the absorption
transitions of Pr’" ions occurs at 445, 470, 485 and 593 nm
which are attributed to the 3H4-3P2, 3H4—3P], 3H,->P, and *H,-D,
transitions, respectively [23]. In the present system there were
no transitions observed.

Fig. 5 depicts the transmission spectrum of as prepared film.
It was observed that 60 to 78 % of transparency in the visible
and near IR region. The as prepared PVA:ZngPr,O polymer
nanocomposite free standing film is shown in the inset of Fig.
5.
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Fig. 5 Transmission spectrum of PVA:ZnggPr,O polymer
nanocomposite free standing film. Inset shows the as prepared the
PVA: ZnygPr,0 polymer nanocomposite free standing film

E. Vibrational Studies
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FTIR spectra of pure ZnO, Pr doped ZnO and
PVA:ZnggPr,0 polymer nanocomposite free standing film are
displayed in Fig. 6 (a). The strong transmission bands appear
at 3380 cm” and 1555 cm™ are due to the stretching and
bending modes of hydroxyl (O—-H) group of H,O, respectively
[24]. These bands are due to the moisture adsorbed by KBr
pellets while performing FTIR experiment in ambient
environment.
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Fig. 6 (a) FTIR spectra of pure ZnO, Pr doped ZnO nanostructures
and PVA:ZnygPr,0 polymer nanocomposite free standing film (b)
Expanded view of FTIR spectra in the range between 350 to 100 cm™

Usually, metal-oxygen bands are appeared in the range
between 350 cm™ to 700 cm™. In order to identify precisely
such modes, the FTIR spectra were recorded in the region of
350 cm™ to 4000 cm™. The bands observed at 392 cm™ and
424 e are due to the stretching modes of Zn-O bond [25],
which corresponds the signature of stretching polar vibrational
modes of 4; (TO) and E; (TO), respectively. The band appears
in the higher wavenumber side could be assigned to the
organic compounds. The band appears at 1379 ¢cm™ could be
assigned to the vibrations of the N-O bond [26] which comes
from the nitrate compound present in the precursors. In
addition to these bands, polymer composite film exhibits
additional bands which are related to the PVA molecules. The
vibrational band at 2932 cm™ refers to the stretching of C-H
from PVA chains and the peaks at 1100 cm™ is assigned to the
C-O-C vibrations [27]. The appearance of Zn-O bond
vibrations and polymer molecules confirms the formation of
composite materials.

IV. CONCLUSION

In summary, an investigation on the structural and optical
properties of Pr doped ZnO nanostructures and PV A:ZngPr,0O
polymer nanocomposite free standing film was studied.
Crystalline nature of the particles and formation of composite
structure were analyzed by XRD measurements. Sheet and
brush like morphological structures for Pr doped ZnO and
PV A:ZngsPr,0, respectively, were observed by TEM analysis.
Optical absorption spectra revealed that there was a red shift
in the excitonic absorption band upon doping. FTIR spectra
confirmed the presence of Zn-O bond and composite
formation. Furthermore, a detailed steady state and time

resolved photoluminescence measurement of Pr doped ZnO
nanostructures and PVA:ZngPr,O are needed to identify the
emission properties of polymer films.
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