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Abstract: In this paper, we report a comparative study of Raman and photoluminescence (PL)
studies of Ag and Fe-doped ZnO nanoparticles synthesized by simple solution combustion
method. The powder X-ray diffraction (XRD) pattern indicates that the Ag and Fe-doped ZnO
samples exhibit primary and secondary phases. The both primary phase indicates the hexagonal
wurtzite structure with the average crystalline size of around 25-50 nm. The Raman scattering
of the pure ZnO shows the first and second orders of polar and non-polar modes which are the
characteristic bonds of the wurtzite ZnO. The Raman spectra of the Ag and Fe-doped ZnO
nanoparticles confirm considerable effect on the polar and non-polar branches. Room
temperature PL results indicate the near band edge related emission and the results are related
to several intrinsic defects in the Ag and Fe-doped ZnO nanoparticles. The PL results show the
enhanced optoelectronic properties, in particular, the oxygen vacancies are responsible for the
long life time of the carriers.
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Introduction:

Zinc Oxide (ZnO) nanomaterials have played a very important role among all other metal oxides for
many applications due to its unique and interesting properties, such as electrical, optical, chemical and eco-
friendly'~. The ZnO is a potential candidate for the optoelectronics, photonics and piezoelectric applications
due to its wide band gap (3.37¢V) and large exciton binding energy (60 meV) in room temperature. The ZnO
has greatest variety of nanostructures. The ZnO is one of the most significant materials for various potential
applications such as photo detectors, laser diode, sensors, flexible and polymer based solar cells and an
electrode in dye sensitized solar cells. Recently, many research groups are working for the development of ZnO
nanostructures based white light emitting diode (LED) as an alternative source to enabled bright and energy-
saving light sources™®.

The ZnO has greatest variety of morphologies such as, nanorods, nanowires, nanotubes, pyramidal,
spheres, whiskers, flowers and so on. Many methods have been developed to prepare the ZnO nanoparticles
such as, wet chemical synthesis, sol-gel technique, gas-phase reactions, template assisted growth, chemical
precipitation, ball milling, organometallic synthesis, spray pyrolysis, hydrothermal method and mechano
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chemical synthesis, etc"*"'’. Transition metal doped ZnO systems are actively promising candidate for

spintronics and photonics applications due to their unique properties''®. Raman spectroscopy is a
nondestructive characterization technique on vibrational properties of ZnO nanostructures. The optical phonon
confinement in the ZnO nanostructures has lead to the interesting changes in its vibrational spectra than the bulk
Zn0. Moreover, the Raman spectroscopy is a versatile technique to study the doping agent incorporation and
impurity induced modes of ZnO nanoparticles doped with metals'®. The optical properties of ZnO can be
improved by incorporating various ions in the crystal lattice’’. The PL emission spectroscopy is a traditional
technique in order to determine optical properties and internal defects of metal doped ZnO nanostructures'®"”.

In this paper, we are discussed a comparative study of Raman and PL studies of Ag and Fe-doped ZnO
nanoparticles which are synthesize by simple solution combustion method.

Experimental Methods:

The synthesis methods of ZnO nanoparticles have been reported already'™". Typical synthesis, 0.05 M
of zinc acetate dihydrate is dissolved in 100 ml of mixed solvents as of ethanol and ethylene glycol (EG) with
the volume ratio of 60/40 ml, respectively. Subsequently, different millimoles of silver nitrate/ ferrous sulfate
are mixed into the above solution under constant magnetic stirring. The solution is transferred into a spirit lamp
with an absorbent cotton lamp wick and followed by the spirit lamp is fired. Later the lamp wick is
extinguished; the samples are continually dispersed into distilled water to wash and remove the impurity by
ultrasonic process. Finally, the samples are dried out in hot air oven.

The crystalline properties of the prepared samples are studied by powder XRD. The XRD of the
samples are carried out by a Rigaku Rint 2100 with Cu Ka radiation (A = 0.15 nm) at the scanning rate of
0.02°/s for the 28 value of 20 to 70°. Surface morphology of the prepared nanoparticles has investigated by field
emission-scanning electron microscopy (FE-SEM) which is analyzed through Quanta-200F SEM. The
vibrational properties of the synthesized ZnO nanoparticles are investigated by Raman spectra. The high
resolution Raman spectra collected at room-temperature by Jobin-Yvon LabRAM-HRS800 instrument with an
Ar’ laser line (A = 514 nm) as the excitation source, the size of the laser spot was 1 um in diameter and the laser
power on the sample was 30 mW with the thermo electrically cooled charge coupled device (CCD) detector.
The Raman spectral resolution was 0.3 cm . All Raman spectra are recorded in the region of 50-1200 cm ' at
the backscattering geometry. The room temperature PL spectra are recorded to study the optical characterization
of the ZnO nanoparticles using a Horiba Jobin spectrofluorometer with the source of xenon lamp (450 W) at
excitation wavelength of 325 nm.

Result and Discussion:
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Figure 1: Powder XRD of (a) pure with Ag-doped ZnO nanoparticles and (b) pure with Fe-doped ZnO
nanoparticles for 0.05 M zinc precursor with different millimole of respective doping agent.
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Figures 1(a) and 1(b) show the powder XRD of pure, Ag-doped and Fe-doped ZnO nanoparticles for
various millimoles of Ag and Fe doping, respectively. The Ag and Fe-doped samples reveal primary and
secondary phases. The primary phase is well matched with JCPDS No. 05-0664 and all diffraction lines are
assigned well to the hexagonal phase of wurtzite structure of ZnO. The secondary phase of Ag-doped samples
exposes some additional diffraction peaks at 20 = 38, 44, and 64° (marked by asterisks) associated with JCPDS
No. 04-0783 which indicates the face centered cubic (FCC) phase of metallic Ag'’, whereas the secondary
phase of Fe-doped ZnO samples show some additional diffraction peaks at 26 = 29°, 35°, 42°, 53° and 62°
(marked by asterisks) associated with JCPDS No: 89-0951° which is assigned to the FCC phase of magnetite
iron oxide (Fe;O4). When increasing the doping concentration of Ag and Fe, the intensity of the secondary
phase peaks is increased. The crystalline sizes are varied from 25 to 50 nm for both Ag and Fe-doped ZnO
samples. The surface morphology of pure, Ag and Fe-doped samples are obtained from FE-SEM images as
shown in figure 2(a) — 2(c), respectively, and from the figure, the particles are aggregated to each other.

The Raman spectrum is an essential and versatile diagnostic tool in order to study the crystallization,
structural disorder and defects in micro and nanostructures. The vibrational properties of the synthesized ZnO
nanoparticles are investigated by Raman spectra. The ZnO nanoparticles with hexagonal wurtzite structure fit
into the space group of P63mc. For the perfect ZnO crystal, only the optical phonons at /" point of the Brillouin
zone are involved in first-order Raman scattering. According to the group theory, optical modes should exist in
a wurtzite ZnO are given in equation (1).

Fopt:Al+2B2+E1+2E2 __________ (1)

Where, both A; and E; modes are two polar branches, which is spilt into longitudinal optical (LO) and
transversal optical (TO) components with different frequencies due to macroscopic electric fields associated
with the LO phonons. The A;, E;, and E, modes are first order Raman-active modes.

According to the Raman selection rule, the B; modes are generally inactive in Raman spectra and are called
silent modes®'. Figure 3 shows the Raman spectra of pure ZnO nanoparticles. The basic phonon modes of
hexagonal ZnO has been obtained at 100, 385, 440 and 585 crn'l, which represents to the E,;, A;(TO), E,y and
A(LO)/E1(LO), respectively. The second order phonon mode has presented at about 150 cm™ that is assigned
to 2E,;. The multi phonon scattering modes are presented at 331, 508, 664 and 1065 cm™ which are assigned to
the 3E,5-Eor, E((TO)+E,L, 2(E,u-Eor) and A((TO)+E (TO)+E,., respectively. Also, the acoustic combination of
A, and E, are observed around 1101 cm™.
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Figure 2: FE-SEM images of (a) pure ZnO, (b) Ag-doped ZnO and (c) Fe-doped ZnO nanoparticles.
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Figure 3: Micro Raman spectra of pure ZnO nanoparticles for 0.05 M zinc precursor.

Figure 4 shows the Raman spectra of ZnO nanoparticles with Ag and Fe-doping of 2 and 10 mM,
respectively. The polar and non polar modes are significantly changed with respect to the doping agent (both
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Ag and Fe) on ZnO matrix. E;y mode involves the oxygen motion, sensitive to internal stress and is
characteristic of hexagonal wurtzite structure of ZnO nanostructures. The E,; mode has a huge reduction in the
intensity of Ag-doped samples due to breakdown of translational crystal symmetry by the incorporation of
impurities as well as defects, while the E;y mode has been steadily decreased and broadened when increase the
Fe-doping concentrations. Also, the polar mode of A;(LO)/E,(LO) at around 570 cm™ has been presented for
both Ag and Fe-doping and this peak is broadened as well as shifted to lower energy. All the shifting and
broadening of phonon modes are represented that the scattering contributions have obtained outside the
Brillouin zone centre. The A;(LO)/E(LO) phonon mode is usually represented to the defect complexes of zinc
interstitial and oxygen vacancy in ZnO lattice. The intensity of Ag-doped ZnO Raman peaks increases
enormously due to the incorporation of Ag ions the ZnO nanoparticles. Also, the results further confirm that
ZnO nanoparticles contained crystallization with few defects due to Ag ions. In the Fe-doped samples, the
broad peak observed at around 665 cm™ is due to Fe-ions incorporated into ZnO matrix.
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Figure 4: Micro Raman spectra of Ag and Fe-doped ZnO nanoparticles with different
millimole of respective doping agent.

It might be represented as Fe;O4 and related to intrinsic lattice defects, which become activated as vibrating
complex. Also, the results of Ag and Fe-doped samples are coincided with XRD results of secondary phase
formations.
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Figure 5: Room temperature PL spectra of (a) pure with Ag-doped and (b) pure with Fe-doped ZnO
nanoparticles for 0.05 M zinc precursor with different millimole of corresponding doping agent.
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The PL spectra of pure with various millimoles of Ag and Fe-doping are shown in figure 5(a) and 5(b),
respectively. The pure ZnO nanoparticles show the PL emission peak at 415 nm (2.98 eV). The strong blue
emission represents the exciton recombination which is related to near-band edge (NBE) emission of ZnO.
Also, the shoulder peaks of blue (around 450 and 467 nm), blue-green (494 nm), and green (558 nm) emission
are obtained on the broad PL spectrum. In general, the visible emissions are related to several intrinsic defects
in ZnO NPs, which contains Zn vacancies (Vz,), oxygen vacancy (Vo), zinc interstitial (Zn;), interstitial O (O;),
substitution of O at Zn position (Oz,) and complex of Vo and Zn; (VOZni)zz. The NBE related emissions of the
Ag-doped ZnO nanoparticles obtained in blue region has similar trend as obtained in pure ZnO nanoparticles,
whereas the Fe-doped samples show blue shift into UV region due to Burstein-Moss effect. Due to the Burstein-
Moss effect in metal doped ZnO, the Fermi level shifted into the conduction band (Cg)™. It can be represented
that the absorption transition changed the Fermi level within the C from the bottom of the Cg**. Therefore, the
changes in transition levels lead to the energy gap broadening and result in the blue shift. The blue shift of the
emission in UV region is changed with respect to the doping agent.

In the Ag-doped ZnO samples (Fig-5a), the shoulder peaks of blue and green emissions (450 — 560 nm)
are increased than the pure samples on the broad PL spectrum. In the Fe-doped samples (Fig-5b), the strong
blue emission at around 430 nm is greatly activated when compared with Ag-doped and pure ZnO samples.
This strong blue emission might be due to two defect levels, either transition from bottom of the Cg to O; level
or transition from Zn; to Vg*. Ag-doped ZnO samples (Fig-5a) show that the peak at around 475 nm has more
dominant and broadening for all the doped samples compared with pure ZnO. The blue and weak blue-green
(450 - 495 nm) emissions may be due to surface defects in the ZnO nanoparticles. The weak green (around 550
nm) band emission corresponds to the singly ionized oxygen vacancy and this emission results from the
recombination of a photo-generated hole with the single ionized charge state of specific defects®. Fe-doped
ZnO samples (Fig-5b) show that the V are also observed to be responsible for blue (458 nm) and green (510
and 535 nm) emissions. The Vo on the surface has been indicated to be the most likely candidate for
recombination state. The weak blue emission around 458 nm can be represented to the energy transition of
electron from Zn; to Vz,. The blue green emission of 488 nm is likely to surface defects in the ZnO
nanocrystals. It can be attributed to the transition between Vo to O;. The green emission also represents the
transition of photogenrated electron from the Cg edge to a trap level. The green-yellow peak (573 nm) has
represented the defect complex of VoZn. As the results indicate, the solution incineration process formed
more visible emissions in the Ag as well as Fe-doped ZnO nanoparticles, which in turn improved the optical
properties.

Conclusion:

The comparative study of Raman and PL studies of Ag and Fe-doped ZnO nanoparticles synthesized by
simple solution combustion method was reported. The XRD pattern show that the ZnO samples are in
hexagonal wurtzite structure and secondary phase are in FCC structures. The FE-SEM images show the
particles surface morphology was in aggregated nature. The Raman spectra of the both Ag and Fe-doped ZnO
nanoparticles confirms the significant effect on polar and non-polar modes, when it is compared with the pure
ZnO nanoparticles. The results of Ag-doped ZnO nanoparticles have rapidly changed their higher frequency
modes and breakdown of translational crystal symmetry; however Fe-doped ZnO nanoparticles are gradually
changed and peaks are broadened as well as shifted to lower energy. The PL results are related to some
fundamental defects such as Vo, V7, O; etc. in both Ag and Fe-doped ZnO nanoparticles, respectively. The Fe-
doped ZnO nanoparticles show the blue shift of NBE emission into UV region due to Burstein-Moss effect. The
results demonstrate that Raman and PL spectroscopy are essential diagnostic tools for determining the
structural, vibrational and optical properties of Ag and Fe-doped ZnO nanoparticles.
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