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Abstract

Iron (Fe) doped Zinc Oxide (ZnO) nanoparticles are prepared by
urea hydrolysis method at relatively low temperature at 130 °C.
Unit cell volume increases with Fe** ions doping in ZnO indicating
substitution of Zn®** sites by Fe®* ions. X-ray photoelectron
spectroscopy (XPS) was used to study surface chemical state of the
Fe doped nanoparticles. XPS study reveals that Fe ions in the
sample are mainly in the chemical state of Fe?*. The crystallite sizes
are in range 52-62 nm. Photoluminescence intensity decreases
with increase in Fe** doping concentration in ZnO. The wavelength
corresponding to the band-edge emission decreases from 399 to
392 nm upon doping with Fe** ions in ZnO. Similarly, the band-edge
absorption peak shifts slightly to lower wavelength when ZnO is
doped with Fe?* ions. It is established that band gap of ZnO

increases slightly on Fe** ions in ZnO lattice.

Available Online At www.ijpret.com



Research Article

Amrut Lanje, IJPRET, 2013; Volume 1(8): 54-63

ISSN: 2319-507X
IJPRET

INTRODUCTION

Many researchers (Ningthoujam, 2007,
Ningthoujam, 2008, Singh, 2008, Gajbhiye
2008 and Gao, 2008) have Studied on the
properties of

electronic and optical

semiconductor which has potential
applications in solar cells, lasers, spintronics
and fluorescent tags in biotechnology. The
research field of spintronics emerged from
experiments on spin-dependent electron
transport phenomena in solid-state devices.
Presently, several researchers (Dietl, et al.
2000 and Alaria, et al. 2006) are
diluted

(DMS). DMS are

investigating  the magnetic
semiconductors
“conventional” semiconductors doped with
transition metal or rare earth ions which
are diluted within host of matrix and

ferromagnetically aligned via an indirect

magnetic coupling (Wolf, et al. 2001).

Various preparation techniques have been
used for the preparation of ZnO based DMS

material. Polyakov, et al. (2004) has

reported the room temperature
ferromagnetism by implanting Fe ions in
ZnO crystal grown by vapor phase. Potzger,
et al. (2006) also observed room
temperature ferromagnetism by implanting

Fe ions in hydrothermal ZnO single crystal.

Mandal, et al. (2006) reported the
preparation of Fe-doped ZnO nanoparticles.
Solid state method,

reaction, sol-gel

hydrothermal and mechanical alloying
methods have been employed by Saha and
Ali (1997) for the preparation of Fe-doped

Zn0.

In the present work, we have synthesized
the Fe doped ZnO nanoparticles using urea
hydrolysis in ethylene glycol medium at
relatively low temperature of 130 °C.
Ethylene glycol is the most suitable capping
agent/surfactant since it has a lower
molecular formula and helps to avoid the
reducing luminescence intensity compared
to other surfactant. X-ray photoelectron
spectroscopy (XPS) and luminescence
properties of synthesized Fe doped ZnO
particles samples suggests the substitution
of Fe®* in Zn** site of ZnO in small amount
and most Fe*" ions form 0-Fe,03 as a

secondary phase.
MATERIALS AND METHODS
Chemicals

All the chemicals were of analytical grade
and used as received without further
purification. Deionized water was used

throughout the experiment. Zinc acetate,
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iron (ll) sulphate heptahydarate and
ethylene glycol were supplied by Merck.
Urea was procured from the Qualigens Fine

Chemicals (Mumbai, India).

Synthesis

In a typical preparation of Fe doped ZnO
with Zn/Fe ratio of 0.98/0.02, 1 g of zinc
acetate and 0.025 g of iron (ll) sulphate
heptahydrate were dissolved in 100 ml
ethylene glycol in a round bottom flask.
After complete dissolution, 5 g of urea and
50 ml of distilled water were added to
above solution and stirred using the
magnetic stirrer for 15 min. The solution
was heated at 130 °C for 2 h. The white
precipitate appears. After cooling at room
temperature, the obtained precipitate was
centrifuged. To remove the excess ethylene
glycol, the precipitate was again
centrifuged and further washed by adding
methanol and acetone. The obtained
precipitate was then dried at 100 °C for 5 h.
similar process is repeated for obtaining
others Fe doped ZnO with Zn/Fe ratio of
0.95/0.05, 0.90/0.1. Figure 1 displays the
schematic diagram of preparation of Fe

doped ZnO.

C,HOH), = ~ X
Fe | (H:N):C=0 130 °C
2h

Zn* and Fe™ ions

Zn?

Fe doped ZnO nanoparticles
capped with ethylene glycol

Figure 1 Schematic diagram of the
preparation of Fe-doped ZnO

nanoparticles
Characterization

The powder X-ray diffraction (XRD) was

performed using Philips Holland, XRD
system PW 1710 with nickel filtered Cu Ky
(A = 1.54056 A) radiation. The average
crystallite size (t) was calculated from the
line broadening using the Scherrer’s
relation: t = 0.91/BcosS where A is the
wavelength of X-ray and B is the half
maximum line width. The FT-IR spectra
were recorded using Bomen Hartmann &
Braun MB Series Infrared spectrometer. In
acquire the knowledge of the chemical
state of constituent elements, XPS spectra
were measured with a CLAM-2 analyzer (VG
make) spectrometer using the MgK, source
(1253.6 eV) operated at 15 kV, 20 mA. The
system pressure in the range of 10" ° Pa and
the area of 7 x4 mm? for the sample surface

analysis were used for the measurements.

Survey and higher resolution (narrow scan)
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spectra were measured with pass energies
set at 192 and 48 eV, respectively.
Photoluminescence (PL) measurements
were performed by using F-4500 FL
spectrophotometer with 150 W Xenon
lamp at room temperature. Powder
samples were spread over a glass slide and
mounted inside the sample holder for PL

measurements.

RESULTS AND DISCUSSION

XRD Study

Figure 2 shows the X-ray diffraction
patterns of pure ZnO and Fe doped ZnO
with Zn/Fe ratio of 0.98/0.02, 0.95/0.05,

0.90/0.1. These samples demonstrate the
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pure ZnO
A k i NV , W N
- m Zn/Fe = 0.98/0.02
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=
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Figure 2 X-ray diffraction patterns of pure
ZnO and Fe doped ZnO with Zn/Fe ratio of
0.98/0.02, 0.95/0.05, 0.90/0.10

hexagonal structure of ZnO. The estimated
lattice parameters of pure ZnO (x = 0) are
a =3.255(1), ¢ =5.206(1) A and its unit
cell volume is V = 47.7 A>. These values are
in good agreement with the reported
values (JCPDS file No. 05-664). Secondary
phase of a-Fe,;03 (peak at 33.19° in 2theta,
JCPDS file no. 33-0664) is also observed.
Slight increase in unit cell volume (2%) of
ZnO for the Fe doped ZnO indicates that a
few Fe®* ions occupy Zn®' sites of ZnO
lattice. Based on Scherer’s relation, the
average crystallite sizes are found to be in
the range 50 to 60 nm, corroborating the
crystals.

formation of nano
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Figure 3 IR spectrums of as-prepared ZnO

nanoparticles.

IR Study

Figure 3 shows the IR spectrum of as-
synthesized ZnO nanoparticles. The O-H, C-

H, C-O functional groups in addition to Zn-O
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bond are attributed to the functional bond recorded at 3000-3400 cm™ can
groups/bonds present in ethylene glycol interact with the methanol or ethanol
molecules, which act as capping. (organic solvent) through the inter-H-

bonding (Karve, et al. 2000, An, et al.1998,
However, the stretching frequency of free

Lin, et al.1996, Fuentes, et al. 2006 and
O-H is at 3650 cm™ (Kemp, 1975). In this

Yang, et al. 2006).
study, the red shifted broad band at 3402

cm? is a signature of the presence of XPS Study

hydrogen bond in ethylene glycol

Figure 4 shows the typical survey XPS
molecules. The wagging vibration at

4 4 spectrum for Fe doped ZnO with Zn/Fe ratio
1287 cm™, twisting vibration at 1027 cm

N of 0.90/0.10. Zinc, oxygen and iron peaks
and rocking vibration at 831 cm™ due to
presence of CH, are observed which hinder

agglomeration among particles. The O-H

Zn,2p3/2  zn,2p1/2
2000

Fe-doped ZnO (Zn/Fe ratio = 0.9/0.1)
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Figure 4 The survey XPS spectrum of Fe-doped ZnO with Zn/Fe ratio of 0.90/0.10
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Figure 5 XPS spectra of (a) Zn 2p, (b) Fe 2p and (c) O 1s in Fe-doped ZnO with Zn/Fe ratio of

0.90/0.10
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are observed. In addition to these, carbon

peak is also found for standard calibration.

Figure 5 (a) shows that the Zn 2p;3; is
situated at 1020.4 eV and Zn 2p;;; is at
1042.9 eV indicating Zn ions in the sample
are mainly in the chemical state of zn*
(Chen, et al. 2006). Figure 5 (b) shows the
XPS spectrum of Fe 2p. The peaks at 709.63
and 723.3 eV correspond to Fe 2p3/; and Fe
2py/2, respectively indicating that some Fe
ions are in Fe?* state. The energy difference
spectrum at 530.8 eV is attributed to O
lattice in wurtzite structure of hexagonal Zn
ion array (Cebulla, et al. 1998, and Rao &
Vinni 1993).

Luminescence Study

The room temperature photoluminescence
spectra of pure ZnO and Fe doped ZnO with
Zn/Fe ratio of 0.98/0.02, 0.95/0.05,
0.90/0.10 after excitation at 320 nm are
shown in Figure 6. In pure ZnO, the
prominent peaks at 399 and 469 nm due to
band-edge-emission and artifact are
observed (Ningthoujam, et al. 2007, and
Singh, et al. 2008). On increasing the Fe
concentration in ZnO, the peak intensity

decreases and the band edge emission

between Fe 2ps3;; and Fe 2p;;; is 13.6 eV.
Earlier, similar result has been reported by
Zhao, et al. (2007) for Fe?" state. Also, Fe**
state could be observed at Fe 2p;;; (711.5
eV), confirming the formation of a-Fe,03 as
secondary phase. The satellite appeared at
7-8 eV above the parent peak is due to
multiple interactions of oxides and
hydroxide (Sudakar, et al. 2004). Figure 5(c)
shows the XPS spectrum of O 1s. The low

binding energy component of the O 1s

shifts from 399 to 392 + 2 nm. This is
expected as the presence of Fe?'/Fe*
impurity  reduces the luminescence
intensity. At a close look into spectrum, a
broad hump around 545 nm can be
attributed to singly ionized oxygen vacancy

in ZnO materials.

Figure 7 shows the excitation spectra of
pure ZnO and Fe doped ZnO with Zn/Fe
ratio of 0.98/0.02, 0.95/0.05, 0.90/0.10
at 520 nm. The

monitored intensity

decreases with the increase of Fe
concentrations in ZnO. The observed trend
is similar to the emission spectra. Inset of
shows the

this figure expansion of

excitation spectra. The band edge

absorption around 355-375 nm is observed,

Available Online At www.ijpret.com



Research Article

Amrut Lanje, IJPRET, 2013; Volume 1(8): 54-63

ISSN: 2319-507X
IJPRET

which is similar to reported value of pure
ZnO (Yatsui, et al. 2002). However, the
wavelength corresponding to the band
edge absorption decreases slightly with the

Fe?* doping. This is reflected in the emission

#- Ag prepared Zn0

o~ FaZn0 {ZniFe = 0.88/0.02)
#— FaZnQ {ZniFe = 0 85/10.05)
- FeZn0 (ZniFe = 0.9010.10)

Intensity (counts)

30 400 450 B0 M0 &0 G0 TO0 T
3 (nm)

Figure 6 PL emission spectra of pure ZnO
and Fe doped ZnO after 330 nm excitation.
CONCLUSIONS

Pure ZnO and Fe doped ZnO with Zn/Fe
ratio of 0.98/0.02, 0.95/0.05, 0.90/0.10
nanoparticles were synthesized at relatively
low temperature (130°C). Secondary phase
of 0-Fe,03 was reported. XPS study
revealed that Zn ions in the sample are
mainly in the chemical state of Zn** while
Fe™ ions are in Fe”* and Fe*" states for Fe
doped ZnO.

PL Luminescence intensity

decreases with the increase of Fe
concentrations in ZnO indicating that the Fe

impurity produces quenching centers in

spectra where wavelength corresponding
to the band-edge emission decreases from
399 to 392 nm. These results establish the

slight increase of band gap with the Fe

doping in Zn0.
u— As prepared ZnO
1.0x10* 0—FeZnO (Zn/Fe = 0.98/0.02)
% - FeZnO (Zn/Fe = 0.95/0.05)
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Figure 7 Excitation spectra of pure ZnO

and Fe doped ZnO at 520 nm.

luminescence. Enhanced band gap for Fe

doped ZnO as compared to that of pure

Zn0 is noted.
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