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ABSTRACT

Zn(;_yx)Fe)O+05x) (x=0.5-5 mol%) nanoparticles were synthesized by a low temperature solution com-
bustion route. The structural characterization of these nanoparticles by PXRD, SEM and TEM confirmed
the phase purity of the samples and indicated a reduction in the particle size with increase in Fe content.
A small increase in micro strain in the Fe doped nanocrystals is observed from W-H plots. EPR spectrum
exhibits an intense resonance signal with effective g values at g~ 2.0 with a sextet hyperfine structure
(hfs) besides a weak signal at g~ 4.13. The signal at g~ 2.0 with a sextet hyperfine structure might be due
to manganese impurity where as the resonance signal at g~ 4.13 is due to iron. The optical band gap E;
was found to decrease with increase of Fe content. Raman spectra exhibit two non-polar optical phonon
(E;) modes at low and high frequencies at 100 and 435 cm~! in Fe doped samples. These modes broaden
and disappear with increase of Fe dopant concentration. TL measurements of y-irradiated (1-5 kGy) sam-
ples show a main glow peak at 368 °C at a warming rate of 6.7 °Cs~'. The thermal activation parameters
were estimated from Glow peak shape method. The average activation energy was found to be in the

range 0.34-2.81eV.

© 2012 Elsevier B.V. All rights reserved.

1. Introduction

Research on nanometer-sized materials has increased remark-
ably during the past years due to their unique characteristics
termed quantum confinement effects. The term, quantum confine-
ment effect, was introduced to explain a wide range of mechanical,
electrical and optical properties of nano-sized materials in response
to changes in dimensions or shapes within nano-scales [1,2]. ZnO
with a wide energy band-gap (3.27eV) in bulk is one of the
II-VI semiconductor materials, making it attractive for the nano-
electronic and photonic applications. Its advantages over other
materials for electronic applications lie in a high exciton bind-
ing energy (60 meV), breakdown strength and its multifunctional
behavior when suitably doped [3]. Each atom of Zn is surrounded by
four atoms of oxygen in tetrahedral coordination in ZnO wurtzite
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structure. ZnO is ready for applications in UV-emitting diodes,
cathode-ray phosphors, transparent conductors, varistors, chem-
ical sensors, UV-protection films, and ultra fast nonlinear optical
devices [4,5].

Fe doped ZnO systems have attracted much attention because of
predictions that it is ferromagnetic with a high Curie temperature
above 300K [6]. The presence of TM ions in the host semiconductor
leads to an exchange interaction between itinerant sp-band elec-
trons or holes and the d-electron spins localized at the magnetic
ions, resulting in versatile magnetic field induced functionalities.
A number of investigations on the synthesis of ZnO nanoparticles
have been reported in the literature including thermal decom-
position, chemical vapor deposition, sol-gel, hydrothermal, spray
pyrolysis, precipitation, vapor phase oxidation, thermal vapor
transport and condensation [7-12]. Low temperature solution
combustion synthesis is emerging as a promising technique for
the preparation of nanopowders as it is simple, fast and cost
effective, does not require high-temperature furnaces and com-
plicated set-ups [13]. In the present study, Fe doped (0.5-5 mol%)
ZnO nanoparticles are synthesized by a low temperature
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solution combustion route. The synthesized nanopowders are well
characterized by using Powder X-ray diffraction (PXRD), scan-
ning electron microscopy (SEM), transmission electron microscopy
(TEM), Fourier transform infrared (FTIR) spectroscopy. The elec-
tron paramagnetic resonance (EPR) spectroscopy has been used to
study the oxidation states, types of coordination and geometry of
the ligand sites. In addition, UV-vis, photo and thermoluminescent
properties were also investigated.

2. Experimental
2.1. Synthesis

Zinc nitrate (Zn(NOs3),6H;0) was used as oxidizer, oxalyl dihy-
drazide (ODH) [C3HgN40,] was used as fuel and Fe(NO3); as a
dopant. The oxidizer to fuel ratio was calculated based on oxidizing
(0) and fuel (F) valencies of the reactants, keeping O/F = 1. The start-
ing materials were mixed in petri dish with minimum quantity of
de-ionized water to form a solution. The dish was then transferred
into a preheated furnace maintained at 300+ 10°C. Initially, the
paste melted and underwent dehydration followed by decompo-
sition with the evolution of large amounts of gases. The mixture
frothed and swells, forming foam, which ruptured with a flame
and glowed to incandescence. During incandescence, the foam fur-
ther swells to the capacity of the container. The entire combustion
process was over in less than 5 min.

2.2. Instruments used

The powder X-ray diffraction studies were carried out using
PANalytical X’'pert Pro, Almelo (The Netherlands) with Cu Ka radi-
ation (A=1.541A). The surface morphology of the samples was
examined using Scanning electron microscopy (JEOL JSM 840A)
by sputtering technique with gold as covering contrast material.
Transmission Electron Microscopy (TEM) analysis was performed
on a Hitachi H-8100 (accelerating voltage up to 200kV, LaBg fil-
ament) equipped with EDS (Kevex Sigma TM Quasar, USA). FTIR
spectrum was taken using a Perkin-Elmer Rx1 instrument. The
UV-vis spectrum was recorded on a UV-3101 Shimadzu Visible
spectrophotometer. The photoluminescence studies were carried
out using a Perkin-Elmer LS-55 luminescence spectrophotometer
equipped with Xe lamp. Raman studies were carried out on Ren-
ishaw In-via Raman spectrometer with 633 nm He-Cd laser and
a Leica DMLM optical microscope equipped with 50X objective,
thus providing a laser spot of 2 wm in diameter. A powdered spec-
imen of 100 mg was taken in a quartz tube for EPR measurements.
The synthesized samples were irradiated with different doses of
v-rays in the range 1-5kGy from Co-60 source at room tempera-
ture. After the desired exposure, TL glow curves were recorded on
a Nucleonics TLD reader taking 5 mg of the sample each time at a
heating rate of 6.7 °Cs~!. The EPR spectrum was recorded at room
temperature using a JEOL-FE-1X EPR spectrometer operating in the
X-band frequency (~9.205 GHz) with a field modulation frequency
of 100 kHz. The magnetic field was scanned from 0 to 500 mT and
the microwave power used was 10 mW.

3. Results and discussion
3.1. Powder X-ray diffraction studies (PXRD)

The crystal structure of synthesized samples has been investi-
gated using Powder X-ray diffraction (PXRD). Fig. 1 shows PXRD
patterns of undoped and Fe doped (0.5-5mol%) ZnO nanoparti-
cles. All the diffraction peaks of undoped and doped ZnO samples
are indexed to wurtzite hexagonal structure (JCPDS No.36-1451). A
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Fig. 1. PXRD patterns of un-doped and Fe doped ZnO (inset: shift in peaks).

small shift in the position of main peak (10 1) to the lower side of 26
values is observed for Fe doped samples (Inset of Fig. 1). The shift of
XRD peaks of Fe-doped nanoparticles indicates that Zn cations have
been successfully substituted with bigger Fe cations. This observa-
tion is similar to the case in transition metal (Mn, Cu and Ni) doped
ZnO [14]. The peaks are found to be broadened with increase of
concentration of Fe3* ion in ZnO. This has been explained as due
to reduction of grain size and development of strain in ZnO lattice
with incorporation of Fe3* ions. No other peaks related to Fe com-
pounds were found. It suggests that Fe3* ions occupy Zn2"* sites or
interstitial sites in the ZnO lattice without changing the wurtzite
structure.

The accurate unit cell parameters of various compositions of
ZnO:Fe were determined by Rietveld refinement of the observed
diffraction profile using Fullprof software [15]. The pseudo-voigt
peak profile function was used and the background was approxi-
mated by linear interpolation between a set of background points
with refinable heights. The fitted and observed data along with the
difference between them are shown in Fig. 2. The obtained reliabil-
ity factors Rp, Rwp, Rpragg, x2, R and lattice parameters calculated
from the Rietveld refinement are tabulated in Table 1. Very little
change was found in the lattice parameters of doped ZnO which
may be due to low doping concentration of Fe in the ZnO matrix.

In order to study the effect of Fe concentration on crystal-
lite size, the average crystallite size was estimated from the
Debye-Scherrer’s equation:

kA

D:ﬂ cos 6 (1)
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Table 1

Rietveld refinement results of Fe doped ZnO nanoparticles.
Fe conc. (mol%) Lattice parameters Volume of unit cell (A)? Rp Ruwp x> Rpragg R

a(nm) c(nm)

0 3.251(2) 5.207 (3) 47.65 (5) 4.08 5.40 1.40 2.85 1.96
0.5 3.251(2) 5.207 (3) 47.67 (4) 5.69 7.90 1.06 4.27 2.80
1 3.252 (1) 5.207 (2) 47.68 (4) 5.56 7.57 0.966 2.16 1.99
2 3.252(2) 5.206 (3) 47.69 (5) 5.68 7.89 1.01 2.98 2.45
3 3.252 (1) 5.206 (2) 47.68 (5) 5.83 8.08 1.08 2.28 1.97
5 3.254(2) 5.207 (3) 47.70 (5) 6.32 8.83 1.26 2.80 2.10
Atom Oxidation state Wyckoff notation X y z Occupancy
Zn +2 2b 0.3333 0.6666 0.0000 0.95
Fe +3 2b 0.3333 0.6666 0.0000 0.05
(0] -2 2b 0.3333 0.6666 0.3798 1

where f is FWHM (rad), A is wavelength of X-rays, 6 is glanc-
ing angle, k is a constant that depends on the grain shape (0.9
for circular grains). A decrease in the particle size from 42 nm to
34nm was found with increase of Fe concentration (Fig. 3). This
has been explained as due to development of strain in ZnO lattice
with incorporation of Fe3* ions. We have estimated and compared
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Fig. 2. Reitveld refinement of PXRD pattern of Fe doped ZnO.
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Fig. 3. Variation of particle size and FWHM with Fe dopant concentration.

the lattice strains in undoped and Fe doped ZnO nanoparticles using
the Williamson-Hall (W-H) equation [16],

B cos 9:%—}—48 sin 6 (2)
where ¢ is the strain associated with the nanoparticles. Eq. (2) rep-
resents a straight line between 4 sin 6 (X-axis) and S cos 6 (Y-axis).
The slope of line gives the strain (&) and intercept (kA/D) of this
line on Y-axis gives crystallite size (D). Fig. 4 shows the W-H plots
of undoped and Fe doped ZnO samples. The calculated values of
D from W-H plots and Scherer’s formula and the corresponding
strains for different Fe doping concentration in ZnO are presented
in Table 2.

3.2. Microstructure

Fig. 5 shows the SEM images of the Fe doped ZnO nanoparticles
with low- and high-magnification. High-resolution SEM images
show the presence of several nanoparticles within the grains. Dur-
ing the combustion process, several gases are evolved and hence
the combustion product is porous as shown in the micrographs
but the porosity levels of 0.5 mol% Fe doped ZnO sample is much
lower compared to high mol% Fe doped samples. The micrograph of
0.5 mol% Fe doped sample (Fig. 5a) show the presence of bunches of
small particles on the surface of angular plates and a further higher
magnification (Fig. 5b) resolved the nearly hexagonal angular shape
platelet particles with various sizes. With increase in Fe dopant
concentration, the powders become more porous as is evident from
Fig. 5c and d. The 5 mol% Fe doped powder shows honeycomb struc-
ture with lots of voids and pores formed by the escaping gases
during combustion as is indicated in Fig. 5e and f. These porous
powders are highly friable which facilitates easy grinding to obtain
finer particles. Fig. 6 shows the transmission electron microscopy
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Fig. 4. W-H plots of Fe doped ZnO nanopowder.
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Table 2
Estimated values of crystallite size (D) by W-H plots, Scherer’s formula and strains for different Fe (0.5-5 mol%) doping concentration in ZnO.
Fe conc. (mol%) Crystallite size (nm) by Scherrer’s formula Crystallite size (nm) from W-H plot Strain x 10~4
0 42.8 419 8.4
0.5 40.5 41.0 9.8
1 38.8 383 10.6
2 374 36.9 11.5
3 36.2 36.0 13.7
5 343 35.1 14.8

Fig. 5. SEM images of 0.5 mol% (a and b), 2 mol% (c and d) and 5 mol% (e and f) Fe doped ZnO nanopowder.

(TEM) image of ZnO nanoparticles showing the similar morphol- 3.3. Fourier transformed Infrared spectroscopy (FTIR)
ogy as that of the SEM observations. The corresponding selected
area electron diffraction (SAED) (inset Fig. 6) pattern indicates that The characteristic FTIR spectrum of the undoped and Fe doped

the nanoparticles are wurtzite single crystalline in nature without ZnO nanoparticles are depicted in Fig. 7. The peak at 418cm™! is
dislocations and stacking faults. ascribed to Zn-0 stretching vibration [17]. A weak absorption band
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Fig. 6. TEM image of ZnO nanopowder.
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Fig. 7. FTIR spectra of Fe doped ZnO nanopowder.

at 3427 cm~! indicated the presence of hydroxyl-groups, which is
probably due to water re-adsorption from the ambient atmosphere.
After introducing ironion in the host, the intensity of the absorption
peak at 418 cm~! decreased slightly, this might be due to better
crystallinity of the compound.

3.4. Raman spectroscopy

To see the effect of Fe doping on ZnO symmetry and vibrational
modes, Raman studies were carried out and the spectrum is shown
in Fig. 8.Zn0 has hexagonal Wurtzite structure, with space group of
P63mc along with two formula units per primitive cell. According
to group theory there exist eight sets of the zone center optical
phonons and can be represented as

Topt =A1 +Eq +2E; (3)

The Raman active phonons of A; and E; symmetry are polar
phonons, whereas phonons of E; symmetry are non-polar. Polar
modes can be splitinto transverse (TO) and longitudinal (LO) optical
phonons exhibiting different wavenumbers [18]. In case of non-
polar Raman active phonon modes, E; can have two wavenumbers
(E3 low) and (E; high). The active modes near 100, 438, 332 and
580cm~! appeared in Raman spectra corresponds to ZnO. The
peaks at 100 and 438 cm~! in undoped ZnO corresponds to two
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Fig. 8. Raman spectrum of Fe doped ZnO nanopowder.

non-polar optical phonon (E;) modes at low and high frequencies
respectively which are characteristic peaks of Wurtzite structure.

It should be noted that the intensity of 100cm~! (E,) peak
decreases and becomes broad with increase of Fe dopant and almost
disappears for 5 mol% Fe doped ZnO. It is further observed that the
E; (high) 438 cm~! mode is broadened and shifted to 435 cm~'in
case of 0.5 mol% Fe doped ZnO. With further increase in Fe dopant
concentration, the E, (high) mode disappears. The small shifting of
E, phonon mode can be related to a strain induced by Fe dopant.
Same phenomenon occurred in Ce and Tb doped ZnO samples
reported in literature [19,20]. When the size of particles reduces
to nanoscale, the k=0 selection rule for the first order Raman scat-
tering is relaxed and the phonon scattering will not be limited to the
centre of Brillouin zone. Hence the phonon dispersion near the cen-
tre of the Brillouin zone should be considered as well. As a result,
the shift and broadening of first order optical phonon scattering
modes are observed.

Sofer et al. [21] studied Raman spectra of transition metal ion
doped (Mn, Fe, Co) ZnO by flux growth. An intense peak of E,
phonon mode was observed at 437 cm~! and is slightly shifted in
Fe and Co doped samples when compared to pure ZnO. Further,
enhancement of A; (LO) phonon mode in transition metal ion doped
ZnO is related to deep level free electron traps created by these
dopants. The vibrational modes observed around 500 and 520 cm™!
are related to defect activated Raman scattering phonon modes
(DARS). They might be associated with oxygen and zinc vacancies,
interstitials and other defects induced by transition metal ions.

3.5. UV-visible absorption spectrum

The UV-visible absorption spectra of undoped and Fe doped
samples are shown in Fig. 9. A small blue shift in absorption edges
is observed for the Fe doped samples. The direct energy band gap
for the undoped and Fe doped ZnO nanoparticles was estimated by
fitting the absorption data to the direct transition equation,

(ahv)? = A(hv — Eg) (4)

where, ‘e’ is optical absorption co-efficient, (hv) is the photon
energy, Eg is the direct band gap and ‘A’ is a constant. Plotting (ahv)?
as a function of photon energy and extrapolating linear portion of
the curve to the photon energy axis as shown in Fig. 10, the energy
gap (Eg) of Fe doped ZnO nanoparticles is found to be 3.27, 3.24,
3.20, 3.13, 3.08 and 3.04 eV for undoped and 0.5, 1, 2, 3 and 5 mol%
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Fig. 9. UV-Visible absorption spectrum of Fe doped ZnO nanopowder.

Fe doped ZnO samples respectively. These Eg values are smaller
than that of bulk ZnO (3.37 eV). In general, the absorption edges of
nanoscale materials show a blue shift and their band gaps enlarge
compared with the bulk due to quantum size effect.

In the present work, the reason for the band gap narrow-
ing may originate from the introduction of Fe dopant. Diouri
et al. [22] attributed the band-gap decrease of transition-metal ion
doped II-VI semiconductors to the sp—d spin-exchange interactions
between the band electrons and the localized d electrons of the
transition-metal ion substituting the cation. The potential fluctu-
ation introduced by ionised impurities leads to the band tailing
of the valence band and conduction bands and contributes to the
band gap narrowing. The electron-electron and electron-impurity
interactions also could lead to the lowering of conduction band and
upward shift of valence band. For low concentration of Fe doping,
the reduction in the band gap has been theoretically explained as
a consequence of exchange interaction between d electrons of the
transition metal ions (Fe) and the host s and p electrons [23].

3.6. Electron paramagnetic resonance studies

Fig. 11 shows the EPR spectrum of Zn;_yFexO(q+05x) Sample at
room temperature. The EPR spectrum exhibits an intense resonance
signal with effective g values at g~ 2.0 with a sextet hyperfine struc-
ture (hfs) besides a weak resonance signal at g~ 4.13. In addition to
the above resonance signals a sharp resonance signal at g~ 2.014
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Fig. 10. Band gap of Fe doped ZnO nanopowder.
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Fig. 11. EPR spectrum of ZnO:Fe (1 mol%) sample at room temperature.

which is close to free electron value (g=2.0023) is also observed
and is generally attributed to an unpaired electron trapped on an
oxygen vacancy site. The EPR spectrum suggests that in addition
to Fe dopant a small amount of Mn impurity is also present in the
sample. For d° transition metal ions (e.g. Mn2*and Fe3*), the axial
distortion of octahedral symmetry gives rise to three Kramers’ dou-
blets |+£5/2>, |+3/2> and |4-1/2> [24]. Application of a Zeeman field
lifts the spin degeneracy of the Kramers’ doublets. As the crystal
field splitting is normally much greater than the Zeeman field, the
resonances observed are due to transitions within the Zeeman field
split Kramers’ doublets. The resonance at g~ 4.13 can arise from the
transition between the energy levels of middle Kramers’ doublet.
The resonance at g~4.13 can be attributed to the rhombic sur-
roundings of the Fe3* ions where as the resonance at g~ 2.0 can be
attributed to an environment close to tetrahedral symmetry and
is known to arise from the transition between the energy levels of
the lower doublet. The resonance signal at g~ 2.0 exhibits six line
hyperfine lines which is attributed to Mn2* ions for which S=1=5/2
and the hyperfine structure lines corresponding to the transition
(V2 <> —12) fine-structure. Besides this, forbidden doublets corre-
sponding to Am; =41 is also observed.

3.7. Photoluminescence studies (PL)

PL spectroscopy is an important tool to characterize the opti-
cal properties of a semiconductor. PL intensity may be directly
correlated with the defect density in a nanomaterial. The room tem-
perature PL spectrum of Fe doped ZnO sample excited with UV light
source (325 nm) is shown in Fig. 12. For undoped ZnO sample, four
emission peaks appears at 406, 420, 446, 484 and 520 nm. The peak
near 406 nm arises due to violet emission whereas other two peaks
belong to blue emission. For the ZnO nanoparticles, majority donors
for luminescence in the visible region can be attributed to structural
defects such as (Zn; & 0;), vacancies (V, & V;5) and surface traps
[25,26].

As can be seen from the figure, all the Fe doped ZnO samples
show a dominant emission peak around 370 nm. This peak in the
UV region is typically observed in nanocrystalline ZnO materials
and has been assigned to the near band edge emission, since the
energy corresponding to this peak is almost equal to the band gap
energy of bulk ZnO. A close look at figure reveals a blue shift of UV
peak positions in the Fe doped samples which confirm the incorpo-
ration of Fe in ZnO structure. The shift in the UV emission peak to
lower energy in Fe doped samples is consistent with the UV-visible
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Table 3
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The kinetic parameters for ZnO:Fe nanomaterial estimated from Chen’s glow peak shape method.

Peak Tp, (°C) Order of kinetics (b) Activation energy E (eV)

E: Es Ey Eave
314 0.51(2) 1.27 1.29 1.29 0.34
342 0.51(2) 3.02 2.83 2.94 0.89
359 0.47 (2) 4.62 6.27 4.54 1.43
370 0.49 (2) 9.16 8.01 8.60 2.81

absorption spectrum shown in Fig. 9. Further, the PL intensity of
the UV peaks of Fe doped ZnO decreases with increase of Fe con-
tent. The intensity of the other broad luminescent peak observed
around 467 nm increases a little with increase of Fe dopant. This
can be assigned to the intrinsic defects particularly interstitial zinc
[27].

3.8. Thermoluminescence (TL)

Thermoluminescence is now become a routine technique for
measuring ionizing radiations. For this purpose, a number of com-
mercially available TL dosimeters are used in the last three decades
[28-31]. In the last one decade nanomaterials in radiation dosime-
try find wide application in as-formed and doped with rare earth
and transition metal ions doped in various host materials [32,33].
It has been established that luminescence properties of nanoma-
terials which are different from bulk entities. These studies clearly
indicated potentiality of the nanosized materials in dosimetry of
ionizing radiations where the conventional microcrystalline mate-
rials do not meet the desired requirements [34].

Fig. 13 shows the TL glow curves of vy-irradiated (1-5kGy)
nanocrystalline ZnO: Fe(2mol%) at a warming rate of 6.7°Cs™!
recorded at RT. A well resolved glow peak at 368 °C was recorded
in all the samples. Further, the structure of the glow curves is not
much affected with variation of Fe dopant into the lattice. The TL
intensity of the main glow peak is plotted against gamma dose
(Inset of Fig. 13). It is found that the TL intensity increases with
v-dose. This increase in dose over wide range of dose in nanoma-
terials can be explained on the basis of Track Interaction Model
(TIM). According to this model, the number of generated traps by
high irradiation in a track depends mainly on cross sectional and
length of the track inside the host matrix. In case of nanomateri-
als, the length of the track generated by high energy irradiation is of
the order of few tenths of nanometers. As the dose increases, the TL
intensity increases as still some nanoparticles exist that would have
missed while being targeted by the high energy irradiation, owing
to the small size of the particles. This gives good linearity over a
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Fig. 12. PL emission spectrum of Fe doped ZnO nanopowder.

wide range of dose [35]. The glow curve is related to the trap levels
that lie at different depths in the band gap between the conduction
and valence bands of a solid. These trap levels are characterized by
different kinetic parameters. The kinetic parameters such as acti-
vation energy, order of kinetics are evaluated after deconvolution
of broad glow curve. In the present studies, a broad single peak
without any inflection points indicating the existence of overlapped
peaks. Therefore, the deconvolution was done using origin software
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Fig. 14. A typical glow curve for ZnO:Fe (2 mol%) nanocrystalline phosphor after
1kGy gamma exposure at a heating rate of 6.7°Cs~1.
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8.0 version for all the Fe doped samples for estimation of kinetic
parameters. Fig. 14 shows the deconvoluted glow curve for ZnO:
Fe (2 mol%) exposed to1kGy. The deconvoluted glow peaks were
used to estimate the parameters using Chen’s peak shape method
and the obtained values are given in Table 3. The average activa-
tion energy (Eave) was found to be in the range 0.34-2.81 eV. This
wide thermal activation energy range might be due to extension
of band gap of ZnO: Fe nanomaterial has been observed in several
nanomaterials.

4. Conclusions

Low-temperature solution combustion method has been suc-
cessfully used to synthesize Fe doped ZnO nanoparticles. From
PXRD results, single phase pure hexagonal wurtzite structure
is observed. SEM and TEM images reveal quasi-hexagonal mor-
phology of the nanoparticles. In samples with higher Fe doping
concentration, the porous nature is dominated. This is due to large
amount of gases escaping during combustion process. The optical
band gap Eg is found to decrease with increase of Fe dopant con-
centration. This is due to exchange interaction between d electrons
of the transition metal ions (Fe) and the host s and p electrons.
From Raman studies, the active modes observed at 100, 438, 332,
580cm™! correspond to pure ZnO. In Fe doped samples, two non-
polar optical phonon (E; ) modes at low and high frequencies at 100
and 435cm™! are observed. These modes broaden and disappear
with increase of Fe dopant concentration. The EPR spectrum sug-
gests that in addition to Fe dopant a small amount of Mn impurity is
also present in the sample. A single well resolved thermolumines-
cent glow peak at ~368 °Cwas observed in all the Fe doped samples.
The TL intensity is found to increase with increase of gamma dose
which is one of the desired properties of TL dosimeter.
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