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Sol-gel synthesis route was adopted to prepare undoped and 2 at. % Ce doped ZnO (CZO) nanoparticles
(NPs). Distinct characteristic absorption peaks at 520 and 524 cm-1! are seen in FTIR spectra of NPs,
which generally correspond to Zn—O stretching mode. This confirmed the formation of ZnO in the samples.
Other peaks at 628 and 631 cm-! were also observed corresponding to Zn—O—Zn antisymmetric vibrations.
UV-Vis transmission spectra revealed absorption dips at 370 and 364 nm respectively for undoped ZnO
and CZO NPs and the corresponding band gap values were estimated to be 3.34 and 3.41 eV. The photolu-
minescence (PL) emission spectra of undoped ZnO NPs had one major peak at 391 nm (UV) along with fee-
ble visible peaks at 467, 480 and 492 nm. The UV peak observes a continuous rise in intensity with reduc-
tion in temperature ranging from 50 °C to — 10 °C. The UV peak also blue-shifted slightly with temperature
lowering. The temperature dependent PL spectra of CZO NPs too had similar peaks but a very feeble
change in the intensity with temperature was noticed and the blue-shift of the UV peak occurred at nega-
tive temperature. The temperature dependent PL properties and band gap enhancement in CZO NPs may
have potential applications in optoelectronics.
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1. INTRODUCTION

Zn0 is an n-type semiconducting material having a
direct band gap of 3.37 eV and an exciton binding energy
of nearly 60 MeV. It presents diverse morphological
structures such as nanorods, core shells, nanowires, he-
lix, nanobelts, nanoplatelets and nanotubes which show
many potential applications. ZnO is also a good host for
doping transition, rare earth and post-transition metals.
Several dopants have been tried to impact its optical,
electrical, magnetic and morphological properties [1-7].
Family of rare earth ions can make various well defined
narrow optical transitions between the spin-orbit levels
split under the different manifold’s weak crystal field.
Shielding effects of the 5s and 5p orbitals allow the photo-
luminescence (PL) spectra of rare-earth ions to show
emission frequencies, which are relatively host independ-
ent. The variation in optical band gap attributed towards
the presence of oxygen defects and formation of new
states due to doping level of Yb [5]. The absorption spec-
trum and the reflectivity of Tb-doped ZnO decrease with
increasing Tb concentration [6]. The use of rare earth as
dopants (such as Ce, Tb, La, Nd and Eu) has raised great
interest as a route to enhance the electrical and lumines-
cent properties of ZnO. Rare earth element doped ZnO
nanoparticles are therefore one of the most promising
materials for the fabrication of optoelectronic devices.

Out of several rare earth elements, Ce has attracted
significant attention because of its proved capacity to
trap the photoinduced charge carriers due to its unique
4f-electronic configuration and the defects introduced
in the ZnO matrix because of the doping process. The
optical properties for undoped and Ce doped ZnO show
the reduction of the band gap energy from 3.4 eV down
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to 2.81 eV for heavy doping of Ce [7]. Introduction of
Cerium in ZnO reduces the emission intensity lines by
energy transfer from the ZnO to Cerium [8].

There are various methods of synthesis of ZnO NPs.
Some of them require complex processes and sophisti-
cated equipment such as chemical vapor deposition,
magnetron sputtering and laser ablation etc. In con-
trast, there are some chemical and simple approaches
such as wet chemical processes, thermal decomposition,
sol-gel process, co-precipitation method and hydro-
thermal synthesis route etc.

The sol-gel technique allows mixing of the chemicals
at atomic level, thus reducing the possibility of unde-
tectable impurity phases. Therefore, in the present
study, Ce doped ZnO NPs have been synthesized by sol-
gel method and their optical and morphological proper-
ties are presented here.

2. RESULTS AND DISCUSSION
2.1 Synthesis

To prepare the undoped ZnO NPs, we used the 0.2 M
solution of zinc acetate dihydrate (Zn.(CHsCOO)2.2H20)
(99.5% pure, SD Fine chemicals), which was mixed with
isopropyl alcohol (99.8 % pure, Merck). Rigourous magnet-
ic stirring was performed at 50 °C for 30 min to get clear
homogeneous solution. An appropriate amount of 0.2 M
aqueous solution of NaOH were mixed dropwise until
precipitation. The precipitate was filtered and subse-
quently rinsed with deionized water and ethanol.

For 2 at. % doping of Cerium into ZnO, 0.2 M solu-
tion of Cerious chloride hexahydrate (CeClz-6H20)
(97 % pure, Merck) in isopropyl alcohol was added into
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the precursor of undoped ZnO, while magnetic stirring.
Thereafter, 0.2 M aqueous solution of NaOH was added
dropwise till precipitation. This precipitate was also
filtered and rinsed with deionized water and ethanol.

Finally obtained both the precipitates were kept for
drying at 80 °C for 24 h. The dried precipitates were
ground to convert them into fine powder. The powder
samples were kept in a muffle furnace at 300 °C for 3 h
in air atmosphere. Undoped and 2 at. % Ce doped ZnO
will be referred to S1 and Sz respectively.

2.2 Characterization

To investigate the chemical composition of pure and
Ce-doped ZnO nanostructures, Fourier Transform In-
frared Spectroscopy (FTIR) (Bruker Alpha, USA) is
performed in the range 500-2000 cm ~ . For the investi-
gation of energy band gap and transmission spectrum
UV-Visible spectrophotometer (Shimadzu UV2600, Ja-
pan) is used within the range of 300-500 nm wave-
length. To analysis the room temperature and tempera-
ture dependent Photoluminescence (PL) spectrometer
(Horiba Fluoromax 4c, Horiba, USA) is used for analy-
sis of undoped (S1) and Ce doped ZnO (Sz2) samples at
excitation wavelength of 325 nm. To analysis the struc-
tural properties, particle size and distribution of the
particles Field Emission Scanning Electron Microscope
(FESEM) (JEOL-7610FPlus, JEOL, Japan) is used.

3. RESULTS AND DISCUSSION
3.1 FTIR Spectrum

The FTIR spectra for undoped (S1) and CZO (S2)
NPs are shown in Fig. 1. The spectra revealed the dis-
tinct characteristic absorption dip corresponding to Zn-
O stretching mode at 520 and 524 cm ~! for S1 and Se
respectively. This absorption in FTIR spectra of ZNO
occurs due to stretching of Zn—O coordination in tetra-
hedral mode. The presence such peaks confirms the
formation of ZnO phase in NPs [9]. Another confirma-
tion is also noticed that is the existence of Zn—-O-Zn
antisymmetric vibrations at 628 to 631 cm~! respec-
tively for S1 and Se. It is evident that Ce doping causes
the shift of both of the Zn related bonds towards higher
wavenumber, in FTIR spectra. Other absorption bands
are observed around 954, 1071, 1251, 1397,1531 and
1696 ¢cm ~ ! which correspond to C—H out of plane bend-
ing, C=C stretching, C-O stretching, COO~ group with
Zn ion, C=C stretching and C=0 bond respectively.

3.2 Optical Properties

UV-Visible absorption spectra were recorded to un-
derstand the influence of Ce addition on the optical
properties of ZnO. Fig. 2 shows the UV-Visible absorp-
tion spectra of S1 and Sz2. Absorption peaks occur at 370
nm and 364 nm for S1 and Sz respectively. It indicates
that Ce doping causes the blue-shift of the absorption
dip, whose most probable reason can the shift of the
band of ZnO NPs due to Ce doping. To analyze the
band gap, Tauc’s plot is performed for which the ab-
sorption coefficient a for direct band gap materials is
related to optical band gap energy according to the ex-
pression [10].
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Fig. 2 - UV-Visible transmittance spectra of undoped and
2 at. % Ce-doped ZnO NPs

ahv = (hv — Eg)'/2. (1)

Here, h is Planck’s constant and v is the frequency
of incident photon. Intercept on the photon energy axis
obtained by extrapolating the linear portion of the
(ahv)? versus hv curve, which gives the band gap. From
the Tauc’s plot as shown in Fig. 3, the values of energy
band gap (E,) are estimated to be 3.34 and 3.41 eV cor-
responding to S1 and Ss. The band gap values obtained
from the Tauc’s plot are in close agreement to the ener-
gies corresponding to the absorption dips. This blue-
shift of the band gap can be ascribed to Burstien-Moss
effect. It is reported that the optical band gap widening
and narrowing happens due to the electron-electron
and electron-impurity scattering respectively which is
called as Burstein-Moss effect [11].
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Fig. 3 — (a) and (b) shows Tauc’s plot for undoped and 2 at. %
Ce doped ZnO respectively

3.3 Morphological Properties

Fig. 4 and Fig. 5 show the FESEM images of un-
doped ZnO and CZO NPs at the scale of 100 nm with
the appropriate magnification. The image (b) in both
the case is at higher magnification. More of a platelet
structures are visible in undoped ZnO whose average
size is found to be nearly 22 nm. The shape and size
both change due to Ce doping ZnO. Prominently hexag-
onal rod-like structures are seen in Fig. 6. The average
size of these structures nearly 67 nm.

Fig. 4 - (a) and (b) FESM image of undoped ZnO NPs at dif-
ferent magnification

Fig. 5 - (a) and (b) FESM image of undoped ZnO NPs at dif-
ferent magnification

2* 10nm

3.4 PL Studies

Fig. 6 displays the temperature dependent PL emis-
sion spectra of the undoped ZnO and CZO NPs recorded
at excitation wavelength of 325 nm. The PL emission
spectra of undoped ZnO NPs contains one major peak
at 391 along with three other feeble peaks at 467, 480
and 492 nm. The first peak originates from due the
recombination of free electrons from valence band to
conduction band. The UV emission (391 nm) observes a
blue-shift of the peak and a continuous rise in its inten-
sity with reduction in temperature from 50 °C to — 10 °C.
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Fig. 6 — Temperature dependent PL emission spectra of
(a) undoped and (b) Ce doped ZnO NPs

The blue-shift of the UV emission peak with reduction
of temperature is attributed to Varshni relationship
[12]. The weak blue emission peaks observed at 467,
480 and 490 nm generally originate because of the
transitions between the oxygen vacancies and intersti-
tial oxygen and intrinsic or extrinsic defects in the crys-
tals structure [13]. The blue emission peaks do not no-
tice any significant change in their intensity or position
due to temperature variation. As high temperature
annealing was performed after synthesis of the NPs,
the defects plausibly got stabilized, that is why the
emission caused due to them is unchanged.

The temperature dependent PL spectra of Ce doped
ZnO NPs too have the similar peaks, as shown in Fig. 2b.
Here a very feeble change in the intensity of UV peak,
with temperature, is noticed. The blue-shift is also visi-
ble when temperatures reaches below 0 °C. Other blue
emission peaks are available and remain unaffected un-
der temperature variation. It seems that Ce doping con-
trols the shift of the band gap in low temperature re-
gime. Such temperature dependent PL properties and
control of band gap can be effective in optoelectronic ap-
plications. Also band gap enhancement with Ce doping
in ZnO NPs is also a significant observation.

4. CONCLUSIONS

Sol-gel derived undoped ZnO NPs show Zn—O bond
in stretching mode under tetrahedral coordination
which shift to higher wavenumber due to Ce doping.
The band gap gets blue-shifted in CZO because of more
and more electron-electron scattering. The morphology
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changes from platelet to hexagonal rod-like structures.
The temperature dependent PL of undoped ZnO
demonstrates blue-shift in the UV emission peak along
with rise in intensity, with reduction in temperature,
which is supported by Varshni relation. CZO’s UV
emission depicts the blue-shift only in the negative
temperature range. Such temperature dependent PL
properties and control of band gap can be significant in
optoelectronic applications.
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30isbIIeHHa I PUHA 3a00POHEHOI 30HHU 1 TeMneparypHo-3ane:xaa OJ1
B 30JIb-T€JIb CHMHTE€30BaAaHHUX HAHOYACTHUHEKAX ZnO, JIETOBAHUX Ce

Ashok Kumawat, Saikat Chattopadhyay, Nilanjan Halder, Kamakhya Prakash Misra

Department of Physics, School of Basic Sciences, Manipal University Jaipur, 303007 Rajasthan, India

Bosb-resib cuHTEe3 OYB BUKOPUCTAHUMN IS OJIePyKAHHS HeJIeroBaHux 1 Jsieropanux 2 ar. % Ce HaHouac-
tuHoK (HY) ZnO (CZO). Bupasui xapaxrepHi mikn norsimHagHs npu 520 ta 524 cm ! crocrepiraoThest y
crrekrpax FTIR HY, saxi 3a3euuait BiqmoBinaoTs peskumy posrsaryBausa Zn—0. Ile miarsepanio yrBopeHHs
7m0 y apasrax. Takosx criocrepirasucs iHmI MKW mpu 628 Ta 631 cM~1, 10 BIAMOBIIAOTE AHTUCHMETPHY-
auM rosmBaHHAM Zn—O0—7Zn. Cuextpu nponyckanuas YO Ta BUAUMOrO BUIIPOMIHIOBAHHS BUSBHJIN IIPOBAJIH
morsmHAaHHSA TTpy 370 Ta 364 HM BigmoBimHO s HesieroBaHux HY ZnO ta CZO, a BiAmoBigHI 3HAYEHHS
muprHE 3ab0opoHeHol 30HU craHoBmIN 3,34 Ta 3,41 eB. CmexTpu BumpoMiHIOBaHHS (HOTOIOMIHECIIEHIHT
(®JI) meneroBaunx HY ZnO manu onus ocHoBHui mmik npu 391 aM (V@) pas3om i3 c1abKUMH BUIUMEME IIi-
Kamu mpu 467, 480 ta 492 M. YO mik 1eMOHCTPYE MOCTIMHE 3POCTAHHSA IHTEHCHBHOCTI 13 3HUYKEHHAM TEM-
neparypu B Mesxax Bix 50 g0 — 10 °C. YO mik Takosk 3JIerka 3MIILyeThCs Y CHHIO 00JIACTD 13 3HUMKEHHIM Te-
mmeparypu. Temmeparypro-3anesxui criekrpu OJI HY CZO rtesx maimu momiOHI KK, ae 0yJio IIOMIiYeHo JIy-
sKe ci1abKy 3MiHY 1HTEHCHUBHOCTI 3 TeMIIepaTyporo, 1 3cyB Y@ miky y cuH0 001acTh BigOyBCsS IIpX HETATUBHIM
TemirepaTtypi. 3asesxui Bix Temmeparypu Biaactusocti OJI Ta 30LIbIeHHA mprHA 3a00poHeHo01 3oHn HY
CZO MoxyTh MaTH MIOTEHIIIHE 3aCTOCYBAHHSA B OIITOJIEKTPOHILTI.

Kmouosi ciosa: Metop 3oib-resmo, CeZnO, 30LIbleHHA MUPUHN 3a00pOHEHO0I 30HM, 3aJIeskHa Bl TeMIIe-
paTtypu doromoMiHeceHIia, JJomaTkr onToeIeKTPOHIKH.
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