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Rare earth (RE) ions activated ZnO thin films were prepared via sol-gel route and the thin films be
categorized by various techniques. X-ray diffraction (XRD) studies display the hexagonal wurtzite structure of
the prepared thin films. Scherrer's formula was utilized to calculate the average crystallite size (25 - 40 nm) with
different Sm3* concentrations. The optical energy gap was calculated by Diffused Reflectance spectra (DRS). The
Acid Red (AR) dye was degraded under ultraviolet (UV) light irradiation with ZnO: Sm3*(1-9 mol %)
nanostructured thin films and the highest photodegradation (95 %) was observed for 7 mol % of Sm3" doped
ZnO catalyst. All the obtained results suggest that prepared material could be a prominent material as

photocatalyst.
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Introduction

Materials at nanoscale with various varieties
(nanopowder, nano-rods, nano thin films, nano-tubes,
nano-flower and nano-wires) find many applications in
various fields owing to their novel properties like surface
tailoring ability, improved solubility, etc. [1-6]. From the
last two decades researchers showing their attention
towards the nano-sized metal oxide based
semiconductors owing to their attractive properties and
potential applications [7].

Among the metal oxide based semiconductors, ZnO
has set up a wide variety of applications in CO;
reduction, water splitting, solar cells, sensors,
photocatalysis, telecommunication, etc. owing to its
chemical stability, low toxicity and large energy gap of
3.2eV [8-13].

In particular, ZnO is used as a catalyst for
photocatalytic decolorization of organic pollutants due to
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their rich catalytic efficiency and non-toxic end products
[14]. With the evolution of ink, fabric, paint, and paper
industries, a large amount of pollutants containing
organic dyes are released, which is dangerous to nature.
Thus a suitable and economic route (photoreduction,
photocatalytic) is very much required to decrease the
number of pollutants before releasing into the water
environment. It was observed that many researchers
doped rare earth ions into the host lattice to enhance
catalytic activities. Among rare earth (RE) ions, Sm®*
used as a suitable activator which shows intense
luminescence, thin bands in visible and UV spectrum due
to f orbital transitions which do not interact with the
ligand orbitals [15-16].

In the present study, we prepared Sm3* (1-9 mol %)
activated ZnO nanostructured thin films by the sol-gel
route. Structural, optical and photocatalytic studies of
Zn0:Sm3*(1 - 9 mol %) nanostructured thin films were
investigated and discussed in detail.
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Fig. 1. X-Ray diffraction patterns of ZnO:Sm**(1-9 mol %) thin films.

. Experimental

A series of Sm% activated ZnO thin films were
synthesized on glass substrate via sol-gel technique by
using analytical grade with 99 % purity of Zinc acetate
dihydrate (Zn(CHsCOO)..2H,0) (used as a precursor),
Sodium hydroxide (NaOH), Ethanol (CH,COOH)
(reagent), Samarium (Sm20s) and distilled water (solvent
medium). In this method stoichiometric amount of
Sodium hydroxide and Zinc acetate dihydrate dissolved
in the suitable capacity of distilled water in separate
beakers and well stirred with a duration of 5 mins then
both solutions were poured to the beaker, then ethanol
and dopant were added to dropwise, then the solution
was accumulated on substrate glass via the deep coating
route with 20 mm/min of withdrawal speed, then thin
films were dried out by keeping in oven with a
temperature of about 200 °C for 2 hrs further followed by
Calcination at 500 °C for 1 h to eliminate the organic
compounds commencing the thin films.

Il. Catalytic studies

Photocatalytic experimental studies were carried for
the decolourisation of AR dye by taking 250 ml dye
solution of 20 ppm and 60 mg of prepared catalyst were
seized in an oblique glass beaker (surface area of 176.6
cm?) under UV light (mercury lamp) source and
irradiation were drifting out by concentrating UV light
into the combination for 105 mins. Further, the reaction
mixture of ~5 ml was taken out in an equal interval of
times (~15 min) to evaluate the degradation rate of the
prepared material.
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I11. Results and discussion

Fig. 1 indicates the XRD results of pure and 1 -
9 mol % Sm*" doped ZnO thin films prepared by the sol-
gel method. All the obtained peaks at (1 0 0), (0 0 2),
(101),(102,(110),(103),(200),(112)and
(2 0 1) were well indexed with the [JCPDS Card No. 36 -
1451] and confirm the hexagonal wurtzite structure of
the prepared sample [17]. Also, it was noticed that no
other peaks (impurity) were observed in the XRD profile
indicates the purity of the sample and sharp peaks
confirms the crystallinity of the material. Further,
Debye-Scherrer’s equation and W-H method were
employed (Fig.2) to find the average crystallite
dimension of the material, and relation is expressed in
Equation 1 & 2. [18, 19].

KA
- Bcos6 (1)
BcosB = O'T?}‘ + 4esinb , (2)

where, K defines constant, A gives wavelength of X-ray,
3 means full width half maximum and &: strain, equation
2 plots straight line between ‘4sinf’ and ‘Bcos®’ (Fig. 1),
the gradient of the line plotted represents the strain and
the intercept on the y-axis represents the dimension of

the crystallite (D), dislocation density and Ostess Were

calculated using the following equations 3 & 4, and all
the estimated results are described in Table 1.

§=—

DZ
Ostress = € E

®)
(4)

Further, unit cell volume and lattice parameters were
calculated for the plane (1 0 1) using the following
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Fig. 2. W-H pattern of ZnO:Sm3*(1-9 mol %) thin films.

Table 1
Lattice parameters of Sm3*(1- 9 mol %) doped ZnO samples
Crystallite Size Dlsloqatlon . . Crystallite Size
Zn0-Sm?* (nm) d_ens1ty26 Mlcro-s_tsraln (nm)
Scherrer’s ("”fg_/gn ) e (10%) W-H plot
0 mol % 26 1.47 1.12 23
1 mol % 30 1.11 1.10 25
3mol % 32 0.97 1.08 26
5 mol % 33 0.91 1.09 29
7 mol % 34 0.86 1.02 30
9 mol % 36 0.77 1.0 33

relations was found to be 51 ASanda=b=3.255A,c=
5.2016 A, respectively.

The addition of dopant ions did not alter the
crystalline nature of the material. However, slight
modifications in the lattice parameters were observed
which is owing to the dissimilarity in the ionic radius
between the Sm3* and the host. Peak intensity decreases
with the addition of dopant concentration was noticed
which is owing to the local symmetry breakdown [18].

Morphology of the surface and shape of the arranged
materials were examined by Field Effective Scanning
Electron Microscopic technique (FESEM) and the
obtained FESEM pictures illustrated in Fig. 3. FESEM
images illustrate the nanospirals, nanorings, spherical-
shaped morphology, small voids with well-defined
boundaries; also rod- shaped morphology were noticed.

Optical studies of pure and doped ZnO thin films
was characterized by UV-visible diffused reflectance
spectroscopy, obtained results are depicted in Fig. 4 and
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the DRS spectra show low absorption wavelength at
374 nm indicates the good optical quality of prepared
materials which is owing to large exciton binding energy.

The optical bandgap of ZnO and ZnO:Sm?** thin
films (Fig. 5) was calculated by using well-known
Kubelka-Munk function F(R), and relation is [20].
F(R) = (1;1';)2, (5)
where, R represents the percentage of reflectance, by
extrapolating the linear part of the curve to intercept the
axis of energy, bandgap of ZnO and ZnO:Sm®* was
estimated. It was observed that the absorption band
shifted to lower energies, band gap energy decreases
from 3.2to 3.15eV with raise of dopant concentration
which may be due to spin-exchange interaction (sp-d).

Fig. 6 indicates the UV-Vis spectra of the AR dye in
the existence of Sm®" activated ZnO thin films under
various illumination times of UV light.

It was noted that the absorption peak of AR dye
decreases, indicates the deterioration of AR molecules
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Fig. 3. FESEM images of ZnO:Sm**thin films.
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Fig. 4. DRS spectra of ZnO:Sm®*(1-9 mol %) thin films.
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under UV light irradiation. Further, insignificant

degradation of AR dye was observed in dark conditions
and in the absence of ZnO which confirms that
degradation of AR dye is due to the presence of
photoexcited Sm** activated ZnO samples. The trend of
AR degradation with the presence of prepared 1 -
9 mol % of Sm3* activated ZnO thin films under UV
light irradiation are given in Fig. 7 and 95 % of AR dyes
were degraded during 105 min. The photocatalyst
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activity of ZnO: Sm3* samples are rated in the form of
7 mol % ZnO:Sm* > 5 mol% ZnO :Sm* > 3 mol %
ZnO:Sm** > 9 mol % ZnO:Sm** > 1 mol % ZnO:Sms*.

Langmuir-Hinshelwood kinetics model was used to
degradation of AR dye and its kinetics are represented as
In (C/Co) = —kt, Where k be the rate of constant apparent
reaction, C be the AR initial concentration, t be the
reaction time and C, be the concentration of AR dye with
t, and the obtained kinetics values prepared material is
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Fig. 5. Bandgap spectra of ZnO:Sm3*(1-9 mol %) thin films.
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Fig. 6. Absorbance spectra of ZnO:Sm3*(7 mol %) Photocatalysts.
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Fig. 7. Plot of % degradation of AR dye under UV light.
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Table 2

Kinetics studies on Sm3*(1 - 9 mol %) doped ZnO
thin films under UV light illumination

Photocatalysts %D K x 103 min?
Zn0O:Sm** (1 mol %) 83 23
Zn0O:Sm** (3 mol %) 92 27
Zn0:Sm®* (5 mol %) 93 28
Zn0O:Sm®* (7 mol %) 95 29
Zn0:Sm3* (9 mol %) 91.5 26

Sm-znofl ¢ “AR
e
H*+OH

Fig. 8. Schematic representation of photocatalytic
activity.

given in Table 2 [21-25].

The improved catalytic activity was noted for
7 mol % doped ZnO:Sm3* catalyst under UV light was
observed due to charges carried while separation, which
is attributed to the overload production of absorption
band shift and radicals hydroxyl to higher wavelengths.

Many researchers reported that catalytic performances of
the prepared material are based on the factors such as
crystallite size, morphologies, textures and the dopant
concentration [26-30]. Among, the morphologies of the
material and activator concentration played a key role in
the photocatalytic activities [30].

General mechanism for photocatalytic process was
displayed in Fig 8. This explained the schematic view of
AR dye performance in the presence of UV light.

Addition precise quantity of sm3* cations leads to the
production of defects which act as trap centres, results in
an elevated barrier surface, and region of narrower space
charge; however disproportionate quantity of sm®* in the
catalyst may lead to the creation of defects, act as the
recombination centres which decrease the catalytic
efficiency. In the present study, ZnO:Sm3* thin films
performs higher ration of surface-to-volume, which
resulting in the brilliant photocatalytic degradation of AR
under UV light.

Conclusion

Sol-gel synthetic route was used for in-situ synthesis
of ZnO:Sm3*(1 - 9 mol %) thin films. Crystallite size and
Hexagonal Wurtzite structure of the ZnO:Sm?* catalyst
was confirmed by XRD results. ZnO:Sm3* (1 - 9 mol %)
catalysts prepared by the sol-gel route exhibits excellent
photocatalytic activity under light, attributed due to
morphology and higher content of oxygen vacancies. All
the obtained results indicate that of Sm®* activated ZnO
material is a suitable prominent catalyst for the
degradation of pollutants.
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CrpykTypHi, MOP}OJIOTiuHI Ta ONTHYHI JOCTIIKEHHS 30J1b-TeJIb TOHKUX
wiBok ZnO, akTuBoBaHUX SM>", 11 (POTOKATATITHYHHX 32CTOCYBAHD
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Touki mniBku ZnO, axkTuBoOBaHi pinkicHo3emenbHUMHU (RE) ioHamu, OTpMMaHO 305b-Tellb METOAOM, i
kiacupikoBaHo pisHUMU Meroaukamu. Jocmimkenus X-npomeHeBoi ambpakuii (XRD) BkasyioTe Ha
TeKCaroHaNbHY CTPYKTYpPY THUIly BIOPLMTY OTPHMAaHUX TOHKHX IUTIBOK. Buxopucrano ¢opmyny Ileppepa mms
PO3paxyHKy cepelHBOr0 PO3MIpy KpHCTaiTiB (25 - 40 HM) 3 Pi3HUMHU KoHIEHTpalisMu Sm3*. ONTHYHY IHPUHY
3a00pOHEHOI 30HM PO3paxoBaHO 3a cnekrpamu audysHoro Bigourts (DRS). Bapsuuk kucmotu gepBonoi (AR)
po3KiamaBcs mix miero yaprpadioneroBoro (Y @) BUIpOMiIHIOBaHHS HA HAaHOCTPYKTYPOBaHI TOHKI IUIBKH ZnO:
Sm®* (1 - 9 moi.%). Haiteuma dotonerpanais (95%) crioctepiranacs mis 7 mon.% nerosanoro Sm%* ZnO. Vi
OTpHUMaHi pe3ylbTaTH CBiqYaTh IPO Te€, IO OTPHMAHUH MaTepian Moxe OyTH TOOpHM MarepialloM y SKOCTi
(oTtoxkaranizaTopa.

Karouosi ciora: ZnO: Sm?*; tonki mwriBku; XRD; DRS; dorokaranis.
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