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ABSTRACT

In this study, we discuss the wet chemical synthesis and experimental analysis of zinc doped Gd,03(Gd2-xZnxO3-5) hanoparticles
where, x=0, 0.1, 0.2, 0.3, 0.4, and 0.5. The cubic crystalline structure is derived from XRD results and the existence of metal-
oxide bond has been confirmed from FTIR studies. According to SEM and PSA analysis, the produced nanoparticles are found
to be of nano size. The EDX data verified the presence of Gd, Zn, and O in the samples. Based on UV -visible spectroscopy, the
band gap and Amax values were computed. In an aqueous medium and under UV light irradiation, the photodegradation of
Rhodamine B over Zn doped Gd,O3 nanoparticles was studied. It was observed that Gd1.50Zno5003-5 has exhibited 82% of photo-
degradation of the dye solution which further increased to 96% because of increasing the catalyst loading. The effect of pH and
the concentration of the dye are also reported. According to the kinetic analysis, the photocatalysis process followed a pseudo-
first-order kinetic model. A radical scavenger technique was used to further examine and identify the function of photoactive
species.
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1. Introduction employed for dye removal from waste water under these

chemical and physical methods [3]. Compared to bulk
materials, metal oxide nanoparticles have special
chemical and physical properties [4]. Methylene blue
(MB) dye aqueous solution was subjected to the
photocatalytic process with combined CdS-CuO
nanoparticles (NPs) [5]. Utilizing semiconductor
photocatalysts, a photo-induced oxidation method is
used to destroy organic pollutants and render bacteria
and viruses inactive when light is passed [6]. Scientists
have developed several metal oxide semiconductor
nanoparticles like Bi»Os, TiOz, ZnO, and Fe,O3 which
are found to have their application in photocatalysis due
to their significant wide band gap, nontoxicity and high
photosensitivity [7-9]. To explore their photocatalytic
activity on the breakdown of organic dyes such as
reactive yellow 145 (RY 145) and black 122 (DB 122)
under a visible light source, it was reported that alumina
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Chemical dyes which are mainly used in different
industries and their effluents released into natural
streams, are an environmental hazard. The water bodies
are continuously being contaminated by the industrial
effluent which contains organic pollutants such as dye
stuffs from textiles, paint, paper, and plastic industries
[1] which are genotoxic and also difficult to biodegrade.
Various techniques are extensively used to eliminate
dyes like synthetic dyes oxidation, coagulation,
membrane separation, electrochemical process, surface-
adsorption phenomena, biological process [2] and so on.
Degradation procedures are discovered to be one of the
advantageous processes that have been successfully
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nanoparticles (both amorphous a-Al.0; and gamma -
Al,Os) were produced from tragacanth by sol-gel
method. [10]. Due to its straight band gap and ability to
excite holes and electrons when exposed to visible light,
the CdS semiconductor is utilized as an effective
photocatalyst in the breakdown of organic contaminants
[11]. It is worth mentioning here that Eriochrome Black
T, an azo dye was degraded 90% under visible light in
90 min by using CoCr20, cubic spinel nanoparticles
which were synthesized via the green synthesis method
[12]. In order to decolorize methyl green, the capability
of a Fe (l)-orthophenantroline photocatalyst doped on
zeolite Na-Y was investigated [13]. TiO, nanoparticles
have demonstrated a promising r behavior as an
effective photocatalytic material in a wide range of real
applications, including the purification of water and air,
the creation of energy, and self-cleaning surfaces. Metal
oxide nanoparticles exhibit unique chemical and
physical characteristics in comparison to bulk materials
[14].

La* ions were added to the nanocrystallineFes.
xLaxOaferrite that Wang et al. synthesized to increase the
adsorption capacity of magnetite for congo red [15].
According to Xuet. al., doping with La%", Ce®, Er*,
Gd®* and Nd** was beneficial to NO, adsorption [16].
By adding lanthanide ions to a TiO2 matrix, it may be
possible to concentrate an organic contaminant on the
semiconductor's surface, proving titania's capacity as a
photocatalyst [17]. Metronidazole was photodegraded
using clinoptilolite nanoparticles (NC) assisted by SnS,-
ZnS. (MZ). During the photoreduction of MZ over the
SnZS-NC catalyst, the strength of the absorption peak
around 234 nm grew while the peak at 321 nm sharply
reduced, suggesting that the nitro group and nitrogen in
metronidazole were decomposed and produced nitrite
ion [18]. The synthesis, characterization, and
photocatalytic degradation kinetics of the SnO,-BiVOs-
CuO (SBC) catalyst have all been examined by Yousefi
and Ejhieh. The COD testing was conducted on
photodegraded solutions, and the Hinshelwood plots
revealed a slope of 0.01 min, or a ty,-value of 69.3 min
[19]. Gadolinium nitrate hexahydrate(Gd(NOz3)3.6H-0)
and ethylamine were combined in a process to produce
gadolinium oxide (Gd»Os) nanoparticles, according to
Jeon et al. Gd»O3 nanoparticles were utilized as the
photocatalyst when a number of azo dyes, such as
methyl orange (MO), acid orange 7 (AO7), and acid
yellow 23 (AY23), were exposed to UV light [20].
Dhanalakshmi et al. [21] successfully created
gadolinium oxide (Gd:03) nanorods utilizing a
straightforward  hydrothermal method for the
photocatalytic degradation of chloramphenicol (CAP)
medicine under UV light illumination. Under UV light

illumination, the Gd.Osnanorods demonstrated
increased efficacy compared to the conventional TiO..
The drug was quickly destroyed, according to the
photocatalytic degradation results. The ideal conditions
for efficient photocatalytic degradation were 50 mg of
Gd>Osnanorods and a drug concentration of 20 mg/mL.
With seven electrons in 4f orbitals and an effective ionic
radius of 0.0938 nm (Gd*"), gadolinium (Gd) is
recognized to be a useful element, while the effective
ionic radius of Ti** is 0.0605 nm. So it has been claimed
that Ti** can be replaced in part by Gd*" [38-40]. The
mechanism of Gd/TiO.and the formation of surface O;
vacancy [22] have been reported. To enhance the
photocatalytic capabilities of semiconductors TiO2 and
ZnO, the lanthanide oxide Gd,O3 has been added [23].
Due of its great chemical endurance, Gd.Os is
beneficial. Although its band gap energy varies
depending on its structure [24, 25] from 3.8 eV to 5.4
eV, it absorbs UV light in the same region as Al;Os.
Photodegradation of 4-chlorophenol using Ag/Al,Os-
Gd,Osphotocatalyst [26] under UV light irradiation has
been studied.

In this paper, we describe a successful attempt to
synthesize parent Gd,Osphotocatalyst and Zn doped
Gd,0O3 nanoparticles using the chemical precipitation
approach. By characterizing the synthesized particles,
(Fig. 1), the photocatalytic behavior of the nanoparticles
was investigated on the degradation of Rhodamine B
(Rh B) dye, under UV light irradiation. The role of
different parameters such as variation of dopant (Zn)
concentration in Gd,Os, the effect of photocatalyst
loading and the influence of the pH of the dye on the
photocatalyst was investigated as well.

2. Experimental
2.1. Materials

Gadolinium nitrate (99.9%, Thermo Fisher Scientific,
India), zinc nitrate (96%, Merck, India), sodium
hydroxide (97%, Merck, India), ethanol (99.9%, CS,
China), and Rhodamine B (RhB) dye are the chemicals
employed in this work (practical grade, Himedia, India).
None of these materials were further purified before
being employed. Double distilled water was used
throughout the analysis. A light source of 11 W UV
lamp is used for the photodegradation of the dye.

2.2. Facile chemical synthesis of Zn doped Gd.Os;
nanoparticles

A straightway chemical precipitation method is used to
produce parent Gd,Os (undoped) and Zinc doped Gd,0s
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Fig. 1. The structure of Rhodamine B dye.

nanoparticles (Gd2xZnxOs.5; where x=0, 0.1, 0.2, 0.3,
0.4, and 0.5) [27]. In order to use this procedure, the
following three solutions must be prepared separately by
dissolving the necessary amounts of Gd(NOs3)s,
Zn(NQg3)2, and NaOH in double-distilled water at the
necessary molar concentration. In this procedure, the
produced NaOH solution is continuously stirred on a
magnetic stirrer at 950 rpm for approximately two hours
at room temperature to the aqueous nitrate solutions
taken in a beaker. The pH of the medium was
maintained above 9 in order to get good precipitation
[28]. Due to the production of hydroxides
[Gd(OH)s+Zn(OH);], the precipitation was immediate
after the addition of the NaOH solution. The precipitate
is cleaned and purified using a 9:1 water and ethanol
mixture after being vacuum-filtered. The precipitate
mixture was then dried for a whole night at 60°C before
being further calcined in a muffle furnace for a total of
three hours at each of the following increasing
temperatures: 150, 300, 450, and 600°C to produce
phase-pure nanoparticles. Table 1 lists the quantity of
precursor salts utilized in the manufacture of Gd.Osand
Zn doped Gd.Osnanoparticles. Fig. 2 shows the
flowchart for this response. Below is a list of the primary
reactions involved in producing Gd,O3 and Zn-doped
Gd,03 (Equation 1).

(2-x) GA(NOs)s + (X) Zn(NO3); + 6NaOH — Gd»-
«ZNxO3.5 + 6 NaNO3z + 3 H,O (1)
(Where x=0, 0.1, 0.2,0.3,0.4 and 0.5)

2.3. Characterization

The powdered X-ray diffraction XRD studies of parent
Gd,03 and Zn doped Gd203 nanoparticles were
conducted on the Shimadzu XRD6000 X-ray diffract
meter using Cu Ka (k = 0.154059 nm) radiation with a
nickel filter at a voltage of 40 Kv at 30 mA current. The
2 scanning range was from 2° to 80° when using the
continuous scan mode and a scan speed of 10° min™.
The unit cell parameter was measured using DOS
programming. The infrared spectra of parent Gd,O3 and
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Zn doped Gd20s nanoparticles were examined using the
Fourier transform, a Shimadzu (IR Prestige 21)
Spectrophotometer, and KBr pellet technique (4000 cm
1to 400 cm™?). The average particle size of parent Gd.Os
and Zn doped Gd,O3 nanoparticles for the PSA analysis
was measured using a particle size analyzer (Zetasizer
Ver.6.32 produced by Malvern Instruments Ltd.) at a
measurement site of 4.65 mm. The surface morphology
and elemental makeup of parent Gd,O3; and Zn doped
Gd.0Os nanoparticles were examined using a SEM JEOL
JSM-6610 running at 20 kV and outfitted with an energy
dispersive X-ray (EDAX) spectrophotometer. The
absorbance spectra of the nanoparticles were measured
using a UV-Visible Spectrophotometer Shimadzu 1800.
It has a diffused reflectance sphere with Teflon serving
as the reference material. The diffused reflectance
method was used to record spectra between the
wavelength ranges of 200 nm and 600 nm from powder
samples placed into a quartz cell. The Shimadzu
LC2020 apparatus was used to obtain the HPLC and
HPLC Mass chromatograms.

2.4. Photocatalytic experiments

By monitoring the breakdown of RhB dye in aqueous
solution at room temperature, the photocatalytic activity
of undoped Gd,O3 and Zn doped Gd.O3 nanoparticles
was assessed. A pyrexphotoreactor, which comprises of
a cylindrical pyrex glass reactor outfitted with an
external UV light source with vertical irradiation,
positioned on a magnetic stirrer at the bottom, was
utilized to conduct the degradation process.

A set of typical photocatalytic reactions were performed
using the synthesized parent and doped photocatalysts,
individually, with 50 mL of aqueous RhB solution
(0.0047g in 100 ml of 10° M) taken in the
photoreactor. Each  photocatalyst was added
individually to the aforesaid dye solution (50 mL), and
the suspension was first agitated in the dark for about 30
minutes to achieve the adsorption-desorption
equilibrium of the dye before it was exposed to UV
light. 2 mL of the solution (aliquots) was withdrawn
after the predetermined amount of time, and the UV-
visible spectra were recorded at 553 nm as shown [29].
Then the suspension was fed into the photoreactor and
the UV light source (11 Watts)was turned on to record
the photodegradation of each photocatalysts, as a
function of time, at an interval of 20 minutes, for a
period of one hour twenty minutes duration. All aliquots
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Fig. 2. Flow chart to prepare Zn doped Gd,O3 nanoparticles by chemical precipitation method.

Table 1. Amount of precursor salts used for the synthesis of Gd,Osand Zn doped Gd,O3 nanoparticles [volume of each solution

is 10 ml] by chemical precipitation method

Sample Weight of Gd(NO3)3 (g) Weight of Zn(NOs) () Weight of NaOH (g)

Gd203 9.028 -- 24
Gd1.90ZN0.1003-5 8.576 0.296 2.4
Gd1.80ZN0.2003-5 8.124 0.594 24
Gd1.70ZN0.3003-5 7.672 0.892 2.4
Gd1.60ZN0.4003-5 7.222 1.188 24
Gd1.50ZN0.5003-5 6.770 1.486 24

were taken and centrifuged to get rid of any potential
photocatalysts at regular intervals. The maximum
absorbance at 553 nm for each of the filtrates was then
calculated. Equation 2 was used to calculate the dye [30]
degradation percentage.
(65 »
Co

Percentage of
()

100
Where, ‘Co’ is the initial absorbance of the dye solution
and ‘Cy’ is the absorbance at time interval, respectively.

degradation=

3. Results and Discussion
3.1. X-ray Diffraction studies

The XRD pattern of pure Gd,Os and Zn doped Gd,Os
nanoparticles produced by chemical precipitation is
illustrated in Fig. 3. Strong diffraction peaks can be seen
in the XRD pattern, which shows that the synthesized
nanoparticles are firmly crystalline. The XRD results
were in good agreement with the data on Gd;Os
nanoparticles that had previously been reported [31].
The principle peaks obtained at 20 value were 28.57,
47.52 and 56.43 corresponding to (222), (440) and (622)
hkl values respectively. The other peaks obtained at 26
values include 20.05, 33.12, 42.65, 57.78, 76.78, 78.40
and 79.40 corresponding to (211), (400), (134), (136),
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Fig. 3. XRD pattern obtained on Gd,O3 based nanoparticles A) Parent Gd,Os, B) Gd1.90ZN0.1003-5, C) Gd1.80ZN02003-5, D)

Gd1.70ZN0.3003-5, E) Gd1.60 ZN0.2003-5, F) Gd1.50ZN0.5003-5.

(831), (662) and (048) planes respectively. The peak
positions and their relative intensities obtained for the
synthesized nanoparticles are well compared and
indexed with the reported standard XRD data for Gd,Os
JCPDS card number 88-2165. From the diffraction
pattern of Zn doped Gd.0; samples, it is very clear that
there is no trace of Zn related phases which confirms
that the dopants (Zn) are well integrated into the Gd,Os
lattice [32]. Thus, there are no other (impurities)
reflection peaks noticed in the diffraction pattern. This
indicates that all the samples remain in single phase
[33]. A slight change in XRD pattern is noted with
different concentrations of zinc doping [34]. With an
increase in doping concentration [35, 36], the strength
of the diffraction peaks diminishes. The diffraction
peaks are further indexed to a cubic crystalline structure
with a lattice constant of a = 10.82 based on the XRD
data [37, 38]. The materials are crystalline in nature,
according to the strong peaks detected. Furthermore,
there was no discernible impurity peak.

The average crystallite size was determined using all
high intensity peaks seen in XRD patterns [39, 40].
Using the Debye-Scherrer formula, the crystallite size,
Dx, was determined from the full width at half
maximum (FWHM) of the XRD pattern. (Equation 3)
[41],

kA
- B cosB

Dy ®)

Where § is the full width at half maximum (FWHM) of
a diffraction peak, K is the shape factor approx. 0.91, A
is the wavelength of the X-ray source that equals 1.54 A
and 0 is the Bragg’s angle. The calculated crystallite size
values of Gd,Os3 and Zn doped Gd,Os are presented in
Table 2. The average crystallite sizes calculated from
the XRD data were 19.19 nm, 19.68 nm, 18.93 nm,
18.84 nm, 22.95 nm and 21.62 nm for undoped parent
Gd20s, Gd1.90ZN0.10035, Gd1.80ZN0.2003-5,G01.70ZN0.3003-
5,Gd1_5ozno,4003.5and Gdl_sozno,soO:g.a respectively. The
sample crystallite size ranged from 18 nm to 23 nm,
which is consistent with the data stated as 8 to 20 nm
[42].

Calculations were made to determine the strain brought
on by crystal deformation and flaws in powders by using
the formula [43]:
_ Bhrk
=iang &
It was established from Equations 3 and 4, that the peak
width caused by crystallite size changes as 1/cos0 strain
changes as tan. The measured line breadth is simply the
sum of Equations 3 and 4, assuming that the particle size
and strain contributions to line broadening are
independent to each other and both exhibit a Cauchy-
like profile.

B...  ka
hkl_DcosG

From the above equation, we get

+4etanb (5)
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Table 2. Procedure for calculating the crystallite size for Gd150Zno.5003.5 nanoparticles using W-H equations [43]

K A 20 B 4sinf BcosH Intercept (D) C=KMD
0.9 154 28.7341 0.3932 0.992531 0.006648013 0.00687 20.17467
33.2437 0.4103 1.144215 0.00686185
47.6987 0.416 1.617333 0.006640602
0.0072 - "
0.0071 1
@
S 0.0070 4 /
(&) n
[-=%
0.0069 -
| |
0.0068 -
e 1 I
0.9 1.2 1.5

Fig. 4. W-H plot of Gd1.50Zno.5003.5 hanoparticles.

'Bhklcose =%A+4stan9 (6)

W-H equations are those shown above. Fig. 4 depicts a
plot for as-prepared Gdis0Zngs0Os-snanoparticles (best
photocatalyst), with 4sin® along the x-axis and
Briicosd along the y-axis. The strain and crystallite size
were calculated using the slope and y-intercept of the
linear fit to the data, respectively. Equation 6 depicts the
UDM, which takes into account the isotropic character
of the crystal and the fact that material properties are
independent of the direction along which they are
measured. The strain was considered to be uniform in
all crystallographic directions. The uniform deformation
model for Gdi.50Zno5003-5 Nanoparticles is shown in Fig.
4. The procedure for calculating the crystallite size for
Gd1.50Zno5003-5 nanoparticles using W-H equations is
presented in Table 2. The crystallite size calculated for
Gd150Znos0035  nanoparticles by Debye-Scherrer
formula and W-H model is almost the same. As per the
literature, the crystalline characteristics of the samples
were studied [44-46].

4Sin6

The theoretical density (D) was calculated by using the
formula (Equation 7)

Toagem?) ()

Where NA is the Avogadro's number (6.023 x 1023), Z
is the number of chemical species in the unit cell, M is
the sample molecular mass (g/mol), M is the molecular
mass in gram per mole, V is the unit cell volume, and a3
is the lattice constant expressed in centimeters. The
values were likewise consistent with the normal JCPDS
data for Gd,O3 [88-2165], and the theoretical density of
the Gd,Os samples decreased with an increase in the
dopant concentration of Zn. Using the Sauter formula,
the samples' specific surface area (S) was calculated
(Equation 8)

Theoretical density, Dy, = z

_[6x(10)3]
- Dxp

S (8)

Where "S" stands for the particular surface area, "D" for
the crystallite size, and "p " for the density of the
experimental materials employed. Table 3 provides the
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crystallographic ~ characteristics
nanoparticles of Gd,Os and Zn doped GdOs.

3.2. FTIR studies

acquired  from

The type of atomic bonds that are present in the
molecule can be identified using FTIR spectroscopy.
The FTIR spectroscopy was used to confirm that the

substance was an oxide after being heated in this
manner. The FTIR spectra of Gd>Os; and Zn doped
Gd,0O3 nanoparticles with absorption peaks between 400
and 4000 cm™are shown in Fig. 5. The FTIR spectrum
of Gd.O; nanoparticles show significant absorption
peaks at 441 cm™ , 543 cm? ,1382 cm, 1639 cm and

% T

hY ,"«'? \ [
1516 W\
o —_\ / 457
— ., / 1083~ )
- | "
\ . I\
'\J‘II IIl |Iflr ‘I III'\'\-
1516 457
1063
1516
457
1063
1516

1516 457
BET
1639 704
543
1382 441

4000

T
3500

I I
3000 2500

| I I
2000 1500 1000 500

Wavenumber (cm” Ip

Fig. 5. FTIR spectra obtained on Gd,O3 based nanoparticles A) Parent Gd,0s3, B) Gd1.9ZN0.1003-5, C) Gd1.80ZN0.2003-5, D)
Gd1.70ZN0.3003-5, E) Gd1.60ZN0.4003-5, F) Gd1.50ZN0.5003-5.

Table 3. Crystallographic parameters obtained on Gd,O3 and Zn doped Gd,Os nanoparticles.

Crystallite
Crystal Unit cell Unit cell volume ~ >'%¢ (Debye- Theore_tlcal Specific
Sample structure arameter (A) (A Scherrer density Surface
P formula) (gem'®) area (m?/g)
(nm)
Gd,0;3 .
(JCPDS No. 882165) Cubic (B.C.) 10.79 1256.22 - 7.66 -

Parent Gd,03 Cubic (B.C.) 10.82 1267.15 19.19 7.59 215.6
Gd1.90ZN0.1003-5 Cubic (B.C.) 10.81 1265.64 19.68 7.41 365.1
Gd1.80ZN0.2003-5 Cubic (B.C.) 10.79 1259.67 18.93 7.25 351.0
Gd1.70ZN0.3003-5 Cubic (B.C.) 10.81 1266.62 18.84 7.02 339.1
Gd1.60ZN0.4003-5 Cubic (B.C.) 10.82 1266.84 22.95 6.83 233.4
Gd1.50ZN0.5003-5 Cubic (B.C.) 10.81 1263.76 21.62 6.65 373.0
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3446 Gd,0s. A strong intense absorption peak at 543
cm is the characteristic peak of Gd,O3[47]. According
to published data [48], the bands at 543 cm™and 441 cm"
correspond to the Gd-O vibration of Gd,Os. The
vibrations of O-H stretching and deformation,
accordingly, are what caused the bands to arise at 3446
cmtand 1639 cm, respectively [49]. The usual metal-
oxide vibration band is displayed between 1000 and 400
cm?® [50]. Additionally, it has been noted in the
literature that CO3% anion groups are responsible for the
absorption bands in the 1300-1600 cm™ range and for
the absorption peak at 3410 cm™ due to H.O, which
nanocrystalline materials typically absorb from the
environment due to their high surface—to—volume ratios
[51]. In general, the FTIR absorption peaks of solids are
associated with the vibration of ions in the crystal lattice
[52]. The stretching and bending vibrations of O-H and
C=0, respectively, are represented by the particular
peaks that emerged at 3446 cm? and 1639 cm?,
respectively [33]. The presence of water molecules (O-
H), which the samples have absorbed, is what causes
these stretching and bending vibrational modes [53-55].
These findings demonstrate the hygroscopic character
of the produced nanoparticles [56, 57]. Along with the
absorption peaks at 1063 cm™ and 1602 cm*, which are
the distinctive absorption peaks of Zn dopant, the new
peak at 457 cmlindicates the presence of the Zn-O bond
[58-63].

3.3. Particle size analysis

The particle size distribution curves of Gd,Os and Zn
doped Gd,Osnanoparticlesare are shown in Fig. 6. The

samples were exposed to a particle size analyzer after
being sonicated in distilled water for roughly 20 minutes

for all measurements. Table 4 displays statistics on
particle properties. The samples were visible between
50.0 and 491.0 nm. The higher particle size may be the
result of grains clumping together during the calcination
process. [64]. Further, double peaks observed in the
analysis might be due to the particles that are not
dispersed [65].

3.4. EDX analysis

From EDX spectral analysis, as shown in Fig. 7, the
elemental composition of the parent Gd.Os and Zn
doped Gd,O; nanoparticles was determined. The spectra
display the gadolinium, oxygen, and zinc peak
locations. For the doped materials generated at various
molar ratios, the analysis has confirmed the existence of
the dopant Zn with increasing weight % in diverse
compositions. The quantitative EDX data show that,
within the experimental range, the percentage weights
(at percent) of the components are similar to their
nominal composition. Conditions throughout the
experiment could account for a slight difference in the
dopant level in the finished product. The composition of
the synthesized nanoparticles for the parent and dopant
are given in Table 5. The EDX results confirmed that
the prepared pure and Zn doped Gd.Os hanoparticles are
free of impurities.

3.5. SEM studies

SEM is used to examine the topographical pictures of
the freshly manufactured particles. Fig. 8 displays SEM
images of Gd.Os nanoparticles with Zn doping and
without Zn doping. The SEM photographs revealed the
presence of well-defined circular grains of the samples.
The size of the grains was found to be in between 100—
400 nm which is in accordance with particle size

Table 4. Particle characteristics data obtained on Gd,Os;and Zn doped Gd»O3 nanoparticles

Peak 1 Average
Sample Intensity (%) Width (d. nm) Particle Size (nm)
100 61.71 345.3
Parent Gd,0s
100 27.28 142.6
Gd1.90ZN0.1003-5
100 64.75 201.2
Gd1.80ZN0.2003-5
100 49.50 50.28
Gd1.70ZN0.3003-5
100 223.3 355.5
Gd160ZN0.4003-5
Gd150ZN0.5003-5 100 191.3 491
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Fig. 6. Particle size distribution curves obtained on Gd,O3 based nanoparticles A) Parent Gd203, B) Gdi1.90Zn0.10035, C)
Gd1.80ZN0.2003-5, D) Gd1.70ZN0.3003-5, E) Gd1.60 ZN0.4003-5, F) Gl1.50ZN0.5003-5.

distribution data. The aggregation of smaller grains
during the high-temperature calcination of samples may
be the cause of the existence of bigger grains.

3.6. Studies on optical properties

Using a UV-visible method, the optical properties of
Gd>0; and Zn doped Gd,Os nanoparticles were
investigated. Fig. 9 displays the UV-visible absorption
spectra of pure and Zn-doped Gd.Os; nanoparticles,
which were discovered in the 200 nm-800 nm
wavelength range. Gd»,Oz and Zn doped Gd»Os3
nanoparticles have a large peak between 304 and 310
nm, as can be seen in the graph. The produced Gd,Os;
nanoparticles UV spectra have a low intensity peak at
304 nm. [66]. Importantly, the UV spectrum of calcined
sample at 600 °C indicates two absorption peaks at 280
nm (sharp) and 304 nm (broad) in Gd»O3 nanoparticles.
The valence band electrons of the photocatalyst move

into the conduction band when exposed to UV light.
Continuous creation of holes in the valence band and
electrons in the conduction band come from this
transition. Additionally, Zn doping produces an
emission that is visible at about 380 nm. By using a
reflectance method and the Tauc hypothesis, the band
gap energy was discovered [67-69]. Equation 9 is the
Tauc [70] plot to determine the direct band gap for
Gd>03 and Zn doped Gd»O3 nanoparticles.

ahv=A(hv-E)*/?  (9)

where ‘o’ is the absorption coefficient, ‘A’ is a constant
and n = % for direct band gap semiconductor. An
extrapolation of the linear region of a plot of (ahv)?vshv
gives the value of the optical band gap (Eg) as shown in
Fig. 10. The band gap of parent Gd,O3 was found to be
4.76 eV which is very close to reported value of 5.4 eV
[71]. In general, the band gap values incalcined samples
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Fig. 7. EDX spectra obtained on Gd,O3; based nanoparticles A) Parent Gd203;, B) Gdi1.90Zno.1003-5, C) Gd1.80ZN0.2003-5, D)

Gd1.70ZN0.3003-5, E) Gd1.60ZN0.4003-5, F) Gd1.50ZN0.5003-.

Table 5. Elemental composition data obtained on Gd>Osand Zn doped Gd,O3 nanoparticles.

Atomic weight % of the elements

Sample
Gd Zn 0
Parent Gd,O3 28.09 0 71.91
Gd1.90ZNn0.1003-5 28.66 0.97 70.37
Gd1.80ZN 020035 31.38 3.08 65.54
Gd1.70ZN0.3003-5 23.26 5.14 71.59
Gd1.60ZN 0.4003-5 30.70 6.38 62.92
Gd1.50ZN 0.5003-5 27.20 7.95 64.84

ranges from 5.0 — 5.6 eV were well matched with the
literature [71]. The literature states that changes in band
gap values can be linked to the degree of structural
order-disorder present in the lattice, which affects the
distribution of energy levels inside the band gap. The
experimental parameters used, such as heat treatment,
temperature, and even processing time, as well as the
synthesis techniques used has an impact on the Eg
values. These variables can encourage or prevent the
development of structural flaws, which in turn affect the
degree of structural order-disorder in the materials and,
as a result, the number of intermediary energy levels in
the band gap [51]. Further, the band gap values for Zn
doped Gd,Os with varying concentration were found to

be 4.41eV (Gdl_goZno,1003.5), 4.23eV (Gdl,sozno_zoo:g.s),
3.92 eV (Gd1.70ZNn0.3003.5), 2.71eV (Gd1.60ZN0.4003-5) and
3.70 eV(Gd150ZNno5003-5) which are in line with reported
value for parent oxide [71].

3.7. Photocatalytic studies
3.7.1. Photocatalytic activity

The photocatalytic degradation of the pollutant,
Rhodamine B (RhB) dye, was carried out in a
photoreactor and the reaction parameters were altered to
enhance the process of photodegradation efficiency. The
photocatalysis process involves the photodegradation of
aqueous solution of RhB dye using pure Gd.Os and Zn
doped Gd»Os nanoparticles. It was observed that there
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Fig. 9. UV visible spectra obtained on Gd,O3 based nanoparticles A) Parent Gd,03, B) Gd1.90ZN0.1003-5, C) Gd1.80 ZN0.2003-5, D)

Gd1.70 Zng.3003.5, E) Gd1.60 ZN0.4003-5, F) Gd1.50ZN0.5003-5.

wasn’t any degradation when the dye is mixed with
water in the mixed state to form an aqueous dye solution
and stirred at dark. But a significant degradation of the
dye was noted in the presence of the as-synthesized
photocatalyst nanoparticles under UV light irradiation
and the percentage degradation has also been enhanced
effectively in the presence of doped photocatalyst.
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The photocatalytic degradation performance of pure and
doped Gd,Os nanoparticles samples (as photocatalyst)
was studied using RhB dye (as pollutant) under UV light
source [Figs. 11 and 13]. The degradation percentage of
the dye was recorded by using a pre fixed amount of as-
synthesized Gd,Osand zinc doped Gd,O3 photocatalysts,
with different concentrations as GdxZnxOs-s (where X
=0,0.1,0.2,0.3,0.4 and 0.5), illuminated with UV light
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Fig. 10. Band gap plot obtained on Gd.Os based nanoparticles A) Parent Gd;Os, B) Gd1.90ZN0.1003.5, C) Gdi.80 ZNo.2003-5, D)

Gd1.70ZN0.3003-5, E) Gd1.60 ZN0.4003.5,F) Gd1.50ZN0.5003-5.
1.0

&
tn
1

Absorbance (a.u.)

0.0+

I
200 300

I I |
400 500 600

wavelength (nm)

Fig. 11. Photo-degradation spectra obtained on pure Gd,O3 nanoparticles (A) At initial stage, (B) After 0 minutes, (C) After 20
minutes, (D) After 40 minutes, (E) After 60 minutes and (F) After 80 minutes.

recorded at various time intervals as 0, 20, 40, 60 and 80
minutes. On photo irradiation of RhB dye in presence of
catalysts, the intensity of the absorption band was
observed at Amax = 552 nm, which uniformly decreased
with increased irradiation time thereby indicating the
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degradation of RhB by the synthesized nanoparticles.
The degradation rate of RhB dye in presence of Gd.Os
nanoparticles with time T is shown in Fig. 11.

The adsorption capacity of the dye on the metal oxide
plays a vital parameter for the surface reaction. This
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includes the various parameters such as surface density,
pore size distribution and morphology of the particle
surface. Surface adsorption is a time dependent process.
The amount of photocatalyst adsorbed increased
progressively with time and temperature as well [72].
The rate of degrading capability of pure and
undopedGd,O3 nanoparticles shows a slow and gradual
degradation of the dye as shown in Fig. 11, which may
be attributed to the photosensitization of the dye [73];
the maximum percentage degradation using pure Gd.Os
nanoparticles was observed to be 72 % at 80 minutes of
irradiation time. The presence of gadolinium, which has
half-filled orbitals that operate as a center of attraction
for charge carriers to speed up interfacial charge transfer
processes, is what causes the accelerated photocatalytic
degradation [74]. Additionally, superoxide and
hydroxyl radicals, which are extremely reactive and
oxidative in water, might oxidise the pigment as an
organic pollution. The capacity of pure Gd.Os3
nanoparticles to degrade azo dyes like methyl orange
(MO), acid orange 7 (AQ7), and acid yellow 23 can also
be compared to their photocatalytic activity (AY23).
According to the literature [75], MO and AO7 showed a
degradation of about 79 % and AY23 showed 59 %
degradation in presence Gd,O3; nanoparticles under UV
light irradiation.

However, percentage degradation of the dye was
improved when Gd,O3 nanoparticles were doped with
zinc ions at varying molar concentration ratios as
Gd1.90ZN0.10035, Gd1goZn 020035,  Gd1.70ZN03003-3,
Gd1.60ZN0.4003.5 and Gd150ZNn 05003-5 (Flg 12) It was
observed that under the same photocatalytic conditions,
Zn doped Gd,O3; photocatalysts show greater
photodegradation than that of pure and undoped Gd2O3
samples at 80 minutes irradiation time. This is mainly
due to the presence of doping [76-78]. The inclusion of
Zn ions in the lattice of Gd>Os; nanoparticles, which
reduces electron-hole pair recombination and increases
the number of free electrons and holes available for the
generation of free radical ions, is thought to be the cause
of the higher degradation rate. In the absence of a light
source (dark), the degradation % of RhB was found to
be less than 12%. On UV irradiation, the
photodegradation of Rh B with pure Gd,O3
nanoparticles was recorded as 72% after 80 minutes
irradiation, which has eventually shown greater
percentage of degradation with Zn doping. As the
concentration of Zn dopant increased, percentage
degradation also increased [79] and the maximum photo
conversion of RhB by Gdi50Zno500s-5 after 80 minutes,
was noted as 82% (Fig. 12). The higher photocatalytic
activity of Gdi.50Znos5003-5 is due to the increased
catalyst concentration [80]. Further, it is also observed

that the activity of Gdi.60Zn0.4003-5 is less, in spite of its
lower band gap of 3.01eV. This might be due to
inefficient transfer of photogenerated electrical charges
on to the surface, which were later lost due to
recombination [81].

The reaction follows pseudo first order and the kinetics
was evaluated using the formula (Equation 10) and
plotted as shown in Fig. 13.

Ct —

o= kt (10)
Where Cy is the initial concentration of the dye, C is the
concentration at time t, k is the rate constant of the first-
order reaction.

Further, the degradation rate constant (k) has shown a
gradual rise from pure Gd,O3 nanoparticles to Zn doped
photocatalysts with varying molar concentrations. Thus,
from the above results, it is evident that the
incorporation of Zn dopant can synergistically enhance
the photodegradation of pure Gd>Os nanoparticles (Fig.
13). Moreover, the apparent rate constant ‘k’ values of
Gd1.900ZM010035, ~ GO180ZN020035 ~ Gd1.70ZN0.30035,
Gd160ZN0.40035 and GdisoZn 050035 have been
calculated as 0.022, 0.026, 0.024, 0.028, 0.018 and
0.028 respectively. It was noted that Gdi0ZNo.4003-5
shows less rate constant compared to other samples.
Further, the degradation rate constant (k) has shown a
gradual rise from pure Gd,O3 nanoparticles to Zn doped
photocatalysts with varying molar concentrations. The
findings showed that the catalytic activity of parent
Gd,03 photocatalysts is significantly lower than that of
all other compositions of pure Zn doped Gd.Os;
photocatalysts. Many kinetics models make the
assumption that the rate of a reaction is dependent on the
number of electrons in the conduction band (or valence
band holes). This strategy, nevertheless, can
occasionally be incorrect since the electrons and the
substrate molecules are present in separate phases and
cannot easily interact with one another [82].
Additionally, in thermal heterogeneous catalysis, the
magnitude of the rate constant and the strength of the
adsorption typically depend on the structure of the
reactant [83]. These negative results can sometimes be
correlated to the Overall Volumetric Rate of Photon
Absorption (OVRPA) [84] which involves catalyst
concentration optimization [85,86]. From the above
results, Gdi.50Zno5003-5 was found to be the optimum
photocatalyst sample that has shown high degradation
efficiency. The photodegradation pathway can be
illustrated as per the literature [87-92]. Fig. 14
illustrates the mechanism for the UV photocatalytic
degradation of RhB in the presence of Zn doped Gd.Os
based on the literature mentioned above. The kinetic
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Fig. 12. Photodegradation spectra of RhB using the photocatalysts A) Parent Gd20s, B) Gdi1.90Zn0.1003-5, C) Gd1.80ZN0.2003-5,

D) Gd1.70ZN0.3003-5, E) Gd1.60ZN0.4003-5, F) Gd1.50ZN0.5003-5.

aspect of photo degradation has been discussed
elaborately in the literature [93-95]. Thus, different
parameters were analyzed using the above catalyst. The
study investigates the following essential parameters: (i)
influence of photocatalyst loading and (ii) influence of
pH of the dye on the photocatalyst.

3.7.2. Influence of photocatalyst loading

The influence of photocatalyst loading on the
photodegradation of Rh B was investigated with the
doped photocatalyst, Gd1.50Zno.5003.5, which resulted in
the highest degradation efficiency. The study was
investigated by altering the photocatalyst loading
(amount) as 0.025¢9. L?, 0.05¢. L%, 0.075g. L*and 0.1
g. L%, For 80 minutes, the effectiveness of the aforesaid
catalyst's photocatalytic activity was demonstrated. It
was observed that as the photocatalyst loading dosage
increases, the degradation efficiency has increased as
well. When the loading of the photocatalyst was
increased, the availability of the number of active sites
on the surface area of the sample increases, which
subsequently resulted in the creation of larger number
of superoxide and hydroxyl radicals [96-98]. Moreover,
when the catalyst loading increases, the quantity of
photons that get adsorbed also increases resulting in the
increased rate of degradation [79]. The enhancement of

photocatalytic activity of NiO based nanoparticles was
already reported in the literature. According to reports,
the amount of NiO injected has a considerable impact
on the process efficiency [99]. The percentage
degradation of Rh B by using different loading of
Gd150Znos0035 was recorded as 72.58%, 82.82%,
94.02% and 96.18% (Fig. 15) for a dosage of 0.025g,
0.05g, 0.075¢g and 0.1g of the photocatalyst respectively.
Thus, the highest degradation of 96% was observed for
the highest dosage (0.1 g) of the photocatalyst, which
clearly proved the influence of increased catalyst
loading on the efficiency of greater degradation.

3.7.3. Influence of pH of the dye on photocatalyst

The influence of pH, alters the charge and the number
of active adsorption sites on the photocatalysts as well
as on the pollutants [100]. Photocatalytic experiments
were carried out at different pH values ranging from 2.5,
4.3, 7, 10 and 11, for a fixed dye concentration using
0.1g of Gd1.50Zn05003.5 shown in Fig. 16. It was noted
that percentage degradation is comparatively less at
lower pH of 2.5 which increases with acidity, reaching
96 % at a pH of 4.3 i.e., the rate of degradation is less
(50%) at lower acidic pH (2.5), which increases at
higher acidic pH (4.3) reaching a percentage
degradation of 96%.
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Fig. 13. First order kinetics plot of RhB using the photocatalysts A) Parent GdO3, B) Gd1.90ZNn0.1003-5, C) Gd1.80 ZN0.2003-5, D)
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Fig. 16. Influence of pH on degradation efficiency

Also, similar degradation was noted at neutral pH and
higher basicity [101]. The rate of degradation is less
(50%) at lower acidic pH (2.5), which increases at
higher acidic pH (4.3) reaching a percentage
degradation of 96%. Hence, the percentage degradation
at the pH range of 2.5, 4.3, 7, 10 and 11 was calculated
as 50%, 96%, 90%, 83% and 92% respectively. It was
observed that the lower degradation efficiency of the
photocatalyst at pH of 2.5 can be attributed to the higher
proton concentration in the lower acidic medium that
consequently inhibits the dye degradation [79]. It was
reported that, at a higher pH value, the RhB dye gets
deprotonated [76] and such higher basic pH might
enhance the generation of *OH radicals resulting in
increased photodegradation through °*OH radical
oxidation mechanism. Due to variations in the catalytic
surface, pH is a key variable in photocatalytic processes
[102]. These changes can alter the pace at which the
target molecule degrades. The charge on the catalyst
surface is positive at pH levels below pH pzc and
negative at pH levels above pH pzc. This thus alters the
degree of dye adsorption on the catalyst surface. Since
MB and RhB are in cationic configurations, pH values
greater than pHpzc are preferred for their adsorption
[103]. According to the data, the photocatalyst showed
improved adsorption characteristics and, consequently,
better photocatalytic activity at intermediate pH values.
The maximum photocatalytic rate was also noted in the
starting solution pH of 4.3. The ideal pH for the
photodecolorization of the mixture in the following
experiments was determined to be pH 4.3. Finally, pH
influences the degradation capacity at higher acidic,
basic and neutral as well. The increased degradation at
acidic pH is explained by an increase in the production
of hydroxyl radicals [104], whereas, at basic pH, the

hydroxide ions involve in dye degradation until a certain
range. Beyond pH=11, the hydroxide ions recombine
with the photocatalysts forming their hydroxides. So an
increase in pH also increases the effectiveness of
decolorization. As evidenced by the findings, removal
effectiveness declines above pH 9. It was discovered
that two processes could result in the deactivation of
*OH at high concentrations of OH. First, the reaction
between *OH and *OH produced the H,O, radicals.
Compared to *OH, these radicals have extremely little
reactivity with organic color. Second, due to the
quantity of *OH radicals, radical-radical interactions
occur at higher pH levels. The literature contains reports
of this response. In general, it has been documented that
*OH deactivates at high pH levels. The dissociation of
the dye molecules and the production of hydroxyl
radicals are thus also impacted by pH, in addition to the
catalyst's surface characteristics [104]. Therefore, the
photocatalytic activity tends to change based on the pH
levels as reported in the literature [105].

3.7.4. Proposed mechanism of photocatalysis

The efficiency of photocatalytic degradation of semi-
conductor oxides under UV light irradiation is related to
the electronic band structure of the semi-conductor. On
irradiation with a UV light source, the 4f level of
lanthanide ions has a significant role in interfacial
charge transfer and also in the elimination of electron-
hole recombination for lanthanide doped sample.
Lanthanide ions can act as an effective electron
scavenger to trap the electrons in the conduction band of
TiO2. When Ti** ions are substituted by lanthanide ions,
more hydroxide ions get absorbed on the surface due to
charge imbalance. These hydroxide ions act as hole
traps that also inhibit electron-hole recombination
[106]. Interfacial charge transfer should be a rate-
determining step for photocatalytic reaction [107].
Similarly, in Gd®*" ions, abundant oxygen vacancies and
surface defects are created which are actively involved
in electron trapping and pollutant adsorption [108]
thereby the recombination of electron-hole pairs is
delayed effectively. The photocatalytic mechanism can
be illustrated as follows:

In the mechanism of photocatalysis, the photocatalyst is
irradiated with energy greater than or equal to its band
gap energy to generate electron and hole pairs. The
doping of Zn on Gd,O; nanoparticles enhances the
photocatalytic degradation of the dye. Two processes
occur at the same time. Firstly, the electrons are ejected
from the VB of Gd..xZnxOs.s which gets promoted to CB
of GdxZnxOs5 particles by UV light irradiation.
Secondly, the electrons are also promoted to the CB of
Zn dopant from its VB due to the absorption of UV
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radiation. At the same time, the electrons promoted to
CB of Gd;0s are promoted to the electrons/holes of the
dopant through surface resonance effect. These
electron-hole pairs migrate onto the surface of the
photocatalyst where they interact with the dye
(pollutant), finally resulting in degradation (Equations
11 to 14). In short, when the Gd>03 and Zn doped Gd,O3
catalysts were illuminated by light, holes in the VB will
be produced as the electrons in the VB and they got
powered and bounced to the CB. These opened holes are
treated with the encompassing H.O and released as
receptive hydroxyl radicals (OH®). Also, the highly
receptive oxygen free radicals (O2*) are produced when
the formed electrons (e—) react with the atmospheric
oxygen molecules (O;). These reactive species are
responsible for complete RhB removal.

GdZ-xanOS-S‘l'hV—>Gd2-xznxo3-5.+e_+ h+ (11)
h*+ H,0 — *OH (12)
e +0; — 07~ (13)

*OH + O;~* + RhB — Degradation products (14)

Thus, in presence of UV light source, the
decolourisation is due to the conversion of the organic
RhB dye carbons to CO,. The photocatalyst involves in
the breakdown of the complex dye molecule into
simpler and smaller molecules like CO, and H.O. The
photocatalytic reaction follows pseudo first order
reaction Kinetics as given by Langmuir — Hinshelwood
kinetic model [109-110].

3.7.5 Scavenger Test- Identification of active species
by in situ capture experiments

Photodegradation mechanism involves the generation of
radicals like hydroxyl (‘OH), superoxide (O;™*),
electrons (e) and holes (h*) during the irradiation
process. The photocatalytic degradation pathway was
examined for the best photocatalyst sample. It was
discovered that the reactive oxidant species may be to
blame for the decrease in the degradation rate. Reactive
oxidative species such superoxide radical anions (O),
hydroxyl radicals (OH.), holes (h*), and electrons were
used to study the reaction mechanism (e’). Using the
hole-capturer EDTA-2Na, studies were conducted to
establish the major reactive oxidative species
responsible for the degradation of the RhB dye.
Additionally, the O, and *OH scavengers typically
utilized are p-benzoquinone and isopropyl alcohol
(IPA), but the electron scavenger used in this study was
DMSO [21]. A comparative study is made between the
degradation curves of Zn doped Gd.Os nanoparticles
without the addition of scavengers and those which
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involve the addition of quenchers to the initial solution
by maintaining the experimental conditions identical.
The fluctuation of C/Co of RhB as a function of the
amount of time exposed to radiation both before and
after scavengers was added to the photocatalytic system
is shown in Fig. 17. After the scavengers were added to
the photocatalytic system, the fluctuation of C/C, of the
dyes was used to determine the involvement of the
active species.

In presence of p-benzophenone (5 mg in 50 ml of Rh B
solution), the transformation of the dye is completely
suppressed suggesting that O,* radical anions impart a
major role in degradation pathway. Results indicate
that, with addition of p-benzophenone (5 mg in 50 mL
of Rh B solution), there was major reduction in
degradation efficiency to 6%, under UV light irradiation
[73]. Besides, on the introduction of IPA, there was a
significant decrease in the degradation efficiency from
82% to 29% which clearly suggested that the "OH
radical also has a vital role in the reaction pathway
[111].

The addition of EDTA and DMSO to the mix
accelerated the degradation of the RhB. As a result, the
main species for the degradation reaction in Rh B are the
radicals OH and O;*. According to reports, when p-
benzophenone was added to the photocatalytic system,
a significant amount of O* was produced when the Zn-
Gd20; (Gd150ZNn0s00s.) photocatalyst was exposed to
UV light. Furthermore, the electrons in the valence band
go into the conduction band and create electron-hole
pairs. [112]. The photocatalytic reaction's effectiveness
has been decreased as a result of the surface
recombination that allowed the excited electrons to also
mix with holes. The addition of EDTA as a scavenger to
collect holes prevented the recombination of electrons
and holes in the system. As more electrons moved to the
photocatalyst's surface, they reacted with O, to form
O;=*, which could speed up the RhB dye's
decomposition. [113].

3.7.6 HPLC chromatographic analysis

Using a C18 analytical column to separate the substrate
from the reaction products, HPLC chromatographic
analysis was used to study the photooxidation reaction
of RhB as a function of time. Analyzing the reaction
products produced during the photo oxidation process
can help you fully understand the reaction process.
When exposed to UV light, the substrate dye RhB,
which has four N-ethyl groups on either side of the
xanthene ring, is quite stable in an aqueous solution. A
calibration curve was used to ascertain how much RhB
was used during the photodegradation process. Fig.18 a



L. V. Thaninki and et al. / Iran. J. Catal. 12(3), 2022, 315-336

and b show the typical HPLC chromatograms recorded
for RhB dye before and after 80 min degradation
respectively. The RhB chromatogram of Fig. 18b shows
the highest peak with retention time, tR, of 21.140 min
with an area corresponding to 51.865%. Since the peak
intensity of HPLC chromatograms is reduced from

93.55% to 54.48%, it is confirmed that the degradation
occurs in the sample because of photocatalysis.

Fig. 19 shows the HPLC-MS analysis of the degraded
RhB sample after 80 minutes. From the data, it was
found that the degradation products have the m/z values
of 329.25 and 478.55 corresponding to the removal of
diethyl amine moiety and residual RhB in the analyte.
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Fig. 17. Photocatalytic degradation of RhB by Gd150Zn0.5003-5 under UV light irradiation in the presence of scavengers

mJ

POA MY 12150m 4o
o (A
2
!ﬁ ?‘H
£
[}
-
£ ¢
10 -
1N A
M &
(e —— /\L
0 § 5 ) ] ¥
mn

Retention time (mins)

Intensity

A

POANAA T {150 b

(B)

Retention time (mins)

Fig. 18. Typical HPLC chromatograms recorded for RhB A) Before degradation, B) After 80 minutes degradation
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e
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Fig. 19. HPLC-MS analysis of the degraded RhB sample after
80 minutes

4. Conclusions

In this research article, pure Gd.Os; and zinc doped
Gd,0O3 nanoparticles were synthesized by a simple
chemical precipitation method and characterized by
XRD, FTIR, SEM, EDX and UV analysis. The
outcomes of our research highlight the photocatalytic
activity of the produced photocatalysts in the
decolorization of an aqueous RhB dye under UV light
irradiation. The production of electron-hole pairs
assisted the photocatalyst function. The OH ions in the
aqueous RhB solution were converted into *OH radicals
by holes with a high capacity for oxidation. Hydroxide
ions and oxygen were coupled with valence band holes
and conduction band electrons to form OH® and O,~°.
The dye molecules in RhB may be oxidized by the OH
and O2 radicals. In addition, a scavenger test also
confirmed that the OH* and O,~* radicals have the major
role in the degradation pathway of RhB. It was noted
that when the adsorption of the dye molecules increases,
the rate of photodegradation also increases. From the
experimental results of the repetitive photocatalytic
study, it was observed thatGdi.50Zno.5003-5 photocatalyst
showed outstanding photodegradation efficiency for
RhB dye and thus seems to be an excellent reusable
photocatalyst for the degradation of toxic organic
pollutants from water with UV light irradiation.
Therefore, these nanoparticles serve as potential
photocatalysts in the degradation of dyes.
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