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Abstract

Herein, we report the facile solution phase precipitation synthesis of ZnO nanoparticles doped with various concentrations,
i.e. 1, 5 and 10 mol% of lanthanum (La). The synthesized nanoparticles were characterized in detail by several techniques
which confirmed the high-density growth and well-crystalline nature of La-doped ZnO nanoparticles. The XRD results
revealed the successful incorporation of 1 mol% La ions in the hexagonal wurtzite structure of ZnO; however, small XRD
peaks of La,0; were detected in 5 and 10 mol% La-doped samples. All the La-doped nanoparticles were found to be UV
responsive. For the application prospective, all the synthesized nanoparticles were used as photocatalyst for the photocata-
lytic degradation of three toxic dyes, i.e. methyl orange (MO), Rhodamine B (Rh B) dyes and picric acid (PA). By detailed
photocatalytic investigations, interestingly, 1 mol% La-doped ZnO was found to be most efficient photocatalyst towards the
degradation of all three organic dyes. Further, the synthesized nanoparticles were also used as fluorescent probe for the fluo-
rescence sensing of picric acid (PA). Remarkably, the 1 mol% nanoparticles exhibited highest sensitivity, i.e. lowest limit of
detection (LOD) value (1.05 uM L™!) towards PA compared to 5 and 10 mol% (1.38 uM L~!) La-doped ZnO nanoparticles.

Keywords La-doped ZnO nanoparticles - Photocatalysis - Fluorescent sensor

Introduction

Nanostructured zinc oxide (ZnO) is a promising semicon-
ductor material because of its intriguing features, such as
bio-compatibility, cost-effectiveness, large exciton binding
energy (~60 meV), direct energy bandgap of 3.37 eV and
rich morphological features (Umar and Hahn 2010; Umar
2017; Umar et al. 2011; Kumar et al. 2017a, b; Ajmal et al.
2019; Biswas et al. 2019; Huda et al. 2019). Nanoscale ZnO
is studied widely for its potential technological applica-
tions, such as sensors, photocatalysis, UV lasers, solar cells,
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light emitting diodes arrays, and piezoelectric nanogenera-
tors (Umar and Hahn 2010; Umar 2017; Umar et al. 2011,
2019 Kumar et al. 2014; Chaudhary et al. 2018; Chaud-
hary and Umar 2017; Wang 2004; Wang and Song 2006;
Mao et al. 2019; Sannakashappanavar et al. 2019). Among
several applications, ZnO has attracted more specifically,
tremendous interest as photocatalyst for the degradation of
several water pollutants due to its novel properties such as
high photosensitivity, high photochemical stability, strong
oxidation power, and non-toxicity (Djaja and Saleh 2013;
Li et al. 2012; Trandafilovic et al. 2017; Li 2019; Siriwong
et al. 2012). Further interest in this material is that it can be
easily manipulated to form various morphologies with dif-
ferent sizes and intrinsic defect sites (oxygen vacancies and
Zn interstitials) which are vital in influencing the photocata-
lytic and optical properties of ZnO nanomaterials (Zheng
et al. 2007; Li and Haneda 2003; Xiong et al. 2006; Ishenko
et al. 2005; Parangusan et al. 2019; Li and Su 2019; Ahmad
et al. 2015). Howeyver, the role of the defects is also criti-
cal in that they restrain the recombination of photo-excited
electron—hole (e —h") pair, facilitating their presence at the
surface of the nanoparticle for catalytic performance (Zheng
et al. 2007).
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Recently, there have been a profound interest expressed
in tailoring the properties of nanoscale ZnO to enhance its
functionalities by doping with selective impurities, espe-
cially with the rare-earth elements (Rodwihok et al. 2020;
Kumar et al. 2020; An et al. 2019; Li 2019; Mao et al. 2019;
Wang et al. 2018; Yang et al. 2018; Pan et al. 2019; Sha-
bannia and Naderi 2019). Effect of doping with rare-earth
elements, especially in moderate concentration, has been
reported bring significant improvement in the photocata-
lytic and chemical sensing performances of nanosized ZnO
(Kumar et al. 2015a, 2018; Chen et al. 2011; Nguyen et al.
2019). The detailed studies revealed that such dopant ions
exist in the ZnO lattice in moderate concentration due to the
difference in the charge and size, and induce defects, trap-
ping the electrons, and suppressing the recombination of
photo-generated (e —h") pairs due to electronic interaction
between the valence band (VB) or conduction band (CB)
of the host ZnO and the 4f and 5d states of the dopant ions,
which resulted the enhanced photocatalytic performance
of ZnO (Samadi et al. 2016; He et al. 2020). There have
been various studies which report the synthesis of rare-earth
doped ZnO nanomaterials and their photocatalytic and sens-
ing applications (Kumar et al. 2015a, 2018; Chen et al. 2011;
Nguyen et al. 2019; Aisah et al. 2017; Ziabari et al. 2019;
Sin and Lam 2016).

Nguyen et al. (2019) investigated the photocatalytic
degradation of MO dye using various concentrations
(1-10 mol%) of La**-doped ZnO nanoparticles synthe-
sized by sol—gel method under visible light illumination
and found maximum decomposition with the sample doped
with 10 mol% La**. Jian et al. (2009) studied the photocata-
lytic degradation properties of RhB dye using 1, 2, and 2.5
at% La**-doped ZnO nanowire synthesized via solvothermal
process. Among all samples, the 2 at% La** was found to be
the optimal doping content to achieve maximum degradation
of RhB dye. Pascariu et al. (2019) have prepared various
concentrations (0.02, 1, 2 and 4%) La3+-d0ped Zn0 nano-
structures by electrospinning-calcination method and used
for the photocatalytic degradation of Congo-Red (CR) dye
under UV-light. Interestingly, the 2% La>*-doped ZnO nano-
materials exhibited best photocatalytic performance among
all samples towards the degradation of CR dye. La**-doped
ZnO nanoparticles were also more effective photocatalytic
antibacterial agent than pure ZnO because of the generation
of more active oxygen species (Bomila et al. 2018). Thi and
Lee (2017) reported on photocatalytic properties of ZnO
nanoparticles under visible light when doped with 0.5, 1.0
and 1.5 wt% La using a facile precipitation method, and 1.0
wt% La doping showed the highest photocatalytic activity
for the degradation of paracetamol.

In the present work, we report solution coprecipitation
method to synthesis La**-doped ZnO nanoparticles. This
is a most facile route through which morphology and the
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production of the material can be controlled merely via opti-
mizing the experimental conditions such as pH, concentra-
tion of the precursors, temperature and the reaction time.
The as-synthesized materials were used for the photocata-
lytic degradation of MO and Rh B dyes and PA under UV
illumination. Further, fluorescence sensing studies of the as-
prepared samples were also performed for the detection of
PA in aqueous solution using Stern—Volmer model.

Material and methods

Zinc acetate, (CH;COO),Zn-2H,0 was obtained from
Merck, lanthanum acetate, La (CH;COO);-xH,0 from CDH
and PA, (NO,);C¢H,OH from S.D. fine chemicals India Ltd.
were all AR grade. Dyes, MO and Rh B were procured from
MP Biomedicals. All solution preparations were made in
doubly distilled water.

Synthesis of La-doped ZnO nanoparticles

In the synthesis procedure of ZnO nanoparticles, 100 mL of
75 mM aqueous solutions of NaOH was added dropwise into
100 mL 75 mM aqueous solution of Zn(CH;COO),-2H,0
under continuous stirring condition. The pH of the resulting
solution was brought to 11.5 by adding few drops of freshly
prepared aqueous NaOH. The resulting solution was refluxed
for 6 h at 95 °C, and the reaction mixture was allowed to
attain room temperature. The white coloured precipitates
so obtained were collected washed several times with dis-
tilled water and finally with ethanol, as reported (Kumar
et al. 2020). However, the as-obtained material was dried in
vacuum oven overnight and characterized by FTIR ( Fourier-
transform infrared) spectroscopy in terms of its composi-
tional properties. In a typical procedure of nanocrystalline
La-doped ZnO synthesis, 1, 5 and 10 mol % La doping
was obtained by adding 100 mL of different contents of La
(CH5C0O0);-xH,0 aqueous solution into the 75 mM aqueous
solutions of Zn(CH;COO),-2H,0. To this reaction mixture
was finally added 100 mL of 75 mM NaOH dropwise. The
pH of this reaction mixture was also maintained as 11.5 and
the reaction mixture refluxed for 6 h at 95 °C. As described
previously, the materials obtained were washed with water
and ethanol, and finally dried in vacuum oven before their
characterization.

Characterizations

The crystallographic structure and lattice parameters of
the as-synthesized materials were analysed through X-ray
diffraction studies carried out at XRD; PANalyticalX’pert
PRO with Cu-Ka radiations (4=0.154 nm) in the range
of 10°~70° with scan speed of 4° min~!. Morphological
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characteristics and structures of nanomaterials were identi-
fied using NOVA NanoSEM field emission scanning electron
microscope. Composition and purity of the as-synthesized
nanostructures were established from EDX. Bandgap estima-
tion was obtained from UV—-Vis spectrophotometer (Varian
Cary 100 Bio) in the range of 200—800 nm. The chemical
compositions were examined by FTIR spectroscopy meas-
ured at room temperature in the range of 400-4000 cm™".

Photocatalytic activity

MO, RhB and PA were studied to evaluate the photocatalytic
efficiency of the as-synthesized materials. 100 mg of ZnO
and La**-doped ZnO were dispersed in 100 mL of 10 ppm
aqueous solution of target species, i.e. MO, RhB and PA.
Each system was stirred for about 90 min in dark atmosphere
to ensure adsorption—desorption of these target species at
the surface of photocatalyst established. After stirring in
dark, each system was subjected to UV-light illumination
from 125 W high pressure mercury vapour lamp. 3 mL of
each reaction system was taken at regular time intervals and
absorption spectra recorded at 4,,,, =464, 554 and 355 nm
for MO, RhB and PA, respectively. Decrease in the absorb-
ance value with the increase in UV illumination time as
recorded from UV spectrophotometer inferred the decom-
position of these species.

Fluorescent sensing properties

The fluorescent (FL) measurements were performed at
room temperature using Perkin Elmer LS-55 fluorescence
spectrophotometer to investigate the sensing ability of these
materials for PA in aqueous solution. Each experiment was
performed with 1 mg of the as-synthesized nanomaterials
taken in 50 mL aqueous solution and sonicated to ensure
their well-dispersion. The FL. measurements were carried
out with the excitation wavelength of 380 nm for pure ZnO
and 385 nm for 1, 5 and 10 mol % La-doped ZnO nanopar-
ticles. The sensing experiments were performed with 5 mM
PA solution added in successive instalments of 0.5 pL to
each suspension and FL spectrum recorded after each addi-
tion at their respective excitation wavelength.

Results and discussion

The crystal properties and phases of the synthesized La-
doped ZnO nanoparticles were studied by X-ray diffraction
and results are shown in Fig. 1. Various diffraction peaks
appeared in the XRD patterns at 20=31.8°, 34.4°, 36.3°,
47.6°,56.7°,62.9°, 66.3°, 68.0° and 69.2° are in according to
the pure wurtzite hexagonal crystal structure of ZnO (Umar
etal. 2011, 2019). The observed diffraction peaks are assigned
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Fig.1 Typical XRD pattern of the as-synthesized La-doped ZnO nan-
oparticles; a 1 mol% La>*, b 5 mol% La** and ¢ 10 mol% La>*

as ZnO (100), (002), (101), (102), (110), (103), (200), (112)
and (201) which are well-matched with the reported litera-
ture and JCPDS card no. 36-1451 for ZnO (Umar et al. 2011,
2019; Kumar et al. 2015a, b). In addition to these ZnO peaks,
three small peaks appeared at 260=29.1°,39.5° and 45.3°in 5
and 10 mol% La-doped ZnO which can be assigned as La,05
(002), La,O5 (102) and La, 05 (110). The observed diffraction
peaks related with La,O5 is well-matched with the reported
literature (Umar et al. 2020). No apparent peak related with
La and related phases were observed in the XRD pattern of
1 mol% La-doped ZnO which clearly revealed that due to low-
concentration of La, it is homogeneously dispersed into the
lattices of ZnO without inducing deformation in the crystal
structure of ZnO.

Hence, in the present study, the 1 mol% La>* ions success-
fully incorporated into the crystal lattices of ZnO without
affecting much of its crystallographic quality. Additionally,
the peak intensities are observed to decrease and broadened
after doping, indicating decrease in the crystallinity of ZnO
due to the dispersion of dopant ions (Gobbo et al. 2020; Shakir
et al. 2016). The lattice parameters and crystallite size of the
synthesized La-doped ZnO nanoparticles were calculated from
the Debye—Scherrer formula (He et al. 2018; Chen et al. 2011;
Nguyen et al. 2019; He 2017) and results are summarized in
Table 1. Interestingly at lower La** ions concentration, the
crystalline size was higher; however, with increasing the La**
ions concentrations (5 and 10 mol%), the crystalline size was
decreased. The observed results are well-consistent with the
previous report (He et al. 2015):

h? + hk + k2
a2

l2
d? *

1_4 r
) 2

Figure 2a, c, e depicts the typical FESEM images of the
as-synthesized 1 mol%, 5 mol% and 10 mol% La-doped
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Table 1 Lattice parameters of La-doped ZnO nanostructures

La-doped ZnO nanoparticles

Lattice parameters (1&) Crystal-

1 mol% La-doped ZnO
5 mol% La-doped ZnO
10 mol% La-doped ZnO

line size
a c (nm)
3.2508 5.2113 26.61
3.2509 5.2132 19.61
3.2477 5.2091 20.12

Fig.2 Typical FESEM images of a 1 mol%, ¢ 5 mol% and e 10 mol% of La-doped ZnO nanoparticles and b, d, f their corresponding EDS spec-

tra, respectively
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ZnO materials, respectively. The FESEM images revealed
the high-density growth of nanodimensional particles, thus
called it as, “nanoparticles”. Most of the nanoparticles pos-
sess cone-shaped morphologies; however, some spherical
nanoparticles are also seen in the micrographs. Further-
more, due to high-density growth, some agglomeration in
the nanoparticles were also seen. The typical sizes of the

nanoparticles are in the range of 35+ 10 nm.

; (b)y

>
&
pit |

2 9@

04 1% n 238 M 3 43 502 568

Lsec: 3000 Cats 0.000 keV Det: Octane Plus Det

j (cl)é

&

a
3
zaj
20 Q

140

040 106 i 238 M 30 43 V) 568

Lsec: 3000 Cats 0,000 keV Det: Octane Plus Det

7 @@at

04 106 n 23 M 3 436 51 568

63

Lsec: 3000 Cats 0.000 keV Det:Octane Plus Det




Chemical Papers (2021) 75:1555-1566

1559

The elemental compositions of the synthesized La-doped
ZnO nanoparticles were examined by energy dispersive
spectroscopy (EDS). Figure 2b, d, f exhibits the typical
EDS spectrum of the as-synthesized 1 mol%, 5 mol% and
10 mol% La-doped ZnO nanoparticles, respectively. As can
be seen from the observed EDS spectra that all the syn-
thesized nanoparticles are significantly made of zinc (Zn),
oxygen (O) and lanthanum (La) only. No other impurity was
detected in the observed EDS spectra which clearly revealed
that the synthesized materials are La-doped ZnO.

The optical properties of the synthesized La-doped ZnO
nanoparticles were studied by UV—-visible spectroscopy at
room temperature. UV—Vis absorption spectra of the as-
prepared La-doped ZnO nanoparticles are shown in Fig. 3.
As seen there was a single well-defined peak that appeared at
375,378 and 376 nm for 1, 5 and 10 mol% La3+—doped Zn0O
nanoparticles, respectively. Interestingly, all these values
are very close to the characteristic value of well-crystalline
wurtzite hexagonal phase of ZnO (Al-Hadeethi et al. 2018,
2019; Biswas et al. 2019; Umar et al. 2011; Yang et al. 2018;
Kumar et al. 2018).

This while indicates no effect of dopant on the particle
size of ZnO, is suggested to imply that La®>* ions tend to
occupy the interstitial voids of ZnO lattice without affect-
ing much of its size. The corresponding electronic energy
bandgap (E,) was obtained from the following relation (Al-
Hadeethi et al. 2018, 2019; Arin et al. 2014; Biswas et al.
2019; Umar et al. 2011; Yang et al. 2018):

E = 1240’
& A

where 4 corresponds to 4,,,, as estimated above. The E, val-
ues were found to be 3.30, 3.28 and 3.30 eV for 1, 5 and
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Fig.3 Typical UV-Vis. spectra of 1 mol%, 5 mol% and 10 mol% La-
doped ZnO nanoparticles

10 mol% La-doped ZnO nanoparticles, respectively, sug-
gesting these materials to be UV responsive.

Figure 4 depicts the FTIR spectra of pure ZnO and 1,
5 and 10 mol% La-doped ZnO nanoparticles at room tem-
perature in the range of 400-4000 cm~!. The observed
FTIR spectra exhibited several well-defined peaks which
are assigned according to their corresponding wave num-
bers. A common peak for all the four samples existing at
479 cm™! is due to stretching mode for Zn-O bond (Al-
Hadeethi et al. 2018, 2019; Biswas et al. 2019; Umar et al.
2011). The peaks observed in the region 860-900 are due
to O—Zn-0 stretching and exhibit the formation of tetra-
hedral coordinated Zn (Arin et al. 2014). Peaks observed
in the 3400-3650 cm™! region and around 2362 cm™! are
ascribed to O—H stretching mode, which might be appearing
due to moisture adsorbed on the surface of nanostructures
(Al-Hadeethi et al. 2018, 2019; Biswas et al. 2019; Umar
et al. 2011). Bands appearing around 3000 cm™~! might be
due to C—H stretching of CH; probably from the acetate
precursors used in synthesis of these nanostructures. Peaks
observed in the region 1500—-1700 cm™" are due to symmet-
ric and asymmetric stretching vibrations of C=0 functional
group (Yayapao et al. 2013). Peaks around 1150 cm™' can
be attributed to C—C bonds.

It can be seen from the figure that peaks from CH; and
COOH groups are more pronounced for La-doped ZnO as
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Fig.4 FTIR spectra of ZnO, 1 mol%, 5 mol% and 10 mol% of La-
doped ZnO nanoparticles
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compared to undoped ZnO, which is indicating the presence
of higher amounts of acetate in these samples (Nguyen et al.
2019; Aisah et al. 2017). Peaks centred around 1360 cm™!
are ascribed to hydrogen related defects on the surface of
ZnO nanostructures (Al-Hadeethi et al. 2018, 2019; Biswas
et al. 2019; Umar et al. 2011).

The representative results for the photodegradation pro-
cess of MO, RhB and PA as inferred from decolouration
of their aqueous solutions with the increase in time of UV
illumination in the presence of catalyst is depicted in Fig. 5.

Figure 5 demonstrates the representative time-dependent
UV-Vis. absorption spectra of three different dyes, i.e. MO,
RhB and PA in presence of 1 mol% La-doped ZnO nanopar-
ticles at different time of UV illumination. The decomposi-
tion of different dyes was observed by monitoring the change
in the absorption intensity of the corresponding absorption
peaks for particular dye. Interestingly, with increasing irra-
diation time in presence of catalyst, the absorption intensity
decreases which confirms that the synthesized La-doped
ZnO nanoparticles are effective photocatalysts for the pho-
tocatalytic degradation of various organic dyes such as MO,
RhB and PA.

The extent of degradation of these target organic dyes
such as MO, RhB and PA was calculated from the below-
mentioned relation:

Degradation (%) = [(A, —A)/A,] x 100,

where A and A refer to absorption intensity of the reaction
system at ‘0’ and ‘¢’ time of UV exposure.

Figure 6 exhibits the typical graph for % degradation of
various organic dyes, i.e. MO, RhB and PA as a function of
irradiation time (min) in the absence and presence of vari-
ous photocatalysts such as ZnO, 1, 5 and 10 mol% La-doped
ZnO. The results indicating the effect of dopant concentra-
tion on photodegradation of MO, Rh B and PA after 180 min
under UV illumination.

It can be seen that~60-75% of these target species are
degraded over a period of 180 min of UV illumination in
the presence of pure ZnO, while almost 95-100% degra-
dation occurred with 1 mol% La-doped ZnO in 120 min.
This turned out to be the best photocatalyst among the as-
synthesized materials.

Further, the rate of photodegradation of MO, RhB and PA
in their aqueous solutions was studied using Langmuir-Hin-
shelwood model (Kumar et al. 2020):

—In(C/Cy) =k,

where C is the initial concentration of dye molecules, C
is the concentration at various time intervals ’t’ and k is
apparent first-order rate constant. A linear dependence was
observed in each case when — In (C/C,) was plotted against
time ‘¢’ (Fig. 7). The degradation rate constant values as
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Fig.5 UV-Vis spectra of a MO, b Rh B and ¢ PA in the presence of
1 mol% La-doped ZnO at different time of UV illumination

calculated from least-squares fitting of the data are presented
in Table 2. As revealed, maximum photocatalytic activity
is achieved for MO, Rh B and PA degradation while using
1 mol% La-doped ZnO catalyst.
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Fig.6 Progress of photodegradation of a MO, b RhB and ¢ PA in the
presence of the as-fabricated photocatalysts

The XRD results revealed that the 1 mol% La** ions are
successfully doped into the lattices of ZnO without signifi-
cantly changing the crystal structure of the parental material
which most probably led the La*" ions to function as an
effective trap for photo-excited electrons. As a result, the
electron—hole recombination is inhibited, and higher photo-
catalytic efficiency achieved. However, because of the stable

noble gas (Xe) configuration of La**, the trapped electron
can easily be transferred to the most abundant bulk ionized
oxygen vacancy defects of ZnO, and so on reacting with
adsorbed O, formed oxide radical, 0'2_ which led to the for-
mation of highly reactive hydroxyl radical (*OH) (Sin and
Lam 2016; Rostami 2017). Likewise, holes are also expected
to generate *OH radicals while reacting with ionized oxygen,
interstitial and/or with surface adsorbed water molecules
(Sin and Lam 2016). Moreover the 1 mol% La-doped ZnO
nanoparticles exhibited the highest photocatalytic activity
compared to the other samples for the degradation of dyes
and PA which is consistent with the photocatalytic results
as reported by various workers (Pascariu et al. 2019; Thi
and Lee 2017; Jian et al. 2009; Nguyen et al. 2019) Above
1 mol% dopant concentration as La®>* secondary phase
begins to appear, as noted from the XRD results, it sug-
gests that all amounts of the dopant are not incorporated
into the ZnO lattice. Because of this, surface adsorbed
oxygen concentration is reduced, which would otherwise
be expected used for the generation of superoxide ion Oy.
Thus the charge pair separation is inhibited and photocata-
Iytic efficiency decreased. Moreover, appearance of second
phase with 5 and 10 mol% La doping can also be viewed as
enabling the aggregation of nanoparticles that subsequently
reduced the surface area of the nanoparticles as well. To
study the sensing property of the as-synthesized ZnO and
La-doped ZnO nanoparticles towards PA, Stern—Volmer
equation (Eq. 1) (Singh and Mehta 2016) was employed.

Lofy = 1+ K, [0, (1)

where ‘I’ and ‘I, respectively, refer to the fluorescence
intensity in the absence and in the presence of quencher (PA)
of concentration [Q] and K, is the Stern—Volmer quenching
constant.

Figure 8 shows the decrease in the FL intensity with the
increase in the concentration of the quencher (PA). This can
be attributed to the association of PA on the surface of the
photoluminescent sensor (La-doped ZnO) which traps the
excited electron successively with the increase in quencher
(PA) concentration through charge transfer mechanism (Toal
and Trogler 2006). These results when analysed in terms of
Eq. (1) are presented in Fig. 9. A linear dependence between
(I/I — 1) and [Q] was observed in all the cases over the
[0] <4-5 pM with regression coefficient, R found to lie in
the range 0.9783-0.9951 and slope (Stern—Volmer constant)
K, as 504,250, 287,120, 505,560 and 389,630 M~!, respec-
tively, for ZnO, 1, 5 and 10 mol % La-doped ZnO.

This is suggested to sense static quenching (Singh
and Mehta 2016), while a non-linear trend displayed above
the 4-5 pM concentration of the quencher allowed the iden-
tification of co-existence of static and dynamic quenching by
PA (Singh and Mehta 2016). The entire experimental data
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Fig.7 Kinetics of degradation for a MO, b RhB and ¢ PA

Table 2 Photodegradation rate constant k, min~

1

Photocatalyst k, min™!

MO Rh B PA
Blank 9.56x107*  1.48x10™*  3.14x10™*
Zn0 8.4x1073 6.68x107  6.49x107
1 mol% La-doped ZnO  2.14x 1072 251x102  2.19x1072
5mol% La-doped ZnO  1.36x102  0.971x1072 1.84x1072
10 mol% La-doped ZnO  0.872x 1072 1.03x102  1.41x1072

were subsequently subjected to the analysis in terms of the
Stern—Volmer equation in its modified form (Eq. 2) (Singh

and Mehta 2016):
I,—1 K
m - SV[Q],
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Time (Min.)

where V is the static quenching constant obtained from
Eq. (2). Plotting Ile"v_[ QIJ against [Q] was performed with varying
V until a linear response is achieved (Fig. 9). The value of
K, values thus obtained with regression coefficient, R in the
range 0.9183-0.9827 were as 647,560, 214,350, 250,260 and
167,520, respectively, for ZnO (Kumar et al. 2020), 1, 5 and
10 mol% La-doped ZnO. As these K, values are found to be
lower than that of obtained for static quenching, (except pure
Zn0), it is inferred that below ~5 pM concentration of PA,
there exists strong binding, and hence quenching is expected
to have occurred due to the complexation between La-doped
ZnO nanoparticles and PA, while at higher concentration, a
competition is likely to have existed between the dynamic
and static binding of PA with nanoparticles.

The limit of detection for ZnO and 1, 5 and 10 mol% La-
doped ZnO towards PA in aqueous solutions was obtained
from these plots according to 36/m rule (Toal and Trogler
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Fig. 8 Variation of PL intensity of a ZnO, b 1 mol%, ¢ 5 mol% and d 10 mol% La-doped ZnO with the addition of PA

2006; Singh and Mehta 2016) and was found to be, respec-
tively, 2.89 (Kumar et al. 2020), 1.05, 1.38 and 1.38 uM
L. Interestingly, 1 mol% La-doped ZnO nanomaterial was
found to be the most sensitive for the detection of PA.

Conclusions

The ZnO and La-doped ZnO nanoparticles synthesized
using simple solution precipitation method have been stud-
ied for the photocatalytic degradation of MO, Rh B dyes
and PA under UV illumination. As confirmed from the XRD

results, the 1 mol% La>" ions successfully incorporated into
the crystal lattices of ZnO without affecting much of its crys-
tallographic quality. Interestingly, the 1 mol% La-doped ZnO
nanoparticles were found to be most efficient photocatalyst
towards the degradation of MO, Rh B and PA dyes and also
for the fluorescent detection of PA in aqueous solution. The
observed results revealed that the La-doped ZnO nanoma-
terials are potential scaffold for the enhanced photocatalytic
and sensing applications.
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