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We report the synthesis of gadolinium doped titanium dioxide (GdT) nanoparticles (NPs) via
hydrothermal method using a novel bioreductant Piper betel leaf. The physiochemical properties of
green synthesized GAT NPs were characterized using various techniques. The results reveal that GAT NPs
have attached with the biomolecules which were supporting evidence for the reduction and capping
agents. GAT NPs have crystalline in nature and their estimated grain size is of about 5.45 nm by the

Keyyvords: ) Scherer’s formula. GAT NPs consist of well-dispersed agglomerates of grains with a narrow size
A“tfm‘FFOblal distribution of about 4 nm to 7 nm and are having spherical in nature. GAT NPs are thermally stable. In
22331’;;?32: addition, GAT NPs were subjected to antimicrobial and antioxidant assays. Herein, we observed that the

GdT NPs show higher antibacterial activities against Staphylococcus aureus as compared with Escherichia
coli and the minimum inhibitory concentration (MIC) value was found to be 25 ugmL~! under UV
irradiation condition for both the cases. Furthermore, antioxidant activities of GAT NPs were evaluated in
vitro, using the 1, 1- diphenyl-2-picrylhydrazyl (DPPH) radical cation decolorization test. Results suggest
that GAT NPs give promising antioxidant activity as compared to standard ascorbic acid and Piper betel
leaf. This novel and efficient strategy will show the route for avoiding the use of toxic solvents and a
promising green route to restrict for drug discovery from natural products. Thus, the present findings
may shine in the field of green pharmaceuticals industries.

Hydrothermal method
Piper betel leaf

© 2017 Elsevier B.V. All rights reserved.

1. Introduction

Green chemistry is gaining tremendous importance in the day
to day life due to its potentiality of synthesizing materials of
various shapes and sizes using naturally occurring bioreductions
[1]. There has been growing much interest for the creation of
nanoscale materials using the greener route. In recent past,
inorganic nanoparticles (NPs) whose structures exhibit signifi-
cantly novel and improved physical, chemical and biological
properties due to their nanoscale sizes have elicited much interest
[2-4]. For the NPs, interesting optical, electronic and catalytic
effects are expected on the nanoscale [5]. Various approaches are
available for the synthesis of NPs [6-12].

In recent times, some attention has been focused on the green
route for the synthesis of NPs. The use of environmentally benign
plant materials like leaf [13], root [14] and fruit [15] for the
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synthesis of NPs offers numerous benefits because of their benign
nature as well as safety and environmental concerns. The plant
extract having the phytochemicals (Tannins, flavonoids and
proteins etc.) are the key issue for the controlling the size and
shape [1]. Therefore, the presence of stabilizers and various
surfactants are desirable to have a control over the growth of the
particles.

Titanium dioxide (TiO,) NPs are well recognized as a versatile
multifunctional material due to their superior chemical stability
under physiological environment and non-toxicity etc. [16,17]. The
TiO, material has been widely using in the area of solar cells [18],
sensor [19], biological activities [20] and catalyst [21]. In view of
these facts, we have chosen TiO, material for our study. Several
researchers were successfully synthesized TiO, nanomaterials
using plants leaf [22,23], fruit [24], root [25] and fungus [26] for the
biological applications. Some transition elements and some rare
earth materials were doped with the TiO, material in order to
enhance the efficiency of solar cells [27,28] and biological activities
[29].
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TiO, doping with rare earth material has been an effective
method to enhance the photocatalytic activity because rare earth
material having a special; electronic structure, which play an
important role for the photo-generate charges transfer between 4f
energy level and TiO, conduction band [30]. Doping of appropriate
amount of La®*, Ce3*, Er**, Pr3*, Gd3*, Nd®* and Sm>* with TiO, can
effectively enhance the photocatalytic activities, in further it is
increased the adsorption capacity and also adsorption rate of TiO,
catalysts. Here, it was found that gadolinium doping was most
effective [31]. Zhou et al. reported that on doping gadolinium (Gd)
with TiO, nanofibers their photocatalytic activity was enhanced
[32]. Moreover, it is well known that half-filled electron config-
urations are more stable. Gd element has a half-filled 4f-shell
containing only seven electrons and an empty 5d-shell, which are
different from the other rare earth elements [33]. Therefore, the
rare earth Gd>* may serve as a superior co-catalyst for improving
photocatalytic activity. According to the analysis, as discussed
above, it can be deduced that Gd doping may be an ideal
photocatalytic material with high photocatalytic activity.

The high degree of microbial diseases and their multidrug
resistant properties make the researchers to develop a new class of
antimicrobial agents [34-37]. A modern and innovative approach
to drug development is the use of metallic NPs as new formulations
of antimicrobial agents. Herein, the present study attempts to
utilize the green route for the synthesis of gadolinium doped
titanium dioxide (GdT) NPs for to study their optical, structural,
morphology and thermal behaviors. Further, GAT NPs were tested
for their antimicrobial and antioxidant activities. To the best of our
knowledge, it is the first attempt to synthesize the Gd-doped TiO,
NPs via hydrothermal method using Piper betel leaf extract as a
capping and stabilizing agents also there are no reports on
biological activities of GAT NPs.

2. Materials and methods
2.1. Chemicals

Titanium (IV) n-butoxide (TNB, CygH3604Ti) [99Wt% liquid
analytical grade] was purchased from Alfa Aesar chemicals and
gadolinium (Gd) nitrate was purchased from Sigma-Aldrich
chemical company. Ascorbic acid, ethanol and methanol were
purchased from Spectrochem Laboratories Pvt. Ltd India and 1, 1-
diphenyl-2-picrylhydrazyl (DPPH) was purchased from HiMedia
Laboratories Pvt. Ltd. India and were used without any further
purification. De-ionized water (DW) is used in the preparation of
all suspensions and solutions. All glass wares were washed before
use with dilute nitric acid and dried in an oven.
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Fig. 1. UV-vis absorption spectrum of GdT NPs.

2.2. Biological materials

The leaves of Piper betel were purchased from local market
Dharwad, Karnataka, India. Antimicrobial activities were tested
using Staphylococcus aureus as a Gram-positive bacterium,
Escherichia coli as a Gram-negative bacterium and Candida albicans
as a fungus organism.

2.3. Preparation of leaf extract

20g of chopped Piper betel leaves were added into 250 ml
Erlenmeyer flask along with 100 ml of DW and later stirred using a
magnetic heating stirrer at 80°C for 30min. The obtained
supernatant solution was filtered with the Whatman filter paper
No. 1, stored below 20°C and used within a week.

2.4. Green synthesis of GAT NPs

GdT NPs were synthesized according to a method described in
previous report [23], with little modifications. Briefly, 0.1 M of
gadolinium nitrate was taken in 10ml of DW in 25ml beaker,
stirred for 10 min at room temperature. Then 5 ml of Piper betel leaf
extract and 1 ml of TNB were added to that mixture and stirred for
30min, it turns to the brown color solution from transparent
solution. The brown colloidal solution was then transferred to a
25ml Teflon-lined stainless steel autoclave, the autoclave was
sealed and placed in an oven and heated upto 180°C for 3 h, then
the autoclave was cool down to room temperature. Under the
ambient conditions, the reaction mixture was centrifuged to
collect the product; the product was washed continuously with
DW and ethanol. The final product was dried in an oven at 50 °C for
1 h. The obtained product is in powder form and it was used for
various characterizations. Further, it is used for the biological
activities.

2.5. Instrumentations and characterizations

UV-vis spectrophotometer (Model- V-670 JASCO at USIC, K. U.
Dharwad, India) was used to record the absorption spectrum.
Fourier transform infrared spectroscopy (FT-IR) (Model- Nicolet
6700 at USIC, K. U. Dharwad, India) was used for to analyze the
absorption bands. X-ray diffraction (XRD) (Model- Bruker AXS D8
Advance at STIC, Cochin, India) analysis was carried out for the
crystal structure and grain size estimation. Transmission electron
microscopy (TEM) (Model- JEOL/JEM- 2100 at STIC, Cochin, India)
and scanning electron microscopy (SEM) (Model- JEOL/]SM-
6390LV at STIC, Cochin, India) analysis were examined for the
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Fig. 2. FT-IR spectra (a) GAT NPs and (b) Piper betel leaf.
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Fig. 3. XRD pattern for GAT NPs.

surface morphology and size distribution. Energy dispersive X-ray
spectroscopy (EDS) (Model- NORAN system 7 at University of
Mysore, Mysuru, India) was analyzed for the elemental compo-
sitions. Thermo gravimetric analysis (TGA) (Model- SDT Q600 at
USIC, K. U. Dharwad, India) was used for measurement of thermal
decompositions.

2.6. Antimicrobial assays

An antimicrobial susceptibility was tested using the agar-well
diffusion method as described by G. Rajakumar et al. [26] for two
different conditions i.e.,

1. UV irradiated sample
2. Without UV irradiated sample

Briefly, Lag phase cultures of S. aureus, E. coli and C. albicans
were used as the test microorganisms. 100 ! of the standardized
cell suspensions were spread on a Mueller-Hinton agar (Hi-Media)
and the agar medium was punched with four wells having 6 mm
diameter and filled with four different concentrations (25, 50, 75
and 100 g mL~! in DW) of GAT NPs into the respective wells. Then
these Petri plates were incubated at 37 °C for 24 h in the incubator
during which the activity was evidenced by the presence of a zone
of inhibition surrounding the wells and it was measured in
millimeters. In the case of C. albicans, Mueller-Hinton agar was
replaced by Potato dextrose agar medium was used but here the
plates were incubated at 27 °C for 48 h.

For the UV irradiated condition the powder samples were pre-
irradiated for 12 h using 365 nm UV light source at a distance of
10 cm from the sample, then immediately various concentration of
samples (taken in a DW) were added to the respective wells and
kept at 4 °C for 20 min for the pre-diffusion. Later, these Petri plates
were incubated at 37°C for 24 h in an incubator.

Fig. 4. TEM images for GAT NPs (a) 20 nm magnification, (b) 10 nm magnification, (c¢) 5 nm magnification and (d) SAED pattern.
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Fig. 5. SEM images of GdT NPs.
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Fig. 6. EDS spectrum of GAT NPs with inset corresponding weight % and atomic % of elements.

For without UV irradiated condition the various concentrations
of sample were directly added into the respective wells without
illuminating UV radiation and kept for pre-diffusion process then
placed in an incubator.

2.7. Antioxidant assays

An antioxidant activities of the GAT NPs and Piper betel leaf
extract were measured on the basis of the free radical scavenging
activity using the DPPH method [38]. The stock solution of DPPH
was prepared by dissolving 3.9432mg of DPPH in 100ml of
methanol and stored at 4 ° C until use. 2 ml of DPPH solution was
mixed with 1 ml of five different concentrations (20, 40, 60, 80 and
100 g mL~") of the GAT NPs and Piper betel leaf extract. Ascorbic
acid (20, 40, 60, 80 and 100 wgmL™!) was used as a standard
reference. A mixture of 1ml of distilled water and 2 ml of DPPH
solution was used as the control. The reaction mixture was mixed
in the dark for 30 min and incubated at room temperature. The
absorbance was recorded spectrophotometrically at 517 nm. An
antioxidant activity was estimated based on the percentage of
DPPH radical scavenged as the following equation

__[control absorbance — sample absorbance]

- control absorbance
x 100

Scavenging effect %

M

2.7.1. Statistical analysis

Statistical analysis was carried out using the SPSS software,
version 20.0. Experiments were carried out in triplicates and the
data was expressed as mean =+ standard deviation by the One-Way
ANOVA test. The Turkey’s multiple comparison tests were used to
determine significant differences between the standard and
synthesized NPs. Correlation analysis was carried out using the
Pearson’s correlation analysis with p=0.01. The linear regression
analysis was carried out using the ORIGIN-8 software.
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Fig. 7. TGA curve for GAT NPs.
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Fig. 8. Antibacterial activities of GAT NPs in UV irradiated condition (a) S. aureus and (b) E. coli.

3. Results and discussion
3.1. Optical properties

UV-vis spectroscopy analysis is an effective method to
investigate whether the precursors are completely reduced or
not. Here, the UV-vis absorption spectrum of GdT NPs was
recorded in an optical range from 200 to 600 nm in ethanol solvent
for 1 x 1074 M concentration at room temperature. Fig. 1 represents
the UV-vis spectrum of GAT NPs. From Fig. 1 it is observed that the
absorption maximum (Ap.x) is at 319 nm, which is a preliminary
indication for the presence of TiO, and Gd materials [31]. In our
previous publication for the green synthesized bare TiO, NPs, we
observed the A\pax value is at 342 nm [23]. As compared with the
previous report, TiO, NPs absorb light at much longer wavelength
than Gd doped TiO,. In other words, the decrease of particle size in
Gd doped TiO, NPs might be the cause for the shift of onset of
absorbance towards shorter wavelength. Due to this, the absorp-
tion maximum of Gd-doped TiO, NPs was hypsochromic shifted
(lower wavelength).

3.2. Functional groups analysis

FT-IR spectroscopy was carried out to analyze the presence of
functional groups which are responsible for the reduction of GdT
NPs. FT-IR spectra of the samples were recorded in the range of
4000 to 400 cm ! at a resolution of 2cm ™! in the KBr pelletization
method. Fig. 2 (a and b) represent the FT-IR spectra of GAT NPs and
Piper betel leaf respectively. The FT-IR absorption peaks were
analyzed according to N. B. Colthup [39] and ]. Coates [40]. From
Fig. 2 (b) it is revealed that the peak at 3442 cm™! corresponds to
free N—H stretching (aliphatic) it indicates the presence of amine
groups, 2928 and 2855cm~! are correspond to methyl C—H
asymmetric and symmetric stretching respectively, it may indicate
that the presence of proteins and lipids, 1740 cm~! corresponds to
C=0 stretching within the cage of cyclic peptides, 1623 and
1480cm~! are correspond to N—H asymmetric (amide I) and
symmetric (amide II) bending, these absorption bands were arising
corresponds to carbonyl stretch in proteins, the peak at 1113 cm !
corresponds to O—H bending (water molecules) and the peak
1024cm! corresponds to C—O stretching (secondary alcohol)
[40]. Fig. 2 (a) shows a strong peak at 539cm™! is attributed to
characteristic vibrational modes of Ti-O and Gd-O [41], from the
observed absorption peaks in Fig. 2 (b) were some of the peaks are
present and absent in Fig. 2 (a). In Fig. 2 (a) the peak at 3418 cm™!

(free N—H stretching) is broadening due to the formation of H-
bonds between amide groups, which will break the most of the H-
bonds between the N—H groups and lead to bathochromic shift
(higher to lower wave number). The peaks at 2924 and 2857 cm™!
correspond to the methyl C—H asymmetric and symmetric
stretching respectively [40]. Some pronounced peaks from 1025
to 1745 cm~! were observed and they have a hypsochromic shift
(lower to higher wavenumber). The main difference between the
spectra of Fig. 2 (a) and Fig. 2 (b) is the proper alteration of various
peaks; this phenomenon indicates that biomolecules in Piper betel
leaf, such as alkaloids, phenols, flavonoids, amino acids, glycosides
and tannins are responsible for biotransformation of GdT ions to
GdT NPs.

3.3. Crystallographic structure

XRD was analyzed to investigate the crystallographic structure
and grain size of GAT NPs. XRD pattern was recorded at a scanning
rate of 0.02 ° per second in the range of 20 ° to 80 ° using the Cu Ka
radiation (Wavelength = 1.54060 A). Fig. 3 shows the XRD pattern
for GAT NPs. Here, it observed that there are sharp, broad and
strong peaks; it may indicate the formation of the well-crystallized

Fig. 9. Antifungal activity of GAT NPs in UV irradiated condition with C. albicans.
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Antimicrobial activity of GAT NPs in UV irradiated sample and without UV irradiated sample.

Material Concentration (ugmL™") Zone of inhibition
(mm)
S. aureus E. coli C. albicans
Without UV With UV Without With UV Without With
uv uv uv
GdT NPs 25 10 15 10 11 12 13
50 12 17 1 13 14 16
75 14 19 12 14 15 18
100 17 22 13 16 16 20

sample. Herein, we observed that the Bragg's reflection peaks at
20; 24.91°, 37.64°, 47.63°, 53.39°, 62.37°, 68.82°, 74.87° and 82.48°
and their corresponding reflection planes are (110), (401), (—-512),
(601),(—314),(—423),(—912) and (423) respectively were obtained
by comparing with the JCPDS data No. 46-1238, which may reveal
that the material is having rutile phase with the monoclinic crystal
structure. No any further reflection peaks for Gd can be noticed.
The grain size of GAT NPs was calculated using the Scherrer's
equation [42] for the most intense peak (110) and the calculated
grain size is found to be 5.45 nm.

3.4. Morphology, size distribution and elemental analysis

TEM and SEM were examined to analyze the surface
morphology and distribution of the size for the GdT NPs. Fig. 4
(a, b and c) show the typical TEM images and Fig. 4 (d) shows the
SAED pattern for the GAT NPs. The observed GdT NPs are a uniform
sphere in morphology with a diameter ranging from 4 nm to 7 nm.
Agglomeration of the GAT NPs was observed due to the non-
dispersion of the particles in a solvent before the sample
preparation for TEM. On the other hand, a diffused rings and a
bright spot in the SAED pattern indicate that the sample is well
crystallized in nature. Fig. 5 represents the SEM images for GdT
NPs, these images indicate that the particles are having a spherical
cluster with an average size of about 40 nm to 60 nm. EDS was
examined for to investigate the chemical compositions in GAT NPs.
Fig. 6 represents the EDS spectrum for GAT NPs, from EDS spectrum
it is confirmed that there is the presence of elements Gd, Ti and O.
In addition, small quantities of element C is present, which is a
residue of phytochemicals. The weight percentage (%) and atomic
weight percentage (%) of GAT NPs are shown inset of Fig. 6.

3.5. Thermal properties

In view of identifying the thermal stability of GdT NPs; TGA
study was carried out. For TGA, about 5 mg of GAT NPs was placed
in a pan and heated from room temperature (28 ° C) - 600 ° C with a
heating rate of 10 °Cmin~' under nitrogen atmosphere. Fig. 7
shows the TGA curve for GAT NPs. From the TGA curve, it is
observed that there are thermal decompositions occurs between
28 ° C - 600 °C. Initially, from 28 to 117 °C the GdT NPs are
attributed the weight loss of about 5.922 % (0.3171 mg) it may be
due to the desorption of physically absorbed water molecules, then
from 117 to 306 ° C is about 4.322 % (0.2437 mg) and from 306 to
516 ° C about 3.443 % (0.1942 mg) may be due to the removal of
chemically absorbed water molecule and phytochemicals [43,44].
Above 500 ° C the material is in quite stable up to 600° C.

3.6. Antimicrobial assessments

Antimicrobial activities were evaluated against the two human
pathogenic bacteria and a fungus, namely S. aureus, E. coli and C.

albicans using the agar well diffusion method for two different
conditions
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Table 2

DPPH free radical scavenging activities of standard ascorbic acid, GAT NPs and Piper betel leaf extract for five different concentrations along with their corresponding ICso value

and correlation coefficient (r).

Material Concentration Radical scavenging activity ICso Correlation coefficient
(pgmL™) (%) (ngmL™)

Standard ascorbic acid 20 41.680 + 1.064 23.99 0.989
40 58.620 + 1.066
60 74.546 +2.261
80 83.902 + 1.402
100 94.946 + 1.360

GdT NPs 20 38.836 4+ 0.965 25.74 0.995
40 51.215+1.435
60 68.893 +1.260
80 78135+ 1.643
100 91.650 + 1.513

Piper betel leaf extract 20 25.2524+0.988 58.14 0.989
40 34.396 4 1.047
60 55.266 +1.763
80 63.963 + 1.570
100 77430+ 2.196

Values are expressed as mean + SD of n=3 in each group.
2 Correlation is significant at the 0.01 level.

1. UV irradiated sample
2. Without UV irradiated sample

Fig. 8 (a and b) show antibacterial activities of GAT NPs with S.
aureus and E. coli for UV irradiated condition. Fig. 9 shows an
antifungal activity of GAT NPs with C. albicans for UV irradiated
condition. From Fig. 8 (a and b) it is observed that GAT NPs was an
exhibit excellent antibacterial activity with the zone of inhibition
on the culture plates. The zone of inhibition measurements were
measured in millimeter for four different concentrations (25, 50,
75 and 100 pg mL~') at two different conditions and are tabulated
in Table 1. From Table 1 it is observed that UV irradiated GAT NPs
show a more zone of inhibition for all four different concentrations
as compared to without UV irradiated samples. Further, it may
infer that GAT NPs show comparatively higher antibacterial
activity for S. aureus as compared to E. coli. The MIC value for
GdT NPs is 25 g mL~! for both the conditions. In the earlier case,
we reported that the antibacterial activities for green synthesized
TiO, NPs show comparatively less zone of inhibition against S.
aureus and E. coli, but while doping TiO, with Gd the tested
antimicrobial activity was enhanced.

In general, photocatalytic activity was enhanced due to the Gd
ions do not enter the matrix of TiO,, which are uniformly adsorbed
on the surface of TiO,. This is because the radius of Gd>* (93.8 pm)
is much larger than that of Ti** (68 pm) [45]. Thus, the dopant acts
as a trapper to capture the photo-generated electrons, which is
helpful for efficiently separating charge carriers, prolonging the life
of the carriers, inhibiting the recombination of electron-hole pairs
and resulting in the enhancement of the reactivity. Additionally, Gd
has a half-filled electron configuration thus it is very stable. If Gd
has captured an electron then the electron configuration will be
destroyed. But trapped electrons can be transferred to adsorbed
oxygen species and hydroxyl ions on the surface and in this way,
stable electron configuration is recovered [31-33]. This procedure
may lead to the formation of the hydroxyl radicals and oxygen
radicals. These reactive oxygen species (ROS) generated on the
surface of TiO, NPs are responsible for oxidative damage of cell
membrane. The substantial enhancement of GdT NPs was
attributed to the bandgap, high surface area and high surface
hydroxylation group [46-48]. It is well known that surface
hydroxyl groups play an important role in the photocatalytic
activities [49,50].

3.7. Antioxidant assessments

Antioxidant activities of GAT NPs and Piper Betel leaf extract
were studied using the DPPH method. Ascorbic acid was taken as a
standard reference. Here, we have taken five different concen-
trations (20, 40, 60, 80 and 100 p.g mL~!) of ascorbic acid, GAT NPs
and Piper betel leaf extract. After accepting a hydrogen radical from
ascorbic acid, GAT NPs and Piper betel leaf extract, the DPPH was
converted into the stable DPPH-H complex then the color of the
solution will change from deep violet to light yellow. The
percentage of scavenging activity was calculated using an equation
(1). Radical scavenging activities of ascorbic acid, GAT NPs and
Piper betel leaf extract are as shown in Fig. 10 (a). The Linear
correlation between concentration and radical scavenging activi-
ties of ascorbic acid, GAT NPs and Piper betel leaf extract are shown
in Fig. 10 (b). From Fig. 10 (b), we observed the good correlation
value in all three cases. Table 2 shows the radical scavenging
activities of ascorbic acid, GAT NPs and Piper betel leaf of five
different concentrations along with their corresponding values of
ICsp and correlation coefficient respectively. From Table 2, we
observed that radical scavenging activity tends to increase with
increasing the concentrations of antioxidant materials. Here, for all
the five concentrations of ascorbic acid shows scavenging rate
ranging from 41 to 95 %, GAT NPs show 39 — 92 % and for Piper betel
leaf extract shows 25-77 %. Comparatively, ascorbic acid has the
highest radical scavenging activity with the lowest ICsq value
23.99 wg mL~!, GAT NPs show moderate ICsq value 25.74 g mL ™!
and Piper betel leaf extract has the lowest radical scavenging
activity with the highest ICso value 58.14 g mL™".

4. Conclusion

This work demonstrates the potential of gadolinium doped
titanium dioxide (GdT) nanoparticles (NPs) on the biological
activities. Herein, we green synthesized the GdT NPs via
hydrothermal method using the Piper betel leaf as capping and
reducing agents. GAT NPs were subjected to various character-
izations for their optical, structural, functional group, surface
morphology, elemental analysis and thermal studies. Results
suggest that they are having crystalline in nature and spherical
shape with a size of about 4-7 nm. GdT NPs are thermally quite
stable from room temperature to 500°C with the weight loss of
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about 14 %. Further, these GAT NPs show potent antimicrobial
agent for the microorganisms (S. aureus, E. coli and C. albicans) and
also they possess excellent antioxidant activities. Moreover, we
believe that this work could pave the way for nano-sized drug
delivery applications for the treatment of several diseases.
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