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ABSTRACT: The use of Boswellia ovalifoliolata bark extract for the synthesis of zinc oxide nanoparticles
(ZnO NPs) with benefits of eco-friendliness, low cost and compatibility for pharmaceutical and biological
applications. In this paper, we report the biosynthesis of zinc oxide nanoparticles using plant extract and its
application for the detection of picric acid (PA). The synthesized ZnO nanoparticles were characterized using
UV-Vis spectroscopy, scanning electron microscopy (SEM), X-ray diffraction pattern (XRD), fourier transform
infrared spectroscopy (FT-IR) and fluorescene spectroscopy. ZnO NPs in aqueous solution shows maximum
absorption bands at 278 nm and fluorescence emission at 317 nm. The fluorescence emission of zinc oxide
nanoparticle shows high selectivity towards picric acid (PA) and can be used as a fluorescent probe for the
detection of PA via fluorescence quenching mechanism. The fluorescence quenching mechanism of picric
acid may be due to the electron transfer process between ZnO NPs and picric acid which is confirmed by cyclic
voltammetry (CV). The quenching efficiency of nanoparticle was calculated using Stern-Volmer equation. The
limit of detection was found to be 1.83 uM for picric acid. The fluorescence property of the ZnO NPs can be

utilized for cell imaging application as biosensors and also in the field of drug delivery.
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1 INTRODUCTION

The development of sensitive and selective methods for
the detection of nitroaromatics (NACs) explosives has been
a field of enormous interest to researchers'. Picric acid is
highly water soluble, strong organic acid and it is widely
used as a powerful explosive like other NACs and is also a
non-biodegradable environmental pollutant which causes
skin and eye irritation, cancer, gastritis, aplastic anemia
and liver damage™’. As compare with other NACs detection
of picric acid (PA) is more important because of usage in
the manufacture of rocket fuels, dye industries, fireworks,
pharmaceuticals, deadly explosives, components in match-
es and chemical laboratories"’. Picric acid is more danger-
ous in the dehydrated state, which can easily undergo spon-
taneous detonation to cause an explosion and it is more
explosive than trinitrotoluene (TNT). In spite of all the
awareness, PA has been released to the environment during
explosives manufacturing, loading and in military installa-
tion for packing activities™’. Different methods have been
employed for the detection of NACs such as ionic liquids,
X-ray diffraction, organic gels, neutron activation, Raman
spectroscopy, electrochemical, metal-organic frameworks,
nanoparticle, polymers, quantum dots, ion mobility in
solution and vapor phase which are high cost effective and
are not easily accessible®"’. Hence, fluorescence quench-
ing based sensing is widely used and proven to be highly
sensitive’, selective™, fast, low cost', and simple instrumen-
tation”.

Plant mediated synthesis of metal nanoparticle is gaining
an advantage over physical and chemical method because

it is one of the biocompatible, nontoxic, eco-friendly, low
cost and simplicity in methods'’, wherein the chemical
method uses the organic solvent, toxic reducing and chelat-
ing agent leads to threatening of the environment in vari-
ous fields'. The high-water solubility of nanoparticle has a
various application due to its biocompatible and non-toxic
stabilizers. Among all the metal oxide nanoparticles, many
research groups are focusing on ZnO NPs for the various
applications like sensors, coating, cosmetics, environmen-
tal protection, biology”’, electronics, communication and
medicinal industry along with its biological application
like biological sensing, labelling, gene delivery, drug de-
livery and nanomedicine™. A few reports are available on
the luminescent sensors of zinc oxide nanoparticles (ZnO
NPs) for the detection of metal ions and detection of or-
ganic molecules™. Muk et al. reported on luminescent ZnO
NPs as Cu’* sensors by quenching mechanism. Sharma et
al. obtained imine linked ZnO NPs for Co’* sensor”. The
imine linked receptor coated on the ZnO NPs is responsible
for the Co”* sensing’. Zhao et al. have studied the APTES
capped luminescent ZnO NPs for the selective and sensitive
detection of dopamine by quenching of their luminescent".
Singh et al. synthesized water stable APTES capped ZnO
NPs for the selective and sensitive detection of PA".
Boswellia ovalifoliolata (N.P.Balakr. & A.N.Henry) be-
longs to the family burseraceae. It is a habitat of seshacha-
lam hill range of the eastern ghats of India. The plant is
widely used by the tribal people like nakkala, sugali, chen-
chu to treat a number of ailments. Leaf, gum, and stem
bark extract of the plant found to be anti-inflammatory,
analgesic, cardiotoxicity”, cytotoxic” and hepatoprotective
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activity”.

Herein, we report the green synthesis of ZnO nanopar-
ticle using Boswellia ovalifoliolata extract and synthesized
NPs were characterized using UV-visible (UV-vis) spectros-
copy, X-ray diffraction (XRD), Fourier transformed infrared
spectroscopy (FT-IR). Morphology of the synthesized NPs
was examined by scanning electron microscopy (SEM) and
the fluorescence property of NPs was measured using flu-
orescence spectroscopy (FL). The synthesized NPs exhibits
strong fluorescent emission effect which can act as a chemo
sensor for detection of PA which is a powerful explosive
among other NACs. To the best of our knowledge, there
is no literature available for the detection of picric acid by
ZnO nanoparticle using plant extract for the synthesis of
nanoparticle by greener approach. Thus, the synthesized
ZnO nanoparticle is highly selective, sensitive, low cost and
efficient in sensing picric acid.

2 EXPERIMENTAL

2.1 Materials

Boswellia ovalifoliolata (BO) was collected from seshacha-
lam hills of Andhra Pradesh during the month of February
2015 and authenticated by Plant Anatomy Research Centre,
Chennai (PARC/2015/3202). Zinc acetate was purchased from
Sigma Aldrich whereas sodium hydroxide (NaOH), picric acid
(PA), 4-nitrophenol (NP), 2,4-dinitrophenol (DNP), 3-nitro-
benzoic acid (NBA), 2,4-dinitrotoluene (DNT) were obtained
from SD Fine-Chem Limited. 1,3-dinitro benzene (DNB),
4-nitrobenzaldehyde (BAO), nitrobenzene (NB), 4-nitrotolu-
ene (NT) were purchased from Avra Laboratories private lim-
ited.

2.2 Methods

2.2.1 Preparation of B. ovalifoliolata bark extract

About 5 g of B.ovalifoliolata bark were used for synthesis
of ZnO nanoparticles. The bark powder was dissolved in
100 ml of distilled water and transferred into an Erlenmeyer
flask boiled at 80 °C for 30 min. The bark extract was filtered
through Whatmann No.1 filter paper and the material was
stored at 4 °C for the further use. The obtained bark extract
(pH 6.0) will control size and shape of the nanoparticle. It will
also act as a stabilizer for NPs synthesis' ">,

2.2.2 Green synthesis of ZnO NPs using B. ovalifoliolata hark
extract

About 10 ml of bark extract was mixed with 90 ml of
5 mM zinc acetate in aqueous solution with continuous
stirring using a magnetic stirrer at 37 °C for 1 h. The pre-
cursor and bark extract composition 1:9 volume ratio was
prepared for the synthesis. After 1 h, 1 M sodium hydroxide
solution was added in drops to maintain the pH 8 and kept
for continuous stirring for 1 h. The yellowish white colour
precipitate was centrifuged at 4,000 rpm for 20 min and the
precipitate was washed with ethanol for three times to re-
move impurities present in the final product and the pow-
der will be dried in an oven at 100 °C for 5 h'"*"*,

2.2.3 Characterization of NPs

The formation of NPs is confirmed by UV-visible absorp-
tion spectra measured by a JASCO V-670 spectrophotome-
ter at room temperature wavelength range between 200-800
nm. The FTIR of the bark extract and NPs were recorded
by a SHIMADZU Infrared spectrophotometer (400-4000
cm™) resolution IV. Fluorescence spectra were measured
using Hitachi F-7000FL spectrometer with 150 W Xe lamp
as excitation source. The surface morphology and particle
size of the synthesized nanoparticles were examined using
SEM using Carl Zeiss EVO 18, Germany and X-ray diffrac-
tion (XRD) method using Bruker D8 advanced through
Ni-filtered Cu Ko (A = 0.15406 nm) with the range of 26 =
10-90". High-Resolution Transmission electron microscope
(HR-TEM) were recorded by using Transmission Electron
Microscopy (TEM), (Model JSM 6390 LV, JOEL, USA). A
drop of ZnO NPs was coated over the surface of the copper
grid and the grid was dried. For SEM analysis, the samples
were coated in cover slips.

2.2.4 Cyclic voltammetry analysis

The electrochemical study was carried out using cyclic
voltammetry at different scan rate. A three-electrode sys-
tem consists of glassy carbon electrode as working elec-
trode (WE), platinum counter electrode and saturated sil-
ver and silver chloride as reference electrode (RE). 0.1 M of
Tetrabutylammonium tetrafluoroborate (TBAF) was used
as a supporting electrolyte for the analysis.

2.2.5 Fluorescence microscopy

Fluorescence microscopy was used to evaluate the bio-
imaging application of the ZnO NPs and to assess the
labelling capability of the nanoparticle. The nanoparticle
was prepared and suspended in PBS pH 7.4 (0.1 M) and the
nanoparticle fluorescence images were recorded using Flu-
orescence microscope (FM 3000, Wesmox, India).

3 RESULTS AND DISCUSSION

ZnO nanoparticle was synthesized using Boswellia oval-
ifoliolata extract due to the higher content of polyphenol
may be responsible for the ZnO NPs formation. The aro-
matic hydroxyl presents in the Boswellia ovalifoliolata in-
teract with zinc ions to form the complex in acidic medium
and the precipitate formation started at pH 8.0'*. The
presence of phytochemicals in the extract like polyphenols,
terpenoids tannins, anthocyanins and steroids act as a cap-
ping agent in the formation of ZnO NPs.

The prepared ZnO NP were characterized by X-ray
diffraction pattern to confirm crystallinity and phase
formation of the nanoparticle. XRD pattern of the sample
were shown in Figure 1 and the detected peaks corresponds
to the hexagonal phase in the lattice planes of (100), (002),
(101), (102), (110), (103), (200), (112) and (201) shows
26 values at 31.7°, 34.48°, 36.18°, 47.52°, 56.53, 63.01°,
66.33°, 68.09° and 68.94°. The crystallinity of sample
with narrow peak confirmed the ZnO NPs formation.
The morphology and size were observed using scanning
electron microscope™. The average crystallite size of the
synthesized nanoparticle was found to be 17.7 nm. It is
noteworthy, compare to chemical method Figure S1 (43.51
nm), nanoparticle synthesized using plant extract showed
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Figure 1. XRD pattern of ZnO nanoparticle synthesized
from Boswellia ovalifoliolata extract.

Figure 2. TEM images of ZnO nanoparticle in 50 nm.

Figure 3. Fluorescence image (under 365 nm UV light) of
a) ZnO nanoparticle adsorbed on a TLC plate and b) ZnO
nanoparticle with a spot of PA solution.

reduced and control over size. The plant extract use to
control the size of the nanoparticle and act as a stabilizing
agent”.

3.1 FTIR analysis of Zn0O NPs

The FT-IR spectra of ZnO NPs-picric acid, ZnO NPs and
extracts are shown in Figure S2. The chemical structure of
the synthesized compound is obtained in the region of 4000-
400 cm™. ZnO NPs- picric acid showed prominent Ar-NO,
bands at 1568 and 1363 cm™. The bands at 3523-3326 cm’'
correspond to O-H mode of vibration'’. We observed an alkyl
C-H peak at 2858 cm™. The ZnO peak appears in the range of
530 cm™ confirming the ZnO formation®**. The bands of aro-
matic compounds around 757, 902 and 1063 cm™ corresponds
to stretching of aromatic C-H and stretching of alcoholic C-O.
Figure S2 shows a new peak at 1715 cm™ of C=0 stretching

in ZnO-picric acid””. The peaks intensity of ZnO-Picric acid
was relatively reduced than ZnO NPs which may be due to the
quenching effect of picric acid by removal of the organic com-
pound from ZnO NPs”. The nanoparticle is stabilized by the
organic compound in the plant extract by the surface bound
by their organic compounds. The phenolic compounds in the
plant extract had a tendency to coordinate with zinc ions,
thus stabilizing and preventing ZnO nanoparticle from being
agglomerated. The results confirm that bioactive compounds
were absorbed on the surface of ZnO nanoparticles. In this
study, Boswellia ovalifoliolata extract was used for the synthe-
sis, capping and chelating agents of nanoparticles.

3.2 Transmission Electron Microscopy (TEM) analysis

ZnO NPs was dispersed in ethanol in a carbon coated
copper grid and the TEM image of ZnO NPs is shown in
Figure 2. The HR-TEM image indicates that the ZnO NPs
are slightly agglomerated and spherical in shape. The aver-
age particle size of the synthesized nanoparticle was found
tobe 11.6 + 4 nm.

3.3 Photo physical properties of ZnO NPs

The photo physical properties of ZnO NPs using UV-vis-
ible spectra in aqueous solution were measured. Similarly,
the fluorescence spectra were recorded in the range be-
tween 200-450 nm. ZnO NPs in aqueous solution shows
maximum absorption bands at 278 nm and fluorescence
emission at 317 nm. The low fluorescence emission of
the ZnO nanoparticle may be due to the intrinsic defects
produced by the ZnO nanoparticle such as interstitial zinc
and oxygen vacancy and these defects will affect the fluo-
rescence behaviour of the nanoparticle'*"”. The high-energy
absorption band in the region 278 nm can indicate the -7
electron transition of phytochemicals in the plant extract
such as phenols, tannins, steroids and terpenoids”’”. The
photo physical property of the ZnO NP using UV-vis and
fluorescence spectroscopy techniques aqueous solution,
concentration were maintained at 10 mg/L. The green color
fluorescence image of the nanoparticle adsorbed on a TLC
plate are shown in Figure 3a. The green emission of the
ZnO nanoparticle may be due to the oxygen vacancies lo-
cated on the surfaces. The blue emission may be due to the

zinc vacancies'*".

3.4 Scanning electron microscopy (SEM)

The surface morphological nature of the ZnO NPs is inves-
tigated using SEM techniques. The SEM images of ZnO NPs
showed agglomerated nanoparticle Figure 4a”'*”’. Addition
of PA leads to a microstructural changes. The addition of PA
molecules leading to the formation of irregular square like
structure with length of about 2 um Figure 4b of the SEM
image allows the migration of excitons in a large number of
channels which ultimately results in sensitivity towards picric
acid. The elemental composition of ZnO nanoparticle obtained
from EDAX analysis (Figure 4c) was Zinc (48.52%), Oxygen
(28.83%) and Carbon (22.65%). The presence of carbon indi-
cates the connection of plant phytochemicals in size reduction
and in capping of the synthesized ZnO NPs".

3.5 Detection of picric acid (PA)
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Figure 4. Scanning electron microscopy (SEM) images of a) ZnO nanoparticle, b) after PA addition and c¢) EDAX spectrum

of ZnO nanoparticle.

The strong emission of nanoparticle in aqueous solution
encouraged us to explore their possible application as che-
mosensor for the detection of nitroaromatic compounds
such as picric acid (PA), dinitrotoluene (DNT), nitroben-
zene (NB), nitrophenol (NP), 4-nitrobenzaldehyde (BAO),
dinitrobenzene (BNB), dinitrophenol (DNP), 4-nitroben-
zoic acid (NBA) and nitrotoluene (NT). The detection of
nitroaromatic compounds has attracted many researchers
to fight against terrorism and environmental impact™. A
number of techniques used for the detection of nitroaro-
matic compounds, but fluorescence-based detection offers
many advantages like high sensitivity, short response time

and specificity'. The fluorescence based detection of NACs
in presence of ZnO NPs as the chemo sensor was per-
formed by using UV-vis and fluorescence titrations and the
analytes were taken in very low concentration. To evaluate
the selectivity of ZnO NPs towards PA, the fluorescence
quenching efficiency of different nitro compounds were
investigated. Initially, the UV-vis titration of ZnO NP with
the NACs and the spectra obtained are shown in Figure
S3. The UV-vis absorption spectra of ZnO NPs increase for
specific analyte PA. The UV-vis titration of NPs was carried
out for PA is shown in Figure S4 and the absorbance was
gradually increased with the addition of PA.

Figure 5. Fluorescence emission spectra of ZnO nanoparti-
cle with different nitroaromatics.

Figure 6. Fluorescence quenching of ZnO nanoparticle
with the addition of different nitroaromatics.
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Figure 7. Fluorescence emission spectra of ZnO NPs in
aqueous solution with PA titration.

Figure 8. Stern-Volmer plot of ZnO NPs in aqueous solu-
tion with the addition of picric acid. Inset shows the rel-
ative fluorescence intensity with concentration up to 100
uM.

Figure 9. Cyclic voltammetry of ZnO NPs in water as sol-
vent a scan rate at 100 mV's™.

The fluorescence emission spectra of ZnO NPs with dif-
ferent NACs are displayed in Figure 5. Among all the NACs
picric acid showed best quenching efficiency, the decrease
in fluorescence intensity indicates the quenching efficiency
of PA and the percentage fluorescence quenching intensi-
ties are shown in Figure 6. Among the various nitroaro-

matic compounds tested, the addition of picric acid to the
solution of ZnO NPs in aqueous solution results in 70%
quenching of fluorescence emission Figure 7.

We found that the fluorescence property of ZnO nanopar-
ticle can easily be quenched by PA, which allows us to
develop a sensor for the detection of PA. PA showed more
quenching efficiency than other explosives. The fluores-
cence of the ZnO NPs was partially quenched by other
NACs, the quenching efficiency was much lesser than
that of PA. In general, nitro aromatic compounds are nitro
substituted electron acceptor molecules, they can bind to
nt-donor sites by donor-acceptor interactions. Fluorescence
property of most electron-rich fluorophores compounds
can be effectively quenched by nitro-aromatic compounds
through electron transfer. Many hydroxyl groups are on the
surface of ZnO NPs. Hence, when electron-deficient PA is
added to ZnO NP solution, it may possibly be bound to the
electron rich hydroxyl group present on the surface of ZnO
NPs which causes quenching of fluorescence property of
the solution where the excited electron is trapped by elec-
tron transfer mechanism™"*. The fluorescence quenching
image of picric acid adsorbed on a TLC plate was shown
in Figure 3b. A linear calibration curve of quenching effi-
ciency with concentration of PA (up to 100 uM) is observed
with correlation of coefficient (R=0.97) (Inset of Figure
8). The fluorescence quenching efficiency of ZnO NPs
was studied using Stern-Volmer plot presented in Figure
8 equation (I,/I vs [Q] where, I, represents fluorescence
intensity in the absence of quencher (PA). Fluorescence
intensity was denoted in the presence of various concentra-
tion of picric acid. Q is the concentration of quencher.) By
using the plot in Figure 8, the detection limit was found to
be 1.83 uM for ZnO NPs using the equation 3o/slope. Fur-
ther, to study the electron transfer process in the quenching
mechanism of picric acid, the highest occupied molecular
orbital (HOMO) level and lowest unoccupied molecular
orbital (LUMO) level of ZnO NPs was obtained using cyclic
voltammetry studies Figure 9. Figure S5 shows the energy
levels for ZnO NPs and PA. The onset oxidation peak po-
tential of ZnO NPs was observed at 0.76 V subsequently the
onset reduction peak potential was observed at -0.46 V. The
HOMO energy level was calculated from onset oxidation
potential using the following equation HOMO = -eV (E, "
set _ E1/2 ferrocene + 48) and LUMO = -eV (Eredonset_ E1/2 ferrocene +
4.8) respectively. The electron transfers from the ZnO NPs
with 4.89 eV (HOMO) and 3.66 (LUMO) values may result
in the quenching process. The energy gap (0.7 eV) between
the HOMO of ZnO NPs (4.89 eV) and the LUMO of PA
(4.19 eV) was lesser than the energy gap (1.2 eV) between
the HOMO (4.89 eV) and LUMO (3.66 €V) of ZnO NPs. The
HOMO and LUMO levels of ZnO NPs were compared with
the reported PA HOMO and LUMO energy levels. The flu-
orescence quenching of ZnO NPs may be due to the energy
transfer between PA and ZnO NPs”**",

3.6 Reproducibility

The reproducibility of the ZnO NPs is the ability to pro-
duce the same responses for 5 times and the response has
been measured Figure 10. Relative standard deviation was
found to be 1.76%. The relative quenching of fluorescence
intensity of ZnO NPs in the presence of 100 uM PA is
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Figure 10. Reproducibility of ZnO NPs with 100 uM of PA.

Figure 11. Fluorescence microscopy images of ZnO
nanoparticle dispersed in PBS solution and the image was
taken in a) green and b) blue filter.

163.29 + 1.76%.

3.7 Fluorescence images of ZnO NPs

The fluorescence nature of the ZnO NPs can be utilized
for the bioimaging application. The NPs were treated with
PBS™ to evaluate the fluorescence property of the particle
and the prepared sample was placed on a microscope slide
to acquire the fluorescence image. As shown in Figure 11,
Unexpectedly the ZnO NPs exhibited blue fluorescence and
green fluorescence. The photoluminescence measurements
were conducted using long pass filters™. The obtained
results indicate that ZnO NPs can also act as bioimaging
probes or its application.

4 CONCLUSION

In conclusion, we synthesized fluorescent ZnO NPs with
enhanced fluorescence using Boswellia ovalifoliolata extract.
The ZnO NPs exhibited high selectivity, sensitivity, low cost
and efficient in sensing picric acid. The fluorescenct property
of ZnO NPs in aqueous media makes it more potential and can
be used as a fluorescent sensor for detection of picric acid and
also in bioimaging application. Further, the biocompatibility
of the nanoparticle needs to be studied for the cellular imaging
and biotechnology application. Hence, the synthesized ZnO
nanoparticle can be utilized effectively for sensing picric acid.
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