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ABSTRACT Hibiscus leaf extract mediated ZnO nanoparticles have been prepared through a hydrothermal
method and the effects of extract doping on the structural, optical and electronic properties of ZnO NPs were
studied. The photocatalytic oxidation of methylene blue dye under visible light irradiation was used to determine
the photocatalytic performance of the prepared nanoparticles. The extracted ZnO nanoparticles (R3) exhibited
the lowest band gap and the highest photocatalytic activity for the methylene blue dye. The photocatalytic
performance of the (R3) prepared ZnO nanoparticles was stable after the nanoparticles were reused five times
for the oxidation of methylene blue dye.
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1. Introduction

Synthetic dyes used in the textile and dye industries account for a large proportion of pollutants in wastewater. Most
of the organic dyes used are difficult to degrade, resulting in irreversible damage to the environment [1]. Although many
efficient approaches have been applied to manage this problem, including membrane separation, adsorption, coagula-
tion and microbial degradation [2], these methods have many disadvantages, such as generation of secondary pollution,
refractory degradation products and high costs, all of which lead to great limitation in practical application [3–5]. Re-
cently, photocatalytic degradation of organic dyes using semiconductors has attracted great attention [6]. This refers to
the process in which organic compounds are gradually oxidized into inorganic compounds or even H2O and CO2 under
the synergistic effects of light and photocatalysis.

ZnO is one of the most suitable catalysts in many industries given its inexpensive, non-toxic, efficient and anti-
corrosion properties [7]. Nevertheless, it still has some disadvantages with respect to photocatalysis. For example, it has
a narrow response range, low quantum efficiency, and its photogenerated electron-hole pairs are easy to recombine. The
photocatalytic performance can be greatly affected by the particle size, morphology and concentration [8, 9]. As such, it
is possible to modify these ZnO properties to enhance its photocatalytic efficiency. Doping ZnO with rare-earth ions is an
attractive strategy to improve its photocatalytic activity by modifying its surface morphology [10, 11].

ZnO NPs can be synthesized by various chemical and physical routes including the hydrothermal method, the sol-
gel method, the laser ablation method, the sonochemical technique, the mechanochemical method and the microwave
technique [10–14]. However, some of these methods require high pressure and high temperature, while others require inert
atmosphere and toxic chemicals [15]. In addition, these routes include complex and expensive synthesis and purification
processes making them less preferable.

Recently, a biological synthesis of ZnO NPs via micro-organisms and plant extracts has been developed as an al-
ternative to chemical and physical routes due to its cost effectiveness, simple handling, nontoxicity and eco-friendly
nature [16,17]. Therefore, in this work, we study the effects of different concentrations of the extract of the Hibiscus sab-
dariffa leaves in the green synthesis of ZnO NPs, as well as the characterization of the obtained material and its application
in the photocatalytic degradation of methylene blue (MB).
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2. Experimental details

2.1. Synthesis of ZnO nanoparticles

Hibiscus leaves were collected from College campus, (TBML College is located at: Porayar, Tranquebar (Tk), Na-
gapattinam (Dt), Tamilnadu, Porayar, Tamil Nadu, S. India Latitude: 11.0268187, Longitude: 79.8327422) washed and
cut into pieces. It was boiled in distilled water for around an hour to get brown coloured leaf extract. The extract was
filtered and preserved in the refrigerator. For the synthesis of zinc nanoparticles, 25 ml of leaf extracts was taken into a
250 ml beaker and boiled the extracts for 15 min at 60 – 80 ◦C using thermal control magnetic stirrer. 5 g of zinc nitrate
was added to the solution when solution reached the temperature 60 ◦C. The mixture was then boiled until it reduced the
Zn2+ ions and produced deep yellow coloured paste. Then the yellow paste was taken in a ceramic crucible and heated in
furnace at four different temperatures 300, 400, 500 and 600 ◦C for 2 h. After cooling the crucible a light yellow coloured
powder was obtained and this was carefully collected and stored in a zipper packet and used and saved for characteriza-
tion. Whitish powder of ZnO nanoparticles formed in the crucible was removed from the furnace and crushed into a fine
powder by using pestle and mortar.

2.2. Characterization

The materials were characterized and studied by different techniques. X-Ray Diffraction (XRD) was used to un-
derstand the crystal structure of the samples. Fourier-Transform Infrared Spectroscopy (FTIR) was used to study the
functional groups present in the samples. Scanning Electron Microscopy (SEM) was used to study their morphology.
Lastly, Ultra Violet-to-Visible spectroscopy (UV-Vis) for the study of the band gap of the samples, as well as the catalytic
activity during the MB degradation.

2.3. Photocatalytic activity

The photocatalytic degradation activity of methylene blue (MB) dye solution was evaluated by the synthesized ZnO
NPs. All the experiments were performed in the presence of sun light. Prior to the experiment, a suspension was arranged
by adding 10 mg of synthesized ZnO NPs for different temperatures denoted as R1 for 300 ◦C, R2 for 400 ◦C, R3 for
500 ◦C and R4 for 600 ◦C. For each samples mixed with 100 ml of methylene blue (MB) dye solution in a 250 ml
beaker placed on a magnetic stirrer at sunlight. Later, the mixture solution was kept in the dark for 10 min to set up the
adsorption equilibrium. 5 ml reaction mixtures were taken at regular time interval (15 min) and centrifuged the solution
for measurement. The absorption spectrum of the suspension mixture was measured periodically using an UV-visible
spectrophotometer monitoring its absorption peak around 554 nm. The percentage of dye degradation was calculated
using the following formula:

C0 − Ct

C0
· 100 %,

where C0 is the initial concentration of methylene blue, and Ct is the concentration of the dye at different time intervals.

3. Results and discussion

3.1. XRD analysis of ZnO nanoparticles

Figure 1 shows the XRD patterns of synthesized ZnO NPs. It reflects that all the diffraction peaks of ZnO NPs match
with the standard Zn ONPs data. The X-ray diffraction patterns of the green synthesis NPs show different diffraction peaks
at the 2θ values of 32.11, 34.76, 36.59, 47.85, 56.91 and 63.16 ◦; indexed to the (100), (002), (101), (102), (110) and (103)
planes, respectively. These correspond to the hexagonal structure of the Wurtzite crystalline phase that is characteristic
for ZnO NPs (JCPDS: 36-1451). For the diffraction pattern of the R3 sample, rigid and narrow diffraction peaks are
observed, indicating that it has a good crystalline structure. However, in the diffraction patterns of the samples R1, R2 and
R4 a decrease in the intensity and a widening of the diffraction peaks are observed, which is attributed to the decrease in
the size of the crystals.

The crystal size can be calculated using the Debye–Scherrer formula [18]:

D =
Kλ

β cos θ
,

where D is the average size of the crystals, K is a dimensionless value (it is a constant approximately equal to 0.9), λ is
the X-ray wavelength, β is the full width at half-maximum peak intensity (FWHM), and θ is the Bragg angle. The sizes
of the crystals calculated from the XRD diffractograms were 38.33, 36.24, 28.01 and 32.12 nm for R1, R2, R3 and R4,
respectively. These results indicate that the annealing temperature strongly influenced the crystallinity and the size of the
crystals.
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FIG. 1. XRD patterns of synthesized ZnO NPs

3.2. FTIR analysis

FTIR is an important tool to understand the functional groups and the relation between metal particles and biomole-
cules. The FTIR spectrums of Hibiscus leaf extract and synthesized ZnO NPs are shown in Fig. 2. The FTIR absorbance
at 3408 cm−1 reveals the presence of O–H stretching vibration, a peak at 2927 cm−1 is due to C–H stretching vibration.
It reveals that there are vibrational wavenumbers 865, 1105, 1495, 2926 and 3445 cm−1, corresponding to CH, C–OH,
CH2–OCH3/CH2–CH3 and OH functional groups which are presented in the hibiscus extract in ZnO nanoparticles. The
peak at 1614 cm−1 results from the stretching bands of C=O functional groups. Metal oxides generally give absorption in
fingerprint region, i.e. below 1000 cm−1 arising from inter-atomic vibrations. The FTIR spectrum of the main absorption
band is due to Zn–O stretching of ZnO in the range of 552 – 417 cm−1. From the FTIR result the soluble elements
presented in hibiscus extract could have acted as capping agent preventing the aggregate of nanoparticles in solution
and laying a relevant role in their extracellular synthesis and shaping [19]. In addition to the absorption bands of the
biomolecules used as reduction and stabilization (capping agents), the absorption peak at 440 cm−1 indicates the presence
of ZnO NPs.

3.3. Morphological studies

The morphological structure and size of the ZnO NPs are analyzed by scanning electron microscopy (SEM). The
SEM image of prepared ZnO NPs is shown in Fig. 3(a–d). The nanoparticles are mostly spherical in shape. SEM image
of ZnO reveals that the sizes of the spherical nanoparticles are in the range of 20 – 50 nm.

The EDX spectrum of ZnO NPs shows peaks corresponding to Zinc and Oxygen. The atomic percentages of ZnO
NPs are found to be 52.69 and 47.31 % respectively as shown in Fig. 4.

3.4. Diffuse reflectance spectroscopy

Diffuse Reflectance Spectrum (DRS) of the synthesized ZnO nanoparticles were recorded at room temperature in the
wavelength range of 190 – 900 nm. Kubelka–Munk (K–M (or) F (R)) formula [19] was used to determine the band gap of
the materials. F (R) was derived from the relation F (R) = (1−R)2/2R, where R is the reflection of the particles which
is proportional to the extinction coefficient (α). Modified Kubelka–Munk formula can be derived by multiplying F (R)
by hν where h is the Planck constant (6.626 · 1034 Joules) and ν is the light frequency (s−1) associated with electronic
transition. Plotting the value of (F (R)hν)2 as a function of hν one can find the direct band gap of ZnO nanoparticles. In
the present work optical band gap of ZnO nanoparticles prepared from Hibiscus extract R1, R2, R3 and R4 is 3.24, 3.21,
3.28 and 3.22 eV respectively (Fig. 5(a, b)).
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FIG. 2. FTIR spectrum of leaf extracted ZnO

FIG. 3. The SEM image of prepared ZnO NPs
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FIG. 4. The EDAX analysis of prepared ZnO NPs

(a) (b)

FIG. 5. DRS of ZnO (a), TAUC plot of hibiscus leaf mediated ZnO NPs (b)

3.5. Photocatalytic activity

The photocatalytic dye degradation process 0.5 g of synthesized ZnO nanoparticles was added with 5 ppm of 100 ml
of Methylene Blue (MB) solution. Initially MB dye absorption spectrum was recorded in the 190 – 1100 nm range using
Shimadzu, UV-2600 spectrophotometer. Further, this solution was continuously stirred for 30 min to analyse adsorption
and desorption equilibrium between catalyst and MB under dark condition. The stable aqueous dye solution was stirred
and exposed under the sun light irradiation for 30 min. Then the experiment was carried out in the interval of 30 min and
the UV-Vis absorption spectrum was recorded. Thus, the experiment was carried out for the total period of 120 min (one
cycle) and the absorption spectrum was recorded at the interval of every 30 min. At the end of each cycle the dye solution
was centrifuged to separate the ZnO nanoparticles and they were used without further treatment for next cycles.

ZnO nanoparticles synthesized from the Hibiscus extract solution of various annealed temperature (R1, R2, R3 and
R4) were used in the degradation experiment of MB and the results of ZnO nanoparticles in the degradation of MB dye
with respect to time (0 to 120 min) are shown in Fig. 6. The characteristic absorption peak of MB at 554 nm was chosen
to monitor the photocatalytic degradation process. The degradation of MB dye is 57, 68, 94 and 73 % due to the ZnO
nanoparticles prepared at R1, R2, R3 and R4 respectively as shown in Fig. 6(a–d). The degradation activity of ZnO
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catalyst obtained from the precursor solution R3 is relatively high when compared to the degradation activity of ZnO
catalyst prepared from the other samples. It is shown in Fig. 7.

FIG. 6. Degradation effect of hibiscus leaf mediated ZnO NPs

FIG. 7. Degradation Percentage of hibiscus leaf mediated ZnO NPs

The experiments prove that hibiscus leaf extract mediated ZnO improves the photocatalytic ability. In heterogeneous
photocatalysis, when catalyst is irradiated with light with the photon energy greater than or equal to the band gap of
catalyst, an electron from valence band jumps to the conduction band leaving a hole behind. Valence band hole reacts with
water molecules to give −OH radicals and conduction band electron combines with adsorbed oxygen to give superoxide
radical anion which further results in the formation of −OH radicals. The −OH radical is a strong oxidizing agent. It
oxidizes dye molecules. This leads to its complete mineralization.
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Temperature is one of the major factors that significantly influence the shape, size, stability, and yield of the NPs
synthesized via a green route. Reaction temperature increase improves the reaction rate and high-temperature lead to
increase of the nucleation rate. At high temperature, the NPs size was decreased. The underlying mechanism for green
synthesis of ZnO NPs has not been fully understood as yet. Free amino and carboxylic groups of proteins, alkaloids,
phenolics or avonoids, presented in the plant extract, may bind to the surface of zinc (Zn2+) and trigger the formation of
ZnO NPs. In heterogeneous photocatalysis, when catalyst is irradiated with light of photon energy greater than or equal to
the band gap of catalyst, an electron from valence band jumps to the conduction band leaving a hole behind. Valence band
hole reacts with water molecules to give OH radicals and conduction band electron combines with adsorbed oxygen to
give superoxide radical anion which further results in the formation of OH radicals. The OH radical is a strong oxidizing
agent. It oxidizes dye molecules. This leads to its complete mineralization

4. Conclusions

Synthesis of nanoparticles by using different parts of plants has been encouraged the designing of simple, green,
cost and time effective approaches by minimizing the use of chemicals and solvents. Present study result highlights the
effective use of leaf extract of Hibiscus rosasinesis towards synthesis of zinc oxide nanoparticles and their characterisation
through XRD, SEM, UV-vis and FTIR study. The spherical structure and size (< 50 nm) of the synthesized nano ZnO
is confirmed by SEM study. Moreover, XRD studies suggest that nano ZnO is absolutely crystalline in nature. The
synthesized ZnO NPs (R3) can be effectively used as an adsorbent which can remove approximately 94 % of methylene
blue (MB) from aqueous solution. Therefore, it can be suggested that green synthesis of nano ZnO could be an alternative
adsorbent for removal of dye from aqueous medium. Various efforts are being made to explore new materials as well
as increasing the efficiency of existing bio adsorbents and designing of hybrid technologies targeting multicomponent
bio adsorption. In future, bio adsorbents are poised to witness extensive applications at domestic and industrial scale to
minimize the menace of environmental pollution. Moreover, the present study needs further field of application in order
to explore more concrete information about the efficacy of this particular bio adsorbent.
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