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a b s t r a c t
Synthesis of nanoparticles using green synthetic route achieving much more importance, because 
of its simple, clean, nontoxic and eco-friendly approach and it is a better alternate for chemical and 
physical methods. This work demonstrates the bio-synthetic route for the synthesis of zinc oxide 
nanoparticles using Paspalidium flavidum (weed grass) plant extract. The synthesized nanoparticles 
were characterized using various analytical techniques. The photocatalytic degradation of amido black 
10B dye was also performed using prepared nanoparticles under sunlight luminance. The antibacte-
rial activity against Bacillus subtilis and Pseudomonas aeruginosa bacteria confirmed that biosynthesized 
nanoparticles exhibit excellent activity against B. subtilis.
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1. Introduction

Nanotechnology is a process of controlling matter 
on atomic or molecular scale for constructing functional 
materials, devices or even systems. The nanoscale has fun-
damental properties of thermal conductivity, electronic 
conduction and tensile strength [1,2]. The nanoparticles are 
unknowingly used for staining drinking glasses and curing 
certain disease since long, but nowadays, more frequently 
integrated into various industries, diagnostic techniques, 
medicines (in drugs, antimicrobial bandages, disinfectant, 
etc.), cosmetics (sunscreens, talcum powders, etc.), optics, 
space and in reducing pollution by eliminating the use of 
toxic materials [3,4]. This technology is already very much 
entrenched in our life, but still there is space for discovery 
and integration of nanosystems for the improvement of tech-
nologies. Recently, biosynthetic methods which either use 
biological microorganisms or plant extract for synthesizing 
metal nanoparticles with specific properties has attracted 
the attention of modern researchers [5,6]. These metal 

nanoparticles can be produced from waste plant products 
(Phytonanotechnolgy) with nontoxicity, biocompatibility 
and medical applicability, which may fulfil the high demands 
of biomedical and environmental fields [7–9]. 

Zinc oxide is a wide band gap semiconductor of the 
II–VI semiconductor group with excitation energy of 60 meV 
and broadband gap of 3.37 eV [10]. ZnO NPs are always 
the centre of attraction due to their wide range of extensive 
properties, such as bio-sensor [11], gas sensors [12,13], LEDs 
[14], electrode material in lithium-ion batteries [15] and for 
the treatment of skin diseases [16].

Dye contaminants from various industries demonstrate 
a fundamental role to damage the environment [17–21]. 
One of the most harmful dye, amido black 10B commonly 
known as naphthol blue black is frequently used in plastic, 
paint, leather industries and fabrics [22–24]. Due to the per-
sistent, toxic, nonbiodegradable and carcinogenic nature, it 
can adversely affect the environment [25]. Thus treatment 
of wastewaters containing dye is extremely essential for 
the safety of both human and marine ecosystems [26–32]. 
ZnO NPs are semiconductor-mediated photocatalyst and 
during photolysis, hydroxyl and superoxide radicals have 
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been generated and degrade the dye molecules and organic 
pollutant into nontoxic by-products. 

Paspalidium flavidum a weed grass, which is 10–70 cm 
long and found in culms [33,34]. The secondary metabolites, 
such as alkaloids, flavonoids, tannins and saponins, are pres-
ent in P. flavidum [35]. These metabolites act as stabilizing 
agents, so responsible for the reduction in size of ZnO NPs 
and also the high flavonoids content imparts properties, such 
as antiinflammatory, analgesic, antioxidative, antifungal, 
antibacterial and immonustimulant to the weed grass [36–38].

Thus with this perspective, the ZnO NPs were prepared 
from the weed grass P. flavidum and characterized by scan-
ning electron microscopy (SEM), energy dispersive X-ray 
spectroscopy (EDS), X-ray diffraction (XRD) and Fourier 
transform infrared spectroscopy (FT-IR)  techniques. The 
photocatalytic degradation of amido black 10B dye was 
performed using prepared nanoparticles under sunlight 
luminance. The antibacterial activity was also performed 
against Bacillus subtilis and Pseudomonas aeruginosa.

2. Experimental

2.1. Materials

All chemicals utilized in the work were of analytic grade 
and all solutions were prepared using deionized water. The 
chemicals, such as zinc nitrate and sodium hydroxide (for 
NPs preparation), potassium dichromate and mohr’s salt 
(chemical oxygen demand (COD) determination), amido 
black 10B dye (photocatalytic activity), were procured from 
MERCK and LOBA (AR) and used without any purification. 
100 ppm solution of dye was prepared as a stock solution 
and it was further diluted with deionized water. P. flavidum 
(weed grass) has been sourced from Punjabi University, Patiala.

2.2. Method

2.2.1. Preparation of plant extract

Wild populations of P. flavidum were collected from 
Botanical garden of Punjabi University, Patiala, Punjab, 
India. The sample was washed with deionized water to elimi-
nate the dust or impurities and shade dried at room tempera-
ture for at least 24 h to remove moisture. The dried leaves 
were then stored in desiccator for subsequent uses. For the 
preparation of the fresh extract, 10 g of dried leaves were 
poured in 100 mL deionized water and then boiled for 30 min 
until the solution’s colour changes from transparent to pale 
yellow. Then, the extract was cooled, filtered and centrifuged 
to remove undissolved materials. 

2.2.2. Synthesis of ZnO NPs

ZnO NPs were synthesized by green route using 
P. flavidum and zinc nitrate as a precursor. The aqueous 
solution of NaOH (2 M) with pH = 12 was used to obtain the 
colloidal solution of nanoparticles. Stoichiometric amount of 
zinc nitrate, that is, 0.50 mg was dissolved in 100 mL deion-
ized water and stirred with magnetic stirrer. Along with stir-
ring, 8 mL of leaf extract was added dropwise. After 10 min 
of stirring, drop-wise addition of 6 mL of 2 M aqueous NaOH 
solution was done. During the addition, colloidal milky 

coloured solution was obtained. The obtained solution was 
kept for 2 h so that white colour ZnO NPs were settled down 
at the bottom of the beaker. The solution was filtered and 
washed four times with deionized water and then dried in 
desiccator. The nanoparticles were prepared by varying 
the concentrations of the plant extract (8, 10, 12 and 14 mL), 
amount of NaOH (4, 6, 8 and 10 mL), stirring time (10, 15 and 
20 min) and different pH (3, 5, 7, 9, 11 and 12). 

2.2.3. Characterization techniques

The elemental composition and surface morphology 
of NPs were examined by SEM attached with EDS using 
Hitachi SU-8010 SEM instrument. The crystal structure and 
phase purity of synthesized sample were determined by 
Rikaguminiflex 600 X-ray diffractometer using Cu-α radiation 
(λ = 1.54 Å), working at 40 kV, 15 mA with scanning speed of 
4.000° min–1. IR spectra were obtained using FTIR spectropho-
tometer (Perkin-Elmer spectrophotometer – RXI). The optical 
and photocatalytic properties of ZnO NPs were characterized 
based on UV absorption spectra using double beam UV-visible 
spectrophotometer (UV-1800 Shimadzu, Japan). The prod-
ucts obtained after dye degradation were identified using  
liquid chromatography mass spectrometry (LCMS) technique.

2.2.4. Antibacterial activity

Disc diffusion method was used to study the antibacte-
rial activity of ZnO NPs against B. subtilis and P. aeruginosa 
bacteria. Sterilized nutrient agar medium of pH 7.0 con-
taining yeast extract (2.0 g/L), beef extract (1.0 g/L), peptone 
(5.0 g/L), NACl (5.0 g/L) and agar (15 g/L) was poured in auto-
claved petri plates under laminar flow bench. ZnO NPs were 
sonicated until a uniform colloidal suspension was formed 
to yield a powder concentration of 2 mg/mL. To assess the 
toxicity range of nanoparticles against bacteria, volume of 
10 μL of ZnO solution was poured in disc. The plates were 
then incubated at 37°C. The zone of inhibition (ZOI) was 
measured after 24 h of incubation.

2.2.5. Photocatalytic degradation of dye

The photocatalytic degradation of amido black 10B dye 
using ZnO NPs was carried out under solar irradiation. In 
typical procedure, 100 mL dye solution containing fixed 
amount of NPs was stirred for half an hour on magnetic 
stirrer and then irradiated under sunlight for three and half 
hours. 5 mL solution of dye was withdrawn at predeter-
mined time intervals, filtered and centrifuged. With the help 
of UV-visible spectrophotometer, absorbance of dye solu-
tion was measured from which degradation percentage was 
found by the following formula:

Percentage degradation =
−

×
C C
C

t0

0

100  

where C0 is initial concentration of dye and Ct is concentra-
tion of dye at time t.

To measure the efficiency of photodegradation of amido 
black 10B, the COD has been taken as another parameter. 
For COD determination, volumetric analytical method has 
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been used in which organic compound has been oxidized by 
strong oxidizing agents, such as K2Cr2O7.

CH O Cr O H CO Cr H O2 2 7
2

2 2+ + → + +− + +3  

For COD determination, 2.0 mL solution of 0.25 N 
K2Cr2O7 and 1.0 mL of deionized water has been taken in 
titration flask. One to two drops of ferroin indicator has been 
added and the solution has been shaken for 5 min. This blu-
ish green solution has been titrated against 0.1 N Mohr’s salt 
solution till reddish colour is obtained. The volume of 0.1 N 
Mohr’s salt consumed has been recorded. The volume used 
is the blank titration reading is ‘x’. The same procedure is 
repeated with 1.0 mL of dye solution. The volume of Mohr 
salt solution used in the sample titration reading is ‘y’.

COD determination:

COD
Volume of effluent mg

L

=
× ×











× −( )N x y1 000 8,  

where x = blank titration reading; y = sample titration reading.
The percentage of COD reduction was calculated by using 

the formula:

Percentage COD reduction
COD COD

COD
=

−
×0

0

100t

where COD0 = initial COD value; CODt = COD value at time 
‘t’ after photodegradation.

The data has been applied to pseudo-first-order kinetics 
model and the equation is given below:

ln
C
C

kt
t

0







 =  

where k is apparent rate constant.

3. Result and discussion

3.1. Characterization of ZnO NPs

The physical properties including shape, size, colour, 
crystallinity, morphology, etc. play a vital role in character-
ization of NPs. The synthesized NPs were white in colour 
and insoluble in water, benzene, chloroform, dimethyl sul-
phooxide and dimethyl formamide. The size, shape and 
surface morphology were examined by using the following 
techniques, such as XRD, EDS, SEM and FT-IR.

3.1.1. X-ray diffraction

X-ray diffraction is an influential analytical technique 
to analyse the structural features, such as average size, cell 
spacing, shape and crystal structure of crystalline samples. 
Fig. 1 displays the XRD spectrum of ZnO NPs and Table 
1 depicts XRD parameters. The X-ray diffraction peaks 
appeared at angles 32.406, 35.070, 36.896, 48.178, 57.244, 
63.502, 67.011 and 77.571 corresponds to diffractional planes 
(100), (002), (101), (102), (110), (103), (112) and (202) (JCPDS 
card 36–1,451), respectively, approving hexagonal wurtzite 
structure of synthesized NPs. By taking the full width at half 
maxima (FWHM) of these peaks, the average size of nano-
crystallines has been calculated using Debye–Scherrer for-
mula [39]:

D k
=

λ
β θcos

 

where λ is the X-ray wavelength of Cu Kα radiation 
(0.154 nm), k (=0.9) is the shape factor, θ is the Bragg’s angle 
and β is the experimental FWHM of the respective diffraction 
peak (in units of radians). The average size of NPs has been 
found to be 22.65 nm.

Fig. 1. XRD pattern of synthesized ZnO nanoparticles.
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The Lattice parameters ‘a’ = 3.22 Å and ‘c’ = 5.16 Å for 
hexagonal wurtzite system have been calculated by the 
following equation [40]:

Sin2θ
λ 1

= + +( ) +
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3.1.2. SEM and EDS analyses

The morphology and structure of prepared NPs were 
investigated by using SEM. Morphology and microstructure 
of ZnO NPs according to SEM analysis (Fig. 2) were floral 
shape with rough and porous surface. Fig. 3 and Table 2 cor-
respond to the EDS analysis of synthesized NPs with 49.61% 
zinc, 24.05% oxygen and 26.34% carbon, respectively, which 
confirmed the presence of plant part (may be flavonoids 

or cellulose) along with ZnO NPs. EDS results are in good 
agreement with the XRD results.

3.1.3. FT-IR analysis

For investigation of the functional group of capping 
agent associated with synthesized particles, FT-IR spectro-
scopic studies were performed which are shown in Fig. 4. 
The IR spectra consist of bands at 544, 910, 3,367.58, 1,649.83, 
2,920.75 and 2,104.92 cm–1. The peak appeared at 544 cm–1 
might be attributed to Zn–O bond, while the band at 910 cm–1 

may correspond to C–C stretching vibrations. The broad 
band appearing at 3,367.58 cm–1, that is, at shifted position 
may be assigned to O–H stretching mode [41–43]. FT-IR 
spectra showed the presence of peak at 1,649.83 cm–1 may be 
due to O–H bending of absorbed water or carbonyl group. 
The band present at 2,920.75 cm–1 may correspond to asym-
metric C–H stretch. The band present at 1,385.53 cm–1 may 
correspond to C–H bending in the plane [44].

3.2. Factors affecting yield of ZnO NPs

A range of factors including amount of extract, volume 
of NaOH and pH was studied and it was found that these 
factors affect the yield of NPs. 

To study the effect of amount of plant extract on yield 
of nanoparticles produced, different volume (4, 6, 8, 10, 12 
and 14 mL) of extract was added to the solution and it was 
observed that no product was formed until 8 mL of extract 
was added. On addition of 8 mL of plant extract, large quan-
tity of product was obtained. Further addition of extract did 
not affect the yield of NPs.

Various volume of supporting electrolyte, that is, NaOH 
was used for the synthesis of NPs and it was found that 

Table 1
XRD parameters for synthesized ZnO NPs

S. No. 2θ (degrees) d (Å) FWHM (degrees) Size (nm)

1. 13.481 6.56819 0.818 10.87
2. 28.763 3.10381 0.614 13.37
3. 32.406 2.76279 0.332 24.88
4. 35.070 2.55874 0.153 54.41
5. 36.896 2.43620 0.281 29.75
6. 48.178 1.88881 0.307 28.40
7. 57.244 1.60936 0.281 32.18
8. 60.095 1.53966 0.818 11.22
9. 63.502 1.46502 0.460 20.29
10. 67.011 1.39657 0.460 20.70
11. 68.580 1.36841 0.511 18.79
12. 69.714 1.34890 0.511 18.90
13. 73.222 1.29268 0.511 19.35
14. 77.571 1.23072 0.761 14.22

Fig. 2. SEM images of synthesized ZnO nanoparticles.

Fig. 3. Energy dispersive spectra of synthesized ZnO NPs.

Table 2
EDS analysis data for synthesized ZnO NPs

Element Percentage weight Percentage atomic weight

Zn 49.61 17.03
O 24.05 33.74
C 26.34 49.23
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on addition of 2 and 4 mL of 2 M NaOH, no product was 
formed, but with 6 mL of NaOH, there was formation of 
product. Further addition of NaOH did not effect on the 
yield of product.

The pH of solution is also a significant parameter so 
that the synthesis of NPs was carried out by varying the pH 
value 3, 5, 7, 9, 11 and 12. It was noticed that between pH 9 
to 11, there was the formation of nanoparticles but yield was 
low, on further increasing pH to 12, yield was increased for 
fixed concentration of NaOH solution.

3.3. Optical characterization

The optical band gap of synthesized ZnO NPs was 
measured with the help of UV-visible spectrophotometer in 
the range of 200–700 nm. The band gap was calculated by 
the following formula [45]:

E hc
g = λ

 

where Eg is optical band gap, c is the speed of light in 
vacuum, h is Planck’s constant and λ is photon’s wave-
length. The calculated band gap at a wavelength of 365 nm 
was found to be 3.4 eV (Fig. 5). The reported value in the lit-
erature was found to be 3.3 eV, which is less than the present 
value, confirmed that present synthesized NPs having great 
optical activity [46].

3.4. Photocatalytic activity

Due to the enhanced photocatalytic activity and for-
mation of nontoxic by-products during photocatalysis, 
ZnO turned out to be a superior photocatalyst [47]. In 
photocatalysis, hydroxyl and superoxide-containing radi-
cals were formed, which are responsible for the degradations 

of dyes and other organic pollutants [48]. The plausible reac-
tion mechanism of photocatalysis as reported in literature is 
given as follows:

ZnO Amido black B ZnO

ZnO hv ZnO e
dye adsorbed

dye adsorbed

+ →

+ →

( )

( )

10

CCB VB dye adsorbed
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h

ZnO h H O ZnO OH
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− +

+
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( ) + → ( )
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H

ZnO e O ZnO O

O

CB dye adsorbed dye adsorbed

• +

− •−

+

( ) + → ( )2 2

2
••− •+ + → +OH ZnO degradation product ZnOdye adsorbed

In the work, photodegradation of amido black 10B dye 
was used to assess the photocatalytic activity of prepared 
NPs. The effect of different factors, such as the concentra-
tion of dye, NPs amount and pH on degradation of dye, was 
studied and discussed below.
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Fig. 4. IR spectrum of synthesized ZnO NPs.

Fig. 5. UV-visible spectra of ZnO NPs.
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The effect of initial dye concentration and contact time 
were investigated by changing the concentration of dye from 
30 to 50 mg L–1 with time intervals of 30–210 min. The data 
designate that the percentage removal of dye was decreased 
with increase in concentration but increased with time of 
photolysis (Fig. 6). At lower concentration, the available 
binding sites were occupied by the dye molecules, which 
resulted in better degradation of dye, but as the concen-
tration increased, the surface active sites on the surface of 
NPs were decreased, thereby lowering the rate of formation 
of hydroxyl radicals [49]. The effect of amount of NPs on 
degradation was also been studied and it is clear from Fig. 7 
that the rate of dye degradation increased with increase of 
amount of NPs due to increase of surface area. But optimum 
amount of NPs was found to be 0.2 g, because at higher con-
centration (0.3 g) agglomeration of NPs occurred, resulted in 
decrease in surface area and causes dye degradation [50]. The 
effect of pH on degradation process is shown in Fig. 8. ZnO is 
amphoteric in nature, so at lower pH value zinc oxide forms 
salt while at higher pH it forms complex [Zn (OH) 4]2–. At pH 
value 6.8, that is, at the actual pH of dye it shows best results 
in comparison with low and high pH. 

COD is the measurement of the amount of organic mat-
ter present in a sample and it allows the feasibility of waste 
in terms of the total amount of oxygen, that is, essential 
for the oxidation of organic matter to CO2 and H2O. The 
degradation efficiency of ZnO NPs was evaluated through 
COD analysis for treated and untreated dye solution. It was 
observed that COD reduction percentage was decreased 
with increase of amount of NPs and maximum reduction 
was obtained with 0.2 g of particles (Fig. 9). In case of 
pH, the percentage reduction was increased with increase 
of pH, that is, in acidic medium COD reduction was found 
to be 5.8%, whereas in basic medium it was increased up 
to 27.2%.

3.4.1. Kinetics of degradation

The data obtained after degradation of dye in the presence 
of ZnO NPs has been subjected to Langmuir–Hinshelwood 
equation [51], that is,

ln
C
C

kt
t

0







 =  

For pseudo-first-order kinetic model, a linear plot 
between ln(C0/Ct) versus time is shown in Fig. 10, from 
which the value of rate constant (k) was calculated, 
which is 0.007 min–1 with good regression coefficient value 
(R2 = 0.99).

Fig. 6. Effect of contact time and initial dye concentration on 
percentage degradation of dye.

Fig. 7. Effect of amount of ZnO NPs on percentage degradation 
of amido black 10B dye.

Fig. 8. Effect of pH on percentage degradation of amido black 10B.

Fig. 9. Concentration of dye versus COD reduction.
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3.4.2. LC-MS study

LC-MS spectra of solution were obtained after degrada-
tion of amido black 10B dye in the presence of ZnO NPs as 
catalyst. The spectra consist of peak corresponds to molec-
ular mass 616, 513, 466, 433, 443, 398, 293, 170, 142, 90, 77 
and 63. Thus from LCMS peaks it may be concluded that 
benzene (molar mass 78.11 g/mol) and cyclopentane (molar 
mass 71.1 g/mol) were the end product on degradation of dye 
amido black 10B.

3.5. Antibacterial study

Antibacterial study of ZnO was measured against B. subti-
lis (gram positive) and P. aeruginosa (gram negative) bacterial 
strains by measuring the ZOI. It was noted that synthesized 
NPs have great activity against gram-positive bacteria but is 

completely inactive against gram-negative bacteria. The ZOI 
was found to be 28 mm against B. subtilis at the concentra-
tion of 200 mM. Maximum ZOI is due to the small sized NPs, 
which penetrate into cell membrane. This penetration may 
causes disturbance into membrane due to production of reac-
tive oxygen species that kills the bacteria [52]. On comparing 
the result of antibacterial activity of ZnO nanoparticles with 
traditional antibiotics, it was observed that ZnO nanoparti-
cles synthesized by biochemical method showed more activ-
ity and the results obtained from literature are described in 
Table 3.

4. Conclusion

With the potential use and environmental friendly bio-
synthesis process, the present investigation demonstrated a 
simple green synthetic route for the synthesis of ZnO NPs 
using P. flavidum (weed grass) plant extract. The prepared 
NPs were found to have hexagonal wurtzite structure with 
size of 22.65 nm and floral shape as confirmed by XRD and 
SEM analysis. The prepared ZnO NPs were used as photo-
catalyst for the degradation of amido black 10B under sun-
light illumination and also exhibited significant antibacterial 
activity against B. subtilis. The degradation of dye resulted 
in nontoxic and low-molecular-weight compounds as con-
firmed by LC-MS study. Thus it was concluded that synthe-
sized nanoparticles had enhanced antibiotic and effective 
photocatalytic properties.
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