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Use of plant materials in the synthesis of plant nanocomposites gives rise to
ecofriendly methods that desist from the addiƟon of toxic chemicals into the envi-
ronment. The present study is focused on the synthesis of silver (Ag) nanocompos-
ites using powderedmaterial of differentmedicinally important reported plants and
the invesƟgaƟon of their water decontaminaƟon potenƟal. Heterophragma adeno-
phylla (Ha) capsules and Syzygium cumini (Sc) seed powders were used for the
synthesis of silver nanocomposites. The synthesized nanocomposites were charac-
terized using X ray diffracƟon paƩern (XRD) and Fourier transform infrared spec-
troscopy (FT-IR). The calculated nanosizes of Ag-Sc and Ag-Ha composites were
4.6 nm and 21.81 nm respecƟvely. FT-IR further confirms the presence of func-
Ɵonal groups that can provide sites for the nanoparƟcles to bind with. Further-
more, the synthesized nanocomposites were used in the treatment of waste water
by conducƟng batch mode adsorpƟon study, for the removal of chromium (VI). Var-
ious parameters like Ɵme of contact, adsorbent dose and pH were opƟmized for
the effecƟve removal of the metal. Equilibrium modeling revealed that Langmuir
adsorpƟon model best fiƩed with the removal of chromium using silver based Sc-
nanocomposites (qmax = 8.550). Pseudo second order kineƟcsmodel (R2 = 0.999 and
1.00 for Ag-Ha and Ag-Sc, respecƟvely) explained the Ɵme dependent removal of
chromium.
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INTRODUCTION

I n last few years nanotechnology is
budding rapidly because of the variety
of applications of nanomaterials due

to unique properties that owe to their nano
sizes1. The field includes the synthesis
of nanomaterials, characterization, and
their potential applications. For years wet

chemical processes have been used for
the manufacturing of nanomaterials that
involve the use of toxic and flammable
chemicals and may lead to the synthe-
sis of toxic byproducts2. Nanomaterials
have a direct or indirect impact on human
life as the nanomaterials are present in
the objects of daily use like sunscreens,
toothpastes, coatings of ceramic mate
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rials that are used in making sani-
tary wares, medicine coatings and in
food products.3 Nobel metal nanoma-
terials are widely used in products that
directly come in contact with human
body. This factor leads to the require-
ment of designing ecofriendly proce-
dures that don’t involve the use of
toxic chemicals.4,5 For the synthesis of
nanomaterials, a number of ecofriendly
and cost effective biosynthetic methods
have been introduced which include the
use of microorganisms like beneficial
bacterial species6 or fungal moieties7,8
and extracts of different medicinally
important plants9–11 that have gained
more interest than complex chemical
processes11. A lot of studies has been
carried out on the use of plant extracts
in nanosynthesis.2,5,9,10,12

Syzygium Cumini (Jamun Fruit) has
higher content of antioxidants, vita-
mins, tannin and anthocyanins13,14 and
antimicrobial and antioxidant activities
of jamun seeds are efficient. Apart from
these, jamun seeds are valuable in anti-
cancer skin treatments, gastrointestinal
problems antidiabetic, carioprotective,
immunodulatory, neuro psychophar-
macological and hypolipidemic prop-
erty. The noble metal nanoparticles
especially the silver nanoparticles
(AgNPs) offers charismatic proper-
ties of dye removal15, inhibitor to
various microorganisms16, effective
against multi-drug resistant bacte-
ria16,17, low toxicity12, antioxidant17,
anti-inflammatory and a long range of
medical applications18.

Water contamination with heavy
metals has reached on the alarming
level due to geological reasons and
anthropogenic activities. As a result
of which, heavy metals are getting
accumulated in edible items and have
entered in food chain. Electroplating,
paints and pigments, metal processing,
steel fabrication and canning industry
are the sources of chromium contami-
nation in water which leads to the toxic
effects of epigastric pain, nausea, vom-
iting, severe diarrhoea, lung tumors,
carcinogenic, mutagenic, teratogenic.

Different techniques that can be used
for heavy metal removal from water
are adsorption, chemical precipitation,
using natural zeolites chemical coag-
ulation, flocculation, ion exchange,
membrane process and ultra-filtration
and electrochemical methods. The use
of biosorbents as adsorbents is a cost
effective way to remove heavy metals
in low concentrations. In the present
work, nanocomposites of silver are syn-
thesized using syzygium cumini seed
powder and are used as biosorbents
in the removal of chromium. Synthe-
sized nanocomposites were analyzed
using X-ray diffraction analysis pattern
and Fourier transform infrared spec-
troscopy and decontamination studies
were carried out using Atomic absorp-
tion spectroscopy.

EXPERIMENTAL SETUP

CollecƟon of plant
material
Syzygium cumini (Sc) fruit was pur-
chased from the local market and
pulp was removed. Seeds were washed
and dried and crushed using mortar
and pestle. Crushed pieces were then
oven dried and further grinded to pass
through 80 mesh size (American soci-
ety for testing and materials).

Heterophragma adenophylla (Ha)
capsules were collected from the gar-
dens of University of the Punjab,
Quaid-e-Azam Campus, Lahore. The
material was washed thoroughly with
water and dried. The dried capsules
were cut into small pieces and put in
oven at 70 oC for further drying. Using
mortar and pestle the dried capsule
were crushed to pass through 80 mesh
size.

Synthesis of silver nanocomposite

Fine powder 10 g of Sc seeds and Ha
capsule were added in a beaker sepa-
rately along with 1g of silver nitrate,
followed by the addition of 10 g of
oleic acid. All the contents were mixed

well using glass stirrer. Then the mix-
ture was heated on a burner for 14-
16 minutes with continuous stirring to
ensure the proper mixing of ingredi-
ents while reacting. After that the mix-
ture was cooled at room temperature
and then washed with CCl4 for 3 to 4
times and filtered. The sample was air
dried at room temperature. The synthe-
sized nanocomposites were labeled Ag-
Sc and Ag-Ha and stored properly in air
tight glass sample bottles.

OpƟmizaƟon of physical
parameters

Removal of chromium (VI) was stud-
ied by optimizing the factors like, time
of contact, adsorbent dose, pH and ini-
tial solution concentration to sort out
the suitable conditions for adsorption.
Batch experiments were carried out in
250ml conical flasks. Effect of one fac-
tor at a time was manipulated keeping
the others constant. In order to check
the effect of adsorbent dose the amount
of nanocomposites was varied from
0.2-1.0g. For verifying the effect of pH,
the solution pH was changed from 4-8
using digital pH meter (pH/mV/TEMP
meter P25).

Isothermal models were used to
evaluate the equilibrium data for
removing chromium using nanocom-
posites in the range of 5-30 ppm.
Pseudo first and second order kinet-
ics model were applied for the evalua-
tion of rate of adsorption of chromium
at time of contact ranging 10-70 min.
After batch experiment under certain
conditions the removal of chromium
was studied using AAS. Adsorption
capacity was calculated using the fol-
lowing equation;

qe =
Co−Ce

m
∗V (1)

Where, Co (mg/L) is initial concentra-
tion, Ce (mg/L) is final concentration at
equilibrium,m (g) andV(L) of the solu-
tion under study, respectively.
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RESULTS AND DISCUSSION
Synthesized nanocomposites were
characterized by using various tech-
niques as; XRD and FT-IR.

XRD of Ag-Sc
Figure 1 shows the XRD pattern of
Ag-Sc. The diffraction intensities were
studied from 5◦ to 80◦ at 2Θ angles.
Four diffraction peaks were appeared
in XRD pattern at 38.34o, 44.52o,
64.68o and 77.39ocorresponding to
Bragg reflections (111), (200), (220)
and (311) cubic planes of Ag are
observed and compared with COD
(Crystallography Open Database), sil-
ver file No. 96-110-0137. AgNCs with
Sc seed powder showed 2-theta val-
ues of 38.34o, 44.52o, 64.68o and
77.39owith particle size 3.83, 3.93, 5.56
and 5.07 nm respectively, calculated by
Scherrer equation. An average calcu-
lated particle size of Ag-Sc nanocom-
posite is 4.6 nm.

XRD of Ag-Ha

Figure 2 shows the XRD pattern of
Ag-Ha. The diffraction intensities were
studied from 30◦ to 80◦ at 2Θ angles.
Four diffraction peaks were appeared in
XRD pattern at 38.53o, 43.66o, 64.91o

and 77.61ocorresponding to Bragg
reflections (111), (200), (220) and
(311) cubic planes of Ag are observed
and compared with COD (Crystallog-
raphy Open Database), silver file No.
96-110-0137. Ag-Ha showed 2-theta
values of 38.53o, 43.66o, 64.91o and
77.61owith particle size 11.28, 30.63,
30.27 and 15.08 nm respectively, cal-
culated by Scherrer equation. An aver-
age calculated particle size of Ag-Ha
nanocomposite is 21.81 nm.

FT-IR of Ag-Sc

FT-IR spectra of both raw seed pow-
der of Syzygium cumini (Sc) and Ag
nanocomposite with Sc seed powder
(Ag-Sc) was compared. The Sc showed
a strong and broad peak at 3269.96

cm−1 which depicts –OH stretching
frequency and describes the presence
of alcoholic group. The peak is shifted
to 3252.91 cm−1 in the spectra of Ag-
Sc. Peak shift from 1714.94 cm−1 in
Sc spectra to 1711.34 cm−1 in Ag-
Sc refers to the C=O stretching fre-
quency which depicts the presence of
carboxylic group. Medium peak shift
from 1337.38 cm−1 in Sc spectra to
1317.27 cm−1 in Ag- Sc refers to the
–OH bending frequency which depicts
the presence of phenol. Presence of a
medium peak at 1204.75 cm−1 in Sc
spectra which shifts to 1210.78 cm−1 in
Ag- Sc refers to the C-N stretching fre-
quency which depicts the presence of
amine. The presence of C=O functional
group along with C-N may infer the
presence of amide group as proteins are
also the part of Sc seed. It is well known
that protein can bind to Ag nanoparti-
cles through free amino groups in the
proteins and therefore stabilization of
Ag nanoparticles by surface bound pro-
teins is a possibility19. All the func-
tional groups that are shown in spec-
tra have the potential to carry silver
nanoparticles on them.

FT-IR analysis of Ag-Ha

The FT-IR spectra of both raw cap-
sule powder Heterophargma adeno-
phyla (Ha) and Ag nanocomposite with
Ha capsule powder was compared. The
presence of carboxylic acid is pre-
dicted by C=O stretching frequency
(3300-2500 cm−1) and peak shift from
3272.81 cm−1 in HaC spectra to
3289.10 cm−1. Broad peak at 2921.15
cm−1 in Ha represents N-H stretching
(amine salts) which shifts to 2923.33
cm−1 (a little sharp) in Ag-Ha spectra.
Peak in Ha at 1731.78 cm−1 represents
C=O stretching (aldehyde) shifts to
1714.78 cm−1 in Ag-Ha spectra repre-
sents C=O stretching (cyclohexanones/
cyclopentanones). The S=O stretching
(sulfones) is shown by peak at 1317.84
cm−1 in Ha which shifts to 1318.26
cm−1 (sharp peak) in Ag-Ha. Alkyl aryl
ethers are represented by C-O stretch-
ing (1275-1200 cm−1) at 1237.51 in Ha

which shifts to 1233.58 cm−1 in Ag-
Ha. Fluoro compounds are also indi-
cated by the strong peaks at 1017.33
cm−1 in Ha shifting to 1020.35 cm−1

(C-F stretching at 1400-1000 cm−1).
The presence of free alcohols is shown
by O-H stretching at 3596.70 cm−1 in
Ha shifting to 3597.39 cm−1. The pres-
ence of these active groups in FT-IR
spectra and the peak shifts represents
that these groups can provide the sub-
strate to which Ag nanoparticles can
bind.

Effect of Ɵme of contact on
removal efficiency

Effect of time of contact was stud-
ied by varying time from 10-70 min-
utes, using 0.2 g of the adsorbent dose
for both synthesized nanocomposites.
It was revealed that in case of Ag-
Ha equilibrium was established after
60 minutes with the maximum removal
efficiency of 80.13%. Whereas, in case
of Ag-Sc, it took 40 minutes for equi-
librium to be established. After nearly
all the adsorption sites were covered
no further increase in the adsorption of
chromiumwas noticed as shown in Fig-
ure 3

Effect of adsorbent dose on
removal efficiency

Ag-Ha and Ag-Sc were used to study
the effect of adsorbent dose for the
removal of Cr. This parameter was
studied by taking 0.2-1.0 g of each
of the composite separately in 50 ml
solution of chromium with concen-
tration of 25 ppm. Increased surface
area of nano-composites providedmore
adsorption sites and effectively trapped
the chromium from aqueous medium.
At optimized conditions of time, when
parameter of adsorbent dose was car-
ried out maximum removal efficiency
for Ag-Ha and Ag-Sc was obtained
at 0.8 g. It was revealed that while
increasing the adsorbent dose more and
more chromium was attached to the
adsorption sites and after the equi-
librium was established no further
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Figure 1. XRD spectra of Ag-Sc

Figure 2. XRD spectra of Ag-Ha

increase was observed as shown in Fig-
ure 4.

Effect of pH of the soluƟon on
removal efficiency

By varying the pH of the solution,
increases the availability of adsorp-
tion sites on the surface of nanocom-
posites. It may activate different func-
tional groups present on the surface

of the nanocomposites material. These
activated functional groups provide the
adsorption sites for the attachment of
chromium ions from the solution to
these sites resulting in better removal
of these species from aqueous medium.
Effect of pH was studied by varying pH
from acidic to basic medium (4-8), as
shown in Figure 5. It was found that
maximum removal efficiency for Ag-
Ha and Ag-Sc was obtained in acidic

medium i.e 85.68% and 86.65% at pH
4 respectively as shown in Figure 3.
In acidic conditions Cr (VI), exists
as an oxy-anion, Cr2O7

−2, HCrO4
−2,

CrO4
−2. On the other hand Cr(III)

ions behave as a cation Cr(OH)+2,
Cr(OH)+, Cr3(OH)+5 with an overall
positive charge20 at pH 4 the removal
efficiency of Cr using nanocomposites
was found to be maximum. That might
be attributed to the availability of suit-
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Figure 3. % Removal efficiency versus time of contact (min)

Figure 4. % Removal efficiency versus adsorbent dose (g)

able sites for the removal of chromium
from solution.

Equilibrium Studies

Adsorption isotherm is helpful to
understand the adsorption mechanism
before larger scale execution of the
process.21 Adsorption equilibrium was
studied using the isotherms i.e. Lang-
muir, Freundlich and Temkin. Linear
approach has been opted to elucidate
the adsorption mechanism of the data.

Langmuir model describes the
monolayer adsorption of chromium
onto the adsorbent surface which in
present case is nanocomposites.22 Fur-

thermore, the maximum adsorption
capacity of the material under study
can also be calculated from Lang-
muir adsorption isotherm model. Cor-
relation coefficient values R2 of the
data gave better fit with this model
for the removal of chromium using
nanocomposites. Out of the two used,
Ag-Sc removed chromium more effi-
ciently following the Langmuir adsorp-
tion isotherm. The maximum value
of Qmaxwas observed in case of Ag-
Sc, which showed its best removal
efficiency among the selected sam-
ples. Further the value of RL in Lang-
muir Isotherm model showed it is a

favourable adsorption using both types
of nanocomposites.

Langmuir isotherm was plotted
using equation;

1
q
=

1
bqmCe

+
1

qm
(2)

Where q (mg/g) is the quantity of metal
ion adsorbed, Ce (ppm) is the remaining
metal ion concentration after adsorp-
tion, qm (mg/g) and b (L/g) are Lang-
muir isotherm parameters. The value of
q was calculated by the equation;

q =
Co − Ce

m
∗V (3)
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Figure 5. % Removal efficiency versus pH of solution

Langmuir parameter (b) is used for
determining a dimensionless separation
factor constant RL by the equation;

RL =
1

(1+bCo)
(4)

Its value is the indication of favorability
of biosorption process if it lies between
0 and 1.

Freundlich adsorption isotherm
model elucidate the multilayer adsorp-
tion pattern on the surface of adsorbent
material. Heterogeneous surface for
adsorption of chromium on nanocom-
posites will be observed.22 Value of
‘n’ for chromium removal by both
nanocomposites material is 1.433 (Ag-
Sc) and 2.53 (Ag-Ha) respectively,
indicating the feasibility of hetero-
geneous adsorption pattern following
Freundlich isotherm. Greater value of
K f (Freundlich constant) showed that
Cr adsorb best on the nanocomposites
surface. The value of “n” described
the extent of adsorption of Cr on
nanocomposites. For Ag-Ha, the value
of Freundlich adsorption coefficient is
in range of 2-12 which showed that
multilayer adsorption pattern exists in
case of Ag-Ha than Ag-Sc. Freundlich
isotherm was plotted using equation;

logq = logKF +
1
n

logCe (5)

Where KF and n are Freundlich model
constants and their values can be calcu-
lated from regression analysis of linear
plot of log q versus log Ce. The value
of n describes the following;

In case of temkin adsorption
isotherm model Heat of adsorption
of the adsorbing species in the layers
falls linearly with surface coverage
because of adsorbent-adsorbate inter-
action. Data revealed that Cr adsorb
on the surface of Ag-Sc and Ag-Ha
through physiosorption because BT <
8. In all the cases, these nanocompos-
ites can be regained because of weak
interactions. Isothermal parameter for
above all discussed isothermal models
is reported in table 1. Temkin model
was plotted using following equation;

q = BT lnCe + BT lnKT (6)

BT = RT/b (7)

where T (K) is absolute temperature, R
(8.314 J/mol) is universal gas constant,
KT (L/mg)is the equilibrium binding
constant and BT is related with heat
of adsorption. Temkin constants are
obtained by regression analysis of lin-
ear plots of q versus lnCe.

KineƟcs Modeling
Pseudo first order kinetics model is
based on the assumption that the
adsorption rate is directly proportional
to the number of available sites

Mathematical forms of pseudo first
and second order reactions are given in
equation;

ln (qe − qt) = lnqe − k1t (8)

t
qt

=
1

k2q2
e
+

t
qe

(9)

Using linear equations adsorption of
chromium onto nanocomposite surface
was studied using equation 8 and 9. It
was applied to equilibrium data drawn
from the time factor and parameters
were calculated and mentioned in table
2. Pseudo second order model is based
on the assumption that the adsorp-
tion rate is directly proportional to
the square of number of binding sites
present on the surface of adsorbent.23
Equilibrium data drawn from the exper-
iment was shown in table 2.

The adsorption study for the
removal of chromium using silver
nanocomposites followed pseudo sec-
ond order kinetics as the metal ion
solution was in excess as compared to
the adsorbent dose. The parameters for

Materials InnovaƟons | 2021 | hƩps://materialsinnovaƟons.hexapb.com/ 61

https://materialsinnovations.hexapb.com/


Research ArƟcle hƩp://doi.org/10.54738/MI.2021.1203

Table 1. isothermal parameters for the removal of chromium using nanocomposites
Sample R 2 Q max b (L/g) R L R 2 n Kf (mg/g) R 2 BT (K /mol) KT (mg/g)
Ag-Ha 0.9169 4.006 1.663 0.0567 0.8893 2.359 2.181 0.8531 2.295 10.684
Ag-Sc 0.9235 8.550 0.179 0.3584 0.8833 1.433 1.366 0.8706 1.440 2.303

Table 2. Value of ”n”
Value of “n” Quality of adsorption
2-10 Good biosorption
1-2 Moderate biosorption
Less than 1 Poor biosorption

Table 3. Pseudo First Order Kinetic Model Parameters

Sr.no.Sample Pseudo First order kinetics Pseudo second order kinetics
R2 qe (mg/g) calculated K1 (min−1) R2 qe (mg/g) calculated K2 (min−1)

1 Ag-Ha 0.9899 0.001 0.0783 0.9995 8.0313 0.148
2 Ag-Sc 0.9615 69.238 0.0234 1.00 3.275 0.5860

both pseudo first order and pseudo sec-
ond order reaction was calculated. It
showed that the value of R2pseudo sec-
ond order kinetics is more close to unity
so the present study favoured pseudo
second order kinetic model (table 3).

CONCLUSIONS

The study concluded that using plant
powders composite with Ag nanopar-
ticles have shown better water decon-
tamination potential as compared to
simple plant powders. The results of
atomic adsorption spectroscopy show
that these samples can be used as
biosorbents. Optimized condition of
adsorbent dose for Ag-Ha, and Ag-Sc
is 0.8 g, time of contact for Ag-Ha is
60 minutes, and Ag-Sc is 40 minutes
and pH for Ag-Ha is 4 whereas for
Ag-Sc, it is 6. Isothermal studies using
different models reveals that Langmuir
isotherm fits best with the experimen-
tal data. It describe that the adsorption
is favourable. In Freundlich isotherm,
the value of “n” describes the extent
of adsorption of Cr on nanocompos-
ites. For Ag-Ha, the value of “n” is in
range of 2-12 which showed that there
is good adsorption and in case of Ag-Sc
the adsorption is moderate as the value
of “n” is below 2. Temkin isotherm,
reveals that Cr adsorb on the surface
of Ag-Sc and Ag-Ha through phys-

iosorption because BT < 8. In all the
cases, the biosorbent can be regained
because of weak interactions. Kinetic
modelling shows that the value of R2in
pseudo second order kinetics is more
close to unity so the present study
follows pseudo second order kinetic
model. These nanocomposites proved
good for the removal of chromium from
water. Plant based material have lessen
the usage of chemicals in the syn-
thesis of nanoparticles. In the mean-
while, nanocomposites in corporation
with plant based adsorbent are eco-
friendly and inexpensive which leads
towards the application of green chem-
istry in the environment.24
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