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ABSTRACT 
Green synthesis of Fe3O4-Ag core shell nanoparticles (CSNPs) was performed using Cinnamomum verum bark extract 
(CVBE) as the green solvent, reducing agent and capping agent. Aqueous solutions of AgNO3, FeCl3.6H20 and 
CH3COONa were used for the synthesis. The first formation of Fe3O4-Ag CSNPs was observed within 10 minutes of the 
reaction time. The result recorded from UV-Vis spectroscopy, Fourier Transform infrared spectroscopy (FTIR) and 
Energy dispersive spectroscopy (EDS) favours the biosynthesis and characterization of Fe3O4-Ag CSNPs. Scanning 
electron microscopy (SEM) reveals that the shape is nearly spherical and Transmission electron microscopy (TEM) 
confirms the shape as spherical and minimum size achieved is 19 nm. The capability of synthesised Fe3O4-Ag CSNPs for 
adsorption of methyl orange (MO) was tested in batches. It was observed that the process is pH dependent with 
maximum adsorption occurring at pH 6. The adsorption equilibrium was achieved after 120 min of contact time. The 
data observed was fitted one by one to three different isotherm models, viz., Langmuir, Freundlich and Temkin isotherm 
model to find the mode of adsorption. The process was best described by Langmuir isotherm. The adsorption kinetics 
was further analysed by using the pseudo-first-order, pseudo-second-order and the Weber-Morris diffusion model on 
adsorption data. The kinetic data of this adsorption obeyed pseudo-second-order rate equation.  
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1. INTRODUCTION  
Many industries, like textiles, packaging, etc., use 
various dyes to colour their products and produce 
humongous volumes of waste water having high 
contamination of toxic dyes. Dyes are major 
contributors of the effluents of these industries, whose 
presence in water is highly undesirable even in very 
small quantities [1]. Most of the dyes are non-
biodegradable and are hazardous to health, food and 
aquatic biota [2]. Most of the dyes, along with their 
metabolites are highly toxic, mutagenic and 
carcinogenic [3, 4]. Hence, removal of dyes from water 
is of great significance. Amongst the various methods 
and procedures [5-8] available for removing dyes from 
water include sedimentation [9], filtration [10], 
chemical treatment [11-13], oxidation, electrochemical 
methodology [14, 15]. Additionally, other than the 
above mentioned methods, adsorption is the most 
widely accepted method due to its effectiveness over 
wide range of chemical compounds, all the while, 

keeping the process simple and easy [16-26]. In the 
recent years, nanoparticles have come up as one of the 
best adsorbents due to their unique physical & chemical 
properties and high specific surface area. 
The nanotechnology, basically, encompasses chemistry, 
biology, physics and material science [27]. It dwells 
upon and uses the concepts of all these fields and creates 
an amalgam to develop therapeutic nano sized particles 
which find applications in various fields like robotics 
[28], medicine [29], cosmetics [30], food industry, 
textile industry [31], waste water treatment, etc. 
Nanoparticles are the nano-scale analogues of nobel 
metals. These nano-scale versions of nobel metals have 
gained the researchers’ attention in recent decades and a 
lot of work is being done in the direction of developing 
better and eco-friendly methods of producing these 
nanoparticles. 
Green nanotechnology is the branch of nanotechnology 
that studies the production of functional nanoparticles of 
Nobel metals like Silver, Gold, Zinc, etc. and uses 
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Green Synthesis for producing these nanoparticles [32-
34]. 
Green synthesis is the method of manufacturing the 
nanoparticles using such reagents so that the entire 
process doesn’t have any hazardous by-product. There 
are a huge number of physio-chemical methods for 
synthesis of Ag-NPs available in the literature [35-38] 
but these methods, mostly, involve various chemicals 
and the solvent is mostly toxic to human health because 
these processes use carcinogenic materials for 
preparation of nanoparticles. On the other hand, the 
biological methods, which use fungi, bacteria, 
polypeptides, proteins, nucleic acids and plant extracts, 
are very simple, affordable, non-toxic and eco-friendly. 
These methods can be used to synthesize nanoparticles 
within acceptable size range and morphology [39-40]. 
The silver nanoparticles in particular, are very well 
known for their anti-microbial properties [41-42] and 
are being used in medical industries widely. They have 
highly efficient anti-bacterial properties [43] and used in 
cosmetics, paints and textile industries [44-45]. 
Approximately 500 tons of Ag-NPs are produced 
annually worldwide [46]. This shows the extent of usage 
of Ag-NPs nowadays. The Ag-NPs are amongst the most 
effective adsorbents that the researchers have been using 
to treat the dye contamination in the water. In view of 
the above, it will be advantageous to develop easy and 
eco-friendly methods for synthesis of Ag-NPs so as to 
use them to efficiently treat the dye contaminated waste 
water. The Ag-NPs can be synthesised through 
numerous chemical methods available in the literature 
but each method has its inherent limitations and 
disadvantages which creates a continuous need to 
improve the existing methods or to develop new 
methods of Green Synthesis of Ag-NPs.  
The current study presents the detailed process of 
Green Synthesis of Fe3O4-Ag CSNPs using Cinnamomum 
verum bark extract and further applying those 
synthesized nanoparticles for the removal of methyl 
orange from aqueous solutions using adsorption. 
 
2. METHOD AND MATERIALS 
2.1. Material 
All the chemicals used in the synthesis were of analytical 
reagent grade. To perform course of synthesis doubly 
distilled water was used. Ferric chloride hexa hydrate 
(FeCl3.6H20), methyl orange (C14H14N3NaO3S), silver 
nitrate (AgNO3), and sodium acetate (CH3COONa) 
were purchased from Sigma Aldrich. The dried 

Cinnamomum verum bark (CVB) was purchased from 
nearby local market. 
 
2.2. Preparation of Cinnamomum verum bark 

extract (CVBE) 
As soon as the CVB was purchased from local market, it 
was washed first with doubly distilled water to eliminate 
impurities. Further, it was sundried to completely 
remove the moisture. The bark was broken into small 
pieces using mortar pestle and then turned into 
powdered using a mixer. To get the uniform size of the 
particles the powder was sieved using BSS 72 mesh size. 
Further, 25gm of CVB powder was added to 100 ml of 
distilled water in a 500 ml Erlenmeyer flask, and then 
boiled for 10 min. 
 
2.3. Bio-synthesis of Nano-scale Fe3O4-Ag 

particles 
An ecofriendly method was applied to synthesize Fe3O4-
Ag CSNPs using CVBE. Firstly, 40 ml of CVBE was 
taken in 250 ml round bottom flask, and then 40 ml of 
1M FeCl3.6H20 and 40 ml of 0.5M CH3COONa 
solutions were added. The mixture was then placed on 
magnetic stirrer at 80°C for 5 min and 40 ml aqueous 
10 mM AgNO3 was added, further heating was done for 
2 hours with vigorous stirring. The biological groups 
like carbohydrates and polyphenols present in CVBE act 
as reducing as well as capping agents in the synthesis. 
The solution then turned black with precipitate at the 
bottom indicating the formation of Fe3O4-Ag CSNPs. 
The resultant emulsion was then centrifuged and the 
nanoparticles obtained were washed several times using 
ethanol. Washed Fe3O4-Ag CSNPs were dried in oven 
at 90°C overnight. Fe3O4-Ag CSNPs were sent for 
characterization. 
 
2.4. Characterization 
Several techniques were used to characterize 
biogenically synthesized Fe3O4-Ag CSNPs. UV-Vis 
spectroscopy was performed within 1 hour of synthesis 
using U3900 UV-Vis spectrophotometer for the 
confirmation of synthesis of Fe3O4-Ag CSNPs. 
Adsorption studies of MO were also done by using UV-
Vis spectroscopy. The infrared spectroscopy was 
performed using Tensor 37 FTIR spectrophotometer. 
The shape and size of the nanoparticles were studied 
using electron microscopy, FEI Nova NanoSEM 450 
electron microscope was used for SEM analysis and 
Technai G2 30 S Twin electron microscope was used 
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for TEM analysis. EDX spectra were recorded on 
Bruker Nano GmBHXFlash SVE III to know the 
constituents of Fe3O4-Ag CSNPs. 
 
2.5. Adsorption study 
Adsorption study of MO using Fe3O4-Ag CSNPs as nano 
adsorbent was performed considering four variables, 
viz., time, pH, adsorbate concentration (MO 
concentration) and adsorbent dose. UV-Vis 
spectroscopy was used to record absorbance of reaction 
mixtures, during batch experiments. The spectrum was 
recorded at 465 nm. Data recorded was fitted to 
isotherm models and kinetic equations to explain the 
adsorption mechanism in batch experiments. 
 
3. RESULTS AND DISCUSSIONS 
3.1. Characterization of Fe3O4-Ag CSNPs 
To confirm the formation of nanoparticles, UV-Vis 
spectroscopy was done. In the previous studies, 
nanoparticles showed sharp peaks between 420 nm to 
450 nm but in present study the peak shifted to 525 nm. 
This is due to the fact that surface plasmon resonance 
(SPR) depends upon the particles size and the dielectric 
medium surrounding the Ag nanoparticles which leads 
to shift in frequency. This shift suggests that there is a 
formation of fine layer of Fe3O4 on the core of silver and 
hence the synthesis is successful. Fig. 1 shows the UV-
Vis spectra of Fe3O4-Ag CSNPs. 

 
 

Fig. 1: UV-Vis spectrum of Fe3O4-Ag CSNPs 
 

Fe3O4-Ag CSNPs were further characterized by using 
FTIR spectroscopy knowing the fact that the strength of 
adsorption depends upon concentration. The FTIR 
spectrum of Fe3O4-Ag CSNPs is given in Fig. 2. The 
peak present at 3325 cm-1 reveals the presence of 
(O−H). Other significant peaks were at 1619 cm-1 
(C=O stretching), 1422 cm-1 (aromatic C=C stretch), 
1088 cm-1 (C−O stretch) of alcohols, carboxylic acid, 
ethers and esters. Peaks present at 884 cm-1, 782 cm-1, 
638 cm-1 shows (=C−H bending). The complex nature 
of the adsorbent can be clearly deduced from the 
various absorption peaks of the functional groups in the 
spectrum. 

 

 
 

Fig. 2: FTIR spectrum of Fe3O4-Ag CSNPs 
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SEM gave us the clear morphologies of the nanoparticles 
synthesized. Fe3O4-Ag CSNPs when scanned were 
found to be nearly spherical in shape. The surface area 
protected by them is also good for adsorption. SEM was 
recorded in two different stages one before adsorption 
i.e., after synthesis of the Fe3O4-Ag CSNPs and another 
after adsorption i.e., after the interaction of MO on the 
surface of Fe3O4-Ag CSNPs. From the fig. 3 (a) and (b) 
we can witness the changes on surface or porosity of the 
nanoparticles. It is clear from the view that dye 

molecules get trapped on the surface of nanoparticles 
and along with the chemical changes, morphological and 
physical changes also took place. 
EDS spectra [fig.4 (a) and (b)] were also recorded for 
the confirmation of nanoparticles formation, which 
successfully depicts the elements present. EDS spectra 
showed the constituents present and the variation of the 
intensities of the peaks after the MO adsorption also 
confirms the adsorption process. 

 

 
 

Fig. 3: SEM of Fe3O4-Ag CSNPs (a) Before Adsorption, (b) After Adsorption 
 

 
 

Fig. 4: EDS spectrum of Fe3O4-Ag CSNPs (a) Before Adsorption, (b) After Adsorption 
 
To confirm the shape and size of the nanoparticles 
synthesized TEM was done shown in fig. 5. The shape of 
the nanoparticles varies from nearly spherical to 

spherical and the size ranges from 58 nm to 19 nm 
which is good to provide larger surface area from 
application point of view. 
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Fig. 5: TEM of Fe3O4-Ag CSNPs 
 
3.2. Adsorption Study 
3.2.1. Effect of contact time 
Graphical presentation of removal efficiency of 
nanoparticles of MO with variable contact time is shown 
in fig.6. For maximum uptake of MO by nanoparticles 
in batch experiment, 1 g of nanoparticles were taken, at 
pH with 5 ppm MO concentration. Contact time was 
varied form 30 to 150 min by increasing 30 min at each 
step, this way 5 readings were taken. This is clear that 
the percent adsorption increased with increase in 
contact time and it attains quilibrium at 120 min i.e., no 
further adsorption taking palce. The percent adsorption 
increases from 87% to 95%. 
 

 
 
Fig. 6: Variation in adsorption capacity with 
contact time 
 
3.2.2. Effect of pH 
Fig. 7 shows the graphical presentation of removal 
efficiency of nanoparticles with the increase in pH 

values. This is clear that maximum adsorption takes 
place at pH 6. In batch experiment while varying pH, 
study was performed with constant values of constant 
time, adsorbate concentration and adsorbent doseas 120 
min, 5 ppm and 1 g respectively. Experiment was done 
by increasing pH from 2 to 10 by increasing the value by 
the factor of 2 at each step. This is clear that the 
adsorption increases by increasing pH from 2 to 6 and 
further adsorption became unfavourable by increasing 
pH from 6 to 10. Initially percent removal increased 
from 84% to 92% and then it falls to 77%. 
 

 
 
Fig. 7: Variation in adsorption capacity with pH 
 
3.2.3. Adsorbate concentration 
Standard solutions of MO were prepared ranging from 1 
ppm to 5 ppm, increasing dye concentration by 1 ppm 
at each step. The experiment was run for 120 min using 
these 5 dye solutions, pH was set at 6 and 1 g of 
adsorbent was used. It is clear from the figure 3.8 that 
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the adsorption capacity decreases with increase in dye 
concentration from 97%to 78%. This is subjected to the 
fact that adsorption sites got occupied and none remain 
left for further adsorption. 
 

 
 
Fig. 8: Variation in adsorption capacity with 
adsorbate concentration 
 
3.2.4. Effect of adsorbent dose 
Adsorbent dose was increased from 1g to 5 g during 
batch experiment keeping contact time at 120 min, pH 
at 6 and adsorbate concentration at 5 ppm. It is clear 
from fig. 9 that adsorption efficiency increases with 
increase in the adsorbent dose. This is due to the fact 
that more the adsorbent more is the surface area 
available for adsorption. The percent removal of dye 
from aqueous solution increases from 87% to 96% by 
increasing adsorbent dose. 
 

 
 
Fig. 9: Variation in adsorption capacity with 
adsorbent dose 

3.2.5. Adsorption isotherm 
To propose an efficient dye removal from aqueous 
solution the data obtained from batch experiment using 
four variables namely contact time, pH, adsorbate 
concentration and adsorbent dose was fitted to three 
different isotherm models. These isotherm models 
confirm the mechanism that states interaction taking 
place between adsorbate and adsorbent during 
adsorption and gives a point where equilibrium is 
achieved. The mechanistic parameters were evaluated 
by using Langmuir, Freundlich and Temkin isotherm 
model. To evaluate the adsorption isotherm to which 
data is best fitted correlation coefficient (R2) was 
calculated. 
Langmuir isotherm proposes formation of monolayer of 
the adsorbate (MO in this case) on the surface of 
adsorbent (Fe3O4-Ag CSNPs) at available sites. Linear 
form of Langmuir equation can be given as in equation 
1. 

(1) 

Whereqm (mg g-1) represents Langmuir constant 
(adsorption capacity) and b (L mg-1) is the rate of 
adsorption, qe (mg g-1) is the amount of MO adsorbed at 
the equilibrium and Ce (mg L-1) is the equilibrium 
concentration. 
The linear curve using Langmuir equation is shown in 
fig. 10. The intercept and slope of the linear curve 
Ce/qe versus Ce were calculated which gave the values of 
Langmuir constants. The values of Langmuir constants 
qm, b with R2are given in table 1. The characteristics of 
Langmuir isotherm can be expressed by separation 
factor (RL) which is a dimensionless constant (equation 
2). This constant is defined as: 

….. (2) 

Where Co is the initial pesticide concentration (ppm) 
and b is the Langmuir constant. The value of RL 
obtained gives us an idea about the type of Langmuir 
isotherm: linear (RL = 1), irreversible (RL = 0), 
favourable (0 < RL< 1) or unfavourable (RL > 1). 
In this case the values of RL were found to be 0.2-0.5 
showing the favourable isotherm. It is concluded that 
Langmuir isotherm is well fitted to the adsorption of 
MO on Fe3O4-Ag CSNPs under the aforesaid maintained 
conditions. 
Equation 3 depicts the linear form of Freundlich 
isotherm equation as applied to present adsorption 
system. 
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...... (3) 

Where, the Freundlich equilibrium constants, n and Kf, 
are related to intensity of adsorption and adsorption 
capacity, respectively. The linear plot of log qe versus 
log Ce in fig. 11 gives the values of Freundlich constants 
by applying simple statistic. The corresponding Kf and n 
values are reported in table 1 along with R2 (correlation 
coefficient) value. The value of n ranging from 1 - 10 
represents a favourable adsorption, so in this case 
Freundlich isotherm is not favourable. 
 

 
 
Fig. 10: Langmuir isotherm of MO on Fe3O4-Ag 
CSNPs 
 

 
 
Fig. 11: Freundlich isotherm of MO on Fe3O4-Ag 
CSNPs 
 

To examine the influence of indirect interactions 
amongst the particles of adsorbate, Temkin adsorption 
isotherm model (equation 4) was applied. Temkin 
model suggests that as the surface coverage increases 
due to the interactions of adsorbate and adsorbent, the 
heat of adsorption of all the molecules in the layer 
deceases [47]. The linear form of the Temkin isotherm 
equation can be given byequation 5. 

 …… (4) 

 ….. (5) 
Where AT (L g-1) is the equilibrium binding constant, b 
(J/mol) is the heat of adsorption related constant, R is 
the gas constant (8.314 J/mol/K), and T is absolute 
temperature (K). The linear plot qe versus ln Ce in fig.12 
gives the values of B and AT from slopeand intercept, 
respectively. The values of Temkin constants are given 
in table 1 along with the correlation coefficient. The 
plot obtained is not a straight line suggesting non-
uniform distribution of binding energy. 
Thus, focusing on table 1 it is clear that Langmuir 
isotherm (R2 = 0.98) fits well to the adsorption process 
of MO on Fe3O4-Ag CSNPs, whereas the low values for 
other isotherm model, Freundlich (R2 = 0.710) and 
Temkin (R2 = 0.98) shows poor agreement with the 
adsorption data. 
 

 
 
Fig. 12: Temkin isotherm of MO on Fe3O4-Ag 
CSNPs 

Table 1: Isotherm model parameters and R2 value for adsorption of MO onto Fe3O4-Ag CSNPs 

Dye 
Langmuir Model Freundlich Model Temkin Model 

qm (mg/g) b (L/mg) R2 n Kf (mg/g) R2 AT (L/g) B R2 
Methyl Orange (MO) 0.030 0.237 0.98 0.315 0.500 0.710 .001 -0.451 0.98 
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3.2.6. Adsorption Kinetics 
In order to check out the adsorption process of MO on 
Fe3O4-Ag CSNPs, three kinetic models namely, 
including pseudo-first-order, pseudo-second-order and 
intra-particle diffusion model were used. The procedure 
used for equilibrium tests to fit in isotherm models was 
used for kinetic tests as well. The aqueous solution of 
dye with fixed concentration, dose and pH was taken 
and the concentration was measured at the time interval 
of 30 min. The amount of dye adsorbed; qt (mg g-1), at 
the surface of Fe3O4-Ag CSNPs at time; t, was 
calculated usingequation 6. 

…… (6) 

The pseudo-first-order equation proposed by Lagergren 
and Svenska as given byequation 7 was used to 
determine the rate constant of adsorption.  

…… (7) 
where qe and qt (mg g-1) are the amounts of pesticide 
adsorbed at equilibrium and time, t (h) and k1 (h

-1) is the 
adsorption rate constant. To calculate the values of k1  

and qe by using pseudo-first-order kinetics plot of ln (qe 
- qt) versus t for the initial 5ppm concentration of the 
pesticide was drawn, which has been presented in fig. 
13. The values of kinetic parameters from equation 7 
along with correlation coefficient are given in table 2. 
 

 
 
Fig. 13: Pseudo-first-order kinetics of MO on 
Fe3O4-Ag CSNPs 

 
Table 2: Rate constants of Pseudo-first-order and pseudo-second-order for adsorption of MO onto 
Fe3O4-Ag CSNPs 

Dye qe expt 
(mg/g) 

Pseudo-first-order Pseudo-second-order 
qe (mg/g) k1 R2 qe (mg/g) k2 R2 

Methyl Orange (MO) 0.049 0.182 0.0002 0.955 0.049 3.925 1 
 

The pseudo-second-order kinetics for equilibrium 
adsorption can be given by equation 8. 

…. (8) 

Where k2 (g mg-1 h-1), is the rate constant of second-
order adsorption. To calculate the values of qe and k2 by 
using pseudo-second-order kinetics, plot of t versus t/qt 
are presented in fig. 14. The values of kinetic 
parameters from equation 8 are given in table 2. It is 
clear that the correlation coefficient for pseudo-second-
order is greater than that of pseudo-first-order and the 
experimental qe value agrees with the observed qe value 
of pseudo-second-order equation. This adsorption 
process therefore, follows pseudo-second-order 
kinetics. 
Weber and Morris proposed an intraparticle diffusion 
model to identify the diffusion mechanism of 
adsorption. According to this model adsorbate uptake 
varies proportional to t1/2and not to the contact time t 
[48]. Equation 9 which is given below represents the 
linear form of the intraparticle diffusion model. 

……. (9) 

 
 
Fig. 14: Pseudo-second-order kinetics of MO on 
Fe3O4-Ag CSNPs 

 
Where Kid is the intraparticle diffusion rate constant and 
I is the thickness of the boundary layer. The plot of qt 
versus t1/2shown in figure 3.15, gives the value of Kid 
and I from, slope and intercept, respectively. Figure 
3.15, shows multistage linearity involving moderate 
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diffusion rate at the initial stage, followed by rapid 
diffusion, indicating that the intra-particle diffusion is 
the rate controlling adsorption process [49-50]. 
 

 
 
Fig. 15: Weber and Morris diffusion model of 
MO on Fe3O4-Ag CSNPs 
 
4. CONCLUSION 
In this study, aqueous extract of Cinnamomum verum bark 
was used for the green synthesis of Fe3O4-Ag CSNPs. 
The synthesized nanoparticles were characterized by 
using various advance techniques like UV-Vis 
spectroscopy, FTIR spectroscopy, SEM, EDS and TEM. 
SEM revealed that particles are nearly spherical in size 
which was further confirmed by TEM indicating that the 
nanoparticles are spherical in shape and the size ranges 
from 19nm to 58 nm. 
The Fe3O4-Ag CSNPs showed good adsorption quality. 
Batch experiments were conducted to find out the 
capability and mechanism of adsorption with these 
nanoparticles. MO was taken as an adsorbate which is a 
well known pollutant in today’s scenario. In the batch 
experiments, equilibrium was achieved within 120 min 
of reaction time. The percent removal of pesticide in 
120 min with variable dose increased from 87% to 
92%. The maximum removal of pesticide occured at pH 
6. On varying the initial concentration from 1-5 mg L-1 
the percent removal deceases from 97% to 78% as the 
number of vacant sites for adsorption become less. Out 
of three isotherm models, Langmuir isotherm model 
(R2 = 0.98) fitted best to the adsorption process, as 
compared to Freundlich isotherm (R2 = 0.71) and 
Temkin isotherm (R2 = 0.98) model. Langmuir model 
suggests that the formation of a monolayer of MO takes 
place at the surface of Fe3O4-Ag CSNPs. Pseudo-

second-order kinetics explained the adsorption process 
better than pseudo-first-order. It can, therefore, be 
concluded that, the Fe3O4-Ag CSNPs which are easily 
synthesized can be used as an efficient and eco-friendly 
adsorbent for the removal of dye from aqueous solution. 
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