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Figure 4. Plot indicating the expected peak angular velocity of  
particle as a function of width of the zero-mean Gaussian random noise 
 applied to the height of the potential barrier. The velocity is  
estimated as proportional to the square root of (V(,  ) – V(0,  )), 
which is obtained using the peak of the histogram (like Figure 3) and 
substituting it in eq. (13). The angular velocity is linearly proportional 
to the width of the Gaussian noise. 

 

 

 This experiment can be used to ascertain the bire-

fringence of small spherical particles of the dimension of 

a few micrometres accurately. The thermal noise compli-

cates the method of detection of birefringence reported in 

Juodkazis et al.
13

, which is only accurate to about 5%. A 

more accurate measurement would require accounting for 

the thermal random noise. 

 This communication described a new way of generat-

ing the washboard potential and producing directed  

continuous motion upon changing the barrier height  

randomly at the threshold. It also analysed, in two differ-

ent ways, the velocity of the directed motion under spe-

cific amounts of random noise. 
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In the present study green synthesis of magnetic  
nanoparticles has been described. Green tea was used 
in the synthesis of these nanoparticles due to its reduc-
ing property. The surface of green tea–magnetic na-
noparticles was modified with tetra ethyl orthosilicate 
for silica coating, and further silica-coated green tea–
magnetic nanoparticles were amine-activated by (3-
aminopropyl)triethoxysilane. The proposed work is 
simple and cost-effective. Characterization of the 
structure and composition of green synthesized mag-
netic nanoparticles was formulated by X-ray diffrac-
tion analysis, Fourier transform-infra red, scanning 
electron microscope, electron dispersive X-ray and 
high-resolution transmission electron microscope. 
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IN recent years oxide nanoparticles (NPs) have an im-

portant place among nanomaterials due to their tremen-

dous applications ranging from catalysis to electronics to 

biomedicine
1
. Among the huge range of oxide NPs, iron  

oxide NPs like magnetite and maghematite are unique 

due to their technological interest. Magnetic nanoparti-

cles (MNPs) are a versatile group of materials that enable 

a broad range of technologies, many of which are de-

pendent on their distinguished magnetic properties such 

as paramagnetism, diamagnetism, super-paramagnetism, 

ferromagnetism, ferrimagnetism, etc. Hence there is great 

interest in fabricating iron oxide-based magnetic materi-

als. MNPs have importance in in vitro and in vivo bio-

medicine, including cellular therapy such as separation, 

cell labelling, purification, and targeted drug delivery, 

cancer therapy and magnetic resonance imaging (MRI)
2
. 

MNPs are mostly applied in biotechnology due to their 

physico-chemical and pharmacological properties, chemical 

composition, structure of the surface, magnetic behav-

iour, solubility and low toxicity
3
. Currently, various 

methods for synthesizing MNPs have been developed 

such as chemical precipitation method
4–6

, thermal decom-

position
7–9

, surfactants
10

, polyol process
11

, sol–gel   

method
12

, sonochemical synthesis
13,14

, chemical meth-

ods
15

, solvothermal synthesis
16

, hydrothermal synthe-

sis
17,18

, mechano-chemical processing and emulsion 

technique
19,20

. The NPs so formed show specific proper-

ties. Now green nanotechnology is involved in the pro-

duction of metal NPs, which minimizes or eliminates the 

production of toxic pollutants in the environment. The in-

activated plant tissues
21

, plant extracts
22

 and other parts 

of living plants
23

 are a modern option for the synthesis of 

metal NPs. Green synthesis makes use of eco-friendly, 

non-toxic and safe reagents
24

. 

 The leaves of Camellia sinensis are put to minimal ox-

idation during processing to form green tea (GT)
25

. A cup 

of green tea has higher content of flavanoids and cate-

chins compared to the same volume of other beverages 

considered healthy
26

. These act as antioxidants due to 

their reducing properties. Polyphenols are a prime choice 

for synthesis of metal NPs due to their reducing, capping 

and biodegradable properties
27

. 

 There are various properties which make green tea 

popular in modern life, such as anticancer, antioxidant, 

reduced risks of heart stroke, glycemic control, etc.  

Hydroxyl (Polyphemus), carboxyl and amino functional 

groups present in its phytochemicals act as effective  

metal-reducing agents and capping agents to provide a 

robust coating on the metal NPs in a single step. Recently, 

green tea leaf has proved to be effective in the synthesis 

of iron NPs
28

. 

 Usually surface of MNPs can be modified by an inert 

silica layer due to the strong affinity of the surface of 

MNPs towards silica. Aggregation in liquid as well as 

improvement of chemical stability can be activated by 

this coating
29

. This silanization method relies on the well-

known Stober process
30

. The amino activity of silica-

coated MNPs can be improved by (3-aminopropyl)-

triethoxysilane (APTES) around the MNPs
31

. Orga-

nosilanes are bifunctional molecules containing a trial-

koxy or trichlorosilane group which modifies the surface 

of NPs through the coating of aminopropylsilane groups 

(–O) 3Si–CH2–CH2–CH2–NH2 via formation of covalent 

bonds which are bound to the surface of MNPs
32

. Scheme 

1 shows the preparation of MNPs. This green source for 

the synthesis of MNPs is more beneficial than contempo-

rary physical or chemical processes, as green sources are 

found in abundance, are cheap and can be utilized con-

veniently. The end-products obtained from the green  

synthesis of MNPs are safe and discardable in the envi-

ronment, and hence are applicable for the analysis of bi-

omolecules. 

 Fe(III) nitrate nonahydrate (Fe(NO3)39H2O, 98%), 

Fe(II) sulphate (FeSO42H2O, 99%), sodium hydroxide 

(97%) and ammonia solution GR (30%) were obtained 

from Merck, Mumbai, India. Green tea leaves were  

obtained from Rahimpur, India. Tetra ethyl orthosilicate 

(TEOS, 99%) was purchased from Merck, Darmstadt, 

Germany. Ethanol (99.9%), analytical reagent was pur-

chased from Xilong Chemical Corporation, China. 

APTES (98%) was purchased from Sigma Aldrich  

Corporation, USA. 

 XRD measurements were made using an X-ray diffrac-

tometer (model PANalytical 3kW X’Pert Powder-Multi-

functional instrument, Germany). Fourier transform 

infrared (FTIR) spectroscopic measurements were made 

(Thermo Nicolet, Avatar 370 model) in the spectral range 

4000–400 cm
–1 

(Thermo Scientific, USA). High resolu-

tion transmission electron microscope (HRTEM) (JEM-

2100, JOEL, Philips, Japan) and scanning electron micro-

scopic (SEM) measurements were also made (JEOL 

Model JSM-6390LV, 10,000 Kv, 1 m surface, GmbH, 

ZEISS, Germany). An LI-617 pH meter (Elico, Hydera-

bad, India) was used for pH measurements, and a Spinot 

 

 

 
 

Scheme 1. Procedure for preparation of GT-MNPs (Fe3O4), GT-
MNPs@SiO2 and GT-MNPs@SiO2@APTES. 
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magnetic stirrer with hot plate (Singhla Scientific Indus-

try, Ambala Cant, India) was used for the preparation of 

MNPs. 

 In the proposed work green tea extract was prepared by 

boiling 50 g of green tea leaves in 500 ml double-

distilled-water, until boiling temperature and then remov-

ing from the heating element. The extract was vacuum 

filtered after 1 h settlement. 

 For the preparation of green tea–magnetic nanoparti-

cles (GT-MNPs), 0.1 M solution of Fe(III) and Fe(II) was 

made by dissolving 1 g of Fe(NO3)39H2O and 0.469 g 

Fe(SO4)2H2O individually in 25 ml double-distilled  

water. The Fe(III) and Fe(II) solutions were mixed in 1
 
:
 
1 

molar ratio with vigorous stirring. Green tea extract was 

added to the above mixture in 2
 
:
 
3 volume ratio with con-

tinuous stirring. Next 1 M NaOH was added to maintain a 

pH of 6. A black precipitate was obtained showing the 

formation of iron NPs, which were separated by applying 

an external magnetic field (Figure 1). Further evaporation 

of water was done to separate NPs, which were washed 

with ethanol (2–3 times). Then they were dried overnight 

in an oven. 

 For the fabrication of GT-MNPs surface using TEOS, 

Stober method was used with minor modifications in the 

preparation of core shell (Fe3O4@SiO2) structure. MNPs 

(0.2 g) were dispersed in 20 ml of ethanol solution and 

sonicated for 15 min. Then 2 g TEOS in 25 ml ethanol 

and 3 ml of 30% NH3 solution was added to the MNPs 

solution and sonicated at 16 W for 10 min. Vigorous stir-

ring for 4 h under room temperature is an essential  

feature during this experiment. The final product so  

obtained was separated and washed 2–3 times with water, 

ethanol and acetone and dried at room temperature in 

vacuum. 

 For fabrication of silica coated GT-MNPs surface, GT-

MNPs@SiO2 (0.2 g) was dispersed in 45 ml of double-

distilled water. The above solution was mixed with 

5.0 ml of APTES. Thereafter, the solution was heated up  

 

 

 
 

 

Figure 1. Magnetic nanoparticles in the presence of external magnet 
(magnetic field). 

to 80C in a water bath for 3 h with continuous stirring. 

The end-product was dried overnight in an oven at  

60C after washing several times with water and ethanol. 

 The characterization of bare and fabricated GT-MNPs 

(Fe3O4) was carried out respectively, by XRD, FTIR, 

SEM and TEM instruments. In FTIR analysis, the IR 

spectra were read in the 4000–400 cm
–1

 range using KBr 

pellets. Powder XRD scans of the samples were meas-

ured. Diffractograms were obtained using continuous 

scanning mode from 20 (2 
) to 70 (2 

) following a 

rate of 4 min
–1

. In SEM, the topology of samples was  

recorded. HRTEM was used for the analysis of size and 

shape of MNPs. The samples for HRTEM analysis were 

suspended in ethanol in order to disperse the powder, and 

a drop of the sample was deposited on the vaccum-dried 

lacy copper grid. An accelerating voltage of 200 kV is 

required for TEM analysis. 

 Figure 2
 
a–c displays the XRD pattern of bare Fe3O4 

(GT-MNPs), Fe3O4(GT-MNPs) @SiO2MNPs and GT-

MNPs@SiO2 @APTES respectively. The characteristic 

peaks in the spectrum of bare GT-MNPs (Figure 2
 
a) 

agree well with the standard Fe3O4 (cubic phase) XRD 

spectrum. The peaks at 2 = 30.2, 35.6, 43.2, 57.3 

and 62.9 resemble the (220), (311), (400), (422), (511) 

and (440) reflections respectively. Similar peaks are also 

observed in the spectra of GT-MNPs @SiO2 (Figure 2
 
b) 

and GT-MNPs @SiO2 @APTES (Figure 2
 
c) indicating 

that the crystalline structure and physical properties re-

main unchanged during fabrication of the surface of GT-

MNPs, but the peaks remain unclear due to amorphous 

phase appearance after fabrication. The average crystal-

lite size D was calculated using the Debye–Sherrer  

formula D = K/(cos 
), where K, ,  and  denote 

Sherrer constant, X-ray wavelength, peak width at half 

maximum and Bragg diffraction angle respectively. GT-

MNPs of about 7.27 nm size were obtained using the 

above equation. Moreover, due to amorphous structure no 

crystalline structure was found in silica and APTES coat-

ings. 

 SEM analysis in Figure S1
 
a (see Supplementary In-

formation online) confirmed the cubic structure of GT-

MNPs (Fe3O4). In Figure S1
 
b (see online) SEM analysis 

of GT-MNPs @SiO2 shows spherical cluster formation 

due to SiO2 coating. SEM analysis of GT-MNPs @SiO2 

@APTES shows a more dense structure (Figure S1
 
c, see 

Supplementary Information online). EDX spectra peak 

around 0.8, 0.9, 6.2 and 7.1 kV are related to the binding 

energies of Fe (Figure S2
 
a, see Supplementary Informa-

tion online). Therefore the EDX spectra confirm the pro-

duction of GT-MNPs (Fe3O4) without any impurities. The 

peaks around 0.8, 0.9, 6.2, 6.9, 2.1 kV in the EDX spectra 

(Figure S2
 
b, see Supplementary Information online) are 

connected to the binding energy of Fe and SiO2 respec-

tively. The peaks around 0.8, 0.9, 6.2, 6.9 kV (Figure 

S2
 
c, see Supplementary Information online) are related 

to the binding energy of Fe, and peak at 0.2 kV indicates 

http://www.currentscience.ac.in/Volumes/111/12/2008-suppl.pdf
http://www.currentscience.ac.in/Volumes/111/12/2008-suppl.pdf
http://www.currentscience.ac.in/Volumes/111/12/2008-suppl.pdf
http://www.currentscience.ac.in/Volumes/111/12/2008-suppl.pdf
http://www.currentscience.ac.in/Volumes/111/12/2008-suppl.pdf
http://www.currentscience.ac.in/Volumes/111/12/2008-suppl.pdf
http://www.currentscience.ac.in/Volumes/111/12/2008-suppl.pdf
http://www.currentscience.ac.in/Volumes/111/12/2008-suppl.pdf
http://www.currentscience.ac.in/Volumes/111/12/2008-suppl.pdf
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Figure 2. X-ray diffraction pattern of (a) GT-MNPs, (b) GT-MNPs@SiO2 and (c) GT-MNPs@SiO2@APTES (powder). 

 

 

 
 

Figure 3. FTIR spectra of (a) GT-MNPs (Fe3O4), (b) GT-
MNPs@SiO2 and (c) GT-MNPs@SiO2@APTES. 

 

 

 

the binding energy of N, confirming the formation of GT-

MNPs@SiO2@APTES. 

 FTIR is a valuable tool for analysing the silanization 

process on the surface of GT-MNPs in order to confirm 

their fabrication. The FTIR spectra of bare GT-MNPs  

indicate Fe–O stretching, vibration at 578.31 cm
–1

 (Figure 

3
 
a), 469.93 cm

–1
 (Figure 3

 
b) and 468.25 cm

–1
 (Figure 

3
 
c), available in all three compounds. OH stretching,  

vibration at 3446.99 and 3445.69 cm
–1

 and O–H  

deformed vibration at 1632 cm
–1

 (Figure 3
 
a and b) show 

the coating of OH group on the surface of GT-MNPs. In 

Figure 3
 
c the band at 3420.15 cm

–1
 reveals the presence 

of stretching vibration band of the free amino groups pre-

sent in APTES-coated GT-MNPs. As shown in Figure 3
 
b 

and c, formation of covalent bonds of Fe–O–Si is con-

firmed by the presence of Si–O stretching vibrations 

peaks at 1098 cm
–1

 during silanization process. The pres-

ence of anchored propyl group is confirmed by C–H 

stretching vibrations that appear at 2933 and 2875 cm
–1 

(Table 1). 

 HRTEM analysis of bare and fabricated GT-MNPs 

such as GT-MNPs@SiO2 and GT-MNPs@SiO2@APTES 

were approximately sphere-like with size ranging from 6 

to 30 nm. In Figure 4
 
a, an aggregation in GT-MNPs can 

be seen. Histogram analysis was used to obtain the size of 

GT-MNPs as 7.5 nm. In Figure 4
 
b, due to silica coating 

the aggregation in MNPs is not visible. Histogram analy-

sis revealed the size of GT-MNPs@SiO2 to be 11.75 nm. 

Figure 4
 
c shows that the thick coating of APTES on the 

surface of GT-MNPs@SiO2 causes complete separation 

of NPs, therefore the size of GT-MNPs@SiO2@APTES 

is a critical factor to be determined. 

 In the present study, an eco-friendly production of 

MNPs was achieved using green tea and fabricated with 

silica and APTES. The synthesized products (GT-MNPs, 

GT-MNPs@SiO2 and GT-MNPs@SiO2@APTES) were 

analysed using XRD, SEM, TEM and FTIR with good re-

sults. XRD and SEM analysis confirmed the cubic nature 

and shape of GT-MNPs. FTIR revealed that the MNPs 

has great affinity towards silica and NH2, during the fab-

rication process. TEM analysis provided the average size 

of GT-MNPs to be 7.5 nm. Thus the fabrication process 
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Table 1. FTIR analysis of bare Fe3O4 (GT-MNPs), Fe3O4 (GT-MNPs)@SiO2 and Fe3O4(GT-MNPs)@ 

 SiO2@ APTES 

 Bare Fe3O4(GT-MNPs) Fe3O4(GT-MNPs)@SiO2 Fe3O4(GT-MNPs)@SiO2@APTES 

Bond (cm–1) (cm–1) (cm–1) 
 

Fe–O 578.31 469.93  468.25 

(HO–H) 3446.99 3445.69  

Si–OH str.  799.43 845.76 

Si–O–Si  1098.25 1098.55 

N–H   3420.15, 1634.34 

HC–H  2933, 2875.13 2933 

 
 

 
 

Figure 4. HRTEM images of (a) GT-MNPs, (b) GT-MNPs@SiO2 and (c) GT-MNPs@SiO2@APTES. 

 

 

avoided the aggregation of GT-MNPs and is responsible 

for stability of GT-MNPs. After fabrication, the bio-

compability of GT-MNPs was improved. It can be used in 

various biomedical and bioanalytical applications. 
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