
 
 

 

966|Int. J. of Multidisciplinary and Current research, Vol.3 (Sept/Oct 2015) 

 

International Journal of Multidisciplinary and Current Research                                           
                                                      

Research Article                                   

 

 ISSN: 2321-3124 

   Available at: http://ijmcr.com 

 

Process Parameters for Green Synthesis of Silver Nanoparticles using Leaves Extract 
of Aloe Vera Plant 
 
Ahmed A. Moosa

1
, Ali Mousa Ridha

2
 and Mustafa Al-Kaser

3
  

 

1,2,3Department of Materials Engineering Technology, Engineering Technical College– Baghdad, Middle Technical University Baghdad, Iraq 

 
Accepted 20 Sept 2015, Available online 26 Sept 2015, Vol.3 (Sept/Oct 2015 issue) 

 
  
Abstract  
  
In the present study, an environmental friendly synthesis of silver nanoparticles (AgNPs) has been investigated using 
Aloe Vera plant leaves extract act as reducing and stabilizing agent. The formation of AgNPs was confirmed by changing 
their color to dark brown due to surface plasmon resonance (SPR) phenomenon. The effect of process parameters on 
synthesis of AgNPs from Aloe Vera leaves extract such as AgNO3 concentration (molarity), extract volume percent, 
sunlight exposure time and temperature were studied. The AgNPs obtained were characterized  using UV-vis 
spectroscopy, Atomic Absorption Spectroscopy (AAS), Atomic force microscopy (AFM), and Fourier Transformation 
Infrared Spectroscopy (FTIR). UV-Vis spectroscopy showed the SPR peaks for AgNPs using Aloe Vera leaves extract were 
between 420-490 nm. Atomic force microscopy (AFM) showed the AgNPs are spherical in shapes with the average 
particle diameters between 34 - 102 nm. The best conditions for synthesis of AgNPs using Aloe Vera leaves extract were 
found at 5 mM AgNO3 concentration, 15% extract volume percent, for 10 min of sunlight exposure and temperature at 
60 

o
C. 
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1. Introduction 
 

In recent years, metallic nanoparticles have a great 

attention because of the modification of properties 

perceived due to size effects, distribution and 

morphology due to present a higher surface-to-volume 

ratio with decreasing size of nanoparticles, this modifying 

the catalytic, electronic, and optical properties of the 

metal NPs (Elizondo et al. 2011; Song & Kim 2008).  Silver 

metal nanoparticles is widely known as particular interest 

due to unique properties as high conductivity, chemical 

stability, catalytic and antibacterial (Sharma et al. 2009). 

Nanoparticles can be synthesized using different methods 

including chemical, physical, and biological (Iravani et al. 

2014). The biological method is a green chemistry method  

uses naturally occurring reducing agents such as 

biological microorganism (plants extract, fungus or 

bacteria) to synthesis  nanoparticles (Abou El-Nour et al. 

2010).  

 Green synthesis of AgNPs using plant extracts 

provides advancement over chemical and physical 

method as it is cost  effective, no need to use high energy,  

environment friendly, and no  toxic chemicals  (Singhal et 

al. 2011; Panigrahi 2013).  

Green silver nanoparticles have been synthesized using 

various natural products like coffee and tea extract 

(Nadagouda & Varma 2008) , Hibiscus rosa sinensis leaf  

(Philip 2010) , Cycas Leaf  (Jha & Prasad 2010) , garlic 

(Allium sativum) extract (Rastogi & Arunachalam 2011) , 

Pomegranate peel extract (Ahmad et al. 2012) , Aloe Vera 

plant extract(Chandran et al. 2006).  

 Aloe Vera is a natural plant, which is recognized to 

have imaginary medicinal reputation known back to 

thousands of years ago. It contains treasures of 

nutritional and antipathogenic compounds. Aloe Vera is 

opted for the synthesis of silver nanoparticles because of 

the presence of natural phytochemicals which provide 

natural capping and reducing agents (Yebpella et al. 

2011).  

 The aim of this work is to use Aloe Vera leaves extract 

as low cost and ecofriendly environmental approach to 

green synthesis silver Nanoparticles (AgNPs). The effect of 

synthesis parameters such as: Silver ion concentration, 

Aloe Vera leaves extract concentration, and temperature 

have been investigated. Also, the effect of 

electromagnetic radiation (sunlight) on AgNPs synthesis 

has been studied. The AgNPs have been characterized by 

UV-visible spectroscopy, atomic absorption, AFM and 

FTIR will be used for characterization. 
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2. Materials and Methods 
 

2.1 Materials 
 

Silver nitrate (AgNO3, 99% purity, Sigma Chemical Co., 
Western Australia). Aloe Vera leaves, Collected from local 
gardens. 
 
2.2 Preparation of Silver Nitrate Solution 
 
Different molarities (1, 3, 5, 7 and 9 mM) of silver nitrate 
aqueous solution were prepared. The silver nitrate 
aqueous solution was used as precursor to synthesis 
AgNPs. 
 
2.3 Preparation of Aloe Vera Leaves Extract 
 
Fresh green leaves were collected from Aloe Vera plant 
and then washed extensively with distiller water for 
several times to remove dust particles, impurities or any 
other stakes. The leaves were then chopped into small 
pieces. A 10 g of chopped  Aloe Vera leaves were boiled 
with 100 ml of distilled water at 80 oC for 10 minute 
(Pattanayak et al. 2013) in a 250ml flask to obtained Aloe 
Vera leaves extract. The aqueous leave extract was then 
filtered using Chm filter papers (No. 2042-150, with 3-2 
µm pore size) to obtained Aloe Vera extract with a yellow 
color to be used as reducing and capping agents in the 
AgNPs synthesis. 
 
2.4 Silver Nanoparticles Synthesis 
 
Silver nanoparticles were synthesized by adding a well 
known volume of plant extract to AgNO3 aqueous 
solution at known molarities then mixed using hand 
mixture. The mix solution was allowed to react in sunlight 
for a specific time. Samples were then monitored for the 
formation of AgNPs by monitoring the change in color of 
the mix solution. 
 

2.5 Effect of Silver Nitrate Concentration on AgNPs 
Synthesis 
 

A 10 mL of Aloe Vera leaves extract is added to 90 ml of 
aqueous solution of AgNO3 of different concentration (1, 
3, 5, 7 & 9) mM in a 250 ml flask. The solution was 
allowed to react at room temperature under sunlight for 
10 minutes. The sunlight intensity is 95800 ± 500 LUX (as 
measured by Note3 Samsung mobile at IOS 800). The 
color of the solution mixture of silver nitrate and Aloe 
Vera leaves extract was changed within 10 minutes from 
yellow brown to deep brown color under sunlight. This 
indicates the reduction of Ag+ ions to Ago nanoparticles 
(Awwad et al. 2013). 
 

2.6 Effect of Aloe Vera Extract Concentration on AgNPs 
Synthesis 
 
Different volume ratio (5, 10 and 15 %) of Aloe vera 
leaves extracts was added to the best  molarity of AgNO3 

aqueous solution. A 5, 10 and 15 ml of Aloe Vera leaves 
extract was added to 95, 90 and 85 ml of AgNO3 solution 
respectively and waited for 10 min for the color change 
under sunlight at room temperature. The Aloe Vera 
leaves extract and AgNO3 solution mixture was then 
characterized using UV, AFM and Atomic absorption. 
 
2.7 Effect of Sunlight Exposure on AgNPs Synthesis 
 
The best volume  of plant extract  were added to the best 
molarity of  AgNO3 solution at  room temperature  and 
waited for the color changed under sunlight at different 
time (5, 10, 15 min) for each sample.The Aloe Vera leaves 
extract and AgNO3 solution mixture was then analyzed 
using UV, AFM and Atomic absorption. 
 
2.8 Effect of Temperature on AgNPs Synthesis 
 
The effect of temperature on AgNPs synthesis was 
studied at (25, 40, 50, 60, 70 and 80) oC using water bath 
r. The best volume of Aloe Vera leaves extract was added 
to the best concentration of AgNO3 to synthesis AgNPs at 
constant sunlight exposure time of 10 min and wait for 
color change.  Each sample was then taken out from the 
bath and water cool down to room temperature. The 
Aloe Vera leaves extract and AgNO3 solution mixture was 
then characterized using UV, AFM and Atomic absorption.   
 
3. Analysis Methods  
 
3.1 UV-Visible Absorption  
 
The synthesized silver nanoparticles by reducing silver 
metal ion solution with Aloe Vera leaves extract were 
initially characterized using UV-Visible 
Spectrophotometers (Jenway 6310 / Bibby Scientific 
Limited / UK).  
 
3.2 Atomic Absorption Spectrometry 
 
The initial concentration of Ag+  in  the prepared AgNO3 
solution and the final concentration of Ag+ in the 
prepared nanosilver solution were  also measured   using  
the Atomic absorption (Nov AA350 Analytik Jena AG, 
Germany). The difference between the initial and final 
concentration of Ag+ will give the concentration of Ag0 
nanoparticles.  

 
3.3 Atomic Force Microscopy 
 
A thin film of the prepared sample of AgNPs   was 
deposited  on a silica glass plate by dropping few drops of 
the AgNPs on the plate and  allowed to dry at room 
temperature in the dark (to avoid nanoparticles diameter 
growth  due to temperature and/or light). The deposited 
film on silica glass plate was then scanned with the 
Atomic Force Microscopy (CSPM-5500, Karaltay (Beijing) 
Instruments Co. Ltd., China).  
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3.4 Fourier-Transform Infrared Spectroscopy  
 
The Aloe Vera leaves extract was analyzed using Fourier-
transform infrared (FTIR) Spectroscopy, (IRTracer-100 / 
Shimadzu Co. / USA).  A several drops of freshly prepared 
Aloe Vera leaves extract were sandwiched between two 
silica glass plates such that no gas bubbles are trapped.  
 
4. Results and Discussion 
 
4.1 FTIR of Aloe Vera Leaves Extract 
 
The identification of specific compounds and functional 
groups in the plant extract will help in the physio-
chemical characterization of materials with reference to 

pertained biochemical and biological activities. The FTIR 
spectra for Aloe Vera extract show several peaks and 
signify various functional groups (Figure 1). The broad 
band at about 3452.58 cm-1 can be attributed to bond –
OH groups. The band at about 2356.                     
                                                          
                                                  
                  -                                  
                              -                           
I). The peak at 1562.34 cm-1 is attributed to secondary 
amine groups. The peaks at 1458.18 and 1396.46 cm-1 
are both related to the symmetric bending of CH3. The 
peak at 470.63 cm-1 correspond to stretching vibration of 
amine groups (Nejatzadeh-Barandozi & Enferadi 2012; 
Ray & Dutta Gupta 2013; Vitro et al. 2014). 

 

 
 

Figure 1 FTIR of Aloe Vera leaves extract 
 

 
 

Figure 2 UV–Visible absorbance spectra of AgNPs suspension at different AgNO3 concentration using Aloe Vera leaves 
extract
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4.2 Effect of AgNO3 Concentration (Molarity) 
 
A 10 mL of Aloe Vera leaves extract was added to 90 mL 
of AgNO3 aqueous solution at different concentration (1, 
3, 5, 7 & 9) mM with 10 min exposure to sunlight at room 
temperature. The solution was then characterized using 
UV-Vis and AFM.  
 Figure 2 shows the UV–visible spectra of AgNPs at 
different AgNO3 concentration. Increasing AgNO3 
concentration resulted in gradual increasing of 
absorbance peak between 422 – 447 nm for (1, 3, 5, 7 & 
9) mM AgNO3 which are the characteristic of Ag 
nanoparticle, due to its surface plasmon resonance 
absorption band. The color intensity increases with 
increasing of AgNO3 concentration. As the concentration 
of the AgNO3 increases, the SPR band was shifted from 
422 at 1mM to 447 nm at 9mM with simultaneous 
broadening of the band due to the increase of AgNO3 
particles size. The rate of formation of AgNPs was found 
to be slower at lower AgNO3 concentration and hence 
causing weaker absorbance.  
 In present investigation, a single SPR band was 
observed for each (1, 3, 5, 7 & 9) mM AgNO3 revealing 
spherical shape of silver nanoparticles. The number of 
SPR peaks increases with decreasing the symmetry of the 
nanoparticle. Thus, spherical nanoparticles, disks, and 
triangular nanoplates of silver show one, two, and more 
peaks, respectively (Sosa et al. 2003). 
 

 
 

(a) 5mM of AgNO3 
 

 

 
 

(b) 9mM of AgNO3 
 

 
 

Figure 3 AFM images with nanoparticles size distribution 
of AgNPs synthesized using Aloe Vera plant extracts: a) 

5mM AgNO3  and  b) 9mM AgNO3 
 
Figure 3 show the AFM images for AgNPs at different 
AgNO3 concentration (1, 5, 7 & 9) mM. AFM was used to 
analyse the particle morphology (shape, size) of AgNPs in 
Three- Dimensional view. Figure 3 show the AFM images 
for AgNPs at different AgNO3 concentration (1, 5, 7 & 9) 
mM.  
 The 3D images results of AFM indicate the formation 
of homogeneous distribution of silver nanoparticles and 
no agglomeration was observed as shown in Figure 4. The 
Granularity Accumulation Distribution (GAD), which gives 
the particles size distribution of AgNPs, showed the 
average particle diameter of AgNPs is 34.08, 35.26, 40.22 
and 55.38 nm at 1, 5, 7 and 9 mM respectively. A small 
change in the average particle size between 1-5 mM is 
observed. However, the average particle size increases 
rapidly with increasing in the molarity after 5mM due to 
the availability of more Ag+ which lead to an increase in 
the size of silver nanoparticles.  At 9 mM, the SPR peak 
was observed to be broad with maximum absorbance and 
shifted toward longer wavelength. The shift to longer 
wavelengths is associated with increasing in particle size 
(Gunalan et al. 2013). This increase in particle size, the 
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broadening of the peak, and the maximum absorbance 
can be explained by the fact that particles are 
polydispersed and no sedimentation of the particles. 
 
4.3 Effect of Aloe Vera Plant Extract Volume   
 
A 5, 7, 10, 12 and 15 mL of Aloe Vera leaves extract were 
added to 95, 93, 90, 88 and 85 mL of AgNO3 solution 
(5mM) respectively under sunlight exposure for 10 min at 
room temperature. Figure 4 shows the UV–visible spectra 
of AgNPs at different Aloe Vera leaves extract volume 
ratio. The SPR band for 5 mL extract was centered at 477 
nm. At higher extract ratio 10 and 15 mL, the SPR band is 
also at 447 nm with an increase in the absorbance due to 
more the formation of more AgNPs caused by the 
availability of more functional groups in the leaf extract. 
 

 
 

Figure 4 UV- Visible absorbance spectra of AgNPs 
suspension at different Aloe Vera leaves extract volume 

 

 
 

Figure 5 Absorbance as function of Aloe Vera leaves 
extract volume 

 
Figure 5 shows the absorbance as function of Aloe Vera 
leaves extract ratio. The absorbance increases with 

increasing the extract volume for (5, 7, 10, 12 and 15%) of 
Aloe Vera leaves extract as a result of increasing the 
concentration of nanoparticles due to the increasing of 
reduction sites as confirm in Figure 6.  
 

 
 

Figure 6 Effect of Aloe Vera leaves extract volume on Ag
0
 

concentration 
 
The AFM images of AgNPs synthesized by different Aloe 
Vera plants extract volume are shown in Figures 7. The 
image topography of AgNPs clearly indicates the 
formation of nanoparticles with no agglomerations. The 
average nanoparticle diameter of AgNPs was found to be 
68.31 nm, 60.27 nm and 51.64 nm at 5, 10 and 15mL Aloe 
Vera extract volume respectively. The AgNPs particles size 
decreases with increases of Aloe Vera plants extract 
volume. This is in agreement with  other researchers 
(Dubey et al. 2010). The increase in the Aloe Vera extract 
volume means increasing in the reduction sites and this 
will increase the rate of formation of more AgNPs and this 
will decrease the size of AgNPs. The AFM images are 
supported by UV- Visible absorbance spectra of AgNPs 
suspension, Figure 4 at 10% and 15% where the 
absorbance are very high due to the formation of more 
AgNPs. 
 Therefore, the best extract volume percent for 
synthesis of AgNPs using Aloe Vera leaves extract was 
taken at 15% extract volume based on UV-Vis spectra, 
amount of AgNPs, best efficiency and acceptable particle 
size. 

 
 

(a) 10% 
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(b) 15% 
 

 
 

Figure 7 AFM images with nanoparticles size distribution 
of AgNPs synthesized using Aloe Vera plant extracts: a) 

10% extract volume; b) 15%extract volume. 
 

4.4 Effect of Sunlight Exposure Time Using Aloe Vera 
Leaves Extract 
 
Figure 8 shows UV–Visible absorbance spectra for 
samples at different sunlight exposure time of 5, 10, 15 
min. At exposure time (5 min), the absorbance is very 
small with SPR peak at 440 nm with broad band. At 10 
min, the absorbance is maximum with SPR at 446 nm and 
with a sharp peak. The color intensity increased with the 

duration of exposure time. At 15 min, the SPR band is 
very broad and is shifted to 447 nm with decreasing in the 
absorbance.  
 Figure 9 shows the reduction efficiency of AgNO3 by 
Aloe Vera leaves extract as function of sunlight exposure 
time. The maximum formation efficiency was 21% at 10 
min of sunlight exposure time.   This is in agreement with 
the SPR sharp peak at 10 min obtained from UV–Visible 
absorbance (Figure 8). 
 AFM images for AgNPs synthesis using Aloe Vera 
extract at different exposure time are shown in Figure 10  
(a, b). The image shows spherical nanoparticles shape 
with no agglomeration and good nanoparticles size 
distribution. Large nanoparticles density was observed at 
10 min of sunlight exposure, which is in agreement with 
the SPR sharp peak at 10 min obtained from UV–Visible 
absorbance. AFM shows the average nanoparticles 
diameter of 78.05 nm, 51.84 nm and 101.56 nm at 5 min, 
10 min and 15 min respectively.  
 Therefore, the best time for sunlight exposure for 
synthesis of AgNPs using Aloe Vera leaves extract was 
taken at 10 min based on UV-Vis spectra, amount of 
AgNPs, best efficiency, acceptable particle size, and the 
best sunlight exposure time. 
 

 
 

Figure 8 UV–Visible absorbance spectra of AgNPs at 
different sunlight exposure time using Aloe Vera leaves 

extract 

 
 

Figure 9 Reduction efficiency as function of sunlight 
exposure time for Aloe Vera leaves extract 
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4.5 Effect of Temperature using Aloe Vera Leaves Extract 
 
The UV-Vis spectra for AgNPs suspension at different 
temperature are shown in Figure 11. The absorbance 
peak for AgNPs occurs at 460 nm at room temperature, 
40 and 80

o
C. The absorbance peak is 480 nm for synthesis 

at 50 and 60
o
C with a shift toward the longer wavelength. 

At 70
o
C the absorbance peak is at 450 nm which is narrow 

peak with an increase in absorbance due to increasing 
number of nanoparticles formed as a result of reduction 
of silver ions present in the aqueous solution. Figure 12 
shows the Ag0 concentration in solution was increased 
initially from 110.5 ppm at room temperature then 
reaches maximum concentration of 152 ppm at 
temperature 60

o
C. The concentration was then decreased 

sharply with increased of temperature after 60 oC. This is 
in agreement with the maximum absorbance that occurs 
at 60

o
C.  

 AFM images for AgNPs synthesis using Aloe Vera 

leaves extract at different temperature are shown in 

Figure 13 (a, b,). The images show a spherical 

nanoparticles shape with no agglomeration but at 80 oC 

there are some aggregations of nanoparticles. The higher 

particle density occurs at 60 oC. This is in agreement with 

UV–Visible absorbance spectra of AgNPs suspension at 60 

oC where the SPR peak is very narrow which indicates 

uniform nanoparticles distribution. The average 

nanoparticles diameter is 78.89, 82.41, 85.76, 90.53 and 

101.64 at 40, 50, 60, 70 and 80
o
C respectively.  

 The particles diameter distributions for 40, 50, 60 and 

70
o
C are 50 - 130 nm, while for sample at 80

o
C the range 

is 80-175 nm with existing of 1.12% of particles with 

diameter 175 nm.  This is in agreement with UV–Visible 

absorbance spectrum at 80
o
C, Figure 11, with the 

broadening peak area of the band and lower absorbance 

indicates decrease in interparticle spacing  due to particle 

aggregation (Desai et al. 2012).  

 Therefore, the best condition for synthesis of AgNPs 

using Aloe Vera leaves extract was taken at temperature 

60 oC for synthesis of AgNPs using Aloe Vera leaves based 

on UV-Vis spectra, amount of AgNPs, best efficiency, 

acceptable particle size, and the best sunlight exposure 

time. 

 
 

(a) 5 min 

 
 

 
 

(b) 10 min 

 
 

Figure 10 AFM images with nanoparticles size distribution 
of AgNPs synthesized using Aloe Vera plant extracts: a) 5 

min sunlight exposure ; b) 10 min sunlight exposure. 
 

Conclusions 
 
Silver nanoparticles were synthesized by green method 

using Aloe Vera leaves extract. AgNPs synthesis under 

sunlight is very efficient method compare with that in the 

dark. The green synthesis of AgNPs method provides a 

simple, efficient, environmental ecofriendly and cost 

effective route for the synthesis of nanomaterials with 

tunable optical properties directed by particle shape. The 

synthesized silver nanoparticles was confirmed by the 

change of color of Aloe Vera leaves extract and 

characterized by UV-Vis spectroscopy.  
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Figure 11 UV–Visible absorbance spectra of AgNPs suspension at different temperature using Aloe Vera leaves extract 

 

 
 

Figure 12 Ag
0
 concentration as a function of temperature using Aloe Vera leaves extract 

  
 

(a) 70 
o
C 
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(b) 80 
o
C 

 

Figure 13  AFM images with nanoparticles size distribution of AgNPs synthesized using Aloe Vera plant extracts: a) 70 
o
C 

; b) 80 
o
C 

 

References 

 

Abou El-Nour, K.M.M. et al., 2010. Synthesis and applications of 

silver nanoparticles. Arabian Journal of Chemistry, 3(3), 

pp.135–140. 

Ahmad, N., Sharma, S. & Rai, R., 2012. Rapid green synthesis of 

silver and gold nanoparticles using peels of Punica granatum. 

Advanced Materials Letters, 3(2), pp.376–380. 

Awwad, A.M., Salem, N.M. & Abdeen, A.O., 2013. Biosynthesis 

of Silver Nanoparticles using Olea europaea Leaves Extract 

and its Antibacterial Activity. Nanoscience and 

Nanotechnology, 2(6), pp.164–170. Available at: http:// 

article.sapub.org/ 10.5923.j.nn.20120206.03.html. 

Chandran, S., Chaudhary, M. & Pasricha, R., 2006. Synthesis of 

gold nanotriangles and silver nanoparticles using aloevera 

plant extract. Biotechnology, 22(2), pp.577–83. Available at: 

http:// www.ncbi.nlm.nih. 

gov/pubmed/16599579\nhttp://onlinelibrary.wiley.com/doi/

10.1021/bp0501423/pdf. 

Desai, R. et al., 2012. Size Distribution of Silver Naoparticles: UV-

Visible Spectroscopic Assessment. Nanoscience and 

Nanotechnology Letters, 4, pp.30–34. 

Dubey, S.P., Lahtinen, M. & Sillanpää, M., 2010. Green synthesis 

and characterizations of silver and gold nanoparticles using 

leaf extract of Rosa rugosa. Colloids and Surfaces A: 

Physicochemical and Engineering Aspects, 364(1-3), pp.34–

41. 

Elizondo, N. et al., 2011. Green Synthesis and Characterizations 

of Silver and Gold Nanoparticles. In M. Kidwai, ed. Green 

Chemistry - Environmentally Benign Approaches. Shanghai, 

China: Intech, pp. 139–156. Available at: http:// www. 

intechopen. com/ books/green-chemistry-environmentally-

benign-approaches/green-synthesis-and- characterization-of-

gold-and-silver-nanoparticles-. 

Gunalan, S., Sivaraj, R. & Rajendran, V., 2013. Green synthesized 

ZnO nanoparticles against bacterial and fungal pathogens. 

Progress in Natural Science: Materials International, 22(6), 

pp.693–700. Available at: http:// dx.doi.org/10.1016/ 

j.pnsc.2012.11.015. 

Iravani, S. et al , 20    S               v                 : 

chemical , physical and biological methods. Research in 

Pharmaceutical Sciences, 9(6), pp.385–406. 

Jha, A.K. & Prasad, K., 2010. Green Synthesis of Silver 

Nanoparticles Using Cycas Leaf. International Journal of 

Green Nanotechnology: Physics and Chemistry, 1(2), 

pp.P110–P117. Available at: http://www.tandfonline. 

com/loi/ugnp20. 

Nadagouda, M.N. & Varma, R.S., 2008. Green synthesis of silver 

and palladium nanoparticles at room temperature using 

coffee and tea extract. Green Chemistry, 10(8), p.859. 

Nejatzadeh-Barandozi, F. & Enferadi, S., 2012. FT-IR study of the 

polysaccharides isolated from the skin juice, gel juice, and 

flower of Aloe vera tissues affected by fertilizer treatment. 

Organic and Medicinal Chemistry Letters, 2(1), p.33. Available 

at: Organic and Medicinal Chemistry Letters. 

Panigrahi, T., 2013. Synthesis and Characterization of Silver 

Nanoparticles Using Leaf Extract of Azadirachta Indica. 

University of Orissa, India. Available at: 

http://scholar.google.com/scholar?hl=en&btnG=Search&q=in

title:No+Title#0. 

Pattanayak, M., Muralikrishnan, T. & Nayak, P.L., 2013. Green 

Synthesis of Gold Nanoparticles Using Elettaria cardamomum 

( ELAICHI ) Aqueous Extract. World Journal of Nano Science & 

Technology, 2(2), pp.52–58. 

Philip, D., 2010. Green synthesis of gold and silver nanoparticles 

using Hibiscus rosa sinensis. Physica E: Low-Dimensional 

Systems and Nanostructures, 42(5), pp.1417–1424. Available 

at: http:// dx.doi.org/10.1016/ j.physe.2009.11.081. 

Rastogi, L. & Arunachalam, J., 2011. Sunlight based irradiation 

strategy for rapid green synthesis of highly stable silver 

nanoparticles using aqueous garlic (Allium sativum) extract 

and their antibacterial potential. Materials Chemistry and 

http://www.ncbi.nlm.nih/
http://www.intechopen/
http://www.intechopen/
http://www.tandfonline/
http://scholar.google.com/scholar?hl=en&btnG=Search&q=intitle:No+Title#0
http://scholar.google.com/scholar?hl=en&btnG=Search&q=intitle:No+Title#0


Ahmed A. Moosa et al                                              Process Parameters for Green Synthesis of Silver Nanoparticles using Leaves Extract of Aloe Vera Plant 

975 | Int. J. of Multidisciplinary and Current research, Vol.3 (Sept/Oct 2015) 

 

Physics, 129(1-2), pp.558–563. Available at: http://dx.doi.org/ 

10.1016/ j.matchemphys. 2011.04.068. 

Ray, A. & Dutta Gupta, S., 2013. A panoptic study of antioxidant 

potential of foliar gel at different harvesting regimens of Aloe 

vera L. Industrial Crops and Products, 51, pp.130–137. 

Available at: http:// dx.doi.org/10.1016/j.indcrop. 

2013.09.003. 

Sharma, V.K., Yngard, R. a. & Lin, Y., 2009. Silver nanoparticles: 

Green synthesis and their antimicrobial activities. Advances in 

Colloid and Interface Science, 145(1-2), pp.83–96. Available 

at: http://dx.doi.org/10.1016/j.cis.2008.09.002. 

Singhal, G. et al., 2011. Biosynthesis of silver nanoparticles using 

Ocimum sanctum (Tulsi) leaf extract and screening its 

antimicrobial activity. Journal of Nanoparticle Research, 13(7), 

pp.2981–2988. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Song, J.Y. & Kim, B.S., 2008. Biological synthesis of bimetallic 

Au/Ag nanoparticles using Persimmon (Diopyros kaki) leaf 

extract. J. Chem. Eng., 25(4), pp.808–811. 

Sosa, I., Noguez, C. & Barrera, R.G., 2003. Optical properties of 

metal nanoparticles with arbitrary shapes. The Journal of 

Physical Chemistry B, 107(26), p.19. Available at: 

http://arxiv.org/abs/cond-mat/0304216. 

Vitro, I.N. et al., 2014. In Vitro Studies in Synthesis of Silver 

Nanoparticles Using Streptomyces Griseoflavus Bpm18 and 

Evaluating Its Antifungal Activity. World Journal of 

Pharmaceutical Research, 3(6), pp.858–867. 

Yebpella, G.G. et al., 2011. Phtyochemical screening and 

comparative study of antimicrobial activity of Aloe vera 

various extracts. African Journal of Microbiology Research, 

5(10), pp.1182–1187. 

 

 

http://dx.doi.org/
http://dx.doi.org/10.1016/j.cis.2008.09.002
http://arxiv.org/abs/cond-mat/0304216

