Biological synthesis of copper nanoparticles using plant extract
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ABSTRACT
Copper nanoparticles were biologically synthesized
using plant leaf extract as reducing agent. On treatment of
aqueous solution of CuSO4∙5H2O with Magnolia leaf
extract, stable copper nanoparticles were formed. UV-vis
spectroscopy was used to monitor the quantitative
formation of copper nanoparticles. The synthesized
nanoparticles were characterized with inductively coupled
plasma spectrometry (ICP), energy dispersive X-ray
spectroscopy (EDS), X-ray photoelectron spectroscopy
(XPS), scanning electron microscopy (SEM), and highresolution transmission electron microscopy (HR-TEM).
Electron microscopy analysis of copper nanoparticles
indicated that they ranged in size from 40 to 100 nm.
Antibacterial tests were carried out by counting viable
Escherichia coli cells after 24 h growth in shake flasks
containing latex foams coated with copper nanoparticles.
As a result, foams coated with biologically synthesized
copper nanoparticles showed higher antibacterial activity
compared with foams untreated. As possible ecofriendly
alternatives to chemical and physical methods, biologically
synthesized nanoparticles using plant extracts may have
applications in various human body-contacting areas.
Keywords: biological synthesis, copper nanoparticles, plant
extract, antibacterial activity
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INTRODUCTION

Nanoparticles present a higher surface to volume ratio
with decreasing size of nanoparticles. Specific surface area
is relevant for catalytic reactivity and other related
properties such as antimicrobial activity in silver
nanoparticles [1]. Value of nanomaterials increases from
the bulk materials due to change of unique physical,
mechanical, optical and electromagnetic properties. For
example, the sales costs of silver and gold increase from
$95/lb silver and $6,650/lb gold for standard grades, to
$415/lb silver and $26,000/lb gold for nanoscale grades [2].
Production of nanoparticles can be achieved through
different methods. Chemical approaches are the most
popular methods for the production of nanoparticles.
However, some chemical methods can not avoid the use of
toxic chemicals in the synthesis protocol. Since metal
nanoparticles are widely applied to human contacting areas,
there is a growing need to develop environmentally friendly
processes of nanoparticle synthesis that do not use toxic
chemicals. Biological methods for nanoparticle synthesis

using microorganisms, enzymes, and plants or plant
extracts have been suggested as possible ecofriendly
alternatives to chemical and physical methods [3,4].
Using plants for nanoparticle synthesis can be
advantageous over other biological processes because it
eliminates the elaborate process of maintaining cell cultures
and can also be suitably scaled up for large-scale
nanoparticle synthesis [5]. Gardea-Torresdey et al. [6,7]
demonstrated gold and silver nanoparticle synthesis within
live alfalfa plants from solid media. Extracellular
nanoparticle synthesis using plant leaf extracts rather than
whole plants would be more economical owing to easier
downstream processing. Pioneering works on nanoparticle
synthesis using plant extracts have been carried out by
Sastry and others [5,8-14].
In most reports on nanoparticle synthesis using plant
extracts, the times required for conversion of Ag+ and Au3+
ions to Ag and Au nanoparticles were several hours, which
was longer than those of chemical synthesis [5]. If
biological synthesis of nanoparticles can compete with
chemical methods, there is a need to achieve faster
synthesis rates. We carried out engineering approaches such
as rapid nanoparticle synthesis using plant extracts and size
and shape control of the synthesized nanoparticles [14-18].
The antimicrobial properties of silver nanoparticles are
well-established [19-21] and several mechanisms for their
bactericidal effects have been proposed. Although only a
few studies have reported the antibacterial properties of
copper nanoparticles, they show copper nanoparticles have
a significant promise as bactericidal agent [22]. However,
other nanoparticles, such as platinum, gold, iron oxide,
silica and its oxides, and nickel have not shown bactericidal
effects in studies with Escherichia coli [23]. Yoon et al.
[24] reported the antibacterial effects of silver and copper
nanoparticles using E. coli and Bacillus subtilis, where the
copper nanoparticles demonstrated superior antibacterial
activity compared to the silver nanoparticles. Silver and
copper nanoparticles supported on various suitable
materials, such as carbon, polyurethane foam, polymers and
sepiolite have also been effectively used for bactericidal
applications [20,21,25-27]. The bactericidal effect of metal
nanoparticles has been attributed to their small size and
high surface to volume ratio, which allows them to interact
closely with microbial membranes and is not merely due to
the release of metal ions in solution [28].
In this study, we report for the first time biological
synthesis of stable copper nanoparticles using plant leaf
extract. We investigated the effects of reaction conditions
such as reaction temperature, leaf broth concentration, and
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CuSO4∙5H2O concentration on synthesis rate and particle
size of the copper nanoparticles. We also carried out
antibacterial test of the biosynthesized copper nanoparticles
by coating on latex foam products.

2
2.1

MATERIALS AND METHODS

Materials

Copper(II) sulfate pentahydrate (CuSO4∙5H2O; 99.5%
purity) was purchased from Samchun Chemical (Korea).
Latex foam was supplied from Latex Korea Co.

2.2 Biological Synthesis and
Characterization of Copper Nanoparticles
Magnolia kobus leaves were collected and dried for 2
days at room temperature. The plant leaf broth solution was
prepared by taking 25 g of thoroughly washed and finely
cut leaves in a 1 L beaker with 500 ml of sterile distilled
water and then boiling the mixture for 5 min before finally
decanting it. They were stored at 4 oC and used within a
week.
Typically, 30 ml of leaf broth was added to 170 ml of 1
mM aqueous CuSO4∙5H2O solution for the reduction of Cu
ions. The effects of temperature on synthesis rate and
particle size of the prepared copper nanoparticles were
studied by carrying out the reaction in water bath at 25 - 95
o
C with reflux. The structure were analyzed by scanning
electron microscopy (SEM, Hitachi S-2500C) and highresolution transmission electron microscopy (HR-TEM;
JEOL-2010). Copper concentrations were determined using
inductively coupled plasma spectrometry (ICP, JY38Plus).

2.3 Chemical Synthesis of Copper
Nanoparticles
4 ml of Tween 20 and 6 ml of sodium borohydride was
added to 190 ml of 1 mM aqueous CuSO4∙5H2O under 300
rpm stirring. The reaction medium was allowed to react for
2 hour at 25 oC.

2.4

Antibacterial Activity

Latex foams were washed, sterilized and dried before
use. Latex foam (2 × 2 × 2 cm) was added in solution
containing copper nanoparticles synthesized with 1 mM
CuSO4∙5H2O and 15% Magnolia kobus leaf broth. The
weight of latex foam was 5 g and the total volume of
solution was 100 ml. The copper colloid solution containing
latex foam was placed in shaking incubator for 1 hr at 37 oC.
The resulting foams coated with copper nanoparticles were
dried in oven for 24 hr at 50 oC.
Antibacterial activity was tested against gram-negative
E. coli strain (ATCC 25922). Cells were grown in LB
media containing latex foams for 24 hr at 37 oC. Then 0.1
ml of cultured solution was transferred to agar medium and
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incubated for another 24 h. Colonies of viable microbes
were counted. Antibacterial activity was calculated by
comparing with the colony count of control (untreated
foams).

3

RESULTS AND DISCUSSION

Reduction of the copper ion to copper nanoparticles
during exposure to the plant leaf extract could be followed
by color change and thus UV-vis spectroscopy. It is
observed that the maximum absorbance occurs at ca. 560
nm and steadily increases in intensity as a function of
reaction time. We quantitatively monitored the
concentrations of copper nanoparticles and conversion by
measuring the absorbance at 560 nm. The linear
relationship was obtained between the copper concentration
determined by ICP and the absorbance at 560 nm.
TEM images obtained with 15 - 20% Magnolia leaf
broth and 1 mM CuSO4∙5H2O solution showed that
relatively spherical nanoparticles are formed with diameter
of 45 - 110 nm. As the reaction temperature increased, both
synthesis rate and conversion to copper nanoparticles
increased. The conversion after 24 hr was about 70% at 25
o
C and 80 - 100% at 60 and 95 oC. The average particle size
decreased from 110 nm at 25 oC to 45 nm at 95 oC.
Regarding the reason of decrease in particle size with
temperature, we can hypothesize as follows. As the reaction
temperature increases, the reaction rate increases and thus
most copper ions are consumed in the formation of nuclei,
stopping the secondary reduction process on the surface of
the preformed nuclei. Similar trends were observed with
gold and silver nanoparticles synthesized using plant
extracts [11,14,15].
Effects of different Magnolia leaf broth concentrations
at 5 - 20% were investigated on copper nanoparticles
formation at 1 mM CuSO4∙5H2O. The reaction rate was
highest at 20% leaf broth concentration. With increasing the
leaf broth concentration, the average particle size decreased
up to 15% leaf broth concentration and then increased at
20% leaf broth concentration. Effects of CuSO4∙5H2O
concentration were also investigated on conversion to
copper nanoparticles obtained with 15% Magnolia leaf
broth concentration. The times required for more than 90%
conversion were 1600, 1400, and 300 min at 95 oC,
respectively, when CuSO4∙5H2O concentrations were 0.5, 1,
and 2 mM, respectively. The average particle size decreased
with increasing the CuSO4∙5H2O concentration. It is
considered that particle size is dependent on various
conditions such as reaction temperature, leaf broth
concentration and CuSO4∙5H2O concentration.
EDS profile showed copper signals along with oxygen
and carbon peak, which may originate from the
biomolecules that are bound to the surface of the copper
nanoparticles. XPS spectrum showed characteristic copper
peaks, suggesting that copper nanoparticles were
successfully synthesized using Magnolia leaf broth.
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Copper nanoparticles were also synthesized using wellknown chemical method for comparison. Sodium
borohydride and Tween 20 were used as reducing and
stabilizing agent, respectively. SEM image showed that
spherical nanoparticles were formed with diameter of ca.
150 nm. It was observed that chemically synthesized copper
nanoparticles oxidized and settled down after 24 hr, while
copper nanoparticles synthesized using plant extract were
stable for over 30 days because some capping materials
surround the surface of nanoparticles. This is another
advantage using plant extract for nanoparticle synthesis
over using chemical method.
Latex foams were dip-coated with copper nanoparticles
to test antibacterial activity. The color of the treated foams
changed to brown with increasing the copper nanoparticle
concentration due to the coating of copper nanoparticles on
the surface of foams, while the untreated foams were white.
Table 1 summarizes antibacterial activities of copper
nanoparticles synthesized using Magnolia leaf extract at
various temperatures and leaf broth concentrations
compared with chemically synthesized copper nanoparticles.
The antibacterial activities were 40, 95, and 99%,
respectively, when the synthesis temperatures were 25, 60,
and 95 oC, respectively. It was shown that the antibacterial
activities were inversely proportional to the average
nanoparticle sizes. Chemically synthesized copper
nanoparticles at 25 oC showed 17% of antibacterial activity.
When the leaf broth concentrations were 5, 10, 15, and 20%,
respectively, the antibacterial activities were 70, 89, 99, and
75%, respectively, which was also inversely proportional to
the average nanoparticle sizes.
Synthesis Synthesis
Leaf
Anti- Average
method of temp. (oC) broth bacterial particle
copper
conc. (%) activity size (nm)
(%)
nanoparticles
Chemical
25
17
150
method
Biological
25
15
40
110
method
Biological
60
15
95
90
method
Biological
95
5
70
91
method
Biological
95
10
89
58
method
Biological
95
15
99
37
method
Biological
95
20
75
82
method
Table 1: Summary of antibacterial activity of copper
nanoparticles.

4

CONCLUSION

We proposed an ecofriendly method for copper
nanoparticle synthesis using plant extract. The conversion
to copper nanoparticles was more than 90% using Magnolia
leaf broth when the reaction temperature increased to 95 oC.
The particle size ranged from 45 to 110 nm and could be
controlled by changing the reaction temperature and leaf
broth concentration. The growth of E. coli in shake flask
culture was significantly suppressed by treatment of copper
nanoparticles to the latex foams. The antibacterial activities
were inversely proportional to the average nanoparticle
sizes. The biologically synthesized copper nanoparticles
using plant extract showed higher antibacterial activity than
chemically synthesized copper nanoparticles using sodium
borohydride and Tween 20. Copper nanoparticles
synthesized using plant extract were stable for over 30 days
due to some capping materials surrounding the surface of
nanoparticles, which is another advantage using plant
extract for nanoparticle synthesis over using chemical
method. This environmentally friendly synthesized copper
nanoparticles can be used as an inexpensive alternative to
antibacterial silver nanoparticles.

REFERENCES
[1] Willems, van den Wildenberg, “Roadmap report on
nanoparticles”, W&W Espana sl, Barcelona, Spain,
2005.
[2] J. N. Yoo, Paper presented at the fall meeting of the
Korean Institute of Chemical Engineers, Seoul,
Korea, 2006.
[3] B.S. Kim and J.Y. Song, “Biological synthesis of
metal nanoparticles”. In: C.T. Hou and J.-F. Shaw
(ed), “Biocatalysis and Agricultural Biotechnology”,
CRC Press, pp 399-407, 2009.
[4] P. Mohanpuria, N.K. Rana and S.K. Yadav,
“Biosynthesis of nanoparticles: technological
concepts and future applications”. J. Nanopart. Res.
10, 507-517, 2008.
[5] S.S. Shankar, A. Rai, A. Ahmad and M. Sastry,
“ Rapid synthesis of Au, Ag, and bimetallic Au core
Ag shell nanoparticles using Neem (Azadirachta
indica) leaf broth,” J. Colloid Interf. Sci. 275, 496502, 2004.
[6] J.L. Gardea-Torresdey, J.G. Parsons, E. Gomez, J.
Peralta-Videa, H.E. Troiani, P. Santiago and M.
Jose-Yacaman, “Formation and growth of Au
nanoparticles inside live alfalfa plants”, Nano Lett.
2, 397-401, 2002.
[7] J.L. Gardea-Torresdey, E. Gomez, J. Peralta-Videa,
J.G. Parsons, H.E. Troiani, P. Santiago and M. JoseYacaman M, “Alfalfa sprouts: a natural source for
the synthesis of silver nanoparticles”, Langmuir 19,
1357-1361, 2003.
[8] S.S. Shankar, A. Ahmad, R. Pasricha and M. Sastry,
“Bioreduction of chloroaurate ions by geranium
leaves and its endophytic fungus yields gold

NSTI-Nanotech 2011, www.nsti.org, ISBN 978-1-4398-7142-3 Vol. 1, 2011

373

nanoparticles of different shapes”, J. Mater. Chem.
13, 1822-1826, 2003.
[9] S.S. Shankar, A. Ahmad and M. Sastry M,
“Geranium leaf assisted biosynthesis of silver
nanoparticles”, Biotechnol. Prog. 19, 1627-1631,
2003.
[10] S.S. Shankar, A. Rai, B. Ankamwar, A. Singh, A.
Ahmad and M. Sastry, “Biological synthesis of
triangular gold nanoprisms”, Nature Mater. 3, 482488, 2004.
[11] A. Rai, A. Singh, A. Ahmad and M. Sastry, “Role
of halide ions and temperature on the morphology
of biologically synthesized gold nanotriangles”,
Langmuir 22, 736-741, 2006.
[12] A. Rai, M. Chaudhary, A. Ahmad, S. Bhargava and
M. Sastry, “Synthesis of triangular Au core-Ag
shell nanoparticles”, Mater. Res. Bull. 42, 12121220, 2007.
[13] S.P. Chandran, M. Chaudhary, R. Pasricha, A.
Ahmad and M. Sastry, “Synthesis of gold
nanotriangles and silver nanoparticles using Aloe
vera plant extract”, Biotechnol. Prog. 22, 577-583,
2006.
[14] J.Y. Song and B.S. Kim, “Rapid biological
synthesis of silver nanoparticles using plant leaf
extracts”, Bioprocess Biosyst. Eng. 32, 79-84, 2009.
[15] J.Y. Song, H.-K. Jang and B.S. Kim, “Biological
synthesis of gold nanoparticles using Magnolia
kobus and Diopyros kaki leaf extracts”, Process
Biochem. 44, 1133-1138, 2009.
[16] J.Y. Song, E.-Y. Kwon and B.S. Kim, “Biological
synthesis of platinum nanoparticles using Diopyros
kaki leaf extract”, Bioprocess Biosyst. Eng. 33,
159-164, 2010.
[17] J.Y. Song and B.S. Kim, “Biological synthesis of
bimetallic Au/Ag nanoparticles using Persimmon
(Diopyros kaki) leaf extract”, Korean J. Chem. Eng.
25, 808-811, 2008.
[18] J.Y. Song and B.S. Kim, “Biological synthesis of
Au Core-Ag shell bimetallic nanoparticles using
Magnolia kobus leaf extract”, Korean Chem. Eng.
Res. 48, 98-102, 2010.
[19] I. Sondi and B. Salopek-Sondi, “Silver
nanoparticles as antimicrobial agent: a case study
on E. coli as a model for gram-negative bacteria”. J.
Colloid Interf. Sci. 275, 177-182, 2004.
[20] V. Siva Kumar, B.M. Nagaraja, V. Shashikala, A.H.
Padmasri, S. Shakuntala Madhavendra, B. David
Raju and K.S. Rama Rao, “Highly efficient Ag/C
catalyst prepared by electro-chemical deposition
method in controlling microorganisms in water”, J.
Mol. Catal. A Chem. 223, 313-319, 2004.
[21] P. Jain and T. Pradeep, “Potential of silver
nanoparticle-coated polyurethane foam as an
antibacterial water filter”, Biotechnol. Bioeng. 90,
59-63, 2005.

374

[22] N. Cioffi, L. Torsi, N. Ditaranto, G. Tantillo, L.
Ghibelli, L. Sabbatini, T. Bleve-Zacheo, M.
D'Alessio, P. Giorgio Zambonin and E. Traversa,
“Copper nanoparticle/polymer composites with
antifungal and bacteriostatic properties”, Chem.
Mater. 17, 5255-5262, 2005.
[23] D.N. Williams, S.H. Ehrman and T.R.P. Holoman ,
“Evaluation of the microbial growth response to
inorganic nanoparticles”, J. Nanobiotechnol. 4, 3,
2006.
[24] K. Yoon, J.H. Byeon, J. Park and J. Hwang.
“Susceptibility constants of Escherichia coli and
Bacillus subtilis to silver and copper nanoparticles”,
Sci. Total Environ. 373, 572-575, 2007.
[25] Z. Li, D. Lee, X. Sheng, R.E. Cohen and M.F.
Rubner, “Two-level antibacterial coating with both
release-killing and contact-killing capabilities”,
Langmuir 22, 9820-9823, 2006.
[26] W.K. Son, J.H. Youk and W.H. Park,
“Antimicrobial cellulose acetate nanofibers
containing silver nanoparticles”, Carbohydr. Polym.
65, 430-434, 2006.
[27] A. Esteban-Cubillo, C. Pecharroman, E. Aguilar, J.
Santaren and J.S. Moya, “Antibacterial activity of
copper monodispersed nanoparticles into sepiolite”,
J. Mater. Sci. 41, 5208-5212, 2006.
[28] J.R. Morones, J.L. Elechiguerra, A. Camacho, K.
Holt, J.B. Kouri, J.T. Ramirez and M. JoseYacaman, “The bactericidal effect of silver
nanoparticles”, Nanotechnology 16, 2346-2353,
2005.

NSTI-Nanotech 2011, www.nsti.org, ISBN 978-1-4398-7142-3 Vol. 1, 2011

