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Abstract 

Nanoparticles of silver and copper have been synthesized by reduction of aqueous silver 
nitrate and copper chloride solutions with sodium borohydride in anionic water-in-oil 
(w/o) microemulsions, sodium dodecyl sulphate (SDS)/1-pentanol/cyclohexane/water. 
Scanning electron microscopic (SEM) images, energy dispersive spectra (EDX) and UV-
spectra have been used to characterize the resultant nanoparticles. The average size of the 
nanoparticles has been found to be influenced by the water to surfactant molar ratio (Wo) 
in the microemulsions. Smaller particles are obtained at low Wo, while higher Wo yields 
larger particles. The antibiotic sensitivity of silver and copper nanoparticles against 
Escherichia coli (E. coli) was tested by zone inhibition method using nanoparticles in 
ethanol suspension. Both silver and copper nanoparticles showed the potential for use as 
antibacterial agents against E. coli with sensitivity as good as conventional antibiotics. 
Silver nanoparticles show higher antibacterial activity against E. coli, compared to copper 
nanoparticles. As the amount of the nanoparticles in the suspension decreases, 
antibacterial activity decreases; however the concentration dependence on antibacterial 
activity has been less pronounced.  

Introduction  

Nanoparticles exhibit unique characteristics, which inter alia include unusual electronic, 
optical, magnetic and chemical properties that can hardly be obtained from conventional 
bulk materials. Their extremely small sizes and large specific surface areas associated 
with the ease of synthesis and chemical modification have made them most fascinating 
materials of current research for potential applications in diverse areas, e.g. chemistry, 
physics, material science, medical sciences, biology and the corresponding engineerings1-

3. In particular, there has been an upsurge of interest for application of nanoparticles of 
different metals and their polymer composites for biomedical applications4-8. At present, 
investigation of antibacterial phenomenon has regained importance due to the increase of 
bacterial resistance to antibiotics, caused by their overuse.  

The use of silver and copper nanoparticles as antibacterial agent is relatively new.  The 
antibacterial and antifungal properties of copper and silver are effective in reducing the 
growth of various microorganisms9-11. Because of their high reactivity due to the large 
surface to volume ratio, nanoparticles play a crucial role in inhibiting bacterial growth in 
aqueous and solid media. Copper nanoparticles with a larger surface to volume ratio may 
provide more efficient means for antibacterial activity12. The antimicrobial activity of 
colloidal silver particles is influenced by the dimensions of the particles, the smaller the 
particle size is, the greater is the antimicrobial effect13. Therefore, development of novel 
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routes for synthesis of nanoparticales with tunable dimension has become a fascinating 
domain of current research.  

Research to-date includes numerous attempts to prepare nanosized materials. The 
techniques used are gas-evaporation, sputtering, co-precipitation, sol-gel method, 
hydrothermal, microemulsion and so on. Microemulsions are transparent, isotropic liquid 
media of two mutually immiscible liquid phases (oil and water) in which one phase is 
dispersed in another continuous phase to bring them into a single phase (macroscopically 
homogeneous but microscopically heterogeneous) with the assistance of surfactants 
accumulated at the oil/water interface. In water-in-oil (w/o) microemulsions, nanosized 
water droplets (stabilized by a surfactant and dispersed in an oil phase) act as 
nanoreactors, wherein particle formation occurs and these droplets help to control the size 
of nanoparticles. Kurihara et. al.14 synthesized colloidal gold nanoparticles by reduction 
of chloroauric acid in water and in w/o microemulsions and found a number of 
advantages of forming colloidal particles in microemulsions than those obtained in 
homogeneous solutions. The preparation of palladium ultrafine particles by the reduction 
of a palladium salt with hydrazine in aerosol-T (AOT)/isooctane reverse micellar 
solutions has been reported by Chen and coworkers15. Ma et. al.16 employed a Triton X-
100 (TX-100)/hexyl alcohol/cyclohexane/water microemulsion system and prepared pure 
zirconia powder with the diameter lower than 10 nm. Furthermore, TX-
100/pentanol/cyclohexane/ water microemulsion system was used by Tang et. al.17 for 
preparation of ultrafine spindle zirconia powder of monoclinic crystal structure with the 
diameter of 4–20 nm while employing a relatively low reactant concentration. Thus w/o 
microemulsions have been used as an attractive reaction medium for preparing 
nanoparticles, especially of metals by reduction of their salts. The highly dispersed 
surfactant-covered water pools offer a unique nanoenvironment for the formation of 
nanoparticles. They not only act as nanoreactors for processing reactions but also inhibit 
the excess aggregation of particles since the surfactants could adsorb on the particle 
surface when the particle size approaches to that of water pool. As a result, the particles 
obtained in such a medium are generally nanosized and monodispersed18.  

Despite numerous studies on the preparation of nanoparticles using w/o microemulsions, 
preparation of antimicrobial nanoparticles using SDS/1-pentanol/cyclohexane/water 
microemulsion system has not, to our knowledge, been described in the literature. This 
prompted us to study the preparation of antimicrobial nanoparticles in anionic w/o 
microemulsions as nanoreactors and to investigate how water to surfactant molar ratio 
(Wo) affects the size of the microemulsion droplets as well as size of the nanoparticles and 
finally to monitor the antimicrobial activity of the nanoparticles. 

Experimental 

Materials and methods 

Sodium dodecyl sulfate (SDS), silver nitrate (AgNO3), copper chloride (CuCl2), sodium 
borohydride (NaBH4), 1-petanol and cyclohexane were received from E. Merck and used 
without further purifications. Sterile nutrient agar plates, culture of bacteria (E. coli), 
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cotton swab, and metric ruler (for the measurement of zone diameter) were used during 
antibacterial test of the prepared nanoparticles. 

Synthesis of nanoparticles  

Reduction of the silver and copper salts was carried out with reducing agent, NaBH4 in 
w/o microemulsions, comprised SDS, 1-pentanol, cyclohexane and water. The 
composition of the quaternary microemulsion system was varied to change the 
microenvironment. Table 1 lists the composition of microemulsions used for the 
preparation of nanoparticles. The microemulsions were prepared by mixing SDS, 1-
pentanol, cyclohexane followed by the addition of pure deionized water. The final 
mixture was a clear microemulsion system. 

Table 1. Composition of microemulsion (ME) systems used for preparation of the silver 
and copper nanoparticles  

For the preparation of silver nanoparticles, two microemulsion systems with AgNO3 

solubilized in one solution and NaBH4 as the reducing agent in the other were rapidly 
mixed in equal volume. The mixture instantly turned yellow in color to indicate the 
formation of silver nanoparticles19. In the same way copper nanoparticles were prepared 
by reduction of CuCl2 where the mixture instantly assumed the color of metallic copper. 

Characterization of silver and copper nanoparticles 

Spectral analyses were carried out in a double beam Shimadzu UV-Visible 
spectrophotometer, Model UV-1650 PC. Rectangular quartz cells of path length 1 cm 
were used throughout the investigation. The average particle size and morphology of the 
nanoparticles were investigated by scanning electron microscopy (SEM) (Model JSM- 
6490LA). Energy dispersive X-ray (EDX) spectral analyses were also carried out (JSM- 
6490LA) to confirm the presence of elemental silver and copper. Stubs of aluminum were 
used as sample stages for the SEM and EDX measurements. The accelerating voltage of 
20 kV was used for the measurements. 

Antimicrobial activity measurement  

One sterile nutrient agar plate was inoculated with E. coli. Ethanol suspension of 
colloidal silver and copper particles and their diluted solutions (10 and 100 times 
dilution) were dropped in different zones of the plate. The plate was then incubated at 
37oC for 48 hours. The zone size for inhibition around each drop was determined by 
measuring the diameter of the zone in millimeters.  

Microemulsions 
% wt of 

Water to  
surfactant molar ratio,  

SDS Water Cyclohexane 1-pentanol (Wo) 

ME-1 10.8 5.2 62.3 21.7 7.7 
ME-2 10.2 10.0 59.3 20.5 15.7 
ME-3 10.0 13.0 56.8 20.2 20.8 
ME-4 9.60 17.2 54.1 19.1 28.7 
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Results and Discussion 

Microemulsion systems for synthesis of nanoparticles 
The synthesis of nanoparticles of silver and copper were carried out in w/o 
microemulsions of an anionic surfactant SDS. The aqueous cores of microemulsion 
systems serve as compartmentalized media (nanoscaled reactors) for chemical reactions 
in a controlled manner resulting in the formation of nanoparticles. The size (diameter of 
the core) of the nanoreactors was controlled by changing the composition of w/o of the 
microemulsions during the preparation of metal particles in order to control the size of the 
metal particles. The UV spectrum of resultant silver nanoparticles (Fig. 1) obtained in 
microemulsions revealed formation of nanosized particles. The spectrum shows a band 
around 400 nm which is caused by plasma resonance absorption of silver nanoparticles20.  
The UV spectrum of copper nanoparticles (Fig. 1) does not exhibit the expected plasmon 
peak due to the plasma oscillation characteristic of the copper surface. The copper 
particles with a diameter below 4 nm exhibit a strong broadening of the plasmon band21, 

22. The copper particles obtained in this work have an average particle size much larger 
than 4 nm (vide infra). Accordingly, the absence of the plasmon peak could not result 
from broadening of the band due to the size effect. In fact, Cl- anions that can form 
insoluble salt with copper, CuCl, may be strongly adsorbed on copper particles to form a 
monolayer of CuCl, resulting in strong damping of the plasmon band. The results 
obtained from EDX spectrum (Cl- Kα at 2.621 KeV) confirmed the presence of some 
CuCl and copper particles as the main products of reduction in microemulsions. Cl- 
anions can readily form insoluble CuCl with Cu+ in w/o microemulsion media. Therefore, 
it is conceivable that the formation of a CuCl monolayer on the copper particles is 
responsible for the disappearance of the plasmon peak in the absorption spectrum of the 
copper particles obtained in this work. 
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Fig. 1. Absorption spectra of the silver and copper particles obtained in SDS/1-
pentanol/cyclohexane/water microemulsions (Wo = 7.7); Precursors: For silver particles, 5% (w/v) 
NaBH4, 1% (w/v) AgNO3 and for copper particles, 5% (w/v) NaBH4, 0.1M CuCl2. 
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Fig. 2. SEM images of silver (a,b,c) and copper (d,e,f) nanoparticles obtained in SDS/1-
pentanol/cyclohexane/water microemulsions at different Wo : (a), (d) 15.7; (b), (e) 20.8; (c), (f) 
28.7. 
It is evident from the SEM images (Fig. 2), that silver (a,b,c) and copper (d,e,f) particles 
at different Wo are formed in nanodimensions. The size of the nanoparticles can be tuned 
by changing composition of microemulsions. Smaller particles are obtained at low Wo, 
while the higher Wo yields larger particles with large distribution. The shapes of silver 
and copper nanoparticles (Fig. 2) are spherical. The EDX spectra confirm the presence of 
metallic silver and copper. The spectrum shows Kα peak of copper at 8.04 KeV which is 
almost equal to the calculated value from EKα = (10.2 eV) (Z-1)2 (where Z is the atomic 
number). Similarly, the presence of silver is observed from L peak of silver at 2.983 KeV. 

Dependence of nanoparticles size on microemulsion composition 

The size of the particles formed in the microemulsion environment bound by the micellar 
‘cage’ is governed by the value of Wo. From the average particle size of silver and copper 
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estimated from SEM images (Fig. 2), it is apparent that an increase in Wo causes a linear 
increase in the particle size in the microemulsions of SDS (Fig. 3).  
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Fig. 3. Average particle size of silver and copper in SDS/1-pentanol/cyclohexane/water 
microemulsions as a function of Wo. 
 

In fact, the amount of water in w/o microemulsions dictates the degree of interaction 
between the surfactant head groups and the nanoparticles, and the rigidity of the 
protective layer of a surfactant. Less interaction between the surfactant head groups and 
the nanoparticles and less surface rigidity are likely to induce aggregation of the 
nanoparticles. The increase in the particle size with increasing Wo is, therefore, attributed 
to slow nucleation accompanied by particle growth and aggregation. Increasing the water 
content of the microemulsion promotes intermicellar nucleation. High water content 
introduces a dilution effect and reduces nucleation within individual reverse micelles. 
Hence, nucleation becomes dependant on the intermicellar exchange of solubilizate. In 
addition, high water content reduces the rigidity of the surfactant protective layer. Less 
rigid surface promotes particle aggregation as a result of intermicellar exchange of 
solubilizate and subsequently larger particles form.  

Antibacterial sensitivity of silver and copper nanopartilces 

The antibacterial sensitivity of silver and copper against E. coli, a gram negative 
bacterium commonly found in the lower intestine of warm-blooded organisms 
(endotherms) was tested using zone inhibition method. The diameters of inhibited zone 
(expressed in millimeter) by silver and copper nanoparticles at different dilutions are 
shown in Fig. 4. Silver shows a better antibacterial activity against E. coli (zone 
inhibition 20 mm) than that of copper (zone inhibition 18 mm). As the concentration 
decreased, antibacterial activity decreased indicating the concentration dependence of 
antibacterial activity.  
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Fig. 4. Diameter of  inhibited zone against E. coli for different concentration of  silver and copper 
nanoparticles in ethanol suspensions  
 
Fig. 5 demonstrates antibacterial sensitivity of silver and copper nanoparticles compared 
with conventional antibiotics. Silver nanoparticles showed better bactericidal efficiency 
compared to some conventional antibiotics such as ampicilin, tetracycline, gentamycin, 
kanamycin, streptomycin etc. for bactericidal effects on E. coli. Copper nanoparticles 
show almost equivalent sensitivity compared to conventional antibiotics.  
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Fig. 5. A comparison of antibacterial sensitivity of silver and copper nanoparticle with 
conventional antibiotics. 
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The mechanism by which silver and copper nanoparticles inhibit bacterial growth is not 
yet clearly understood and further work in this respect is in progress.  However it may be 
explained by oligodynamic effect, a toxic effect of metals or their ions on living cells, 
algae, molds, spores, fungus, virus, prokaryotic and eukaryotic microorganisms, even in 
relatively low concentrations. Silver atoms may bind to thiol groups (-SH) in enzymes 
and subsequently causing their deactivation. Silver forms stable S-Ag bonds with thiol-
containing compounds in the cell membrane that are involved in transmembrane energy 
generation and ion transport23. The reason for lower sensitivity of E. coli to the copper 
nanoparticles may be attributed to lower abundance of amines and carboxyl groups on 
cell surface of E. coli and greater affinity of copper towards these groups.  

Conclusion 

Silver and copper nanoparticles in anionic w/o microemulsions of water/SDS/1-pentanol/ 
cyclohexane have been prepared at different Wo. SEM images revealed that the average 
nanoparticle size was influenced by Wo. Smaller particles were obtained at low Wo, while 
higher Wo gave larger particles. The size of the naoparticles can be tuned by changing Wo 
i.e. composition of microemulsions and thus suitable compositions of microemulsions 
may be used as nanoreactors for the preparation of nanoparticles of desired size. Both 
silver and copper nanoparticles have the potential to be used as alternatives to 
conventional antibiotics. 
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