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Abstract: 

Integration of ‘‘green chemistry’’ principles into nanotechnology is one of the key issues 

in nano science research today. In this work, we report an environmentally benign method for 

the preparation of Au, Ag, and Au–Ag nanoparticles in water, using glucose as the reducing 

agent and starch as the protecting agent. The alloy nanoparticles prepared in this way appears 

to be homogeneous and their sizes are well within the quantum size domain (<10 nm), where 

they are more amenable to size-dependent changes in electronic properties. 

Keywords: Green Chemistry, Nanoparticles, Mono-disperse Surface Plasmon absorption 

band. 

1. INTRODUCTION 

Metal and alloy nanoparticles in the quantum-size domain have attracted much 

attention over the last decade with the possibilities of size dependent tuning of their 

electrical, optical and catalytic properties as well as the potential technological 

revolutions in the quantum-size domain.
1–17

 Alloy nanoparticles have received special 

attention due to the possibility of tuning the optical and electronic (and thus catalytic) 

properties over a broad range by simply varying the alloy composition. One of the key 

issues in the synthesis of alloy nanoparticles is the atomic scale phase separation 

resulting in core–shell nanoparticles.
18–23

 While there are several methods reported for 

the synthesis of metal and alloy nanoparticles, only some of these methods result in 

the formation of alloy nanoparticles below 10 nm size range, where their properties 

exhibit considerable size-dependent variations. With significant growth in the rather 

cross-disciplinary nanoscience research involving chemists, physicists, biologists and 
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engineers, researchers have begun concerned about the need for developing more 

environmentally friendly and sustainable methods for the synthesis of nanomaterials. 

There is a current drive to integrate all the ‘‘green chemistry’’ approaches to design 

environmentally benign materials and processes.
24–25

 Such an approach will also be of 

advantage for the integration of metal and alloy quantum dots into biologically 

relevant systems. Recently, I had suggested an environmentally friendly method for 

the synthesis and stabilization of metal nanoparticles by suitable choice of materials 

and solvents.
26

 It was shown that by gently heating an aqueous solution of silver 

nitrate, soluble starch and glucose, one can synthesize ‘‘starched’’ silver nanoparticles 

in the 1–8 nm size range. While glucose serves as an environmentally benign reducing 

agent for the metal ions, starch provides stable surface passivation or protection to 

prevent the aggregation of these particles. Apart from being environmentally benign, 

there is a key advantage in using glucose as the reducing agent. It is a mild reagent 

(requires heat or a base catalyst for activation) and thereby it is possible to control the 

kinetics of the reduction process by varying the temperature or the pH of the solution. 

In the present work, I demonstrate the synthesis of starch-protected silver (Ag), gold 

(Au) and Ag–Au alloy nanoparticles. 

2. RESULTS AND DISCUSSION 

The intra- and inter-molecular associations of the starch molecules facilitated 

by the extensive networks of hydrogen bonds provide nanoscopic solution domains 

for the growth of nanoparticles. The starch hydroxyl groups also help to passivate the 

surfaces of these particles, in the absence of which they will aggregate as a result of 

high surface energies. The production of such ‘‘starched’’ silver particles is very 

simple.
26

By gentle heating of an aqueous silver nitrate solution containing soluble 

starch and D-glucose, I had obtained relatively mono-disperse silver nanoparticles. I 

extended this method for the production of silver nanoparticles by incorporating 

microwave heating. Aqueous starch dispersions containing Ag
+
 ions are prepared by 

adding 10 ml of a 0.1 M solution of AgNO3 (Sigma) and 25 ml of a 0.1 M solution of 

D-glucose (Fluka) to about 2 ml of 0.20%w aqueous solution of soluble starch 
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(Sigma). This was then treated in a microwave oven for 60 s for the reduction of 

metal ions. In this case, the reduction takes place under boiling conditions. 

The advantage of using microwave radiation is that it provides uniform 

heating around the nanoparticles and can assist the digestive ripening of such particles 

without aggregation. The transmission electron microscope (TEM) image of the silver 

nanoparticles synthesized using this method is presented in Fig. 1. The corresponding 

UV-Visible absorption spectrum (λmax = 418 nm) and a histogram describing the 

dispersity in size distribution of the particles are also shown. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1 (a) Typical TEM image of the ‘‘starched’’ silver nanoparticles 

synthesized in microwave radiation (average particles size = 5.9 nm, d = 2.0 nm); 

(b) particle size distribution; (c) UV-Visible absorption spectrum. 
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It is seen that the size dispersityis close to that observed in my previous 

experiments
26

 in the absence of microwave radiation. The non-aggregation of the 

particles even in the presence of microwave heating further confirms that the 

‘‘starched’’ silver nanoparticles prepared thus are quite stable. Since the synthesis 

utilizes only non-toxic materials and solvent, it is thought viable to readily integrate 

these particles into a variety of systems, especially those that are relevant to biological 

and biomedical applications. 

While mild heating is sufficient for the glucose reduction of silver ions, the 

reduction of the Au
3+

 ions of AuCl4
-
 takes place only in the presence of a base such as 

NaOH. I used chlorauric acid (HAuCl4.3H2O), soluble starch and anhydrous D-

glucose as purchased. Gold nanoparticles are prepared by adding 40 ml of a 0.1 M 

solution of HAuCl4 and 60 𝑛𝜇𝑙 of a 0.1 M solution of D-glucose to about 2 ml of 

0.20%w aqueous solution of soluble starch followed by 15 ml 1M solution of NaOH. 

The solution remained colorless for the initial 30 min, following which it turned red 

slowly, indicating the formation of gold nanoparticles. The base facilitates the 

opening of the glucose ring by the abstraction of the a-proton of the sugar ring oxygen 

and the metal ions oxidize glucose to gluconic acid. The process is similar to the 

classical reaction of glucose with Tollen’s reagent. The time evolution of the 

absorption spectra showing the growth of Au nanoparticles is shown in Fig. 2. 

 

Fig. 2 Time evolution of the surface plasmon absorption band indicating the continuous 

formation of the gold nanoparticles. The time intervals are: (1) 40 min; (2) 43 min; (3) 44 min; (4) 

45 min; (5) 47 min; (6) 50 min. 
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I monitored the growth of the gold nanoparticles at varying times (and the 

changing solution pH) using both the UV-Visible absorption spectroscopy and the 

TEM images of the dispersions sampled on TEM grids at each time. The intensity of 

the surface plasmon absorption increased with time indicating continued reduction of 

the metal ions. I did not observe any notable shift in the λmax with time indicating the 

size selectivity of the Au nanoparticles. The TEM images and the particle size 

distribution histograms corresponding to different reaction times are shown in Fig. 3. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3 TEM images and the time evolution of the size distribution of the 

‘‘starched’’ gold nanoparticles. The average particle sizes are: (a) 5.6 nm, s = 1.37 nm, 40 

min, pH = 10.17; (b) 6.70 nm, s = 1.24 nm, 43 min, pH = 9.84; (c) 8.80 nm, s = 1.39 nm, 49 

min, pH = 9.44. 

 

The histograms clearly reveal an increase in the particle sizes with increasing 

time. The observed pattern indicates slow growth of Au nanoparticles in the starch 

solution template to the size limit of the template parameters. An analysis of the time 
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evolution of the particle size distribution further suggests a clear size selectivity of the 

reaction and the preferred particle sizes seem to be around 6–10 nm. 

Nanoparticles of bimetallic alloys are also of interest since it is possible to 

tune the optical and electronic properties as a function of the alloy composition and 

various approaches have been reported previously for the synthesis of Au–Ag alloy 

nanoparticles.
18–23

I employed the sugar–starch combination scheme
26

 for the synthesis 

of Au–Ag alloy nanoparticles by the co-reduction of the silver and gold ions using 

glucose in the presence of alkali. Alloy nanoparticles with various Au/Ag mole ratios 

(0 : 1, 0.25 : 0.75, 0.5 : 0.5, 0.75 : 0.25, and 1 : 0) are prepared by using pre-

determined initial mole ratios of the gold and silver ions in the solution. The resulting 

nanoparticle dispersions exhibited different colors based on the initial compositions, 

indicating the formation of Au–Ag alloy nanoparticles (Fig. 4). While the dispersions 

containing pure silver and gold particles exhibited light yellow and purple colors 

respectively, the intermediate compositions resulted in colors that are varying 

between yellow and red as can be seen from the digital photographs in Fig. 4. The 

corresponding UV-Visible absorption spectra are also given in Fig. 4. 

 

 

 

 

Fig. 4 Photographs of the 

aqueous dispersions of starch 

stabilized Au, Ag and the various 

Au–Ag alloy compositions. The 

Au/Ag mole ratios are: (1) 0 : 1; (2) 

0.25 : 0.75; (3) 0.5 : 0.5; (4) 0.75 : 

0.25; (5) 1 : 0. The corresponding 

surface–plasmon absorption bands 

are also shown. 
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core–shell nanoparticles will give rise to two surface plasmon absorption 

bands and the individual band intensities should depend on the initial composition of 

the metal ions. A similar situation will arise from a dispersion containing separate 

gold and silver nanoparticles instead of the homogeneous alloy particles.
23 

It is seen from Fig. 4 that only a single absorption band is obtained for each 

composition with the absorption maxima varying between those for pure gold and 

silver nanoparticle dispersions, supporting that only homogeneous alloy particles are 

formed. It is also expected that in an ideal alloy system the surface plasmon 

absorption maximum should be linearly related to the alloy compositions. The plot of 

the absorption maximum versus the initial Au/Ag mole fractions is presented in Fig. 

5. 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 5 Plot of the plasmon absorption maximum (λmax) against the Au mole 

ratio for the various alloy compositions. 

It is observed that there is a linear relationship between the λmax values and the 

Au-mole ratio supporting that the particles are homogeneous alloys of Au and Ag. 

Thus, this approach is suitable for the synthesis of alloy nanoparticles. 
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In summary I have shown that it is possible to prepare starch stabilized 

aqueous dispersions of Au, Ag and Au–Ag alloy nanoparticles after being reduced 

from the corresponding metal ions by glucose. The metal and alloy nanoparticles 

prepared thus are highly stable and do not show any signs of aggregation even after 

storage for several months. Since the reagents used in the synthetic procedure are 

entirely non-toxic, the method can be readily integrated with biological applications. 

Since starch can easily form gel with water, I presume that it will help to synthesize 

nanogels for a wide range of biomedical applications. These aqueous nanofluids can 

also find several applications in heat transfer devices. 

3. EXPERIMENTAL 

1. Synthesis of silver nanoparticles 

Aqueous starch dispersions containing Ag
+
 ions are prepared by adding 10 𝜇𝑙 of a 

0.1 M solution of AgNO3 (Sigma) and 25 𝜇𝑙 of a 0.1 M solution of D-glucose 

(Fluka) to about 2 ml of 0.20%w aqueous solution of soluble starch (Sigma). This 

was then treated in a microwave oven for 60 s for the reduction of metal ions. In this 

case, the reduction takes place under hot conditions. 

2. Synthesis of gold nanoparticles 

I used chlorauric acid (HAuCl4.3H2O), soluble starch and anhydrous D-glucose as 

purchased. Gold nanoparticles are prepared by adding 40 𝜇𝑙 of a 0.1 M solution of 

HAuCl4 and 60 𝜇𝑙 of a 0.1 M solution of D-glucose to about 2 ml of 0.20%w 

aqueous solution of soluble starch followed by 15 𝜇𝑙 1M solution of NaOH. The 

solution remained colorless for the initial 30 min, following which it turned red 

slowly, indicating the formation of gold nanoparticles. 

3. Synthesis of alloy nanoparticles 

Alloy nanoparticles with various 
𝐴𝑢

𝐴𝑔
mole ratios (0 : 1, 0.25 : 0.75, 0.5 : 0.5, 0.75 : 

0.25, and 1 : 0) are prepared using the same procedure for the gold nanoparticles, 

using predetermined initial mole ratios of the gold and silver ions in the solution. 
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