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Abstract 

The growing demand for flexible and printable electronic devices has accelerated the development of 

conductive inks with high electrical efficiency, low production cost, and environmental compatibility. 

In the present study, gold nanoparticles (AuNPs) were synthesized through an ecofriendly green 

synthesis approach using glucose as a natural reducing agent and polyvinyl pyrrolidone (PVP) as a 

stabilizing material. The synthesized nanoparticles were characterized using ultraviolet-visible 

spectroscopy (UV-Vis), X-ray diffraction (XRD), transmission electron microscopy (TEM), and 

scanning electron microscopy (SEM) to evaluate their optical properties, crystal structure, morphology, 

and particle size. The UV-Vis analysis confirmed the formation of gold nanoparticles through the 

appearance of a surface plasmon resonance peak at approximately 532 nm, while XRD analysis 

revealed a face-centered cubic (FCC) crystalline structure. TEM images demonstrated that the 

synthesized nanoparticles were predominantly spherical with an average particle size of approximately 

19.42 nm. Subsequently, conductive ink was formulated by mixing the synthesized gold nanoparticles 

with nitrocellulose in a 1:1 ratio using acetone as a dispersing solvent. The prepared nanocomposite 

film exhibited remarkable electrical conductivity, with an electrical resistance of 0.00045 Ω compared 

with 22000 Ω for pure nitrocellulose film without nanoparticles. The findings of this study demonstrate 

the successful development of a simple, environmentally friendly, and cost-effective method for 

synthesizing conductive gold nanoparticle-based ink with promising potential for flexible electronic 

and printed electronic applications. 
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Introduction 

Recent advances in flexible and printed electronics have created a substantial demand for 

conductive materials that combine high electrical performance with low manufacturing cost, 

mechanical flexibility, and environmental safety [1]. Conventional electronic devices 

fabricated from rigid materials such as silicon and glass are increasingly unable to satisfy the 

requirements of next-generation wearable and portable technologies [2]. Consequently, 

conductive inks have emerged as a key enabling material for the fabrication of lightweight, 

flexible, and low-cost electronic devices through various printing techniques including inkjet 

printing, screen printing, and flexography [4, 3]. 

Conductive inks generally consist of conductive particles, polymeric binders, solvents, and 

auxiliary additives that collectively determine the rheological, electrical, and mechanical 

properties of the final printed film [6, 5]. Among the various conductive materials used in ink 

formulation, metallic nanoparticles have attracted significant attention due to their superior 

electrical conductivity and excellent charge transport characteristics [6]. In particular, gold 

nanoparticles possess unique physicochemical properties including high chemical stability, 

tunable optical behavior, excellent biocompatibility, and resistance to oxidation, making 

them highly suitable for advanced electronic and biomedical applications [7]. 

Despite the outstanding properties of gold nanoparticles, conventional chemical and physical 

synthesis methods often involve hazardous reagents, expensive equipment, and 

environmentally harmful by-products [8]. These limitations have encouraged researchers to 

develop sustainable and environmentally benign synthesis approaches based on green 

chemistry principles [9]. Green synthesis methods utilize natural reducing and 
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stabilizing agents derived from biological sources such as 

sugars, plant extracts, proteins, and microorganisms to 

produce nanoparticles under mild reaction conditions with 

minimal environmental impact [10]. Glucose is considered one 

of the most promising natural reducing agents for nanoparticle 

synthesis because of its biodegradability, low toxicity, 

availability, and reducing capability [13, 12, 11]. 

Furthermore, the incorporation of stabilizing agents such as 

polyvinyl pyrrolidone (PVP) can effectively prevent 

nanoparticle aggregation and improve particle stability and 

dispersion [14]. The resulting gold nanoparticles can 

subsequently be incorporated into polymeric matrices to 

formulate conductive nanocomposite inks with enhanced 

electrical properties suitable for printed electronic systems [16, 

15]. Therefore, the present study aimed to develop an 

environmentally friendly approach for the synthesis of gold 

nanoparticles using glucose as a reducing agent and PVP as a 

stabilizer, followed by the preparation of conductive ink based 

on nitrocellulose-gold nanoparticle nanocomposites. The 

synthesized nanoparticles and fabricated conductive films 

were comprehensively characterized to evaluate their 

structural, morphological, and electrical properties for 

potential application in flexible and printed electronics. 

 

Materials and Methods 

Materials 

All the chemicals required for this study were of synthetic 

grade. The necessary ingredients were auric acid tetrachloride 

trihyrate (with the formula AuCl₄H. 3H₂O and molecular mass 

of 393.83 g/mol, Merck Germany-4-240-948), acetone 

(Majlili-Iran), methanol (Merck Germany-106009), glucose 

(+) German Merck-108337) and ethylene glycol (German 

Merck-109621). 

 

Equipment 

To synthesize and characterize gold nanoparticles and 

conductive ink, spectroscopic and imaging equipment and 

devices as well as laboratory equipment were needed, which 

are: 

1. Ultraviolet-visible spectrometer 

2. X-ray diffraction spectrometer 

3. Fourier transform infrared spectrometer 

4. Transmission electron microscope 

5. Scanning electron microscope 

6. Magnetic stirrer 

7. Analytical scale with an accuracy of 0.0001 grams 

8. Digital Ohm Meter 

 

Green synthesis of gold nanoparticles 

A reducing agent and a stabilizing agent are generally needed 

for the synthesis of metal nanoparticles. In the basic methods 

of the green chemistry approach, it is favored to use 

environmentally friendly compounds as much as possible for 

this purpose in order to minimize the environmental harm of 

using chemicals [17]. In this study, glucose (Figure 3-1), which 

is a reducing monosaccharide [18], was used as a reducing and 

stabilizing agent at the same time for the green synthesis of 

gold nanoparticles. 

 

 
 

Fig 1: The structure of glucose 

In order to synthesize gold nanoparticles, a 0.001 molar 

solution of gold salt (auric acid tetrachloride trihydrate) was 

prepared by dissolving 0.04 gold salt in 100 ml of water. Then, 

by dissolving 0.7 g of glucose in 250 ml and 0.3 g of polyvinyl 

pyrrolidone (PVP) as a stabilizer in 250 ml of water and 

heating it at 80 degrees Celsius, a 1 mM glucose solution was 

prepared. Glucose and PVP solutions were added dropwise to 

the gold salt solution which was alkalized by 0.1 M sodium 

hydroxide solution and was stirred at room temperature at 

1500 rpm while adding the solution. After the formation of 

gold nanoparticles, the formed particles were precipitated by a 

centrifuge at 13000 rpm and the upper solution was separated. 

In order to remove unreacted reagents, the sediments were 

washed with deionized water. For this purpose, after the 

redistribution of the deposited nanoparticles by ultrasonic 

bath, centrifuging was performed again and the upper solution 

was separated. This process was repeated three times and in 

the third repetition, the sediments were dried by a freeze dryer. 

 

Characterization of the synthesized nanoparticles 

Spectroscopy and electron microscopic imaging methods were 

used to carry out the characterizations. For this purpose, the 

absorption spectrum of the solution in the range of 300 to 700 

nm was used to determine the surface plasmon resonance 

(SPR) by the UV-VIS spectrometer of Varian company model 

cary300 in specific time ranges (0 to 120 minutes and every 30 

minutes). 

To determine the crystal structure of the nanoparticles, the 

obtained gold nanoparticles were dispersed in acetone by an 

ultrasonic bath and a layer of nanoparticles was placed on a 

microscope slide. The X-ray diffraction spectrum of the 

deposited layer was obtained by an XRD spectrometer in the 

range of 2θ angles between 10 and 80 degrees and using a 

Germany Seifert XRD device equipped with a copper lamp. 

The crystal structure of the nanoparticles was determined from 

the peaks appearing at 2θ angles and their Bragg values. 

To determine the morphology and size of the particles, 

transmission electron microscopy (TEM) imaging method was 

used. For this purpose, the nanoparticles were redispersed in 

deionized water and were placed on the carbon grid of the 

TEM device (Philips Company) as a drop and their image was 

obtained with 100,000 times magnification. 

 

Preparation of the conductive ink 

The conductive ink was made using gold nanoparticles 

according to the method provided by Camargo et al. [19]. 

According to the mentioned method, 0.5 grams of the gold 

nanoparticles synthesized by the green method with the help of 

glucose were mixed with 0.5 grams of nitrocellulose as a 

polymer material in a centrifuge tube. Acetone was used as a 

dispersing solvent and lubricant for better dispersion of 

nanoparticles. Then the mixture was placed in an ultrasonic 

bath for 20 minutes at a temperature of 25 degrees Celsius so 

that the gold nanoparticles are homogeneously distributed in 

the mixture. To investigate the appearance of electrical 

conductivity, 1 ml of nitrocellulose-gold nanoparticles 

composite was spread on a microscope glass slide and its 

electrical resistance was measured using a digital ohmmeter 

(in the range of microohms). 

 

Results and Discussion 

Synthesis of gold nanoparticles 

Synthesis of nanoparticles was done according to the method 

presented in the third chapter (3-3). In short, in this method, 

0.001 molar solution of gold ions was used as a precursor of 
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nanoparticles. 1 mM glucose solution was used to reduce gold 

nanoparticles and stabilize them and PVP was used to stabilize 

nanoparticles. The synthesis steps of gold nanoparticles were 

carried out at laboratory temperature (25°C) and under stirring. 

The color change of the solution from yellow to purple (Figure 

4-1) indicates the beginning and progress of the reaction of 

gold ions and their transformation into gold nanoparticles. 

 

 
 

Fig 2: The gold solution color change from yellow to purple after adding glucose and PVP 

 

Next, to check the progress of the reaction, the rate of 

absorption of the solution in the SPR region of the resulting 

gold nanoparticles was studied using UV-Vis spectroscopy in 

the range of 300 to 700 nm from the beginning of the reaction 

to two hours after the start of the reaction in 30-minute steps 

(Figures 3 to 7). 

 

 
 

Fig 3: The UV-VIS absorption spectrum at the beginning of the reaction 

 

 
 

Fig 4: The UV-VIS absorption spectrum after 30 minutes 

 

 
 

Fig 5: The UV-VIS absorption spectrum after 60 minutes 
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Fig 6: The UV-VIS absorption spectrum after 90 minutes 

 

 
 

Fig 7: The UV-VIS absorption spectrum after 120 minutes 

 

According to the SPR absorption of gold nanoparticles in the 

range of 530-545 nm, the appearance of a peak in the region of 

532 nm (figures 2 to 7). 

According to Figure 8, which is the graph of the amount of 

absorption in terms of time, it was found that the gold ions 

reduction reaction and their transformation into nanoparticles 

is completed in about 90 minutes after the start of the reaction. 

 

 
 

Fig 8: Absorption versus the reaction time of gold ion reduction and their conversion to gold nanoparticles 

 

X-ray diffraction spectroscopy was used to ensure the 

formation of gold nanoparticles and to determine their crystal 

structure. As mentioned earlier, for this purpose, the colloidal 

mixture of gold nanoparticles formed by glucose was dried by 

freeze drying method after being precipitated by a centrifuge 

at 13000 rpm and washed with deionized water. To obtain the 

XRD spectrum, the resulting gold nanoparticles were 

redispersed in acetone and a thin layer of nanoparticles was 

formed on the microscope slide (Figure 4-8). Then the XRD 

spectrum (Figure 9) was obtained in the range of 2θ angles 

from 10 to 80 degrees with the help of a copper lamp. 
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Fig 9: The XRD spectrum of the synthesized gold nanoparticles 

 

According to the standard spectrum of gold nanoparticles 

(Figure 4-10), there are significant peaks at 37.91, 44.40, 

61.53, and 78.83 degrees, which correspond to 111, 200, 220, 

and 311 crystallographic planes respectively. This indicates 

that the synthesized gold nanoparticles have an FCC crystal 

structure, which has also been obtained in previous reports [20]. 

 

 
 

Fig 10: The standard XRD spectrum of gold nanoparticles 

 

The resulting image from the transmission electron 

microscope (Figure 4-11) shows that the resulting gold 

particles are spherical with an average size of 19.42 nm. 

 

 
 

Fig 11: The TEM image of the synthesized gold nanoparticles 

 

A single layer of the ink made of the gold nanoparticles, which 

contained 50 wt% of gold nanoparticles and 50 wt% of 

nitrocellulose, was fixed as a single layer on a glass 

microscope slide (Figure 11) at 60 degrees Celsius (Figure 

12). 

The electrical resistance of the nitrocellulose-gold 

nanocomposite film was measured after drying at 60 Co by a 

digital ohmmeter (Figure 12). The electrical resistance of the 

film was 0.00045 Ω, which was lower compared to 

nitrocellulose without gold nanoparticles (22000 Ω). This 

indicates that the nanocomposite film is electrically 

conductive. 

 

 
 

Fig 12: The nitrocellulose-gold nanoparticles nanocomposite film 
 

 
 

Fig 13: The SEM image of the surface of the nitrocellulose-gold 

nanoparticles nanocomposite film 

 

Conclusions 

In this study, the green synthesis of gold nanoparticles was 

carried out using glucose as a natural and environmentally 

friendly material. In the investigations, it was found that 

glucose alone is not able to cover and stabilize Au particles 

after the reduction of gold ions (Au³⁺). For this purpose, 

polyvinyl pyrrolidine compound (PVP) was used as a coating 

material to prevent the accumulation of gold particles and 

obtain gold nanoparticles. Observing the color change of the 

solution from yellow to purple was the first sign of the 

synthesis of gold nanoparticles. Spectroscopic studies using 

different methods such as ultraviolet-visible spectroscopy 

(UV-VIS), Fourier transform infrared spectroscopy (FT-IR) 

and X-ray diffraction spectroscopy (XRD) as well as electron 

microscopic studies indicated the synthesis of spherical gold 

nanoparticles with an average size of 19.42 nm. In addition, 

the resulting gold nanoparticles had a face-centered cubic 

structure. The resulting nanoparticles were used to make 

conductive inks based on previously published methods. For 

this purpose, a simple method was used by mixing gold 
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nanoparticles and nitrocellulose with a ratio of 1:1. The 

decrease in electrical resistance compared to the nitrocellulose 

film without gold nanoparticles indicates the emergence of 

electrical conductivity due to the addition of gold 

nanoparticles to the nitrocellulose film. 
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