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_______________________________________________________________________________________ 

ABSTRACT 

The silver nanoparticles (Ag-NPs) supported on cellulose nanocrystals(NCC) were synthesized using a 
microwave irradiation method in the presenceof gelatin as stabilizer. NCC was synthesized from filter paperby 
sulfuric acid hydrolysis. The characteristics of the Ag-NPs supported on NCC were studied using UV-Vis, FT-
IR and TG/DTG analysis. The UV-vis confirmed the formation and stability of the Ag-NPs which indicated 
that the maximum absorbance of Ag-NPs isat 415 nm. The narrower distribution at 800 W isshown as 
optimum power thatleads to the smaller Ag-NPs. TG/DTG showed that thermal degradation of Ag-NPs 
occurred at high temperature around to 250-499°C. 
Keywords: Silver Nanoparticles; Nanocrystalline Cellulose; Gelatin; Green Method 
______________________________________________________________________________________ 

INTRODUCTION 

Nanomaterials are materials that have 

structural components smaller than 1 

micrometer in at least one dimension 

developed to exhibit novel characteristic in 

terms of chemical reactivity or conductivity 

and increased strength(Zhang and Fang, 2010). 

The main differencebetween nanomaterials 

and bulk materialsissurface and quantum 

effect that influences their optical, magnetic, 

mechanical properties and chemical 

reactivity(Zhang and Webster, 2009). These 

nanomaterials have several potential 

applications suchas UV absorbers for 

sunscreens, inks and pigments, catalytic 

compound, synthetic bone, cosmetics, 

hazardous chemical neutralizer, sports 

equipment(Buzeaet al., 2007). Nanoparticles 

can thus be classified based on their  

 

morphology, uniformity, dimensionality, 

agglomeration and composition(Glezer, 2011). 

Nanoparticles such as semiconductors, metals 

or metal oxides exhibit a number of special 

properties and gain extra interest 

fromresearchers in developing wide 

applications in optical, biomedical and 

electronic fields(Chen et al., 2014). They are 

also effective bridge between bulk materials 

and atomic structure. Thus, numerous 

methods for preparations of nanoparticles that 

satisfy the requirement of industry like low 

cost and high production have been developed 

via liquid and gas phase processes(Okuyamaet 

al., 2004).Metal nanoparticle can be prepared 

by two routes, the first one is a physical 

approach that utilizes several methods such as 

evaporation/condensation and laser ablation. 
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The second one is a chemical approach in 

which the metal ions in solution were reduced 

in conditions favoring the subsequent 

formation of small metal clusters or 

aggregates. For example, the synthesis of Ag-

NPs can be prepared by chemical and 

photoreduction in reverse micelles, ultrasonic 

assisted reduction, chemical reduction, 

microwave assisted synthesis, thermal 

decomposition, template methods, 

microemulsion method and recently via green 

synthesis route(Sharma et al., 2009). Metal 

nanoparticle such as silver, gold, platinum, 

and zinc are extensively used in products that 

directly come in contact with the human body, 

such as shampoos, soaps, shoes, cosmetic 

products, and toothpaste, also medical and 

pharmaceutical applications(El-Nouret 

al.,2010). 

Silver nanoparticles (Ag-NPs) are crystalline 

particles of Ag0 metal with prism, rod shaped, 

spherical or cubic shaped morphologies with 

at least one dimension between 1-100 nm. 

These nanoparticlesare less prone to 

complication and precipitation into forms 

unavailable to bacterial, they have long lasting 

biotical properties and are easier to 

incorporate into matrix materials such as 

ceramics, fibers and polymers as compared to 

silver ion(Dankovich and Gray, 2011). The 

synthesizing technique of Ag-NPs involves 

hazardous, toxic chemicals which lead to 

biological and environmental risks such as 

radiation chemical reduction, thermal 

decomposition in organic solvents and 

chemical reduction of silver ion in aqueous 

solution with or without stabilizing agents(Bar 

et al., 2009). Therefore, more green synthesis 

processes of nanoparticles such as biological 

methods using enzymes, fungus and plant 

extractsbeing suggested without using toxic 

chemicals are eco-friendly alternatives to 

physical and chemical methods(Forough and 

Fahadi, 2011; Musa et al., 2019). 

The focus of this project is to synthesize Ag-

NPs using an eco-friendly microwave method 

with gelatin as stabilizing agent. 

Characterizations of Ag-NPs were carried 

outusing Fourier Transform Infrared (FT-IR), 

UV-visible Spectroscopy, Thermogravimetric 

analysis (TG), and differential 

thermogravimetric analysis (DTG). 

MATERIALS AND METHODS 

Materials 

All reagents were of analytical grades and 

were used as received without any further 

purification. Silver nitrate AgNO3 (99.98%) 

was supplied from Merck (Germany). The 

gelatin was obtained from Sigma-Aldrich and 

was used as stabilizing agent. Sulfuric acid 

(95.98%, H2SO4) and filter paper were 

purchased from Sigma-Aldrich, USA. All 

aqueous solution prepared with distilled 

water. 

Methods 

Preparation of Cellulose Nanocrystals 

A strip of filter paper (qualitative test use) 

were cut with scissor into smaller pieces and 

soaked in water for2days. The suspension of 

filter paper was put in mixer for 12 hours. 

Hydrolysis of pure cellulose was carried out 

using 64% H2SO4 (10ml/g) at 45 °C for 45 

minutes and stopped by diluting with cold 

water. The suspension was washed once by 

centrifugation at 3500rpm for 5 minutes and 

was repeated again until neutral pH was 

obtained. Then, the supernant solutions 

underwent sonication in ice bath for 30 

minutes. Nanocrystals suspension was frozen 

with liquid nitrogen and freeze-

driedovernight. 

Preparation of Silver nanoparticles 

supported on NCC  

 For synthesis of Ag-NPs, 1.0g gelatin was 

added to 50ml distilled water, and the solution 

was stirred at temperature 40°C until the clear 

solution obtained. 1% of NCC suspension was 

added to gelatin solution. Then, themixture of 

aqueous AgNO3 (50ml, 0.01mol/L), 

suspension of gelatin and 1% NCC 
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wascontinuously stirreduntil the mixture 

became homogeneous. The mixturewas 

irradiated in the microwave for 60min at 15% 

of 400W with medium stirring at temperature 

50°C. These steps were repeated for 800W and 

1600W. All the samples were covered fully 

with aluminum foil. 

Characterization of Silver Nanoparticles and 

NCC 

For characterization of Ag-NPs and NCC, 

various techniques were used. Both of them 

were characterized by UV-Visible 

spectroscopy (UV-Vis), Fourier-Transform 

Infrared spectroscopy (FT-IR), Thermo 

gravimetric analysis (TG), and differential 

thermo gravimetric analysis (DTG). 

Fourier-Transform Infrared spectroscopy 

(FT-IR) 

The samples were dried firstly before sending 

to FT-IR analysis to identify the functional 

groups of Ag-NPs supported on NCC. The 

range for the analysis at 280-4000cm-1 was 

performed by using Perkin-Elmer 1650 

spectrometer. 

UV-Visible spectroscopy (UV-Vis) 

Ag-NPs and NCC solution were characterized 

using UV-Vis spectrum (SHIMADZU 1601A) 

at wavelength 300-600nm. Five drops of 

sample were filled in the cuvette and add 

distilled water. The cuvette should be filled to 

¾ with the solution. UV-Vis is used to 

determine the absorbance and distribution of 

sample prepared.  

Thermo Gravimetric Analyzer (TG/DTG) 

The changes in properties of materials as they 

are heated were able to be measured by using 

Thermo gravimetric Analysis (TG) and 

Differential thermo gravimetric analysis 

(DTG). TGA analysis had been performed 

using model (TGA/SDTA 851).The thermal 

stability of Ag-NPs on cellulose nanocrystals 

had been determined. The samples were 

heated from room temperature to 800°C. 

RESULT AND DISCUSSION 

Silver Nanoparticles (Ag-NPs) supported on 

NCC were prepared by microwave irradiation 

method. Firstly NCC were synthesized from 

filter paper by using 64 % H2SO4(10ml/g) at 

45°C for 45 minutes. The cellulose suspension 

was washed once by centrifugation at 

3500rpm for 15 minutes and was repeated 

until neutral pH was obtained.The NCC 

synthesised was mixed with AgNO3in the 

presence of gelatin (stabilizer) to obtain an 

homogenous mixture. The presence of 

gelatinin the mixture will prevent the 

agglomeration of particles during the reaction. 

The solution undergoes microwave irradiation 

leading to the reduction of AgNO3 to silver 

ions that eventually forms Ag-NPs. The 

microwave irradiation provides the reaction 

energy that resultto the rapid silver nuclei 

formation and growth. The colloidal Ag 

particles bond to the solid cellulose surface by 

hydrogen bonding throughhydroxyl group 

that is liberated during the reaction(Li et al., 

2011). During microwave irradiation, the 

colour of the solution changed from colourless 

to light yellow and finally turned to light 

brown. In this research, the effect of the 

microwave powers, concentration of AgNO3 

and concentration of cellulose nanocrystals on 

the formation of nanoparticles were studied. 

Effect of Microwave power 

UV-Visible Spectroscopy 

Figure 1 shows the result of UV-Vis absorption 

spectra of different power of microwave. From 

400W to 800W power, there is small blue shift 

from 461 nm to 448 nm indicating the size of 

NPs turning into smaller.At 1600W has 

highest absorbance but no peak around 400nm 

to 500 nm there is no Ag-NPs formation. With 

all the same concentration of AgNO3    (0.01 

M), NCC concentration and gelatin, all three 

solution have different amount or irradiation 

that made the absorption different which 

related to different size of Ag-NPs.
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Figure 1: UV-Visible absorption spectra AgNO3/NCC/gelatin at different power of microwave 

(400W, 800W and 1600W). 

Fourier Transform Infrared Chemical Analysis 

The FTIR spectra of Ag-NPs/NCC/gelatin atdifferent microwave powers (400W, 800W and 1600W) 

areshown in figure 2. The peaks at 3268 cm-1
, 3255 cm-1 and 3278 cm-1 ascribed to the O-H stretching 

and N-H stretching, at 2923 cm-1, 2913 cm-1 correspond to aliphatic C-H stretching, at 1623cm-

1,1616cm-1  and 1624cm-1 ascribed to N-H bending, at 1514 cm-1, 1518cm-1 and 1521cm-1 for N-O 

asymmetric stretching, at 1313cm-1, 1311cm-1 and 1308cm-1 for C-N stretching, and at 1035cm-1, 

1044cm-1 and 1017cm-1 for C-O stretching.

 

Figure 2: FTIR spectra of AgNO3/NCC/gelatin at different power of microwave (400W, 800W and 

1600W). 

Thermo gravimetric/Differential thermo gravimetric analysis 

TG and DTG thermograms for different power of irradiation (400W, 800W and 1600 W) are shown in 

figure 3 (a), (b) and (c) respectively. Ag-NPs began to degrade at around 57 °C to 173 °C with the 

weight loss only 4% as shown in figure 3 (a). From 174 °C to 526 °C, 41% of weight is loss with the 
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residue of 54% and integral peak at 323 °C. Figure 4.8 (b) showed the weight loss at 190-520 °C with 

residue of 49% and integral peak at 325 °C. From 193-494 °C, 31% of mass is loss and the residue 

above 494 °C is 61% as shown in figure 3 (c). The maximum weight loss happened at 800W of 

irradiation of Ag-NPs.    

 

Figure 3:TG/DTG ofAgNO3/NCC/gelatin atdifferent power of microwave (a), (b) and (c). 

CONCLUSION 

The Ag-NPs supported on NCC were 

successfully synthesized usinga microwave 

irradiation method in the presenceof gelatin as 

stabilizer. NCC was synthesized from filter 

paper. The AgNO3/NCC suspension at 

different power was investigated. The 

properties and characteristics of Ag-NPs 

supported on NCC were studied by using UV-

Vis, FT-IR, XRD and TG/DTG analysis. The 

UV-vis confirmed the formation and stability 

of the Ag-NPs, with the maximum absorbance 

of Ag-NPs at 415 nm. The narrower 

distribution at 800 W was shown as optimum 

power which leads to formation ofsmaller Ag-

NPs. TG/DTG showed that thermal 

degradation of Ag-NPs occurred at high 

temperature around to 250-499°C. Finally, the 

optimum parameters for the formation of 

smaller Ag nanoparticles were found to be 

0.001 M, 3% and 800 W for silver 

concentration, NCC concentration and 

microwave power respectively. In conclusion, 

we have successfully synthesised an eco-

friendly nanoparticle with the aid of readily 

available and cost-effective material. 
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