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Abstract- Gold nanoparticles (AuNP) capped by L-arginine 

have been synthesized. In this paper, we report the stability of 

nanoparticles observed for six weeks. In this study, gold 

nanoparticles were synthesized by reducing Au(III) to Au(0) using 

trisodium citrate and capping agent L-arginine as a stabilizer. The 

parameters of this study are the pH of the medium (5 and 10) and 

the concentration of-arginine (1, 2, and 5 mM). The stability of 

gold nanoparticles was studied from the position of the maximum 

wavelength intensity of the full-width half-maximum absorption 

from the surface plasmon resonance spectra measured by UV-vis 

spectrophotometer. The results showed that gold nanoparticles 

were successfully synthesized by the appearance of a ruby red 

solution. The spectra of surface plasmon resonance AuNP-arg pH 

10 shows sharper than pH 5. Gold nanoparticles (AuNP) can be 

stabilized using L-arginine at concentrations of 1-2.5 mM under 

pH 10. AuNP stabilized amino acid L-arginine was shown for a 

period of six weeks through the study of position changes of λmax, 

peak intensity and a full-width half-maximum of surface resonance 

plasmon spectra. These results prove that AuNP-arg can be used 

in commercial applications, as sensors or in the medical and 

cosmetic fields.  
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I. INTRODUCTION  

Lately, the synthesis and characterization of gold 
nanoparticles have received much attention because of its 
application in various fields of science and technology. Gold 
nanoparticles (AuNP) is a material that is considered small, 
but in their synthesis, are likely to be larger aggregates. 
Efforts are made to avoid the replacement of aggregation is 
by releasing molecules coating or stabilizer (1)  

The most common method for making dispersions of 

gold nanoparticles is the reduction of Au(III) by reducing 

agents such as sodium citrate and sodium borohydride in 

solvents. Dispersion of water-soluble gold nanoparticles has 

an important ability after capping with functional groups 

such as amino (2). Gold nanoparticles capped by amino-

functional groups of a certain size and shape are expressed as 

bifunctional nanoparticles. 

Surface modification of gold nanoparticles with 

functional groups plays an important role in various 

applications, such as for organic, sensor and biodiagnostic 

reactions and drug delivery. Although surface modification 

of AuNP is generally associated with thiol and amino groups 

have been recognized to be strongly bonded with AuNP     

(3–5). For example, amino acids as naturally occurring 

amine groups are preferred over other amine groups.  Zare et 

al (6,7) reported the successful production of AuNP that can 

be dispersed in water with the L-arginine and glutamic acid 

in conjugating biomolecular.  

Studies on the stability of AuNP have been widely 

publicized, but the studies of AuNP that have been stabilized 

by the amino acid L-arginine has not been widely reported. 

Zarabi et al. (4) reported the AuNP synthesis and capping 

strategy using tryptophan, glutamic acid, and aspartame acid 

for 5 days, which was made through the reduction of Au(III) 

ions with these amino acids and stabilizers sodium dodecyl 

sulfate (SDS). Akhavan et al. (8) synthesized gold 

nanoparticles in one step and a simple procedure with 

gamma irradiation using a protein from bovine serum 

albumin as a stabilizer. AgNP stability studies with m-

hydroxybenzoic acid and p-hydroxybenzoic acid were 

studied from the maximum wavelength, absorption intensity, 

and absorption peak width from plasmonic nanoparticle 

spectra (6). In this study, we succeeded in synthesizing gold 

nanoparticles that are stabilized by the amino acid L-arginine 

through the reduction of tetrachloro aurate by trisodium 

citrate under acidic and basic conditions. The amino acid      

L-arginine has an amino group (–NH2), carboxyl (–COOH) 

and guanidine (–NHCNHNH2). Under acidic conditions, the 

amino group will be protonated to –NH3
+ and at the basic pH 

of the carboxyl group (–COOH) it will turn into a carboxylic 

anion (–COO–) (9) These groups can act as stabilizers in the 

synthesis of gold nanoparticles (2). The purpose of this study 

was to study the effect of pH and the addition of the amino 

acid L-arginine in stabilizing AuNP. AuNP stability is 

observed from the position of the maximum wavelength, the 

absorption intensity, and full-width half maximum of the 

surface plasmon resonance spectra. 

II. METHODS 

A. Material and Instrumentation  

The precious metal of gold was bought from Aneka 

Tambang company. The metal dissolved in aquaregia (cont. 

hydrochloric acid: cont. nitric acid=3:1). Trisodium citrate 

dehydrates, L-arginine, sodium hydroxide was obtained 

from Merck.  Measurement properties of optic, surface 

plasmon resonance by using the instrument of UV-vis 

spectrophotometer (Shimadzu 1800), a pH meter (pH/ion 

510 Eutech Oacton), and magnetic stirrer.   

B.  Preparation of gold nanoparticles (AuNP).  

A thousand ppm solution of chloroauric (III) is prepared 

by dissolving 1 g of pure gold into aquaregia, then diluted 

with aquademineral until a volume of 1 L. This work is done 

in a fume hood because there is released toxic NO2 gas.  A 

total of 180 ml of water is boiled in a 400 mL glass beaker 

and added 0.4 g of trisodium citrate. The solution was 

homogenized, and then added 4 mL of AuCl4
- 1000 ppm. 

Then the solution is stirred, while heated until the light 
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yellow color Au(III) solution disappears until the blue 

solution appears and finally the red AuNP solution is 

obtained. The red AuNP solution obtained was put into a 

200 mL volumetric flask, then the volume was adjusted by 

adding aquademinerals up to 200 mL.  

C. Preparation of Arginine-gold nanoparticles (AuNP-Arg) 

AuNP-Arg is synthesized at pH 5 and 10, by adjusting 

the pH after the AuNP solution is formed through procedure 

A. Adjusting the pH of the solution by giving a 0.1 M 

solution of NaOH or 0.1 M HCl. Then various 

concentrations of L-arginine (1 mM, 2.5 mM, and 5 mM) 

were added to 4 mL AuNP under conditions of pH 5 and 10. 

This work was carried out duplo. Furthermore, the 

characteristics of AuNP-arg were measured by UV-Vis 

spectrophotometer (4). 

III. RESULTS 

A. The synthesis of gold nanoparticles (AuNP) 

In this research AuNP synthesized by added AuCl4
- gold 

solution into boiling sodium citrate solution. The change of 

color from yellow become blue and then ruby red. This 

shows that the solution Au(III) has changed to Au(0). After 

AuNP is synthesized, then characterization is done by the 

UV-Vis spectroscopy method. To obtain AuNP relatively 

stable, did not immediately arise sediment and changes 

color to purple, then synthesized AuNP was added by L-

arginine in a variety of medium pH and concentration. Fig 1 

a-b show the surface resonance plasmon spectra of AuNP at 

pH 5 and 10 with concentrations of L-arginine 1 mM, 2.5 

mM, and 5 mM. Fig. 1 shows that the effect of L-arginine 

toward AuNP at pH 5 and pH 10 in the concentration 1 mM, 

2.5 mM, and 5 mM give lower absorption intensity than 

AuNP. In Fig.1 (a) the λmax of AuNP pH 5 is 533 nm. 

AuNP-arg for L-arginine is 1 mM, 2.5 mM, 5 mM, all of the 

same is 531 nm. This value indicates a blue shift of the 

surface plasmon resonance spectra (SPR). The same thing 

has been reported by Sunatkari et al (10). This SPR shift can 

be related to differences in particle size (11). In Fig.1 (b) the 

λmax of AuNP pH 10 is 523 nm. In AuNP-arg with                

L-arginine concentration 1 mM, 2.5 mM and 5 mM provide 

λmax relatively similar, i.e 523 nm. The peak absorption of 

AuNP and AuNP-Arg at pH 10 shows sharper than pH 5. 
The behavior of AuNP-arg at pH 5 gives protonation of 

the amine group (–NH2) from L-arginine to –NH3
+, but at 

pH 10 the amine group of L-arginine is not protonated 

(PI=10.76) (9). Therefore, in acidic conditions (pH 5), there 

will be electrostatic interactions between L-arginine with 

negatively charged AuNP. At pH 10 the amine group is not 

protonated. Based on the soft and hard basic acidic 

properties (12), that the amine group (–NH2) is a good base 

for Au (0), so the interaction between the amine group and 

AuNP is proposed through the electron pair donors of the 

amine group to the AuNP (7). 

B. The stability of Gold Nanoparticles 

The stability of AuNP-arg can be observed from changes 

in the maximum wavelength, absorption intensity, and full-

width half maximum (FWHM) of surface plasmon resonance 

spectra (13). Position changes of the λmax of AuNP during 

measurements from 10 minutes to six weeks at pH 5 (a) and 

pH 10 (b) are presented in Fig 2. In Fig. 2a, shows the 

changes of λmax occur mostly in the addition of L-arginine 

2.5 and 5 mM. The changes in λmax were sharp after a 

reaction takes place between AuNP and L-arginine for 1 day 

until 6 weeks. On the addition of 1 mM L-arginine to AuNP 

after 2 weeks, giving increases of λmax gradually until the 6th 

week. Gold nanoparticles at the addition of L-arginine 2.5 

and 5 mM (AuNP-arg at pH 5) are relatively unstable 

because they are marked by a shift in absorbance peaks at 

maximum wavelengths, which are large. In addition, there 

are deposits of black and pink color changes to dark blue. 

Generally, for all AuNP-args at pH 5 from 1 day to 6 weeks 

give changes of λmax in the range  532-555 nm is 11-23 nm. 

Fig. 2b shows that changes in λmax occur in the range of 1-2 

nm (523 to 525 nm) by the addition of L-arginine 1, 2.5 and 

5 mM into AuNP pH 10. The changes of λmax of AuNP-arg 

from the reaction time period of 10 minutes to 6 weeks are 

relatively much smaller than AuNP pH 5. Shifting in λmax 

indicates there is a change in particle size (10,14). In AuNP 

pH 10 by the addition of 1 mM L-arginine show stable (λmax 

constant) until the period of one day, after that, there is a 

relatively small shift. At pH 10 AuNP-arg provides better 

stability than pH 5. It is because L-arginine at pH 10 is not 

protonated and its PI is 10.56 (9), so it can bind to AuNP by 

involving free electron pairs of nitrogen atoms from –NH2. 

Furthermore, the interaction between L-arginine with AuNP 

expected by covalent bonds. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
Fig.1 The surface resonance plasmon spectra of AuNP (curve a) and 

AuNP-Arg 1 mM (curve b), AuNP-Arg 2.5 mM (curve c), and AuNP-Arg 5 

mM (curve d) at pH 5 (a) and pH 10 (b) 
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The absorption peak intensity of AuNP-arg surface 

plasmon resonance is shown in Fig.3. Fig.3a (pH 5) shows 

that absorption peak intensity of AuNP-arg in a week storage 

time decreased by 8.6%; 11.5% and 17.5% for L-arginine 

concentrations of 1 mM, 2.5 mM, and 5 mM. This is like the 

observation of λmax pH 5 reported above. After AuNP-arg is 

stored for 1-3 days there is an increase in absorption peak 

intensity, and in 1-6 weeks there is a decrease in absorption 

peak intensity. It is because agglomeration occurs. At pH 5 

the -NH2 group of L-arginine undergoes protonation to -

NH3
+, which can interact ionically with AuCl4

- / AuCl2
- from 

AuNP under acidic conditions (7). 

Fig.3b (at pH 10) shows that the absorption peak 

intensity up to 1 week, an increase in absorption peaks of   

1-2% for concentrations of L-arginine 1 and 5 mM. When 

L-arginine concentration 2.5 mM, the intensity of AuNP-arg 

decreased by 1%. Decreasing in absorption peak intensity is 

caused by a decrease in particle size or the dissolution of 

AuNP into Au ions (13,15). 

  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Fig.2 Position changes of λmax of gold nanoparticles in 10 min to  

six weeks at pH 5 (a) and pH 10 (b) 
 

 

 
 

 

 
 

 

 
 

 
 

 

 
 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.3 Position changes of the absorption peak intensity of gold nanoparticles 
in 10 min to six weeks at pH 5 (a) and pH 10 (b) 

Fig.4 shows FWHM of AuNP-arg in conditions pH 5 and 
10 for 6 weeks. FWHM data from absorption spectra can be 
an indicator of the monodispersity of gold nanoparticles. 
Small FWHM shows monodispersity, while large FWHM 
shows polydispersity (16). Oliveira et al. (16) report FWHM 
data from the absorption spectra of gold nanoparticles 
reduced by sodium citrate, ranging from 70.2 to 107.6 nm. In 
this research, FWHM of AuNP-arg pH 5 (Fig.4a) was 
observed about 80 nm (at 10 to 130 minutes), and then after 
1 day to a week gradually decreased to 60 nm. Furthermore, 
after 2-6 weeks, it gradually increased to 140 nm (for AuNP-
arg 1 mM). FWHM data of AuNP-arg at pH 10 (Fig.4b) was 
observed to be relatively constant 80 nm. Based on the three 
types of characters from surface resonance plasmon spectra 
of AuNP, it can be stated that AuNP-arg at pH 10 with L-
arginine concentration 1-2.5 mM is more stable than pH 5. 
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Fig. 4 Position changes of FWHM of gold nanoparticles in 10 min to six 
weeks at pH 5 (a) and  pH 10 (b) 

IV. CONCLUSION 

Gold nanoparticles (AuNP) can be stabilized using         

L-arginine at concentrations of 1-2.5 mM under pH 10. 

AuNP was stabilized amino acid L-arginine shown for 

period six weeks through the study of position changes of 

λmax, absorption peak intensity and a full-width half-

maximum of surface resonance plasmon spectra. This shows 

that AuNP-arg can be used in commercial applications, as 

sensors or in the medical and cosmetic fields. 
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