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Abstract 
   Particles with the size of 1-100 nm are known as nanoparticles (NPs). The widespread use of silver 

NPs (AgNPs) makes it familiar in different industries. They have unique properties as a result of their 

high surface to volume ratio, although aggregation of NPs interferes with their functions. This 

phenomenon has several side effects on the environment, the amount of which may depend on the 

stability of AgNPs. Stability of colloids depends on various agents, such as capping agents and 

environmental conditions, including pH and ionic strength. In this study, the effects of a variety of 

electrolytes, such as NaCl (10mM), NaNO3 (10 and 100mM), and Ca (NO3)2 (10mM) at different 

values of pH were investigated on the aggregation of AgNPs synthesized using an aqueous extract of 

dried Juglans regia green husk. In NaNO3 10mM pH 9, NPs were more stable than in other media. 

Therefore, the special optical and electronic properties of AgNPs in such a medium as well as in water 

were investigated. The UV-visible extinction spectra of AgNPs in both water and NaNO3 (10 mM, pH 

9.0) showed a surface plasmon resonance (SPR) at 445 nm as well as a broad peak at shorter 

wavelengths (255 nm). The fluorescence emission spectra of AgNPs at different excitation wavelengths 

in the range of 245-290 nm revealed emission peaks that were red-shifted in the range of 487-580 nm 

by the increase in the excitation wavelength. This behavior is attributed to the existence of a variety of 

emission centers with different energy levels.  
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1. INTRODUCTION 

   The widespread usage of AgNPs in 

medical equipment, textiles, cosmetics etc. 

have the risk of releasing them to the 

environment, which can impact on the 

ecosystem and microorganisms [1]. The 

toxicity of AgNPs in any ecosystems 

greatly depends on the stability of colloidal 

silver. The high surface area to volume 

ratio of the NPs results in high reactivity of 

them which leads to particle aggregation. 

There are three mechanisms for the 

prevention of adherence colloidal particles, 

consisting of electrostatic repulsion, steric 

repulsion and both of them [2]. In DLVO 

theory, colloidal particles are surrounded 

by a diffuse electrostatic double layer 

(EDL) and the balance between van der 

Waals attraction forces and electrostatic 

repulsion forces determines the colloidal 

stability [3]. The magnitude of the electric 

charge and the thickness of the EDL area 

are directly related to various factors, 

including the type of coating as well as the 

environmental conditions like the pH, ionic 

strength, and composition of electrolytes 

[2]. In biosynthesis procedure of NPs, they 

are coated in one step by biomolecules, 

which reduces the aggregation of these 

particles [4, 5, 6]. 

   One interesting area of research in 

studying AgNPs is their optical and 

fluorescence properties [7]. It has been 

discovered that AgNPs display special 

fluorescence behavior, depending on their 
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shape, size, solvent, synthesis procedure, 

etc. [7-10]. Recently, there are various 

reports of fluorescence from AgNPs, 

thereby several explanations have been 

developed [8, 10-15]. However, the exact 

mechanism and special factors influencing 

fluorescence of AgNPs are still unclear [8, 

9, 13]. Therefore, the comprehensive 

explanation of some spectral experiments 

is quite difficult [8]. 

   In this paper, the effect of environmental 

conditions (various salts and ionic 

strengths, as well as different values of pH) 

on the stability of AgNPs is investigated. 

Then, a detailed study of the fluorescence 

properties of AgNPs dispersed in water as 

well as in NaNO3 (10 mM, pH 9.0) is 

reported. The excitation was carried out in 

the range of 245-290 nm, far from the SPR 

region of the AgNPs.  

 

2. MATERIALS AND METHODS 

2.1. AgNPs Synthesis 

   AgNPs were synthesized using green 

husk of J. regia according to [16]. In brief, 

58 ml of boiling distilled water was added 

to 1.6 g of dried husk powder in a Meyer 

flask, whose lid was closed by parafilm 

and the aluminum foil. The flask was then 

placed in a 100°C water bath for 10 min. 

Afterwards, the extract was filtered by 

Whatman paper no. 1. Finally, 150 μl of 

extract was added to 10 ml AgNO3 

(Merck) solution (1mM). After 24 hours, 

NPs were centrifuged and washed three 

times by water and re-suspended in de-

ionized water (hereafter, referred to as 

water). 

 

2.2. AgNPs Analysis  

   The relationship between SPR peak, 

hydrodynamic diameter (HDD) and zeta 

potential of AgNO3 solution with different 

environmental conditions, consisting of pH 

(3, 6 and 9), ionic strength (10 and 100mM 

of NaNO3) and electrolytes (NaCl, NaNO3 

and Ca(NO3)2) was investigated by a 

double beam UV-visible 

spectrophotometer (UV 1800, Shimadzu, 

Japan), dynamic light scattering (DLS) 

(Nanophox90-246V, Germany) and Zeta 

potentiometer (Malvern Zetasizer nano.zs), 

respectively. 

 

2.3. Spectrophotometric Analysis 

   AgNPs were dispersed in water, and 10 

mM solution of sodium nitrate (pH 9.0), 

then sonicated for 10 min (25 W). UV-

visible extinction spectra of the AgNPs 

were recorded at 25 °C, 200-700 nm, on 

the UV-visible spectrophotometer. With 

similar samples, fluorescence measure-

ments were carried out at 25 
°
C using a 

fluorescence spectrophotometer (Cary 

Eclipse, Varian, Victoria, Australia). 

Excitation was done at 245-290 nm, and 

intrinsic fluorescence measured in the 

range 230-700 nm. The excitation and 

emission slits were both 5.0 nm and the 

scan rate was 600 nm/min. Both the 

absorption and fluorescence spectra were 

taken using 1-cm path length quartz 

cuvettes.  

 

3. RESULTS AND DISCUSSION 

3.1. Size Analysis 

   HDD of AgNPs in water was determined 

by DLS analysis. Results show that the 

NPs have a monomodal particle size 

distribution with the volume mean 

diameter (VMD) of about 76 nm (Figure 

1). 

 

3.2. Stability of AgNPs 

3.2.1. Zeta Potential 

   Zeta potential experiments assess the 

stability of NPs in aqueous colloids [17]. It 

shows the electric potential of the NPs at 

the boundary of the double layer [18]. The 

magnitude of the zeta potential is 

predictive of the colloidal stability. 

Nanoparticles with zeta potential values 

greater than +20 mV or less than -20 mV 

are considered as stable colloids [19]. 

Here, the zeta potential of the NPs is about 

-17 mV (Figure 2) indicating that the NPs 

are fairly unstable. 
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Figure 1. DLS analysis of AgNPs in water. 

 

 
Figure 2. Zeta potential of AgNPs in water. 

 

3.2.2. UV- Visible Spectra Analysis 

   The SPR peak of AgNPs was 

investigated at 24 hours as well as two 

months after the biosynthesis reaction 

(Figure 3). According to Mie’s theory, 

spherical NPs have only a single SPR band 

in their absorption spectrum, whereas 

anisotropic NPs reveal two or more SPR 

bands, depending on their shape [17]. 

Figure 3 shows that there is neither 

difference in the number of nor the shift in 

the λmax of SPR peaks between the two 

samples, implying that the shape and 

distribution of NPs in this period of time 

are similar. However, there is a small 

difference in the absorbance amount of the 

peak tails at 700 nm between the two 

spectra. It indicates that the NPs are fairly 

stable over this time period [9].  

 

 
Figure 3. SPR peak of NPs in water, after 

24 hours and two months of synthesis. 
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3.3 The Effect of pH and Ionic Strength 

on Stability 

   The influence of electrolyte type, 

containing cations and anions, on the 

AgNPs stability was investigated. Thus, 

Na
+
 and Ca

++
 as two examples of 

monovalent and divalent cations, 

respectively were chosen. Then, two 

anions for Na
+
 consisting of NO3

- 
and Cl

-
 

were selected. The NO3
-
 anion for Ca

++
 

was also examined. However, the Cl
- 
anion 

was not investigated for this cation, 

because CaCl2 salt is water-insoluble. 

   The SPR peak of AgNPs in the presence 

of different salt solutions, such as Ca 

(NO3)2 (10 mM), NaCl (10mM) and 

NaNO3 (10 and 100mM) at pH 3, 6 and 9 

was investigated. The SPR peaks of the 

NPs in the presence of Ca (NO3)2 in the 

three pH values were extremely weak 

(Figure 4A), which reveals that the 

increase of cation valence is not suitable 

for NP synthesis. Therefore, further 

investigations were performed on NaCl (10 

mM) and NaNO3 (10 and 100mM) at these 

pH values (Figures 4 B-E) and Ca(NO3)2 

electrolyte was not further studied. Also, 

the zeta potential and HDD of NPs in the 

presence of these electrolytes were 

examined (Figures 5 A, B).  
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Figure 4. SPR peaks of NPs in the presence of (A) Ca (NO3)2 10mM in three pH values of 3, 

6 and 9, (B, C, D, and E) NaCl 10mM, NaNO3 10 and 100mM at (B) neutral pH, (C) pH 3, 

(D) pH 6, and (E) pH 9. 

 

   The appearance of negative and positive 

zeta potential for NPs incubated at pH 3 in 

NaCl and NaNO3 respectively indicates 

that in both media the NPs are unstable 

(Fig. 5A). When the pH of both 

electrolytes rises, the NPs become more 

stable. Results show that the most stable 

NPs are those incubated at pH 9 in NaNO3 

10mM (Fig. 5A). Previous studies on the 

zeta potential of NPs coated with citrate, 

NaBH4 (Sodium borohydride) and BPEI 

(Branched Polyethylenimine) have also 

shown that these NPs are electrostatically 

stable; hence the stability of them is 

optimized by changing the ionic strength 

and pH. On the other hand, the stability of 

the NPs coated with PVP are sterically 

stable, therefore the ionic strength and pH 

changes have not influenced their stability 

[2]. Here, the results represent that the 

coating materials existing in the water 

extract of walnut shell, give a net negative 

charge on the particles. Therefore, the 

mechanism of stabilizing NPs is supposed 

to be electrostatic. In order to confirm the 

above conclusion, the effect of electrolyte, 

ion strength and pH on the size of the NPs 

(HDD) were also studied. It is found that at 

pH values of 6 and 9, the HDDs of NPs in 

the presence of electrolytes NaNO3 (10, 

100 mM) and NaCl (10 mM) are 

approximately equal (100 to 150 nm). 

Hence, the kind of anion has no effect on 

the size of NPs. However, the HDD of the 

NPs in the presence of the same 

electrolytes at pH 3 increases steeply 

(Figure 5B) indicating that the pH is an 

important factor that influences the size of 

NPs. Altogether, the results of zeta 

potential and HDD determinations reveal 

that the most stable form of the NPs is in 

the medium of NaNO3 10mM, at pH 9. 

Therefore, further studies of absorption as 

well as emission spectroscopy were 

performed on AgNPs in such a medium, 

and then the findings were compared to 

those in water. 

 

 
Figure 5. NP stability parameters in different electrolytes at pH 3, 6, and 9 (A) zeta potential 

(B) HDD. 

 

3.4 Optical Characterization of NPs 

   Figure 6 (curve a) shows the UV-visible 

extinction spectra of the AgNPs dispersed 

in water (extinction= absorption + 

scattering [9]). It displays a strong 

extinction peak at 445 nm (blue photons of 

light), therefore the dispersion appears in 

yellowish-brown color. This peak is 

assigned to surface plasmons, which is 

characteristic of the AgNPs. The surface 

plasmon resonance (SPR) peak arises from 

collective oscillations of valence electrons 

in the electromagnetic field of the incident 

light [9, 11, 12, 20]. The position of this 
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peak, for AgNPs, changes in the range 

400-470 nm [7, 8, 10-13, 20-24], 

depending on the size and shape of the 

NPs, or dielectric constant of the 

environment [9, 12, 25, 26]. There is also a 

broad peak at 255 nm and a rising 

absorption region towards higher energy 

with a dent at 210 nm. These peaks are 

similar to those reported by others and are 

attributed to the transition of valence 

electrons to higher energy states [7, 11, 12, 

20]. Figure 6 (curve b) shows the spectra 

of the AgNPs in NaNO3 (10 mM, pH 9.0). 

There is no shift in the position of SPR as 

well as of the higher energy band at 255 

nm. However, the absorbance at both 

wavelengths has decreased. Since the 

strength of the absorbance at peak reflects 

the nanoparticle concentration [8, 21], the 

obtained result indicates that the 

concentration of the AgNPs in NaNO3 (10 

mM, pH 9.0) decreases, compared with 

that in water. In addition, the width of the 

peak can partly show the size distribution 

of AgNPs [21]. Hence, the similarity of the 

peak width in both spectra suggests the 

comparable size distribution of NPs in both 

media. Furthermore, there are strong 

absorptions below 230 nm caused by 

nitrate group [27], which interferes with 

the dent observed for the NPs in water.  

 

Figure 6. UV-visible extinction spectra of 

the Ag NPs dispersed in (a) de-ionized 

water (dH2O) and (b) NaNO3 (10 mM, pH 

9.0). 

 

   Figure 7 shows the fluorescence 

emission spectra of the AgNPs dispersed in 

water. Excitation was performed in the 

range 245- 290 nm, at 5-nm intervals, and 

fluorescence measured in the range 230- 

700 nm. There are two intensive and well-

separated peaks for each excitation. The 

high- intensity peaks from 245 to 290 nm 

are Rayleigh scattering peaks, positions of 

which change with the excitation 

wavelength (λex). The intensity of the 

Rayleigh peaks increases as λex increases. 

The other strong emission peaks appear at 

487 nm (a: for λex= 245 nm) and shifts 

towards longer wavelengths (j: 579 nm, for 

λex= 290 nm) with the increase of 

excitation wavelength. The change in the 

position of fluorescence peak with 

excitation wavelength is shown in Figure 8 

which shows a linear plot. Here, the 

fluorescence emission peak intensity 

gradually decreases with increase of λex. It 

should be noted here that the appearance of 

the fluorescence emission peak and its 

interesting behavior, which is red-shifted, 

are noticed due to the excitation of the 

AgNPs with a wavelength higher than a 

threshold value of 230 nm. 

 

Figure 7. Fluorescence emission spectra 

of AgNPs dispersed in water. Excitation 

was carried out at 245 (a), 250 (b), 255 

(c), 260 (d), 265 (e), 270 (f), 275 (g), 280 

(h), 285 (i) and 290 nm (j). Arrow: the 

direction of λex increase. 

 

   The effect of solvent on fluorescence 

behavior of the AgNPs was investigated by 

measuring the fluorescence emission of the 

AgNPs dispersed in NaNO3 (10 mM, pH 

9.0) at similar excitation wavelengths. 
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Figure 8. Dependence of emission 

wavelength on excitation wavelength for 

Ag NPs dispersed in water and NaNO3 (10 

mM, pH 9.0). 

 

   Figure 9 shows the fluorescence 

emission spectra of the AgNPs dispersed in 

NaNO3 (10 mM, pH 9.0). Here too, 

Rayleigh scattering peaks are appeared at 

shorter wavelengths in conjunction with 

fluorescence emission at longer 

wavelengths. 

 

 

Figure 9. Fluorescence emission spectra 

of Ag NPs dispersed in NaNO3 (10 mM, 

pH 9.0). Excitation wavelengths are as 

mentioned in Fig. 4 caption. Arrow: the 

direction of λex increase. 

 

   Similar trends of intensity changes for 

both Rayleigh and fluorescence emission 

peaks, compared to those for the Ag NP 

peaks in water, are noticed. Furthermore, 

fluorescence peaks are appeared in similar 

intensities as for water medium and at 

similar positions in the range 488-581 nm. 

The linearity of the change in the emission 

wavelength with λex is as well evident in 

Figure 8. However, the primary difference 

in behavior of the NPs in water with 

respect to NaNO3 (10 mM, pH 9.0) is the 

intensity of the Rayleigh peaks, which is 

higher in the latter. 

   In order to determine the exact 

wavelength of the absorption maxima (λex), 

the excitation spectra of the AgNPs 

dispersed in water or NaNO3 (10 mM, pH 

9.0) were recorded, according to the 

method of Siwach et. al [11,12].  

   Figure 10 shows the fluorescence 

excitation spectra of the AgNPs dispersed 

in water (A) for λem. fixed at 487 (solid), 

507 (square dot), 539 (long dash dot) and 

579 nm (long dash). The spectra are 

marked by sharp peaks centered at 245, 

255, 270 and 290 nm, respectively. This 

indicates excitation of AgNPs to energy 

levels corresponding to energy of these 

peaks. This result is in accord with the 

fluorescence emission spectra (Figure 7), 

where maximum emission takes place at 

these excitation wavelengths. Furthermore, 

intensity of these peaks is maximum at λex 

= 245 nm, then decreases as the excitation 

wavelength increases. This is also in 

conformity with the fluorescence emission 

data (Figure 8), previously mentioned. 
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Figure 10. Fluorescence excitation spectra 

of Ag NPs dispersed in (A) water. λem was 

fixed at 487, 507, 539 and 579 nm; (B) 

NaNO3 (10 mM, pH 9.0). λem was fixed at 

488, 509, 539 and 581 nm. 

 

   The excitation spectra of the AgNPs 

dispersed in NaNO3 (10 mM, pH 9.0) 

(Figure 10B) display sharp peaks centered 

at 245, 255, 270 and 290 nm for λem fixed 

at 488 (solid), 509 (square dot), 539 (long 

dash dot) and 581 nm (long dash), 

respectively. This is also corroborated by 

the fluorescence emission spectra (Figure 

9), where intensity of fluorescence peak of 

AgNPs dispersed in NaNO3 (10 mM, pH 

9.0) is maximum at λex = 245, 255, 270 and 

290 nm. 

   Studies on the fluorescence behavior of 

noble metal NPs have revealed that the 

position of the fluorescence peak depends 

on the excitation photon energies. This 

phenomenon has been considered as a size-

selective excitation effect [7]. Thus, the 

size of the AgNPs is a crucial factor for 

fluorescence behavior [7, 8, 10]. The 

explanation of intensity fluorescence 

behavior of AgNPs with increase in λex 

observed in this study, i.e. the red shift as 

well as decrease in the intensity, is 

proposed as follows. 

   There are a variety of Ag NP clusters 

with various size ranges, each has its own 

energy levels. In other words, there are 

different emission centers (Figures 11A 

and B). As the excitation wavelength 

increases, the photon energy decreases 

(Figure 11B). Therefore, the electron of 

those emission centers having lower 

energy levels are stimulated. Then, 

relaxation of these electrons emits photons 

at longer wavelengths. Concomitantly, as 

the energy of the excitation photon 

decreases, the transition probability 

declines, hence the smaller number of 

fluors (emission centers) is stimulated. 

Consequently, the smaller number of 

photons is emitted, resulting in the lower 

emission intensities. Moreover, the lower 

the transition probability, the higher the 

scattering contribution. That is why the 

intensity of Rayleigh peaks increases 

gradually as λex increases. 

 

 
Figure 11. Schematic energy level diagram for emission of Ag NPs. The excitation 

wavelength has higher energy in diagram (A) than diagram (B). The emitted photon is red-

shifted in diagram (B), compared to that in diagram (A). Ex.: Excitation; Em.: emission; 

Vib.: vibrational levels; S0: ground state, which is 4d level for Ag
+
; S1: the first excited state. 
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h and h: photons stimulating electron from S0 to S1. The energy of h is less than that of 

h. For simplicity the vibrational levels for S0 have not been shown. 

 

   Altogether, to address the fluorescence 

behavior of AgNPs, both the size effect 

(emission peaks) and the surface effect 

(Rayleigh peaks) should be considered.  

 

4. CONCLUSIONS 

   In summary, the NPs in aqueous extract 

of J. regia are unstable, while using 

NaNO3 (10 mM, pH 9.0) they become 

more stable. This reveals that the 

electrostatic repulsion can stabilize the 

NPs. The extinction spectra of AgNPs in 

water revealed a strong band in visible 

region produced by the surface plasmon 

resonance of the AgNPs. Besides, it 

showed a broad shoulder in UV region, 

which was due to the absorption of AgNPs 

and transition to the excited state. These 

AgNPs displayed an interesting 

fluorescence behavior, when excited in the 

shoulder region. The emission peak 

linearly shifted towards the red, with the 

increase in excitation wavelength. This 

strange behavior was observed only when 

the excitation of AgNPs was performed by 

a wavelength higher than a threshold value 

of 230 nm. It seems that there are various 

oligomeric centers of AgNPs with different 

size ranges. Each cluster has its own 

energy levels, thus behaves independent of 

other clusters. Both the optical and 

fluorescence behavior of AgNPs in NaNO3 

(10 mM, pH 9.0) were similar to those in 

water. 
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