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Abstract. In the present work we fabricated and investigated colloidal Ag nanoparticles (NPs). 
The NPs were synthesized by the chemical reduction method of Ag2SO4 using NaBH4 in the 
presence of different surfactants. Morphological properties of synthesized colloidal Ag-NPs 
were studied by ultraviolet-visible (UV-vis) spectroscopy and dynamic light scattering (DLS). 
Average NP size varied in the range from 3 to 15 nm. Redispersibility of dried NPs with 
various stabilizers was also investigated and recovered that fish oil is effective stabilizer. 

 Introduction 

Metal nanoparticles (NPs) demonstrate unique physicochemical properties arising from nanoscale 
dimension and high surface to volume ratio [1]. This opens path for a wide range of promising NPs 
applications in the diverse fields of photonics, nanoelectronics, sensing, imaging, information storage 
and medicine [1,2]. In particular, contact conductive layers formation in microelectronic devices by 
using sintered NPs is of great interest due to its high conductivity and thermal stability [3]. Low NP 
melting temperature Tm is crucial in this case. It was shown that due to increased surface-to-volume 
ratio, the lower the NP size, the lower is Tm [4,5]. Since particle agglomeration causes the system to 
decrease the NP number and increase its average size, clustering prevention is necessarily, which 
could be achieved through the adding  of surfactant [6]. 

The exciting application potential of NPs has resulted in a plenty of experimental recipes for their 
synthesis either in water or in nonpolar organic solvents. The common methods are laser ablation, 
electron irradiation, biological synthetic and chemical reduction by NaBH4, polyol, tannic acid etc. 
Among them, chemical methods are the most expedient and cost-effective [7]. In most cases, Ag NPs 
were stabilized by surfactants, polymeric stabilizers or amphiphilic block copolymers [8]. Despite 
such a huge variety of synthesis techniques, most of them are experiencing problems with stability and 
aggregation of NPs, control of morphology, size and size distribution.  

In this work, we study the influence of surfactants on the morphological properties of the Ag NPs 
and the impact of polymeric stabilizers on NP redispersibility. 
 
 Results and discussion 

Silver sulfate (Ag2SO4) was used as a precursor. Sodium borohydride (NaBH4) was used as a reducing 
agent for the reduction of silver ions in relation to Ag atoms. Sodium dodecyl sulfate (SDS) and 
sodium bis(2-ethylhexyl)-sulfosuccinate (AOT) were used as surfactants, cyclohexane, glycerol and 
fish oil were used as stabilizers. 

In order to investigate the role of the surfactant, Ag2SO4 (1.6 mM) and NaBH4 (7 mM) solutions 
were prepared and for test purposes divided into three equal pairs. Then SDS or AOT were added to 
one of the solutions as it shown in scheme on figure 1, a. Then in each case NaBH4 solution was added 
drop by drop into Ag2SO4. The NPs formation was confirmed via solution color changing from clear 
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to yellow and then dark brown [9]. All reactions were carried out at room temperature and maintained 
for 4 hours. An estimated silver concentration in each solution was 0.2 g per liter. 

The colloids were diluted with distilled water to a concentration of 5 mg per liter and exposed to 
ultrasound treatment. Further, the samples were characterized via ultraviolet-visible (UV-vis) 
spectroscopy and dynamic light scattering (DLS) (see figure 1). The NPs shape was investigated via 
optical absorption spectra in the UV and visible ranges that were recorded using "UNICO 
SpectroQuest UV-2800 spectrophotometer (quartz cuvette; optical path length – 10 mm). The NPs size 
distribution was obtained via DLS using Zetasizer Nano ZS (Malvern Instruments, UK).  

The UV-vis absorption spectrum of each colloid is shown on figure 1, b. The peak position  around 
390 nm indicates on average NP diameter of 10-15 nm for each colloid [9]. Narrow and symmetric 
shape of colloid 1 curve indicates on spherical NPs shape with narrow size distribution.  

300 400 500 600 700 800

0,0

0,5

1,0

1,5

2,0

2,5

3,0

3,5

4,0

A
b
s
o
rb

a
n
c
e
 (

a
.u

.)

Wavenumber (nm)

1

2

3

 

1 10
0

2

4

6

8

10

12

14

16

V
o
lu

m
e
 (

P
e
rc

e
n

t)

Diameter, nm  
10

0

2

4

6

8

10

12

14

16

18

20

V
o
lu

m
e
 (

P
e
rc

e
n

t)

Diameter, nm  
10 100 1000 10000

0

2

4

6

8

10

12

14

16

V
o
lu

m
e
 (

P
e
rc

e
n

t)

Diameter, nm  

 
Curves 2 and 3 have highly asymmetric right shoulder and pronounced plateau in long wavelength 

region (from 500 nm) that indicate on particle agglomeration or aggregation and wide size 
distribution [9]. Curve 3 has low intensity which commonly indicates on low reaction efficiency. 

The size distribution obtained via DLS technique (figure 1 (b)) shows that the average NPs size 
were 3 and 5 nm in case of colloid 1 and 2 respectively. The distribution is wider in colloid 2 probably 
because number of SDS molecules in drops are not enough for double molecular layer formation. 
Average NPs size in colloid 3 turned out to be 15 nm, an additional peak at 3000 nm is clearly 
associated with aggregation process. This shows that SDS is more efficient surfactant than widely 
used AOT as it prevents undesirable processes such as agglomeration and aggregation and limits the 
NPs growth. 

Figure 1. (a) Scheme of reactions, (b) The UV-vis absorption spectra of the Ag NPs colloids 
synthesized in presence of the different surfactants, (c) Size distribution of nanoparticles obtained 
using DLS. 

(a)  

(c) 

(1)  (2)  (3)  
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It should be noticed that the colloid color was changing in time from dark brown to grey (figure 2) 
when Ag concentration exceeded 0.5 g per liter in any case. This indicates on NPs agglomeration, that 
however can be easily removed in SDS stabilized colloids by using ultrasonic mixing. 

 
Figure 2. Photos of the colloid with NP concentration more 
than 0.5 g per liter showing color changing in time 

 
Preparing the conductive paste or ink from NPs require firstly remove them from the mother liquor 

(for example, by drying) and then redisperse them in the eventual carrier. So, it’s important to obtain 
easily dispersible silver powder. Redispersibility can be improved by adding a stabilizer. 

The prepared according to the first recipe [(Ag2SO4+SDS)+NaBH4] Ag NP colloid was divided 
into 4 parts. One of the four stabilizers (none, cyclohexane, glycerol and fish oil) was added in each 
part. Then all mixtures were dried and dispersed in water. 

It was recovered that the first three stabilizers are equal in terms of redispersibility, but the 
reconstituted colloid with glycerol is more stable in time. The NPs stabilized by fish oil required more 
continual ultrasonic mixing than the other one but the resulting colloid was extra stable. There is no 
difference between powders from pure colloid and from mixture with widely used cyclohexane to 
examine impact of the latest one, infrared absorption spectrum was obtained in figure 3. No 
cyclohexane peaks were noticed, all peaks corresponded to SDS, that means all cyclohexane 
evaporated.  
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Figure 3. Infrared absorption spectrum of cyclohexane stabilized Ag colloid. 
Vertical line is peak position for pure cyclohexane [10] and SDS [11]. 
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 Conclusion 

The effect of specific surfactants and methods of their application on the morphology of chemically 
obtained silver NPs was investigated by UV-visible absorption spectra and DLS technique. It was shown 
that SDS is efficient surfactant in terms of smallest NP size and narrow size distribution providing that it 
was added to silver salt solution. 

Glycerol and fish oil were recognized as the most effective stabilizers, the selection should be made 
based on the presence of stabilizers in developing ink or pastes. 
 
 
References 

[1] Das S K and Marsili E 2011 Bioinspired metal nanoparticle: synthesis, properties and 

 application vol 11 (Croacia: InTech) 
[2] Ahmad T 2014 Reviewing the tannic acid mediated synthesis of metal nanoparticles J. 

 Nanotechnol. 2014 
[3] Tan Y, Li X, Chen X, Yang Z and Lu G-Q 2019 Feasibility investigation and characterization 

 of low-pressure-assisted sintered-silver bonded large-area DBA plates Solder. Surf. Mt. 

 Technol. 
[4] Darroudi M, Ahmad M B, Zamiri R, Zak A, Abdullah A H and Ibrahim N A 2011 Time-

 dependent effect in green synthesis of silver nanoparticles Int. J. Nanomedicine 6 677 
[5] Buffat P and Borel J P 1976 Size effect on the melting temperature of gold particles Phys. Rev. 

 A 13 2287 
[6] Kosmala A, Wright R, Zhang Q and Kirby P 2011 Synthesis of silver nano particles and 

 fabrication of aqueous Ag inks for inkjet printing Mater. Chem. Phys. 129 1075–1080 
[7] Iravani S, Korbekandi H, Mirmohammadi S V and Zolfaghari B 2014 Synthesis of silver 

 nanoparticles: chemical, physical and biological methods Res. Pharm. Sci. 9 385 
[8] Kim N H, Kim J-Y and Ihn K J 2007 Preparation of silver nanoparticles having low melting 

 temperature through a new synthetic process without solvent J. Nanosci. Nanotechnol. 7 
 3805–3809 

[9] Liu J, Lee J-B, Kim D-H and Kim Y 2007 Preparation of high concentration of silver colloidal 
 nanoparticles in layered laponite sol Colloids Surf. Physicochem. Eng. Asp. 302 276–279 

[10] Takahashi H, Shimanouchi T, Fukushima K and Miyazawa T 1964 Infrared spectrum and 
 normal vibrations of cyclohexane J. Mol. Spectrosc. 13 43–56 

[11] Chen X, Gu G, Liu D and Zhu R 2019 The flotation separation of barite-calcite using sodium 
 silicate as depressant in the presence of sodium dodecyl sulfate Physicochem. Probl. Miner. 

 Process. 55 
 


