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Abstract— A versatile route to synthesize polymer based and polyol mediated silver nanoparticles with tunable morphological properties was evolved. Novel 
three dimensional (3D) quasi nanocubes, one dimensional (1D) nanorods and (2D) nanorods were produced by rapid solution phase transformation of silver sol 
with hot addition of absolute ethanol or toluene. The optical characterization showed existence of plasmon resonance band occurring in all cases. The electron 
micrographs revealed that the shape, size and size distribution of as prepared silver nanoparticles depended on the stabilizer or capping agent, mole ratio of met-
al ion sources, temperature and time of reaction. 
 

Index Terms— silver nanoparticles, polyol, capping agent, surface plasmon resonance, stabilizer 
——————————      —————————— 

1 INTRODUCTION                                                                     
N recent times, concerted effort has been made to synthesize 
diverse range of silver nanoparticles varying in size, geome-
try, and morphology because of their potential applications, 

particularly in electronics [1], electrochemical sensing [2], ca-
talysis [3], and antimicrobial properties [4]. The size, geometry, 
dispersion and stability often determine the suitability of the 
nanoparticles for certain applications. Synthesis may involve 
physical means such as ultraviolet light, microwaves, photo-
reduction, or chemical reduction using hydrazine, ascorbic 
acid, sodium borohydride, glucose, and organic stabilizers.  

The wet chemical processes generally involve the re-
duction of silver ions in water with an organic co-solvent or 
reducing agent such as dimethyl formamide (DMF) [5], [6] and 
methanol.. When a homogeneous dispersion is important, a 
suitable organic stabilizer, generally with strong electron-
donating groups for metal surfaces, is often required. The lit-
erature describes the use of various polymeric forms of stabi-
lizers, including linear, dendritic and comb-like polymers, 
because of their ability to interact with metal particles. And 
examples often include amphiphilic polymers with functional 
groups such as carboxylate [7], [8], imine, amide and 
poly(oxyethylene) [9]. These dispersants have been shown to 
be able to produce homogeneous aqueous dispersions of Ag 
NPs with particle sizes less than 20.0 nm [10]. 

Herein, we report synthesis of silver nanoparticles, 
reducing silver ions present in the aqueous and non-aqueous 
solutions of silver nitrate in different polymer and surfactant  
matrices. 

2   MATERIALS 
All inorganic salts, solvents and chemical reagents used were 
analar grade, and were purchased from Sigma-Aldrich Corpo-
ration, UK. They are as follow: silver nitrate, sodium borohy-
dride, glycerol (GLY), ethylene glycol (EG), diethylene glycol 
(DEG), pentaerythritol (PET), trisodium citrate (SC), hexadec-
ylamine (HDA), trioctylphosphine (TOP), poly(vinyl pyrroli-
done) (PVP), toluene, methanol and ethanol.  

2.1 Experimental 
Monodispersed Ag nanoparticles were prepared according to 
Toshima et al. [11] as follows: 10 mL glycerol (99.5 % w/w) was 
measured into a round bottom flask containing a magnetic 
stirrer, 0.03-0.05 mmol PVP was added. Then the mixture was 
continuously stirred and gradually heated at the rate of 
1.8⁰C/min. to 160⁰C. Afterward, 0.58-1.18 mmol AgNO3 was 
added to the hot solution and the reaction was continued for 2 
hours with continuous stirring. After the hot injection of silver 
nitrate, a yellow coloured silver sol was obtained as the tem-
perature was maintained till the completion of reaction. The 
cooled yellow coloured Ag sol was copiously washed several 
times with methanol, and then centrifuged at 4400 rpm for 10-
15 min. to remove excess unreacted polymer. The Ag sol was 
later redispersed in ethanol. The proposed scheme of reaction 
is given below. The above procedure was repeated at (i) 175⁰C, 
2 hours, (ii) using ethylene glycol at 175⁰C, 2h and (iii) diethy-
lene glycol at 190⁰C, 2h. The difference in colour indicates the 
formation of different nanostructures of Ag nanoparticles.  

Subsequently, 37.14 mmol pentaerythritol (PET) was 
added to 0.04-0.07 mmol PVP in 100 mL Milliken deionised 
H2O according to the above procedure. The mixture was con-
tinuously stirred and dissolved, followed by gradual heating 
at the rate of 1.0⁰C/min to 90⁰C. Afterward, 1.17-1.38 mmol 
AgNO3 was added to the solution, followed by hot injection of 
10 mL, 5.39 mM NaBH4. The reaction was continued for 2 
hours with continuous stirring. The resulting cooled yellow 
coloured Ag sol was copiously washed with deionised H2O 
and centrifuged at 4400 rpm for 10-15 min. to remove excess 
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unreacted polymer. The Ag sol was later redispersed in deion-
ised H2O. Again, the same procedure was repeated using 1.28 
mmol, trisodium citrate (SC) as capping ligand to give SC 
capped Ag nanoparticles. 

So also, 25.59 mmol HDA was slowly heated at the 
rate of 2.2⁰C/min. to 200⁰C with continuous stirring. Then 0.60 
mmol AgNO3 dispersed in 10 mL TOP was added, followed 
by hot injection of 5 mL glycerol to produce HDA capped Ag 
nanoparticles. This was washed with methanol several times, 
centrifuged and dispersed in toluene. The centrifuged sols 
obtained after decantation was redispersed in double distilled 
ethanol and cleaned in ultrasonic bath at 500C for 60 minutes 
before further characterization.  

 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 

 
2.2 Characterization 
The nanoclusters derived by thio stabilization were very found 
to be stable in both liquid and solid phases. The stability was 
checked by following the absorbance spectra over extended 
periods of several months. The use of sodium borohydride 
resulted in fast reduction of metal ions, but ethane-1, 2-diol, 
glycerol and diethylene glycol provided the solvent media and 
also offered relatively optimum reduction potential, while 
dodecanethiol was used as a stabilizer. The oxo groups present 
in the vinylpyrrolidone coordinate rather fairly strongly to the 
bimetallic nanoparticles [11], [12]. A wide variety of techniques 
such as UV-Visible spectroscopy, photoluminescence spectros-
copy, TEM, XRD, and XPS were used for the characterization 
of as prepared Ru and Ag/Ru nanoparticles. 
 
2.2.1 Optical Characterization 
A Varian Cary 50 Conc UV-Visible spectrophotometer was 
used to carry out the optical measurements and the samples 
were placed in silica cuvettes (1 cm path length), using toluene 
as a reference solvent. A Perkin-Elmer LS 55 Luminescence 
spectrometer was used to measure the photoluminescence of 
the particles. The samples were placed in a quartz cuvette (1 
cm path length).  
 

 
2.2.2 Structural characterization  

The crystalline phase was identified by X-ray diffraction 
(XRD), employing a scanning rate of 0.05o min-1 in a 2θ range 
from 20 to 80o, using a Bruker AXS D8 diffractometer 
equipped with nickel filtered Cu Kα radiation (λ = 1.5406 Å) at 
40 kV, 40 mA and at room temperature. The morphology and 
particle sizes of the samples were characterized by a JEOL 
1010 TEM with an accelerating voltage of 100kV, Megaview III 
camera, and Soft Imaging Systems iTEM software. The detail 
morphological and structural features were investigated using 
HRTEM images with a JEOL 2010 transmission electron mi-
croscope operated at an accelerating voltage of 200 kV.  
 
 
3   RESULTS AND DISCUSSION 
3.1 Optical Spectra of Ag Nanoparticles  
The synthesis of monometallic Ag nanoparticles by chemical 
reduction in solution was carried out under different reaction 
conditions. The particles were characterised by active light 
absorption in the wavelength range of 400-440 nm indicating 
complete reduction of Ag(I) ion [13], which corresponded to 
Ag surface plasmon peak and confirmed the metallic nature of 
the nanoparticles [14]. The combined UV-Visible spectra of Ag 
sols for all these reaction conditions are shown in Figs. 1 and 2. 
 
 
 
 
 
 
 
 
 
 
 
 
   
 
 
 
 
 
                           
         
 

In each of these reactions, polymer and surfactant 
stabilized Ag nanoparticles were prepared from various mole 
ratios of metal salt precursor to PVP/surfactant. At these com-
bining ratios there were no precipitations, and a deep yellow 
sol was formed in all cases confirming the reduction of Ag+ 
ion.  However, SC surfactant stabilized Ag nanoparticles ex-
hibited maximum absorbance at a relatively lower wavelength 
of 402 nm which in principle indicated the existence quantum 
size confinement. 

The surface plasmon resonance band was a dominant 
feature of the synthesized Ag nanoparticles. Its position varied 
for each PVP/polyol or PVP/capping agent stabilized Ag na-
noparticles. The PET and HDA stabilized Ag sols exhibited 
narrow peaks and were blue shifted to 420 and 402 nm respec-
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tively. As a result, both the shape and size of the silver parti-
cles experienced quantum confinement effect. Infact, mono-
dispersed spherical shape has been reported for blue shifted 
wavelength near 400 nm [15], while rods were reported at 
higher wavelength above 420 nm [16] with a broad peak and 
lower extinction coefficient as seen in glycerol stabilized Ag 
nanoparticles, AgGLY at 1600C, 2h.  

  
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
Ag nanoparticles exhibit very unique and tunable op-

tical properties on account of their surface plasmon resonance 
(SPR) influenced by shape, size and temperature of reaction. 
The refractive index of the solvent medium also has been 
shown to induce a shift of the surface plasmon band (SPB) as 
predicted by Mie theory [17]. The maximum wavelength for a 
given metal cluster depends on the refractive index of the me-
dium and it shifts to higher wavelength as refractive index of 
the solvent increases [18], [19], [20]. The long tail absorption 
along with the 402 nm band indicates the anisotropic nature of 
Ag nanoparticles, while the long tail absorption is due to lon-
gitudinal SPR absorption [21]. 

The absorption band gaps of the Ag sols were also es-
timation by the direct band gap method [22] using the cut-off 
band edges (Figure 1), and were found to be 2.76 eV (448.90 
nm, t = 2h), 2.87 eV (432 nm, t = 2h), 2.90 eV (427 nm, t = 3h), 
2.89 eV (428.98 nm, t = 2h), 3.05 eV (406 nm, t = 2h) and 3.09 eV 
(402 nm, t = 4h) for PVP/GLY, PVP/DEG, PVP/EG, PVP/PET, 
PVP/SC and HDA/GLY functionalized Ag nanoparticles re-
spectively. The absorption edges were red-shifted from that of 
Ag bulk crystals given as 3.99 eV [23], [24].   
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

The photoluminescence spectra of Ag clusters in pol-
yols and organic capping agents are presented in Figs. 3 and 4. 
There was a clear evidence of stoke’s shift [25], that is, S1-S0 
transition which accounted for the loss of energy between ex-
citation and emission of fluorophores. In the case of Ag sols 
stabilized with DEG and GLY (Fig. 3) emission took place at 
347 nm (3.57 eV) for excitations at 315 and 320 nm. This sym-
metry strongly suggested the occurrence of fluorescence and 
monodispersity of Ag clusters and clearly indicated the pres-
ence of very small Ag nanoparticles in the sols [26], [27). The 
intense and narrow emission peaks as well as the quantum 
yield were characteristic of Ag nanoclusters, making it a po-
tential material for sensor application. But it was also observed 
that S1-S0 emission took place at 394 nm for excitation at 340 
nm in HDA/GLY stabilized Ag sol (Fig. 4), while PVP/PET 
stabilized Ag sol (Fig. 4) exhibited emission at 355 nm for a 
uniform excitation at 310 and 330 nm. The different emission 
wavelengths of Ag nanoparticles in different media could be 
due to solvent effect [28]. The emission which occurred at 
longer wavelength corresponded to lower energy. 
 A relationship was also established for the synthesis 
of silver nanoparticles, between the optimum mole ratio of 
metal precursor and stabilizer/surfactant medium needed to 
precipitate the Ag sols. For instance, it was found that the stoi-
chiometry ratio of 47:1, 29:1:32, 19:1:531 and 1:43 for 
Ag/PVPGLY, Ag/PVP/SC/aq, Ag/PVP/PET/aq and Ag/HDAGLY 
mixtures respectively produced true dispersions in ethanol 
which gave the optical activity observed. In this order, HDA 
appeared to be the most effective because of the mole of Ag 
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precursor required to form the sol.  
 
3.2 Morphology of Ag nanoparticles  
The transmission electron micrographs of Ag clusters in dif-
ferent stabilizing media are presented in Figs. 5 -.8 confirming 
the polydispersed nature of Ag nanoparticles which were 
formed, thus, establishing the anisotropy of nanoparticles 
formation. The images also revealed that different shapes and 
dimensions of silver nanostructures were formed. The tem-
perature of reaction noticeably played a key role in the size 
and growth pattern of Ag nanoparticles in different media. It 
was particularly observed that the polycrystallinity of PVP/EG 
stabilized Ag nanoparticles (Fig. 5a, b, 6a, b) increased with 
temperature and reaction time.    
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

The different shapes observed are rod, cube and trun-
cated edge cube. In PVP/EG stabilized Ag nanocluster pre-
pared at 1750C, 2h (Figure 5a, b) the mean length of nanorods 
and 3D quantized nanocubes is 22.9 1.2 nm, the mean diame-
ter of the rods is 17.5 1.5 nm. Whereas the size and shape of 
silver nanoparticles obtained in the same stabilizer at 160⁰C, 
2h (Figure 6a, b) showed no significant difference. As for 
PVP/GLY stabilized Ag nanoclusters, prepared at 1600C, 2h 
(Figure 5c, d) the mean size of 3D quantized cubes is 18.8 2.4 
nm, while the short rods have a mean length of 42.6 13.75 nm 
and the long ones have an average of 150 64.5 nm. The 
growth pattern of the rod is suggested to be by longitudinal 
attachment via the initial nuclei formed at the beginning of 
nucleation [29]. The HDA/GLY capped Ag nanocluster formed 

at 2000C, 2h (Figure 7a) resulted in monodispersed nanocubes 
showing a periodic array (Figure 7b) with a mean size of 
17.5 3.3 nm. The effect of quantum size confinement and the 
monodisperse nature of the nanoparticles formed can be said 
to be as a result of the aliphatic multiple N-bearing ligand [30] 
which controlled the nucleation and growth of nanocubes. In 
addition, etching due to the presence of oxygen and other elec-
tronegative species in the reaction mixture contributed signifi-
cantly to the controlled reduction of Ag+ to Ag0 [31]. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

In the aqueous phase, PVP/SC stabilizer produced 
quassi cube shaped monodispersed Ag nanoparticles at 900C, 
2h (Figure 7c, d), with a mean diameter of 19.71 1.6 nm. 
While the aqueous phase PVP/PET functionalized Ag 
nanocluster formed at 900C, 2h (Figure 6c, d) gave mean sizes 
of cube and rod equivalent to 20.2 4.3 and 27.9 4.5 nm re-
spectively. It was observed that the morphology of Ag nano-
particles was different in aqueous and organic phases. The 
ripening process was largely surfactant or stabilizer depend-
ent. The HRTEM micrographs of Ag nanocluster stabilized 
with PVP/SC (Figure 8a) showed its crystallinity by several 
overlapping lattice fringes of approximately 2.33 Å in the mi-
crograph. All these confirm that the morphology of Ag 
nanoclusters can be tunable using different surfactant or stabi-
lizers, and that the growth of Ag nanoclusters is also tempera-
ture dependent.   
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The p-XRD patterns of a typical silver nanoparticle 
synthesized in this study are almost identical irrespective of 
the experimental conditions (Figure 9), which is an indication 
of high degree of crystallinity. For instance, HDA/GLY capped 
Ag nanoparticles (Figure 9b) gave well refined reflections at 
2θ: 38.19⁰, 44.28⁰, 64.51⁰ and 77.50⁰ corresponding to {111}, 
{200}, {220} and {311} crystallographic planes which can be 
readily indexed to face-centered cubic (fcc) silver with a calcu-
lated lattice constant of 2.3 Å [32]. Their sizes were calculated 
at (100) diffraction plane using the Scherrer equation and were 

found to be: Ag PVP/DEG, 14.68 nm; Ag PVP/GLY, 21.07 nm; 
Ag PVP/EG, 25.56 nm; Ag HDA/GLY, 21.33 nm; Ag PVP/SC, 
20.66 nm; and Ag PVP/PET, 16.64 nm. These values to a large 
extent agree with TEM measurements.   

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

   
 
4.0   CONCLUSION 
The synthesis of silver nanoparticles by wet chemical reduc-
tion and precipitation from non-aqueous and aqueous solu-
tions using molecular source precursors and encapsulation 
matrices has been accomplished. Subsequently, characteriza-
tion of the prepared nanoparticles was done using optical 
spectrometry, electron microscope and x-ray diffractometer 
(XRD). The functionalized Ag particles obtained showed evi-
dence of being nanostructured based on size, shape, distribu-
tion and morphology. Their optical characterization portends 
electronic and morphological properties that can be exploited 
for fibre optic and sensing applications. 
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