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ABSTRACT 
Research on silver nanoparticles (Ag NPs) bases plasmonics is strong interest due to 
diverse applications within the fields of nanophotonics, biosensing and different branches 
of science. Here, we investigate the size dependent surface Plasmon resonance (SPR) 
peak of Ag NPs. In this study we synthesized different size Silver nanoparticles (Ag NPs) 
under different growth condition. We characterized them by UV-VIS spectroscopy and 
TEM analysis. The surface Plasmon resonance peaks of the Ag NPs are different for 
different Ag NPs and the solution color depends on the size of the Ag NPs. We observe 
four different color for four different sizes Ag NPs.  The size of the nanoparticles is 
measured by TEM measurements.  
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1. Introduction 
Plasmonics is speedily gaining importance at intervals in the scientific and engineering  
analysis communities. Sweetening of the optical response of nanometric metallic systems 
because of their surface plasmon resonances has raised massive elementary and techno-
logical interest throughout the past decade [10-11]. Such sweetening is associated to the 
collective resonant electron oscillation driven by an external electromagnetic field, whose 
manipulation and management has led to the sphere of plasmonics. The surface plasmon 
band arises from the coherent existence of free electrons in the conduction band due to 
the little particle size [12]. This surface Plasmon resonance (SPR) absorption arises in 
UV-VIS region for Ag nanoparticles. This skillfulness offers a massive potential for 
applications such as sensing, imaging, native heating for thermal treatment, increased 
Raman scattering, or a lot of typically manipulation of sunshine at nanoscale [1,16]. The 
band shift of SPR depends on the particle size, chemical close, absorbable species on the 
surface, and insulator (dielectric) constant. A singular characteristic of those synthesized 
metal particles is that a modification within the absorbance or wavelength depends on the 
particle size, shape, and interparticle properties [15].Among the assorted  metal 
nanoparticles, metallic (noble metal) element nanoparticles (Ag, Au) have attracted 
 abundant attention, because of their glorious physical and chemical properties. Silver is 
FCC in phase in part below nano dimension with well crystalline in nature [6]. The silver 
nanoparticle (AgNP) includes a large applications in technological and in medical 
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sectors. Nowadays, tons of researches are focused on Ag nanoparticles owing to their  
vital scientific and technological applications in color filters [21], optical  switching,  
optical  sensors, and particularly in surface increased Raman scattering [13]. Such 
properties and applications powerfully rely on the morphology, crystal structure, and 
dimensions of silver nanostructures. It is used wide in health, surroundings still as food 
and cosmetics business. Silver-nanoparticles (AgNPs) area unit utilized in cancer 
 medical  specialty, cell imaging. They're used for catalysis, transport, sensing as well as 
 medicine and biomedical applications [9]. Ag NP is extremely effective in killing a good 
vary of bacteria. Silver nanoparticle primarily based gels area unit used for treating burns, 
gastrointrentis and infectious diseases like syphilis and gonorrhea [14,20]. Besides, 
functionalized, biocompatible and inert nanostructures have future applications in cancer 
diagnosis and medical care [20]. The target delivery of anticancer drugs has been done 
victimisation nanomaterials [20]. 
 
1.1. Surface plasmon resonance (SPR) of silver nanoparticles (Ag NPs) 
A quantum of collective electron oscillation in a very metal, thought-about as a  quantum 
 and  analogous to oscillations of a plasma consisting of stationary positive ions and a gas 
of electrons. Plasmons square measure the collective oscillation of the free charge 
(electrons)  in a very conducting material (Figure 1) that confined to the surfaces of the 
materials and move powerfully with light [2]. Irradiating metal nanoparticles (Ag NPs, 
Au NPs) with light at their plasmon frequency generates intense electrical fields at the 
surface of the nanoparticles. This resonance will be tuned by variable the NPs size, 
 close stuff, shape, and proximity to alternative nanoparticles [2]. Plasmonics could be 
a quickly developing field at the boundary of physical optics and condensed matter 
physics. It studies phenomena evoked by and related to surface plasmons—elementary 
polar excitations sure to surfaces and interfaces of fine nanostructure metals. Plasmonics 
takes advantage of the coupling of light to charges like electrons in metals, 
and permits breaking the optical phenomenon limit for the localization of light into sub 
wavelength dimensions sanctionative sturdy field enhancements. The sturdy interplay of 
the silver nanoparticles with light happens because the conduction electrons on the metal 
surface undergo a collective oscillation when excited through light at particular 
wavelengths. Known as a Surface Plasmon Resonance (SPR), this oscillation effects in 
unusually robust scattering and absorption residences. A unique belonging of round silver 
nanoparticles   is this SPR peak wavelength may be tuned within broad optical seen 
variety by means of changing the particle length and the neighborhood refractive index 
near the particle floor. Even large shifts of the SPR height wavelength out into the 
infrared    location of the electromagnetic spectrum may be done by means of generating 
silver nanoparticles with rod or plate shapes. This paper describes the change in the SPR 
spectrum of Ag NPs with different color of the Ag NPs solution. Size variation of Ag 
NPs and SPR is the key of this study. 
 
2. Experimental 
2.1. Grown of Ag NPs 
The silver nanoparticles are grown by simple chemical method. We used sodium 
borohydride (NaBH4, 99.9%) as a reducing agent for reduction of Ag from  AgNO3 
solution. NaBH4 solution (30 mM, 10 ml)) was added drop wise into 20mL of AgNO3 
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solution (40 mM) that had been chilled in an ice bath. The reaction mixture was stirred 
vigorously by a magnetic stirrer. The solution turned light yellow after the addition of 
1mL of NaBH4, and a yellow when all of the NaBH
~30min, after which the stirring was stopped. After 30 min reaction time the solution 
color is yellow brownish. The colloidal silver was stable at room temperature and was 
stored in a transparent vial. Similarly three different colloidal silver was prepared by 
changing the reaction time.  The reaction times are 40 min, 60 min and 90 min for other 
three Ag NPs colloidal solutions. The color of the 40 min reaction Ag NPs colloid is deep 
yellow brownish.  The color of the 60 min and 90 min reaction colloid solutions are 
yellow and faint yellow respectively.
 
 

Figure 1:  Illustrates
 
2.2. Measurements 
The optical absorption spectra of the above mentioned as
recorded in a ShimadzuPharmaspec
wavelength 200 nm to 900 nm [
colloidal solution was placed on a thin carbon film supported on a copper grid and kept 
for some time for drying. The transmission electron micrograph (TEM) of the prepared 
Ag NPs was acquired using a J
  
3. Results and discussion
3.1. Absorption spectroscopy
The absorption spectrum of the synthesized different Ag NPs colloids shows a surface 
plasmon absorption peak at different positions. The Ag NPs co
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The optical absorption spectra of the above mentioned as-prepared samples were 
recorded in a ShimadzuPharmaspec-1700 UV–VIS spectrophotometer with optical 
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reaction time of 40 min shows a peak at ~381 nm (figure 2(a)). The Ag NPs colloid 
synthesized at the reaction time of 30 min shows a peak at ~385 nm (figure 2(b)). The Ag 
NPs colloid synthesized at the reaction time of 60 min  and 
nm and ~409 nm respectively (figure 2(c) and 2(d) respectively) [19].
 
3.2. Color effect 
The color of the 30 min reaction colloidal solution is yellow brownish (Fig 3(b)). The 
color of the 40 min reaction Ag NPs colloid is deep 
color of the 60 min and 90 min reaction colloid solutions are yellow and faint yellow 
respectively (Fig. 3(c) and Fig. 3(d) respectively) [
to different size Ag NPs colloidal p
that the optical properties
 

Figure 2:  UV-VIS absorption spectra of Ag NPs colloid s
time (a) 40 min, (b) 30 min, (c)
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reaction time of 40 min shows a peak at ~381 nm (figure 2(a)). The Ag NPs colloid 
synthesized at the reaction time of 30 min shows a peak at ~385 nm (figure 2(b)). The Ag 
NPs colloid synthesized at the reaction time of 60 min  and 90 min shows a peak at ~412 
nm and ~409 nm respectively (figure 2(c) and 2(d) respectively) [19]. 

The color of the 30 min reaction colloidal solution is yellow brownish (Fig 3(b)). The 
color of the 40 min reaction Ag NPs colloid is deep yellow brownish (Fig 3(a)). The 
color of the 60 min and 90 min reaction colloid solutions are yellow and faint yellow 
respectively (Fig. 3(c) and Fig. 3(d) respectively) [17]. The different color is mainly due 
to different size Ag NPs colloidal plasmonically generated colors, which

properties of metal nanoparticles can be tuned by changing

VIS absorption spectra of Ag NPs colloid solutions prepared with reaction 
time (a) 40 min, (b) 30 min, (c) 60 min,(d)90 min . 

reaction time of 40 min shows a peak at ~381 nm (figure 2(a)). The Ag NPs colloid 
synthesized at the reaction time of 30 min shows a peak at ~385 nm (figure 2(b)). The Ag 

90 min shows a peak at ~412 

The color of the 30 min reaction colloidal solution is yellow brownish (Fig 3(b)). The 
yellow brownish (Fig 3(a)). The 

color of the 60 min and 90 min reaction colloid solutions are yellow and faint yellow 
]. The different color is mainly due 

which are unique in 
changing size, shape.   

 
olutions prepared with reaction 
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Figure 3: The color of the (a) 40 min reaction Ag NPs colloid (b) 30 min reaction Ag 
NPs colloid,(c) The color of the 60 min and (d) 90 

3.3. TEM analysis 
The TEM analysis easily indicated the size of 
4) that the average size of the 40 min reaction Ag NPs is 7 nm and 30 min reaction Ag 
NPs is 10 nm. The average size of the 60 min reaction and 90 min reaction Ag NPs are 16 
nm and 20 nm respectively.

Name Average Size
Ag NPs 7 nm

Ag NPs 10 nm

Ag NPs 16 nm
Ag NPs 20 nm
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The color of the (a) 40 min reaction Ag NPs colloid (b) 30 min reaction Ag 
NPs colloid,(c) The color of the 60 min and (d) 90 min reaction colloid solutions.

  

The TEM analysis easily indicated the size of the synthesized Ag NPs. It is clear (Figure 
4) that the average size of the 40 min reaction Ag NPs is 7 nm and 30 min reaction Ag 
NPs is 10 nm. The average size of the 60 min reaction and 90 min reaction Ag NPs are 16 
nm and 20 nm respectively. All the silver nanoparticles are almost spherical nature.

 
Table 1: Characteristic parameters 

 
Average Size Plasmonic peak Color
7 nm at 381 nm Deep yellow

brownish
10 nm at 385 nnm Yellow 

brownish  
16 nm at 409 nm Faint yellow
20 nm at 412 nm Yellow

Size Dependent Plasmonics of Chemically Grown Silver Nanoparticles 

 
The color of the (a) 40 min reaction Ag NPs colloid (b) 30 min reaction Ag 

min reaction colloid solutions. 

the synthesized Ag NPs. It is clear (Figure 
4) that the average size of the 40 min reaction Ag NPs is 7 nm and 30 min reaction Ag 
NPs is 10 nm. The average size of the 60 min reaction and 90 min reaction Ag NPs are 16 

spherical nature. 
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Yellow 
brownish   
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Figure 4: TEM images of the (a) 40 min reaction Ag NPs,  (b) 30 min reaction Ag NPs 
,(c) 60 min reaction Ag NPs, (d) 90 min  reaction Ag NPs .

 

4. Conclusion 
The size variation tunes the Localized surface plasmon resonance 
of the Ag NPs. Our results are important for size tuning Plasmon based bio
surface-enhanced Raman scattering (SERS). This study is important for the field of 
interaction of light with metallic nanostructure particularly in 
phonics including quantum optics.
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TEM images of the (a) 40 min reaction Ag NPs,  (b) 30 min reaction Ag NPs 
,(c) 60 min reaction Ag NPs, (d) 90 min  reaction Ag NPs .

The size variation tunes the Localized surface plasmon resonance (LSPR) and the color 
of the Ag NPs. Our results are important for size tuning Plasmon based bio

enhanced Raman scattering (SERS). This study is important for the field of 
interaction of light with metallic nanostructure particularly in biomedical and Bio
phonics including quantum optics. 

We are very grateful to the reviewers for their helpful comments for 
the improvement of the paper. 

REFERENCES 

Surface plasmon resonance based sensor for the detection of 
glycopeptide antibiotics in milk using rationally designed nanoMIPs,

12. 
ilot, M.Frasconi, O.M.Maragò and M. A. Iatì, Surface plasmon 

resonance in gold nanoparticles: a review, J. Phys.: Condens. Matter, 29(2017) 

A.K.Bhunia, P.K.Jha, D.Rout and S.Saha, Morphological Properties and Raman 
Spectroscopy of ZnO Nanorods, Journal of Physical Sciences, 21(2016) 111

 
TEM images of the (a) 40 min reaction Ag NPs,  (b) 30 min reaction Ag NPs 

,(c) 60 min reaction Ag NPs, (d) 90 min  reaction Ag NPs . 

(LSPR) and the color 
of the Ag NPs. Our results are important for size tuning Plasmon based bio-sensing and 

enhanced Raman scattering (SERS). This study is important for the field of 
biomedical and Bio-

We are very grateful to the reviewers for their helpful comments for 

Surface plasmon resonance based sensor for the detection of 
glycopeptide antibiotics in milk using rationally designed nanoMIPs, Scientific 

Iatì, Surface plasmon 
resonance in gold nanoparticles: a review, J. Phys.: Condens. Matter, 29(2017) 

Morphological Properties and Raman 
s, 21(2016) 111-118. 



Size Dependent Plasmonics of Chemically Grown Silver Nanoparticles 

153 
 

4. A.K.Bhunia, T.Kamilya and S.Saha, Optical Properties of PbS Nanoparticles Grown 
by Chemical Reduction Route, Journal of Physical Sciences, 20 ( 2015) 221-224. 

5. A.K.Bhunia, T.Kamilya and S.Saha, Temperature Dependent and Kinetic Study of 
the Adsorption of Bovine Serum Albumin to ZnO Nanoparticle Surfaces, Chemistry 
Select, 1 (2016) 2872 – 2882. 

6. A.K.Bhunia, T.Kamilya and S.Saha, Silver nanoparticle-human hemoglobin 
interface: time evolution of the corona formation and interaction phenomenon, 
Nano Convergence, 4 (2017) 1-12. 

7. A.K.Bhunia, P.K.Samanta, T.Kamilya and S.Saha, Chemical growth of spherical zinc 
oxide nanoparticles and their structural, optical properties, Journal of Physical 
Sciences, 20(2015) 205-212. 

8. A.K.Bhunia, P.K.Samanta, S.Saha, T.Kamilya, ZnO nanoparticle-protein interaction: 
Corona formation with associated unfolding, Appl. Phys. Lett., 103 (2014) 143701-4. 

9. A.K.Bhunia, P.K.Samanta, D.Aich, S.Saha and T. Kamilya, Biocompatibility study 
of protein capped and uncapped silver nanoparticles on human hemoglobin, Journal 
of Physics D: Applied Physics, 48(2015) 235305(1-10). 

10. C.Clavero, Plasmon-induced hot-electron generation at nanoparticle/metal-oxide 
interfaces for photovoltaic and photocatalytic devices, Nature Photonics, 8 (2014) 
95–103. 

11. U.Guler, V.M.Shalaev and A.Boltasseva, Nanoparticle plasmonics: going practical 
with transition metal nitrides, Materials Today, 18 (2015) 227-237. 

12. P.K.Jain, X.Huang, I.H.El-Sayed and M.A.El-Sayed, Review of Some Interesting 
Surface Plasmon Resonance-enhanced Properties of Noble Metal Nanoparticles and 
Their Applications to Biosystems, Plasmonics, 2 (2007) 107–118. 

13. D.Li, Q.Zhu, D.Lv, B. Zheng, Y.Liu, Y.Chai and F.Lu, Silver-nanoparticle-based 
surface-enhanced Raman scattering wiper for the detection of dye adulteration of 
medicinal herbs, Anal Bioanal Chem., 407 (2015) 6031–6039. 

14. H.Liao, C.L.Nehl & J.H.Hafner, Biomedical applications of plasmon resonant metal 
nanoparticles, Nanomedicine (Lond), 1 (2006) 201-208. 

15. K.B.Mogensen and K.Kneipp, Size-dependent shifts of plasmon resonance in silver 
nanoparticle films using controlled dissolution: monitoring the onset of surface 
screening effects, J. Phys. Chem. C, 118 (2014) 28075–28083. 

16. M.Puiu and C.Bala, SPR and SPR imaging: recent trends in developing nanodevices 
for detection and real-time monitoring of biomolecular events, Sensors, 16 (2016) 
(870) 1-15. 

17. M.A.Raza, Z.Kanwal, A.Rauf, A.N.Sabri, S.Riaz and S.Naseem, Size and shape-
dependent antibacterial studies of silver nanoparticles synthesized by wet chemical 
routes, Nanomaterials, 6(2016)1-15.  

18. S.Saha, T.Kamilya, R.Bhattachary and A.K.Bhunia, Unfolding of blood plasma 
albumin protein in interaction with CdS anoparticles, Science of Advanced Materials, 
6 (2014) 1-7. 

19. A.M.B.Silv, C.B.de Araújo, S.S.Silva, A.Galembeck, Silver nanoparticle in 
situ growth within crosslinked poly (ester-co-styrene) induced by UV irradiation: 
aggregation control with exposure time, Journal of Physics and Chemistry of Solids,  
68 (2007) 729-733. 



Amit Kumar Bhunia and Satyajit Saha 

154 

 

20. V.Wagner, A.Dullaart, A.K.Bock and A.Zweck, The emerging nanomedicine 
landscape, Nature Biotechnology, 24 (2006) 1211-1217. 

21. H.Wang, X.Wang, C.Yan, H.Zhao, J.Zhang, C.Santschi and O.J.F.Martin, Full color 
generation using silver tandem nanodisks, ACS Nano, 11 (2017) 4419–4427. 

 


