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Abstract

This work reports the synthesized plasmonic silver nanoparticles (Ag-NPs)by SILAR
(successive ionic layer adsorption and reaction)technique on glass substrates with 5, 8,
11, 14 and 17 SILAR cycles and effect on the optical properties of the thin films (TFs).
The absorbance data of the as-synthesized Ag-NPs thin films were obtained using UV-
Vis (Ultraviolet visible) spectroscopy at room temperature in the wavelength range of
250nmto 900nm. The transmittance, absorption coefficient, optical bandgap, refractive
index and extinction coefficient were experimentally measured. The absorption peaks
of(450, 455, 470, 455, 500) nm, and optical energy band gaps of (2.20, 2.16, 2.12,
2.11, 1.84) eV with absorption coefficient approximately 10™* cm™were identified for
the SILAR cycles, which agree to a particular characteristics of the silver nanoparticles
surface plasmon resonance band. The results showed a red shift from 450nm to 500nm
by increasing the SILAR cycles from 5 to 17 cycles, which is attributed to coalescence
of Ag nanoparticles at higher SILAR deposition cycles. An increase in the refractive
index of the films from 1.55 to 2.51 observed, with approximate average value of 1.92,
may be due to the optical properties of silver nanoparticles. This study revealed that
Ag-NPs synthesized by SILAR technique gives good optical properties with excellent
absorption bands in the visible region, which has potential applications in technology.
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Introduction

Recently, the preparation of silver nanoparticles (Ag-NPs
or nanosilver) materials has attracted increasing interest
from fundamental point of view due to their unique
optical (Kreibig and Vollmer, 1995), electronic, and
catalytic properties (Schmid, 1994), which are different
from their macro-scaled counterparts and hence lead to
novel applications in sensor, catalysts, nanoelectronic
devices, biochemical tagging reagents, optical switches,
and so on (Greenwood and Earnshaw, 1997; Templeton,
2000). The growing interest in the use of Ag-NPs most
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especially in surface science has however generated a lot
of concerns about the techniques of synthesis and
characterization.

To this day a lot of research has been focused on silver
nanoparticles because of their important scientific and
technological applications in colour filters (Quinten,
2001, Biswas et al., 2004), optical switching (Stegeman
and Wright, 1999), optical sensors (Biswas, 2006), and
especially in surface enhanced Raman scattering (Khan,
et al., 2011). Such properties and applications strongly
depend on the morphology, crystal structure and
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dimensions of silver nanostructures. One of the most
interesting features of Ag nanostructures is the presence
of enhanced light scattering, strong absorption in the
visible region, and large local field enhancement near the
nanostructure surface at the resonant condition known as
the Localized Surface Plasmon Resonance (LSPR),
which is as a result of coherent oscillation of the
conduction electrons upon exposure to light of specific
wavelength (Gonzalez et al., 2014).

The geometrical and spectral characteristics of silver
nanoparticle, such as size, shape, inter-particle spacing
and the environment provide important control on linear
and nonlinear optical properties (Bruzzone et al., 2005).
The excitation of the plasmon enhances the
electromagnetic field in the surrounding environment
and produce measurable changes in nanoparticle that
response in the optical field. Several techniques has been
employed in preparing silver nanostructures such as
polyol process, seed mediated growth, photochemical,
sonochemical, electrochemical, dc magnetron sputtering
(Li et al, 2009), RF magnetron sputtering
(Elanchezhiyan et al., 2009), spray pyrolysis (Reddy and
Reddy, 2005), pulse electro-deposition (Cheng et al.,
2007), chemical bath deposition (CBD) (Kathalinham et
al., 2010; Budhiraja, 2013), vacuum evaporation, SILAR
(Ying et al., 2017, Rohom and Sartale, 2011), laser
ablation, etc.

Among all of this methods, SILAR is the inexpensive,
simplest, possible homogeneous deposition on large and
complicated area of substrates, less temperature, easy to
handle and low time consuming technique compared to
the others (Salunkhe et al., 2009; Su et al.,, 2012;
Mukherjee and Mitra, 2015). SILAR offers a great
opportunity and a good numbers of advantages: SILAR
does not require high quality target or substrates nor does
it require vacuum at any stage, easily controlled rate of
the film or nanoparticle deposition and the thickness by
changing the deposition cycles, production of films or
nanoparticle can be made possible at room temperature
on less robust materials. It does not cause local
overheating that can bedetrimental for materialsto
bedeposited and there are almost no limitations on
substratematerial, dimensionsor its surfaceprofile (Pathan
and Lokhande, 2004; Mitzi, 2009). In addition, SILAR
can be used for large area thin film deposition and the
thickness can be controlled by the number of dipping.
Our main focus is to synthesize plasmonic silver
nanoparticles (Ag-NPs) by SILAR techniques with the
view to study the effects of the SILAR cycles on the
optical properties of the thin films.
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Experimental
Materials and Methods

All reagents and solvents used for this study were of

analytical grade and do not require any further
purification. Silver nitrate (48N ©2:99%)  (BDH),
stannous  chloride  5PCle-2H20:27%6)  (BpH)  was

obtained from Quality Control and Testing Laboratories
Ltd. Ammonium solution (NH:0H] (ca. 33% wt NH),

hydrochloric acid (HCL} (36%) were purchased from
Katchey Company Ltd,diammine silver complex,Soda-
lime-silica glass, Sodium lauryl sulfate (sodium dodecyl
sulfate), Methanoland distilled water.

Sample preparation by SILAR technique

Diammine silver complex C(#8®Ha)21%a)  cationic
precursor and stannous chloride are used as anionic
reducing solution at room temperature. Soda-lime-silica
glass was used as substrates in the deposition of Ag-NPs
thin films (TFs). The glass substrates were cleaned with
soap (Sodium lauryl sulfate), rinsed with methanol and
dried by heating in air at 75°C. Double distilled water
was used as solvent and both solutions were
magnetically stirred for ensuring homogeneous mixing.
The diammine silver complexsolution was prepared by

adding 0.35g of &8N0z (BDH) in 200ml of distilled
water, then add drop wise ammonia solution

(NH:OH)yntjl the precipitate of Ag0H \yas transformed

.
intosoluble 8™ #2210 " Niric acid and ammonia
solution were used to adjust the pH values of silver
nitrate and diammine silver complex solution until
colourless solution was observed and0.01M of cationic
precursor concentration was obtained. We then prepared
the anionic (reducing agent) solution by adding 2ml of

concentrated HClio 2g of stannous chloride (SnCl;. 2H,0)
(BDH) in 640ml of distilled water to obtain 0.2M
concentration. Four beakers containing cationic
precursor, distilled water, anionic (reducing agent)
solution and distilled water were placed in successive
arrangement for the deposition of the films, the prepared
glass substrate was immersed in the diammine silver

complex ([Ag(NHs)Z]?aq’) solution for 10 seconds
(adsorption), then rinsed with distilled water for about
5seconds, the glass substrate was then transferred to the
stannous chloride solution for 10seconds (reduction
reaction), films turns brownish due to the reduction from
Ag’ to Ag and finally rinsed with distilled water for 5
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seconds to remove the excess, unreacted species, reaction
by-product from the diffusion layer and to get the
homogeneity. This completes one SILAR cycle, this
process was repeated until a required number of cycles
were obtained. The samples were prepared for 5, 8, 11,
14 and 17 SILAR cycles and annealed at 100°C for 30
minutes and allowed to cool at room temperature before
characterisation. The chemical reaction mechanism for
the formation of Ag-NPs is given as follow:

Cationic precursor (Adsorption step)

Diammine silver complex cationic precursor is obtained
by adding enough ammonia solution™Hs0H=a ¢

{‘b‘gmﬂghqj. Brownish precipitate appears when a small
amount of ammonia solution is added as a result of the

formation of silver () oxide (4820)a.,

2AgNG;,, +2NH,OH

1)

) = A9,0, +2NH,NO, ., +H, 0,

(aq

The precipitate{‘""*gzC’:'fﬂ dissolves in excess ammonia
solution to form colourless diammine silver complex ion:

Ag,0 +20H,,

+4NH, +H,0,, — 2[Ag(NH,), ]! 0

(aq)
)

The ionic equation of the complex ion is given as:

(s)

[Ag(NHfS)Z]Zaq) — AJ g +2NHy ©)

Anionic precursor (reaction step)

Tin (1) chloride dissolves in less than its own mass of
water to form insoluble tin hydroxy chloride specie in a
reversible hydrolysisas shown in equation (4), and a clear

solution of "1zt requires addition of excessC s

illustrated in equation (5).

SnCl, +H,0 <> Sn(OH)Cl,,, + HCI

(aq) 4)
Sn(OH)Cl , +HCl ,;, = SnCl,,,, +2H,0 5)
Where;
nCl n* +2Cl-
SnC 2aq) S C (6)
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N

Ag is therefore reduced to Ag when the films were
2+

immersed in the anionic solution containing ~ @9 as

thus:

Ag* +Sn’

4+
aq) > 2Ag(s) +Sn

()
Optical properties characterisation

The absorption properties of the synthesized materials
were analysed by using Axiom Medicals UV 752
spectrophotometer at room temperature in the
wavelength range of 250nm to 900nm. The expression
for the transmittance (T) of the Ag-NPs thin films were
obtained by using equation (8):

A=2-log,, %T
R=1-T-A

(8)
9)

We then obtained an expression for the absorption

coefficient (*Jof Ag-NPs thin films for this study by
using the following relation:

2.303A
d

(10)

Where; d is the film thickness, A is absorbance R is
reflectance of the film. The optical absorption

coefﬁcient{“]dependent on the energy of incident photon
and determined by equation (11).

octhB(hV—Eg)A
(11)
Where; B is the constant of proportionality, * is

absorption coefficient, h is plank’s constant, and v is

frequency of the incident photons,h‘“ is energy of the
absorbance, E4 is optical band gap energy (separation
between the valence and conduction bands) and the

component "depends on the transition. The value of

13
=-,-.1.2or3 .
i o , which depends on the nature of the

electronic transition of the gap materials. For the direct
gap materials™ = 1, the above relation becomes:

(o hv)2 =hv—-E, (12)
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The value of optical band gap can be obtained by
plotting a linear graph of (* ¥} against photon energy

(" Jknown as Tauc’s plot and have been drawn for thin
films deposited with different concentration (see figure
4), this means that the mode of transition in these films is
of a direct nature. We obtain expression for the refractive
index (n) of the films from the transmission spectra using
the relation of equation (13) and considered highest
transmission (Tm.) at wavelength 740nm and lowest
transmission (T.,) at wavelength 380nm. Then used
(equation 13) to derive an expression for the extinction
coefficient (k), which describes the attenuation of light in
a medium. The greater attenuation of light in a thin film
and higher probability of raising the electron transfer
across the mobility gap with the photon energy represent
the higher values of k.

nZ +n? nZ+n? L, 2
n\/[ > 9 +2nangToJ+{[29+2nangT0J nang}
T = [Tmax _Tmin j

) =| /——
Tmax XTmin (14)

]
(15)

k

Y

Where:™= and " are the refractive index of air and glass,
and A is the wavelength.

Results and Discussion
Optical Absorption

UV-Visabsorption spectra have been proved to be useful
in indicating the formation of silver particles. The UV-
Vis absorption spectra of as-synthesised silver
nanoparticles (Ag-NPs) on glass substrate for the SILAR
cycles are shown in figuresl and 2. It is clear from the
absorption spectra that the maximum absorbance
wavelengths (Amax) are 450 nm, 455nm, 470 nm, 455 nm,
and 500 nm for 5, 8, 11, 14 and 17 SILAR cycles
respectively.

The above figure demonstrate absorption red shift peak
at about 450nm to 500nm by increasing the SILAR
cycles from 5 to 17 cycles. An obvious characteristic
plasmon maximum at this wavelength became evident,
indicating the formation of silver nanoparticle. The
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intensity of the absorption peak increased with time and
reflected increased formation of silver particles.

This is due to the increasing in size of the nanoparticles
by increasing the SILAR cycles as a result of
coalescence of Ag nanoparticles at higher SILAR
deposition cycles (Zong et al., 2014; Isah et al., 2016;
Gharibshahi et al., 2017). Similarly, the main absorption
peaks observed at 450 nm, 455 nm, 470 nm, 455 nm, and
500 nm for 5, 8, 11, 14 and 17 SILAR cycles are
proportionate to a peculiar characteristics of the silver
nanoparticles surface plasmon resonance band (Zong et
al., 2014; Thiwawong et al., 2013). This shows that main
absorption peaks were slightly red shifted when the
SILAR cycle increased. This result agrees well with the
Mie theory for the surface plasmon peak of nanoparticles
in UV-visible absorption spectra (Thiwawong et al.,
2013; Mie, 1098; Petit, 1993; Mafune et al., 2000).

The optical properties of the silver nanoparticle (Ag-
NPs) are owing to the interaction between incoming light
and free conduction electrons. When the wavelength of
the incident light matches with the oscillating frequency
of the conduction electron, a surface plasmon resonance
(SPR) occurs, which causes the absorption and scattering
intensities of silver nanoparticles to be much higher than
identically sized non-plasmonic nanoparticles and gives
rise to the absorption band in the visible region. This
surface plasmon resonance peak depends on the particle
size, shape, surface charge, separation between the
particle and the nature of the environment. The surface
structure of the nanoparticles determines the charge of
the nanoparticles (Thamilselvi and Radha, 2017).

Transmittance

The UV-Vis transmission spectra of as-synthesised silver
nanoparticles on glass substrate is shown in figure 3.
This indicated that all the films exhibit pronounced
surface plasmon absorption especially the films with
higher SILAR cycles.

The transmission spectra in figure 3 exhibit minimum
within the range 335nm to655nm. The transmission
peaks slightly shifted towards the higher wavelengths as
the number of SILAR cycles increased due to the
increased nanoparticles size.
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Fig.1 Super-imposed UV-Vis spectra of Ag nanoparticles at the various SILAR cycles
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Fig.2 UV-visible absorption spectra of Ag-NPs synthesized at different SILAR cycles
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Fig.3 Transmission spectra of silver nanoparticles synthesised at different SILAR cycles
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Fig.5 Extinction spectra of Ag-NPs at different SILAR cycles
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Table.1 Refractive indices of Ag-NPs films at different SILAR cycles

Sample Number of SILAR cycles Refractive Index (n)
AgNPs05 5 1.55
AgNPs08 8 1.69
AgNPs11 11 1.71
AgNPs14 14 2.15
AgNPs17 17 2.51

The formation of nanoparticles impedes the propagating
surface plasmon polaritons (SPPs) and enhances that of
the localised surface plasmon resonance (LSPRS)
(Koleva et al., 2012).

Optical BandGap

We determined the optical bandgap of the silver
nanoparticles on glass substrate by using classical Tuac
relation (Tauc, 1974) as shown in figure 4 for allowed
direct transition of Ag-NPs at different SILAR cycles.

The intersecting point of the extrapolated line at the

photon energy (hv) axis indicates the values of direct
optical band gap energy, which is uniform with the
previous studies (Ying et al., 2017; Ho, 2017). The thin
films (TFs) exhibit different optical band gaps energy of
2.20 eV, 2.16 eV, 2.12 eV, 2.11 eV and 1.84 eV with
absorption coefficient approximately 10 cmfor 5, 8,
11, 14, and 17 SILAR cycles. It is obvious from figure 4
that by increasing the SILAR cycles, band gaps energy
decreases. Such diversity can be assigned to lattice’s
defects due to the Burstein-Moses effect in the band gap
energy (Cristaldi, et al., 2014).

This observation may also be attributed to decrease in
reduction of free electrons as a result of increase in
localised surface plasmon resonance, scattering effect
and quantum confinement effect arising from lowering of
particle size. Thus, compositional stoichiometry may
also contribute to enhanced band gap.

Extinction Coefficient

The extinction coefficient of light is the net effect of
scattering, absorption, and describes the effect of the
interaction between radiation and the matter upon which
it impinges (Paramelle et al., 2014). It revealed that
extinction coefficient increases with the increase in the
SILAR cycles of silver nanoparticles which may be
attributed to the contribution of the scattering effects (see
figure 5).
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Refractive Index

The summary of the refractive indices of the films are
presented in Table 1 and the variation with the SILAR
cycles is illustrated in figure 6.

A linear relationship between the refractive indices
(approximate average value of 1.92) Ag-NPs thin films
(TFs) and the SILAR deposition cycles was established
as shown in figure6. As the SILAR deposition cycles is
increased the refractive index also increased which
illustrated that the optical properties of silver
nanoparticles change when particles aggregate and the
conduction electrons near each particle surface become
delocalized and are shared amongst neighbouring
particles. When this occurs, the surface plasmon
resonance shifts to lower energies, causing the
absorption and scattering peaks to red shift and longer
wavelengths.

It was revealed in this study that the absorption peaks of
450 nm, 455 nm, 470 nm, 455 nm, and 500 nm were
identified for the samples with 5, 8, 11, 14 and 17
SILAR cycles and at the same time these peaks are
proportionate to a peculiar features of the silver
nanoparticles surface plasmon resonance band which
agrees well with the Mie theory for the surface plasmon
peak of nanoparticles in UV-visible absorption spectra.
The absorption red shift peak observed from 450nm to
500nm is due to coalescence of Ag nanoparticles at
higher SILAR deposition cycles. The transmission
spectra of the films exhibit minimum within the range
335nm to 655nm, transmission peaks slightly shifted
towards the higher wavelengths as the number of SILAR
cycles increased. The thin films (TFs) were highly
absorbing and the average evaluated optical energy band
gaps was approximately 2.09 eV. The optical energy
band gaps of the thin films (TFs) decreased as the
SILAR cycles increased; this observation is attributed to
decrease in reduction of free electrons as a result of
increase in localised surface plasmon resonance (LSPR)
and scattering effects. There is an increase in the
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refractive index of the films from 1.55 to 2.51 with
approximate average value of 1.92, which is explained
by the optical properties of silver nanoparticles. Hence,
the results obtained from this work shown a good
agreement with the data reported in the literature
indicating that the synthesis of Ag-NPs by SILAR
method can be reliably utilised for the preparation of the
Ag-NPs.
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