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A B S T R A C T   

The study employs conventional techniques and quantitative image analysis tools to characterize alginate-capped 
nanosilver synthesized by green methods. Sodium Alginate (0.5 %, 1 % and 2 %) was used as a reducing and 
stabilizing agent. Presence of particles was confirmed by UV–vis Spectroscopy, with absorbance maxima of 
412−413 nm for 0.5 %, 1 % and 2 % of polymer. Hydrodynamic sizes of particles recorded for 0.5 %, 1 % and 2 
% polymer were 128.4 ± 1.5, 129.9 ± 3.6 and 148.6 ± 1.0 nm by DLS. TEM revealed roughly spherical to 
cuboidal particles ranging from 15−20 nm and clusters of 100 nm and Energy Dispersive X-ray Spectroscopy 
confirmed the presence of silver in the particles. Analysis of the TEM images was done in MATLAB R2016b using 
histogram equalisation for image enhancement and entropy filtering for image segmentation. These techniques 
revealed the surface pores and polymer distribution around the particle. Statistical analysis (ANOVA) was per-
formed for the measured fractal dimensions of nanoparticles with polymer coating, width of particle together 
with polymer coating, and thickness of only polymer coating around the particle for various study groups. 
Significant differences (p < 0.05) were found both between and within the study groups for fractal dimensions of 
nanoparticles with polymer coating, width of nanoparticles and thickness of polymer coating alone. The analysis 
was successful in confirming presence and thickness of polymer layer on particles.   

1. Introduction 

Nanobiotechnology offers multidisciplinary applications. The unique 
properties of the nanoparticles, including their high surface area to 
volume ratio, have found use in wide range of applications (Navya and 
Daima, 2016; Petros and DeSimone, 2010). Two main approaches for 
synthesis of nanoparticles are chemical and physical synthesis. High 
yield of nanoparticles is achieved from both approaches, but they have 
their share of disadvantages (Abou El-Nour et al., 2010). They are 
costlier, energy consuming, particularly controlling particle size and 
distribution is difficult in physical methods of synthesis, whereas pro-
duction of toxic by-products are a challenge in chemical synthesis 
methods (Tavakoli et al., 2007). These disadvantages lead to evolution 
of green synthesis approaches. The green synthesis approaches include 
synthesis from microbial, plant or algal cells or their derivatives. These 
approaches have several advantages over chemical and physical 

synthesis methods like being environmentally safe, produce less toxic 
by-products, have high biocompatibility, higher productivity, economic 
viability and ease of handling or manipulation (Gudikandula and Mar-
inganti, 2016). 

Silver nanoparticles (AgNPs) are popularly used in biomedical field, 
pharmaceutical industry and food packaging industry due to their 
antibacterial and physicochemical properties (Abou El-Nour et al., 2010; 
Sharma et al., 2012). The silver nanoparticles exhibit very potent anti-
microbial action due to their large surface area and their ability to 
reserve and release Ag+ ions. Moreover, this antimicrobial activity has 
been reported against both Gram positive and Gram negative bacteria 
(Dallas et al., 2011). This regulated Ag+ release mechanism depends on 
the morphological characteristics and assures the antibacterial endur-
ance (Shao et al., 2018). The microbial synthesis of nanoparticles is 
largely affected by pH, temperature and microbial growth conditions 
and its purification requires an additional step of downstream 
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processing (Thakkar et al., 2010; Iravani, 2014). The syntheses of 
nanoparticles from plant and microbial extracts also have a few disad-
vantages. Most of the compounds in plants responsible for reduction of 
metal salt to nanoparticles are secondary metabolites and as such, their 
production varies with various environmental fluxes. Moreover, using 
extract rather than a known purified compound offers little control as far 
as tunability in synthesis is concerned (Ahmed et al., 2016). Hence, the 
synthesis of nanoparticles is not reliable and reproducible. To overcome 
this disadvantage in phyto- and microbial synthesis approaches, the 
present study focuses on combining biopolymers derived from natural 
sources and AgNPs. 

Biopolymers were earlier used in synthesis of nanoparticles leading 
to the birth of bio-nanocomposites (Arora et al., 2018). In the present 
study, a naturally occurring polysaccharide Sodium Alginate (SA) was 
used as a reductant as well as a stabiliser. It is a hydrophilic anionic 
polymer extracted from marine brown algae of the Phaeophyceae fam-
ily. It is widely used in the food and pharmaceutical industry. It is a 
binary copolymer of 1→4 linearly linked chains of β-D-mannuronic acid 
and α-L-guluronic acid. It can serve as a colloidal reducer and stabiliser 
in green synthesis of silver nanocomposites due to its biocompatibility, 
availability, low production cost, non-toxicity and presence of many 
functional groups (Sharma et al., 2012; Yang et al., 2014).The advan-
tages of both silver and alginate were combined to synthesise Ag/SA 
nanocomposites. These composite nanostructures have a wide applica-
tion in the biomedical field. They are employed for inhibiting wound 
infection, wound healing and can also be used for the disruption and 
inhibition of biofilms on prosthetics or biomedical devices (Pei et al., 

2015; Scholz et al., 2011). The polymer surface can be impregnated with 
antibiotics for a regulated drug release and to get a synergistic antimi-
crobial effect with silver (Velusamy et al., 2016). 

Transmission Electron Microscopy (TEM) imaging is a powerful and 
traditional characterization technique. The resulting images can be 
analysed by quantitative image analysis, as this technique amplifies the 
data which is not revealed due to the limitations of electron microscopy. 
Quantitative image analysis is widely used in fields like metal industry 
and medical field to identify mechanical imperfections of products 
during processing and to assess the conduct and drug effectiveness 
respectively (Eremin, 2006; Sahani et al., 2000; Pathak et al., 2003). The 
use of quantitative image analysis in a pharmaceutical production 
environment has been depicted in literature by only a few papers in spite 
of its usefulness (Ho et al., 2007; Wu et al., 2007; Zeitler et al., 2007; Ho 
et al., 2008; Spencer et al., 2008). Earlier, terahertz pulsed imaging 
technique has been used to calculate and quantify coating thickness of 
tablets, where the coating included the pore constitution (Laksmana 
et al., 2009). Previously, for images of coated particles obtained with 
Confocal Laser Scanning Microscopy, the coating thickness and particle 
perimeter were determined using image analysis tools in MATLAB. The 
methodology used helped in providing a realistic and logical design to 
develop a characterization method for coated particles used in the 
pharmaceutical industry (Laksmana et al., 2009). 

Therefore, the focus of the present study is compare conventional 
characterization methods with characterization using quantitative 
image analysis, of the synthesized bionanocomposites, to figure out new 
information that could be obtained from latter. 

Fig. 1. Schematic diagram for the synthesis of Ag/SA nanobiocomposites.  
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2. Materials and methods 

Alginic acid sodium salt from brown algae (Sodium Alginate) of 
Sigma Life Sciences and Silver Nitrate (AgNO3) of HiMedia BioSciences 
was used for synthesis of silver nanobiocomposites. All chemicals were 
used without any further treatment or purification. Distilled water was 
used as a solvent in the experiment. A Temperature-Controlled Magnetic 
Stirrer (REMI 5 MLH PLUS) was used for synthesis. The experiments 
were performed in triplicates to optimize the findings. 

2.1. Synthesis of silver nanocomposites 

Silver nanobiocomposites were prepared by the reduction of AgNO3 
by Sodium Alginate (SA). 0.5 % (low), 1 % (medium) and 2 % (high) of 
SA were the different concentrations used for synthesis of silver nano-
composites. An aqueous solution of the respective SA concentrations 
was prepared and placed on Temperature- Controlled Magnetic Stirrer. 
A clear solution of freshly prepared 0.04 M AgNO3 solution was pre-
pared and added drop wise to the alginate solution, which was main-
tained at 90 ◦C. Temperature is very crucial in the synthesis and hence, 
the reaction temperature was maintained at 90 ◦C throughout the 
experiment (Sharma et al., 2012). The total volume ratio of SA salt and 
AgNO3 was 4:1 respectively (Fig. 1). The reaction time varied according 
to concentration of SA and 0.5 %, 1 % and 2 % SA took 50, 30 and 25 min 
respectively, for the reaction to complete. The colloidal solution un-
derwent colour changes from transparent to yellow to dark brown 
during the reaction process. The dark brown colour denoted the 
endpoint of the reaction, indicating the synthesis of nanoparticles. The 
synthesized silver colloidal solution was stored in glass scintillation 
vials, wrapped with aluminium foil, and kept in dark protected from 
light, at room temperature. 

2.2. Characterisation 

2.2.1. UV–vis spectroscopy 
The presence of the sliver nanobiocomposites was confirmed by 

UV–vis Spectrophotometry (HITACHI U-2800 Spectrophotometer). 
Baseline correction of spectrophotometer was done using the reference 
as distilled water. The samples were diluted with distilled water. The 
dilution factor for each sample was 5 i.e. 800 μL: 3200 μL (sample:water) 
for all concentrations. The samples were scanned in the range of 
200−900 nm. 

2.2.2. Dynamic light scattering (DLS) and zeta analysis 
The hydrodynamic size and stability of the nanoparticles was eval-

uated using Dynamic Light Scattering (Nanoparticle Analyser HORIBA 
Scientific SZ-100). The charge on the synthesized nanoparticles and the 
dispersion of the nanoparticles in the medium was interpreted by Zeta 
Potential Analysis and its Polydispersity Index. The temperature and 
detector setting in the sample cell was set up at 25 ◦C and detection 
angle (stationary) of 90◦. The same dilution factor of 5 was taken for the 
analysis. 

2.2.3. Transmission Electron Microscopy (TEM) & energy dispersive X-ray 
(EDX) spectroscopy 

Transmission Electron Microscope (FEI TECNAI G2-20 TWIN) was 
used to determine the size and morphology of silver nanoparticles. The 
sample preparation is an important aspect in TEM analysis. The samples 
were diluted with distilled water to achieve optimum concentration for 
their analysis. Then the particles were dispersed by sonicating for 10−15 
min in a water-bath sonicator. A drop of sonicated sample was taken and 
casted on carbon-coated copper grid. The samples were allowed to dry to 
form a small thin disk. These samples were imaged at an accelerating 
voltage 200 kV under different magnifications. 

Energy Dispersive X-ray (EDX) analysis (BRUKER) confirmed the 
elemental composition of the nanoparticles. 

2.3. Image analysis 

The image analysis was performed using the image processing 
toolbox provided in MATLAB R2016b. The images with different con-
centrations of polymer (0.5 %, 1 % and 2 %) on the nanoparticle were 
first enhanced using contrast enhancement using Histogram Equaliza-
tion (HISTEQ) command in MATLAB image processing toolbox and 
segmented using entropy texture segmentation method. Texture analysis 
is the characterisation of regions in an image by their texture content i.e. 
roughness which in turn refers to variations in pixel intensity values. 
High entropy is associated with a high variance in the pixel values, while 
low entropy indicates that the pixel values are fairly uniform (Mole and 
Ganesan, 2011). When applied to groups of pixels within the images, 
entropy provides a way to evaluate regions within the images. For en-
tropy calculation, for each pixel p = (u, v) in the final image, corre-
sponding pixels p1, p2, …, pN is considered in the original image. Every 
pixel in the final image is computed as the weighted average of the 
corresponding pixels in the original image (German et al., 2005). The 
entropy of a pixel vi and the weighted average p are given by Eq. (1) and 
Eq. (2) respectively, where qi is the probability that a random pixel pi 
chosen will have intensity i, 
vi =

∑.

k
− qk X log 2( qk ) (1)  

p =
∑N

i=1
(pivi)/

∑N

i=1
(vi) (2)  

2.4. Quantification 

The quantification comprised the determination of the width and 
fractal dimension of the nanoparticle including the polymer coating and 
the thickness of the polymer coating alone. The width of the nano-
particles along with polymer coating and the thickness of the polymer 
coating were calculated using distance tool and distance equation 
function in MATLAB 2016b software. Irregular geometric figures, which 
do not follow the rules of regular Euclidean geometry, and are charac-
terized by self-similarity property are called as fractals (Ga, 1995; Avnir 
et al., 1998). The assessment and quantification of the degree of 
complexity and irregularity of these objects gives measurements called 
“fractal dimensions’’ (FD) (Goutzanis et al., 2008). The most widely 
used method of estimation of the fractal dimension is the box-counting 
algorithm used by several computer programs. In this algorithm, FD is 
more specifically termed as the box-counting dimension (DB) (Delides 
et al., 2005; Li et al., 2009). The FD of the nanoparticles along with 
polymer coating was calculated using the box counting algorithm in 
MATLAB R2016b software. 

2.5. Statistical analysis 

50 values each for the width of the nanoparticles along with polymer 
coating, fractal dimension of the nanoparticles along with polymer 
coating and thickness of the polymer coating alone was calculated for all 
the different concentrations of the polymer coating i.e. (0.5 %, 1 % and 2 
%). All the values were measured in pixels. The values were then sta-
tistically analysed using ANOVA test to find out the significant differ-
ences between and within the 3 different study groups i.e. nanoparticle 
with polymer coating with different concentrations (0.5 %, 1 % and 2 
%). 

3. Results and discussion 

3.1. UV–vis spectroscopy 

The metallic nanoparticles show a unique property restricted to 
metals called surface plasmon resonance. Due to this property different 
metallic nanoparticles have a unique absorbance maximum. Although a 
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simple technique, UV–vis Spectroscopy becomes a powerful and 
important technique for confirming the presence of metallic nano-
particles. The absorbance maxima of nanoparticles were found to be 413 
nm, 412 nm and 413 nm for concentrations of 0.5 %, 1 % and 2 %, 
respectively (Fig. 2). These characteristic absorbance maxima confirmed 
the presence of silver nanoparticles in the colloidal solution. 

3.2. Dynamic light scattering (DLS) and zeta analysis 

The hydrodynamic size of the nanoparticles was recorded by Dy-
namic Light Scattering (DLS) study of the nanoparticles. The particles in 
Brownian motion have a varying scattering with respect to their hy-
drodynamic size. The hydrodynamic size includes the layer of solvent 
molecules on the nanoparticle surface along with the actual diameter of 
the particle. The hydrodynamic sizes were found to be 128.36 ± 1.46 
nm, 129.9 ± 3.6 nm, 148.6 ± 1 nm for the concentrations of 0.5 %, 1 % 
and 2 % respectively (Table 1). Though DLS is mostly used to confirm 
size distribution of nanoparticles, characterisation of long term stability 
in different media as well as their pH values and aggregation profile 
identification have also been used by DLS technique (Mohanty et al., 
2013; Casciaro et al., 2017; Zhang et al., 2018). 

Some of the areas where zeta potential can be used, are optimization 
of peptide-anchoring profile to the nanoparticle, confirmation of surface 
charge modification, and validation of electrostatic interaction between 
the nanoparticle and the target cells, etc. (Kuai et al., 2010; Takara et al., 
2010; Pal et al., 2016). The Zetasizer studies were not relevant as a 
polymer was used as a stabiliser for the synthesis of the nanoparticles. 
The nanoparticles were well dispersed and sterically stable in the 
colloidal mixture. Hence, stability by steric hindrance was given more 
importance than the stability by charge as a parameter. 

3.3. Transmission Electron microscopy (TEM) and energy dispersive X- 
ray spectroscopy (EDX) 

The TEM images of nanoparticles at all three concentrations of So-
dium Alginate were studied. Predominantly, nanoparticles exhibited a 
spherical morphology. Preliminary analysis of raw images indicated that 
most nanoparticles had a diameter of approximately 20 nm at a polymer 
concentration of 0.5 %. The nanoparticles at a polymer concentration of 
1 % had a diameter of approximately 15 nm. At both concentrations, 
nanoparticles were well dispersed in the medium. Large clusters were 
observed at a polymer concentration of 2 %. Due to the higher polymer 
concentration, the nanoparticles were agglomerated. Smaller spherical 
nanoparticles were seen attached to larger cuboidal nanoparticles with a 
size of approximately 100 nm. The images indicated initiation of for-
mation of nanocubes from ‘nucleation’ by smaller silver particles. The 
formation of such cubes is dependent on the capping polymer, reaction 
temperature, reactant concentration, reaction time and reactant molar 
ratios (Wiley et al., 2005; Tao et al., 2006; Khodashenas and Ghorbani, 
2019). These images were further analysed by computerized quantita-
tive image processing to extract further statistical data. 

Energy Dispersive X-ray Spectroscopy (EDX) results confirmed that 

Fig. 2. UV–vis spectra demonstrating formation of silver nanoparticles at different polymer concentrations (A) 0.5 % (B) 1 % (C) 2 %.  

Table 1 
Average hydrodynamic sizes of the nanoparticles for the corresponding polymer 
concentration.  

S. 
No. 

Sodium 
Alginate (%) 

Hydrodynamic 
Size (nm) 

Polydispersity 
Index (PDI) 

Zeta 
Potential 
(mV) 

1. 0.5 % 128.36 ± 1.46 0.345 0.1 
2. 1 % 129.9 ± 3.6 0.221 0.0 
3. 2 % 148.6 ± 1 0.552 1.8  
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Fig. 3. EDX analysis for confirmation of presence of silver in particles. Peak for copper is due to the copper grids on which the particles were imaged.  

Fig. 4. (A) Example of thickness of polymer layer (B) Example of thickness of polymer-1 coordinate point (C) Example of calculation of distance of nanoparticle 
plus polymer. 
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Fig. 5. (A) Nanoparticle with 0.5 % concentration of polymer coating (B) Nanoparticle with 1 % concentration of polymer coating (C) Nanoparticle with 2 % 
concentration of polymer coating (D) Histogram equalisation on nanoparticle with 0.5 % concentration of polymer coating (E) Histogram equalisation on nano-
particle with 1 % concentration of polymer coating (F) Histogram equalisation on nanoparticle with 2 % concentration of polymer coating (G) Entropy filter on 
nanoparticle with 0.5 % concentration of polymer coating (H) Entropy filter on nanoparticle with 1 % concentration of polymer coating (I) Entropy filter on 
nanoparticle with 2 % concentration of polymer coating (J) False colormap of (G); (K) False colormap of (H); (L) False colormap of (I). 
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the particles consisted of Silver (Ag). The graph also showed a peak for 
Carbon (unlabelled peak at 0.1 eV) and Copper (Cu), as a Carbon coated 
Copper grid was used for sample analysis (Fig. 3). EDX data acquisition 
is comparatively newer than other imaging modalities like Electron 
Energy Loss Spectroscopy (EELS). It has an advantage of determination 
of small amounts of heavy elements in fairly large nanoparticles, 
whereas EELS has higher detection sensitivity for light elements. (Mül-
lejans and Bruley, 1993; Slater et al., 2016) 

3.4. Image analysis 

The polymer coating of nanoparticles for different concentrations of 
the polymer (0.5 %, 1 % and 2 %) are clearly shown in Figs. 4(A), 3 (B) 
and (C) respectively. The original images of the nanoparticles with 
polymer coating with concentrations 0.5 %, 1 % and 2 % are shown in 
Fig. 5(A), (B) and (C) respectively. The histogram equalised results for 
Fig. 5(A), (B) and (C) are shown in Figs. 5(D), 4 (E) and (F) respectively. 
The segmentation by entropy filter to show the coating of polymer on 
the nanoparticles done on Fig. 5(D), (E) and (F) are shown in Figs. 5(G), 
4 (H) and (I) respectively. The false colormap of the Fig. 5(G), (H) and (I) 
are shown in Fig. 5(J), (K) and (L) respectively. 

The results of the ANOVA test to determine statistically significant 
differences (p < 0.05) both within and between the study groups (i.e. 0.5 
% polymer coating on nanoparticle, 1 % polymer coating on nano-
particle and 2 % polymer coating on nanoparticle) for different attri-
butes of the polymer coated nanoparticles (i.e. width of nanoparticle 
with polymer coating, fractal dimension of nanoparticle with polymer 
coating and thickness of the polymer coating), are given in Table 2. For 
width of the nanoparticles along with polymer coating, statistical sig-
nificant difference was found between the study groups (p < 0.00001) as 
well as within all the study groups i.e. 0.5 % polymer coating on 
nanoparticles vs. 1 % polymer coating on nanoparticles (p = 0.024), 1 % 
polymer coating on nanoparticles vs. 2 % polymer coating on nano-
particles (p < 0.00001) and 0.5 % polymer coating on nanoparticles vs. 2 
% polymer coating on nanoparticles (p < 0.00001). For fractal dimen-
sion of the nanoparticles along with polymer coating, statistical signif-
icant difference was found between the study groups (p = 0.003) as well 
as within the study groups i.e. 1 % polymer coating on nanoparticles vs. 
2 % polymer coating on nanoparticles (p = 0.016) and 0.5 % polymer 
coating on nanoparticles vs. 2 % polymer coating on nanoparticles (p =
0.001). For thickness of polymer coating only, statistical significant 
difference was found between the study groups (p < 0.00001) as well as 
within all the study groups i.e. 0.5 % polymer coating vs. 1 % polymer 

coating (p = 0.038978), 1 % polymer coating vs. 2 % polymer coating (p 
< 0.00001) and 0.5 % polymer coating vs. 2 % polymer coating (p <
0.00001). 

Textures in images can be random or regularly structured hence, for 
segmentation, different texture-based image segmentation methods 
have been used. Previously, for texture-based image segmentation, 
methods such as Fourier transform, Gabor, Thresholding, Histogram and 
wavelet transforms have been used (Bhosle and Pawar, 2013). 

Also, local spectral histograms were used to localise region bound-
aries and differentiate between region appearances thus effectively 
segmenting images based on texture (Yuan et al., 2015). Supervised 
texture segmentation was done using Markovian and Gaussian Mixture 
Texture models, which proved faster than unsupervised Markov Seg-
mentation (Haindl and Mikes, 2008). Though many texture-based image 
segmentation methods have been used till date, most of them have been 
complex to compute, th, newer and simpler methods are much needed 
(Zaitoun and Aqel, 2015). 

It has been shown that using the entropy filter-based texture seg-
mentation method after contrast enhancement using histogram equal-
isation, the polymer coating of different concentrations (0.5 %, 1 % and 
2 %) on the nanoparticle can be easily detected and visualised. To the 
best of our knowledge, use of entropy filter by image analysis has not 
been used previously to detect polymer coating on nanoparticle. 

After statistical analysis (ANOVA) between the study groups (0.5 % 
concentration of polymer coating on nanoparticle, 1 % concentration of 
polymer coating on nanoparticle and 2 % concentration of polymer 
coating on nanoparticle), we found that there is statistical significant 
difference both between and within the study groups for the attributes 
width of nanoparticles with polymer coating and thickness of polymer 
coating alone. Hence, we can say that these two attributes have variation 
for different concentrations of polymer coating (0.5 %, 1 % and 2 %). For 
fractal dimension of the nanoparticles with polymer coating, except for 
0.5 % polymer coating on nanoparticles vs. 1 % polymer coating on 
nanoparticles (p = 0.396), statistical significant difference was found 
both within and between the study groups, hence this attribute, with the 
exception of 0.5 % polymer coating on nanoparticles vs. 1 % polymer 
coating on nanoparticles, has variation for different concentrations of 
polymer coating. 

4. Conclusions 

The current study demonstrated characterization of synthesized 
nanobiocomposites by conventional techniques and image analysis. 

Table 2 
ANOVA test for determining the statistical significance between and within the study groups (0.5 %, 1 % and 2 % concentration of polymer coating on nanoparticle) for 
attributes of the nanoparticle with polymer coating.  

Attribute 0.5 % polymer coating on 
nanoparticle 

1 % polymer coating on 
nanoparticle 

2 % polymer coating on 
nanoparticle 

p-values between the 
study groups 

ANOVA 
Test 

p-values within the 
study groups 

Width of nanoparticle with 
polymer coating 130.8036 + 38.5251 154.0138 + 60.5363 214.9408 + 56.0641 <0.00001 

0.5 % vs. 1 
% 0.024 
1 % vs. 2 
% <0.00001 
0.5 % vs. 2 
% <0.00001 

Fractal Dimension of 
nanoparticle with polymer 
coating 

1.8637+0.0808 1.8495 + 0.086 1.8066 + 0.0903 0.003 

0.5 % vs. 1 
% 0.396 
1 % vs. 2 
% 0.016 
0.5 % vs. 2 
% 0.001 

Thickness of polymer coating 39.8648 + 10.8649 43.9771 + 8.6644 57.541 + 9.338 <0.00001 

0.5 % vs. 1 
% 0.038978 
1 % vs. 2 
% <0.00001 
0.5 % vs. 2 
% <0.00001  
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Primarily, the TEM images were subjected to quantitative image anal-
ysis which aided in segmentation and visualisation of the nanoparticles 
with polymer coating of different concentrations. Since image analysis 
tools are quick and inexpensive they can be effective in characterizing 
nanoparticles in comparison to conventional procedures which are 
tedious and time taking. Additionally, the analysis also conveys the 
thickness of polymer layer which is important in applications of Surface 
Enhanced Raman Spectroscopy based imaging systems and drug 
delivery. 
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