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ABSTRACT 

 

This work presents a straightforward yet impactful method to enhance optical 
fibre sensor signals by integrating silver nanostars (AgNS) with graphene 

oxide (GO-AgNS) as a sensing material. AgNS were synthesized successfully 

via a one-step chemical reduction method using hydroxylamine as a reducing 
agent. The concentration of hydroxylamine was varied (7.2, 3.6, 1.8, and 0.9) 

x 10−4 %v/v to optimize AgNS formation, with the longest spike of the nanostar 

observed at lower hydroxylamine concentrations, as confirmed by 
transmission electron microscopy (TEM). UV-visible measurements revealed 

the highest peak absorption for AgNS synthesized using 0.9 x 10−4 %v/v 

hydroxylamine, 0.05 M sodium hydroxide, 0.8 mM silver nitrate, and 0.045 M 
sodium citrate, with an average length of 352.62 ± 59.72 nm measured from 

TEM images. GO was synthesized via a modified Hummer’s method and mixed 

with AgNS at varying ratios (1:5, 1:10, 1:15, and 1:20) to form GO-AgNS 
coatings for the fibre optic probe. The GO-AgNS coating at a ratio of 1:5 

exhibited the highest light absorption intensity, enhancing optical signal by 

218% compared to GO-coated and 174% compared to AgNS-coated fibre 
optic sensors. These findings demonstrate that embedding AgNS onto the GO 

matrix structure as a sensing material significantly improves sensor 

performance, suggesting promising applications for super-sensitive, cost-
effective, and rapid detection in fibre optic-based sensors. 

 

Keywords: Fibre Optic Sensor; Graphene Oxide; Modified Hummer’s 
Method; Silver Nanostar; Optical Signal Enhancement  
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Introduction 
 
Fibre optics find extensive use across various sectors including 

telecommunications, mechanical inspections, communications, and medical 

biosensor detection [1]. Fibre optics is made up of glass or silicon rods where 
the light passes through the rod over long distances with minimal loss [2]. 

These fibre optics are famous for their lightweight, sturdiness, and 

sensitiveness in light, making them suitable to be applied in small and tight 
spaces. When light encounters the surface of the core fibre, total internal 

reflection (TIF) occurs within the medium as the light hits the surface at angles 

exceeding the critical angle [3]. Through repeated occurrences of TIF, an 
evanescent field is generated outside the medium, producing evanescent waves 

as light traverses along [4]. In sensing applications, these waves serve as 

sensors by detecting changes in light sensitivity, refractive index, biology 
detections, and gas detection [5]. Consequently, various methods have been 

explored to enhance the optical performance of fibre optics. Among these 

methods, the recent application of noble metal nanoparticles to fibre optics has 
gained attention due to the unique capabilities of these nanoparticles as 

enhancers for optical sensors. 

Advancements in nanotechnology have facilitated the production of 
thinner material layers in optical fibre, resulting in improved sensitivity, range, 

and accuracy [6]. Nanotechnology such as carbon nanotubes [7], polymeric 

nanocomposite [8], and plasmonic nanomaterials [9] has been applied to fibre 
to enhance its optical properties. Among these nanotechnology, plasmonic 

nanomaterial shows promising properties in sensing applications due to its 

sensitivity to light and its ability to manipulate the light at the nanoscale [10]. 
Plasmonic nanomaterial uses metallic nanostructures or noble metal 

nanoparticles (NMNPs) to enhance the localised surface plasmonic resonance 

(LSPR) when excited by the incident light or TIF in the fibre. LSPR occurs 
when the free electrons on the surface of the metal nanoparticles collectively 

oscillate in response to the incident electromagnetic field [11]. This resonance 

leads to strong absorption and scattering of light at specific wavelengths, which 
can be precisely tuned by adjusting the nanoparticles' size, shape, and 

composition. Thus, using the SPR effect in NMNPs in sensors should enhance 

the optical properties and signal of the embedded fibre. 
Multiple studies have been reported where plasmonic nanomaterials 

such as silver nanoparticles (AgNPs) and gold nanoparticles (AuNPs) can 

significantly change physical, biological, and chemical properties due to their 
unique surface-to-volume ratio. Consequently, these nanoparticles have been 

employed for various purposes, notably in aiding graphene in enhancing 

biosensor applications [12]. Moreover, by applying these noble metals to fibre 
optics, the nanomaterial can exhibit strong LSPR properties which can be used 

to detect proteins, and bacteria when fibre optics is in contact with organic 

substances. AgNPs show exceptional sensitivity in sensor applications than 
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AuNPs [13] despite their lack of stability compared to AuNPs. For instance, 

when comparing the performance of AuNPs versus AgNPs used as coatings 
with the electrochemical marker for oligonucleotide sensors, both yield 

identical sensitivity and selectivity [14]. However, AgNPs demonstrate 

superior suitability for detecting DNA sensors compared to AuNPs. 
Additionally, AgNPs are more cost-effective to synthesize [13], making them 

more suitable for mass-producing highly sensitive DNA sensors. Moreover, 

AgNPs come in different shapes and each shape has its distinct properties and 
characteristics. Several techniques including top-down and bottom-up methods 

[15] in synthesizing AgNS have been used to create various shapes and sizes 

such as nanosphere, nanowire, nanocube, and more [16]. The nanostar-shaped 
silver nanostars (AgNS) represent compelling nanostructures with robust 

plasmonic properties, exhibiting notably lower plasmonic losses compared to 

other shapes in the UV-visible spectrum [17]. This characteristic primes AgNS 
to effectively enhance sensor signals, particularly in plasmonic biosensing 

applications [12]. In the realm of fibre optic sensors, optimizing the sensitivity 

hinges on augmenting both the evanescent wave and SPR, thus AgNPs emerge 
as highly suitable nanomaterials for attaining these objectives [4]. 

Nevertheless, the inherent instability of AgNS mandates the utilization 

of a stabilizing agent to enhance its longevity. Among the available options, 
graphene oxide (GO) emerges as the optimal choice [18]. The hexagonal 

structure of graphitic provides an ideal platform for embedding AgNS, 

effectively bolstering its stability and mitigating agglomeration. Additionally, 
recent studies [19] have highlighted GO's remarkable biocompatibility and 

expansive surface area, facilitating enhanced immobilization of biorecognition 

elements, and thereby amplifying biomolecule detection sensitivity, rendering 
it well-suited for biomedical sensor applications. The widely adopted method 

for synthesizing GO is the modified Hummers' method [20], renowned for its 

safety and scalability. This method involves the exfoliation of graphite, 
breaking it down into multiple layers, followed by oxidation. During oxidation, 

oxygen compounds combine with a few layers to form a single-layer GO 

structure, resulting in a graphene oxide layer with a graphitic structure. 
A previous study demonstrated that incorporating spherical-shaped 

silver nanoparticles (AgNPs) with graphene oxide (GO) effectively mitigated 

AgNPs agglomeration, enhancing their antibacterial properties due to GO's 
exceptional characteristics [21]. Leveraging GO's remarkable structural 

properties, AgNPs-GO composites exhibit promising attributes such as 

enhanced optical sensitivity for heavy metal ion tracing, increased adsorption 
affinity, and catalytic activity in organic compound removal. However, the key 

challenge lies in ensuring the stability of Ag, especially in star shape (AgNS) 
and preventing agglomeration before embedding them with GO to maximize 

their effectiveness within the GO matrix. Therefore, utilizing AgNS, known 

for their superior stability compared to spherical AgNPs, in combination with 
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GO, is expected to further enhance plasmonic performance, thereby improving 

the sensing capabilities of fibre optics embedded with AgNS. 
The primary aim of this study is to assess the effectiveness of a novel 

composite material, AgNS-GO, in augmenting the signal of fibre optic sensors 

compared to utilizing individual sensing elements (AgNS or GO). AgNS 
synthesis is accomplished through a one-step chemical reduction method 

employing hydroxylamine as the reducing agent. By varying the reducing 

agent concentration, we aim to explore the resulting morphological structure, 
particularly the formation of the star shape, and its correlation with optical 

properties. The most promising AgNS samples, demonstrating favourable 

optical and morphological attributes, are then combined with GO at different 
volume ratios (1:5, 1:10, 1:15, and 1:20). Characterization techniques utilized 

include scanning electron microscopy (SEM)/field emission SEM (FESEM), 

transmission electron microscopy (TEM), energy dispersive X-ray (EDX) 
spectroscopy, and UV-Vis spectroscopy, offering insights into morphological 

structure, elemental composition, and optical properties. The findings will 

illuminate the stability of AgNS and their potential for enhancing optical signal 
sensing capabilities. Furthermore, understanding the coating behaviour of the 

composite sensing materials (GO-AgNS) versus individual elements (GO or 

AgNS) on the fibre-optic sensing platform will be pivotal in determining 
overall sensor performance. 

 

 

Materials and Methods  
 

Materials  
The chemicals required in synthesizing AgNS were silver nitrate; AgNO3 

(≥99.8%, Merck), sodium hydroxide; NaOH (99%, Merck), sodium citrate 

tribasic dihydrate; Na3C6H5O7 (≥99, Sigma-Aldrich), and hydroxylamine; 
H3NO (50 wt.% in H2O, Sigma-Aldrich). The chemicals required in 

synthesizing GO were graphite powder; C (<20 μm, Sigma), sulphuric acid; 

H2SO4 (98%, Supelco), potassium permanganate; KMnO4 (≥99%, R&M), 
hydrogen peroxide; H202 (30%, Sigma-Aldrich), hydrochloric acid; HCl (37%, 

Supelco). 

 
Synthesis of Silver Nanostars (AgNS)  
In our previous work [22], a stable of AgNS was successfully synthesized 

using a chemical reduction method with 9 mL of 1 x 10−3 M of silver nitrate 

(AgNO3), 0.5 mL of 1.8 x 10−4 % v/v of hydroxylamine, 0.5 mL of 0.05 M of 

sodium hydroxide (NaOH) and 0.1 mL of 0.045 M of sodium citrate tribasic 

dehydrate found to be the optimum synthesis conditions. In this study, various 
concentrations of hydroxylamine were investigated to enhance the elongation 

of AgNS spikes, as detailed in Table 1. Similar steps were taken as previously 
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reported [22] to synthesize AgNS samples (sample ID: L, M, N, O) with longer 

spikes.  
 

Table 1: AgNS parameters with different hydroxylamine concentrations  

 
Sample 

ID 

NaOH 

(M) 

Hydroxylamine 

(% v/v) 

AgNO3 

(M) 

Sodium citrate 

(M) 

L  

0.05 

7.2 x 10-4  

8 x 10-4 

 

0.045 M 3.6 x 10-4 

N 1.8 x 10-4 

O 0.9 x 10-4 

 

Synthesis of Graphene Oxide (GO) 
The GO was synthesized via a modified Hummer method with a slight 
modification of previous work [18].  Here, 1 g of graphite powder was mixed 

with 25 mL of sulphuric acid under vigorous stirring at 600 rpm for 5 mins 

with an ice bath setting. Then, 3 g of potassium permanganate was added 
slowly to the black mixture solution and continued stirring for 3 hours while 

maintaining the temperature below 20 °C at the same stirring condition. The 
solution changed from black to green when adding potassium permanganate. 

If the solution turns pink instead of green, it indicates the exfoliation process 

has failed and the procedure needs to redo again. The ice bath was then 
removed, and 50 mL of distilled water was added dropwise into the solution 

while maintaining the temperature below 50 °C to undergo the oxidation 

process. After 5 minutes, the colour solution changes into dark brown 
indicating the formation of GO. Later, 100 mL of distilled water was added to 

complete the oxidation process followed by the addition of 5 mL of hydrogen 

peroxide to stop the reaction. The solution obtained was then cooled at room 
temperature and left overnight to separate the supernatant and precipitate (GO).  

On the following day, the supernatant was removed, and the GO 

underwent multiple cycles of washing via centrifugation at 6000 rpm for 20 
minutes with a solution of 5% v/v hydrochloric acid, followed by rinsing with 

distilled water. The thoroughly washed GO was then collected and deemed 

ready for use. 
 

Synthesis of Graphene Oxide-Silver Nanostars (GO-AgNS)  
The GO solution obtained in the previous step was sonicated at 50 °C for 30 
minutes to disperse the GO into smaller particles and prevent agglomeration. 

Subsequently, one part of this GO solution was mixed with 5 parts of AgNS 

and vortexed at 2000 rpm for 30 minutes. This process was repeated to prepare 
the GO-AgNS samples at ratios of 1:10, 1:15, and 1:20. 
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Fabrication of fibre optics embedded with GO-AgNS  
The sensing platform of fibre optic sensors was prepared by removing the 
protective layers of fibre optics cable (single mode of FC-FC type) via 

mechanical etching. The process began by manually unclad the sheathing, 

jacket, and cladding using a fibre optics stripper leaving only core fibre optics 
with a length of 2 cm as in Figure 1(a). The core fibre optics were then cleaned 

with ethanol to remove dust and small particles on the core surface. The unclad 

probes were then ready to be coated with GO, AgNS, and GO-AgNS samples 
via a dipping process. The dipping process began by dipping the core fibre 

optics with sensing material (AgNS, GO, or GO-AgNS with the ratio of 1:5, 

1:10, 1:15 and 1:20) for 24 hours before drying them at room temperature for 
12 hours.  

Next, the core end of coated fibre optics was cleaved using FC-8R 

Precision Automatic Blade Rotation Fibre Cleaver (Sumitomo, USA) to ensure 
the end core of fibre optics was cleanly cut. Both ends of the core of fibre optics 

were then spliced together using Sumitomo Type-39 FastCat Core Alignment 

Fusion Splicer Kit 1 (see Figure 1(b)) to secure the connection of the core with 
another cable probe which completes the circuit for the detection. The splices 

of coated fibre optics were ready to be tested using a sensor setup as shown in 

Figure 2.  
 

 
 

Figure 1: (a) Standard configuration of fibre optic probe (single core) used in 
this work and (b) the splicer was used to connect both ends of the core cable 

after being coated with sensing materials 

 
Characterization of AgNS, GO and GO-AgNS  
The synthesized AgNS, GO, and GO-AgNS samples were characterized using 

UV-Vis spectroscopy (JASCO, v-670 UV-VIS-NIR spectrophotometer) to 
analyze their absorption spectra. UV-Vis spectroscopy scans were conducted 

using a quartz cuvette by diluting 30 µL of the sensing material solution with 

2970 µL of deionized water. For morphological analysis of AgNS, 
transmission electron microscopy (TEM) (Philips CM12 Version 3.2) and field 

emission scanning electron microscopy (FESEM) (Hitachi SU3500) analyses 

were performed, and the length of AgNS was measured using ImageJ software. 
Meanwhile, the morphological and elemental analysis of synthesized GO and 

GO-AgNS was characterized using scanning electron microscopy (SEM) and 
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energy dispersive X-ray spectroscopy (EDX), with samples prepared on glass 

slides. 
The coated probes (the sensing platform) underwent detailed 

examination using SEM to assess the optical quality of the surface and the 

quality of the coated layer. Cracks in the coating typically indicate improper 
conditions during synthesis and deposition. Conversely, a crack-free coating 

demonstrates mechanical strength equal to or greater than that of the 

underlying optical fibre [23]. SEM images captured were further analyzed for 
thickness measurements using ImageJ software. EDX analysis was performed 

as well to confirm the elemental composition of the coating layers on the 

surface of the coated probe. 
 

Signal performance of fibre optics sensors  
The coated fibre optics (AgNS, GO, or GO-AgNS at various ratios) that have 
spliced were then ready for characterization on signal performance using the 

setup as shown in Figure 2. In this setup, the laser power supply (1064 nm, 

SDL-1064-500M6 6) was connected to the laser light source (wavelength 785 
nm, SDL-785-LM-500M66) to provide light through the fibre optics cable. 

The fibre optics coated with the sensing materials (labelled as sensing platform 

in Figure 2) were then connected with a laser light source and spectrometer 
(Ocean Optics, HR400CG-UV-NIR).  

 

 
 

Figure 2: Experimental setup for signal performance using a fibre optic 

sensor with the red circle showing the sensing region 

 
The spectrometer was then connected to a computer to detect the optical 

signal from the setup. The optical signal generated from each sensing material 

was then recorded (using Overture software) and analyzed in Excel software. 
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To determine the strongest coating material for the sensor platform, it is 

important to identify the optimal thickness of the sensing material coated onto 
the probe. This can be achieved by comparing the collected light intensity, 

recorded as the signal, for different coating thicknesses. 

 
 

Results and Discussion 
 
Characterization of AgNS 
By conducting UV-Vis analysis on AgNS, the LSPR performances can be 

studied by running absorbances performance on it. Based on the result shown 
in Figure 3, the trend showed that the maximum peak of the spectrum was red-

shifted (372 nm for Sample L, followed by 376 nm for Sample M, 390 nm for 

Sample N, and 392 nm for Sample O) as the concentration of hydroxylamine 
decreased. As the wavelength of the spectrum correlated with the size and 

shape of the NPs [21], this may indicate that the star-spike of AgNS expanded 

as more new nucleation was discarded with a limited amount of reducing agent 
presented. Here, hydroxylamine was used as a reducing agent in which the 

silver ion (Ag+) was reduced to metallic silver (Ag0) by donating electrons to 

reduce it causing the silver atom to aggregate and grow on the surface of the 
seed particle [17], eventually forming a nanostar structure. 

In line with the findings of [24], the lower component observed in the 

range of ~360 nm - 380 nm in the UV-Vis spectra can be attributed to the 
quadrupolar plasmon resonance of the nanostar’s core. Additionally, the 

presence of the ~415 nm - 420 nm component could be associated with 

transversal resonances of the tips or residual quasi-spherical nanoparticles. The 
dipolar plasmon resonances of nanostars with a diameter of 400 nm are 

expected to appear in the range of 600 nm - 700 nm for Ag, as indicated by 

single nanostar analysis using an enhanced dark-field technique [25]. 
However, the absence of clear resonances at these wavelengths for Samples L, 

M, and N can be attributed to two possible reasons. Firstly, the resulting 

nanoparticles' morphology may be relatively heterogeneous [26]. Secondly, 
significant aggregation of nanoparticles might occur leading to larger 

aggregates, which could explain the observed increase in extinction at higher 

wavelengths in these samples [27]. 
Sample O exhibits the highest peak intensity and greater morphological 

uniformity compared to the other AgNS samples. The observed low 

wavelength band at 363 nm - 370 nm corresponds to quadrupolar plasmon 
resonances, while the second maximum peak observed at 680 nm - 750 nm is 

associated with dipolar plasmon modes, consistent with previous findings [25] 

where single nanostars were successfully formed. The presence of branches in 
the star-shaped nanoparticles creates localized electromagnetic field 

enhancements known as "hot spots," enabling strong light interaction. Thus, 

the size and number of branches in AgNS play a crucial role in determining 
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the intensity of light interaction. Moreover, a high absorbance within the 

desired wavelength range, coupled with a narrow peak width, indicates 
improved optical properties and strong plasmonic resonances. Accordingly, 

Figure 3 demonstrates an increase in the peak intensity (absorbance) of the 

UV-Vis spectroscopy for Sample O, indicating a stronger light interaction 
compared to the other samples. The peak intensity of all AgNS samples was 

reassessed after 3 months, and the results remained consistent, demonstrating 

their long-term stability in fibre sensing. 
 

 
 

Figure 3: UV-Vis on AgNS samples synthesized using various concentrations 
of hydroxylamine 

 

Figures 4 and 5 present the morphological analysis of AgNS samples 
(L, M, N, and O) using TEM and FESEM, respectively. The TEM images 

allowed for the measurement of the star-spike length, yielding values of 198.75 

± 69.03 nm for Sample L, 166.58 ± 77.04 nm for Sample M, 313.26 ± 66.26 
nm for Sample N, and 352.62 ± 59.72 nm for Sample O. Figure 4 reveals a 

distinct change in the structure of AgNS as the concentration of hydroxylamine 

decreases. Notably, a reduction in hydroxylamine concentration leads to the 
formation of star-shaped structures with longer spikes. The morphological 

variations are clear in Figure 4(a) and Figure 5(a) of Sample L, where a lesser 

number of star-shaped structures and more irregular shapes, consisting of a 
mixture of round and short spikes (choral-like), were observed. This 

observation can be attributed to the fact that higher concentrations of the 

reducing agent promote increased nucleation, resulting in a reduced formation 
of star-shaped structures. 
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Figure 4: TEM images of AgNS of; (a) L, (b) M, (c) N, and (d) O samples 
 

Comparing Samples M and N, it is apparent that the branch length of 

Sample N is longer than that of Sample M, indicating that Sample N offers a 
larger surface area for light interaction. This finding aligns with the analysis of 

the UV-Vis spectrum presented in Figure 3, where an increase in peak intensity 

is observed as the branch length of the star-shaped structures increases. The 
shapes of the star structures in Sample O are found to be more consistent, with 

the longest branch lengths compared to sample N. The FESEM analysis, as 

depicted in Figure 5, provides further insights into the morphological 
characteristics, including the distribution of nanoparticles, and allows for an 

assessment of overall uniformity and aggregation behaviour, which may relate 

to the absorption peak observed in the UV-Vis spectrum.  
 

 
 

Figure 5: FESEM images of AgNS; sample of (a) L, (b) M, (c) N, and (d) O 
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It can be observed that Sample O shows a higher abundance of star-

shaped particles compared to other samples. Therefore, due to its superior 
morphological uniformity in terms of star shape compared to the other 

samples, AgNS from Sample O was selected for further mixing with GO. The 

consistent and well-defined star shape observed in Sample O makes it an ideal 
choice for achieving a homogeneous and stable GO-AgNS composite. 

 
Characterization of GO-AgNS  
Figure 6 shows UV-Vis results on GO, AgNS (sample O), and GO-AgNS at 

various mixing ratios. The result shows that the absorption peak of GO is 

observed at 233 nm, which agrees with the previous research [28] result 
indicating that the GO was successfully synthesized as exhibits π- π* transition 

of the C-C aromatic bond. By embedding together, the GO and the AgNS, the 

peak intensity of the UV-Vis spectrum for GO-AgNS is seen to increase 
compared to AgNS only. When the AgNS is embedded with GO, the effect of 

plasmon coupling occurs where the optical resonance of nanoparticles is tuned 

[29]. The effect of plasmon coupling happens due to the surface area of GO-
AgNS increasing compared to AgNS only allowing high interaction with UV 

light. Thus, the peak intensity UV spectrum of GO-AgNS is higher than AgNS 

only. 
To investigate the effect of the ratio of mixing GO-AgNS (1:5, 1:10, 

1:15, and 1:20) on the UV-Vis spectrum, Figure 6 was analyzed. The aim was 

to determine if a higher amount of AgNS mixed with the same amount of GO 
would result in a higher peak intensity in the UV spectrum. However, contrary 

to the hypothesis, the results show that as the amount of AgNS increases 

relative to GO, the peak intensity of the UV-Vis spectrum decreases. The 
observed trend can be explained by considering the properties of GO and 

AgNS. GO exhibits higher absorption intensity compared to AgNS, and when 

GO is mixed with AgNS, there is a limit to how much AgNS can be effectively 
embedded within the GO structure. Therefore, when the ratio of AgNS to GO 

is increased, a larger amount of AgNS remains unembedded, leading to a 

reduction in the concentration of AgNS available for absorption. 
Consequently, the peak intensity of the UV spectrum decreases as a result. 

Among the different mixing ratios, the GO-AgNS mixture with a ratio 

of 1:5 shows a higher peak UV intensity compared to the other ratios. This can 
be attributed to the optimal balance achieved between the amount of AgNS 

embedded within GO and the remaining unembedded AgNS. As the amount 

of AgNS further increases in the other ratios, the excess AgNS that does not 
embed within the GO matrix reduces the overall concentration of AgNS, 

resulting in a decrease in peak intensity.  
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Figure 6: UV-Vis result of AgNS, GO, and GO-AgNS at various mixing 
ratios 

 

EDX analysis was conducted to identify the elements and confirm the 
content of each sample. The result shows that the elements of silver (Ag), 

carbon (C), and oxygen (O) were detected in the scanning result as summarized 

in Table 2. The result indicates that the presence of silver increases as the ratio 
of AgNS in GO-AgNS increases. At the same time, the presence of carbon 

decreases indicating the amount of GO available for AgNS to inhibit decreases 

as well. 
 

Table 2: EDX analysis on AgNS, GO, and GO-AgNS at various mixing 

ratios 
 

Element 

(at.%) 
AgNS GO 

GO-

AgNS 

1:5 

GO-

AgNS 

1:10 

GO-

AgNS 

1:15 

GO-

AgNS 

1:20 

Carbon, C 0 53.2 34.0 32.1 30.5 28.8 

Oxygen, O 91.2 46.8 63.3 64.4 65.2 65.5 
Silver, Ag 8.8 0 2.4 3.5 4.3 5.7 

 

In order to further investigate the GO-AgNS mixtures with different 

ratios (1:5, 1:10, 1:15, and 1:20), SEM imaging was performed on samples 
deposited on a glass slide, as shown in Figure 7. The SEM images provide 

insights into the morphology and structure of the GO-AgNS composites, as 

well as the individual GO and AgNS samples. Figure 7(a) reveals the crinkle 
feature of the GO structure, indicating a successful synthesis process involving 
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the exfoliation of graphite into multi-layered graphite followed by the 

oxidation process that recombines and restructures a few layers with the 
assistance of an oxygen component, resulting in the formation of GO [19]. 

Analyzing the SEM images of GO-AgNS with different ratios (Figures 7(b), 

7(c), 7(d), and 7(e)), it can be observed that the GO-AgNS composite with a 
ratio of 1:5 exhibits more white dots, representing the presence of AgNS 

particles on the GO structure. This finding supports the corresponding UV-Vis 

results (Figure 6) where the 1:5 ratio exhibited the highest absorption intensity 
among the GO-AgNS samples. The increased number of AgNS particles in the 

1:5 ratio further confirms the higher concentration of AgNS embedded within 

the GO matrix, contributing to the higher absorption intensity observed in the 
UV-Vis spectrum. 

On the other hand, as the amount of AgNS increases in the GO-AgNS 

mixtures, more excess AgNS is present, indicating a higher water content. 
Consequently, the concentration of AgNS becomes diluted, leading to a 

decrease in the number of white dots observed in the SEM image of the GO-

AgNS composite with a ratio of 1:20. This dilution effect on AgNS 
concentration provides another explanation for the observed decrease in the 

peak intensity of the UV-Vis spectrum as more AgNS is mixed with GO. 

 

 
 

Figure 7: SEM images of (a) GO, GO-AgNS at a ratio of; (b) 1:20, (c) 1:15, 

(d) 1:10, and (e) 1:5 and (f) AgNS (Sample O) 
 

Characterization of fibre optics embedded sensing materials 
(AgNS, GO and GO-AgNS) 
Figure 8 presents SEM images of the successfully embedded fibre optic sensor 

probes coated with AgNS, GO and GO-AgNS at their respective ratios. 

Analysis of these images allowed for the measurement of the average thickness 
of the coated fibre optics. The results show an average thickness of 122 ± 1 µm 

for AgNS, 123 ± 0.3 µm for GO, 123 ± 0.7 µm for GO-AgNS (ratio 1:5), 124 
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± 1 µm for GO-AgNS (ratio 1:10), 123 ± 1 µm for GO-AgNS (ratio 1:15), and 

122 ± 0.8 µm for GO-AgNS (ratio 1:20).  
 

 
 

Figure 8: SEM images of the sensing platform coated with; (a) AgNS, (b) 
GO, and GO-AgNS at a ratio of (c) 1:5, (d) 1:10, (e) 1:15, and (f) 1:20 

 

When the volume ratio of AgNS relative to GO is increased, more GO-
AgNS deposits onto the surface, resulting in an increased thickness of the core 

layer. However, at the GO-AgNS ratio of 1:15, the thickness begins to 

decrease. This can be attributed to the presence of excess silver that did not 
embed within the GO matrix. Furthermore, as the water content increases in 

the colloidal AgNS at higher volumes, the concentration of AgNS becomes 

less concentrated, as indicated by the absorbance values in Figure 6. 
Consequently, this leads to a decrease in the amount of AgNS deposited during 

the coating process. Subsequently, the overall thickness of the coated fibre 

optics is reduced. Despite that, the fibre optics depicted in Figure 8 exhibit a 
smooth coating of AgNS on the bare fibre optics without any visible signs of 

cracking. This remains true even when embedding different ratios of AgNS, 

GO, and GO-AgNS. This observation suggests that the coating layer of the 
sensing materials possesses notable mechanical strength [29]. Consequently, it 

is expected that this mechanically strong coating will enable the provision of a 

robust optical signal to the sensor. 
EDX testing was performed to analyze the elemental composition by 

scanning the surface of the fibre optic probe. This analysis facilitated the 

identification of the elements present and verified the successful coating of 
each sensing material onto the core of the probe, as summarized in Table 3. 

The presence of silica (Si) in the scanning results is attributed to the core 

material of the probe, which is composed of silica. Despite the coating layer 
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being only a few nanometers thick, the Si element can still be detected by the 

EDX probe. However, as the thickness of the coating layer increases, the 
presence of detected Si gradually decreases. Here, the detection of C on the 

AgNS-coated probe can be attributed to the residue of the unclad layer of the 

probe as no C element was detected on the EDX result of the AgNS sample 
presented in Table 2. Furthermore, with the addition of GO to the AgNS 

samples, the carbon content increases, indicating the successful loading of 

AgNS onto the GO structures, which in turn coat the fibre optic probe. 
 

Table 3: EDX analysis on fibre optics coated with AgNS, GO, and GO-AgNS 

at various ratios 
 

Element 

(at.%) 
AgNS GO 

GO-

AgNS 

1:5 

GO-

AgNS 

1:10 

GO-

AgNS 

1:15 

GO-

AgNS 

1:20 

Carbon, C 7.0 21.4 7.4 8.3 9.92 12.1 

Oxygen, O 58.9 42.3 55.8 55.5 55.08 54.2 
Silver, Ag 0.1 0 0.1 0.1 0.02 0.1 

Silica, Si 36.0 36.3 36.7 36.1 34.98 33.6 

 

Evaluation of signal performance of fibre optics sensors 
The coated fibre optics, incorporating AgNS, GO, and GO-AgNS at different 

ratios, were connected to Ocean optics spectrometers to obtain signal readings. 

Figure 9 displays the results obtained from the spectrometer. It can be observed 
that the signal generated from AgNS is significantly higher than that generated 

from GO. This can be attributed to the smaller size and higher sensitivity 

offered by the nanoscale dimensions of AgNS compared to GO, even though 
the thickness of the AgNS coated is lowered than GO-coated probe. 

Additionally, the star-shaped structure of AgNS also contributes to the higher 

signals, consistent with findings from [25]. However, the signals generated by 
the individual sensing materials are relatively low compared to the signals 

generated by the composite material system (GO-AgNS). This suggests that 

the composite structure of sensing materials outperforms the individual 
components, as evidenced by the signals represented by the AgNS (black line) 

and GO (grey line) samples in Figure 9. 

Among the different ratios tested, the sensing platform coated with GO-
AgNS at a volume ratio of 1:5 exhibits the highest signal, surpassing the other 

samples. The signal improvement is approximately 218% compared to the 

signal generated by GO alone and 174% compared to the AgNS signal. This 
enhanced performance can be attributed to the ability of GO to coat a greater 

amount of sensing material on the fibre optic core while retaining the AgNS 

within its structure, thereby preventing light leakage. Furthermore, the 
presence of AgNS in the GO-AgNS composite further enhances the signal. 

However, as the volume ratio of AgNS solution to GO increases (green, blue, 
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and yellow lines in Figure 9), the signal performance decreases. This is due to 

the decreased total volume concentration, which reduces the likelihood of GO-
AgNS particles being effectively coated onto the probe, as supported by 

previous findings from UV-Vis, SEM, and EDX analyses. Hence, the optimum 

sensing material is found to be the composite GO-AgNS at a volume ratio of 
1:5. This composite can serve as an effective sensing platform, which can be 

further utilized in conjunction with biomolecules or other target materials to 

improve the signal of fibre-optic sensors.  
 

 
 

Figure 9: Sensor signals generated when embedded with different sensing 
materials including AgNS, GO, and GO-AgNS at volume ratios of 1:5, 1:10, 

1:15, and 1:20 

 
The mechanism of the sensing platform can be explained through TIR 

occurrences in the core of the fibre. As the light passed through the core, a 

portion of the light ray was reflected. Another portion that fails to reflect will 
interact with the cladding region, leading to a gradual reduction in light 

intensity exponentially as it moves away from the interface. These incidents 

will form an evanescent field within the cladding region. The light within the 
cladding region is reflected at the top surface of the cladding, redirecting it 

back into the core region, thus enhancing the overall light output. The AgNS 

and GO-AgNS that replace the cladding layer will amplify the light output 
through the absorption and excitation of light in the AgNS of the cladding 

region. This phenomenon is called LSPR and the amplification of light will 

depend on the size, shape, and composition of nanoparticles. However, due to 
the agglomeration tendency of AgNS, light amplification becomes unstable, 

resulting in unreliable signal detection. Therefore, the presence of GO prevents 
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AgNS agglomeration which will assist in stabilizing the signal detection, thus 

significantly amplifying the signal of the sensors. 
 

 

Conclusions 
 

In conclusion, the experimental data obtained reveal that the AgNS with the 

longest star-spike measured at 352.62 ± 59.72 nm (Sample O) was successfully 
synthesized using specific concentrations: 0.05 M of NaOH, 0.9 x 10–4 %v/v 

of hydroxylamine, 8 x 10–4 M of AgNO3, and 0.045 M of sodium citrate tribasic 

dehydrate. Furthermore, the successful synthesis of GO was confirmed through 
UV-Vis, SEM, and EDX analysis. The optical properties of GO-AgNS 

composites were investigated by fabricating different ratios. Among them, the 

GO-AgNS composite with a ratio of 1:5 exhibited the highest optical 
absorbance. Moreover, this composite displayed a more uniform structure, 

rendering it suitable for utilization in the sensing platform of fibre optics. 

Signal analysis was conducted to evaluate the performance of the GO-AgNS 
composite. Remarkably, when the optical fibre was coated with GO-AgNS at 

a volume ratio of 1:5, a significant improvement in sensing ability was 

observed. Specifically, the signal enhancement reached up to 218% compared 
to the GO-coated probe signal and 174% compared to the AgNS-coated probe 

signal. These findings highlight the potential of the GO-AgNS composite 

structures to enhance the sensitivity of fibre optic sensors.  Consequently, these 
advancements hold great promise for the development of super-sensitive 

devices and open up opportunities for a wide range of applications, including 

advanced sensing, biomedical applications and environmental monitoring. It is 
highly recommended to apply the surface treatment method on the unclad fibre 

optics before embedding them with sensing materials. This process brings 

about significant improvements in the adhesion and strength of the sensing 
materials, which becomes especially crucial when considering their utilization 

in microfluidic-based biosensors. Preventing cracking or detachment is of 

utmost importance in such systems. The enhanced adhesion and strength of the 
sensing materials greatly contribute to a more dependable and resilient 

performance in these respective fields. 
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