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Abstract 
In this research, we developed a fluorescence-based sensor to determine 
the sodium hypochlorite concentration (NaOCl) in tap water and 
swimming pool water samples. The detection of NaOCl was conducted by 
measuring the luminescence response of analyte in the paper-based sensor 
modified Silica-MB@GO-NH2 material were synthesized using Hummer's 
and Stober's methods under UV Light irradiation. Additionally, the 
prepared material exposed a couple peak 2D and 2G at 2938 cm-1 and 
3286 cm-1 with ID/IG ratio 0.98 using Raman characterization which 
appropriate with the presence of GO structure in the mixture. This result 
was validated by the appearance of several functional groups like Si-O-Si, 
NH, OH, and C-C at 1079, 1391, 1611, and 3457 cm-1, respectively. 
Moreover, the existence of Si-O-Si bond indicates that the silica-MB 
interaction was perfectly formed, which plays the main role to absorb 
ultraviolet light that is used as sensor probe. The morphology of particles 
depicted an aggregated formation of spherical structure with 288 nm 
particle size, indicating the existence of silica-coated methylene blue. In 
this work, the paper-based sensor modified Silica-MB@GO-NH2 can detect 
the NaOCl species with concentration range 10-150 µM (R2 = 0.9757), a 
detection limit at 2.60 µM and quantification limit at 7.88 µM. Furthermore, 
this developed sensor has stable measurement with recovery performance 
3.65%-6.67% for tap water and 0.05%–0.14% for swimming pool water. 
This result indicates that the prepared sensor can be potentially applied to 
calculate the hypochlorite species in the aquatic environment.  
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1. Introduction 
Sodium hypochlorite (NaOCl) is an essential oxidizing agent found in aquatic environments, 
bleach products, and especially in disinfectant products (Sanjaya et al., 2023). The 
disinfection solution is derived from the reaction between chlorine gas in water, resulting 
in the production of hypochlorous acid compounds then dissociate into hypochlorite ions. 
This ion is often used in the process of purifying water and sterilizing bacteria, such as in 
tap water or swimming pools. As a result, excessive use of sodium hypochlorite in this water 
treatment can improve microbiological water quality (Böger et al., 2020). When sodium 
hypochlorite is consumed in high quantities (5 mL/kg in children, 150-200 mL in adults), 
or at concentrations greater than 6%, serious poisoning results may occur (Chung et al., 
2022). Because of this, prior studies involving humans have suggested that water 
consumption or the use of water from facilities exposed to sodium hypochlorite (free 
chlorine) could potentially lead to various health issues, including inflammation, nausea, 
atherosclerosis, and respiratory problems (Chung et al., 2022; Rahmawati et al., 2022a). 
Briefly, detecting this compound has become crucial, particularly in assessing its selectivity 
in aquatic environments that require monitoring. 
 Over the past few decades, numerous analytical methods for determining NaOCl 
concentration have emerged, including colorimetry (Carlsson et al., 1999), amperometry 
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(Thiagarajan et al., 2011), and electrochemical method (Endo et al., 2004). These methods 
often require complex instruments and a professional operator, making it more challenging 
to investigate NaOCl concentration. Recently, the fluorescent method has become famous as 
a preferred sensor detection method among researchers. Fluorescence enables the 
detection of chemical compounds that exhibit fluorescence under UV-A light. This method 
offers significant advantages, including high sensitivity, minimal reagent usage, rapid 
process, small sample volume requirements, and accessibility for sample preparation and 
operation (Bose, Thomas, Kavitha, et al., 2018; Shahzad et al., 2009).  

There are a lot of fluorescence probes, such as TAM (Triphenyl Amine-Based) in 
human body cells (Goswami et al., 2015), Rhodamine B nanospheres with amino groups 
functionalized graphene oxide (RBDS/GO-NH2) in aquatic environments (Q. Yang et al., 
2019), and Nitrogen-doped carbon quantum dots (N-CQDS) in tap water and swimming 
pools have been successfully employed for NaOCl sensing and monitoring (C. Yang et al., 
2019). However, these materials also have disadvantages, such as a limited control over 
physicochemical properties, toxicity, and might of inadequate enhancement of 
photostability in fluorescence instruments (Sharma et al., 2022). Despite these challenges, 
fluorescence systems require a photon-emitting device on the surface (Enderlein et al., 
1999). One advantageous approach is developing paper-based sensors, which are relatively 
straightforward to create and can be employed for on-site active substance detection (Yao 
et al., 2022). Analyzing materials with a fluorophore mechanism is crucial to enhance 
fluorescence intensity and overcoming these limitations.   

Therefore, the chosen material must exhibit a broad fluorescence wavelength and 
photostability to ensure balanced performance during measurements. Methylene blue (MB) 
serves as a Near Infrared (NIR: 700–900 nm) fluorophore is noted to have extensive use in 
applications involving chemiluminescence and fluorescence, making it a promising 
candidate for NaOCl detection (Cwalinski et al., 2020). This was confirmed by previous 
researchers that the detection of hypochlorite in tap water samples provided an excellent 
detection limit of 0.1 µM (X. Huang et al., 2018). Notably, the wavelength of NIR exceeds the 
other light types, allowing for deeper structural monitoring (Z. Wang et al., 2023). In 
addition, methylene blue is employed to enhance intensity, enabling easy differentiation 
between materials or test concentrations (Budner et al., 2022). However, the fluorescence 
method often encounters self-quenching, a phenomenon in which energy is lost due to 
collisions between excited and ground-state molecules. This phenomenon can lead to a 
reduction in fluorescence yield (Baek et al., 2020). To overcome this issue, the measurement 
process necessitates a material capable of controlling self-quenching, and one such 
compound is silica. 

Silica, also known as silicon (SiO2), is a mineral compound composed of silicon and 
oxygen, providing the ability to enhance the photostability of photosensitizer (W. Yang et 
al., 2004). This is achieved by controlling the aggregate state and preventing the self-
quenching effect of MB (Y. Wang et al., 2018). Furthermore, its advantages are the abundant 
availability, stable fluorescence control results, and ability to maintain fluorescence 
intensity (Ishmah et al., 2020). As a result, it is perfectly suitable for these measurements. 
Despite these merits, it is worth noting that silica lacks intrinsic fluorescence intensity and 
emission properties due to the absence of a fluorophore. 

Additionally, silica can interact with MB through hydrogen and electrostatic bonds 
between the hydroxyl (OH) and alkoxy (OR) groups, forming silica-MB complexes. 
Nevertheless, silica-MB can only be utilized in conducting tests when paired with a material 
having a high surface area to enhance sensor performance. Graphene oxide (GO) is an ideal 
material characterized by a large surface containing carbon sp2 and has a rigid structure 
that allows flexible interactions with foreign substrates (X. Liu et al., 2019). GO 
manufacturing using the Hummers method offers advantages such as time efficiency, safety, 
and low toxicity (Smith et al., 2019). This method involves a chemical process that generates 
graphite oxide by introducing potassium permanganate to a solution containing graphite, 
sodium nitrate, and sulfuric acid, and it is recognized for its environmental friendliness (J. 
Liu et al., 2022). However, the experiment may not succeed solely from the presence of GO 
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since the fluorescence system cannot function correctly due to the quenching mechanism. 
To resolve this, a substrate capable of oxidizing NaOCl is required. A suitable candidate for 
this role is the amine functional group (NH2).   

The modified amine structure can induce fluorescence quenching by reacting with 
NaOCl to form chloramines. This interaction triggers fluorescence blackout through 
intramolecular charge transfer (ICT), which is the interaction of donor and acceptor 
electrons, leading to a decrease in fluorescence intensity (Q. Yang et al., 2019). Amine 
substrate modified onto GO to create GO-NH2 and enable this interaction. The modification 
involves hydrogen bonding and electrostatic interaction forming amine-modified GO (GO-
NH2). Subsequently, the combination of silica-MB with GO-NH2 occurs through hydrogen 
bonding, obtaining a material known as silica-MB@GO-NH2. Furthermore, in fluorescence 
spectroscopy measurements, significant differences exist between the emission 
wavelengths of silica-MB@GO-NH2 and GO- NH2, where the GO-NH2 exhibits distinctive 
fluorescent color changes that can easily discerned with the naked eye, allowing for 
straightforward recognition (C. Yang et al., 2019).   

In summary, the fabrication of silica-MB@GO-NH2 particles was accomplished using 
the Hummer’s and Stober’s method. The prepared substrate was developed as paper-based 
sensor to detect/determine the NaOCl concentration in tap water and swimming pool 
samples using fluorescence response as probing methods. 

The Silica-MB@GO-NH2 particles have been successfully fabricated for application 
in paper-based sensors. The substrate is aimed at determining the concentration of NaOCl 
in tap water and swimming pools, demonstrating good signal response results on the 
applied fluorescence sensor. Furthermore, the performance test was conducted using the 
existing probing method, which showed favorable detection limit results for detecting the 
NaOCl analyte. 
  
2. Methods 
2.1. Materials and Instruments 
Methylene Blue and NaNO3 were obtained from WAKO Chemical Industries Ltd, Tetraethyl 
orthosilicate, poly (vinyl alcohol) (PVA-1788), and 0.45 µm filter paper cellulose nitrate was 
brought from Merck. Moreover, NaOCl was purchased from Sigma-Aldrich. Scanning 
Electron Microscopy (SEM) (Jeol JSM-IT200) was used to study the size and morphology of 
the particle. Raman spectroscopy (HORIBA–TheLabRAM HR Evolution) was performed to 
investigate crystallinity and molecule interaction. Fourier Transform InfraRed (FTIR) 
(Shimadzu IR Prestige 21) was employed to determine chemical bonds in the molecule. 
Ultraviolet Diffraction Reflectance Spectroscopy (UV-DRS) (Shimadzu UV-2450) was used 
to investigate %reflectance and bandgap on material prior to determining the NaOCl 
concentration in the sample and UV-A lamp (GEN STAR) used to gained color luminescence 
was recorded below.  
 
2.2. Synthesis of Silica-MB 
The preparation of the methylene blue system covered with silica was carried out based on 
the Stober method (Greasley et al., 2016). Mix 92 mL ethanol, 17.2 mL H2O, and 2.48 mL 
NH3.H2O, followed by 0.10 g of methylene blue under stirring. After 15 minutes, add 3.44 
mL TEOS and stir for 4 hours. Silica-MB precipitation was taken by centrifugation and 
repeated washing with ethanol. A colloidal silica-methylene blue solution was prepared in 
20 mL of water. Next, the silica-methylene blue particles were taken by centrifugation of the 
colloid solution and dried at a 70°C for 24 hours. After that, the synthesis results were 
dispersed in deionized water.  
 
2.3. Synthesis of GO-NH2 

The results obtained from the synthesis of GO using the Hummer method were then used to 
be functionalized with amines (X. Liu et al., 2018). Added 40 mL of ethylene glycol under 
ultrasonication (Rahman et al., 2023). Then, 1 mL of air ammonia was added (Vishwakarma 
et al., 2023). The dark brown solution was transferred to a Teflon-coated autoclave for a 
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solvothermal reaction at 180°C for 10 hours. After the reaction, filter, and repeated with 
deionized water, oven at 60°C for 24 hours. Then the synthesis results are dispersed in 
deionized water. Furthermore, Raman and FTIR characterization was carried out. 
 
2.4. Synthesis of Silica-MB@GO-NH2 Particle 
The preparation of Silica-MB was performed based on the report of literature (Q. Yang et al., 
2019). 2 mL of volume and GO-NH2 prepared, which volume was 100 µL. Mix all of them by 
adding 200 µL of ammonia. Next, the mixture was centrifugated and washed with ethanol 
three times. After that, the mixture was dried in a vacuum chamber. The result was obtained 
and characterized by SEM and Raman spectroscopy.  
 
2.5. Fabrication of Paper-Based Sensor 
The preparation was conducted by mixing 20 ml of water with addition of 1g PVA-1788. 
Next, the mixture of silica-MB@GO-NH2 was poured into it. Next, the mixture was dripped 
onto the cellulose paper and dried at room temperature for 30 minutes. The paper was cut 
into small pieces and stored in a sealed bag. It will be used for the preparation of detecting 
NaOCl in the environmental sample such as tap water and swimming pool water. Eventually, 
a paper-based sensor will be tested below the UV-A lamp to determine the color of 
luminescence.  
 
3. Results and Discussion 
3.1. Synthesis of Particle Silica-MB@GO-NH2  
Silica-MB@GO-NH2 particles were synthesized by solid agitation of mixture and 
repeatability of centrifugation. The reaction mechanism stabilized methylene blue, which is 
covered by silica and can also stick GO-NH2 to obtain oxidation by chloramine. 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1. Mechanism of Silica-MB@GO-NH2 
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First, the Hummers Methods was used in the fabrication of GO-NH2 by mixing the 
GO material and 1 ml of ammonia 0.1 M in 40 ml ethylene glycol (98%). 

Additionally, the addition of ethylene glycol as organic solvent was carried out on 
GO under ultrasonication to be modified by ammonia (GO-NH2). Ethylene glycol (EG) was 
chosen because it could produce stable complexes with various functional groups especially 
with amine groups. This happens because ammonia can react with OH bond from carbonyl 
group through ethylene glycol bridging molecules. The probable reason is the carbonyl 
group has the lowest energy attraction compared to another functional groups. 
Furthermore, EG was used to avoid the interaction of ammonia with the carbonyl functional 
group. This mechanism is proposed to maintain unwanted compounds to inhibit the binding 
molecules and produce clear GO-NH2. Moreover, the addition of ammonia to the GO is to 
functionalize graphene oxide into GO with amine groups. Following this, silica-MB and GO-
NH2 combine via hydrogen bonding to form a substrate called silica-MB@GO-NH2. 

In summary, FTIR was used to evaluate the functional group of prepared material. 
As seen figure 2a it showed chemical bond in silica-MB@GO-NH2 particle using FTIR. 
Furthermore, the main source of silica particle fabrication uses the basic material TEOS, so 
it needs to be compared. The FTIR characterization discovered some peaks at the 
wavelength of 3457 cm-1, 1611 cm-1, 958 cm-1, 1391 cm-1, and 1079 cm-1 accepted presence 
of stretching N-H, stretching C=C, bending O-H, and Si-O-Si bond which indicates the 
formation of silica-oxygen bonds in silica-MB commonly (H. Huang et al., 2020; Jain & Steel, 
2015).  Furthermore, the peak with a linear wavelength occurred at 1079 cm-1 in all three 
compounds. This shows that the use of TEOS to make silica will not disappear completely. 
Then, there is a typical MB peak at 3457 cm-1 which is still present in the substrate particles. 
Although the addition of the chloramine group did not reduce the MB completely in these 
particles. Briefly, this infrared peak showed that the formation of silica-MB and GO-NH2 has 
been carried out successfully. 
 

 

 

 

 

 

 

 

 

Figure  1. The measurement of (a) FTIR for TEOS, Silica-MB. And Silica-MB@GO-NH2 and  
(b) Raman spectroscopy for GO-NH2. And Silica-MB@GO-NH2 

 
As carbon base material, we conduct Raman spectroscopy to determine the GO 

material that is highly ordered in modification with NH2. Figure 2b shows Raman spectrum 
of GO-NH2 which has been obtained at the wavelength of 1595.62 cm-1 and 1348.64 cm-1 
and silica-MB@GO-NH2 at the wavelength of 1621.40 cm-1 and 1498.27 cm-1 which are 
related to G band and D band. The D band indicates a defect in graphitic structure rising 
from out of plane vibration while G band originate from in plane vibration of C-C bond from 
sp2 orbital indicate graphite structure (Roslan et al., 2017).  

Two samples displayed almost the same peak intensity ratio ID/IG = 1.08 for GO-
NH2 and ID/IG = 0.98 for silica-MB@GO-NH2. On the other hand, the ratio between 
intensities of D and G band determines quality factor of carbon compound and graphene 
structure. The effect of hydrogen appears to increase quality of graphene structure where 
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the ID/IG ratio had been decreased from 1.09 to 0.98 (Das et al., 2007). The peak outside 
ID/IG is a typical peak of the methylene blue compound at wavelengths of 495 cm-1 and 770 
cm-1. Meanwhile, there is a typical peak of silica, namely in the 1200 cm-1 (Ivanda et al., 2003; 
Li et al., 2016). This indicates that methylene blue and silica still exist in the material. 

Silica-MB and Silica-MB@GO-NH2 exhibited a spherical shape which was examined 
by electron microscope, respectively (Figure 3a and b). Moreover, the modification of silica 
particle with GO-NH2 expose homogenous particle with average diameter 288 nm which 
carried out using ImageJ software.  This result was larger than the pristine Silica-MB particle 
size at 253 nm. These phenomena proclaim that the modification of silica particle with the 
GO-NH2 was successfully formed by increasing the particle size through methylene blue 
bridging bond.  
 

Figure  2. SEM Images of (a) Silica MB, (b) Silica-MB@GO-NH2 at 5000x magnification and 
(c) Distribution of Silica-MB@GO-NH2 particle 

 

3.2. The Fluorescence Study of Silica-MB@ GO-NH2 as Paper-based Sensor 
The preliminary fluorescence response was performed under UV-A lamp to determine the 
luminescence response of prepared material as paper-based sensor using 10 µL NaOCl  90 
µM (optimal concentration).   
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Figure 4. The fluorescence response on the UV-A lamp (a) before and (b) after dip 90 µM of NaOCl 
on the Paper blank immobilized by GO-NH2 then (c) and (d) after dip 90 µM of NaOCl on the paper 

blank immobilized by silica-MB@GO-NH2  

 
In Figure 4, the paper-based sensor under UV Lamp A gives fluorescence response 

color from blue into dark purple at GO-NH2 and dark blue in the presence of Silica-MB@ 
GO-NH2. In GO-NH2, there is no significant difference in color changes after dripping NaOCl 
on paper blank. This is possible because the absence of MB as a fluorophore compound, 
which means there is no donor and acceptor electron transfer process that produces color 
emissions. The phenomenon is happening due to the complementary color wheel, blue is 
shown at a wavelength of 430-495 nm. Then, the resulting is the opposite color from blue 
with a wavelength of 485-620 nm (Algar et al., 2016). In summary, NaOCl existed on the 
surface of substrate which reacted with the luminophore MB followed by the radical’s 
attraction. Briefly, the color luminescence results obtained explained that the paper-based 
sensor could work well.   

 

 

Figure 5. Mechanism of silica-MB@GO-NH2 after dipping with NaOCl 
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The mechanism of substrate after immobilizing with NaOCl is depicted in Figure 5. 
When the particles have formed, the NaOCl sample is dripped using paper-based media. The 
H bonds in GO-NH2 will be replaced with Cl- bonds originating from NaOCl with substitution 
reaction. 

To perform the fluorescence study, a laser beam from UV-DRS (Ultraviolet-Diffuse 
Reflectance Spectroscopy is used to excite the electrons in specific compounds molecules, 
causing them to release light. The purpose is to measure and identify the molecule attraction 
from the sample(F. Al-Rawashdeh, 2012). The electrons are excited from the ground state 
(low energy level) to the excited state (high energy level) follows the fluorescence pathways 
and relaxed back to the ground state by exiting a specific wavenumber(Bose, Thomas, & 
Abraham, 2018). The reflectance response was exhibited from the addition of 10 µL NaOCl 
90 µM into the surface of substrate. Based on figure (6a), the paper-based sensor can absorb 
light in UV-DRS measurement. Furthermore, the result was clear that both samples have a 
curved, steep absorption edge in the visible range. It suggests that they share optical 
characteristics as well as after exposed NaOCl that makes decrease at a wavelength of 239 
nm which correlated with the amount of concentration added to the surface. In summary, 
the resulting substrate absorbance can work under an ultraviolet (UV) system (100-400 
nm).  
 

 
Figure 6. (a) UV-DRS spectroscopy and (b) Fluorescence spectroscopy of paper blank, paper with 

GO-NH2 and paper with Silica-MB@ GO-NH2  

 
 The prepared material was examined using fluorescence spectroscopy to determine 

the performance of substrate for the NaOCl   sensor application. In Figure 6b, the GO-NH2 
and Silica-MB@GO-NH2 particles show dual emissive spectrum which belongs to Silica-MB 
particles (585nm) and GO-NH2 nanosheets (427nm), respectively. Nevertheless, blank 
paper has no intensity because of the lack of substrate inserted that interacts with NaOCl so 
the chloramine process does not occur. On the other hand, depending on the fluorescence 
intensity of the NaOCl compound, NaOCl itself has its own function as an oxidizing agent and 
forms the OCl- radical compound. To create a chloramine molecule, it will engage with the 
amino group GO-NH2 through intramolecular charge-transfer (ICT) which initiates the 
dimming of fluorescence process (Misra & Bhattacharyya, 2018). The ICT process occurs 
excitation process who initiate by photon through molecules with a π-electron bridge 
between the donor and acceptor groups which generated by an absorption of light at 
specific wavelength (Pattison & Davies, 2006). This is where MB contributes to this process. 
So that, the resulting emission color will appear in the form of spectrum data. In short, the 
presence of the substrate on paper-based sensor will be important to give rise to higher 
fluorescence signal intensity upon NaOCl detection. 

 Figure 7 explains the fluorescence spectroscopy with NaOCl variation 
concentration. The result defined that without immobilization of substrate on paper-based 
sensor cannot produce fluorescence intensity. However, after adding GO-NH2, the intensity 
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starts to increase because amine groups can oxidize to chloramine and then induce the 
quenching fluorescence supported by intramolecular transfer interactions. Furthermore, 
this may happen when higher quantities of fluorescent molecules, or fluorophores, tend to 
increase fluorescence intensity following Eq 1. On the other hand, using Silica-MB@GO-NH2 
was found to increase the intensity of fluorescence due to silica having stable 
photosensitivity properties (Mahović Poljaček et al., 2021). Moreover, there is a shift in the 
fluorescence peak that occurs as concentration increases. This may happen because of 
electron transfer quenching can occur when a quencher molecule accepts an electron from 
the excited-state fluorophore which can involve delocalized electrons in the fluorophore's 
excited state (Di et al., 2019). Although the fluorescence peak shifted with increasing NaOCl 
concentration, the results were linear between the higher concentration and the 
fluorescence intensity. 
 

 
Figure 7. Fluorescence spectroscopy on the paper immobilized by Silica-MB@ GO-NH2 on (a) 

variation NaOCl concentration (b) linearity curve 
 

In fluorescence spectroscopy, the intensity of emitted light (F) can be described with 
the equation below: 

F = 2.303 ՓIo abC     (1) 
Where F the intensity of fluorescence, Փ is number of photons emitted, a is 

absorptivity, b is cuvette thickness and C is the concentration (M) of the fluorescent 
substance.  

Moreover, the sensor performance was examined using NaOCl standard solution to 
determine the correlation between the increasing hypochlorite concentration with the 
fluorescence response/intensity. The graph 7.b explains the developing methods serve 
good linearity in the fluorescence measurements with regression value R2=0.9757 and 
equation value y=0.0146x + 2.54. The ability of developed sensor to detect the analyte was 
dependent on the LOD and LOQ value. The LOD is lowest matching quantity to be deduced 
from the signal, which may be seen with a high enough level of confidence or statistical 
significance whereas the lowest concentration at which the analyte can be consistently 
identified and at which certain predetermined goals for bias and imprecision are reached is 
known as the limit of quantitation (LOQ) (Armbruster & Pry, 2008). The detection and 
quantification limit value were calculated by divide the standard deviation (S) with the 
slope from the linear equation, where the LOD and LOQ represented as 3S/b = 2.60 µM and 
10S/b =7.88 µM, respectively. 

Additionally, the performance comparisons with other method detection methods 
such as fluorescence, fluorescence quenching, and other electrochemical methods (µPAD), 
smartphone-based spectrophotometer are shown below in Table 1. Using diffuse 
reflectance techniques with particle of silica-MB@GO-NH2 as the probe results in small 
value LOD were compared with other detection methods. Furthermore, these particles are 
supported by paper-based sensors or chitosan paper where the basic material is silica. Silica 
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has a good conductivity value so that it can produce phosphorescent colors with better 
percentage recovery results (Moyassari et al., 2022). 
 

Table 1. Comparison of different reported methods for the detections of NaOCl 

Substrate Method 
LOD 
(µM) 

LOQ 
(µM) 

Sensitivity 

CuO-
NPs@MWCNT/epoxy 

[9] 
Amperometry 4.40 8.80 

-432.5 
nA.L.mg-1 

N-CQDS [10] Fluorescence Quenching 0.43 1.04 - 
Benzothiazole [11] Fluorescence 11.26 43.50 - 

Luminol (Rahmawati 
et al., 2022b) 

Electrochemiluminescence 0.88 2.95 
18.56 a.u. µM-

1 cm-1 
Silica-MB@GO-NH2 

This work 
Fluorescence 2.60 7.88 1.2677 .L-1 

 
3.3. Application of Silica-MB@GO-NH2 as Paper-based Sensor for NaOCl Detection 
To figure out the sensor performance, an application procedure was performed to 
determine NaOCl concentration in tap water and swimming pool water samples. The 
application process was conducted using 3 different methods like UV-A lamp, UV-DRS, and 
Fluorescence. Figure 8 shows that the concentration of NaOCl on the prepared substrate has 
been found higher on the swimming pool sample than in tap water. Moreover, the 
comparable method was completed by UV-DRS and fluorescence, where both methods 
result similar intensity trend (Figure 8.b-c) which expose more higher NaOCl concentration 
on swimming pool sample compared to the tap water sample. Additionally, to validate the 
sensor performance we have done measure the concentration of real sample with the 
addition of various concentration. Based on the calculations in Table 2, the developed 
sensor has good performance to determine the NaOCl concentration for tap water and 
swimming pool water for fluorescence spectroscopy and UV DRS spectroscopy with percent 
recovery sample range from 3.65 – 6.67 % and 0.05 – 0.14 % after calculated using each of 
its linearity equation, respectively. 
 

 
Figure 8. Application of Silica-MB@GO-NH2 as paper-based sensor to detect NaOCl compound in (a) 

UV-A lamp with the tap water (red line) and the swimming pool (black line) with (b) results of 
%reflectance in UV DRS spectroscopy (c) fluorescence intensity using fluorescence spectroscopy 
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Table 2. Application of the prepared particle silica-MB@GO-NH2 modified paper base sensor to 
detect NaOCl species in tap water and swimming pool water samples 

Methods Water samples 
Concentration 

(µM) 
Detected %Recovery 

UV- DRS 

Tap Water 

10 9.54 95.44 

20 20.91 104.00 

30 29.54 98.46 

Swimming pool 

water 

10 9.14 91.40 

20 21.71 108.00 

30 29.14 97.13 

Fluorescence 

Tap Water 

10 11.09 110.90 

20 17.86 89.30 

30 31.09 103.60 

Swimming pool 

water 

10 10.37 103.70 

20 19.24 96.20 

30 30.82 102.70 

 
4. Conclusions 
Silica-MB@GO-NH2 particle effectively synthesized by mixing Stober’s and Hummer’s 
method with the result size of 288 nm and have spherically formed with aggregation 
formation. In fluorescence measurement, the intensity of fluorescence after using substrate 
increases more than using GO-NH2 due to silica having stable photosensitivity properties 
and with supporting of MB can resulting emission color in the form of spectrum data. 
Moreover, the higher concentration can increase the intensity of fluorescence measurement 
because of the self-quenching from chloramine via intra-molecular charge transfer (ICT). 
UV-DRS demonstrated outstanding performance in the detection of NaOCl with a recovery 
percentage ranging from 91.40% to 108.00%. Additionally, 57.97 and 17.5 µM respectively, 
were calculated as the limits of detection and quantification from fluorescence 
measurement. Furthermore, the constructed sensor appears to be to be applied in practical 
usage due to its outstanding selectivity in the presence of some interference. At paper-based 
sensor, the colors appear pink colors as complementary color. Even though UV-A lamps are 
used in which the color does not display colors more clearly (which should be blue navy 
colors).  
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