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ABSTRACT: We report for the first time a technique in the detection of chromium(VI) 
[Cr(VI)] ions using ultraviolet-visible (UV-Vis) spectrophotometer that involves silver 
nanoparticles (AgNPs) capped with formaldehyde-chitosan as the sensor. Here, chitosan 
cross-linked with formaldehyde produced an extra stability from the aspect of signal 
stability of the sensor. This study aimed to synthesise and characterise formaldehyde-
chitosan stabilised AgNPs (formaldehyde-chitosan@AgNPs) and apply them as Cr(VI) 
ion sensors. The stability and linearity of the signal of the formaldehyde-chitosan@
AgNPs were compared with the signal of AgNPs according to their ability as Cr(VI) ion 
sensors based on the UV-Vis spectroscopy. The AgNPs were synthesised by the chemical 
reduction method using 1% sodium citrate (10:1). Furthermore, 3.3% chitosan was 
added, which had been cross-linked with 2.5% formaldehyde in a ratio of 1:1 (v:v). The 
characterisation results showed that the synthesised materials have a peak absorption at a 
wavelength of 416 nm and have functional groups of -OH and -C=O as the characteristics 
of chitosan and formaldehyde. The formaldehyde-chitosan@AgNPs had square or 
rectangular structures with a size distribution of less than 1000 nm. The formaldehyde-
chitosan@AgNPs produced a more stable signal and had better linearity than AgNPs at a 
wavelength of 490 nm. Moreover, formaldehyde-chitosan@AgNPs had a precision value 
of 0.15% and a linearity level of 0.9914 in the concentration range of 1 ppm–100 ppm, 
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with limit of detection (LOD) and limit of quantisation (LOQ) values of 0.329 ppm and 
0.751 ppm, respectively.

Keyword: silver nanoparticles, formaldehyde, chitosan, Cr(VI) ion sensor

1.	 INTRODUCTION

Industrial development nowadays has improved the quality of human life. 
However, this rapid development can also have negative impacts. Solid and 
liquid wastes have adverse effects on the surrounding environment; such as the 
presence of chromium metal (Cr) in leather tanning waste, electroplating, and 
‘batik’ colouring industry.1 The Cr(VI) ions have undesirable properties, i.e., they 
are difficult to decompose, unstable and more toxic than Cr(III) ions.2 The release 
of the metallic Cr into the environment causes pollution that can potentially harm 
living things. Hence, the prevention of the metallic Cr being released into the 
environment may be conducted by the detection of metal ions. 

Heavy metal detection usually uses inductive coupled plasma (ICP) and atomic 
absorption spectroscopy (AAS) instruments.3–6 However, these instruments 
measure the number of total metal atoms, whereas analytical techniques 
based on their specific ions are often required. Ultraviolet-visible (UV-Vis) 
spectrophotometer is a standard tool used for metal analysis by its species. 
However, ion analysis with this technique generally requires a complexing agent, 
e.g., Cr(III) ion added with Ethylenediaminetetraacetic acid (EDTA) and Cr(VI) 
ion added with diphenylcarbazide (DPC) ligands.7 Compound analysis using  
UV-Vis spectrophotometer is in great demand because it is relatively easy and 
fast, and the instruments are widely available in the laboratory. In the last decade, 
several UV-Vis spectrophotometric detection techniques have been developed by 
involving nanoparticles as sensors.8–11  

Nanoparticles are granules or solid particles ranging in size from 10 nm to 
1000 nm.12 Gold and silver are metal nanoparticles that are widely used as 
sensors, especially for detecting the presence of heavy metals because of their 
optical properties, such as surface plasmon resonance (SPR) and their ability to 
aggregate. Silver nanoparticles (AgNPs) have better optical properties than gold 
nanoparticles (AuNPs). AgNPs have several advantages, e.g., they have higher 
molar absorption coefficient at the same amount.13 This makes AgNPs visible if 
they are characterised using the UV-Vis spectrophotometer. Economically, silver 
is relatively inexpensive and easy to produce. However, AgNPs are chemically 
unstable, that is, they easily agglomerate. Hence, efforts are needed to maintain 
the particles at the nano scale and prevent agglomeration.
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A sensor is a device that receives an external stimulus and then responds to that 
stimulus as an electrical signal. The stimulus can be physical, chemical or biological 
signals, which are then converted into electrical signals in the form of current, 
voltage or charge.14 SPR is a resonance phenomenon between light at a specific 
wavelength and electrons on a metal surface producing electron oscillations on the 
metal surface. At a particular frequency, the light resonates, producing a localised 
electric field called localised SPR (LSPR).15 This phenomenon encourages the 
application of AgNPs as a sensor. The ability of nanoparticles to act as a metal ion 
sensor is an application of the metal nanoparticles’ SPR absorption.16 The addition 
of a capping agent to metal nanoparticles causes interactions between the capping 
agent and nanoparticles, which results in changes and shifts in the SPR.17

The excellent optical properties of AgNPs make them potential to be developed 
as sensors, in this case, colorimetric device. A factor that needs to be considered 
in colorimetry is the selection of organic components as ligands to modify the 
nanoparticles. The organic molecule can give a specific response to the analyte, such 
that there is a change in the colour and UV-Vis spectrum due to the aggregation of 
nanoparticles.18 In its application as a colorimetric sensor, AgNPs can be modified 
with organic compounds used as ligands or capping agents and can affect the 
SPR. Ligand-modified AgNPs have been applied to analyse the presence of small 
molecules, such as proteins and toxic metals.13 Gelatine, polyvinyl alcohol (PVA) 
and chitosan are some of the substances that can be used as ligands in modifying 
nanoparticles.19 

Several things affect the SPR value, including nanoparticle size, shape, capping 
agent, state of aggregation and environment. The smallest particle size usually 
results in high surface energy for the nanoparticles.20 Factors that can affect 
the particle size in the nanoparticle synthesis include solution temperature, salt 
concentration, reducing agent and reaction time.21 The LSPR of AgNPs is very 
sensitive to local refractive index changes induced by bonding of the analyte at or 
near the surface of the nanoparticles. The narrow plasmon bandwidth in AgNPs 
allows for more accurate measurements of the LSPR shift.22

AgNPs are very easy to agglomerate due to the low level of stability. Therefore, it 
is necessary to add a stabiliser to AgNPs, one of which is chitosan. The addition of 
chitosan in nanoparticles can provide sufficient steric barrier to stabilise colloids 
and increase the function of nanoparticles as sensors.10,23,24 However, chitosan 
is soluble in acidic conditions, so chitosan is at risk of being released from the 
surface of AgNPs when used as a modifying agent, especially in acidic conditions. 
Hence, chitosan needs to be cross-linked to increase its stability. The types of 
aldehydes and anhydrous are often used as cross-linking agents because they 
are relatively inexpensive and easy to obtain such as, formaldehyde, dialdehyde, 
glutaraldehyde, and anhydrous acetate.22,25–27 
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In this study, the AgNPs stabilised by chitosan are cross-linked with formaldehyde 
to form formaldehyde-chitosan@AgNPs. Moreover, the performance of 
the nanocomposites is tested as a Cr(VI) ion sensor using the UV-Vis   
spectrophotometer. To the knowledge of the authors, this study is the first  
to provide a technique in the detection of Cr(VI) ions using UV-Vis 
spectrophotometer that involves AgNPs capped with formaldehyde-chitosan as 
the sensor. Here, chitosan cross-linked with formaldehyde produces an extra 
stability from the aspect of signal stability of the sensor. From this study, it is 
hoped that the Cr(VI) ions detection using a UV-Vis spectrophotometer becomes 
more simple, sensitive and reliable.

2.	 EXPERIMENTAL

2.1	 Tools and Materials

The tools and materials used in this study are given as follows. The tools used 
were ultraviolet-visible (UV-Vis) Shimadzu UV-2450 spectrophotometer, Fourier 
transform infrared (FTIR) Nicolet Avatar 360 IR, particle size analyser (PSA) 
Microtac Nanotrac Wave II, scanning electron microscope (SEM) JEOL JSM-
6510LA, hot plate, magnetic stirrer, analytical balance and standard glassware. 
The materials used were AgNO3, HCl, K2Cr2O7, sodium citrate, formaldehyde, 
chitosan and aqua demineralised (DM). The chemicals were purchased from 
Merck, Germany with analytical-reagent grade and no further purification.

2.2	 Synthesis of AgNPs

AgNO3 solution with a concentration of 1.0 x 10–3 M as much as 50 ml was heated 
until it boiled. Then 5 ml of 1% sodium citrate was added to the solution, drop by 
drop. During the heating process at a temperature of 60oC, stirring was carried out 
using a magnetic stirrer to make the solution homogeneous. The heating process 
was continued until the solution’s colour became pale yellow. The temperature 
was kept constant at 60oC throughout the heating process. After that, the heating 
process was stopped, but the solution was still stirred until its temperature has 
reached room temperature.

2.3	 Synthesis of Formaldehyde-Chitosan@AgNPs

A concentration of 37% of chitosan was dissolved in 1% hydrochloric acid to a 
final concentration of 3.3%. Moreover, formaldehyde in the form of gel with a 
concentration of 2.5% was added with a ratio of 1:1 (v:v) to the chitosan. Then, 
the formaldehyde cross-linked chitosan was added to the AgNP solution obtained 
above and stirred until homogeneous. 
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2.4	 Characterisation of Formaldehyde-Chitosan@AgNPs

The synthesised formaldehyde-chitosan@AgNPs were characterised using  
UV-Vis spectrophotometer, FTIR, PSA and SEM. The characterisation by  
UV-Vis spectrophotometer was to ensure the formation of AgNPs based on the 
peak absorption in the range of 400 nm. The PSA profile analysis was conducted to 
determine the particle size distribution of the synthesised formaldehyde-chitosan@
AgNPs. The FTIR analysis was conducted to identify the functional groups of 
chitosan and formaldehyde. The FTIR characterisation was only conducted upon 
the formaldehyde-chitosan@AgNPs because the functional groups of chitosan 
and formaldehyde were different, i.e., the former were dominated by amine and 
hydroxyl, whereas the latter was dominated by carbonyl. The SEM was used to 
determine the surface morphology of the formaldehyde-chitosan@AgNPs.

2.5	 Formaldehyde-Chitosan@AgNPs as Cr(VI) Ion Sensor

The ability of formaldehyde-chitosan@AgNPs as Cr(VI) ion sensor was compared 
with the ability of AgNPs for the same purpose via the UV-Vis spectrophotometer. 
The formaldehyde-chitosan@AgNPs and AgNPs interacted with Cr(VI) ions at 
various concentrations. The concentration of Cr(VI) ion varied was in the range 
of 1 ppm to 100 ppm.

As many as 13 volumetric flasks of 25 ml were prepared. Each volumetric flask 
was filled with 1.67 ml of AgNPs. Then, 100 ppm stock solution of Cr(VI) were 
added into each volumetric flask to make the concentration of the Cr(VI) ions 
to become 1 ppm, 3 ppm, 5 ppm 7 ppm, 10 ppm, 15 ppm, 20 ppm, 25 ppm,  
30 ppm, 40 ppm, 50 ppm, 75 ppm, and 100 ppm, then marked with distilled water. 
Furthermore, the solution was homogenised. After 5 min of the mixing process, 
the absorption measurements were carried out in the wavelength range of 300 nm 
–700 nm. The above steps and mixing time duration were repeated for 1.92 g of 
formaldehyde-chitosan@AgNPs. 

2.6	 Identification of Analytical Performance

Identifying analytical performance includes precision, linearity, the limit of 
detection (LOD) and the limit of quantisation (LOQ). Therefore, the coefficient of 
variance percentage (%CV) and the standard deviation (SD) were used, i.e.,

 %CV SD/y 100%,#= ^ h  	 (1)
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and

/ ,1SD y y n  
/1 2/= - -r_ ^ ^h hi  	 (2)

where y is the signal height, y  is the average signal height and n is the amount 
of the data.

The linear regression equation was determined by making a curve of the 
relationship between the concentration of the analyte solution and the absorption 
value. In general, the regression equation obtained was y = bx + a, where y = A 
(absorption value), x = C (concentration of the analyte solution), a is the intercept 
and b is the slope. The LOD was calculated based on a standard signal involving 
a signal-to-noise ratio of 3 to 1, while the LOQ is determined by a signal-to-noise 
ratio of three times the LOD value.28 

3.	 RESULTS AND DISCUSSION

AgNPs are obtained by reducing AgNO3 solution using sodium citrate. The 
AgNPs formed are marked by the colour change of the solution from pale yellow 
to yellow. As time progresses, the colour of the solution becomes brownish. The 
colour change of the solution to brownish occurs after stirring the AgNPs for  
1 h. The colour change was due to the excitation of surface plasmon vibrations 
of the AgNPs.29 The colour change of the AgNP solution is also affected by the 
concentration of the solution. The greater the concentration, the faster the colour 
changes. The ability of sodium citrate as a reducing agent is to reduce silver ions 
(Ag+) to Ag0 according to the reaction equation (3). Furthermore, AgNPs are 
stabilised with chitosan-formaldehyde. Physically, the formaldehyde-chitosan@
AgNPs appear more viscous, forming a gel as shown in Figure 1.

4  Ag C O Ag 2   4   3   H O Na H C H O H Na H O6 5 7 3 2
0

6 5 7 3 2"+ + + + + ++ ++  	 (3)
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Figure 1:	 (a) The initial colour of the AgNO3 and sodium citrate mixture, (b) the AgNP 
solution formed after heating, (c) the AgNP solution after stirring for 1 h and 
(d) the formaldehyde/chitosan/AgNPs.

Figure 2: Absorption spectra of the sample solutions.

The formation of AgNPs is strengthened by the measurement results of the  
UV-Vis spectrum. AgNPs have a maximum absorption peak in the wavelength 
range of 400 nm–450 nm. This is in accordance with previous experiments that 
the maximum absorption of AgNPs is at a wavelength of about 400 nm.10,16,30 The 
absorption value obtained indicates the number of AgNPs formed. The higher the 
absorption value, the greater the number of AgNPs produced. The absorption peak 
of the synthesised AgNPs is shown in Figure 2. Based on the UV-Vis absorption 
spectrum results in Figure 2, the AgNO3 and sodium citrate solution before being 
mixed does not have a peak. However, after the two solutions were mixed, a 
maximum peak appeared at a wavelength of 417.50 nm, which indicates the 
presence of a new component formed after mixing. The presence of an absorption 
peak indicates that the AgNPs have been successfully synthesised.
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The synthesised AgNPs have advantages such as being able to be applied to 
colorimetric tests. However, the AgNPs also have a weakness that is easy to 
agglomerate. Modifications on the AgNPs can use ligands that can prevent AgNPs’ 
aggregation. Chitosan is a polysaccharide biopolymer ligand resulting from chitin 
deacetylation, which is known to have the ability to stabilise AgNPs so that the 
size of AgNPs does not increase.24 Increasing the stability of chitosan can be done 
by adding cross-linking agents such as formaldehyde because chitosan is soluble 
in acidic conditions.26 The modification of the AgNPs in this study is carried out 
by cross-linking chitosan and formaldehyde with a ratio of 1:1. The cross-linked 
chitosan with formaldehyde is added to the AgNP solution during the cooling 
process and stirred until homogeneous.

The formaldehyde-chitosan@AgNPs are further characterised using the UV-Vis 
spectrophotometer. The comparison of the absorption peaks between AgNPs, 
formaldehyde-chitosan@AgNPs and chitosan@AgNPs is shown in Figure 3. 
Based on Figure 3, it is shown that the absorption peaks of AgNPs, chitosan@
AgNPs and formaldehyde-chitosan@AgNPs occur at the same wavelength, 
i.e., no chemical shift occurs. Similarly, the absorption of the SPR region at a 
wavelength of 490 nm between the three spectra shows almost the same signal. 
Overall, the presence of chitosan-formaldehyde covering the surface of the AgNPs 
does not significantly affect the energy of the electrons of the AgNPs. This is 
possible because the interaction between chitosan-formaldehyde and AgNPs is 
more physical in the form of van der Waals forces.

Figure 3:	 (a) Absorption spectra comparison of AgNPs, (b) chitosan/AgNPs and 
(c) formaldehyde/chitosan/AgNPs.

Furthermore, formaldehyde-chitosan@AgNPs were tested for stability to prove 
that the formaldehyde cross-linked chitosan can maintain the stability of AgNPs. 
The stability of formaldehyde-chitosan@AgNPs is measured within 1 h at its 
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absorption peak. The stability of formaldehyde-chitosan@AgNPs can be seen in 
Figure 4. The addition of chitosan-formaldehyde to AgNPs increases the stability 
of AgNPs. The absorption profile of the absorption peak of the AgNPs without 
adding chitosan-formaldehyde decreases rapidly after just 5 min, while the 
absorption profile of the formaldehyde-chitosan@AgNPs is relatively constant. 
Possibly, the AgNPs without chitosan-formaldehyde undergoes aggregation. 
Thus, adding the chitosan-formaldehyde succeeded in maintaining the stability 
of the AgNPs. Aggregation of metal nanoparticles tends to occur quickly because 
of the strong electron cloud between metal atoms. However, in the presence of 
chitosan-formaldehyde, the distances between the AgNP atoms are relatively 
further apart, thereby weakening the strength of the electron cloud.

Figure 4:	 Comparison of the stability of AgNPs and formaldehyde/chitosan/AgNPs at the 
absorption peak.

The success of chitosan-formaldehyde binding to AgNPs can be observed in the 
FTIR spectrum. Chitosan has amine (-NH2) and hydroxyl (-OH) groups that can 
interact with transition metal cations to stabilise AgNPs. Formaldehyde has a -CH 
group and a C=O group to bind to the chitosan. Figure 5 shows a wide absorption 
at the wave number of 3,445.31 cm–1, indicating the -OH group. There is also a 
C=O group at a wave number of 1,636.76 cm–1 with a sharp absorption intensity. 
The absence of absorption that shows the NH group at wave numbers between 
3,500 cm–1–3100 cm–1 is possible because the absorption of the hydroxyl group 
(-OH) overlaps with the amine group (-NH2). The presence of amine and carbonyl 
groups in chitosan causes chitosan to either donate or accept electrons. This drives  
the electrostatic force between chitosan-formaldehyde and AgNPs and other  
metal atoms.
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 Figure 5: FTIR spectrum of formaldehyde/chitosan/AgNPs.

The particle size distribution of the AgNPs is observed by the PSA, which may be 
observed in Figure 6. Based on Figure 6, formaldehyde-chitosan@AgNPs have 
sizes below 1,000 nm, i.e., 244.8 nm, as much as 17% and also above 1,000 nm, 
i.e., 1,970 nm, as much as 50%. This indicates that the synthesis of the AgNP 
from AgNO3 is not yet fully achieved. On the other hand, most of the synthesised 
nanoparticles are possibly undergoing aggregation, so that their size tends to be 
large.

 Figure 6: PSA spectrum of formaldehyde/chitosan/AgNPs.
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Figure 7: 	 Morphology of formaldehyde/chitosan/AgNPs with 3,000x magnification 
using SEM.

Figure 7 shows the surface morphology of the formaldehyde-chitosan@
AgNPs after being characterised using the SEM-EDX instrument at a certain 
magnification. The surface morphology of the sample with a magnification of 
3,000× shows that the sample is square or rectangular. The large particle size is 
due to agglomeration, so the particle size increases. Drying using an oven allows 
forming less stable chitosan/AgNPs. In addition, another factor that can cause 
particle agglomeration is the high concentration of chitosan used to form the gel. 
This is because the high concentration of reducing and stabilising agents provides 
a larger growth space for the AgNPs.19 The SEM-EDX test was also used to 
determine the elemental content in the sample. The graph of elemental content in 
the formaldehyde-chitosan@AgNPs sample can be seen in Figure 8.
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Figure 8: EDX result for formaldehyde/chitosan/AgNPs.

Based on the EDX results in Figure 8, the carbon (C) element has the largest mass 
percentage, which is 79.82%. Chitosan and formaldehyde contain C elements as 
the dominant constituent of formaldehyde-chitosan@AgNPs, while O elements 
have a percentage of 3.9%. The Na element derived from sodium citrate has the 
second largest amount with a percentage of 10.41%. The chlorine (Cl) element 
with a percentage of 4.12% came from the solvent of chitosan. Meanwhile, the 
presence of copper (Cu) elements is possibly due to the existence of impurities 
that come from the materials used in the synthesis process. Furthermore, the Ag 
element derived from the AgNO3 precursor solution contained in the formaldehyde-
chitosan@AgNPs has a small amount of 1.00%.

Observation of AgNPs using UV-Vis spectrophotometer can be seen by the 
presence of the LSPR. LSPR is a strong interaction between metal nanoparticles 
and the electromagnetic field of light, causing oscillations in the delivery of 
electrons on the nanoparticle’s surface to the cationic region.13 SPR arises because 
of the influence of the chemical environment that contains positive and negative 
charges. Based on the absorption spectrum in Figure 3, AgNPs and formaldehyde-
chitosan@AgNPs form the SPR signal at a wavelength of 490 nm. This could be 
because the chains of chitosan and formaldehyde are quite short, so they do not 
affect the SPR.

The emergence of SPR can be used as a biosensor or chemical sensor. SPR is an 
optical sensor that utilises surface plasmon waves to observe the interaction of 
metal surfaces, either gold or silver, with dielectric materials.31 Testing of AgNPs 
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in detecting Cr(VI) ion is carried out by reacting AgNPs with Cr(VI) ion with 
various concentrations. The characterisation of the formaldehyde-chitosan@
AgNPs in detecting metals is carried out by measuring the absorption spectrum 
of UV-Vis in the wavelength range of 300 nm–700 nm. Testing the AgNPs as 
a sensor of Cr(VI) ions is identified by interacting AgNPs with Cr(VI) ions at 
different concentrations. The absorption spectrum of AgNPs-Cr(VI) ion is carried 
out in the wavelength range of 300 nm–700 nm.

The absorption profiles between AgNPs and formaldehyde-chitosan@AgNPs 
with Cr(VI) ions are shown in Figure 9. Based on the spectra of both samples, 
it can be observed that the interaction with Cr(VI) ions causes a peak absorption 
shift, i.e., a hypochromic shift to 350 nm. This is possible because the Cr(VI) ion 
interacts strongly in a dipole-dipole interaction with the electrons on the surface 
of the AgNPs. Hence, it requires higher excitation energy. In addition, the SPR 
signal at a wavelength of 490 nm of the spectrum is larger as the concentration of 
the Cr(VI) ions increases. If both samples are compared, the SPR absorption of the 
formaldehyde-chitosan@AgNPs sample is greater than the AgNPs, as observed in 
Table 1. This indicates that the presence of chitosan-formaldehyde on the surface 
of the AgNPs affects their chemical environment.

(a) (b)

Figure 9: (a) Absorption spectra of AgNPs interacted with Cr(VI) ion and (b) formaldehyde/
chitosan/AgNPs interacted with Cr(VI) ion  at different concentrations.
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Table 1: The absorption value of AgNPs and formaldehyde/chitosan/AgNPs interacted 
with Cr(VI) ions in the SPR region (490 nm).

Concentration
(ppm)

Absorption

AgNPs formaldehyde-chitosan@AgNPs

0 0.180 0.195

1 0.194 0.193

3 0.180 0.193

5 0.184 0.207

7 0.191 0.215

10 0.193 0.203

15 0.191 0.216

20 0.199 0.221

25 0.209  0.230

30 0.218 0.242

40 0.233 0.252

50 0.241 0.258

75 0.206 0.293

100 0.308 0.343

Figure 10: (a) Linearity test of AgNPs and (b) formaldehyde/chitosan/AgNPs with metal 
ion Cr(VI) at 490 nm. 

(a) (b)



Journal of Physical Science, Vol. 34(1), 1–20, 2023	 15

In this study, a comparison of the analytical performance tests between AgNPs 
and formaldehyde-chitosan@AgNPs has been carried out, especially for linearity, 
to determine which sample acts better as a Cr(VI) ion sensor on a UV-Vis 
spectrophotometer. The linearity test is carried out by making an absorption 
calibration curve, i.e., the correlation between the concentration of Cr(VI) ion and 
the absorbance in the SPR region (490 nm). Based on the results of the analysis, the 
linearity value (R2) of AgNPs is 0.7521 with the regression equation of y = 0.001x 
+ 0.1823 [Figure 10(a)], while the linearity value (R2) of formaldehyde-chitosan@
AgNPs is 0.983 with the regression equation of y = 0.0014x + 0.145 [Figure 10(b)] 
in a concentration range of 1 ppm–100 ppm. Based on these regression equations, 
it can be stated that the formaldehyde-chitosan@AgNPs particles as a Cr(VI) ion 
sensor on UV-Vis spectrophotometer have better linearity than AgNPs over a 
wide concentration range. Thus, it can be said that the formaldehyde-chitosan@
AgNPs are recommended as Cr(VI) ion sensors. Furthermore, the lower value 
of the R2 for the AgNPs compared to the formaldehyde-chitosan@AgNPs may 
be caused by the AgNPs degradation as they interact with the Cr(VI) ions as the 
ion concentration is increased. On the other hand, the formaldehyde/chitosan 
acts as stabiliser for AgNPs in the formaldehyde-chitosan@AgNPs, hence their 
interaction with Cr(VI) ions do not degrade the AgNPs. This shows that the 
formaldehyde cross-linked chitosan manages to stabilise the AgNPs especially in 
their interaction with the Cr(VI) ions.

Furthermore, the analytical performance of formaldehyde-chitosan@AgNPs 
is determined based on the value of precision, LOD and LOQ. Precision states 
repeatability, the closeness between one data and other data obtained in a similar 
fashion. Precision values ​​are usually expressed in %CV. In this study, the %CV 
value of the formaldehyde-chitosan@AgNPs is 0.15% (see Table 2). The precision 
of the data is considered good if it gives a 95% confidence level, which means that 
the error is small (%CV not more than 5%). Thus, the signal precision in the study 
is considered good. The detection limit is the lowest concentration of analyte in 
the sample, which still shows the instrument’s absorption without meeting the 
criteria of accuracy and precision. The LOQ is the smallest amount of analyte in 
the sample that can still be measured accurately and precisely by the instrument.32 
The LOD and LOQ values ​​of this study are 0.329 ppm and 0.751 ppm, respectively. 
Based on the analysis of the precision values, sensitivity levels, linearity tests, 
and detection limits, it can be stated that the formaldehyde-chitosan@AgNPs as a 
sensor of Cr(VI) ions have good analytical performance. 
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Table 2: Identification of the signal precision.

y y yy −
2

yy − 
 
 

0.628

0.627

0.001 0.000001
0.627 0 0
0.627 0 0
0.626 –0.001 0.000001
0.626 –0.001 0.000001
0.626 –0.001 0.000001
0.626 –0.001 0.000001

Σ = 0.000005
SD = 0.000913
%CV = 0.15%

Table 3: Comparison of different optical approaches for Cr(VI) ions detection.

Method Material Detection Limit Linear Range Ref.

Fluorescence
Si QDs 0.65 µmol L−1 1.25–40 µmol L−1 33

C-Dots 0.03 µg ml−1 0.10–12 µg ml−1 34

Colorimetric

AuNPs 280 nmol L−1 0.5–50.0 μmol L−1 35

Ag core–Au shell 
nanoparticles

10 nmol L−1 0.02–8 μmol L−1 36

AgNPs 1 nmol L−1 10−3–10−9 mol L−1 37

Cu@AuNPs 0.21 nmol L−1 0.4–1000 nmol L−1 38

Sol–gel monoliths 10 ppb – 39

Fibre Bragg 
grating

Hydrogel 10 ppb – 40

Finally, a comparison of different optical approaches for Cr(VI) ions detection 
from previous studies can be seen in Table 3. According to Table 3, the detection 
of Cr(VI) ions is generally carried out on the ppb or mol L−1 unit, while the range 
of the Cr(VI) ions detection in this study is in the ppm or mmol L−1 unit. However, 
the need for Cr(VI) detection does not always require analytical methods at 
low concentrations (below 1 ppm), but sometimes Cr(VI) ions detection at 
higher concentrations are needed in some cases so as not to do many dilutions. 
Excessive dilution reduces the accuracy and reliability of measurement results.  
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This study seeks to determine the performance of AgNP capped with chitosan-
formaldehyde on the ppm scale, which turns out to have a wide linear range up 
to 100 ppm with a very good linearity level, even better than AgNP capped with 
chitosan without cross-linker. This broad linearity value indirectly indicates the 
interesting possibility of using formaldehyde-chitosan@AgNPs as a Cr(VI) ion 
sensor at a lower scale, i.e., µg ml−1 to ng ml−1.

4.	 CONCLUSION

Formaldehyde-chitosan@AgNPs nanocomposites are successfully synthesised 
with characteristics having an absorption peak at a wavelength of 416 nm, square 
or rectangular-shaped structures, and a size distribution of 244.8 nm by 17%. 
According to the FTIR spectrum, the chitosan-formaldehyde is successfully linked 
to AgNPs, which shows hydroxyl (-OH) and carbonyl (-C=O) functional groups. 
For the application as a Cr(VI) ion sensor, the formaldehyde-chitosan@AgNPs 
produce a more stable signal and have better linearity than AgNPs at a wavelength 
of 490 nm. Furthermore, the formaldehyde-chitosan@AgNPs have a precision 
value of 0.15%, a linearity level of 0.9914 in the concentration range of 1 ppm– 
100 ppm, with LOD and LOQ values of 0.329 ppm and 0.751 ppm, respectively.
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