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Abstract 
Solvothermal synthesis was used to create molybdenum disulfide nanosheets (MoS2 NSs). A 
screen-printed electrode (MoS2 NSs / SPE) was modified using the produced MoS2 nano-
sheets and employed as the working electrode for the voltammetric measurement of 
carmoisine. For the oxidation of carmoisine, the MoS2 NSs/SPE showed increased electro-
catalytic activity. With a detection limit as low as 0.03 μM under ideal circumstances, it was 
discovered that the oxidation peak currents of carmoisine were linearly proportional to its 
concentration in 0.1 to 400.0 μM. Additionally, the MoS2 NSs / SPE showed promise for 
simultaneous detection of both chemicals by effectively identifying carmoisine even in the 
presence of tartrazine. The MoS2 NSs / SPE was appropriate for simultaneous detection of 
tartrazine and carmoisine using differential pulse voltammetry as the oxidation peak 
potentials of the two azo dyes were adequately separated by 200 mV. 
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Introduction 

Food colorants, which are actually food additives, are extraneously added to food and drinks so 

as to improve their look through artificial coloration and produce the effect of the highest visual 

appealing to customers. For that reason, the food industry needed to apply various kinds of food-
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grade colorants. These were mainly different in color and either natural or artificial [1]. Azodyes, a 

synthetic colouring agents, have been the prominent colorant used to improve the look and colour 

of food products, but due to their consistent color, low water solubility, low microbial contamination 

risk, low production costs, and excellent stability in the presence of light, oxygen, and pH changes, 

making them an ideal choice for food industries [1-5].  

Coal tar pitch is the source of carmoisine, also known as E 122, a synthetic red azo dye that is 

widely used as a food and beverage colorant. It has functional groups, including hydroxy, sulpho, 

azo, and aromatic ring structures connected to possible negative health consequences when 

ingested in excess [6]. Carmoisine is used extensively as a food and beverage colorant since it is a 

highly water-soluble dye with exceptional stability that does not degrade even when exposed to 

light and oxygen. Carmoisine is classified as an emerging contaminant because of its stability and 

water solubility, which cause it to persist in aquatic habitats and raise questions about its possible 

effects on the environment and human health [7]. High levels of carmoisine exposure have been 

demonstrated to have detrimental impacts on health, such as carcinogenic effects that raise the 

chance of cancer, toxic effects that damage cells and tissues, and mutagenic effects that change 

genetic material [8]. 

E 102, another name for tartrazine, is an orange azo dye that dissolves in water and is frequently 

used as a colorant in a variety of goods, such as food, cosmetics, and medications. However, because 

of its widespread usage, it has been released into the environment through industrial effluent, which 

has contaminated water supplies. To reduce possible health hazards, the recommended daily intake 

of tartrazine in non-alcoholic drinks should not be more than 0.01 g/ml [9]. The possible hazards of 

consuming excessive amounts of tartrazine are highlighted by the fact that it has been connected to 

a number of human health issues, such as reproductive toxicity, alterations in kidney and liver 

function, and even neurobehavioral toxicity. The potential health risks associated with excessive con-

sumption of tartrazine and carmoisine underscore the need for rigorous monitoring of their concen-

trations in relevant products. This requires the development and implementation of a rapid, simple, 

sensitive, and cost-effective analytical method to ensure the safety of consumers and prevent adverse 

health effects. Several analytical techniques are available for detecting and quantifying tartrazine and 

carmoisine, including spectrophotometry [10], HPLC [11] and capillary electrophoresis [12], each 

offering a unique set of advantages and capabilities for monitoring these synthetic colorants. Despite 

their effectiveness, many of these analytical techniques are often complex and labor-intensive, 

requiring specialized expertise and expensive equipment, making them less accessible and practical 

for routine monitoring and analysis. 

Electrochemical sensing systems offer a range of advantages, including being cost-effective, 

portable, and simple to use, with benefits such as low limits of detection, fast analysis times, wide 

linear dynamic ranges, and high selectivity, even in the presence of interfering substances, making 

them an attractive option for analytical applications [13]. Voltammetric techniques, such as differen-

tial pulse voltammetry (DPV), offer several advantages, including rapid response times, high 

sensitivity, and excellent selectivity, making them a valuable tool for analytical determinations [14]. 

Screen-printing electrodes (SPEs) have been widely used for the large-scale production of 

disposable electrochemical sensors, offering a cost-effective and efficient way to manufacture 

sensing systems for various applications [15]. Screen-printing electrodes (SPEs) offer a unique 

combination of affordability, mass production capabilities, and sufficient reproducibility while also 

providing the benefits of versatility and miniaturization, making them an attractive option for the 

development of electrochemical sensing systems [15]. 
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The bare electrode exhibits poor electrocatalytic performance [15]. Modifying the electrode 

surface significantly enhances its sensitivity, reproducibility, and overall stability [16]. The 

incorporation of nanomaterials can substantially boost the detection of trace analyte levels by 

dramatically improving the surface characteristics and electroconductivity of the electrodes [16]. 

Nanomaterials possess distinct physical and chemical properties, making them a popular choice 

for augmenting the sensing capabilities of electrochemical methods [17,18].  

In recent years, there has been a surge of interest in two-dimensional (2D) nanomaterials, driven 

by their exceptionally thin and unique structure. Particular attention has been given to 2D MoS2, a 

material composed of a single layer of molybdenum atoms sandwiched between two layers of hexa-

gonally arranged sulphur atoms, forming a unique monoatomic structure. MoS2, a two-dimensional 

layered transition-metal dichalcogenide, exhibits outstanding electrical properties and remarkable 

optical characteristics, making it a highly promising material [19]. The top gate configuration of layered 

MoS2 crystals often yields exceptionally high electronic performance, characterized by impressive on-

off ratios comparable to those of graphene nanoribbons. Furthermore, due to their high surface-to-

volume ratios, these graphene-like materials may offer the potential for ultra-high sensitivity in 

detecting a wide range of biological, dietary, and environmental compounds [20]. 

In order to detect carmoisine, this study suggested using MoS2 nanosheets (NSs) in conjunction 

with a screen-printed electrode (SPE). It is crucial to note that DPV, chronoamperometry, and CV 

were among the electrochemical methods used to assess the electrochemical characteristics of 

carmoisine and the performance of the MoS2 NSs/SPE. Subsequent research showed that the MoS2 

NSs/SPE sensor had both exceptional electrocatalytic activity for carmoisine and the capacity to 

detect carmoisine and tartrazine in combination with different and recognizable signals. The MoS2 

NSs/SPE sensor's promise for practical uses was demonstrated when it was successfully used to 

accurately determine the levels of tartrazine and carmoisine in real samples. 

Experimental  

Apparatus and chemicals  

An Autolab potentiostat/galvanostat was used for electrochemical experiments. A three-

electrode setup including a graphite working electrode (WE), a graphite auxiliary electrode (AE), and 

a silver pseudo-reference electrode (RE) was used in the screen-printed electrodes (SPEs) 

manufactured by DropSens (DRP-110, Spain). A Metrohm 710 pH meter was used to measure the 

pH. Every solution was made from scratch with double-distilled water. All chemicals used, including 

tartrazine and carmosine, were analytical grade and came from Merck. Orthophosphoric acid and 

its salts purchased from Merck were used to make the buffer solutions. 

Synthesis of MoS2 NSs  

To synthesize MoS2 NSs, 0.26 g of ammonium molybdate and 0.50 g of thiourea were first 

dissolved in 30 ml of deionized - water through 15 min of stirring. The resulting solution was then 

transferred to an autoclave, which underwent hydrothermal treatment at 190 °C for about 24 h. 

After the hydrothermal reaction, the sediments were collected, repeatedly washed with ethanol, 

and dried under vacuum at 65 °C overnight. 

Preparation of MoS2 NSs / SPE  

To achieve this, 2 mg of MoS2 NSs were dispersed in 1 milliliter of ultra-pure water through 15 min 

of dispersion. Subsequently, the working electrode was fabricated by casting 5 microliters of the MoS2 
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NSs suspension onto it. The modified electrode was then obtained by allowing the solvent to 

evaporate. The MoS2 NSs / SPE was formed after the evaporation of the solvent. 

Preparation of real samples 

15.0 ml of lemon juice was filtered using filter paper to create a sample. Next, 2.0 ml of PBS was 

mixed with 10.0 ml of the filtered sample to dilute it. 

Six grams of the powder were dissolved in 70 ml of deionized water at fifty degrees Celsius in 

order to create a powdered juice sample. 10 ml of PBS was then added to the solution to further 

dilute it. A 0.45-micrometer membrane filter was then used to filter the diluted solution. 

Results and discussion 

The MoS2 NSs were subjected to X-ray diffraction (XRD) examination in order to investigate the 

crystal structure of the produced material. As illustrated in Figure 1, the prepared sample's XRD 

pattern shows prominent diffraction peaks at 2 values of 14.0, 33.5, 39.8, 42.9, 49.3, 59.1 and 

69.6°. These values correspond to the hexagonal MoS2 structure's (002), (100), (103), (006), (105), 

(110), and (200) planes and match the standard pattern (JCPDS 37-1492) [21]. 

 
2 / ° 

Figure 1. X-ray diffraction (XRD) pattern of MoS2 nanosheets (NSs) 

The produced MoS2 NSs sample's FE-SEM pictures at various magnifications are shown in Figure 2.  

 
Figure 2. Field emission scanning electron microscopy images of MoS2 nanosheets at different 

magnifications a) 1 µm and b) 500 nm 
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The generated MoS2 sample has spherical-like structures made up of many integrated nano-

sheets, as seen by the FE-SEM pictures. 

Cyclic voltammetric study of carmoisine oxidation 

Figure 3 shows the CVs for the electrochemical oxidation of 100.0 μM carmoisine at the bare 

screen-printed electrode (SPE) (curve a) and the MoS2 NSs-modified SPE (curve b). A comparison of 

the two curves reveals that the anodic peak potential for carmoisine oxidation at the MoS2 NSs-

modified SPE (curve b) is approximately 480 mV, which is significantly lower than the peak potential 

observed at the bare SPE (curve a), which is around 630 mV. A similar trend is observed for 

carmoisine oxidation, where the anodic peak current at the MoS2 NSs-modified SPE (curve b) is 

substantially higher than the bare SPE (curve a), indicating a significant enhancement in the 

electrochemical response at the modified electrode. The results clearly demonstrate that the 

modification of the SPE with MoS2 NSs significantly enhances the electrochemical characteristics of 

carmoisine oxidation, indicating improved performance of the modified electrode. 

 
Figure 3. CVs of 100.0 μM carmoisine at the surface of the unmodified screen-printed electrode (SPE) (a) 

and the MoS2 NSs-modified SPE (b) 

Effect of scan rate  

The investigation was done with linear sweep voltammetry (LSV) and the effect of potential 

sweep rate on oxidation of carmoisine at the MoS2 NSs-modified SPE is mentioned; the findings are 

shown in Figure 4A. It can be seen from a plot of the peak current (Ip) against the v1/2 (5 to 400 mV/s) 

that oxidation of carmoisine at the MoS2 NSs-modified SPE is not a diffusion-controlled process 

anymore but rather is a surface-controlled one at the overpotential, which is a sufficient value 

(Figure 4B). 
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 E / mV v1/2 / mV1/2 s-1/2 

Figure 4. (A) shows the MoS2 NSs-modified SPE's linear sweep voltammograms (LSVs) at scan rates of 5.0, 
10.0, 25.0, 50.0, 75.0, 100.0, 200.0, 300.0, and 400.0 mV/s in 100.0 μM carmoisine. (B) I against v1/2 

Chronoamperometric measurements  

Chromatoamperometric experiments were conducted for carmoisine at the MoS2 NSs-modified 

SPE. The current responses resulting from different carmoisine concentrations were recorded 

(Figure 5A). 

 A B 

 
 t / s t-1/2 / s-1/2 

 
C / mM 

Figure 5. (A) Chronoamperometric responses obtained at the MoS2 NSs-modified SPE for various 
concentrations of carmoisine (0.1, 0.3, 0.6, 1.0, 1.5, and 2.0 mM). (B) Cottrell plots of current versus t⁻¹/² 

derived from the chronoamperograms. (C) Calibration plot of the slope of the straight lines from the Cottrell 
plots against carmoisine concentration 
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For carmoisine, the current-time response under mass transport limited conditions can be 

described by Cottrell Equation (1) [22]: 

I = nFAD1/2C/-1/2t-1/2 (1) 

The best fits for various carmoisine concentrations are displayed in Figure 5B, which is an 

experimental plot of current (I) against the inverse square root of time (t-¹/²). A curve was created 

by plotting the slope that emerged from the Cottrell plots (Figure 5B) against the carmoisine 

concentration (Figure 5C). The mean diffusion coefficient (D) of carmoisine was determined to be 

6.1×10-⁵ cm²/s using the Cottrell equation and the slope derived from the calibration curve (Figure 

5C). 

Calibration plot and LOD 

The quantitative measurement of carmoisine in solution can be based on the electrocatalytic 

peak current for carmoisine oxidation at the MoS2 NSs-modified SPE. In order to do this, 

investigations utilizing the MoS2 NSs-modified SPE with varying carmoisine concentrations were 

carried out using differential pulse voltammetry (DPV) (Figure 6A). A linear association with a slope 

of 0.1021 μA/μM was found for the concentration range of 0.1 to 400.0 mM. It was determined that 

the detection limit (3) was 0.03 μM (Figure 6B). The findings of some recent work on the 

electrochemical determination of carmoisine are displayed in Table 1. 

Table 1. Comparison the values of LOD and linear range of the MoS2 NSs-modified SPE sensor with some of the 
previously published reports 

Modified electrode Linear range, µM LOD, µM Ref. 
CaMgFe2O4 hollow spheres-modified carbon paste electrode 10 to 900 0.86 [23] 

Mesoporous Pr6O11/Ionic liquid/carbon paste electrode 0.09 to 135.00 0.0012 [24] 
MoS2 NSs-modified SPE 0.1 to 400.0 0.03  This work 

 
Figure 6. (A) Differential pulse voltammograms (DPVs) of the MoS2 NSs-modified SPE containing various 
concentrations of carmoisine (0.1, 1.0, 5.0, 10.0, 15.0, 35.0, 65.0, 85.0, 100.0, 125.0, 150.0, 175.0, 200.0, 
225.0, 250.0, 275.0, 300.0, 325.0, 350.0, 375.0, and 400.0 μM). (B) Calibration plot of peak current versus 

carmoisine concentration 

y = 0.1021x + 0.8583 
R2 = 0.9993 
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Simultaneous determination of carmoisine and tartrazine  

No prior research has used MoS2 NSs-modified SPE for the simultaneous analysis of carmoisine 

and tartrazine, and this is the first report on its application. As seen in Figure 7A, the simultaneous 

measurement of carmoisine and tartrazine was accomplished by altering the concentrations of both 

substances concurrently and recording the resulting differential pulse voltammograms (DPVs). The 

oxidation of carmoisine and tartrazine was represented by distinct anodic peaks in the voltammetric 

findings, which were obtained at potentials of 480 mV and 1170 mV. As shown in Figure 7A, this 

suggests that the MoS2 NSs-modified SPE can identify these two chemicals at the same time. 

The MoS2 NSs-modified SPE's sensitivity to carmoisine oxidation was found to be 0.1031 μA/μM, 

quite near the value measured without tartrazine. This implies that these chemicals' oxidation 

processes at the MoS2 NSs/SPE are separate, making it possible to determine their mixes 

simultaneously without experiencing any major interferences. 

 
Figure 7. (A) DPVs of the MoS2 NSs-modified, containing different concentrations of carmoisine and 

tartrazine (in M), from inner to outer: 1.0+2.0, 10.0+15.0, 35.0+40.0, 65.0+80.0, 100.0+125.0, 
150.0+200.0, 200.0+250.0, 250.0+300.0, 300.0+375.0, 350.0+425.0, and 400.0+500.0, respectively. Insets: 

(B) Plot of Ip versus carmoisine concentration and (C) Plot of Ip versus tartrazine concentration 

Stability, reproducibility, and repeatability  

The MoS2-NSs-modified SPE was air-stored at ambient conditions in order to verify its stability 

using the DPV technique. According to the findings, the modified electrode's peak carmoisine 

current (40.0 μM) retained 97.5 % of its initial current after a week, indicating the sensor's 

remarkable long-term stability. Ten separate voltammetric measurements were made to assess the 

carmoisine electro-oxidation (40.0 μM) on the same MoS2 NSs-modified SPE electrode. The findings 

y = 0.1031x + 0.7377 
R2 = 0.9991 

y = 0.0845x + 0.8755 
R2 = 0.9987 
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showed that the generated sensor was highly repeatable, with an RSD of 3.4 %. The carmoisine 

response currents (40.0 μM) on five MoS2-modified SPE were compared under the same 

circumstances, and the findings demonstrated the remarkable repeatability of the generated sensor 

with an RSD of 3.7 %. 

Interference study 

It was examined how different alien species affected the measurement of 50.0 μM carmoisine. 

With a relative inaccuracy of about ±5 %, the tolerance limit was calculated as the highest 

concentration of invasive species. According to the results, there was no interference and the 

sensor's strong selectivity for carmoisine analysis was confirmed for Li+, Na+, Ca2+, F−, Br−, Fe2, Mg2+, 

Zn2+, K+, Cl−, NO3
–, SO4

2−, Mn2+, Ca2+, citric acid, glucose, tryptophan, pantothenic acid, thiamine, 

indigo carmine and brilliant blue. 

Determination of carmoisine and tartrazine in real samples  

The mentioned procedure was implemented in the analysis of carmoisine and tartrazine in real 

samples, viz. powdered juice and lemon juice, to attempt its real analytic power. Table 2 contains 

the results of the analysis of tartrazine and carmoisine in the lemon juice and powdered juice 

samples. The accuracy and dependability of the suggested approach were evident from the 

satisfactory recovery rates achieved during the measurement of carmoisine and tartrazine in actual 

peptides. The repeatability of the approach was assessed by measuring the RSD, which was another 

way of making sure that the measurement was accurate, showing at the same time the reliability 

and dependability of the suggested approach. 

Table 2. Results of the estimation of carmoisine and tartrazine in powdered juice and lemon juice samples 
using the MoS2 NSs / SPE method. The results are based on five replicate measurements (n=5). 

Sample 

Concentration, µM 
Recovery, % RSD, % 

Spiked Found 
Carmoisine Tartrazine Carmoisine Tartrazine Carmoisine Tartrazine Carmoisine Tartrazine 

Powdered 
juice 

0 0 3.1 3.9 - - 3.3 2.7 
2.0 1.0 5.0 5.1 98.0 104.1 2.7 3.1 
4.0 3.0 7.3 6.7 102.8 97.1 1.9 2.9 
6.0 5.0 8.9 9.1 97.8 102.3 3.0 2.4 
8.0 7.0 11.2 10.7 100.9 98.2 2.4 2.5 

Lemon 
juice 

0 0 - 4.1 - - - 3.4 
5.0 2.0 5.1 6.0 102.0 98.4 2.0 1.8 
7.5 3.0 7.3 7.3 97.3 102.8 2.2 2.9 
9.5 4.0 9.4 8.0 98.9 98.7 3.3 2.7 

11.5 5.0 11.6 8.8 100.9 96.7 1.9 3.5 

Conclusions 

This work presents a simple process for creating molybdenum disulfide nanosheets (MoS2 NSs), 

which were subsequently used with a screen printed electrode (SPE) to detect carmoisine 

electrochemically using voltammetry. MoS2 NSs and SPE work together to provide a very efficient 

carmoisine detection system, and their synergy improves the system's overall detection capabilities. 

A broad and efficient detection range was shown by the developed sensor's linear response to 

carmoisine concentrations ranging from 0.1 to 400.0 μM. 
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