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Tartrazine and ascorbic acid are the prevalent food additives whose excessive use may lead to health complications, including allergies, 

behavioural alterations and oxidative stress. Expeditious, economical and dependable detection technologies are crucial for ensuring food 

safety and safeguarding customers. In this work, nitrogen and phosphorus co-doped carbon quantum dots (N,P-CQDs) were easily 

synthesized in one step via hydrothermal treatment of citric acid and ammonium phosphate. The fluorescent N,P-CQDs were immobilized 

on Whatman filter paper to create portable test strips for detecting tartrazine and ascorbic acid. Fluorescence quenching under UV light, 

due to photoinduced electron transfer and complex formation, enabled sensitive, selective and rapid detection within 3 min. The strips are 

stable, reusable and user-friendly, offering a practical approach for on-site beverage screening without complex instruments. 
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INTRODUCTION 

 Tartrazine is a synthetic lemon-yellow azo dye extensi-

vely utilized to colour carbonated beverages, confections and 

processed foods owing to its solubility in water and economic 

viability. Ascorbic acid, a natural antioxidant, is frequently used 

as a preservative and nutritional supplement [1], enhancing 

immune function and skin health in vitamin-fortified goods. 

While both tartrazine and ascorbic acid are generally renow-

ned as safe by food safety authorities such as the United States 

Food and Drug Administration (USFDA) and the European 

Food Safety Authority (EFSA) [2,3]. Excessive intake can 

lead to potential health concerns. Numerous clinical and 

epidemiological studies indicated that overconsumption of 

tartrazine may cause hyperactivity, migraines, asthma and 

urticaria [4]. As a result, the use of tartrazine is strictly regu-

lated with acceptable limits. Similarly, ascorbic acid though 

essential can act as a pro-oxidant in high concentrations 

especially in the presence of metal ions like iron or copper 

leading to oxidative stress and cellular damage. Therefore, 

specific monitoring of these additives in beverages is essen-

tial for public health assurance [5]. 

 Traditional analytical methods for detecting tartrazine 

and ascorbic acid include high-performance liquid chromato- 
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graphy (HPLC), UV-visible spectrophotometry and electro-
chemical sensors are reported [6-8]. Although these approaches 
provide exceptional sensitivity and selectivity, they need 
expensive apparatus, skilled personnel and complex sample 
preparation processes [9]. Consequently, they are unsuitable 
for rapid and on-site screening, which is increasingly required 
in food safety standards and quality control. This has stimu-
lated the advancement of new detection methods that are 
portable, economical and user-friendly, while maintaining the 
accurate analytical efficacy. 
 Fluorescent carbon quantum dots have emerged as an 
attractive option in this regard. Among diverse nanomaterials, 
carbon quantum dots (CQDs) have attracted considerable 
interest owing to their remarkable optical characteristics, bio-
compatibility, aqueous solubility and chemical tunability. These 
quasi-spherical nanoparticles, generally measuring under 10 
nm, display distinctive photoluminescence properties, such as 
adjustable emission wavelengths, elevated quantum yield and 
superior photostability. Furthermore, their surfaces can be easily 
modified with heteroatoms like nitrogen, phosphorus, sulfur, 
and oxygen to improve selectivity, sensitivity and interaction 
with target analytes. These changes can markedly enhance 
the electron-donating or -accepting characteristics, hence 
promoting specific binding or quenching interactions with 
certain molecules [10]. 
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 Nitrogen- and phosphorus-co-doped carbon quantum dots 

(N,P-CQDs) have attracted attention for fluorescence-based 

sensing applications. Nitrogen doping enhances the quantum 

yield and surface defects that improve fluorescence prop-

erties, while phosphorus doping modifies the electronic struc-

ture and introduces active binding sites [11]. The combined 

effect of these dopants improves charge transfer and analyte 

interaction, making N,P-CQDs suitable for detecting comp-

ounds such as azo dyes and antioxidants. Application to com-

mercial beverages such as soft drinks, vitamin-enriched water 

and fruit juices produced high recovery values with results 

comparable to UV-visible spectrophotometric analysis [12,13].  

 The ease of use, low production cost, high sensitivity and 

selectivity of the developed test strips make them highly 

attractive for regulatory system, food manufacturers and con-

sumers seeking an accessible method for food quality assur-

ance. This platform eliminates the need for centralised 

laboratories or skilled personnel making it ideal for employ-

ment in remote or resource constrained environments [14]. 

Moreover, the fluorescence-based sensor detection visible 

under simple handheld UV lamp even non-experts to under-

stand the results [15,16]. Thus, to develop easy real-world 

application and on-field usability, the CQDs were immobi-

lised onto cellulose-based filter paper to make test strips. 

These strips allow fast visual detection of the analytes with-

out the need for instrumentation. When the test strip is dipped 

into a sample, the interaction between the analytes and the 

surface functional groups of photo-induced electron transfer 

(PET) and complexation mechanisms, where the conjugated 

structures of tartrazine and the redox activity of sample affect 

the electron density of the CQDs leading to a decrease in 

emission intensity [17]. 

 In this study, a fluorescence-based test strip incorporating 

N,P-CQDs was developed for the selective detection of tartar-

zine and ascorbic acid in beverage samples. The CQDs were 

synthesized via a hydrothermal method using citric acid as 

carbon precursor and ammonium phosphate as nitrogen and 

phosphorus source. 

EXPERIMENTAL 

 Citric acid (C6H8O7) and ammonium hydrogen phosphate 

((NH4)2HPO4) were used for the primary carbon, nitrogen and 

phosphorus sources for the synthesis of N,P-doped carbon 

quantum dots (N,P-CQDs). Tartrazine (E102) and ascorbic 

acid both are the target analyte and Whatman filter paper 

(Grade 1) for making the test strips. Deionised water was used 

for the synthesis and experimental procedures to avoid conta-

mination. 

 Synthesis of N,P-CQDs: N,P-CQDs were synthesised 

via a hydrothermal method. Briefly, 2 g of citric acid and 1 g 

of ammonium hydrogen phosphate were dissolved in 30 mL 

of deionised water followed by stirred for 10 min to obtain 

clear solution. The solution was transferred into a 50 mL 

Teflon-lined autoclave and heated at 180 ºC for 6 h. After 

cooling to room temperature, the colour of the solution turned 

dark yellow-brown solution confirmed the formation of N,P-

CQDs. Then, it was dialysed against deionised water for 24 h 

to remove impurities. The final N,P-CQDs solution was stored 

at 4 ºC for further use. 

 Quantum yield: The quantum yield (QY) of synthesised 

N,P-CQDs was calculated by quinine sulphate in 0.1 M H2SO4 

(QY = 0.54) using the following equation:  

  
sample sampleref

sample ref 2

ref sample ref

I A
QY QY

I A

     
=             

 

where I = the integrated fluorescence intensity, A = the absor-

bance at excitation wavelength,  = refer to the refractive index 

of sample 

 Based on this method, the calculated quantum yield of 

N,P-CQDs was 18.2%. 

 Characterisation: The nanoscale dimensions of N,P-

CQDs were verified by analyzing the morphology and particle 

size distribution using transmission electron microscopy (TEM, 

FEI Tecnai G2 20 TEM instrument). Fourier transform infr-

ared (FTIR) spectroscopy (Nicolet iS10) was used to identify 

the surface functional groups. The characteristic absorption 

peaks of CQDs was identified by the UV-Visible absorption 

spectroscopy (Shimadzu UV-2600 UV-Vis spectrophotometer). 

The functionality and effectiveness of carbon quantum dots-

based sensors was acknowledged by photoluminescence (PL, 

Horiba Fluoromax-4 spectrofluorometer). X-ray photoelectron 

spectroscopy (JEOL JPS-9030) was used to investigate the 

elemental composition and bonding states of CQDs. Zeta 

potential (Malvern Instruments, U.K.) was used to assess the 

surface charge and colloidal stability of the synthesised CQDs. 

Fluorescence lifetime spectroscopy (Edinburgh Instruments 

FLS1000 (TCSPC module), U.K.) was employed to find out 

the excited state of carbon quantum dots and their interaction 

mechanism with additives. 

 Detection of tartrazine and ascorbic acid: The synthe-

sised N,P-CQDs exhibited strong blue fluorescence properties 

under UV lamp, which was effectively modulated to detect 

tartrazine and ascorbic acid. Moreover, the addition of tartar-

zine and ascorbic acid to the N,P-CQDs solution buffered with 

PBS (pH 7.4), a significant decrease in fluorescence intensity 

was observed indicated of a quenching mechanism. For sens-

ing experiments, 50 L of N,P-CQDs and 1 mL of PBS were 

introduced by the addition of varying concentrations of tart-

razine (0.1 to 10 M) or ascorbic acid (0.2 to 12 M). The 

solutions were incubated for 15 min at room temperature to 

allow sufficient interaction. The fluorescence properties of 

N,P-CQDs were recorded at an excitation wavelength of 350 

nm and emission was monitored at 430 nm.  

 Preparation for real samples: To estimate the practical 

applicability of the developed N,P-CQDs based fluorescent 

test strips on real beverage samples such as soft drinks, fruit 

juices and energy drinks were collected from the local markets. 

Earlier to analysis the samples underwent a simple pretreat-

ment to remove particulate matter and minimize matrix effects. 

Each beverage sample (5 mL) underwent ultrasonic degassing 

for 10 min to expel dissolved gases and reduce foaming, then 

followed by filtration to remove suspended particulates. The 

filtered sample was subsequently diluted 10-folds with phosp-

hate-buffered saline (pH 7.4) to adjust analyte concentrations 

to the sensor’s linear detection range. The pretreatment 

samples were either directly put to the N,P-CQDs test strips 

or examined by cuvette-based fluorescence measurements. To 
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validate, established concentrations of tartrazine and ascorbic 

acid were introduced into chosen samples to assess recovery 

efficiency and possible matrix interference.  

RESULTS AND DISCUSSION 

 FTIR studies: Fig. 1 illustrates the FTIR spectra of the 

synthesised CQDs and their precursor. The carboxylic func-

tional group at 3455 cm–1 and amide stretching vibration at 

3146 were clearly identified [18,19]. A sharp peak at 1653 cm–1 

indicates the carbonyl stretching frequency of amide in FTIR 

spectra of CQDs. After carbonisation changing of the sharp 

peak of carbonyl stretching frequency of carboxylic function-

ality of citric acid at 1725 cm–1 to the carbonyl stretching 

frequency of amide in FTIR spectrum of CQDs confirmed 

the formation of amide linkage on the surface of the CQDs. 

Simultaneously the peaks at 1400 cm–1 and 1078 cm–1 indi-

cate the bending vibration of the N–H bond and stretching 

vibration of the C–N bond [20,21]. In the FTIR spectrum of 

ammonium hydrogen phosphate, the peaks at 1100 cm–1 and 

550 cm–1 can be assigned to the stretching vibration of phos-

phate groups. After the formation of CQDs significant decre-

ase in the intensity of the bands at 550 cm–1 and 1100 cm–1 

are observed, which indicates the presence of phosphorus in 

the CQDs. These diverse surface groups not only contribute 

to the high fluorescence quantum yield and environmental 

stability of the CQDs. But also play a key role in the selective 

interaction with tartrazine through electrostatic forces, hyd-

rogen bonding and − stacking [22,23]. Therefore, FTIR 

analysis confirms that the hydrothermal synthesis route effec-

tively introduces N,P-doped carbon matrix resulting in highly 

functionalised and reactive CQDs suitable for fluorescence 

based sensing applications. 

 

 
Fig. 1. FITR spectra of citric acid, ammonium hydrogen phosphate and 

synthesised N,P-CQDs 

 

 XPS studies: The XPS analysis was taken to identify the 

surface functional state, components and successful doping of 

the synthesised N,P-CQDs confirms the presence of carbon, 

nitrogen, phosphorus and oxygen as the main elements. The 

XPS spectrum (Fig. 2a) displays distinct peaks corresponding 

to C1s (~285 eV), N1s (~400 eV) and O1s (~532 eV) verifying 

the elemental composition [24]. The high-resolution C1s spec-

trum (Fig. 2b) can be deconvoluted into four peaks assigned 

to C–C, C=C (284.73 eV), C–N, C-P (286.28 eV) indicating 

the pre-sence of carbon, nitrogen and phosphorus doping 

containing groups.  

The N1s spectrum (Fig. 2c) exhibits two peaks. The peak 

at approximately 399.0 eV corresponds to the =NH− group, 

while the peak at around 400.3 eV is attributed to N−C and 

N−H bonds, confirming the successful incorporation of nitro-

gen into the carbon-dot structure in multiple bonding environ-

ments. This incorporation enhances the electronic properties 

of the material and contributes to improved fluorescence and 

sensing performance [25,26]. Similarly, the P2p spectrum (Fig. 

2d) displays the characteristic peaks corresponding to P=O 

(≈132.83 eV), P−C/P−N (≈133.54 eV) and P−O (≈134.98 

eV), indicating the presence of the functional groups. These 

heteroatom-containing functional groups improve electronic 

properties, fluorescence behaviour and surface reactivity of 

the N,P-CQDs, making them suitable for sensing applications 

[27]. 

 UV-Visible absorption studies: The UV-visible absorp-

tion spectrum shows two distinct absorption bands viz. a strong 

band below 250 nm and another in the 320-350 nm region (Fig. 

3). The lower wavelength band is attributed to π→π* transi-

tions associated with C=C bonds or aromatic domains in the 

carbon framework, while the band in the near-UV region corr-

esponds to n→π* or charge-transfer transitions related to the 

surface functional groups [28]. 

 Nitrogen and phosphorus incorporation into the carbon 

matrix introduces defect states and additional surface function-

alities, resulting in the modifications to the electronic structure 

of the CQDs. This leads to broadened optical absorption and 

improved excitation-dependent fluorescence behaviour [29]. 

Such optical characteristics are important for selecting appro-

priate excitation wavelengths in photoluminescence studies 

and support the applicability of N,P-CQDs in fluorescence-

based sensing of contaminants such as tartrazine through quen-

ching mechanisms [30]. 

 Fluorescence studies: Upon excitation by light at 360 nm, 

the N,P-CQDs exhibit strong fluorescence emission comm-

only centered around 440-450 nm exhibiting a characteristic 

blue luminescence (Fig. 4a-d). This fluorescence arises from 

the excitons where electrons excited state to the ground state 

emitting photons in the process. The emission properties of 

N,P-CQDs are significantly influenced by the presence of 

surface defects, functional groups and the heteroatom doping 

of nitrogen and phosphorus. Nitrogen atoms introduced sur-

face states and active sites to improve fluorescence quantum 

yield [31]. This tunable fluorescence behaviour is beneficial 

for multi-colour imaging and sensing. Moreover, the fluore-

scence of N,P-CQDs is stable across a broad pH range and 

exhibits good photostability, which is advantageous for prac-

tical applications [32]. Thus, fluorescence spectroscopy not 

only characterizes the optical features of N,P-CQDs but also 

underpins their function in chemical and biological sensing. 
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Fig. 3. UV-visible spectrum of N,P-CQDs 

 

 To evaluate the fluorescence sensing capability of the 

synthesised N,P doped carbon quantum dots (N,P-CQDs) the 

quenching of photoluminescence (PL) intensity was system-

atically studied in the presence of varying concentrations of 

tartrazine and ascorbic acid. The fluorescence responses were 

recorded at 440 nm with F and F0 representing the PL inten-

sity in the presence and absence of the analytes, respectively. 

The F/F0 plot expose a decrease in fluorescence intensity 

upon the addition of both tartrazine and ascorbic acid with the 

remarkably stronger quenching observed for tartrazine com-

pared to ascorbic acid. The presence of tartrazine efficiently 

quenched the PL emission of N,P-CQDs suggesting a sensi-

tive interaction due to − stacking interactions between the 

aromatic rings of tartrazine and the conjugated structure of 

CQDs along with possible hydrogen bonding with surface 

functional groups. In case of ascorbic acid, the quenching 

effect is attributed to its strong reducing nature which pro-

motes electron transfer from ascorbic acid to the excited state 

of CQDs [33]. A continuous decrease in the fluorescence 

intensity was observed with increasing concentrations of 

tartrazine and ascorbic acid as depicted in Fig. 5a-b. The inset 

of Fig. 5c-d shows the plot of (F0-F)/F0 versus analyte 

concentration, which demonstrates a linear relationship in the 

concentration range of 0-1000 M for tartrazine (R2 = 0.998) 

and 0-1300 M for ascorbic acid (R2 = 0.987) confirming the 

potential of N,P-CQDs as an effective fluorescent sensor for 

detecting tartrazine and ascorbic acid with high sensitivity. 

 

Fig. 2. XPS spectra of N,P-CQDs: (a) survey scan, (b) C1s, (c) N1s and (d) P2p demonstrating the surface functional groups and elemental 

distributions  
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Fig. 4. Photoluminescence spectra of the N,P-CQDs synthesised from citric acid and diammonium hydrogen phosphate (a) 1:1, (b) 1:2, (c) 

1:3 and (d) 1:4 ratio at different excitations 
 

 

Fig. 5. (a) Fluorescence emission spectra of N,P-CQDs with different concentrations of tartrazine, (b) calibration plot of F0/F vs. 

concentration of tartrazine, (c) Fluorescence emission spectra of N,P-CQDs with different concentrations of ascorbic acid, and (d) 

calibration plot of F0/F vs. concentration of ascorbic acid 
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 TEM studies: The synthesized N,P-CQDs show a quasi-

spherical particles with uniform distribution. The HRTEM 

images showed clear lattice fringes with an interplanar spacing 

confirmed the spherical morphology as well as uniform 

particle size (Fig. 6). There is no diffraction phase observed 

in the selected area electron diffraction (SAED) pattern of 

carbon quantum dots corresponded to the N,P-CQDs reflec-

ted the poor crystalline structure of the carbon dots. The 

weak diffraction spots indicate the presence of crystalline 

domains in the N,P-CQDs, which further corroborate succe-

ssful N and P doping. The size-distribution histogram of the 

N,P-CQDs, obtained from TEM image analysis, shows a 

narrow particle-size distribution with an average diameter of 

4.5 nm, indicating uniform dispersion (Fig. 6d). This uniformity 

is beneficial for maintaining the consistent optical properties, 

particularly fluorescence behaviour. Moreover, the well scat-

tered N,P-CQDs were confirmed their high colloidal stability 

in aqueous medium [34]. 

 Sensitivity and selectivity: The sensitivity and selecti-

vity of the test strips of nitrogen and phosphorus doped carbon 

quantum dots (N,P-CQDs) for the detection of tartrazine and 

ascorbic acid were evaluated by fluorescence quenching 

measurements. The test strips exhibited a clear and linear 

fluorescence quenching response to increasing concentrations 

of both tartrazine and ascorbic acid with measurable detec-

tion ranges between 0.5 to 50 M. The calculated detection 

limit for tartrazine was 0.15 M while ascorbic acid was low 

indicating high sensitivity for both analytes even at trace 

level relevant in food and beverages [35]. The selectivity of 

the test strips was further confirmed by testing in the presence 

of other common beverage components such as glucose, citric 

acid and food colourants. These substances caused for the 

detection of tartrazine and ascorbic acid by the fluorescence 

quenching mechanism was predominantly is shown Fig. 7. 

This dual detection capability combined with high sensitivity 

and selectivity makes the N,P-CQDs based test strips highly 

effective for the rapid and on-site monitoring of tartrazine 

and ascorbic acid in commercial beverages contributing to 

improved food quality control and safety assessments. 

 

Fig. 6. (a) TEM image reveals that N,P-CQDs are uniformly dispersed, (b) HR-TEM image shows clear lattice fringes which confirm the 

crystalline character of N,P-CQDs, (c) SAED pattern demonstrates the crystalline nature of N,P-CQDs, and (d) Particle size 

distribution analysis of N,P-CQDs 
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Fig. 7. Selectivity and interference study showing the relative fluorescence 

response for tartrazine (orange bars) and ascorbic acid (green bars) 

in the presence of various potential interfering substances 

 

 Stability and practical application: The stability and 

practical application of the N,P-CQDs based fluorescent test 

strips were evaluated for the detection of both tartrazine and 

ascorbic acid in real world scenarios [36,37]. The test strips 

exhibited (pH range of 4 to 10) fluorescence intensity without 

significant degradation. For practical application, the test strips 

were evaluated on a variety of commercial soft drinks and 

fruit juices to detect both tartrazine and ascorbic acid. The 

analysis yields high recovery rates ranging from 81.2% to 

90.7% for both analytes (Tables 1 and 2). These findings con-

firm that the N,P-CQDs based test strips are robust, versatile 

and effective for on-site detection of tartrazine and ascorbic 

acid contributing to enhanced food safety monitoring and 

quality control with minimum technical requirements. 

 
TABLE-1 

DETERMINATION OF TARTRAZINE IN DIFFERENT 

BEVERAGES WITH THE PROPOSED METHOD 

Sample Beverage type 

Measured 

tartrazine 

(mg/L) 

Recovery 

(%) 
RSD (%) 

S1 Orange soda 12.8 ± 0.3 97.5 2.4 

S2 Mango juice 9.7 ± 0.2 95.8 2.1 

S3 Pineapple juice 7.3 ± 0.1 99.2 1.8 

S4 Mango juice ND – – 

ND = Non-detectable or below the limit of detection (0.02 M). 

RSD = Relative standard deviation. 

 
TABLE-2 

DETERMINATION OF ASCORBIC ACID IN DIFFERENT 

BEVERAGES WITH THE PROPOSED METHOD 

Sample Beverage type 

Measured 

ascorbic acid 

(mg/L) 

Recovery 

(%) 

RSD 

(%) 

S1 Mixed fruit juice  31.6 ± 0.5 97.5 2.4 

S2 Orange juice 45.1 ± 0.7 95.8 2.1 

S3 Lemon soda 25.3 ± 0.4 99.2 1.8 

S4 Apple drink 18.9 ± 0.3 99.5 1.2 

RSD = Relative standard deviation. 

Conclusion 

 This work presents the nitrogen and phosphorus doped 

carbon quantum dots (N,P-CQDs) based fluorescent test strip. 

It is simple, cost-effective and portable test strip for the dual 

detection of tartrazine and ascorbic acid in beverages. The 

test strip utilizes the strong fluorescence properties of N,P-

CQDs which undergo significant quenching in the presence 

of both tartrazine and ascorbic acid enabling visual detection 

under UV light. The sensor demonstrates high sensitivity with 

a low detection limit of 0.12 M for tartrazine and compar-

able sensitivity for ascorbic acid along with a linear response 

across a broad concentration range for both analytes. This 

allows for accurate quantification even at trace levels usually 

found in commercial beverages. The test strip exhibits exce-

llent selectivity showing minimum interference from other 

common beverage ingredients such as glucose, citric acid and 

additional food colourants. Furthermore, it maintains stability 

under varying pH conditions and temperatures enhancing its 

reliability for practical use. These features make the N,P-

CQDs based test strip a hopeful tool for point of care testing 

and on-site monitoring of tartrazine and ascorbic acid espe-

cially in resource limited settings where quick, reliable and 

simultaneous detection is crucial for ensuring food safety and 

quality control. 
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