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Abstract: Iron-based nitrogen co-doped carbon dots (Fe, N-CDs) were synthesized from taro 

leaf biomass via a hydrothermal process using ammonium ferric sulfate dodecahydrate and 

urea. The synthesized Fe, N-CDs exhibited peroxidase-like activity and strong fluorescence 

at 450 nm. A dual-mode colorimetric/ratiometric fluorescence assay for hydrogen peroxide 

(H2O2) detection was developed using Fe, N-CDs and o-phenylenediamine (OPD) as probes. 

In the presence of H2O2, OPD was oxidized to 2,3-diaminophenazine (DAP), which is yellow 

and absorbs at 420 nm. Under 360 nm excitation, DAP emits fluorescence at 550 nm and 

quenches the fluorescence of Fe, N-CDs at 450 nm due to the internal fluorescence filtering 

effect. This enables the quantitative analysis of H2O2 using the absorbance at 420 nm (A420) and 

the fluorescence intensity ratio of DAP to Fe, N-CDs (I550/I450). Since glucose oxidase can 

convert glucose to H2O2, the assay was extended to glucose determination. At pH 5.4, 40 ℃, 

with 1.75 mmol/L OPD and a 25-minute reaction time, the method showed a linear 

relationship between the A420 and I550/I450 values and glucose concentration in the range of 

1.0~100 μmol/L, with detection limits of 0.8  μmol/L (colorimetry) and 0.6 μmol/L 

(ratiometry). The method was validated for glucose detection in human serum. 
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Glucose is the main energy source and metabolic intermediate in biological 

activities, and plays an important role in the process of life. Abnormal blood glucose 

level is usually considered to be related to diabetes. Hypoglycemia, metabolic 

disorders and other diseases [1,2]. Therefore, rapid and accurate determination of 

glucose concentration in serum is of great significance for disease diagnosis. At 

present, chromatographic analysis [3,4]. Detection techniques such as electrical 

analysis [5,6] and optical analysis [7,8] have been applied to the determination of 

glucose. Because of its fast response. With the advantages of low cost and high 

sensitivity, colorimetric and fluorescent light analysis techniques have attracted 

much attention [7]. With the continuous development of nanotechnology, various 

nano materials have been widely used in the field of optical analysis. Some metal 

oxides [9], metal sulfide [10] and noble metal [11] nano materials are used for 

colorimetric determination of glucose because they have peroxidase like properties 

and can catalyze the oxidation of 3,3',5,5'-tetramethylbenzidine (TMB) by H2O2. Due 

to the large absorption spectrum bandwidth and molar absorption coefficient, mno 2 

nanosheets can effectively quench rare earth nanoparticles (NaYF4:YB, Tm@NaYF4 

The fluorescence of nanoparticles [12] and copper nanoclusters [13]; the addition of 

H2O2 can reduce MnO2 to Mn and restore the quenched fluorescence. Combined 

with the principle that glucose oxidase catalyzes the oxidation of glucose to H2O2, 
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the above nano materials have been used to construct “off -on” fluorescent probes for 

the determination of glucose concentration. So far, there are many reports on the 

determination of glucose by colorimetry or fluorescence, but few reports on the 

simultaneous determination of glucose by these two methods [14,15]. Studies 

[14,15] showed that ZnFe2O4 magnetic microspheres. Pd nanoparticles can catalyze 

the oxidation of o-phenylenediamine (OPD) by H2O2 to produce fluorescent yellow 

product 2,3-diaminophenazine (DAP); the presence of DAP will lead to boron and 

nitrogen Co doped carbon dots (B, N-CDs). Fluorescence quenching of C3N4 

nanosheets. Accordingly, Li [14] and Qiu [15] research groups have developed a 

new dual signal glucose determination method based on colorimetry and ratio 

fluorescence, both of which use two nano (or micron) materials.  

Compared with other nano materials, CDs has the advantages of simple 

preparation. High stability. Good biocompatibility and strong luminous ability [16]. 

As peroxidase like or fluorescent nano materials, CDs are widely used in 

biochemical analysis, cell imaging and other research fields [17–22], but there are 

few reports of bifunctional CDs with peroxidase like activity and fluorescence 

emission characteristics [23–25]. CDs prepared from biomass materials such as 

Azadirachta indica leaves [23] and mustard seeds [24] can not only emit 

fluorescence, but also catalyze the oxidation of TMB by H2O2. However, relevant 

studies only apply its catalytic function to the determination of H2O2 and ascorbic 

acid; bifunctional iron can be prepared by using organic amine and ferric nitrate as 

reactants. Nitrogen Co doped CDs, which can be used for colorimetric/ratio 

fluorescence determination of xanthine [25]. Element doping can not only improve 

the fluorescence quantum yield of CDs, but also change the internal electronic 

environment of CDs, endow CDs with new functions and expand its application 

fields [26]. Based on the key role of iron in peroxidase and the fact that nitrogen 

doping can improve the fluorescence characteristics of CDs, this paper takes biomass 

(taro leaf). Iron was prepared by hydrothermal method with ammonium ferric sulfate 

dodecahydrate and urea as starting materials. Nitrogen Co doped cds (Fe, N-CDs), 

the obtained Fe, N-CDs not only has peroxidase like activity, but also can produce 

strong fluorescence emission at 450 nm (Figure 1). Based on the bifunctional 

properties of Fe, N-CDs, a colorimetric/ratio fluorescence method for the 

determination of glucose concentration was established and successfully applied to 

the analysis of actual samples. 

 

Figure 1. Preparation and properties of Fe, N⁃CDs. 
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1. Experimental part 

1.1. Reagents and instruments 

Ammonium ferric sulfate dodecahydrate [NH4Fe(SO4)2·12H2O]. Urea 

(n2hconh2). Sodium acetate trihydrate. Glacial acetic acid and hydrogen peroxide 

(Guangdong Guanghua Technology Co., Ltd.); glucose. Phenylalanine. Glycine. 

Isoleucine. Threonine. Aspartic acid. Valine. Tryptophan and serine (Tianjin Damao 

Chemical Reagent Factory); O-phenylenediamine (OPD, Shanghai Aladdin Reagent 

Co., Ltd.); glucose oxidase (Beijing sulaibao Technology Co., Ltd.). All reagents 

used are analytically pure, and the experimental water is deionized water.  

RF-5301PC fluorescence spectrophotometer (Shimadzu company of Japan); 

uv−4802 UV visible spectrophotometer (Shanghai longnico company); TECNAI G2 

F20 S-Twin transmission electron microscope (Fei company of the United States); 

Nicolet IS5 Fourier transform infrared spectrometer (Thermo Fisher, USA); 

FLS1000 fluorescence spectrometer (Edinburgh company, UK). 

1.2. Preparation of Fe, N-CDs 

Wash the taro leaves, dry the wet water on the surface, and then cut them into 

pieces. Weigh 2.0 g and put them in a 75 mL reactor. Add 0.8 g 

NH4Fe(SO4)2·12H2O, 0.2 g N2HCONH2 and 25 mL deionized water, mix them 

evenly and seal them; place the reaction kettle in a 180 ℃ constant temperature 

drying oven for 6 h. After natural cooling to room temperature, filter with funnel to 

obtain dark brown solution; reuse 0.22 μm microfiltration membrane removes large 

particle aggregates in the solution; dialysis the reaction solution for 24 h to remove 

unreacted reagents, collect the solution in the bag and dilute it to 25 mL, and store it 

in a 4 ℃ refrigerator for standby. 

1.3. Determination of H2O2 and glucose 

Determination of H2O2: add 0.5 mL of H2O2 solutions with different 

concentrations into a series of colorimetric tubes. 0.5 mL of 17.5 mmol/L OPD 

solution and 100 μL Fe, N-CDs solution, after mixing evenly, dilute to 5.0 mL with 

HAC NaAc (0.2 mol/L) buffer solution with pH = 5.4, and place it in a 40 ℃ water 

bath for 25 min. The absorption spectra were scanned in the range of 330~550 nm, 

and the fluorescence spectra were recorded under the excitation of 360 nm 

wavelength light. The experiments were carried out in parallel for 3 times.  

Determination of glucose: add 0.5 mL of 10 mmol/L NaH2PO4-Na2HPO (4 pH 

= 7.0) buffer solution successively into a series of colorimetric tubes. 0.5 mL of 

glucose solution with different concentrations and 0.1 mL of 2.0 mg/mL glucose 

oxidase were mixed evenly and incubated in a 37 ℃ water bath for 30 min to 

produce H2O2; then, add 0.5 mL of 17.5 mmol/L OPD solution and 100 μL Fe, N-

CDs solution, dilute to 5.0 mL with 0.2 mol/L HAc-NAAC buffer solution (pH = 

5.4), mix evenly, and the subsequent process is the same as the determination of 

H2O2. The experiment is carried out in parallel for 3 times. 
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2. Results and discussion 

2.1. Characterization of Fe, N-CDs 

The morphology and particle size of Fe, N-CDs were characterized by 

transmission electron microscope (TEM). It can be seen from Figure 2A that Fe and 

N-CDs are approximately spherical and have good dispersion; clear lattice stripes 

with a spacing of 0.23 nm can be seen from the high-resolution transmission electron 

microscope photos (illustration), which correspond to the graphene (100) surface 

[27]. According to the analysis of nano measurer software (Figure 2B), the particle 

size of Fe and N-CDs is mainly distributed in the range of 1.34~3.68 nm, and the 

average particle size is about 2.51 nm. 

 

Figure 2. (A) TEM image; (B) particle size distribution diagram of Fe, N⁃CDs inset 

of (A) is the relative HRTEM image. 

 

Figure 3. (A) Emission spectra of Fe, N⁃CDs excited at 310–440 nm; (B) FTIR 

spectrum of Fe, N⁃CDs. 

Under the irradiation of 365 nm UV lamp, Fe, N-CDs emit bright blue 

fluorescence (Figure 3A illustration). When the excitation wavelength increased 

from 310 nm to 440 nm, the fluorescence emission peak of Fe, N-CDs red shifted 

from 427 nm to 472 nm; the fluorescence intensity increased first and then 

decreased; when excited by light with a wavelength of 360 nm, the fluorescence 

emission is the strongest (Figure 3A). This excitation dependent emission behavior 

is related to the surface defects and particle size of particles [27] Fe, N-CDs solution 

has strong light absorption in the UV region, and the absorption peak at 270 nm is 

attributed to the π-π* transition of C=C or C=N [28] (see supporting information 

Figure A1 in Appendix). Fourier transform infrared spectroscopy (FTIR) was used 

to analyze the groups contained in Fe, N-CDs (Figure 3B). The wide peak at 3150 
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cm−1 was attributed to the stretching vibration of O–H and N–H, the peak at 1630 

cm−1 was attributed to the stretching vibration of C=O and C=C, and the peak at 

1400 and 1120 cm−1 was attributed to the stretching vibration of C–OH and C–O–C, 

respectively. FTIR analysis showed that there were hydrophilic groups –COOH, –

OH and –NH2 on the surface of Fe, N-CDs, which made them have good water 

solubility. 

The elemental composition and functional groups of Fe and N-CDs were 

characterized by X-ray photoelectron spectroscopy (XPS). It can be seen from the 

full scan spectrum (Figure 4) that CDs is mainly composed of carbon (44.02%), 

Nitrogen (13.41%), The binding energies of oxygen (39.98%) and iron (2.59%) are 

284.8, 401.3, 531.5 and 710.7 EV, respectively. The high-resolution XPS spectrum 

of C1s contains three peaks of 284.7, 286.1 and 288.3 EV, corresponding to C==C, 

C==O and O–C=O1 functional groups respectively [29]. The high-resolution XPS 

spectrum of N1s shows two peaks of 399.8 and 401.5 EV, corresponding to C–N–C 

and N–H functional groups respectively [30]. There are 531.3 and 532.4 Ev 2 peaks 

in the high-resolution XPS spectrum of O1s, which belong to C–OH/C–O–C and 

C=O bond respectively [31]. The Fe2p spectrum contains four peaks of 710.7, 714.1, 

724.7 and 727.6 EV, corresponding to Fe2𝑝3/2

2+ , Fe2𝑝3/2

3+ , Fe2𝑝1/2

2+  and Fe2𝑝1/2

2+ [32] 

respectively. [See the supporting information Figure A2A–D]. The above results 

show that Fe and n elements have indeed been doped into CDs; the surface of Fe, N-

CDs is rich in O-containing and N-containing functional groups. 

 

Figure 4. Survey spectrum of Fe, N⁃CDs. 

2.2. Catalytic activity of Fe, N-CDs and mechanism of glucose double 

signal determination 

In order to study the peroxidase like activity of Fe, N-CDs, a control experiment 

was carried out in HAC NaAc buffer solution with pH = 5.4. The solution containing 

Fe, N-CDs and OPD is colorless, and there is no absorption peak in the UV Vis 

Spectrum (Figure 5A line a); the solution containing H2O2 and OPD has a weak 

absorption peak at 420 nm (Figure 5A spectral line b), and its solution is light 

yellow, indicating that H2O2 can slowly oxidize OPD to DAP; when Fe and N-CDs 

are present, the solution containing H2O2 and OPD has a strong absorption peak at 

420 nm (Figure 5A spectral line c), and its solution is dark yellow. The above data 

show that Fe, N-CDs have peroxidase like activity and can catalyze the oxidation of 
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OPD by H2O2. 

DAP solution is yellow, and its absorption peak is at 420 nm; under the 

excitation of 360 nm wavelength light, the fluorescence emission peak of Fe, N-CDs 

is located at 450 nm. It can be seen from Figure 5B that the absorption spectrum of 

DAP overlaps greatly with the fluorescence spectrum of Fe and N-CDs; when the 

two coexist, the fluorescence quenching of Fe, N-CDs can be caused by fluorescence 

internal filtration effect (IFE) or fluorescence resonance energy transfer (Fref). 

Before and after the addition of Fe, N-CDs, the position and absorption intensity of 

DAP absorption peak are almost unchanged [see the supporting information Figure 

A3A], indicating that there is no complex between Fe, N-CDs and DAP, that is, 

FRET between Fe, N-CDs and DAP is impossible [33]. In addition, before and after 

adding DAP, the fluorescence lifetime of Fe, N-CDs did not change significantly 

[see the supporting information Figure A3B], indicating that there was no charge 

transfer between Fe, N-CDs and DAP, so the fluorescence quenching of Fe, N-CDs 

was not caused by charge transfer [14]. Therefore, when the two coexist, the 

fluorescence quenching of Fe, N-CDs is caused by IFE. 

 

Figure 5. (A) Absorbance spectra of different solutions in 0.2 mol/L HAc⁃NaAc 

buffer solution at pH = 5.4; (B) absorbance spectrum of DAP and emission spectrum 

of Fe, N⁃CDs. 

Fe, N-CDs can catalyze H2O2 to oxidize OPD to produce DAP; excited by 

360nm wavelength light, DAP has a fluorescence emission peak at 550 nm, while 

Fe, N-CDs also have a fluorescence emission peak at 450 nm under the excitation of 

the same wavelength light; DAP quenches the fluorescence of Fe, N-CDs through 

IFE. That is, adding H2O2 to Fe, N-CDs/opd system will not only change the color of 

the solution, but also change the relative fluorescence intensity of DAP and Fe, N-

CDs; with the increase of H2O2 concentration, the absorbance of DAP at 420 nm and 

the fluorescence intensity at 550 nm increased, while the fluorescence intensity of Fe 

and N-CDs at 450 nm decreased. The concentration of H2O2 can be determined by 

measuring the absorbance of DAP at 420 nm and the fluorescence intensity ratio of 

DAP to Fe, N-CDs (I550/I450); H2O2 is one of the products of glucose oxidation 

catalyzed by glucose oxidase. Based on this, a colorimetric/ratio fluorescence dual 

signal glucose determination method can be further established (Figure 6). 
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Figure 6. Schematic diagram of detection principle. 

2.3. Optimization of experimental conditions 

In order to obtain the best signal response, pH was investigated with the relative 

fluorescence intensity I550/I450(where I550 and I450 represent the fluorescence emission 

intensity at 550 and 450 nm, respectively). Temperature. Effects of reaction time and 

OPD concentration on the oxidation of OPD by H2O2 catalyzed by Fe, N-CQDs. 

Considering that peroxidase like enzymes usually show strong catalytic activity 

under weak acidic conditions, the effect of medium acidity on I550/I450 was 

investigated in the pH range of 5.0~6.2 with HAC NaAc buffer as the medium. It can 

be seen from Figure A4A (see the supporting information in this article) that with 

the increase of pH, the value of I550/I450 shows a change law of first increasing and 

then decreasing, and when pH = 5.4, the value of I550/I450 is the largest. Therefore, 

the experiment was carried out in HAC NaAc buffer with pH = 5.4. At room 

temperature, the oxidation rate of OPD catalyzed by Fe, N-CDs is slow, and the 

color change of the reaction system is not obvious. Figure A4B (see the supporting 

information in this article) shows the relationship between the measured I value and 

temperature change of Fe, N-CDs/H2O2/opd mixture after incubation in a 30~60 ℃ 

water bath. It can be seen that 40 ℃ is a relatively suitable temperature. With the 

extension of the reaction time, the value of I also increases, and it is basically stable 

at 25 min [see the supporting information Figure A4C]. In order to ensure the 

maximum fluorescence ratio and stable signal response, 25 min is selected as the 

best reaction time. With the increase of OPD concentration, the I550/I450 value 

gradually increases, and when the concentration is 1.75 mmol/L, the I550/I450 value 

tends to be stable [see the supporting information Figure A4D]. The final selected 

experimental conditions are pH = 5.4, temperature 40 ℃, reaction time 25 min, 1.75 

mmol/L OPD. 

2.4. Colorimetric/ratio fluorescence dual signal detection of H2O2 and 

glucose 

Under the optimized conditions, the effect of H2O2 concentration on the 

absorption and fluorescence spectra of the system was investigated. The results of 

UV-Vis absorption spectrum showed that when the concentration of H2O2 increased 

from 1.0 μmol/L increased to 300 μmol/L, the wavelength of the characteristic 

absorption peak of DAP at 420 nm remains unchanged, and the absorption intensity 

gradually increases [see the supporting information Figure A5A]; and the 
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absorbance value (A420) at 420 nm has a good linear relationship with H2O2 

concentration [see the supporting information Figure A5B]. The linear equation is 

𝐴420 = 0.0039𝑐H2O2
+ 0.0087 , and the correlation coefficient is 0.996. The 

fluorescence measurement results show that with the increase of H2O2 concentration, 

the fluorescence of DAP at 550 nm gradually increases, while the fluorescence of Fe, 

N-CQDs at 450 nm gradually decreases [see the supporting information Figure 

A5C] H2O2 concentration is within the range of 1.0~80μmol/L, there is a good linear 

relationship between I550/I450 value and H2O2 concentration [see the supporting 

information Figure A5D], the linear equation is 𝐼550/𝐼450 = 0.0039𝑐H2O2
+

0.2606, and the correlation coefficient is 0.998. Detection limit of colorimetric and 

ratio fluorimetry (3σ/k) are respectively 0.7 and 0.6 μmol/L, indicating that the 

method has high sensitivity. 

 

Figure 7. (A) Absorption; (B) and linear relationship between I550/I450 and glucose 

concentration; (C) emission spectra of Fe, N⁃CDs⁃OPD with different concentrations 

of glucose, linear relationship between A420 and glucose concentration (D). Inset of 

(B) is the photograph of the solutions corresponding to (A). 

Glucose will produce H2O2 after catalytic oxidation by glucose oxidase. 

Therefore, a dual signal method for the determination of glucose can be further 

established. Figure 7A shows the absorption spectrum of DAP depending on glucose 

concentration. With the increase of glucose concentration, the absorbance at 420 nm 

gradually increased; within the concentration range of 1.0 and 100 μmol/L, the 

absorbance of DAP has a good linear relationship with glucose concentration 

(Figure 7B), and the regression equation is 𝐴420 = 0.0038𝑐glucose + 0.0142(𝑅2 =

0.991). As can be seen from Figure 7C, with the increase of glucose concentration, 

the fluorescence intensity of DAP at 550 nm increases, while the fluorescence 

intensity of Fe, N-CDs at 450 nm decreases; between 1.0 and 100 μmol/L 

concentration, I550/I450 value is directly proportional to glucose concentration (Figure 

7D), and the regression equation is 𝐼550/𝐼450 = 0.0039𝑐glucose + 0.2237(𝑅2 =
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0.998). The detection limits of colorimetry and ratio fluorescence were respectively 

0.8 and 0.6μmol/L, indicating that the method has high sensitivity. The linear range 

and detection limit of the method are superior to or comparable to the reported 

methods (Table 1); and the color of the final test solution deepens with the increase 

of glucose concentration (Figure 7B illustration), and the lowest concentration that 

can be distinguished by naked eyes is 5.0 μmol/L, this method can realize the visual 

detection of low concentration glucose. 

Table 1. Comparison of different methods for detecting glucose. 

Method Material Linear range (/μmol·L−1) LOD (/μmol·L−1) Ref. 

Chromatography 3⁃OMG 0.39–25 0.39 [4] 

Electrochemical Dy2(MoO4)3⁃AuNPs 10–1000 3.33 [5] 

Fluorimetry Tm@NaYF4 Nanoparticles 0–250 3.7 [12] 

Fluorimetry Co⁃NC 1–50 0.15 [34] 

Colorimetry mFe2O3⁃G 0.5–10 0.5 [35] 

Colorimetry MoS2 5–150 1.2 [10] 

Fluorimetry Fe, N⁃CDs 1.0–100 0.6 This work 

Colorimetry Fe, N⁃CDs 1.0–100 0.8 This work 

2.5. Method selectivity 

To evaluate the selectivity of the method, common metal ions in serum such as 

Na+, K+, Mg2+, Zn2+ and a series of amino acids [phenylalanine (PHE)] were 

selected. Glycine (Gly), isoleucine (ILE), Threonine (THR), aspartic acid (ASP), 

tryptophan (TRP), valine (VAL) and serine (SER)] were cultivated as distractors 

instead of glucose. After color development, the absorption and fluorescence signals 

were measured respectively. Figure 8A,B respectively show the colorimetric and 

ratio fluorescence responses when the concentration of glucose (Glu) is 0.1 mmol/L 

and the concentration of each interfering substance is 1.0 mmol/L. Although the 

concentration of each interfering substance is 10 times that of glucose, only glucose 

can cause significant changes in the two analytical signals, which is related to the 

high selectivity of glucose oxidase. Therefore, the selectivity of this method is good. 

 

Figure 8. (A) selectivities of colorimetric; (B) ratio fluorescence for glucose 

detection. 

The concentration of glucose was 0.1 mmol/L, of other substances was 1.0 

mmol/L. A) Glu; b) Blank; c) Na+; d) K+; e) Zn2+; f) Mg2+; g) Phe; h) Glycine; i) Ile; 

j) Thr; k) Asp; l) Try; m) Val; n) Ser. 
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2.6. Actual sample analysis 

In order to verify the feasibility of the method, the content of glucose in human 

serum was determined. Take 0.8 mL of serum sample, add 0.8 mL of trichloroacetic 

acid (mass fraction 5%), and centrifuge for 10 min at the speed of 10,000 r/min to 

remove serum protein. Add 0.1 mL of treated serum and different concentrations of 

glucose to the reaction system, and determine according to the steps in Section 1.3. 

The results are shown in Table 2. The colorimetric values of glucose concentration 

in the sample detection solution were respectively 40.2 and 35.9 μmol/L, according 

to the dilution ratio, the concentration of glucose in the original sample is calculated 

to be 4.02 and 3.59 mmol/L respectively, which is basically consistent with the 

clinical measurement results (4.53 and 3.86 mmol/L), both within the normal range. 

In addition, the results of colorimetry and ratio fluorescence are consistent; the 

recovery rate is 93.3%–111.5%; the RSD is between 0.4% and 6.8%, indicating that 

the method has high accuracy and precision, and can be applied to the analysis of 

actual samples. 

Table 2. Detection of glucose in human serum*. 

Sample Added 

/(μmol·L−1) 

Colorimetric (%) Ratiometric fluorescence 

Found/(μmol·L−1) Recovery (%) RSD (n = 3, %) Found 
/(μmol·L−1) 

Recovery 
(%) 

RSD 
(n = 3, %) 

Serum 1 0 40.2 - 1.5 39.1 - 0.4 

20 61.5 106.5 2.9 61.4 111.5 3.0 

40 82.3 105.2 3.7 80.0 102.2 3.1 

Serum 2 0 35.9 - 3.3 35.3 - 2.1 

20 57.6 108.5 1.4 55.2 99.5 4.6 

40 78.3 106.0 5.2 72.6 93.3 6.8 

* The serum was diluted 100 times. 

3. Conclusion 

Take biomass (leaves of syncarpic taro). Bifunctional Fe, N-CDs with 

peroxidase like activity and fluorescence characteristics were prepared from iron and 

nitrogen-containing substances. After adding H2O2 to the mixed solution of Fe, N-

CDs and OPD, Fe, N-CDs can catalyze H2O2 to oxidize OPD to produce DAP that 

can emit fluorescence. DAP and Fe, N-CDs form a double emission system. The 

relative fluorescence intensity of the system and the absorbance of DAP are 

regulated by the concentration of H2O2. Based on the principle that glucose oxidase 

catalyzes the oxidation of glucose to produce H2O2, a colorimetric/ratio fluorescence 

dual signal analytical method for the determination of glucose was developed. This 

method has high sensitivity. It has been applied to the determination of glucose in 

human serum, and the results are consistent with the clinical values. Compared with 

the reported double signal glucose determination method, this method only needs to 

prepare a nano material. 
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Appendix 

 

Figure A1. UV-vis spectra of Fe, N-CDs. 

 

Figure A2. (A) C1s; (B) N1s; (C) O1s; and (D) Fe of XPS spectra of Fe, N-CDs. 

 

Figure A3. (A) Absorbance spectra of DAP in the absence and presence of Fe, N-CDs; (B) the fluorescence lifetime 

spectra of Fe, N-CDs in the absence and presence of DAP. 
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Figure A4. The response of the sensing system at different (A) pH; (B) temperature; (C) time; and (D) concentration 

of OPD. 

 

Figure A5. (A) Absorbance spectra of Fe, N-CDs-OPD with different concentrations of H2O2; (B) the linear 

relationship between A420 and H2O2 concentration; (C) emission spectra of Fe, N-CDs-OPD with different 

concentrations of H2O2; (D) the linear relationship between I550/I450 and H2O2 concentration. 


