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A double signal optical probe composed of carbon quantum dots and 

Au@Ag nanoparticles grown in situ for the high sensitivity detection 

of ellagic acid 

Xiu Qin, Chunling Yuan, Rui Shi, Yilin Wang
 

(School of Chemistry and Chemical Engineering, Guangxi Key Laboratory of Biorefinery, Guangxi 

University, Nanning 530004, China) 

Abstract: Carbon quantum dots (CQDs) were prepared from trifolium leaves via hydrothermal 

method, a fluorometric and colorimetric double signal probe based on CQDs-gold nanoparticles 

(AuNPs)-AgNO3 system was constructed for the detection of ellagic acid (EA). In this system, Ag
+
 

ions were reduced by EA to Ag atoms, which deposited on the surfaces of AuNPs to form 

Au@AgNPs in situ, along with an obvious color change from pink to yellow. Simultaneously, the 

fluorescence of CQDs was quenched by Au@AgNPs, attributing to inner filter effect (IFE). Under 

the optimal conditions, sensitive assay of EA was achieved, with the limit of detection (LOD) of 

0.41 μM for fluorescence analysis and 0.22 μM for colorimetric assay. The changes of fluorescence 

and absorbance correlated well with EA concentration in the range of 0.50-25.0 μM. In addition, the 

double signal probe also exhibited high selectivity toward EA. The feasibility of the probe was 

confirmed in commercial cosmetics analysis with satisfactory results. 

Keywords: Gold nanoparticles; Determination; Fluorescence; Colorimetry 

1. Introduction 

In recent years, with the development of nanoscience and nanotechnology, nanomaterials are 

widely used in various analytical methods [1,2]. Noble metal nanoparticles, such as gold 

nanoparticles (AuNPs) and silver nanoparticles (AgNPs), are favored in colorimetric analysis 

because of their surface plasmon resonance absorption (SPR)-related tunable optical properties [3,4]. 

For example, after aggregation, the SPR absorption peak of AuNPs and AgNPs shifts to a longer 

wavelength, accompanied by a significant color change of a solution. Because of its advantages of 

simplicity, rapidity and no need of expensive instrument, colorimetric method based on 
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analyte-induced aggregation of AuNPs [5] and AgNPs [6] has been employed for detection of 

different substances such as terbuthylazine, dimethoate, and heavy metal ions. Besides, the growth 

or etching of AuNPs and AgNPs can also result in obvious color changes, which have been applied 

to assay of formaldehyde [7], glucose [8,9], alkaline phosphatase [10], pesticides [11], and so on. As 

an advanced nanomaterial, carbon quantum dots (CQDs) have been widely used in chemical 

analysis [12,13], fluorescence imaging [14-16] and catalysis [17-20] due to their advantages of 

simple preparation, no toxicity and good water solubility. The researches [21-23] demonstrated that 

CQDs fluorescence could be quenched by noble metal nanoparticles including AuNPs, AgNPs, and 

Au@AgNPs. A series of switches on fluorescence probes composed of CQDs and noble metal 

nanoparticles have been constructed for the detection of melamine [21], biothiols [22] and 

organophosphate pesticides [23]. In fact, AuNPs and AgNPs quench the fluorescence of CQDs, 

accompanied by their own color changes. Therefore, the above-mentioned probes have also been 

used for the assay of glucose [24], alkaline phosphatase [25], glutathione [26] and pesticides [27-29] 

by fluorescence and colorimetric methods. 

Ellagic acid (EA) has a molecular structure comprising a planar biphenyl moiety bridged by 

two lactone rings and four hydrogen-bonding OH groups (Fig.1). As a kind of natural polyphenol 

antioxidant, EA widely exists in various fruits and nuts [30, 31], and its antioxidant effect has 

attracted much attention [32]. In addition, as a satisfactory whitening ingredient in cosmetics, EA 

can suppress melanin production by inhibiting tyrosinase activity [33]. A variety of analytical 

methods, such as UV-vis [34], resonance light scattering (RLS) [35,36], high performance liquid 

chromatography (HPLC) [37], capillary electrophoresis (CE) [38], voltammetry [31] and 

fluorimetry [39, 40], have been used for the determination of EA in various samples. Although these 

methods have the advantages of high sensitivity and good selectivity, they are all single signal 

response analysis. In this work, CQDs were prepared by hydrothermal treatment of trifolium leaves, 

and AuNPs were obtained by reduction of chloroauric acid with sodium citrate, a double signal 

probe composed of CQDs and Au@AgNPs grown in situ was designed for EA determination by 

fluorescence and colorimetric methods. As far as we know, there is no report on the determination 

of EA with CQDs- AuNPs-AgNO3 system as double signal probe.  
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Fig.1. Structure of Ellagic acid (EA) 

2. Experimental  

2.1 Chemicals and apparatus 

Chloroauric acid (HAuCl4), Citric acid and Ellagic acid (EA) were obtained from McLean 

Biochemical Co., Ltd (Shanghai, China). Acetic acid giacial (CH3COOH), Phosphoric acid (H3PO4), 

Boric acid (H3BO3), Sodium hydroxide (NaOH), Silver nitrate (AgNO3), Ethyl alcohol, Glycerol, 

and Glycol were purchased from Guangdong Guanghua Sci-Tech Co., Ltd. Doubly deionized water 

(DDW) was utilized for preparing of all aqueous solutions. 

The fluorescence spectra and UV-vis absorption spectra were achieved, respectively, with a 

RF-5301PC spectrophotometer (Shimadzu, Kyoto, Japan) and a UV-4802 (Unico, Shanghai, China). 

The morphology and size of CQDs and AuNPs were attained by transmission electron microscopy 

(TEM) (JEM 1200EX, Japan). FTIR spectra were recorded on a Nicolet iS50 FTIR spectrometer 

(Thermo Scientific Co., Ltd. Madison, WI, USA). The pH values of the solutions were measured 

with a PXSJ-216 pH meter (Shanghai Precision Science Instrument Co., Ltd., China). The 

measurement of zeta potential was carried out on a Brookhaven instrument (NanoBrook Omni, 

USA) 

2.2 Preparation of CQDs and AuNPs 

The CQDs were prepared by hydrothermal treatment of fresh Trifolium leaves. Briefly, 5.0 g 

of chopped Trifolium leaves was mixed with 30 mL of DDW, and then the mixture was transferred 

into a 75-mL Teflon-line autoclave and kept at 200°C for 10 h. After cooled to room temperature, 

the brown solution of upper layer was filtered with 0.22 μm membrane and then dialyzed (MWCO: 

3500 Da) with DDW for 12 h. Finally, the solution containing CQDs was collected and stored in a 
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refrigerator at 4°C for further use. 

The preparation of AuNPs was conducted according to the literature method [41], which was 

provided in Supplementary information. 

2.3 Procedure for EA determination  

The EA with different concentrations (5 - 250 μM, 200μL) were added to a series of 2.0-mL 

calibrated test tubes containing Britton-Robison (BR) buffer (1380 μL, pH 8.5), 200 μL of 2 mM 

AgNO3, 20 μL of 5 nM AuNPs and 200 μL CQDs. After 6 min, the resulted mixtures were for 

fluorescence and UV-vis measurements, respectively. The fluorescence spectra of the mixture were 

recorded under excitation wavelength of 350 nm, and the excitation and emission slit widths were 

5nm and 3nm, individually. UV-vis spectra were recorded in the range of 350-600 nm. All 

measurements were performed at room temperature. The concentration of EA was calculated based 

on the decreased fluorescence (ΔF) and increased absorbance (ΔA). In this work, ΔF is defined as 

(F - F0), where F0 and F are the fluorescence intensities of CQDs-AuNPs-AgNO3 system at 405 nm 

in the absence and presence of EA, respectively，and ΔA = A - A0, where A0 and A denote the 

absorbance at 413 nm in the absence and presence of EA, respectively. 

3. Results and discussion 

3.1 Choice of materials 

Because of their unique optical properties, CQDs were used as fluorescence probes, 

Au@AgNPs as quencher and colorimetric probe in this study. Compared with traditional organic 

fluorescent dyes and inorganic semiconductor quantum dots, CQDs have the advantages of simple 

preparation, strong luminescence, high stability, no toxicity and good biocompatibility [42]. The 

excellent properties of CQDs make them ideal fluorescent probes for double signal analysis. 

Au@AgNPs have large molar extinction coefficient due to the surface plasmon absorption [43], 

which makes them widely used as fluorescence quenchers. Moreover, the absorption of Au@AgNPs 

is very sensitive to core-to-shell ratio and the distance between particles, which causes significant 

color changes. In a word, Au@AgNPs can be used as ideal absorbers to modulate the fluorescence 

of CQDs, and as colorimetric probes to achieve the colorimetric analysis in dual-mode assay. 

3.2 Characterization of CQDs and AuNPs  

TEM was used to characterize the morphology and particle sizes of CQDs and AuNPs. The 
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results in Fig. 2A confirm that the CQDs are uniformly spherical with a particle size ranging of 1.0- 

3.0 nm. The average diameter of the CQDs is estimated to be 2.0 nm, consistent with those in the 

literatures [26,44]. As shown in Fig. 2B, the AuNPs are spherical with good dispersion and a 

uniform particle size, and the average particle size is about 13 nm. The FTIR spectroscopy was used 

to characterize the functional groups on the surface of CQDs, as described in Fig. 2C. An obvious 

band at 3370 cm
-1

 is due to -OH group, and the peak at 3240 cm
-1

 corresponds to the characteristic 

vibration of -NH groups. The strong peak at 2930 cm 
−1

 is assigned to the C-H stretching. Moreover, 

the characteristic bands at 1670 cm
 −1

 and 1600 cm 
−1

 indicate the presence of –C=O and –C=C 

stretching vibration, respectively. The absorption peak at 1110 cm
 −1

 shows the presence of C-OH 

and peak at 807 cm 
−1

 is due to the C-H bending vibrations. As depicted in Fig. 2D, the CQDs 

exhibit excitation wavelength-dependent emission properties. With the increase of excitation 

wavelength from 310 to 410 nm, emission peaks are red-shifted from 400 to 470 nm, and the 

emission intensity reaches a maximum when excited at 350 nm. According to the calculation 

method from literature [45], the CQDs exhibit a high fluorescence quantum yield (QY) of 23% with 

rhodamine 6G as a reference standard (QY = 95%), sufficient for various fluorescence sensing. 
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Fig.2. TEM images and size distributions of (A) CQDs and (B) AuNPs; (C) FTIR spectra of CQDs; (D) Excitation 

dependent fluorescence spectra of CQDs 

3.3 Feasibility of double signal detection 

As a phenolic antioxidant, EA can be oxidatively converted into the highly conjugated bis 

(ortho-quinone) [46]. Scheme 1 outlines the mechanism of double signal detection. EA reduces Ag
+
 

to Ag
0
 which deposit on the surfaces of AuNPs to form Au@AgNPs, along with an obvious color 

change from pink to yellow. Simultaneously, the fluorescence of CQDs is efficiently quenched, 

attributing to inner filter effect (IFE) between CQDs and Au@AgNPs.  

 

Scheme1. Schematic illustration of the mechanism of EA detection based on CQDs and Au@AgNPs. 
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TEM images, UV-Vis absorption and fluorescence spectra were used to investigated the 

feasibility of the method. Compared with the as-prepared AuNPs (Fig. 2B), a layer of shell can be 

clearly observed on the surfaces of AuNPs after adding Ag
+
 ions and EA (Fig.S1). The surface 

plasmon resonance (SPR) absorption peak of AuNPs shifts from 520 nm (curve a in Fig.3A) to 410 

nm (curve b in Fig.3A), along with an obvious color change from pink to yellow (inset in Fig.3A), 

which indirectly demonstrates the formation of a thin layer of Ag on the surface of AuNPs. As 

shown in Fig. 3B, excited by 350 nm wavelength light (curve a in Fig.3B), the emission peak of 

CQDs is located at 413 nm, and there is a large overlap between CQDs fluorescence spectra and 

Au@AgNPs absorption spectra (curves b and c in Fig.3B), suggesting that CQDs fluorescence can 

be effectively quenched by Au@AgNPs via fluorescence resonance energy transfer (FRET) or inner 

filter effect (IFE). To further verify the fluorescence quenching effect of Au@AgNPs on CQDs, the 

fluorescence spectra of CQDs in different systems were measured. As depicted in Fig.S2, the 

fluorescence spectra of CQDs and CQDs-EA mixture almost overlaps, indicating that EA has no 

effect on the fluorescence emission of CQDs. When the CQDs were mixed with AuNPs, AgNO3, 

AuNPs-AgNO3 and EA-AgNO3 respectively, their fluorescence decreased slightly. However, the 

fluorescence of CQDs decreased dramatically when mixed with AuNPs-AgNO3-EA. As noted, EA 

can reduce Ag
+
 to Ag which deposit on the surfaces of AuNPs to form Au@AgNPs. Thus, the 

significant quenching of CQDs fluorescence can be attributed to the formation of Au@AgNPs. The 

fluorescence quenching mechanism includes FRET, IFE, static quenching, dynamic quenching, and 

so on. One of the conditions for FRET is that the distance between donor and receptor is close 

enough, typically within 10 nm. The zeta potentials of CQDs and Au@AgNPs in BR buffer (pH 8.5) 

were measured to be −31.96 mV and −14.36 mV (Fig. S3.), respectively, proposing that the distance 

between CQDs and Au@AgNPs is too large to meet the condition of FRET due to the electrostatic 

repulsion between them [47]. Considering that the absorption spectra of Au@AgNPs overlaps with 

both excitation and emission spectra of CQDs (Fig.3B), we believe that the significant decrease in 

CQDs fluorescence is caused by the IFE of Au@AgNPs. The fluorescence intensity values at 405 

nm of CQDs- AuNPs- AgNO3 system after the addition of EA with different concentrations were 

recorded, and the dependence of F0/F on EA concentration was displayed in Fig. S4. Although the 

fluorescence intensity ratio increases with the increase of EA concentration, it does not conform to 

the traditional linear Stern-Volmer equation [48, 49]. The up-curving Stern-Volmer plot reveals that 
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both dynamic and static quenching processes take place in this system. 
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Fig.3. (A) Absorption spectra and photographs of AuNPs and AuNPs-AgNO3-EA system (AuNPs: 0.5 nM; 

AgNO3: 200 μM; EA: 2.5μM ); (B) Normalized (a) excitation, (b) emission spectra of CQDs and (c) absorption 

spectra of Au@AgNPs. 

With the introduction of EA into CQDs-AuNPs-AgNO3 system, CQDs fluorescence is 

effectively quenched, and the degree of quenching increases with the increase of EA concentration 

(Fig.4A). As observed in Fig. 4B, a new absorption peak at 413 nm appears with the introduction of 

EA, furthermore, the absorbance increases with the increase of EA concentration. Therefore, by 

monitoring CQDs fluorescence at 405 nm and Au@AgNPs absorbance at 413 nm, a double signal 

method for assaying of EA can be established. 

350 400 450 500 550 600
0

100

200

300

400

500

600
A

 

 

F
L

 I
n
te

n
si

ty

Wavelength (nm)

 CQDs/AuNPs/AgNO
3

 CQDs/AuNPs/AgNO
3
/ 10MEA

 CQDs/AuNPs/AgNO
3
/ 25MEA

  

300 350 400 450 500 550 600
0.0

0.5

1.0

1.5

2.0

2.5
B

 

 

A
b

so
rb

a
n

c
e

Wavelength (nm)

 CQDs/AuNPs/AgNO3

 CQDs/AuNPs/AgNO3/ 10MEA

 CQDs/AuNPs/AgNO3/ 25MEA

 

Fig.4. (A) Fluorescence emission spectra and (B) absorption spectra of CQDs-AuNPs-AgNO3 system at different EA 

concentrations.  

3.4 Optimization of determination conditions 

In order to get the best signal response from the CQDs-AuNPs-AgNO3 system, three factors,  
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Ag
+
 ions concentration, pH value of buffer and reaction time, which may affect the change of 

fluorescence and absorbance, were investigated using fluorescence as an example and F as 

criterion.  

As the key factor for quenching of CQDs fluorescence and resulting in UV-response, the Ag
+
 

ions concentration plays an important role in improving the analytical performance of the method. 

First, the AgNO3 concentration ranging from 50 to 400 μM for the formation of Au@AgNPs were 

optimized. As noticed in Fig.S5A, with the increase of Ag
+
 ions concentration, the F value 

increases rapidly. Whereas the Ag
+
 ions concentration exceeds 200 μM, the F value remains 

unchanged. Thus, 200 μM AgNO3 was chosen for the further experiments. Under alkaline condition, 

the electron cloud density on benzene ring increases due to the ionization of phenolic hydroxyl 

groups in EA molecule. The research demonstrated that alkaline environment was favorable to the 

reduction of Ag
+
 ions by EA and the deposition of Ag atoms on the surface of AuNPs [35]. Second, 

the effect of pH on F was studied by using BR buffer with pH value in the range of 7.0 to 10.5. It 

is found that the ΔF reaches the maximum at pH 8.5, and beyond this pH, ΔF begins to slowly 

decrease (Fig. S5B). Hence, pH 8.5 was chosen as an optimized condition. Third, at room 

temperature, the influence of different reaction time (2~20 min) on ΔF was also investigated (Fig. 

S5C). The reaction can reach equilibrium within 6 min. If the reaction time continues to be 

prolonged, the ΔF value will decrease. In this study, 6 min was selected as the best reaction time. 

3.5 Detection of EA based on fluorescence and UV-vis 

Under the optimum conditions, the influence of EA concentration on the fluorescence and 

absorption spectra of CQDs-AuNPs-AgNO3 system were studied. As presented in Fig. 5A, the 

fluorescence emission intensity of CQDs at 405 nm decreases gradually with increasing EA 

concentration from 0.50 to 40.0 μΜ. Under 365 nm UV lamp, the blue fluorescence of the 

corresponding solution decreases in turn (Fig. 5A inset). Linear fitting shows that the decrease of 

fluorescence (ΔF) was linear to EA concentration in the range of 0.50-25.0 μM (Fig. 5B) with a 

regression equation ΔF = 10.748C + 3.524 and R
2
= 0.996. The limit of detection (LOD) based on 

3σ/k for ten blank determinations was 0.41μM. As seen in Fig. 5C, the absorbance at 413 nm 

enhances with the increase of EA concentration. Inset in Fig. 5C is the digital picture of 

CQDs-AuNPs-AgNO3 system in the presence of EA of various concentrations, indicating that the 

color change induced by EA is significant. The plot of ΔA against the concentration of EA exhibits 
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an excellent linear response from 0.50 to 25.0 μΜ (Fig. 5D). The linear regression equation could 

be described as ΔA = 0.076C + 0.080 with a correlation coefficient (R
2
) of 0.997. The LOD was as 

low as 0.22μM (3σ/k, n=10), showing high sensitivity for EA assay. All of these results confirm that 

CQDs-AuNPs-AgNO3 system with two different signals could be applied in detection of EA. 
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Fig.5. (A) The fluorescence spectra and photographs (under UV lamp) of CQDs-AuNPs-AgNO3 system in the 

presence of different concentrations of EA. (B) The linear relationship between ΔF and EA concentration (n=3). 

(C) UV-vis absorption spectra and photographs of CQDs-AuNPs-AgNO3 in the presence of different 

concentrations of EA. (D) The linear relationship between ΔA and EA concentration (n=3). Experimental 

conditions: AgNO3, 200 μM; AuNPs, 0.05 nM; pH 8.5; reaction time, 6 min. 

A comparison between our method with other reported methods for EA determination is 

summarized in Table 1. The established method is superior to most of the approaches for EA 

analysis in linear range and response time. Although the LOD obtained by our method is not the 

lowest, the probes used in this study are composed of CQDs and Au@AgNPs grown in situ, which 

can be prepared under simple conditions, and the introduction of EA can generate a double signal 

response. Compared with the single signal sensing, the double signal sensing based on fluorescence 
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and UV-vis can make the detection results more reliable. 

Table 1 Comparison of different methods for EA detection  

Method Linear range (μM) LOD (μM) Analysis time References 

Resonance light scattering 0.2-20.0 0.04 20 [35 ] 

Resonance light scattering 0.053-13.2 0.046 6.0 [36] 

Fluorimetry 1.03-182 0.31 20 [40] 

HPLC-DAD 1.65-33.0 - 3.8 [50] 

HPLC-DAD 1.66-182 0.33 15 [51] 

UV spectrometry 1.65-26.5 0.66 - [43] 

Capillary Electrophoresis 131.8-1054 7.20 12.2 [38] 

Voltammetric 0.1-1.50 0.01 - [31] 

Colorimetry 0.5-25.0 0.22 6.0 This work 

Fluorimetry 0.5-25.0 0.41 6.0 This work 

3.6 Selectivity towards EA detection 

In order to evaluate the selectivity of the double signal probe, the fluorescence and 

colorimetric response of CQDs-AuNPs-AgNO3 system to other common substances in commercial 

skin-whitening cosmetics were investigated according to the procedure described in section 2.3. Fig. 

6A and B show the ΔF and ΔA values of EA alone or coexisting with other interferences in the 

system, respectively. Although the interference concentration is five or ten times higher than that of 

EA, no obvious changes in Δ F and ΔA values are found, suggesting a high selectivity toward EA. 

Thus, this method does not need tedious sample processing and is suitable for EA detection in 

complex samples. 
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Fig.6. The ΔF and ΔA of CQDs-AuNPS-AgNO3 in the presence of EA and other common substances. The EA 

concentration was 20 μM, the concentrations of ethylalcohol, glycol, glycerol, NaAc, glucose in the solution was 

200μM, respectively, and citric acid, KCl, NaCl, Zn(Ac)2 in the solution was 100μM, respectively. 
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3.7. Detection of EA in real samples 

In order to verify the feasibility of the method, it was employed to detect EA in ellagic acid 

serum samples purchased from a local supermarket. Two samples were prepared and three parallel 

experiments were carried out on each sample. The results are given in Table 2, the content of EA 

determined by fluorescence are consistent with those by colorimetric method. Furthermore, the 

spiked recoveries experiments were carried out and the recoveries are between 94.8% and 112% 

with relative standard deviations (RSD) less than 5.0 %. These results demonstrate that the method 

has acceptable reliability and good repeatability in practical sample analysis. 

Table 2 The determination results of EA in commercial cosmetics 

 

Samples 

 

Added(μM) 

Fluorometric method  Colorimetric method 

Found (μM) Recovery (%) RSD (n=3,%) Found (μM) Recovery (%) RSD (n=3,%) 

 

sample 1 

0 

2 

5 

1.71 

3.95 

7.04 

 

112 

107 

0.6 

1.7 

3.8 

 1.64 

3.78 

7.08 

 

107 

108 

1.8 

1.2 

2.2 

 

sample 2 

 

     0 

2 

2.03 

4.03         

 

100 

3.5 

1.6 

 2.05 

4.10 

 

102 

1.7 

4.0 

5 6.77 94.8 2.2  7.09 101 0.9 

4. Conclusions 

In this work, CQDs with QYs of 23% were prepared from trifolium leaves by simple 

hydrothermal method. A double signal probe composed of CQDs and Au@AgNPs grown in situ 

was designed for EA determination by fluorescence and colorimetric methods. The detection 

principle was illustrated by using different analysis techniques such as TEM images, fluorescence 

spectra, UV-vis spectra, and zeta potential measurements. Good linear relationship between signal 

response and EA concentration within 0.50-25.0 μM were achieved, and low detection limit of 0.41 

μM (fluorescence) and 0.22 μM (colorimetric) were obtained. More importantly, the designed probe 

was successfully applied for the detection of EA in cosmetics samples with satisfactory results, 

demonstrating the potential of the probe in practical applications. Although the analytical method 

has some shortcomings, for example, time-consuming preparation of nanomaterials, inappropriate 

for continuous and in vivo analysis, CQDs as fluorescence probe shows several advantages over 

organic fluorescent dyes and semiconductor quantum dots, including sufficient carbon sources, easy 

preparation, no toxicity and strong fluorescence emission. On the other hand, compared with other 

methods, colorimetry with Au@AgNPs as chromophores has the advantages of high sensitivity, no 
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need of expensive equipment, simple operation, etc.  
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Research Highlights 

 A colorimetric and fluorescent double reading method for ellagic acid determination was 

established. 

 The proposed method was successfully applied to the detection of ellagic acid in real samples. 

 The advantages of the method are simplicity, high accuracy and good precision. 
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