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CuNCs and Eu3+-CuNCs were consecutively exposed to UV 

irradiation and daylight for different times. Fig. 2E shows that 

the photostability of Eu3+-CuNCs was indeed superior to pure 

CuNCs after exposure to sunlight for 12 h, as well as to UV 

irradiation for 2 h (Fig. 2F).

ECL-potential curves of bare glassy carbon electrode 

(GCE), and of the CuNCs- and Eu3+-CuNCs-modified GCE (Fig. 

3A) revealed the doping of Eu3+ ion caused a 3-fold 

enhancement in ECL intensity, which was mostly attributed to 

doping-induced improvement in the stability of reduced NCs. 

Moreover, the ECL intensity of CuNCs with different 

concentrations of Eu3+ ion doping was investigated (Fig. S4), 

and the optimal concentration ratio of Cu2+ to Eu3+ was found 

to be 4:1, possibly because NCs had the most homogeneous 

Eu3+ distribution under this doping level.2,18 Compared with the 

pure CuNCs/GCE in Fig. S5, the ECL signal of Eu3+-CuNCs/GCE is 

more stable under 15 consecutive cyclic potential scans (Fig. 

3B), which not only improved the ECL stability but enhanced 

the ECL intensity. As mentioned, ECL signal performance of 

Eu3+-CuNCs was closely related to the stability of the reduced 

NCs, the inset of Fig. 3A displayed that the reduction peak and 

current of the co-reactant at Eu3+ ion doping was different 

from those of pure CuNCs due to the distinct surface states of 

NCs formed by doping with Eu3+ ion.2 Besides, the ECL intensity 

was generated when the excited state returned to the ground 

state through radiative transition, it released additional energy 

in the form of photons, while energy also dissipated by other 

forms, such as internal conversion and intersystem crossing. 

This part of the dissipates energy cannot generate the ECL 

intensity, resulting in the ECL intensity of Eu3+-CuNCs increased 

by 3-fold but the Eu3+-doping caused at least a 5-fold 

enhancement in the reduction current. The possible synergistic 

effect between the NCs and rare earth element dopants was 

studied using the ECL spectrum. The ECL spectra of bare CuNCs 

and Eu3+-CuNCs under a series of filters (400 - 700 nm) are 

displayed in Fig. S6. Bare CuNCs had only one wide peak at 

approximately 600 nm, which was attributed to recombination 

emission of surface states. The peak of Eu3+-CuNCs at 460 nm 

could be attributed to the 7F0 O 5D2 transition of Eu3+ ion,10,21 

the ECL emission of Eu3+-CuNCs at 620 nm, which was 

attributed to recombination emission of surface states, was 

enhanced compared with that of pure CuNCs, and energy 

transfer between NCs and Eu3+ ion possibly resulted in the 

redshift of the emission peak.

Possible ECL mechanism of Eu3+-CuNCs can be described 

as follows. First, Eu3+-CuNCs obtained electrons to form Eu3+-

CuNCs�- (eq. 1), and S2O8
2-, came from K2S2O8 co-reactant, was 

reduced to SO4
�- and SO4

2- at the surface of the electrode (eq. 

2), which was beneficial for enhancing the ECL signal. Then, 

Eu3+-CuNCs�- combined with SO4
�- to generate Eu3+-CuNCs* (eq. 

3). Finally, the ECL signal was generated when Eu3+-CuNCs* was 

converted into Eu3+-CuNCs (eq. 4). The ECL signal can be 

effectively quenched by DA due to DA being oxidized by SO4
�- 

and then generating the o-benzoquinone species (BQ). As 

shown in eq. 5, under this circumstance, the consumption of 

SO4
�- leads to the decrease of Eu3+-CuNCs* excited state (eq. 3 

and 4), resulting in the ECL signal quenching.12,18,22 The 

reaction illustrating the ECL mechanism are as follows:

Eu3+-CuNCs + e- O Eu3+-CuNCs�-                                       (1)

S2O8
2- + e- O SO4

2- + SO4
�-                                                  (2)

Eu3+-CuNCs�- + SO4
�- O Eu3+-CuNCs* + SO4

2-                   (3)

Eu3+-CuNCs* O Eu3+-CuNCs + h�                                      (4)

DA + SO4
�- O BQ                                                                  (5)

Fig. 3. (A) ECL-potential curves of bare GCE (a), pure CuNCs-

modified GCE (b) and Eu3+-CuNCs-modified GCE (c) under the 

potential scan of -2.2 to 0 V. Inset: corresponding cyclic 

voltammograms of bare GCE, pure CuNCs-modified GCE and 

Eu3+-CuNCs-modified GCE. (B) The ECL stability of Eu3+-

CuNCs/GCE under 15 consecutive cyclic potential scans. (C) 

The signal response of the proposed ECL biosensor for 

detecting various concentrations of DA and corresponding 

concentrations of DA: 0, 1.0 ×10S)) M, 1.0 × 10S)* M, 1.0 × 10S, 

M, 5.0 × 10S, M, 1.0 × 10SD M, 5.0 × 10SD M, 1.0 × 10SC M, 1.0 × 

10SA M, 1.0 × 10S@ M, 5.0 × 10S@ M, and 5.0 × 10S? M (from a to 

l). Inset: linear relationship between the T��8 intensity and the 

logarithm of DA concentrations. (D) Selectively of other 

interfering substances against 1.0 × 10SC M DA: glucose, L-Cys, 

UA, AA, lactose (the concentration of the above interferents 

was 1.0 × 10SC M of all). The above ECL signals were obtained 

in 0.1 M PBS (pH 7.4) containing 50 mM K2S2O8 with 600 V 

PMT. The error bars represent the standard deviation of three 

repeated detections.

We have performed ECL measurements on Eu3+-

CuNCs/GCE electrodes at different concentrations of the 

analyte DA. As shown in Fig. 3C, the signal of ECL was 

quenched with the increasing concentration of DA, as 

described by the linear regression equation TI = 552.3 lgcDA + 

6396.9 (R2 = 0.9965) �TI = I0 - I, I0 and I represent ECL intensity 

without and with DA, and the logarithm of DA concentrations 

in the range from 1.0 ×10S)) to 5.0 × 10S? M). Compared with 

the signal response of the pure CuNCs-modified GCE for 

detecting various concentrations of DA (Fig. S7), the doping of 

Eu3+ ion greatly improved the sensitivity of detecting DA. The 

minimum detection concentration of 1.0 ×10S)) M was used as 

the relative detection limit of the ECL biosensor based on Eu3+-

CuNCs/GCE for DA detection in this work, indicating that the 
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proposed ECL biosensor is more sensitive than other ECL 

sensors (Table S2) and other methods for DA detection (Table 

S3).

The reproducibility of the proposed ECL biosensor was 

evaluated from the response to 1.0 × 10SC M DA at five 

electrodes, and the relative standard deviation of the similar 

ECL responses between prepared electrodes was 5.4 % (Fig. 

S8), suggesting high reproducibility towards DA detection. 

Furthermore, the specificity of the proposed ECL biosensor for 

sensing DA was also investigated in this work. We measured 

several interfering substances, such as glucose, L-cysteine (L-

Cys), uric acid (UA), ascorbic acid (AA), and lactose, with the 

same concentration of 1.0 × 10SC M under the same 

experimental conditions. The obtained results are displayed in 

Fig. 3D. These small biomolecules had no obvious quenching 

effect on the ECL signal, which essentially suggests that the 

proposed biosensor had superior selectivity to identify the 

target and nontarget biomolecules.

In summary, Eu3+-CuNCs were synthesized to solve the 

poor stability of CuNCs and low sensitivity of their ECL assays. 

Eu3+ ion alter the surfaces of CuNCs and drive the formation of 

new surface state (Eu(III) complex) to promote effective 

energy transfer from the host to the Eu3+ ion, resulting in 

greatly enhanced ECL emission intensity and stability of CuNCs. 

The as-synthesized Eu3+-CuNCs were applied for the detection 

of DA, achieving a LOD of 1.0 ×10S)) M. In addition, the assay 

shows a strong selectivity to interfering substances. The 

presented results give us a clue to solve the stability issues of 

metal nanoclusters, provide a powerful tool for the developing 

ECL emitters, and may open the promising avenues to develop 

new ECL systems for medical and biological analysis.
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