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Abstract
Green emitting copper nanoclusters (G-Cu NCs), yellow emitting Cu NCs (Y-Cu NCs), orange emitting Cu NCs (O-Cu NCs)
and red emitting Cu NCs (R-Cu NCs) were prepared using chicken egg white as the stabilizer by changing the reaction
conditions. This is a green, facile and cheap method to explore different color emitting CuNCs by the same precursor and
stabilizers. The G-Cu NCs were employed for the detection of ethanol due to their aggregation induced emission enhancement
(AIEE) effect. The fluorescence emission of Cu NCs at 526 nm under the excitation of 444 nm can be effectively enhanced in the
presence of ethanol due to AIEE effect, thus realizing the quantitative determination of ethanol content in the range 5–60%. In
addition, a visual dual-emission fluorescence probe with the combination of G-Cu NCs and silicon nanoparticles (Si NPs/G-Cu
NCs) was designed to evaluate ethanol content conveniently and rapidly. Desirable linear relationship is observed between ratio
of fluorescence intensity (I525/I441) and ethanol content under the excitation of 383 nm. Visible color transformation of this probe
is observed in the ethanol content range 2–20%. Moreover, the ethanol sensing platforms were applied to the detection and
evaluation of the alcohol content of liquor, and the recoveries in liquor were in the range 99.7% to 113%, broadening the
applications of Cu NCs and providing a sensitive detection method for ethanol.
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Introduction

Metal nanoclusters (NCs) have attracted extensive attention
due to their excellent properties, such as optical stability,
low toxicity and good biocompatibility [1–3]. In the past
few years, various Au NCs and Ag NCs have been synthe-
sized by different stabilizers, while the researches on non-
noble metal Cu NCs are still limited [4]. Compared with Au
and Ag, Cu is extremely cheap, common and of general con-
cern [5]. However, it is apt to oxidize in the air leading to its

instability [6]. Therefore, it is necessary to find suitable stabi-
lizers to enhance the stability of clusters. In recent years, pro-
teins have been widely used as templates to synthesize Cu
NCs. Protein molecules are rich in sulfhydryl, amino, and
carboxyl functional groups, which have a strong ability to
coordinate Cu (II) ions and fix the subsequent Cu (0) atoms
to the protein skeleton [7]. In addition, due to the presence of
sulfhydryl groups, some proteins can act on Cu NCs as tem-
plates and reductants [8]. Zhang et.al synthesized silk fibroin
protein templated Cu NCs with aggregation induced emission
enhance characteristics and constructed a sensitive “turn-on”
sensor for S2− [9]. Goswami et.al explored transferrin-
templated Cu NCs to load doxorubicin for bioimaging and
drug delivery [10].

Egg white is rich in ovalbumin, ovaltransferrin, ovalyoid
and lysozyme. It is cheap and easily accessible and non-toxic,
thus is an excellent template for the synthesis of Cu NCs. Qian
et.al prepared chicken egg white protected Cu NCs with blue
emission by one-step method in aqueous solution for revers-
ible pH-sensors [11]. Bhamore et.al developed a one-step
green microwave–assisted approach for the synthesis of Cu
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NCs with orange emission and used as a fluorescent probe for
the sensitive detection of thiram and paraquat in water and
food samples [12]. These works have been performed regard-
ing the synthesis and applications of the Cu NCs. However,
very few works are available to demonstrate the tuning of
emission color of the Cu NCs with Cu2+ as the precursor
and egg white as the stabilizer.

Determination of ethanol in alcoholic drinks is of im-
portance for quality control in the production process
[13–16]. Moreover, herbal medicinal products often con-
tain ethanol at substantial level [17]. Therefore, accurate
and rapid determination of ethanol content in liquor is of
great significance to control the quality and safety of liquor
and maintain the health of consumers [18]. In industrial
production processes, the methods of ethanol detection
are usually density hydrometer and hydrometer, but both
require large sample volume [19]. Among other methods
for detecting ethanol such as gas chromatographic methods
(GC) [20], high-performance liquid chromatographic
method (HPLC) [21] and enzymatic method [22].
However, most of these methods are high cost, time and
effort, and difficult to meet the requirement of quick test on
site [23]. Fortunately, a few of fluorescence sensors based
on nanomaterial for detection of ethanol have emerged.
These methods not only improve the simplicity and porta-
bility of detection, but also have excellent sensitivity and
selectivity. Wen et.al designed a visual and fluorometric-
sensor paper containing copper nanoclusters (Cu NCs) and
carbon dots (CDs) for the monitoring of atmospheric hu-
midity and ethanol [18]. Zhang et.al prepared SnS/SnS2
nanoparticles by one-step hydrothermal treatment and pos-
sessed excellent ethanol sensing property [24]. Wu et.al
prepared Au/NaGdF4: Yb3+, Er3+ hybrid fluorescent sys-
tem for rapid detection of ethanol content in liquor [25].
However, the researches in this field are still rare and much
more efforts should be devoted to improve the fluorescence
method for determination of ethanol.

In this work, we synthesized four different color emitting
Cu NCs using chicken egg white as the stabilizer by changing
the reaction conditions including the reducing agent and the
pH (scheme 1). All reactions were carried out at room temper-
ature. This is a green, facile and cheap method to explore
different color emitting CuNCs by the same precursor and
stabilizers. Green emitting Cu NCs (G-Cu NCs) with emission
wavelength at 526 nm were synthesized with citric acid as
reducing agent. Orange emitting Cu NCs (O-Cu NCs) were
preparedwith hydroxylamine hydrochloride as reducing agent
under alkaline conditions, and the emission wavelength was
600 nm. In addition, hydrazine hydrate was used as the reduc-
ing agent to prepare the red emitting Cu NCs (R-Cu NCs) with
the emission wavelength of 636 nm. On the basis of this ex-
periment, the pH was adjusted to 11 and yellow emitting Cu
NCs (Y-Cu NCs) with emission wavelength of 557 nm were

synthesized. Then, the G-Cu NCs was explored for the detec-
tion of ethanol based on aggregation induced emission en-
hancement (AIEE) effect. Besides, a ratiometric fluorescence
probe for ethanol was prepared by integrating G-Cu NCs with
silicon nanoparticles (Si NPs). The fluorescence emission of
G-Cu NCs at 526 nm showed ethanol dependent fluorescent
behavior due to their AIEE effect, while fluorescence emis-
sion of Si NPs at 441 nm were used as the reference since the
blue fluorescence remains constant with the changes of etha-
nol content. Therefore, we established both single-emission
and double-emission fluorescent probe for fast detection of
ethanol in aqueous solution based on egg white protected G-
Cu NCs. Moreover, probe has a lower detection limit and a
wider detection range. And these two methods were applied to
the identification of liquor. The multi-color fluorescence of
egg white protected Cu NCs open a new avenue to a lot un-
foreseen applications in food quality monitoring.

Experimental

Chemicals

All reagents were of at least analytical grade. CuCl2·2H2O
was purchased from Macklin Biochemical Co. Ltd.
(Shanghai , China) . Ascorbic Acid (AA) and (3-
Aminopropyl) triethoxysilane (APTES) were ordered from
Aladdin Reagent Co. Ltd. (Shanghai, China). Citric acid
(CA) was from Tianjin guangcheng chemical reagent Co.
Ltd. (Tianjin, China). Ethanol was purchased from Tianjin
fuyu f ine chemica l Co . , L td . (T ian j in , China) .
Hydroxylamine chloride was purchased from Tianjin bodi
chemical Co., Ltd. (Tianjin, China). Ultrapure water was used
throughout all study. All solutions were freshly prepared in
deionized water under ambient conditions.

Apparatus

The fluorescence measurements were carried out on LS55
fluorescence spectrometer (Perkin-Elmer, USA). The UV-
vis absorption measurements were performed on Lambda
35 UV analyzer (Perkin-Elmer, USA). High-resolution
transmission electron microscopy (HRTEM) was conduct-
ed using a JEM-2100 UHR (JEOL, Japan). A Thermo
Fisher Escalab 250Xi spectrometer was used for the X-
ray photoelectron spectroscopy (XPS) analyses. Fourier
Transform Infra-Red (FTIR) spectra were taken with a
Spectrum One FTIR spectrophotometer (Perkin-Elmer,
USA) at room temperature. The centrifuge was TG 16-II
(Pingfan Instrument, China). The homogenizer was AD
200 L-P (Angni Instrument, China).
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Synthesis of different color emitting Cu NCs

In experiment, all Cu NCs were synthesized from the same
precursor copper chloride and egg whites. The composite di-
agram is shown in scheme 1. The chicken egg white (CEW)
was prepared by separating the white portion of the chicken
egg from the whole fresh egg followed by homogenization.
The prepared Cu NCs appeared green, yellow, orange and red
fluorescence on UV-light irradiation of 365 nm wavelength
respectively.

Synthesis of G-Cu NCs Briefly, CuCl2·2H2O (10 mM, 3 mL)
and CEW (3 mL) were mixed together for 5 min at room
temperature, and citric acid (1 M, 1 mL) was added to react
for 2 h under stirring. The obtained solution was purified by
centrifugation (9000 r/min, 10 min). Finally, G-Cu NCs was
obtained and stored at 4 °C.

Synthesis of Y-Cu NCs CuCl2·2H2O (10 mM, 3 mL) and
CEW (3 mL) were mixed together with vigorous stirring
for 5 min at room temperature, and 0.25 mL hydrazine
hydrate (85%) was added. Then NaOH (1 M) was
added until the pH of solution to 11.0 to continuously
react for 1 h. Finally, Y-Cu NCs was obtained and
stored at 4 °C.

Synthesis of O-Cu NCs CuCl2·2H2O (10 mM, 3 mL) and CEW
(3 mL) were mixed together for 5 min at room temperature,
and then hydroxylamine hydrochloride (1.5 M, 1.5 mL) was
added. The NaOH solution (1 M) was added to adjust the

solution pH of 11.0 to continuously react for 2 h. Finally, O-
Cu NCs was obtained and stored at 4 °C.

Synthesis of R-Cu NCs CuCl2·2H2O (10 mM, 3 mL) and CEW
(3 mL) were mixed together for 5 min at room temperature,
and 0.40 mL hydrazine hydrate (85%) was added to
coutinuously react for 6 h. Finally, R-Cu NCs was obtained
and stored at 4 °C.

Synthesis of Si NPs

The Si NPs were synthesized according to the literature [26].
APTES (1.00 mL) was injected into 4.00 mL of aqueous so-
lution in a 40 °C water bath. Then, 1.25 mL of AA (0.1 M)
was mixed with the above solution by stirring for 20 min. The
resulting Si NPs (124 mg·mL−1) were synthesized and stored
at ambient temperature for further use.

Ethanol detection with G-Cu NCs

The different contents of ethanol (5, 10, 15, 20, 25, 30, 35,
40, 45, 50, 55 and 60%) were prepared by adjusting the
ratio of ethanol and water. Typically, 25 μL G-Cu NCs
were added into 2 mL aqueous solution containing differ-
ent concentrations of ethanol. These solutions were mixed
well and equilibrated for 2 min before fluorescence mea-
surements. Fluorescence emission spectra (λex = 444 nm)
of the sensing system were finally recorded for the quanti-
tative analysis.

Scheme 1 Synthetic scheme of
chicken egg white protected Cu
NCs
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Ethanol detection with SiNPs/G-CuNCs

The assembly of SiNPs and G-CuNCs (SiNPs/G-CuNCs) was
fabricated by the following procedure. 2 μL as-obtained
SiNPs and 20 μL G-CuNCs were thoroughly mixed to further
use. Then various content of ethanol (2, 5, 7, 10, 12, 15, 17,
20%)was added to the sensing system, and fluorescence emis-
sion spectra were accordingly recorded with excitation at
383 nm. Smartphone was used to take pictures under a UV
lamp at 365 nm.

Results and discussion

Characterization of different emitting Cu NCs

The synthesis diagram of different fluorescence emitting Cu
NCs protected by egg white is shown in Scheme1. The emis-
sion and excitation spectra for G-Cu NCs, Y-Cu NCs, O-Cu
NCs and R-Cu NCs are given in Fig. 1. The corresponding
fluorescence emission wavelength was 526 nm, 557 nm,
600 nm and 636 nm, respectively. Obvious green, yello.

w, orange and red fluorescence were observed when as-
synthesized Cu NCs were illuminated with an UV lamp of
365 nm excitation (inset of Fig. 1). The relative quantum
yields (QY) of Cu NCs were measured with different fluores-
cence dyes as reference. Using quinine sulfate as the reference
dye, the QY of Y-Cu NCs, O-Cu NCs and R-Cu NCs were
measured to be 0.2%, 0.28% and 2.7% respectively. In addi-
tion, the QY of G-Cu NCs was 14.5% with respect to
Rhodamine 6G. The QY of G-Cu NCs was much higher than
that of Y-Cu NCs, O-Cu NCs and R-Cu NCs. The stability of

the Cu NCs were also investigated in Fig. S2. The fluores-
cence intensity of four different Cu NCs were keep constant in
24 h, which demonstrated their stability. Based on the excel-
lent optical properties of G-Cu NCs, further application of G-
Cu NCs were explored.

XPS measurements were performed to confirm the chem-
ical state and composition of G-Cu NCs, Y-Cu NCs, O-Cu
NCs and R-Cu NCs. As shown in Fig. 2a-d, two distinct peaks
were observed at 932.6 eV and 952.3 eV were assigned to be
the binding energies of 2p3/2 and 2p1/2 electrons of Cu (0)
and Cu (І) in all the XPS spectra of four color emitting Cu
NCs, respectively. These results indicated that Cu NCs mainly
consist of Cu (0) and Cu (І) [27].

TEM spectra of G-Cu NCs, Y-Cu NCs, O-Cu NCs and R-
Cu NCs are shown in Fig. 3. The four different color Cu NCs
were well-dispersed with spherical shape. The average particle
size of G-Cu NCs was 2.8 nm (inset in Fig. 3a). For Y-Cu
NCs, O-Cu NCs and R-Cu NCs, the average particle size was
3.4 nm (inset in Fig. 3b), 2.5 nm (inset in Fig. 3c) and 3.7 nm
(inset in Fig. 3d) respectively, which demonstrated that the
size distributions of Cu NCs were affected by reaction condi-
tions for the same precursors. The FTIR spectra of the pure
CEW and the four kinds of Cu NCs were measured and the
results were shown in Fig. S1. In curve c of Fig. S1, the
characteristic absorption of protein amide I band
(1656 cm−1) were disappeared in the spectra of O-Cu NCs,
which indicated that formation of O-CuNCsmight perturb the
conformation of protein molecules in CEW. According to
curve b of Fig. S1, compared with the FTIR spectra of CEW
the characteristic absorption of O-H or N-H shifted from
3300 cm−1 to 3575 cm−1, and the stretching vibration of CH
at 2959 cm−1 shifted to 3015 cm−1, indicating that the

Fig. 1 Fluorescence excitation
and emission spectra of (a) G-Cu
NCs, (b) Y-Cu NCs, (c) O-Cu
NCs and (d) R-Cu NCs. Inset:
The digital photo of different col-
or emitting Cu NCs under a UV
lamp at 365 nm respectively
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formation of G-Cu NCs. Similarly, in the curve a and d of Fig.
S1, the absorption peak positions of the Y-Cu NCs and R-Cu
NCs at 3300 cm−1, 2959 cm−1, 1656 cm−1 also changed re-
spectively, indicating that the interactions between CEW and
the Cu NCs.

The fabrication of fluorescence probe for ethanol
based on G-Cu NCs

In this study, G-Cu NCs and Si NPs/G-Cu NCs fluorescent
probe was established for the quantitative sensing of ethanol.

Fig. 2 XPS spectra of (a) G-Cu
NCs (b) Y-Cu NCs (c) O-Cu NCs
(d) R-Cu NCs Cu NCs

Fig. 3 TEM image of (a) G-
CuNCs; (b) Y-CuNCs; (c) O-
CuNCs; (d) R-CuNCs. Inset: the
size distribution for four kinds of
Cu NCs
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The p repa red G-Cu NCs showed s t rong g r een
photoluminescence under UV light, and emission peaks at
526 nm were recorded at the optimum excitation wavelength
of 444 nm as shown in Fig. S3a. The G-Cu NCs have strong
green fluorescence with the quantum yield of 14.5% and ex-
cellent fluorescence stability (Fig. S4). The HRTEM image of
shown in set of Fig. S3b displayed the highly crystalline struc-
ture of the G-Cu NCs with the lattice fringe spacing of
0.315 nm. The Si NPs were characterized by fluorescence,
TEM and XPS spectroscopy respectively. In Fig. S3c, under
excitation at 383 nm, the maximum emission of Si NPs was
centered at 447 nm. The aqueous solution of Si NPs exhibited
blue fluorescence under UV light at 365 nm (inset in Fig.
S3c). TEM image in Fig. S3d displayed that Si NPs were
dispersed well with the average particle size of 2.0 nm. The
full range XPS analysis (Fig. S5) of Si NPs clearly showed
five peaks at 101.74, 284.11, 398.24, and 531.02 eV corre-
sponding to the elements of Si 2p, C 1 s, N 1 s, and O 1 s,
respectively [28, 29]. After simply blending Si NPs and G-Cu

NCs, the ratiometric fluorescent performance was mainly
based on the fluorescence resonance energy transfer (FRET)
between Si NPs and G-Cu NCs. Emission spectra of Si NPs/
G-Cu NCs presented two peaks at around 441 nm and 525 nm
under the excitation wavelength of 383 nm (Fig. S3e), corre-
sponding to the blue and green fluorescence of Si NPs and G-
CuNCs respectively. The TEM image showed clearly that the
Si NPs and G-CuNCs were able to assemble into well-defined
spherical particles with diameter about 62.8 nm (Fig. S3f).

The effects of different ethanol contents on G-CuNCs were
studied in Fig. 4a. With the increase of the contents of ethanol
varying from 0 to 60%, the fluorescence of CuNCs at 526 nm
gradually increased under the excitation of 444 nm. The
mechanism for response was based on the AIEE effect of G-
CuNCs [30]. As shown in Fig. 4b, the value of (F-F0)/F0 have
a linear relationship with the contents of ethanol in the range
from 5 to 25% (Fig. 4c) and 25–60% (Fig. 4d), the regression
equation can be described as: (F-F0)/F0 = 0.03293 V%-
0.12863 (R2 = 0.9798), (F-F0)/F0 = 0.01028 V% + 0.45663

Table 1 The comparison of the method of the report and the measurement method of the present determination of ethanol content

Materials Methods Analytical range (%) Detection limit (%) References

biNAP Fluorescence 40–70 [31]

CDs-CuNCs Fluorescence 20–60 [18]

GSH-CuNCs Fluorescence 0–50
65–80

[32]

Au/NaGdF4:Yb
3+,Er3+

hybrid
Fluorescence 25–90 [25]

G-Cu NCs Fluorescence 5–60 0.17 This work

Si NPs/G-Cu NCs Fluorescence 2–20 0.06 This work

Fig. 4 (a) Fluorescence spectra of
sensing system in the various
ethanol contents from 0 to 60%
(λex = 444 nm); (b) scatter dia-
gram and the fitting curve be-
tween fluorescence enhancement
efficiency and ethanol contents in
the range from 5 to 25% (c) and
25 to 60% (d)

101    Page 6 of 9 Microchim Acta (2021) 188: 101



(R2 = 0.9913), V% refers to the contents of ethanol. The limit
of detection is 1.67% according to LOD = 3 /s, where is the
standard deviation of the blank and s is the slope of the cali-
bration plot. Compared with other methods probe for ethanol
detection, this probe showed a lower detection limit and a
wider detection range (Table 1).

Inspired by the solvent-dependent effect of G-CuNCs, we
also designed a ratio fluorescence probe based on Si NPs as a
reference to detect ethanol. As shown in Fig. 5a, under the
excitation of 383 nm, with the increase of ethanol content, the
CuNCs fluorescence at 525 nm increased whereas the SiNPs
fluorescence at 441 nm remained almost constant. By plotting
the I525/I441 values against ethanol content, a good linear rela-
tionship can be obtained in the range of 2–20% (Fig. 5b). The
regression equation can be described as: I525/I441 =
0.04714 V%+ 0.7254 (R2 = 0.9911), with the limit of detec-
tion of 0.06%. The comparison between previous reported
methods and our methods was displayed in Table 1. Our
single-emission fluorescent probe and the double-emission
fluorescent probe for ethanol have lower detection limits of
0.17% and 0.06%, respectively. Especially for double-
emission fluorescent probe, this ratiometric fluorescent sensor
is consisted of G-Cu NCs as the indicator signal and Si NPs as
a reference signal to construct a stable detection system

through self-calibration, which avoid some errors induced by
interference. Additionally, the color change of dual emission
fluorescent probe is obvious and easily distinguished by the
naked eye under a UV lamp which can facilitate the on-site,
real-time, and portable measurement. The SiNPs/G-CuNCs
system exhibited an obvious fluorescence color change from
blue to green under a UV lamp with increased concentration
of ethanol (Fig. 5c), implying the potential of SiNPs/G-
CuNCs for the semiquantitative analysis of ethanol.

Selectivity for the detection of ethanol

We investigated selectivity for the detection of ethanol by our
method. The G-CuNCs or Si NPs/G-Cu NCs system gave
excellent selectivity for detecting ethanol in the presence of
main interference in the actual sample liquor such as metha-
nol, acetic acid, ethylene glycol and ethyl acetate (Fig. 6a and
Fig. 6b). When the concentration of ethanol was 10 times than
that of interference, the interference had little effect on the
single emission and double emission ethanol sensing system.
The results demonstrated that G-Cu NCs and Si NPs/G-Cu
NCs sensing systems have good selectivity for the detection
of ethanol in liquor samples.

Fig. 5 (a) Fluorescence spectra of
Si NPs/G-Cu NCs in different
concentrations of ethanol from
0% to 20% (λex = 383 nm). (b)
The linear relationship between
the ratio of fluorescence intensity
(I525/I441) and ethanol contents
between 2 to 20%. (c) The digital
photo of SiNPs/G-CuNCs in so-
lutions containing different etha-
nol contents under 365 nm UV
light

Fig. 6 (a) Fluorescence response
of (a) G-CuNCs and (b) Si NPs/
G-Cu NCs to 20% ethanol and
2% methanol, acetic acid, ethyl-
ene glycol and ethyl acetate
respectively
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Detection of ethanol content in real samples

For the real samples testing, we used 40, 50 and 56 degree
liquor purchased from local supermarket to evaluate the etha-
nol content by G-CuNCs and Si NPs/G-Cu NCs system. For
the SiNPs/G-CuNCs system, an appropriate (4-fold) dilution
of liquor was found sufficient to obtain a quantitative recovery
(93.2–113%) of spiked ethanol and to use a simple aqueous
standard solution for the accurate quantification of ethanol
with RSD in the range of 0.45%–1.25% (Table S1 and
Table S2).

Conclusion

A cost-effective and straightforward chicken egg white direct-
ed synthesis approach was applied to prepare Cu NCs with
green, yellow, orange and red emission. The G-Cu NCs was
applied for the detection of ethanol due to their AIEE effect.
We also designed a double-emission probe for ethanol explor-
ing Si NPs serve as the fluorescence reference. In addition,
fluorescent color changes of the ratio sensor (Si NPs/G-Cu
NCs) from blue to green could be observed, which is benefi-
cial for semi-quantitative analysis. For the actual sample, li-
quor of 40, 50 and 56 degrees were tested, respectively. The
recoveries in liquor were in the range of 99.7% to 113%. The
ethanol sensing platforms were applied to the detection and
evaluation of the alcohol content of liquor, broadening the
applications of Cu NCs and providing a sensitive detection
method for ethanol.

Supplementary Information The online version contains supplementary
material available at https://doi.org/10.1007/s00604-021-04756-7.
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