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Detection of permanganate based on copper
nanoclusters as fluorescent probes
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Copper nanoclusters (CUNCs@TA) with strong luminescence were synthesized by a
one-step method with tannic acid as a ligand. Since MnO,~ can quench the fluorescence
peak of CUNCS@TA, a method for detecting MnO,~ was developed based on copper nano-
clusters as a fluorescent probe. The results show that as the concentration of MnO,”
increases, the fluorescence emission spectrum intensity of CuNCs@TA is reduced. The
linear range is 0.5—-35 uM, and the minimum detection limit is 36 nM. The developed
method has been used for analysis of actual water samples. This method can be more
widely used in the determination of MnO,~ in actual samples.
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BusiBieHHA nmepMaHraHaTty Ha OCHOBi HAaHOKJAacTepiB Mixi B sakocti ¢uyopecueHTHOro
sonpa. Yageng Bai, Yu Cao, Lin Zhu, Xueling Cao

Ha ocmosi MnO,~, axuii moxe BUKJMKATH racimaa miky duayopecrernnii CUNCs@TA,
pospobeno meron BusasaeHHa MnO,” Ha ocHoBi HaHOKIacTepis Mixi B sKocTi ayopecnenT-
woro songa. Hamoriaacrepu mixzi (CUNCs@TA) 3 cuibHUM CBiTIHHAM CHHTE30BAHO OJHO-
CTaIilHNM METOLOM 3 AYyOMJIbHOIO KIUCJIOTOI B AKOCTi Jsiramma. PesyiabTaTy moxasymoTb, IO
3l s6inpmrenaam koHnenrpanii MnO,~ imreHcuBHicTs cmexTpa duayopecuennii CUNCs@TA
MoOske sMeHuIyBaTucs. Jlimiiiamit giamason cranosuth 0,5—35 MM, minmimanbHa Me:xa BHAB-
nenns ckiagae 36 M. Meros Moxe 3HAWTHM IIMPOKe 3aCTOCYBaHHA Ipu BusHauenHi MnO,~
B peaJbHUX 3pasKax.

Ha ocmose MnO,~, KoTopkIif MOXMeT BEI3BATh ramenue nuka (ayopecmenmun CUNCS@TA,
paspaboran merox o6Hapysenus MnQO,” Ha ocHOBe HaHOKJACTEPOB MeAu B KauecTse (payope-
cuenTHoro 30uga. Hamokmaacrepsl meaqu (CUNCS@TA) ¢ cuJbHBIM CBeUEHMEM CUHTE3UPOBAHEI
OHOCTAIUNHEIM METOJOM ¢ IyOMJILHOM KUCIOTON B KadecTBe Juranaa. Pe3yabTaThl MOKAa3bI-
BAIOT, UTO C yBeJuueHHMeM KoHIeHTpanmuu MnO,” MHTeHCHBHOCTHL CHEKTpPa (IyopecleHINN
CuNCs@TA mosxer ymeHbLiaTbes. JIuHelHbIN guanason cocrapisger 0,5-35 mxM, a MuHU-
MaJIbHBIM IIpeges o0HapyxeHusa cocrasiaser 36 uM. Merog MoMKeT HANTH IINPOKOE IIPUMEHE-
Hue npu omnpexenernun MnO,~ B pealbHBIX o6pasiax.
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1. Introduction

Potassium permanganate is widely used
as an oxidant in the production of chemi-
cals; it is used as a preservative, disinfec-
tant, deodorant and antidote in medicine; as
a water treatment agent in water purifica-
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tion and wastewater treatment, ete. [1, 2].
However, too long exposure to potassium
permanganate and excessive addition of po-
tassium permanganate will result in discol-
oration of the plant water; in the case of
prolonged over-addition, the product water
containing manganese dioxide will easily
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Fig. 1. Preparation of CUNCs@TA and mechanism of fluorescence probe.

cause the filter media to harden. Therefore,
the analysis and detection of potassium per-
manganate is particularly important. So
far, detection methods of potassium per-
manganate mainly include atomic absorp-
tion spectrometry (AARS), spectro-
photometry, voltammetry, chromatography,
and inductively coupled plasma (ICA) [3-5].
However, the disadvantages of these meth-
ods are cumbersome preprocessing, long
analysis time, and high cost of instruments
and drugs [6, 7]. Therefore, the develop-
ment of a simple, rapid and highly sensitive
detection method for potassium permanga-
nate has gradually become a research focus
[8, 9]. In recent years, fluorescent precious
metal clusters have become one of the most
popular nanomaterials. The metal nanoclus-
ters overcome some shortcomings of tradi-
tional quantum dots, not only have excel-
lent optical properties and small size char-
acteristics, but also have good
biocompatibility and are easy to realize sur-
face functionalization. They have good po-
tential for applications in the fields of bio-
chemical sensing, imaging analysis, environ-
mental control, photocatalytic technology and
as drug carriers [10, 11]. But so far, there
are few reports about the use of nanoclus-
ters as fluorescent probes for potassium
permanganate detection, although such
fluorescent probes have the advantages of
simple operation and high sensitivity [12].

In this paper, tannic acid is selected as a
ligand; ascorbic acid is used as a reducing
agent to synthesize CUNCs@TA. The prepa-
ration method is simple and rapid, and the
prepared CUNCs@TA has good water solu-
bility and a strong fluorescence emission
spectrum. The method is developed to detect
permanganate with CuNCs@TA as fluores-
cent probes (Fig. 1).
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2. Experimental

Preparation of CuNCs@TA.

Under conditions of constant stirring in
a water bath at 50°C, 0.2 mL of 0.1 M cop-
per sulfate is added to 0.1 mL of 1 mM
tannic acid and 20 mL of distilled water in
a clean round bottom flask; then 0.2 mL of
1 M ascorbic acid is added to the mixture
with continuing stirring for 360 min to ob-
tain stable and strong fluorescent copper
nanoclusters. After the reaction is completed,
the product is cooled to room temperature
and stored in a refrigerator at 4°C [13].

Interference experiment.

Various interfering substances (Zn2*,
Pb2*, Fe2*, Mg2*, MnZ*, Hg?*, CaZ*, Fe3*,
Co2?*, Ni*, I-, Br, CI-, NO3~, and MnO,") are
added to CuNCs@TA at concentration of
100 uM. Then, the fluorescence intensity
change of CUNCs@TA is measured.

Measurement of actual samples.

The actual water sample was taken from
the Songhua River water in Jilin City.
Large particles of impurities were filtered
off with filter paper and centrifuged at
10000 r/min for 10 min; the supernatant
was taken for use. Different concentrations
of MnO,~ were added to the above Songhua
River water. The treated actual samples were
added to 2 mL CuNCs@TA, then shaken and
mixed uniformly. After holding at room tem-
perature for 5 min, the fluorescence intensity
of CuNCs@TA was recorded; the excitation
wavelength was 360 nm.

3. Results and discussion

From the TEM image of the CuUNCs@TA
solution in Fig. 2a, it can be seen that the
average particle size of CUNCs@TA is about
2.3 nm, and the particles are mostly spheri-
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Fig. 2. TEM images of CUNCs@TA. a) 20 nm; b) 5 nm.
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Fig. 8. a) The change of CuNCs@TA fluorescence intensity with MnO,~ concentration; b): The
change curve of Fy—F with MnO,~ concentration (Inset is the linear diagram of the relationship

between F,—F and MnQO,").

cal, with good dispersibility and a relatively
uniform size distribution. It can be seen
from Fig. 2b that the interplanar spacing is
0.2131 nm. The TEM image shows that
CuNCs@TA has been successfully prepared
by this method [13].

Fig. 8a shows the fluorescence spectrum
of CUNCs@TA quenched with MnO,~. At the
excitation wavelength of 360 nm, the emis-
sion wavelength of CUNCs@TA is 430 nm.
After MnO,~ is added, the fluorescence in-
tensity of CuNCs@TA is obviously
quenched. As the amount of added MnO,~
increases, the quenching of CuNCs@TA Dbe-
comes more obvious. When the amount of
added MnO,~ reaches 200 uM, the fluores-
cence intensity can be quenched completely,
indicating a strong interaction between
MnO,~ and CuNCs@TA. Fig. 8b shows the
graph of the trend of changes in the Fy—F
value with the MnO,~ concentration (0-
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200 uM) in CuNCs@TA (where F, is the
fluorescence emission peak intensity of
CuNCs@TA, and F is the fluorescence emis-
sion peak intensity after adding MnO, into
the CUNC@TA solution). The fluorescence
intensity change Fy—F and the concentra-
tion of added MnO,~ are used for linear
regression; respectively, at 0.5-15 uM and
16-35 UM a good linear relationship is ob-
served. The linear curve equations are re-
spectively: Fy—F = 88.6144C + 28.7811
(R2 =0.9983) and F,—F = =29.9290C +
579.1639 (R2 = 0.9991), the lowest detec-
tion limit is 36 nM.

Under the same experimental conditions,
it was further investigated that CUNCs@TA
may interfere with Zn2*, Pb2*, Fe2*, Mg2*,
Mn2*, Hg2*, Ca?*, Fe3*, Co?*, Ni*, I-, Br,
Cl=, NO;~ (Fig. 4). The experimental results
show that at the same concentration, only
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Fig. 4. Effect of interfering substance on
CuNCs@TA.

MnO,~ causes the quenching of the fluores-
cence emission spectrum of CUNCs@TA, in-
dicating that the fluorescent probe has a
higher selectivity for detecting MnO,,
which will be more suitable for detecting
actual samples.

The above experiments prove that this
fluorescent probe has good sensitivity and
selectivity for the detection of MnO,~, but
many factors (such as temperature, pH,
etc.) in the actual water sample may limit
this application. In order to verify the fea-
sibility of this method, we further studied
the feasibility of CUuNCs@TA to detect
MnO,~ in actual water samples. The actual
water sample after treatment was added to
CuNCs@TA, and the water sample itself did
not cause significant fluorescence quench-
ing of CuNCs@TA. The standard addition
method was used to detect the content of
MnO,~ in the actual sample. The standard
solutions of MnO,~ with different concen-
trations were added to the actual water
sample, and the parallel determination was
performed three times. The results are
shown in Table. The average recovery rate
of MnO,~ samples is 98.06 % ~ 104.41 %,
the relative standard deviation value is less
than 3 %, which proves that the method
has good reproducibility and precision, and
can be used for the detection of MnO,~ in
actual water samples.

4. Conclusions

The CUNCs@TA with excellent properties
with tannic acid as a ligand was synthe-
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Table. MnO,~ determination results in ac-
tual water samples (n = 3).

Sample| Spike, | Found, RSD, Recovery,
uM uM % %
1# 12 12.53 2.21 104.41
2# 25 25.04 1.66 100.16
3# 33 32.36 0.91 98.06

sized, and the method for detecting the con-
tent of MnO,~ in the solution with
CuNCs@TA as a fluorescent probe was de-
veloped and applied to the detection of ac-
tual water samples. The results show that
the fluorescence intensity of CuNCs@TA
has a good linear relationship with the con-
centration of MnO,~ within a certain range,
and the lowest detection limit is 36 nM. The
method has the advantages of simple opera-
tion steps, mild preparation conditions, low
detection limit and high sensitivity. The
method can be used for the detection of
MnO,~ in the daily environmental protec-
tion.
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