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Simultaneous Preparation of Pu-erh Tea-selenium-doped Carbon
Quantum Dots and Elemental Selenium and
Its Application in Fe'* Detection

HU Weiying, YE Xiguang', CHEN Zhongzheng, ZHANG Yuanyuan, YAO Xiangrong, LIN Xiaorong', LI Bin’

(College of Food Science, South China Agricultural University, Guangzhou 510642, China)

Abstract: Object: To prepare Pu-erh tea nano-selenium doped carbon quantum dots (PT-Se-CQDs) for the rapid detection
of Fe*" in the water system and to profile their characteristics. Method: In this study, PT-Se-CQDs and elemental selenium
were prepared simultaneously in a water-bath by optimizing the reaction temperature and time. The ultraviolet-visible
absorption and fluorescent intensity of PT-Se-CQDs were subsequently analyzed by the ultraviolet-visible absorption
spectroscopy and fluorescence spectroscopy. And their morphology, elemental composition, and structural characteristics
were characterized by transmission electron microscopy, X-ray photoelectron spectroscopy, and X-ray diffraction,
respectively. On this basis, a novel fluorescence sensor for the detection of Fe* in the aqueous system was constructed
using PT-Se-CQDs. Result: PT-Se-CQDs in a spherical shape with a quantum yield of 3.41%, an average particle size of
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about 3.1 nm as well as elemental selenium were successfully prepared simultaneously via the reaction in a boiling water

bath at 100 °C for 10 h. In addition, a strong static fluorescence quenching effect on PT-Se-CQDs was observed in the

presence of Fe’*. Accordingly, Fe® in the range of 0~300 umol/L was successfully detected using PT-Se-CQDs as a

fluorescence sensor with a good linear relationship between the concentration of Fe*" and the ratio of fluorescence intensity
(F/F,) of PT-Se-CQDs (R>>0.99) and a limit of detection of 0.2621 umol/L. When this method was applied to detect Fe** in
real water samples, satisfactory standard recovery rates of Fe** in pure water and mineral water of 90.93%~104.56% and
84.53%~113.90% with the RSD less than 8.15% and 4.00% were obtained, respectively. Conclusion: The preparation of
PT-Se-CQDs with high selectivity and sensitivity to Fe** and their application as a new fluorescence sensor for the detection

of Fe’* in aqueous systems with simple operation and fast response were explored in the present study.

Key words: Pu-erh tea nano-selenium; Pu-erh tea nano-selenium doped carbon quantum dots (PT-Se-CQDs); elemental

selenium; fluorescence sensor; Fe**
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R B Al Bl sk B2 R 2.5 g/L Bk



318 - £ Tl B4

20234 2 A

TEHUER, WHUHAR 5 mL, il A 7 mL #B4i7K A
500 mmol/L %) Ve Wk 8 mL, 800 r/min % 13 FE
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S B FAE K S I RIR B AN Ta], SR 2666
T E T 40~100 °C 7K IR . 0~12 h Anfha
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Fig.1 Fluorescence spectra of Pu-erh tea nano-selenium doped
carbon quantum dots at different reaction temperatures
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Fig.2 Fluorescence spectra of Pu-erh tea nano-selenium doped
carbon quantum dots at different reaction time
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0 T T !
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Fig.3 TEM image of PT-Se-CQDs
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Fig.4 XPS full-spectrum (a) and Cls high-resolution spectrum
(b) of PT-Se-CQDs
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Fig.5 XRD spectrum of PT-Se-CQDs (a) and elemental
selenium (b)
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Fig.6 Ultraviolet-visible spectra (a), fluorescence
spectrum (b) and 365 nm illumination under violet light (c)
of PT-Se-CQDs
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Fig.7 Fluorescence spectrum of CQDs and PT-Se-CQDs
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Fig.8 Ratio of fluorescence of PT-Se-CQDs with or without
the addition of metal ions

AR LIRSS, 243047 Na', Ca®' . Mg,
Ni?".Ba?".Co*".Cd* . Sr*".Zn*" . Fe*" . Mn*" . Pb*".Cr’*
42 13 4@ B 1-(0.5 mmol/L) %) Fe*"(0.05 mmol/L)
VK PT-Se-CQDs 2¢ 58 BE IO RZ i, 25 SR an &l 9 fr
Ro FERT Fe'MREE 10 fi504 13 P& )@ Faaliire
T, Fe BT PT-Se-CQDs Ji, 5 Fe* B FL 22
FEAKE] 0.6 (F/F )4, Hoax 4@ B T 28 anm & e
EARk, HEMIH AT RESE TR R iy Fe' NEaE,
Al #EFR o E AL Fe*', AT K PT-Se-CQDs 1 %<

SEHTECY, 2t LA PT-Se-CQDs Xif Fe*" ELAT 44
SR TR

1.0 1

0.8

<
=)
\

HR DG (F/F,)
fe]
~

0.2 1
0.0 : A
RS EERERERFER
B
K9 A4&EETS5 FEHEMT PT-Se-CQDs &
(14 32

Fig.9 Ratio fluorescence of PT-Se-CQDs treated by Fe** in the
presence of different metal ions
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Fig.10 Fluorescence spectrogram (a) of PT-Se-CQDs and the
linear relationship diagram (b) between the fluorescence
intensity of PT-Se-CQDs and the Fe** concentration
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Table I Comparison of detection performance of Fe** by
different fluorescence probes
POLIRE  KMVE R (pmol/L) K HiBR (umol/L) E= Ui
BEIEIR 0.08~1.10 0.0630 T oK A0S
SiQDs 2.50~250.00 0.6760 ARAMBREER
CuNCs 0~50.00 0.6900 Sabarinathan%""
N-CQDs 0~400.00 9.2500 HnmE
PT-Se-CQDs 0~300.00 0.2621 ENTE




322 - £ Tl B4

20234 2 A

25 EER-MZERET AN F R MAER
Hl

PT-Se-CQDs ZYGEREM R Fe* ™ BLAT & e 1k
I RAE . IR ASTHT PT-Se-CQDs X Fe’'Z s
A IV E PRI, ASBFSEIE T 0~200 umol/L (1) Fe**
TE 21. 31. 41 °C T K PT-Se-CQDs 14 %€ YGHR 3,
AR TR B - IR SR RO BRI S IR B, ST B
PRICEARY, g5 4nE 11 fizR. 78 21, 31, 41 °C W
IR, REME Fe'5 PT-Se-CQDs 1 2¢ Yo% B
AR B TR IR BT AR, 3R T, B S B IR, T
15, DR F L Ksv /N, B ARG (R 2) . &
SERRAENOT DL U H R RN S NS PR TR IE
AH, I P IPHE SARR s BRI B i T T e ), 5
JZ LEARAE, RIS GRS K o S5 SEifF o 4l R n]
H, AHFIE Y Fe* 5 PT-Se-CQDs [ 5¢ SGHE K S5 T

2.5
v2
.3
204 .3
=
1.5
1.0 1
0 100 200
[Q] (umol/L)
Bl 11 AFEREET Fe*'fil PT-Se-CQDs A HAE I i i -
RIRERE

Fig.11 Stern-Volmer plots for the quenching of Fe** by

PT-Se-CQDs at different temperatures
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Table 2 Quenching constants K, for the interaction of
Fe** by PT-Se-CQDs at different temperatures

WEE(C) K,,-10°(L/mol) R
21 6.3928+0.8423 0.9795
31 4.7116+0.7454 0.9569
41 3.7915+0.5856 0.9754

2.6 HRKFALBKFERT Fe' BRI

Shy 1 — 2 PR TR I T 2% 4 YA P D S FH
AMHFELL PT-Se-CQDs “AHENARET, Kl 4K A4
SRS Fe? &, il ibs 10, 100 pmol/L 1) Fe'”,
M LR, 454038 3 B, 456 Fe " UsIE > 0
i, PT-Se-CQDs M2 Gk BETHAAS Y, alivgskrp Fe?*
HREEA 0, IIARIEACRIE R A 90.93%~104.56%, RSD
/T 8.15% WIRIKH Fe* M A 4.24+2.66 umol/L,
InAR [ 2 84.53%~113.90%, RSD /N T 4.00%,
U AZ AN J7 25 R 43 T EE SR, AT SEER R S RARE
H Fe? 1 AE & | Pl

3 PT-Se-CQDs X SEPRHE A Feo ryfarill g
Table 3 The detection ability of PT-Se-CQDs in the detection
of Fe’* in real samples

FEfE BHIME (umol/L) A& H{E (umol/L)

AR (%) RSD(%)

10 10.46 104.56 8.15
EIRE] ’ ’
Gk 100 90.93 90.93 3.28
10 11.39 113.90 4.00
B
TR 100 84.53 84.53 1.14
:b\
3 Zip
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Jr RN A5 K R SRR S SERAE L Y e, [k
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