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Detection of uranyl ions by quantum dots of
hydroxypropyl chitosan Cs;Bi,Clg

GAO Dangge'**, ZHANG Ailin'**, BAO Xin'*?, CHEN Zhixin'?*?, LI Yun*, LYU Bin'**"

(1. College of Bioresources Chemical and Materials Engineering, Shaanxi University of Science & Technology, Xi'an

710021, Shaanxi, China; 2. Xi'an Key Laboratory of Green Chemicals and Functional Materials, Xi'an 710021, Shaanxi,
China; 3. National Demonstration Center for Experimental Light Chemistry Engineering Education, Shaanxi University
of Science & Technology, Xi'an 710021, Shaanxi, China; 4. College of Chemistry & Chemical Engineering, Yantai
University, Yantai 264005, Shandong, China )

Abstract: Hydroxypropyl chitosan (HPCS) passivated Cs;Bi,Cly quantum dots (HPCS-PQDs) were
prepared by ligand assisted reprecipitation method using HPCS, BiCl; and CsCl as raw materials, and
characterized by TEM, XRD, PL, and UV-Vis. The selectivity and anti-interference of HPCS-PQDs for
detecting uranyl ions (UO3") were evaluated. The HPCS-PQDs sensor was then constructed by loading
HPCS-PQDs onto cellulose filter paper, and its sensitivity on UO3" detection was further analyzed. The
results showed that HPCS-PQDs were spherical with an average particle size of 3.21 nm, emitting blue
fluorescence, with the emission peak 440 nm and the half-peak width about 50 nm. HPCS-PQDs exhibited
good selectivity and anti-interference for UO3" detection. Common cations (Na', K*, efc.) and anions (CI,
SO3, etc.) showed no influence on the fluorescence quenching of HPCS-PQDs by UO3". The quenching
efficiency of HPCS-PQDs sensor showed a good linear relationship (R*=0.96002) with the concentration of
UO3" (in the range of 0~0.10 mmol/L), and the detection limit was 2.3x10 mmol/L. The mechanism of
UO3" detection of by HPCS-PQDs was the complexation and coordination of UO3" with —OH and —NH,
on the surface of HPCS-PQDs. HPCS-PQDs could rapidly detect UO3™ in actual water samples with

i BEHEE: 2024-01-05; EABEH: 2024-02-27; DOI: 10.13550/j.jxhg.20240019
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recovery rates ranging from 90.00% to 99.80% and relative standard deviation <5%.

Key words: perovskite quantum dots; hydroxypropyl chitosan; uranyl ions; uranyl ions; fluorescence

detection; water treatment technology
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Fig. 1 TEM (a) and HRTEM (b) images as well as particle
size distribution curve (c) of HPCS-PQDs
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Fig. 3 FTIR spectrum of HPCS-PQDs
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Fig. 4 Fluorescence emission spectrum and UV-Vis absorption
spectrum of HPCS-PQDs ethanol solution
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Fig. 6 Effects of different cations and anions on fluorescence
intensity of HPCS-PQDs as well as effect of UO3"
in the presence of different cations and anions on
fluorescence intensity of HPCS-PQDs
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Fig. 7 Change curves of fluorescence intensity with time
after reaction of HPCS-PQDs and different
concentrations of UO3"

2.2.4 HPCS-PQDs 2 UO3"#4 32 5t 4|

K 8 AR HE UO3 %} HPCS-PQDs M7 Y4
DR FE LR MR A G 2R 2R R L 7 B 52 o i e 8
SMT TR A,

2
=
i
i
R
#
0.01
~
04
&
80 8
400 450 500 550 600 650 QO”
BK/mm
70r b
60 _—
§ 50
f-& [ _—
E‘/ § 80 //l/,,,,
30k &
e / R7=0 99983
20l =60 LOD=5.3 pmol/L
oy 0 0.020.040.06 0.08 0.10
10 In‘ . . . UOg*%E)[ﬁ/(mmol/Ll)
0 020 040 0.60 0.80 1.00
UO3 ¥ & /(mmol/L)

20-.,0.01,.,0.02 Q,Q 00008 .10..0.20,0.40, 0.60,0.80.

¢ F Y #AA7  mmol/L
& 8 AN[EWE UOL X HPCS-PQDs MY GIE KR (a)
MR G RN (b) B R  S2R; 7E %6

SMTTFHIMER (c)

Fluorescence quenching degree of HPCS-PQDs
with different concentrations of UO3" (a) and
linear fitting relationship curve (b) as well as
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Fig. 9 Change curves of F/F, with time for HPCS-PQDs

fluorescence sensor in air (a), as well as water,
ultraviolet light, and water+ultraviolet light (b)
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Comparison of detection performance of different
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Table 1

. B, &SR, B
(nmol/L) (nmol/L) CHik

MPA@CdTe QDs 4 1~150 [17]
DNAzyme-2-aminopurine 9.6 5~400 [18]
TPE-BSA 39 0~00 [19]
N,P-CDs 4.5 10~2500 [20]
HPCS-PQDs 0.23 0~1x10° EN'S

¥ : MPA@CdTe QDs M&:Thki 5 Al CdTe & T i A9 1L
B2 e 454 s DNAzyme-2-aminopurine Ak A 2-2 Z£ E 14 ) DNA
HEAER s TPE-BSA 5L T DU 2K 5 615 1% A% ; N,P-CDs 2l
AANBE LB R 0 OB T A5
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Table 2 Detection of actual water samples containing
UO3" using HPCS-PQDs paper-based sensor

FES IERYEEE/(nmol/L) A& B/ (nmol/L)  [F1Yi/% RSD/%

v 5.00 4.89 97.80  2.71
IKEE 25.00 22.50 90.00  3.93
50.00 49.90 99.80  4.25

KRR 5.00 4.65 93.00  4.54
25.00 2421 96.84  2.37

50.00 45.26 90.52  3.62

L 5.00 4.86 9720 1.54
IKFE 25.00 23.92 95.68  3.77
50.00 47.43 94.86  4.62

HE% 2 WAL, 7E 3 AN [EIVR BE (9 AR [l 5 56
W, UOS I IIAREISCR A 90.00%~99.80%, AHXTFRifE
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Fig. 11 UV-Vis adsorption spectrum of UO3" and fluorescence
excitation and emission spectra of HPCS-PQDs (a),

fluorescence lifetime spectra of HPCS-PQDs
before and after UO3" addition (b)
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