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Abstract: With the rapid development of nanotechnology, various types of sulfur nanomaterials have been devel-
oped, including sulfur nanoparticles, sulfur quantum dots, and other sulfur-containing nanocomposites with hybrid
structures. As a new type of “zero-dimensional” nano-luminescent material, sulfur quantum dots are attracting more
and more attention from scholars due to their photoluminescence properties, low toxicity, and ease of preparation.
First, this review explores the synthesis of sulfur quantum dots. Then, it introduces the progress and application of
sulfur quantum dots as sensing materials in optical sensor technology, and discusses in depth their detection applica-
tions in environmental contaminants and biological small molecules. Finally, it summarizes the current challenges

faced by sulfur quantum dots and looks forward to their future development.

Key words: sulfur quantum dots; optical sensing; environmental contaminants; biosmall molecules

Y B 8B : 2024-05-27; 1&1T B A : 2024-06-11

ESTH: HE AP 4 (82060599,82360647) 5 VT FH 4 [ AR 2 4 (20224BAB206091,20232BAB216101) 5 VP& H )T
FHE I H (GJJ2201406,GJI2201457) 5 &M TR 5 H (202101034482)
Supported by National Natural Science Foundation of China (82060599, 82360647) ; Natural Science Foundation of Jiangxi
Province(20224BAB206091,20232BAB216101) ; Science and Technology Project of the Education Department of Jiangxi Prov-
ince(GJJ2201406, GJJ2201457) ; Natural Science Foundation of Ganzhou(202101034482)



1432 K b/

¥R 545 &

e

1 3l

i & T & (Sulfur quantum dots)"MWE Rl —2K
TR 4" RO AR R, B ARE /N T 10 nm.
FI Li 5592014 4F 1 YR DR, B 20 59 0F 58
2B T RMIEN BRI ST o A SO S B 1]
“sulfur quantum dots” 7E “web of science” Z ¥ JIE
HEAT 17— YA T Y SCHRAG 28, N 8] 5 82 Oy 2019 4§
1H1HZ202446 420 HCE 1), 455 8%,
A KA T A PR BB B OC T
ST TEAS B 2 AT AN W A

20

10

Number of publication

2019 2020 =
2022

Year 2024
BT 2019—2024 45 25¢ T B ik 5 5 B 58 5 3 S0
g. 1 Published articles on sulfur quantum dot research

(From 2019 to 2024)

T B o A B B8 LR O B
B R AF 1Y A W A 5 Mk R IR AR Ok R R SR A
AU A 2 A TR R B R B IS T A
4, £ 20 M AR TR T e A A
A B A AR 45 T T, A S R A O o A R U
ks e VNt i i il R LA B 7/ s R Lot 7/ DD
O AR W B S A B M A AR AL T A i R T
S, RBLH T 04 T AR

KL, BF 58 N 5 20 F 3l i 3% 1 48 i A1l
T VR B AT A 52 BN B D RE A ek LA
X R AT R R o X TR T AR,
3 SR W AR A 5 ) 1 45 0 M B A 2 A T, AL
FERGE B T R E RS AR
FHRW o B AT R BT A A T ik B
45 i A U B A R K Bk R
JG I R S AR YR A Pl A B4 B R
T SR A A0 R R B R T RE AR, X
6 T H RE AN SO N 1B BT T B DI RE AL A
e T TR R T AR E HL R A R
P B T B EUR DGR O A SN ] 4 A3t
TAMfiE. ZOLHER I i LR 5% 78 S HOE R

Fi

—

& v o B I AR O R B T A A T A T
P57 18], fi A B i A AL ke G R ROt
T IR A AL S R B At T B kAR

ASCEBLEIR T BT R A O IR AR
AL SRR R D'~ A SN v A T 2 R (A 2))
ST T ARSI Y (R E T AL
ey ML) op 1 S5 R IN H BY REA  HF IR AR T
Bt i A AU AT I B 0k R ok ) i
BT o XA B T HE S B 1 AR Dl o A SR K
(1 8k — 25 e Je AL, 9 DR AH O 53 i) BF 2 i A3k
AHEIZFEFER o

i
s

Poyjowt
Wizy)oap
|
|

le

- Ming for pios™

2 B R A AT S H
Fig.2 Synthesis methods of sulfur quantum dots and their

applications
2 BRET ARG

TEBR & R WF IS BB A A RO
FCWE R RN, FH A G, R0 0 T S AR
7k FEA LT JUA s A Ak (A AR
o A U B A i K R A v A
2.1 BEENHERE

5HR TR AR A 1 2 3 o AR R AR A TR X 3 B 4
ERHEAT b B, 5 PR 0 4 0T R I8 A B 9K
Fe SR A IR Y L AER A AT R I
3 o e A R K I U AL T SO A B
RO RN, BE A BT B AN VR R AE N
w2 ph 204 . RS &0 A LA S KA 4
BLAEHCA PUA o 2515 3R 11 AR A Y o B
ke iE— L aifb b B s AR BIRSF R 1.6 nm,
9 TR N 0. 549% W B i Tl o R TR TR
S AR ATE A 0 R A R RO T R,
T EA A — e R IR A PR . 1 %%, &
5 3 BBt A SO I R A IR T At 2
GG KA R, X BRI T HAE 5O AR A ) 15 %



55 9 B, A BT R ARG A A B A R 1433

SR A N o LYK AR R R AR N AT g R R
02 2= WA 2 SN, T BB A A S 0 D ) R 7
S5 4A70 of 1 ) B AT R ORI E M . R
I ok AR R AR AR A AR A X R B R AR
ity IV A B o 3 R 3ol A5 R SRk 7R Y
I FH A2 )M K BH A, (0B A58 S FRATTHE AL T — Fof
A HE A L
2.2 HFERTE

2 2% S S — 3 e 2 O AR O i
A7 24t R ) 2% B T A I D vk . XOF O kAT LGE
o 4 S T SR A 11 2L R 35 A R 1A s i T S R
SFRIE A, DA 3R A LA R E M AR Y AR B A
Shen 55" DL FHAE G Ry JFURL 3R £ B -400 1 O Bl
T FETRPE SR B T AT RN . B S, T AR B AE
PRV W A TE R T BEE LB TER
TRE-400 B AE R AT L% TP BB B T L Y R
KA SRS IR TE B A 1R T R AR AR B Ak
h o BV WP R T EAR R R
£ =400 78 S IR 2 5 A5 O B E TR
P& S OB OEERE i R B T AE
FH o 38 Ak B 2 =400 f B R0 R A
il & RSN 401 nm 19 & 6B T, S T 5K
o RN R E R . B, B & R ] Y
TER R PEOC S T g WG i A X Fh
P AR Y I IR R] e 5 R A A RS ARl R 2R
TR A AR AT 6, HLARSk U Bl 2 I B[R] —
R JE K B i A R ST S s /0N | T B 3 TR A
WA T, S BRI KER . 9Ot
T A 0. 2% KK E 3. 8%, F i & F &4
(43 BT R TE40 TR J5 Tl
2.3 Jk#ik

K AL DA A A (87 i 52 I 4% P T R 45 R
TE 20 K Uk A AR AS 2 T Iz N . 2022 48,
Shen 5" R HI B DK A A 6 U5, 2 £ 2 -400 1E Ky
FeUsE 7, 76 180 “CHYy il T LA b B 24 h, 7E
B A 5 TP T A BT B R T AR R A Y B A
TR KW P R B AL 5 0 43 HIOE RO R
SRR EE o SR, % 7 A AE BN B[R] 4 ) ] 8, R
il T HAE PR A TR AN o AT Pk — )
B, Kumar %" 7E 2024 45 88 1 T — BB 9 7K $43%
B B A AT AT ER Ok SRR, R A B
(97K B3 7E 60 °CTF KB 7 h BV AT & H g Ok
i R ERT EL T THE

T A0 Aok T B A A A AN B A A S 2, K
KA T8 AR SRR
2.4 SEUESWEERE

it A5 Ak U B G B S — i i e AR A S
Py W A S AU VR, R o AR A S AR
A X B A R 2R AT 220 Bl AT 4 A 40 K A R R
b AU TR & GBI B T . FE
Shen'" $& i 1Y A B 5 W% 3L Al [, 2021 4, Wang
SRR ot AL AR B A Rk BT ER S R 2
TUEE-400 VR A VRAE R R AR A R AR I A R T
i 7ol (K 3(a)) . 7RI RE P, i A Ak Sk 3
53 BN 20 Tl by B A P L A B 0 i R R
FN10.3%. R T #E— LA E YOt 7% Tan
SECUNIIZ Ty U AT B A0 AT R B A T A A Rk
W MR & AR R B, &0t — BLE ]
B4 o B B I Aol TR A B i . BE S 1) U
TN — 22 W B FAR B 2o 480 A S AT Il 221, Je ¢
BRI F RS R 1% W6 T 5 (F
3(b)) o AT 45 O I E], 2024 4F |, Gao 5514
T AR E RN A U i R R A RO
o MATH A E AL M A B R RS £ IR
AW, E it = IR 10 min A BERE, A T H
AR TR E T A(E3)) ., =
HENR T FERFEIL23. 6%, X— T EMMUKK
AT B TS A R R B, B R T
L RN 0B 4 i = A U A S N £y B SN [E T
A RSy T B A G W SR T RN AT IR AR O BB
T 9% U A v ORI P AR T i TR
2.5 |MMEREE

SN A T S Song % 7E 2020 4F & H Y
BT R 2 T v S DAl SR Sk i ) s A AR
3 Ao AR A e Y B AR R AR A Y
AR R . SR K — 5 ik b R AR A R R A
ACBH A 1 B Ry o E) A Y ZRAE AR HE 56 1 A /AR I
it SRR ZE MR A,
2021 4F, Lin 5™ S5 B A B0R1 6 15 43 B 1 g
fill b RARD TS RS T a R
B4l A0 S5 T8 BB Ay F R AL (81 3(d)) o DR 48
AR X A% S R T ) B Y kA T &
O HE L TN B JOT A A R 3 TR A T A A )
FFT R, WA, B E TSR R KR
HHRSFRNEVIHE, B TR E NS T
FERAE R, 3R 008 B 32 ) 5 35 52 e, H A] 38 2o 3R



g
S-EDA solution] 0 mm[

NaOH
22h

ﬂg *+ pEG-400 =

Sublimed sulfur

+ e+ . +Cr (V)
— ot /" % Cr (1)

¢ ’ A

360 nm 440 nm 360 nm 440 nm

360 nm 440 nm

(]

Bulk sulfur py:.. : ° Assembly
P Dl»ulullgn oa20 o )

Y & Room - = &= oo ) b ~ PEG Oxidation 1
é j temperature cli !:;;OH Sulfur species

| S Green S-dots
‘ Stirring for reen S-dots

focusing

’ \
{Uner 365 nm light
[ I

1
|
|
|
|
1
1
| Size 1
|
|
1
1
|
|

Oleic acid \;/\ Frothy @

Bulk s mixture SQDs solution
Probe

sulphur
. sonication
1 NaOH 2
solution 3 min

|:NaOH # :Hep-SQDs |

|

|

|

e I
Heating — |
@190 C ! Filtration 1
12 min — " 1

|

() 7K 3 T B o AR B0 5 () B 9 A 10 JE X DO A9 85— RIS R 0 2 B (o) FE 38 TR T bR
A RPN T R B R () B P A S B PLALH ™ 5 (o) JHF 32 B k1 50 O B 2 () Bl 4

3
TR R
Fig.3

(a)Synthesis of sulfur quantum dots under hydrothermal method . (b)Synthesis of sulfur quantum dots and its principle

of determination of tetravalent chromium ions and ascorbic acid™". (¢)Schematic diagram of the rapid synthesis of sulfur

quantum dots at room temperature' ™. (d) Synthesis of sulfur quantum dots and its PL mechanism'®’. (e)Schematic dia-

gram of the synthesis of heparin-sulfur quantum dots**. (f) Schematic diagram of the synthesis process of sulfur quantum

dots™"
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Tab. 1 Application of sulfur quantum dots in detecting metal ions
1% I F A 2 4 40 LAV A6 00 B 2% 3CHik
SQDs Co** 0~40 pmol/L 0. 16 pmol/L [43]
SQDs Ag" 0. 1x107~3 pmol/L 71x10°° wmol/L [49]
. . Cr20727 0~220 pmol/L 160 pwmol/L
SQDs@Ui0-66-NH,
: Cr0,” 0~220 wmol/L 170 pmol/L [50]
CS-SQDs Cr( VD) 0~76 pwmol/L 0. 176 pmol/L [46]
SQDs Fe* 0~250 pwmol/L 0. 048 pmol/L [48]
SQDs Co™ 0~9. 0x107 mol/L 0. 020 pmol/L [42]
SQDs Ag* 0. 8~280. 8 wmol/L 0. 81 pwmol/L [51]
SQDs Fe* 0. 05~120 pmol/L 0. 102 pmol/L [52]
SQDs Fe' 0~530 pmol/L 0. 69 pmol/L [47]
SQDs Fe' 0~400 pmol/L 0.010 pmol/L [20]
SQDs Co™* 5~50 wmol/L 4.51 wmol/L [53]
SQDs Fe™ 2.5~55 pmol/L 1.41 pmol/L [45]
SODs Cr(VD) 5~1 500 wmol/L 1.5 wmol/L [54]
SQDs Fe’* 5~30 pmol/L 0.014 pmol/L [55]
SQDs Fe’ 2.5~700 pmol/L 0. 053 pmol/L [56]
SQDs Fe' 0~165%10"° mol/L. 92x10™" wmol/L [57]
SQDs-CQD Cu” 0. 1~5.0 wmol/L 0. 031 pwmol/L [58]
®2 BMEFRERNBSLEY TR
Tab. 2 Application of sulfur quantum dots in the detection of organic pollutants
A% A R H A5 23 Hr 4 LA G ) B 2% Wk
RhB-SQDs 2,4-D 0. 050~0. 500 pg/mL. 17.3 ng/mlL [59]
PEI-SQDs TC 0.20~100 pmol/L 0. 16 pmol/L [33]
SQDs 4-NP 2~85 pmol/L 0. 073 pmol/L [25]
] 4-NP 125~250x10° pmol/L, 0. 046 wmol/L
SQDs 5 [60]
2-NP 125~500%10" wmol/L 0. 171 wmol/L
SQDs TTZ 0~30 pmol/L 0. 082 wmol/L [61]
SQDs p-NP 0. 2~30 pmol/L, 30~90 pwmol/L 0. 070 pwmol/L [62]
SQDs Dox 0. 5~25 pmol/L,25~250 pwmol/L 0. 19 wmol/L [63]
TPA-SQDs TTZ 0. 1~20 pwmol/L 0. 039 pmol/L [64]
SQDs NIF 5~150 pwmol/L 1. 63 pmol/L [65]
B-SQDs AO 0~90 pL 1.95 pmol/L, [66]
SQDs@GSH-AuNCs ETU 2.5~100 pmol/L 2. 08 pwmol/L [67]

TTZ: W A7, p-NP: XFilIE A B, Dox: Z PR K, TPA-SQDs: X 8 — I iR — i it 7 45, NIF: X il 517, B-SQDs: B-FR MK -Hi it 7 451,
AO: M BERE, SQDs@GSH-AuNCs: fi it 7 £ -7 Bt T Ak Fe e 4 B %, ETU: 2k .
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PERSI ALP /Y 7 15 0 5 F 0 M 9650 5 ALP
TEYEAE 1.5~5.0 U/mL 11 Bl 9 2 AT 38 4 i 4 o6
2L MR ATIA 0. 13 U/mlL,
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Fig.5 (a)Schematic diagram of synthesized SQDs and determination of ALP"*'. (b)Schematic diagram of Hep-SQDs based rati-

ometric fluorescent probe for UA determination*"



1440 ko

¥R 545 &

3 RGE T AR R B T AR A
ERLARIOE ORI PR ER 7= ae R (A Ek 7/ i o R R
B 2 U T — E W R (EL AT T I PO AR
FEVEAN AR PR . Rk, FRAT AT B — D

Bt B A A RO I B e S OB AR E R R AR
IR SOE [ IR 2R 22 2 O K R F% 1Y
LT O RN 7 N D 1S O S S 7/ s e R L
IR R L

R3 METREANEYSFHIER

Tab. 3  Application of sulfur quantum dots in the detection of biomolecules

AL A R ERaY i 2R A 0 B 27 3k
SQDs PA 0~12 pmol/L 0. 073 pmol/L [52]
SQDs AA 0~240 pmol/L 0.011 pmol/L [75]
SQDs GSH 20~500 pmol/L 0. 16 pmol/L [76]
SQDs ALP 1.5~5.0 U/mL 0. 13 U/mL [73]
SQDs LDH 500~40 000 U/L 262 U/L [77]
SQDs DA 107*~10" wmol/L 2.5%107° pmol/L [78]
SQDs AA 0.01~5.5 mmol/L 3 pmol/L [54]
SQDs BChE 0.01~10 U/L 0. 006 9 U/L [79]

CMC-SQDs AA 1~300 pmol/L 0. 18 pwmol/L [80]
SQDs AA 20~100 pmol/L 0. 64 pwmol/L [55]

Hep-SQDs UA 10~300 pmol/L 0. 56 pmol/L [24]
SQDs ALP 0.25~100 U/L 0.10 U/L [74]
SQDs NAG 0.4~7.5 U/L 0.1U/L [81]
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