#4748 B8 M Kot R Vol. 47 No. 8
20264 8 H CHINESE JOURNAL OF LUMINESCENCE Aug. 2026

XEHES: 1000-7032(2026)08-1516-08

FH 1 R0 A5 0 ey B IRV M e e #

A, IR, BBE, RER, HAE
BT, EHE

(1. KRR AL T2 B KT R 24 5 K IR AL AR B 5 52862, R 3003505
2. KRR 2E GUEW S A H G240, RHEE 3003505
3. RHEREWVLAF G B, WiVl 7°0%  315201)

W ZE : JRRTAE AL A (5 B B A i oA 3 SUTE AR A, S BT D v A v R R A G I LA
S ARSI AT — ol T 2 R T A A 4 (PyDI-APTMS) TR M 9 B8 F o SR B G JL IR 3% 1 3% 56 6 i
1S B0 T TR A 'G5 T B X R A 1 43 T4 A GBI T SR TR B LA B AL SR LB AT TR SY . S
g BRI, TN A ST % PyDI-APTMS (1 Si—O & W 24, JE 1M 5 2088 6 I 05 4% i SR 4, 51l 28 6 1
K, e 25 S BN B 1 1 b S A I L A I BR 2 0.36 umol - L', AR B TE GBS T 19 AT LR RS T A A Ze BRI
Fh Y S S A3 W T LA T E R AN (B

% 8 W BB BT BEE SOLIRE

FESES: 0482.31 X HEEARIRAD : A
DOI: 10.37188/CJL.20260106 CSTR: 32170.14.CJ1..20260106

A Pyrene Diimide Fluorescent Probe for Fluoride Ion Detection

LIU Junjiel'ﬁ, WANG Maolongl'”, QU Yaru', TU Jiajun1 , TIAN Kaili',
HAN Ye*, REN Xiangkui'™

(1. Tianjin Key Laboratory of Membrane Science and Desalination Technology, School of Chemical Engineering and Technology ,
Tianjin University , Tianjin 300350, China;
2. School of Synthetic Biology and Biomanufacturing , Tianjin University, Tianjin 300350, China;
3. Zhejiang Institute of Tianjin University , Ningbo 315201, China)

# Corresponding Authors, E-mail: hanye@tju.edu.cn; renxianghkui@tju.edu.cn

Abstract: Fluoride ions play a dual role in human health and environmental safety, making rapid, sensitive, and
selective detection highly significant. In this work, a novel pyrene diimide derivative (PyDI-APTMS) was synthe-
sized for the detection of fluoride ions. The molecular structure, photophysical properties, fluoride sensing perfor-
mance, and sensing mechanism were systematically investigated using nuclear magnetic resonance (NMR) spectros-
copy, fluorescence spectroscopy, and ultraviolet-visible (UV-Vis) absorption spectroscopy. The results demonstrate
that the addition of fluoride ions induces the cleavage of Si—O0 bonds in PyDI-APTMS, leading to the aggregation of
the pyrene diimide core and pronounced fluorescence quenching. This enables rapid and quantitative detection of flu-
oride ions, with a detection limit of 0. 36 pmol+L™". The probe exhibits promising potential for visual detection of flu-

oride ions and quantitative analysis in complex environments.
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Fig.6  Fluorescence intensity of the standard detection solu-
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2 JECB S PR R I BR A B B A L HE— 2D AR

T PyDI-APTMS ¢ )t £ £ 1 i % M A bt T 4k fig

1o G 7 Ca) B, 78 AR A I v Wb 4 i

A 40 pmol - L™ (AN [6] B 2§+ (B LA T B 42 $h B

A G W 2 65 FE 5 AN B 8 - 1 =5

P2 A G 28R B 8 3 8 A, HOA TR AR

TIR, RNA RAEREREK, X —45RFE e,

PyDI-APTMS #R 51 X% 9 25 5 H A 00 5 i i £ 1

WAL, Y %R 5O R B B A R i 2t

M 1, 5 98 125 B AF 7E I SR A — B, e ] L Py-

DI-APTMS #R £ 4t T #t 6 1 o, B el 76 H At B 25

TR T WREA R I 32 7. LA B4 5L 5

14 9 6 SE ) G an 181 7 (b) BT 7R, 284U AR [ B3

BTR R R RM BB RN ZOE MY E TS

AN FE BB LA AR RO B K H S

BRI RS - I R e B R AR — B, R

57 (a) (8 9 ' i R AR Ak — B0, B0 R B A

BB 7 AR TE A 2 B 3 TR X 38 7 10 iR

W, 3E— 3 T PyDI-APTMS X8 B T BA B

R BT TR T . RS SR KT, PyDI-

APTMS 7 52 F 52 B A il 448 3 v Xof 360 2 - 1 A U

EAH N T .

BT A [ B 8 5 LK T B A AS T B A 5
TI5 9 WY (a) 9 658 B2 (A,,=410 nm) . (b)
PG AR (365 nm 540 4T) o Kb, (DFEH,(2)
HS0;, (3)Ac™, (4)C105, (5)CI7, (6)17, (7)Br (¥«
PO & IR, [PyDI-APTMS =10 wmol - L™, [F~]=[an-
ions |=40 wmol-L™")

Fig.7 (a)Fluorescence intensity(A,,=410 nm) and (b)fluo-
rescence images (365 nm ultraviolet lamp) of the fluo-
rescent detection solutions upon addition of different
interfering anions, and upon simultaneous addition
of different interfering anions and F~. (1) Blank, (2)
HSOZ, (3) A, (4)CI05, (5)CI, (6)T, (7)Br
(Solvent: THF, [ PyDI-APTMS]=10 pmol-L™", [F ]=
[anions ]=40 pwmol-L™")

3.5 fRREAEHR
>R FH B0 25 00 BICH XTI SRS 5 1iT S5 MR 2R Bk
PRI AT AT T 3RAL A RN 8 s o AR SR ES

40
—— PyDI-APTMS
—— PyDI-APTMS+F-
301
§
3
2 2+
z
Zz
10+
0 :
10 100 1000

Size/nm
K8 PyDI-APTMS (10 wmol * L™) il A % % F (40 pmol -
L7 I B4 8l 2556 U R 20 ]
Fig.8 DLS size distribution of PyDI-APTMS (10 pmol - L")
before and after the addition of F~(40 wmol- L")



8

XIMRAS, 5 FH TR 600 A 2 T I e 5 e R 1521

T BRER S5 7 7R DU S K A T B DLy
N RS RERTE I 5 70 8, F R R 20
19. 66 nm; Ifi 76 1A 40 pmol L' & T J5 , K &
H B TE B T RIAR 2900 139, 50 nm R R T R 4R
TR0 B3 R R IE I T RES T RB U A AUA
PyDI-APTMS 2GRN 7 F R A AR

AR, HES Si—0 w2, SR 725
] 45 # kA, BK B PyDI & (4 [ & A R4 B ok
Rop BAEK i1 T PyDI-APTMS LAy i 71 g 5% 4R
S IEHE K (ACQ) R, e & 5] &1k R 2
R, AT S B S T 1 v R B v
PR

L F G N |1k B M RO AR AR Ak A S U6 4
S PyDI-APTMS %% 56 # £ % 98BS 7 19 58 96
FEIEHLER M E 9 FF 7R o B F 5 APTMS 3 A1 AH

4 %

ARSI A BT 2T PyDL S APTMS
2 ) BT AL O AR AR (PyDI-APTMS ) . 7
BT RERTE e 1 Si—O 5 & A
2,50 &k PyDL K 8 A AR N 77~ A R AR 1 5 ¢
FERE R R o 1% 5 B T X B 7 H A ik
PE A 2 R R DU PR IE 2 0. 36 pmol - L', R
WF 58 Sk v ok W B 2% O B8 4 19 & J 3R It T R AT
TS o

A3 G R L B A el SN R b
http://cjl.lightpublishing.cn/thesisDetails#10.37188/
CJL.20260106

9 PyDI-APTMS X 56l & 7% AL B /R 22 1A
Fig.9 Schematic representation of the sensing mechanism of

PyDI-APTMS toward F~

& % X #:

L1 I BFE, RFE, THE, F. WALHERES S RO TR LY 27 7KW G mg i [)]. 2253, 2022,
43(6): 961-985.
YANG X Q, LAISJ, DING Y Y, et al. Application of tetraphenylene aggregation-induced emission probes in field of bio-
molecular detection [ J]. Chin. J. Lumin. , 2022, 43(6): 961-985. (in Chinese)

[ 2 ]PENG F, XUTT, WU F, et al. Novel biomimetic enzyme for sensitive detection of superoxide anions [J]. Talanta,
2017, 174: 82-91.

[ 3 ] XIAO AW, GALATOLO G, PASTA M. The case for fluoride-ion batteries [ J]. Joule, 2021, 5(11): 2823-2844.

[ 4] Fkbt, skoh, KLgb, 5. sl DXOC 40 M0R: M) K 38 1 0 735 e AiE [J]. o B 2R B A5, 2021, 41(1):
91-101.
LI X Y, ZHANG K S, WU W Q, et al. Characterization of water-soluble ions pollution of atmospheric fine particles in
Chengdu City [J]. China Environ. Sci. , 2021, 41(1): 91-101. (in Chinese)

[ 5] YUAN X Q, SHI X, WANG C, et al. IDTI dyes for fluoride anion chemosensors [J]. Front. Chem. , 2020, 8: 591860.

[ 6 ] DONGJ, WANG S Q, ZHANG X Y, et al. Turn-on fluorescence detection of specific inorganic anions by Zr(IV)-MOF
with amino-functional group [J]. Tungsten, 2023, 5(2): 217-224.

[ 7 ] BHOWMIK A D, DAST, CHATTOPADHYAY A. Chronic exposure to environmentally relevant concentration of fluoride
impairs osteoblast’s collagen synthesis and matrix mineralization: involvement of epigenetic regulation in skeletal fluoro-

sis [J]. Environ. Res. , 2023, 236(Pt2): 116845.

[ 8 ] UMER M F. A systematic review on water fluoride levels causing dental fluorosis [Jl. Sustainability, 2023, 15(16) :
12227.
[ 9 ] LIUY X, JIANG A Q, JIA Q, et al. Rationally designed upconversion nanoprobe for simultaneous highly sensitive ratio-

metric detection of fluoride ions and fluorosis theranostics [ J]. Chem. Sci. , 2018, 9(23): 5242-5251.
[ 10 ] YUSENKO E V, KAPSARGIN F P, NESTERENKO P N. Determination of fluoride ions in urinary stones by ion chroma-
tography [J1. J. Anal. Chem. , 2014, 69(5): 474-479.


http://cjl.lightpublishing.cn/thesisDetails#10.37188/CJL.20260106

1522 % Jt 2% Eivd %475

[11] CERNANSKA M, TOMCIK P, JANOSIKOVA Z, et al. Indirect voltammetric detection of fluoride ions in toothpaste on a
comb-shaped interdigitated microelectrode array [J]. Talanta, 2011, 83(5): 1472-1475.

[12] SHIH, CHEN HJ, LI X G, et al. A simple colorimetric and ratiometric fluoride ion probe with large color change [J].
RSC Adv. , 2021, 11(1)- 1-6

[ 13 ] 3k, 3k, Bk, & . S FRESUBEAYTE B0 e 50 72O B (1] %4k, 2021, 42(6) : 855-862.
ZHANG D, LIU J, SHI D, et al. Fluorescent sensor for fluoride ions based on perylene diimide tethered with siloxane
moieties [J]. Chin. J. Lumin. , 2021, 42(6)- 855-862. (in English)

[14] %%, R—J, WONG SHIQING, 5 . F F 4 53 e i g £ K 9 JF Ja " X298 R 5 [T A R 4R, 2024,
45(5): 846-852.

SONG X Z, SONG Y F, WONG S Q, et al. A “turn-on” fluorescent probe for detection of perfluorooctane sulfonate [J].
Chin. J. Lumin. , 2024, 45(5)- 846-852. (in Chinese)

[15] 8RR, %ok, FXFE, 5. H T IE I 8093 BRI 8 S ZEO6 IR e (1], Ak 4R, 2023, 44(5) :
912-920.

LYU X C, LU L, HUANG H J, e al. A novel cyanostilbene-based fluorescent probe for rapid detection of aniline [J].
Chin. J. Lumin. , 2023, 44(5): 912-920. (in Chinese)

[16 ] HUANG H J, TU J J, WONG S Q, et al. A novel smartphone-assisted “on-off-on” fluorescence probe based on tetrap-
henylethylene derivative for pyrophosphate detection [J]. Dyes Pigm. , 2026, 247 113488.

[17] B¥de, 28, KA E . REFROCH BRI g 1 (1], £k %W, 2021, 42(3): 319-335.

LYU Y T, WANG Q, ZHU W H. Food safety detection using aggregation-induced emission materials [J]. Chin. J.
Lumin. , 2021, 42(3): 319-335. (in Chinese)

[ 18] &M 2, Mk, TEE, F. ZREEW AT A B RER MR [J]. 2k %4k, 2015, 36(1): 39-44.

YU Y H, DU B, DING Z J, et al. Synthesis of naphthalimide derivatives and its recognition for picric acid [J]. Chin. J.
Lumin. , 2015, 36(1): 39-44. (in Chinese)

[19] FU L, WANG F F, GAO T, et al. Highly efficient fluorescent BODIPY dyes for reaction-based sensing of fluoride ions
[J]. Sens. Actuators B Chem. , 2015, 216: 558-562.

[20] ZHENG Y Q, DUAN Y Q, JIK L, et al. Tuning the reaction rates of fluoride probes for detection in aqueous solution
[J]. RSC Adv. , 2016, 6(30): 25242-25245.

[21]1 WU ZS, TANG X J. Visualizing fluoride ion in mitochondria and lysosome of living cells and in living mice with positive-
ly charged ratiometric probes [J]. Anal. Chem. , 2015, 87(17): 8613-8617.

[22] LIUS D, ZHANG L W, ZHOU P P, et al. Distinctive fluoride fluorescent probes with ratiometric characteristics combi-
nate desilylation, hydrogen bond and ESIPT process: spectral and mechanistic studies [J]. Sens. Actuators B Chem. ,
2018, 255(Pt 1) : 401-407.

[23] GAOT, ZHOU W F, ZHAO Y, et al. Polyhedral oligosilsesquioxane tethered perylene diimide for application in optical
limiting and rapid detection of fluoride ions [J]. Chem. Commun. , 2019, 55(20): 3012-3014.

[24] CHEN XK, ZOU LY, GUO J F, et al. An efficient strategy for designing n-type organic semiconductor materials—intro-
ducing a six-membered imide ring into aromatic diimides [J]. J. Mater. Chem. , 2012, 22(13): 6471-6484.

[25] GUO X G, FACCHETTI A, MARKS T J. Imide- and amide-functionalized polymer semiconductors [J]. Chem. Rev. ,
2014, 114(18): 8943-9021.

[26] A, REAE, TirF, 5. RIARMEIEEE TS558 7 146 408 R OO0E (1], Z 5k, 2025, 46(3):
474-485.

GUD D, ZHAO H R, JIANG X Z, et al. Complexation and fluorescence enhancement of bay-site carboxyl modified per-
ylene dimide with calcium ion [J]. Chin. J. Lumin. , 2025, 46(3): 474-485. (in English)

[27] &7, TER, @oUm, 5. FHIEHET AT Y A8 57 450 5 8 n dk &t [T]. Ak F4), 2025, 46(6) :
1075-1081.

LIAN N X, HUANG G B, TIAN K L, ef al. Supramolecular structure and circularly polarized luminescence property of
chiral perylene diimide derivatives [J]. Chin. J. Lumin. , 2025, 46(6): 1075-1081. (in Chinese)

[28 ] JAGDALE S D, RAO C R K, BHOSALE S V, et al. New promising perylenediimide-naphthalenediimide-perylenedi-

imide organic framework as an advanced electrode material for high performance pseudocapacitors [J]. J. Energy Storage,



%5 8 KRS, 55 T JE TR Y 2E 6 W I 9L IR B 1523

2024, 90: 111874.

[29] QU YR, TIAN K L, HUANG H ], et al. Fluorescence enhancement of perylene diimide: design strategy and application
[J]. Chin. J. Struct. Chem. , 2025, 44(12): 100756.

[30] HUANG J D, YU K, HUANG X H, et al. Theoretical study of charge-transport and optical properties of organic crystals:
4,5,9,10-pyrenediimides [J]. 1ucry, 2019, 6(Pt4): 603-609.

[31] SUNWJ, WANG Y T, WANG J, et al. Thickness-Insensitive cathode interlayer via molecular-scale distance regulation
for efficient organic solar cells [J]. J. Am. Chem. Soc. , 2026, 148(5): 5102-5114.

[32] WUZH, HUANGZT, GUO R X, et al. 4,5,9,10-Pyrene diimides: a family of aromatic diimides exhibiting high elec-
tron mobility and two-photon excited emission [ J]. Angew. Chem. Int. Ed. , 2017, 56(42): 13031-13035.

| ERHE(1968-) , 2, RPN 1
202, 2005 4F T 75 AROR 27 A5 1

X8 75 (2003-) , 5, VLPG# N A, W
+WFF A, 2024 F F KRR F 15 2

R AN SN N T R
T AR B R B REBT ST
E-mail: 3020207223 @tju. edu. cn

FRME2001-), 5, HARA LA
TSR AR 2023 4F T R H R 22 3044
e o VAN S VN AN o = i
AR 1 2 A K PR REF AT

E-mail: 3019207181@tju. edu. cn

SAAL, 2T SRR A W BOR D T Y
W5

E-mail: hanye@tju. edu. cn

fEHE R (1980-) , 5 LIk & A, B
+, B#E L2010 4 TR K2R IR AR
o VAN SR NN W o =
B A B A 25 R B BE A

E-mail: renxiangkui@tju. edu. cn



