Ha6t K104 Kot %= R Vol. 46 No. 10
20254 10 A CHINESE JOURNAL OF LUMINESCENCE Oct. , 2025

XEHS: 1000-7032(2025)10-1884-12

KT 2 e AT b Fe A R T T PRI 5

iR b 2 S ol N2 2%

FEET R OHT, DHH

(1. BE R R 2 B PR 1R be , R TEW 241002;
2. e IR R 2% FRAABE, LR 100081)

TE: N TIIUL S B - B TR (TTA) i R WK o3 HObE 22 | S BURPE 3R RO R P AR M2 %5
WAL, IR T HT P AL U REGOR BT (HMSNs) (19 B 25 #4048 (TTA-UCNPs) o 8 48 ) A i 7L T
T R A 22 ok R ] A T HMISNs 8% ) T G 2 i PR ke iz 3 971 48050 /\ £ B R ik (PLOEP) BAE 751 5 9, 10-
TR (DPA)EE R I A P R S R AT 3R £ TR TR (PEG-FA) XU BE AL 1 LU 2 T A My A0 4 1 5 4
) P o S 45 R R T, HMSN's Y 44 oK BRI A00E  25 0 1) 4 08 K CARUBURR MR I 22 6.4% , A HILAA R IR IR 24
10.31%) s THF/H,0 IR A R We i S A4 FHEA 5, 441 nm A 0E(E 1 B 40 0 S B 4R T 24 3.5 % s R R AR IR &
AT (BAE~5 mW -om™) 2 AR LM 2 e 1, ELOGRRE MO0 57 5 20 i 92 48 ik 52 H AR 2 4 (250 g - mL7 I,
HepG2 20 47115 3 >849% ) Je e 3UML A HE 1) WG AR BE 3 o ASIF 50 Ay Al 8 v 200G WA IR D00 38 380 A ) AR AR T i
G

X O8O LRRRIOOR T SOUHE; EYNE; RS- AT EIG PR AL A REGUROR T

FESES: 0482.31 TEEARIDAD : A
DOI: 10.37188/CJL. 20250143 CSTR: 32170. 14. CJL. 20250143

Preparation and Performance Research of Upconversion Nanoparticles
Based on Triplet-Triplet Annihilation

GUO Lanying'", CHEN Yan®, PENG Hongshang™
(1. School of Medical Imageology, Wannan Medical College, Wuhu 241002, China;
2. College of Science, Minzu University of China, Beijing 100081, China)
* Corresponding Author, E-mail: hspeng@bjtu. edu. cn

Abstract: This study aims to solve the bottleneck problems of the traditional triplet triplet annihilation (TTA) up-
conversion system, such as poor water dispersion, strong oxygen sensitivity and insufficient photostability, and devel-
op solid-state upconversion probes (TTA-UNCPs) based on hollow mesoporous silica nanoparticles (HMSNs). HM -
SNs carriers were prepared by reverse microemulsion method and selective etching technology. Platinum octaethyl
porphyrin (PtOEP) sensitizer and 9, 10-diphenylanthracene (DPA) annihilator were co-loaded on the HMSNs carri-
ers using the cavity confinement effect, and polyethylene glycol folate (PEG-FA) bifunctional modification was car-
ried out by amide reaction to improve the biocompatibility and targeting. The experimental results show that the nano
confinement effect of HMSNs significantly inhibits oxygen quenching (oxygen sensitivity decreases to 6. 4%, which
is about 10. 3 times lower than that of organic phase system). After washing the optimized molecular arrangement
with THF/H,0 mixed solvent, the peak upconversion fluorescence intensity at 441 nm increased by about 3. 5 times.

At low excitation power (threshold ~5 MW +cm™) , the system exhibits nonlinear luminescence characteristics and
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excellent optical stability. Cell experiments confirmed its low toxicity (HepG2 cell survival rate >84% at 250 pg*mL™")

and high-efficiency intracellular targeting imaging ability. This study provides a new strategy for the construction of

efficient and stable low-power excitation biological imaging probe.

Key words: upconversion nanoparticles; fluorescent probe; bioimaging; triplet-triplet annihilation; hollow mesopo-

rous silica nanoparticles
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Fig.1 (a) Schematic illustration of TTA-UCNPs structure and

upconversion luminescence based on hollow mesopo-
rous silica spheres (HMSNs). (b) Energy level diagram
describing the sensitized triplet-triplet annihilation pro-

cess between PtOEP and DPA in the TTA-UCNP
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PEG-COOH & ¥ .10 mg EDC F1 25 mg NHS /il A 5]
£ 4 HMSNs (200 mg+ L") A9 50 mL PBS 2& #h 3 (pH
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Fig.2 TEM images and particle size distribution of dSi0, ((a), (d)), HMSNs ((b), (e)), and TTA-UCNPs ((c), (f))
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Fig.3 DLS analysis (a) and zeta potential characterization (b) of dSiO, , HMSNs, HMSNs-PEG-FA and TTA-UCNPs
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Fig.4 Absorption spectra of PtOEP and DPA in THF and
TTA-UCNPs in water
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