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Triple-Triplet Annihilation Upconversion Nanocapsules for irn Vivo Bioimaging

LI Zhen-Hua YUAN Wei* LI Fu-You*
(Department of Chemistry, Fudan University, Shanghai 200433, China)

Abstract: To solve the problem that it is difficult to immobilize triple-triplet annihilation based upconversion (TTA-
UC) for biological application, water soluble nanocapsules with n-hexadecane core containing a TTA-UC system
were synthesized by a one-step miniemulsion polymerization. In the TTA-UC system, silicon phthalocyanine excited
by red light source as sensitizer and rubrene with high efficiency as receptor were introduced into n-hexadecane to
endow the nanocapsules with upconversion emission. The TTA -UC nanocapsules (TT-UCNP) have a typical core-
shell structure with a uniform size of 190 nm. To eliminate the quenching effect of molecular oxygen on upconver-
sion luminescence, D-limonene and polyisobutylene were selected as anti-oxidant, and the TTA-UCNP showed
bright upconversion emission. The TTA-UCNP have been successfully applied in in vivo imaging of sentinel lymph

node (SLN) with high signal-to-noise ratio and long-term tracing.
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L /RIS TH, WE T2 W T4 Y g ks
W SEBh G T7 DG AU R R Ot
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(triple-triplet annihilation based upconversion, TTA-UC),
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SiPc 2 MR SCHR I 1 7 A P 2R M (St
99%) A 5 T FEKEL R £ (AIBA, 97%) . 1E 175
$E(HD, AR) ., D-¥7 15 45 (D-limonene , 95%) . 75 %5t &
=P BE AL AR (CTAB, 99%) 1 T b 1§ 2% v bk 2B 4k
BHEARATR . W FEIE(DVB, 80%) L1 9¢ M (ru-
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TH(PIB, 738 1 350014 T E¥VE AL TARHEA IR
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B K SiPe Fl rubrene ¥ T 5 g 1IE + 75 bE (35 i
TS5 % R T I T ¢ SURRAIR AR,
JFE NN 100 L D-Fra it S AR #1300 L 22 3k 5
DV B (A7) e BE RN 32 A4 iR B 435 R 6 11 700 pumol -
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REYAEIC B . Bl J5 53 HIOH 328 05 A
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PR FLAL 10 ming R T B 1k & S BORE T
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L U B EAT RS Y TTA-UCNP ¥ W B
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Fig.1 Schematic illustration of synthesis of TTA-UCNP by miniemulsion polymerization
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Fig.2 Characterization of TTA-UCNP: (a) TEM image, scale bar=200 nm; (b) Hydrodynamic size at different temperatures
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B segs R, R 15 4 B b SEM B A i
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Fig.3 (a) Schematic illustration of TTA-UCNP; (b) Chemical structures of SiPc (sensitizer) and rubrene (annihilator);

(c) Schematic illumination of the upconversion mechanism involving multiple energy transfer processes among

SiPc and rubrene dyads
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Yy A5 A S om0 ] v SR RO R R &
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Fig.4 (a) TTA-UC emission intensity of SiPc and rubrene with different anti-oxidant; (b) UCL intensity change of TTA-UC
containing D-limonene and PIB under continuous excitation
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(a) UCL emission spectrum of TTA-UCNP in water; (b) UCL intensity change of TTA-UCNP under continuous excitation
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75 96 FL R H % TTA-UCNP 5944 4 i 4% Pk Rk 1F
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Fig.6  In viiro imaging of TTA-UCNP: (a) UCL images
of different nanocapsules concentrations;
(b) UCLemission intensity of TTA-UCNP as a

function of concentrations in water
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Fig.8 In vivo SLN fluorescence imaging of the paw of the nude mouse injected with TTA-UCNP under illumination
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