ERVE R Kot R Vol. 47 No. 1
2026 4F 1 A CHINESE JOURNAL OF LUMINESCENCE Jan. 2026

XEHE: 1000-7032(2026)01-0056-19

L Bh IR AT LB IRt < 20 TRV HERT S5
ME A", R¥Hwm', B HT

(1 FRUR B TR R A2 SR RE, TLIR AT 2100445
2. B RO BOR 22 B BEURAL T &, Hdi % 839000)

T« A WIPOCRERE A LS BRI K 65 FE MG 30 32 B0 R K . R MK K e S 4180
A5 T 25383, G BE 9k 583 D't - BV T, S RE AT AL AR AL 2B AN 1 R 901G, A B T i o £ MR LG LI 2 (0] 23 B A
FEREE . I, LA~ X ONTR- 1) 3 19 52 AR T S5 30 T 3% SRS 4 1) A= 10 R A5 5 A0 0, 5 ) T R
L RING T 5 TS RN T R SO S8 A NIR- 11 %€ 56 A% i st 31 ke HA 3, Bt 5 A 47 JL 26 12 NIR- 11
PR DG RoRk B BT AW BT ST R LA R AE R 221297 T B N T, R THE B NIR- I 9L HR AT 19 5 BR LA 2 i
PRI AL T IR B9 P, I X R R 04 4 B Tyl AT T IR .

X B O B IX; BERUE A HLYRE s AR IR e g

FE S HES: 0482.31 THEARIRAD : A
DOI: 10.37188/CJL. 20250225 CSTR: 32170. 14. CJL. 20250225

NIR-II Excited Organic Fluorophores: Molecular Design,
Properties and Applications

ou Changjinl*, CHEN Yunru', TAO Tao"*

(1. School of Chemistry and Materials Science , Nanjing University of Information Science and Technology , Nanjing 210044, China;
2. School of Energy and Chemical Engineering , Xinxing Vocational and Technical College , Hami 839000, China)

* Corresponding Authors, E-mail: ocj1987@163. com; taotao@nuist. edu. cn

Abstract: The quality of biological fluorescence imaging is determined not only by the emissive brightness of the or-
ganic dyes but also by the excitation wavelength. The longer the excited wavelength, the weaker the light-tissue interac-
tion, which can reduce photon scattering and effectively lower tissue absorption and autofluorescence. This helps im-
prove signal-to-background ratio, spatial and temporal resolution, and penetration depth. Therefore, fluorescence imag-
ing excited by the second near-infrared window (NIR-1I ) enables deeper and more precise biological imaging and de-
tection, offering greater potential for clinical diagnosis and therapy of diseases. This review first explains the principles
and advantages of NIR- Il fluorescence imaging, then reviews the molecular design strategy and research progress of
several important classes of NIR-II -excited fluorescent dyes and their applications in medical diagnostics of NIR-II flu-

orescent probes and the challenges in clinical translation, with an outlook on future development directions.
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Fig.1 (a)The schematic diagram of light-tissue interactions. (b) The absorption of light by water and tissues varies with wave-

length™’. (¢)The light scattering coefficient of tissues and intralipid functions with wavelength. (d) The autofluorescence

of heart (blue), liver (black) and spleen (red) of mouse upon 808 nm laser excitation'’
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Fig.6 (a)Molecular structure and emissive wavelength of xanthene-based fluorophore VIXs. (b) Dynamic fluorescence imaging
of mouse vascular system based on VIX-4""". (¢)Silicon atom substitution strategy in NIR-II fluorophores
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Tab. 1 Photophysical properties of typical NIR- I excited fluorescent dyes

Name A, A, /mm’ &/(L-mol™"-cm™)" DI/%* ex®/(L-mol"+em™)" Ref.
BETA NPs 892/1 280 1.13(1 064 nm) 0.019 2.1 [32]
BT-BBT NPs 970/1 110 1.84(1 064 nm) 2.0 368 [33]
BTFQ 950/1 100 1.03(1 064 nm) 0. 63 65 [35]
BETT-2 NPs 915/1 240 0.18(1 064 nm) 0.13 2.36 [37]
VIX-4 1.028/1 210 23.0(1 028 nm) 0. 026 61 [47]
SiRos1550 1 348/1 557 12.2(1 348 nm) 0.002 5 3.1 [49]
LZ-1105 1041/1 105 10. 1(1 041 nm) 1.69 1706 [53]
JuloFlav7 1 061/1 088 23.8(1 061 nm) 0. 46 1 090 [57]
P3 1 100/1 140 14.4(L-g"vem™)" 0.13 / [69]
PQIA-BDTT 104071 135 20.0(Leg ~em™)* 1.24 / [75]
BVD-BDP5 1 095/1 193 8.5(1 095 nm) 2.3 1955 [84]
DTT 1 029/1 128 12.5(1 029 nm) / / [85]
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Tab.2 Design strategies, advantages and disadvantages of various NIR- Il excited organic dyes

e} 28 5 I TR R P B
L 43 F85 0 1 16 5 30 SR AR AR S 1. Gyt L ek e AN R
RIFWE MR 20 BRSNS 2. Wik R 2B 2. ROCHCRM
3. G i R AR SR e 3. EHE R
1. e ik & 1. et dr RICHFEAR
RS 2. MRy F N A RS 2. EE R
3. REJE R SR m 3. KRG K
(B A RS ab7 1. S #iNIR- I3 % 1. ZtiEH
—_— 2. A 2 IR 4 2. WRIWERY) 2. ACQ
3. H I 4% 9 K 5w 3. g 3. Stokes i /)
4. RICHRE
L M HE AT 7 S 1. 5B NIR-11 % L QR RE 25 5
ERELTES 2. URE 4T N LA G RS 2. B R 2. M LA il
3. B EL P A7 R LR 3. BIHORS
e ST 3 A B KR A T R AR A A A L iR v TG AR WA 1 % e S D
2. RGHCRE

4 ZwhHEZ

T 20 ARk, UG R R O A T A R AR
RO MAGH] T A kg NIR- T 50 g e ) iz
IS T At 2 A9F 5 A0l PR i 52 B o FL R4
[ R 22 80A L NIR- I 56 QRIS AN 08 58 3 |, 1E I
PR A e — R WY R BRPE . 2 T 97K NIR- I
PGB A= 1 52 B ELIE R S B I R AL
Wy R LR B A

— 2 Jn ] e Al D55 1 B L E X AR AL

FRYFEME | A 24 BT 2 DR Y G SERL 2 R, 32
B 701 RE R E T PR 40 S BRI 3 A BBt o 2y
T RE B AN 52 45 BN, S BOOL YR Ot
TR AU N [ NIR- R 96U R &6k
RE WL T 0. 1% BEFLE H AT, BE A& AT Bt sk
/N AR AR S IR A B AR B T, A R A B
PSR 5 — IO PR AS (ST IR IR Sh B 5 HE 25
(S0) Yy Ik S BE S K AR B A 5, T LA AR 3l
e 5P ot TR R G AR HICRE S, DR T O T3 (9] S0,
I, S15 S0 4% 31 fif 2 & 2 i Al 28 06 ORI Y



70 K b/

¥R 58471 %

— N DR ZR U85 1 R X 4R i NIR- 1T O3k
By VeSS (SO I AR S TR ED VIR 371 G e i
BIRE L U S1 5 SO RS BN MR A BRAK T &
JEAE L AL AR, BT LA R SR BUR SRR, Ykl
WS NIR &6 (>860 nm) SR 5 T 5%, I,
SRR R IR iR il a1 N B
NIR- 1T A& GGk r HERR AT, A B e Ik B Bt F
A ORI NIR- L3R 158Gk

TR R R ELAT e SR R B e 1 1 % ¢
BE, LLSEIX e i R S 2 2T . YT, K
Z R NIR- 11 2 5 GRS O R T 8 e 7
R HEAT DN BUR , Y R AE AL BN I B BT 25 B
R RAR o W R M R . R, 75 EAR 4 44U
AW E R WG R A S AR IR S &S
T Pk R 25 SR BT AR B 45 e 17 PR NIR- 11 B0&

& % X #:

[ 1 ] LEI Z H, ZHANG F. Molecular engineering of NIR- I fluorophores for improved biomedical detection [J].

Chem. Ini. Ed. , 2021, 60(30): 16294-16308.

PR, S BLGLRL 1) SE RR S UR AE L ITT
HE— A G PO R TR BE -

=R R AT T A AT 28 U R A A SR B
DAfige R 4 B 1 1 300 22 Ax Pk )l . % 252 BLA L
NIR- I 556 G B i R AL , Sk 94 300 A Wy 22 4
PR Z R A B . BRI TR E &
FFE W T ZAPLNIR- T 96k, Bt A
— B R Tl RS . WSS R, RO A
5 nm DT B9 QOR SR BT LU G B A, Bt AT
28 U B3 T AR AT 11 TR R AR 2 W 3 A
— A ERMG

AR S0 G T L B A el AN R b

http://cjl.lightpublishing.cn/thesisDetails#10.37188/
CJL.20250225

Angew.

[ 2 ] MIAO Q Q, PU K Y. Organic semiconducting agents for deep-tissue molecular imaging: second near-infrared fluores-

cence, self-luminescence, and photoacoustics [J]. Adv. Mater. , 2018, 30(49): 1801778.

[ 3 ] A—t, heT22, ¥ L0b, 5.
356-373.

WA X REFR RO AW EFAPRR A [J]. ZRFIR, 2023, 44(2):

GUIY X, CHENK Y, LUO W S, et al. Near-infrared- Il AIE probes for biomedical applications [J]. Chin. J. Lumin. ,

2023, 44(2): 356-373. (in Chinese)
[ 4] #&F, i, 4, F.

DU P, YANG X H, XIAO H, et al. NIR-II luminescent probes for bioimaging [Jl.

1596-1611. (in Chinese)

WLLA X B e B A % [T]. & k54, 2025, 46(9): 1596-1611.

Chin. J. Lumin. , 2025, 46(9) .

[ 5] DAIHM, SHEN Q, SHAO J J, et al. Small molecular NIR- Il fluorophores for cancer phototheranostics [J]. Innova-

tion, 2021, 2(1): 100082.

[ 6 ] WANG F F, ZHONG Y T, BRUNS O, et al. In vivo NIR-1I fluorescence imaging for biology and medicine [J]. Nau.

Photonics, 2024, 18(6): 535-547.

[ 7 ] HONG G S, ANTARIS A L, DAI H J. Near-infrared fluorophores for biomedical imaging [J].

2017, 1(1): 0010.

Nat. Biomed. Eng. ,

[ 8 ] HUZ H, FANG C, LI B, et al. First-in-human liver-tumour surgery guided by multispectral fluorescence imaging in the
visible and near-infrared-1 /Il windows [J]. Nat. Biomed. Eng. , 2020, 4(3): 259-271.

[ 9 JLIBH, LULF, ZHAOM Y, et al. An efficient 1 064 nm NIR-1II excitation fluorescent molecular dye for deep-tissue
high-resolution dynamic bioimaging [J]. Angew. Chem. Int. Ed. , 2018, 57(25): 7483-7487.

[10] WANGFF, RENF Q, MA ZR, et al. In vivo non-invasive confocal fluorescence imaging beyond 1 700 nm using super-

conducting nanowire single-photon detectors [J]. Nat. Nanotechnol. , 2022, 17(6): 653-660.
[ 11 ] WANDERI K, CUI Z Q. Organic fluorescent nanoprobes with NIR- IIb characteristics for deep learning [J]. Explora-

tion, 2022, 2(2): 20210097.

[12] XINQ, MA HZ, WANG H, et al. Tracking tumor heterogeneity and progression with near-infrared II fluorophores [J].

Exploration, 2023, 3(2): 20220011.

[13] WANG W Q, HE X W, DU M Z, et al. Organic fluorophores for 1 064 nm excited NIR- Il fluorescence imaging [11.



5514 BRE A, 55 DDA IR B ILYEG R S T RS 71

Front. Chem. , 2021, 9: 769655.

[14] YANG QL, MAHL, LIANG Y Y, et al. Rational design of high brightness NIR- I organic dyes with S-D-A-D-S struc-
ture [J]. Ace. Mater. Res., 2021, 2(3): 170-183.

[ 15] FRIEDMAN H C, COSCO E D, ATALLAH T L, et al. Establishing design principles for emissive organic SWIR chromo-
phores from energy gap laws [J]. Chem, 2021, 7(12): 3359-3376.

[16] GHOSH P, ALVERTIS A M, CHOWDHURY R, et al. Decoupling excitons from high-frequency vibrations in organic
molecules [ J]. Nature, 2024, 629(8011) : 355-362.

L17 ] 4 #e, B3 L0 X B R BRI RO TEBERE [J]. 2095 2 Rk $ 4R, 2023, 42(6) : 896-906.

NI H W, QIAN J. Clinical research progress on the fluorescence imaging in the second near-infrared window [J]. J.
Infrared Millim. Waves, 2023, 42(6): 896-906. (in Chinese)

[ 18 ] BAGHDASARYAN A, WANG F F, REN F Q, e al. Phosphorylcholine-conjugated gold-molecular clusters improve sig-
nal for lymph node NIR- Il fluorescence imaging in preclinical cancer models [J]. Nat. Commun. , 2022, 13(1): 5613.

[19] CHEN Z H, WANG X H, YANG M Z, et al. An extended NIR- I superior imaging window from 1 500 to 1 900 nm for
high-resolution in vivo multiplexed imaging based on lanthanide nanocrystals [J]. Angew. Chem. Int. Ed., 2023,
62(49): 202311883.

[20] DIAO S, BLACKBURN J L, HONG G S, et al. Fluorescence imaging in vivo at wavelengths beyond 1 500 nm [J].
Angew. Chem. Int. Ed. , 2015, 54(49): 14758-14762.

[21 ] LICY, LIF, ZHANG Y J, et al. Real-time monitoring surface chemistry-dependent in vivo behaviors of protein nanocag-
es via encapsulating an NIR-1I Ag,S quantum dot [J]. ACS Nano, 2015, 9(12): 12255-12263.

[22] YANGHC, LIRF, ZHANG Y J, et al. Colloidal alloyed quantum dots with enhanced photoluminescence quantum yield
in the NIR- Il window [J]. J. Am. Chem. Soc. , 2021, 143(6): 2601-2607.

[23] YISX, HUQ, CHIY J, et al. Bright and renal-clearable Au nanoclusters with NIR-1I excitation and emission for high-
resolution fluorescence imaging of kidney dysfunction [J]. ACS Mater. Lett. , 2023, 5(8): 2164-2173.

[24 ] LIUYS, LIY, KOO S, et al. Versatile types of inorganic/organic NIR-ILa/ Il b fluorophores: from strategic design toward
molecular imaging and theranostics [J]. Chem. Rev. , 2022, 122(1): 209-268.

[25] ZHANG T, QU X Y, SHAO J J, et al. Organic photosensitizers: from molecular design to phototheranostics [J]. Chem.
Soc. Rev. , 2025, 54(18): 8406-8433.

[ 26 ] WELSHER K, LIU Z, SHERLOCK S P, et al. A route to brightly fluorescent carbon nanotubes for near-infrared imaging
in mice [J]. Nat. Nanotechnol. , 2009, 4(11): 773-780.

[27 ] HU Z, FENG L L, YANG P P. 2,1, 3-Benzothiadiazole derivative small molecule fluorophores for NIR- II bioimaging [ J].
Adv. Funct. Mater. , 2024, 34(16): 2310818.

[ 28 ] EEDUGURALA N, STEELMAN M E, MAHALINGAVELAR P, et al. Strong acceptor annulation enables control of elec-
tronic structure and spin configuration in donor-acceptor conjugated polymers [J]. Chem. Mater. , 2023, 35(8): 3115-
3123.

[29] LIYY, CAIZC, LIUSJ, et al. Design of AlEgens for near-infrared Il b imaging through structural modulation at molec-
ular and morphological levels [J]. Nat. Commun. , 2020, 11(1): 1255.

[30] YANGQL, MAZR, WANG H S, et al. Rational design of molecular fluorophores for biological imaging in the NIR- 1l
window [J]. Adv. Mater. , 2017, 29(12): 1605497.

[31] WANG X Y, YANG X Q, JIANG G Y, et al. Unlocking the NIR- Il AlEgen for high brightness through intramolecular
electrostatic locking [ J]. Angew. Chem. Int. Ed. , 2024, 63(29): 202404142.

[32] CHENSY, PANY H, CHEN K, et al. Increasing molecular planarity through donor/side-chain engineering for improved
NIR-Ila fluorescence imaging and NIR- Il photothermal therapy under 1 064 nm [J]. Angew. Chem. Int. Ed., 2023,
62(6): €202215372.

[33] AN L, ZHENG L Y, ZHAO Z Q, et al. Revisiting molecularly conformation-planarized organic dyes for NIR- 1 fluores-
cence imaging [J]. J. Mater. Chem. B, 2023, 11(35): 8456-8463.

[34]0UCJ, AN L, ZHAO Z Q, et al. Promoting near-infrared II fluorescence efficiency by blocking long-range energy
migration [ J]. Aggregate, 2023, 4(3): 290.

[35] CHEN P F, QU F, CHEN S Y, et al. Bandgap modulation and lipid intercalation generates ultrabright D-A-D-based



72 A 4 58471 %

zwitterionic small-molecule nanoagent for precise NIR- I excitation phototheranostic applications [J]. Adv. Funct.
Mater. , 2022, 32(52): 2208463.

[36] YAND Y, ZHANG Z J, ZHANG J Y, et al. An all-rounder for NIR- Il phototheranostics: well-tailored 1 064 nm-excit-
able molecule for photothermal combating of orthotopic breast cancer [J]. Angew. Chem. Int. Ed., 2024, 63(26) :
€202401877.

[37] SONG S L, ZHAO Y, KANG M M, et al. An NIR- 1l excitable AIE small molecule with multimodal phototheranostic
features for orthotopic breast cancer treatment [J]. Adv. Mater. , 2024, 36(16) : 2309748.

[38] FANG Y, SHANG J Z, LIU D K, et al. Design, synthesis, and application of a small molecular NIR-1I fluorophore with
maximal emission beyond 1200 nm [J]. J. Am. Chem. Soc. , 2020, 142(36): 15271-15275.

[39] SONG S L, WANG Y J, ZHAO Y, et al. Molecular engineering of AIE luminogens for NIR-1 /Il b bioimaging and surgi-
cal navigation of lymph nodes [J]. Matter, 2022, 5(9): 2847-2863.

[ 40 ] XIANG C B, DING Q H, JIANG T, et al. Reprogrammed glycolysis-induced augmentation of NIR- Il excited photody-
namic/photothermal therapy [J]. Biomaterials, 2025, 320: 123235.

[41] LIUJ W, XIONGY W, GAO Y C, et al. Molecular oligomerization and donor engineering strategies for achieving superi-
or NIR-1I fluorescence imaging and thermotherapy under 1 064 nm laser irradiation [ J]. Small, 2023, 19(1): 2205640.

[42] DAIM C, YANG Y J, SARKAR S, et al. Strategies to convert organic fluorophores into red/near-infrared emitting ana-
logues and their utilization in bioimaging probes [J]. Chem. Soc. Rev. , 2023, 52(18): 6344-6358.

[43 ] RATHNAMALALA C S L, GAYTON J N, DORRIS A L, et al. Donor-acceptor-donor NIR Il emissive rhodindolizine
dye synthesized by C—H bond functionalization [ J]. J. Org. Chem. , 2019, 84(20): 13186-13193.

[ 44 ] CHATTERJEE S, MEADOR W E, SMITH C, et al. SWIR emissive RosIndolizine dyes with nanoencapsulation in water
soluble dendrimers [J]. RSC Adv. , 2021, 11(45): 27832-27836.

[45] CHATTERJEE S, SHAIK A K, WIJESINGHE K H, et al. Design and synthesis of rhodindolizine dyes with improved
stability and shortwave infrared emission up to 1 250 nm [J]. J. Org. Chem. , 2022, 87(17): 11319-11328.

[46 ] NDALEH D, SMITH C, LOKU YADDEHIGE M, et al. Shortwave infrared absorptive and emissive pentamethine-
bridged indolizine cyanine dyes [J]. J. Org. Chem. , 2021, 86(21): 15376-15386.

[47 ] LIUD K, HE Z X, ZHAO Y Y, et al. Xanthene-based NIR-1I dyes for in vivo dynamic imaging of blood circulation [J].
J. Am. Chem. Soc. , 2021, 143(41): 17136-17143.

[ 48 ] GRIMM J B, TKACHUK A N, XIE L Q, et al. A general method to optimize and functionalize red-shifted rhodamine
dyes [J]. Nat. Methods, 2020, 17(8): 815-821.

[49 ] MEADOR W E, LINE Y, LIM I, et al. Silicon-RosIndolizine fluorophores with shortwave infrared absorption and emis-
sion profiles enable in vivo fluorescence imaging [J]. Nat. Chem. , 2024, 16(6): 970-978.

[ 50 ] BHAVANE R, STAROSOLSKI Z, STUPIN I, et al. NIR-1I fluorescence imaging using indocyanine green nanoparticles [ J].
Sci. Rep. , 2018, 8(1): 14455.

[51] SUNCX, LIBH, ZHAO M Y, et al. J-aggregates of cyanine dye for NIR- I in vivo dynamic vascular imaging beyond
1500 nm [J]. J. Am. Chem. Soc. , 2019, 141(49): 19221-19225.

[52] LULF, LIBH, DING S W, et al. NIR-1I bioluminescence for in vivo high contrast imaging and in situ ATP-mediated
metastases tracing [J]. Nat. Commun. , 2020, 11(1): 4192.

[53] LIBH, ZHAOM Y, FENG LS, et al. Organic NIR-1I molecule with long blood half-life for in vivo dynamic vascular im-
aging [J]. Nat. Commun. , 2020, 11(1): 3102.

[54] YANG Y, SUN C X, WANG S F, et al. Counterion-paired bright heptamethine fluorophores with NIR- Il excitation and
emission enable multiplexed biomedical imaging [J]. Angew. Chem. Int. Ed. , 2022, 61(24): e202117436.

[55] BIAN H, MA D D, ZHANG X F, et al. Tailored engineering of novel xanthonium polymethine dyes for synergetic PDT
and PTT triggered by 1 064 nm laser toward deep-seated tumors [J]. Small, 2021, 17(21): 2100398.

[56] COSCO E D, ARUS B A, SPEARMAN A L, et al. Bright chromenylium polymethine dyes enable fast, four-color in vivo
imaging with shortwave infrared detection [J]. J. Am. Chem. Soc. , 2021, 143(18): 6836-6846.

[57] COSCO E D, CARAM J R, BRUNS O T, et al. Flavylium polymethine fluorophores for near- and shortwave infrared
imaging [J]. Angew. Chem. Int. Ed. , 2017, 56(42): 13126-13129.

[58] LEIZ H, SUN C X, PEI P, et al. Stable, wavelength-tunable fluorescent dyes in the NIR- I region for in vivo high-contrast



5514 BRE A, 55 DDA IR B ILYEG R S T RS 73

bioimaging and multiplexed biosensing [J]. Angew. Chem. Int. Ed. , 2019, 58(24): 8166-8171.

[59] TAO Z M, HONG G S, SHINJI C, et al. Biological imaging using nanoparticles of small organic molecules with fluores-
cence emission at wavelengths longer than 1 000 nm [J]. Angew. Chem. Int. Ed. , 2013, 52(49): 13002-13006.

[60] WANGSF, FANY, LID D, et al. Anti-quenching NIR- Il molecular fluorophores for in vivo high-contrast imaging and
pH sensing [J]. Nat. Commun. , 2019, 10(1): 1058.

[61] DING B B, XIAO Y L, ZHOU H, et al. Polymethine thiopyrylium fluorophores with absorption beyond 1 000 nm for
biological imaging in the second near-infrared subwindow [J]. J. Med. Chem. , 2019, 62(4): 2049-2059.

[ 62 ] COSCO E D, SPEARMAN A L, RAMAKRISHNAN S, et al. Shortwave infrared polymethine fluorophores matched to exci-
tation lasers enable non-invasive , multicolour in vivo imaging in real time [ J]. Nat. Chem. , 2020, 12(12): 1123-1130.

[63] YINC, LIX Z, WANG Y, et al. Organic semiconducting macromolecular dyes for NIR- Il photoacoustic imaging and
photothermal therapy [J]. Adv. Funct. Mater. , 2021, 31(37): 2104650.

[64] LIDF, ZHANG C, TAIX Y, et al. 1 064 nm activatable semiconducting polymer-based nanoplatform for NIR- Il fluo-
rescence/NIR- Il photoacoustic imaging guided photothermal therapy of orthotopic osteosarcoma [J]. Chem. Eng. J. ,
2022, 445: 136836.

[65] LIJ, XIE LS, SANG W, et al. NIR-II -absorbing conjugated polymer-based theranostic agent for NIR- Il fluorescence
imaging-guided photothermal therapy acting synergistically with tumor microenvironment-responsive nitric oxide therapy [J].
ChemPhysMater, 2022, 1(1): 51-55.

[66 ] SUN P F, YANG Z L, QU F, et al Conjugated/nonconjugated alternating copolymers for enhanced NIR- Il fluorescence
imaging and NIR- I photothermal-ferrotherapy [J]. J. Mater. Chem. B, 2022, 10(47): 9830-9837.

[67 ] HUDN, DUX L, QU F, et al. Conjugated polymer coupled with nonconjugated segments for NIR- I fluorescence/NIR-
Il photoacoustic imaging-guided NIR-1I photothermal therapy [J]. ACS Appl. Polym. Mater. , 2023, 5(10): 8712-8719.

[68 ] DATYN, LENGD L, GUO Z A, et al. NIR-TI excitation self-assembly nanomedicine for targeted NIR- I a fluorescence
imaging-guided cuproptosis-promoted synergistic therapy against triple-negative breast cancer [J]. Chem. Eng. J. ,
2024, 479: 147704.

[69] YIN C, TALX Y, LI X Z, et al. Side chain engineering of semiconducting polymers for improved NIR- Il fluorescence
imaging and photothermal therapy [J]. Chem. Eng. J. , 2022, 428: 132098.

[ 70 ] SONG X W, LU X M, SUN B, et al. Conjugated polymer nanoparticles with absorption beyond 1 000 nm for NIR-1I fluo-
rescence imaging system guided NIR-1I photothermal therapy [J]. ACS Appl. Polym. Mater. , 2020, 2(10): 4171-4179.

[71] ZHOUH L, LUZ Y, ZHANG Y H, et al. Simultaneous enhancement of the long-wavelength NIR- I brightness and pho-
tothermal performance of semiconducting polymer nanoparticles [J]. ACS Appl. Mater. Interfaces, 2022, 14(7) : 8705-
8717.

[72] YIN C, ZHANG H, SUN B, et al. Remarkable suppression of vibrational relaxation in organic semiconducting polymers
by introducing a weak electron donor for improved NIR- Il phototheranostics [J]. Adv. Funct. Mater. , 2021, 31(47):
2106575.

[ 73] YANG Y Q, FANX X, LIL, et al. Semiconducting polymer nanoparticles as theranostic system for near-infrared-II fluo-
rescence imaging and photothermal therapy under safe laser fluence [J]. ACS Nano, 2020, 14(2): 2509-2521.

[ 74 ] CHEN Y, SUN B, JIANG X Y, et al. Double-acceptor conjugated polymers for NIR-1I fluorescence imaging and NIR- 1l
photothermal therapy applications [J]. J. Mater. Chem. B, 2021, 9 (4): 1002-1008.

[75] ZHU C G, GAO Q, WANG C X, et al. Quinoxalineimide-based semiconducting polymer nanoparticles as an effective
phototheranostic for the second near-infrared fluorescence imaging and photothermal therapy [J]. ACS Appl. Mater. Inter-
Jaces, 2023, 15(24): 29396-29405.

[76 ] L1J G, ZHANG Z J, JIANG S S, et al. NIR-1I excitable semiconducting polymers with AIE characteristics for fluores-
cence-photoacoustic imaging-guided synergistic phototherapy [J1. Adv. Funct. Mater. , 2024, 34(32): 2401627.

[ 77 ] CAI K, XIE JJ, ZHANG D, et al. Concurrent cooperative J-aggregates and anticooperative H-aggregates [J]. J. Am.
Chem. Soc. , 2018, 140(17): 5764-5773.

[ 78 ] WORTHNER F, KAISER T E, SAHA-MOLLER, C R. J-aggregates: from serendipitous discovery to supramolecular
engineering of functional dye materials [ J]. Angew. Chem. Int. Ed. , 2011, 50(15): 3376-3410.

[79] LI Z, LIANG P Z, XU L, et al. In situ orderly self-assembly strategy affording NIR- Il -J-aggregates for in vivo imaging



74 A A 58471 %

and surgical navigation [J]. Nat. Commun. , 2023, 14(1): 1843.

[80] HUX M, ZHU C J, SUN F W, et al. J-aggregation strategy toward potentiated NIR- Il fluorescence bioimaging of molec-
ular fluorophores [J]. Adv. Mater. , 2024, 36(1): 2304848.

[81 ] FENGLN, LIC B, LIU L. X, et al. A facile structural isomerization-induced 3D spatial D-A interlocked network for
achieving NIR- I phototheranostic agents [Jl. Angew. Chem. Int. Ed. , 2022, 61(50): €202212673.

[82] ZHU Y, WU F P, ZHENG B B, et al. Electron-withdrawing substituents enhance the type I PDT and NIR- I fluores-
cence of BODIPY ] aggregates for bioimaging and cancer therapy [J]. Nano Lett. , 2024, 24(27): 8287-8295.

[83]0UC]J, ZHAOZ Q, AN L, et al. J-aggregate promoting NIR- Il emission for fluorescence/photoacoustic imaging-guided
phototherapy [J]. Adv. Healthc. Mater. , 2024, 13(23): 2400846.

[84 ] JIANGZY, MA X J, SONG K X, et al. Shortwave infrared absorbing and fluorescent BODIPY J-aggregates for high-con-
trast in vivo imaging [ J]. Chem. Sci. , 2025, 16(38): 17779-17792.

[85] WANG Q, LIUJ W, YANG L Q, et al. High-efficiency organic semiconducting small molecule for deep-tissue photother-
anostics: single 1 064 nm laser triggered NIR-II b fluorescence imaging guided type- I photodynamic/photothermal combi-
nation therapy [J]. Adv. Funct. Mater. , 2025, 35(31): 2423165.

B (1988-) 55 @S A LT
+, Bz, 2014 4 T g at R A4 3K S
L R SR VAN o N S5 Rl s 975 I S 3 )
W%

E-mail: taotao@nuist. edu. cn

BR B & (1987-), 5 i mg RUELA , 1
- PRI, 2017 45 F B o Tl K2 3k
R =S VANE S VN B T4 )
5Ot Y kA B B Ot 12 9T M g IR
W% .

E-mail: 0cj1987@163. com




