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Construction of Near-infrared Triggered Organic Photosensitive
Materials and Their Applications in Disease Treatment

SUN Yan, ZHU Dongxia"

(Key Laboratory of Nanobiosensing and Nanobioanalysis at Universities of Jilin Province ,

Department of Chemistry, Northeast Normal University , Changchun 130024, China)

Abstract  Phototherapy, mainly including photodynamic therapy (PDT) and photothermal therapy (PTT) , has
emerged as a promising non-invasive alternative due to its precision and minimal side effects. Compared with
inorganic photosensitive materials, organic photosensitive materials offer advantages in terms of biocompatibility ,
structural tunability and precise structural purity. However, most clinically approved photosensitizers require
activation by visible light (400—700 nm) and the limited tissue penetration depth severely restricts their therapeutic
efficacy. In contrast, near-infrared light (NIR, 700—2500 nm) exhibits superior tissue penetration capacity and
causes less damage to healthy tissues, making the optimal optical window for biomedical applications. Therefore, the
development of high-performance NIR-absorbing organic photosensitive materials is significance. This article syste-
matically reviews the molecular design, performance optimization, and biological application strategies of
near-infrared organic photosensitive materials, providing a forward-looking perspective for the construction of a new
generation of integrated diagnosis and treatment phototherapy platform.
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PRACEE 22X Gy I FH AT 28 19 T2 BE T AT TR My B S5t K 5 W SR B A B A A A
WA, FHCEESF HOR WA AR R ™. SEis S 7k R A — 3 8 2 iR 2 A TR /M (UV )R YT
TR, X —RIT 1903 4E3RAT T 14 DUR BR324 20 Hh2d 60 4R Y — > E 2 BURR AU (i FH TR
7 RIBZLER MUAE , X7 A A T E0A 0 AT I e i 2 L.

A, AE BTN FRAESET 07 RIS B P A i, X — SRS BEpR o esy, Al
Xof MR | 20 T R G A AR 2 B Y B BV ) BB T T B — . BT S 6 8 J1 1R ¥F (Photodynamic
therapy, PDT) FIE#A YT (Photothermal therapy, PTT)'*7. 5448 a4 ia Y7 SR ms (Canfbyy | o7 AR
BROFALE , SO BAREINE | ety FLIN 25 AR S Rr L, 6k IR SIS BN &1 R
Jablonski 7R TGS MBI BIALE] . TESERDEIRT , 0T H e aWIBot 7, WA (S UL B
RTINS, WRAS TR s 2R et . Al R S S, B RE i 2 S, AKX
B oF-BIAT & H 98 A T 96 6% (Fluorescence imaging, FLI) 5 W15E o AR 5R 91 =48 S, BT AE & 2
Sy BB 2K B 437 ) ] B i i T OB O A% (Photothermal imaging, PTI) | Y675 i % (Photoacoustic
imaging, PAL) Fl PTT; WIERFE 53T 401 Z A4 B (Intersystem crossing, ISC)#EA =H&(T,), A
BRI F 23 381 3 5 BEIRR LR AR . (1) AT, RIS, 1Bt s (2) M T, 1) Ji] B AR R B 5% B A J o
A0, (3) T, 1 BRI H o T 857 A B bk, Aot Al BE(HO™ ) A U 255 (0,7).
7 A FR 35 1 8 ) 5 (Reactive oxygen species, ROS: '0,, O, FIHO %) a] 2351 T TRIAI 115 pDT! 12,
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Fig.1 Jablonski diagram™”
Copyright 2025, Science China Press.
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11,1 CERM#EE  PDT —ERZ ML TERIT R EZE, JLIRE s SOt IS E BT
R S, FEPDT i b, ZAIRDERY S AL HE ST . BRI Hodr, B OGEL
SUP R, RECEE R R MRERGCEA TR ZEERE Y], & TIRIT B IR)Z A,

Il A FH PDT SEIEALHE 15 9% (400~500 nm) FIZT6(625~700 nm). #EGRE R R, (HALUEBIRES
B, 2970, 5~2 mm, & FREWE; 2GR RN, (HEEETRE AL 0. 5~10 mm, 35 T HIRHE
AR IR B A AT AR AR VR BB A IS R, MCARIGITRCR . tesh, HOE—FE A%, JRAT
YER PDT W3R G, A H AR TR PDT R R H G568 7197k, F 8 T rh a8 R e o s
ST R R iRy

112 EEFwEE ENPDTI S —BOEZR, MG (Photosensitizers, PSs) i INTERRE s T H:
TRTTRCRS 1 BRI, I R b 9 PSs 18—~ 35 22 Jm PR 2 F BT 67 F 48 4h- 1] WL (UV-Vis) 3
B, AR B R R SR B AU IR R 74h, REBOCHONE LA BRI, 755
REEE FHERAU (Aggregation-caused quenching, ACQ)FEUE M4 A AE JIREAK. R T i en]
B, — R PSs g & k.
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SF—UPSs: JEHGRIR I L AR ZE 1841 4F, MLk W BB i i FP A B, SR, HAE H
PREAZIP B BURAR . BTt il e, PR TR R . i VR Tk 0 it — B A A bk, R 3R
THEAIE S AT Y, SRR NSRS Y, B o S — OGO . XA S IR 21 5P X I
JEE IR WS ' RE BEARME LAAT R0 i B RIR)= , RIHRT 7 /B ORI A i =0 4 1, S8 T
SEARIX LRI R, BN G E— TR T8 —AHOLEGH .

SR PSs: W 2 FioR , ARE ST T4, 5 AR PSs R 43 A Nk B BRI AR R bk SRR PR
Ky TERTNRRMERE , HATAR RIS REAL A (AL R AL . £ e DU LR S M ARAE ) ) BRI
Miabehs, AR LR 57 Bz ROS AR g 20 A, Sl B | FAFIERSE 42 I8 25 118 ANkt #y e
N 6 4 S - SOOI 7 — o e L R R S S A IR I S =7 O 1 S RO I PR B2 e R 2
ar-7r JERURISR AL M 5 B0 P48 (ROS) 2R UGRS3 FRIRAE N R, WRSE AN B SRHT T S5 K Pk A (A
BH S TR R 25T L IR JERIBCIA | B- PRI 55 ) EA T R A SR 2. MBSO L RIGRITE B2k 5 S A A
D7 RIBCR L , (B AT K PR 2 B IR, T i 25 A LA = it B N R BT
TPk B A S K A 5 T P AR A CRE T Al IR R R OE BT, WIS | Boron-dipyrromethene
(BODIPY) , CL R T AR AR 7 iR . Gl Wy e A B i . e, TR A 2 i S eI IR
EAATEDAEN, TR R . IR RR RO ORI A R A T SRR

L ox S
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Fig. 2 Chemical structures of the first-generation and second-generation classical photosensitizers"”
Copyright 2024, Science China Press.

AR, WIS E IS YIE R PDT iy PSs &322 CTE . ANV ML, iSRRG A
RS ATEPLER G, R —ESMAE AT AR (<1 ps) FIE R (2T 100% ) B9 FEHE, AT
PEE ROS ™A= . IbAh, &R ECA Y AT v IR Y A BCARZE AL, mT DARF 2t I 45 0 A5 0 i P ok
U, SR EECAY, WET B0, Bk, k. B BERIE LAY, T PDT 1= PSs (8] 3) 12302 4§
SIRELEYOLHG R, 2R TR R I AR Gasser %2 T & B9%T (1D FELA¥) Ru-PS
FEAR AT rh R IR DL S 58 5 Chao 55844 B (TID) FE5- 97 Te-PS AT R i i & g AR K
Zou 55T 4 BOGEEGR) Au-PS T [RIEHE A GHEGR 5 S NI , 308 0 MR S R, A FE ML
R 5 Mao &R iH 1Bk (1) Bl &9 Re-PS BEUS 15 AN AL T, JFRE T B AYSET- ML 5 ; Tang %7 JF
KIS (IV) BCE ) Ze-PS M RE [R]85 S BE 1AL 5 11 AY PDT, FE 0T 4E A Giss s Ak 5] 52/ NADH, JREl T £
BESIRITIE T .

RV T A (Aggregation-induced emission, AIE) /& — B A FRHICY MR AHL G :
HAE BRSPS ARG, e R LB E SR B3R, X —FRrE S5E 5 ACQ A
JERPEIE B X EE . 18] 4 PR L0 B R AR 7R T ROS YR ALK AS (ACQ-ROS) FIER AL 5
FROSZEM (AIG-ROS) FUMER: . ACQ-ROS LR ZAETELIRE T CHFE MBI D), BA R ROS
A= BURE T ) PSs TETE BB ARV T rh AR RER IR 5 232K 2577 4 ROS I BE ), X R IR A6 HAT T IR 4544
8150 PSs (ANPGRS ) R A % WL . 1T ATG-ROS 15 248 PSs TE40 K AL AT B9 ROS £E i AE J1 41
X T HAIS AR 5 0, X FPBLG  H IEAE A IR 45 48 (AN DU 2R 4% 2 PSs) 1y JIL AU ATE-PSs
Sl T RS T 109 0 T N IERS (Restricted intramolecular rotation, RIR) B il A4 il 58 & #EHE
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Fig. 3 Chemical structures of metal complex-based PSs"*
Copyright 2024, Science China Press.
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Fig. 4 Schematic diagrams of ACQ-ROS and AIG-ROS™"
Copyright 2024, the Authors. Aggregate published by SCUT, AIEI and John Wiley & Sons Australia, Lid.

MG ROS AR B, (i JCAE PDT Hr 3z 21|56

55 AR PSs: BARLL FICRONARAS T 28 WM ik i, (LI e 85 /N o) T FE ST SR A PRIV FH 7
THIAFTETE 22006 . T, X 86/ N1~ (g K TR PR AR R 1 HoK e . b, HaH 258 3% Fn g
R RE A0 2E . IXSEEE T E R T LA AR AR N ) PDT R PTT R . 4Rk, AR R & S gk
T R, I H BT KR TR UK R, FTRCR S AR PSs. ARG A TR ARFI RS
AR LLLANEOR T B SRR | SR e YRR = M o) TR N REAL S i . Hoepr ) JEE
HMA TN (GRS m-r MIEAER . B RE KA AR S (R 522 2
AT Z DI RBANR R A RGEAR . B T 90RO Bt s s, 82 8 A B 4L
REIE ) 2 B R L SCHIRA . TR PSS BV 2 R i 0., HORT DURE S kB | SEB)
AHLAE K, FA 35 AR s R [ BE ), FERESCILSIAS TR, FEZYWfLad | PR ARy T
Dy T HA B Sy Rk, i 228 B 4 T AR S5 F4 n] M DR AE Ak 4 1 RE % v AL AE 67 op
1) JR) PR AR AT P SRS
1.2 FRHEIT
121 RIEMIEE  PTTH—PEEERENIROG, HH NIR-1(700~1000 nm) F NIR-11(1000~1700 nm) #%
AL E SR, NIR-DERA B S ALV SE BRI, RR8 BRI N TR IZ 4141, TE kB,
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Fig. 5 Comparison of optical properties between the NIR-IT and NIR-I windows™"
Copyright 2019, WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim.
122 b#o ok £ BRAR B9 6 345 (Photothermal agents, PTAs) W 3 H 55 55 19 ol #45E i 54 K
(Photothermal conversion efficiency, PCE) . R U4 WA 2 M Fa i O JC I BE S5, Jrp, St
BRIV HAVERE Y OG5, 20 PTT T OGS B SR TRICR . T s B E ml RE2oxt
E R R RN A 25 A L DR AR R O AR 1 PCE H FR AN 0 5 32 2 o R 43 ik A5 i U 1)
[F] 54,

ERGAELFETCHL PTAs FIAT AL PTAs. JCHLAN KT R R A 6240, o Ot ry s 240t
WS RE | SCIAKCRFD IR E M . (H2 , TOHLANKAR IR A W R i e o A T E A A S B AT AR A7
TE ] UL R A8 RAF A AR 2V A A ) R i, Bl R PR O AR | SRR e Pk 22
PAR B S 27
1.3 BX&RTT
1.3.1 PDT-PTTEC & 3847 34 PDT A PTT ZEHUME FIHT NG T h 4T T RIFIRCER . B2, $—
f9 PDT 8¢ PTT A4 R H AT B, [ O 2 S SO A IR a5 22 4k, PDT RIAESEUIR 1 i N =
S, IS Hy 7 240 1 PTT 2 5 83K 72 25 11 (Heat shock protein, HSPs) ik ik, 765 8%} PTT =4
ANFFZ I Ty PDT A PTT G A AT LLALRE 2% A A s, PTT Jd 3 ingen] RLRE hn g ZH 2L A<
AN, TSR PDTYFRI; PTT A (4 et w5 g 2 L ) 4 R S s P38 , A 4 TR BGRI A
E— 2B PDT YT PDT 7 A B 6 M 40 mT LABH KT HSPs 235 , 57 /g 240 it xof B i SURR 2 £ 1y , 90
PTT BY7R . A, PDT FPTT HA AR R AN A AL, 5565 (5 T LA g 240 7 A 5 3z 11
AR, PDT F 245 AR T, 1 PTT E275 S ANMIIRAE , W GG AT LA ) B fph 25 33K 0 240

FET- iR AR, M SE AT R 1 B e 2 . PRt A e RE S S B PDT-PTT Bk AR )7 B R L A H %

132 w5 FMEEET  SEENEH SRS ITE BRI, USRS S8 er m] AR A5
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B2 WSS T 6T, INOLAE G r A, 1 arva s e S geny e s XM e,
FLIFOAR BAT I 23 43 B3  AIRAF DA, o NIR-ID FLLEA AR A W 2H U0 B8 Bl
o, AT RASE B B s B S B AR AR B, TR T A W B 2 s b A B RN IV s AT FLI
AR, PTIAMRBEE A SUZF BURIE | SRR A0 T S5t I 7 0 5 e 19 A i DX IR A5 5 PALE— iR
AR, SEGRDE SR L, R RAT SR R A LR, AT RZ A a0 i R s |
FHOEST H AT 20— AR A RS | e RS BRI SR A ROy % . N T2
XS0 B2 BB SR, M R AT 28 Hh OG5 5 e th SCRAT R UA R T ) B G0 — U HL Bk Rk A
5.

2 EASMREAE TSR T RRmIR TR M AR

2.1 IR ET MR U S B RRHET IR

REBOCHM RIS ST WG, Shm, t T HALFERE AR, 7l AR TR T
R 3 P Bl R ) DX (A B Bk . SRR T IR S ) . RS R ], SRR BR A B TR B R T O T
HA P RHUR IR, WS P SC . B R (A S AMR BT W) AH L, NIR SGRERS IR At 27
HALCL NIR B H P RDETEA L P B ZEE R S AN -AT DOG R — A Bom 9. Ttk FefEnyd
BRI R NIR 6 117 (WFR R VR 17 NSy . H T, 56T NIR Gl & i F AN 6 7
AIBTFE 2 B2 e
2.2 SELTHMRUTE LSBT i

TF & HA Wi R 1 T (R 3 2R SC OB R H AR AL AT TS TCHLARE LA RS T 1 SR AR B
8. TCHUMPEL, GnBRAKAE | GAUKTE | &1 RO T80 KR B R 6RRE T M DO RCR
AR, B B I R v SO A AR R B BRI, 522 A0 L, AL R R E A A2
P RIF AT BR BE ) A S T SR A0, RS S I RN T . H AT, M3l R i A
BLYWRHC 755 B 24 it B A B R (RDA) I R I P . S £ MI A MG RSO R E A W 2 2
QU R B LR A L 7T AR AT ST AR RE , RS S A
2.3 RLSMEHLEEA R R R

J T BT LM HLOGEE R PR BE AT LAE A %0 53 SR XTI 21 AN Lo T A T
R, DUsRHMERE . W s Kt | B Ry o B | SN SR G S RS e M. b, s aT DL
bR o 2H B SR X /N oy AT TR RE Rk, B T AR B 2 WG T Hh 512 W R U FE T
A L9800,
231 T ITAEKE 7 TRARRBGE @S SR TR | ESFIIIRE, LSk
JE BRI — R BT B EAR, 2001 LRI S T s A DGR RHRPERE .

(1) PR32 R TRE . FEAHLCE RHRE T, 23 1R-32 7R-25 & (Donor-acceptor-donor, D-A-D) %5
PR 2 R . AR AT A B E 5 N HEL A B (Intramolecular charge transfer, 1CT) , RS = 4
FHELE ( Highest occupied molecular orbital, HOMO) 55K S TEE (Lowest unoccupied molecular
orbital, LUMO) Z [A] A RERE , TS BRI 5 & S G iG RO ZLR ™. 3l o X AR TN A2 A4 BT A 7 B 15
TSR, AT 2P CHOP R G BRI RE . i kR AT 2 AR BRI | SR BE Ny 3 Z (B AR
HAER, AT RASE IR S i 2L AL BE RS . IR 6 T, Yan SR AR [ JEEM T VRN 7m-#F , JFXT
JR AT T RE R A5 5 T R RS2 ARSI BEFIRT 40 55 73 Nz 8l , TPABT-TD 7 NIR-II
DA A IR, [R]E7E NIR-T1a(1300~1500 nm) X LA K IRAETE AR B S ZU 96 R 5, IFAE
1064 nm OGRS HAT R .

(2) AIEHEWE .l T3 m—m VEF, £ 5800 D-A 45145 5 51k ACQ UL, FBIFSLHIROS 77 A: e
2% . AIE9EH] (AlE-active luminogens , AlEgens) HAG MR 70T 254 , REWSTE RAERT PR 43 Nz
3y, MM R BRI R RE i, SRR T RYSOURE . AlEgens A JKIHE v i 7% | =2t it
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Fig. 6 Molecular Design of TPABT-TD and Its Applications™
Copyright 2024, WILEY-VCH Verlag GmbH.

T RS R E ME R AE WA R SO e, ELAE AR Y UG R W SR AT B R A N Y T . ik
Ab, il A B ZE R BT, AlEgens I 0] LUEE @ GG A0, F— B a8y TR o 2025 4,
Tang ZE 5B HTF & T —F AIE G297 F) AOTTIT. AOTTIT R IEH ALE M5 | /85 BE SR W 6 R B S 7E T
PR A LA G5 ) T 5Bk RE T (181 7).

Fig. 7 Molecular structure of AOTTIT and its application in primary tumors and lung metastases™
Copyright 2025, WILEY-VCH Verlag GmbH.

(3) EIFEFoRm. TR FEARKNE TP, HBFaamBig, AE-JuElarrER
(Spin-orbit coupling, SOC) 58 . FJ5i 300 B AR A CHGH 70 F o | A I (Canis . B, b, & . 4:55)
Af LLBESR A/ F A9 SOC. H R F ) SOC BERS AR UEISC it 72, il FHAS M S, BT E] 7,4, e
ROS BF=ARCR . W, You S5 B T —Flopi 8 4 J8 61297 71 DPTP2Ir, Hul il 75 HA ATE 6
(1 NN 4 B 1A DPTPz 5| A I B Tl 25 3.2 ; SECIA DPTPz AH EL , B A4 DPTPzIr i W IR 545
LIRS L ROSF=ARE Sy 3hai , SEHFEA ORIt /= (&1 8).

232 MoTAKEE B TARER P & R P ST LMD ERO R BE R AL TR, kR
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Fig. 8 Structural evolution of DPTPzIr and its application diagram as a multimodal optical diagnostic and

therapeutic agent'®®

Copyright 2025, American Chemical Society.
AT R TFRE T8 . A ARl 8 20 SR M 1 i 3 214 NSO AL B RO Rk Ry T e B
BT HERIEE.

(1) PIEMEM R B gL%e . o T 20RO BB RO R LR 25 A BRI T K, B T
HAEAEY SR . a5 | AR A o] DU A RS 1 DI RE A HLESH , W RB LA
itk RO SR IR . X BGOSR TR T I RE T Tl B, R T A A
KAER k. B ERS T 29 KB E R A YA 25 PE , IF 0T DU s 7 &OR ™. aniE 9 i,
Yan ZE 5 G 8 T —Fh 44 0 ATE-4COOH (1) D-A-D B ATE 25611, Forb 4 MR EERAG G LA T iF— 25
M REfL S . PEG 16 ATE-4PEGS50 7E7K H A R BEAR &1, ATE-4PEGS50 D b FH T —Fit R 5 3 1
/NEBEAY R SR FLIS PATIISS &, SEBLT X B RET A4k ) S 4 531)

m ‘a\’\ . " 66:nm

R S e
Aol &

FEEERY
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HOOR
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Fig. 9 Molecular Design Concept of Self-assembled AIE-4PEG550 NPs and Its Application in Imaging of
Mouse Renal Fibrosis®”
Copyright 2022, Wiley-VCH Verlag GmbH.

(2) WEHREWAER . AT HRE YR EATE A KBAL (Nanoparticles, NPs)
ECOLS T B TSRS . I B R G W AR A o . RO IR R 57 T w4 T ), 38 G
o5 HRETELE WA BB R e A . oA, Sl B RS W AT H ROS 77 A= BB 1 . PCE FIUR AE
T3 XA RIS R S WAL IR N 1 25 W B T s A HL T . b, TR N2k
RILRME L — R (PEG) S5 R B W RERSIE U ARG AR AR, BAT R O-Feaiiy . X Seat oK
PR RZFIB R PE N FRZ LR, A B TRk s I 2E | A WIAH AR S A A5 R, g — 2T i T
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YRR IRTTIE 1 WE 10 Fios, Xu 8823 T —Foprai s ng , BRI PS 9K ERTE
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Fig. 10 Preparation process of NIR-II@PS™
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Fig. 11 Schematic diagram of the supramolecular porphyrin photosensitizer TPP-CN/CP5 NPs and its
antibacterial and anti-inflammatory activities”"
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