4 . ~ o[ Y, .
M3 b I 20254 E70% 523 #3860 ~ 3873 ¢ CPERRE) 2ot
SCIENCE CHINA PRESS

CrossMark

& click for updates

R IR AP0 ST i 5 0 i

X 3E, ¥R
AR R A Rl s SHR BT, B RAURAY) TREBARBIG PG, 3 430074
* B Z& ., E-mail: liangluo@hust.edu.cn

2024-11-17 Yk, 2025-05-01 &[0, 2025-05-08 37, 2025-05-12 M2k £
% H AR R4 (52325304, 21877042) %5l

% F Z Bi(polydiacetylene, PDA) A A2 — 2K BA& 28 B B -8 W 48 (C=C)fn Z 42 (C=C)M £ & o THH, EH
RRFURA & ). H6 RPDARZ I € H LR L4, SR E TIHER Be, opH, RE. A/, AL
WA ERAETHE, 2HANBECRIENET, BFERERE X—FUELEANERABNA) Z. |
Bt, PDARHL 8 ot F 40 M B X (1800~2800 cm ™), % E B, BBREAM AL THTH. KXNET —#
AEAKEUATE A NHPDAM K, HEN L BRI BT RE TN RGE, KaBih/ER%EmrREwaE
M, B8 KGEEAESN LT REWE G, L#TEEAR kG, WEEERGETIRE AN A&, PDAL X
PHEFHTENRE, BEIBANENS FRAES FEMEAT R, BEBERERE, RFEERK, b5
FET BN, EEEARER., AHTE, iR R RITHEA. B, &1L % APDAMBHE X
BUEAGT, BBRERTE NG T, BRERE MY, BAT HEERKANANTE. EXBEERF, KIMTEEN
ZATPDAM B MR, RETHAENZRG. £WER. HATRE, AyBE AT RN RFHE, &7 TPDA
MR £ o B R AR IR YT AL B

Kkl ROk, REEL T, e, WERE, £WER

45 Z G W(conjugated polymers, CPs)E H: B4 i,
TR R ALY 5 R, R W5 A YA
SR, HARR T SR AW E SRR R RS 2
AGIEAA) Z I . B = H(polydiacetylene, PDA)
FHRHE—FhEAT IR 25 F B o AR B i &
AARA RS, R ESIHIMEERE. LS PDAR A,
T B e A fA (diacetylene, DAY IR FINHTERR T2
[ AR RS 4.9 A, HAHXS TDARN #4501 7 X
PATA SN DY, 72254 nmE AR IR GTy IR R, B
AR EHERU LTS B0 % M DAE 1 1,4- 0B8R AT 1%
PDAD,

B35 b, PDARYRG T 2T 701451 . I
RIEF VS IABA BEAER 1, I k52 184.9 AFE

B4 ERISE. 19724F, Wegner & BEDARY[E 25
SO P HR e T = I A MR, REAS TR il U
S AR A IR R, R B A AR . 2R
i . WEME . RER S ILERRT, BEAS I E IR SIDAM N
PEL RSk, WS AN B R, — eI F R B C A i
n-nHEFRVE ISR DA SRR A P HES; - H 5 A L A
B HL T 500 38 BN B 1o SR . e i S v P R I
. Kim%E ANVRIE T —Fp i [ 439K MCDA
(macrocyclic diacetylenes,), H1 &4 7K EREEAYKIFDA
WAt MR A TR, AT L X AT
AR, RIEARFMCDABAR FAZEH, KIIMCDA-11Y
R R62.1°, I H g A AU 1T 5R A&, TR PDA
YRAE. ILAh, HETHGE M FZDAFERAR, #2 fEK

10.1360/TB-2024-1231

SIS XINEE, 258, R RBPRHEAE Y BRSBTS . B2l AR, 2025, 70: 3860-3873
Liu Y, Luo L. Recent research progress of polydiacetylene materials for biomedical applications (in Chinese). Chin Sci Bull, 2025, 70: 3860-3873, doi:

© 2025 (PIERFE) Atk

www.scichina.com  csb.scichina.com


http://crossmark.crossref.org/dialog/?doi=10.1360/TB-2024-1231&domain=pdf&date_stamp=2025-7-28
emailto:liangluo@hust.edu.cn
https://doi.org/10.1360/TB-2024-1231
www.scichina.com
csb.scichina.com
https://doi.org/10.1360/TB-2024-1231

ISk

PR Sk F I AR T bR o B i K P A 1
ALY, X DA T I RR AL I, IR B
FMF, SRR EAERIMVERTS, "Ll A 4l%e
WM ZMIESRIPDA, N . JRIik . MR, A
LR AL RE, 32 - B 2 T S 20t
FHTFPDARIE WL, ) B 4280 ER5 7, 511N
FARMIDATEIL /AR P LA 5 Ry 0 7 R HES . i
F-BAEMEEA R, iR B, [l
DATER JFHEANM 1 F TR Bz, 25, RN
PARFINE R AT LS 2 P A TR 2 B, DI R A5 4l 1)
PDA!M?,

PDA T &5 & 38 B I C=CHIC=C, XFhE
— Y (R R e G R o S B -y B D, B
WUl F R R TR, WpH ., IRE . B
N AT HUBEUN T FTBC AR - A2 (R AH B AE 45 & 2R AR TR,
23 B —A A I 8 FR O (S K Anax > 640 nm) £ 21
(B K A x> 540 nm) B ARk, ARl RSO 1%
FRI WS 1) e KT Tl RS s S A, R TUBRAELT
AN F B DO, XN A PDAR K
WOR S HABUWTFRYE, AFRSERIT N R4, KRS
A H AE650 nmPfHif; AEARTEL N E AT
0.30 + 0.05, HA NI IHOR; A EMHPDA
DG A R 52 ps, 22 BT il AR A e B
T ELE R O R e ). W A APDA T T HR
TRBCE S IASTIRE, 3 CERAT 52 2 F2ERH,
NI AR 3 55 (075, TLP-XE ARG, 78K £ 8
TEOLR, M RN 2T (o f AR O B A AN T A, I HLaT
A3 ik PR AR 525 A/ AT L WS RN i i 1 B Lg%
N S AR RIS, S PDARTRIE A )
L BRI 2.

SERTVF TSR HGE 1T . . . s
FARSETE A PDAS REAT BHE A YL AT . 2543
LA P, ARk, ATTARKHZHEPDA H &
PRI, FHAGEITHB R 5. Bihn, it ZFp R
PERPDAKIEE, RGN BEE; 45 PDAH
BYSE R REE S R N A B A DGR E, R AT
PDAMIT AR KL, Tl &t e, ARk, HaT
TR SF AU (1L 1) JEL K T & LA Rt B )
PDA, 58 HAR UL S B . A58 MPDA B 511
ghEF R, AEAEGE N AU RO JERE L, B2E T ARk
FHEIETPDAMBHERL 2 % . EWiER. AT
TR 2056 54T B A 3R

1 hrspkis

L2 AR I — B B T s 2 B RO A R B,
EREAS SR WA o TR ENE R, TS R A Y
e s, 5 HADBRE AR, $2 g A
AW POCEAME . FRAM . ZHiE R EL
IS0 A YMRNE AT . R . IRRE Y T
¥£400~1800712800~3100 cm™ 'y Fil Y HLAT S B 47 2
5, MENME(C-D), {AMY(C=N)H =H(C=C)
AL L T A0 B AR IR 31X (1800~2800 em ™),
FHO AT ik S22 B A o0 TR B AT h 2 g, T L)
BB 5T T i K0, SRS &, LT/
G FHRE RS UGG RS2 R TREE B SRR R
{5 50, AR B 5 T i 2, IR Ao 2 55
BEARBIT & BA TR S N RE R THL 2 iR

PDA R 4 1fi7 3R A W 3 8 19 Ron I 40 A = A £k
B, AR L2 ERE. SR, Z5PDAR T
ZERRRE T HAL 2 A5 S 1058, PDAHC=CHIC=C
SH L AT T AR DS, ELBE ) SR A AR T 2
BERYTER AR, sm T hi S5 S RnR . TR 2L
I e i b e 2 U} (surface-enhanced  Raman  scat-
tering, SERS). A2t (coherent Raman spectro-
scopy, CRS)% 7ok inm Hpr & 155, SERSIKFL T4
B FARIR, — BT EAE R A JE R Rk TR 2020
4, Kim S PR FK AR SR % (A g) FIPD AT
A%, e Rl T A B AR R AN, R T
SHURFOEEE NG, W& WS, ML TPDA
NPs, #%5¢Ag/PDA NPsfYHLE BUM i & 158, Ho-C.
C=CHIC=CH4ik s i & 155 73 s 74y
83, 92F178f.

CRS E B T AL B AR TRy, WPl
RO SRR EAEN, SBRRE 55T Ry 4RSI
FRPCHCHT, P2 A SRS CHIAR T AL, 7T LA 254
TR, AP H e RO 0 R B T RE. AR
TEF S RN . AR S ARG . AR5 D7 1 A1
J5i, CRSH] 43 A e 46 v 2 HUH (coherent anti-
stokes Raman scattering, CARS)5 324 & HUH (stimu-
lated Raman scattering, SRS)F A, PiETEN ] [ thAFAE

S CARSHRAE FH TR MG, HArshlkikre
WAk . e B9 5 0 A0 L B o A I S e o R
PO SRS i T 1 AG I Ak 24 s RO 2 A1 e

3861



M4 b B 2025588 FT0%E £23H

L, PRHE TS T, mAREXT IR HA LM
RO R h B0, T T A EUR .
4, SRSHEHS PRI AR FIROE AP & 9t Wi L H:
ALt AR EAR (N —JGE I E), SR 2GR
1. Bk, SRSHUMAYBE 2 Al 2= B AR B A TR L
Az =BT TR IZ R, ST
FREFREEES, DIRAEFARSATP R . & REUE
b 000 i e 95

R T AEIE A h A A R SRSUR, 75 2 Fl
He2E UG EAR 5 EA P2 EE S FIREH G, L,
iR TF A B R S UM S RS, SEa s B
SN%. 20204F, LuoSGA1EEY ILRIRIE T —FEAT
MR PS5 S I PDASREN. R EF R T L IK
W, &I IFE T —FOKE R E REfLIPDA, R
(B%-4,6- _HER)(poly(deca-4,6-diynedioic acid), PDDA),
Wk 1(a). WHEETEAS8 nmbL S HUL T, MFHPDDAMH
C=CHE A A — L7 2 5k B 15 (T 362.3x 107, 215450
PR S HEFI10ME, R ESRVNIE(ES. @i

(a) R R R (d)
Topochemical R R R
// // // polymerization _
T s =N =\ =K
7 H A
R R R
R RS PDDA
49A
( b) R = CH,CH,COOH
Spect = e e — e
15 ooor
>
"5 Tagnumber 1 2 3 4 5 6 7  PDDA
< .
% 104 00"23%')3"0" 200 100 4000 10 500 2000 200  0.05
c
©
£
©
4
3 51
N
£
S o = NN b, & —
z T T T T T
2050 2100 2150 2200 2250 2300
Wavenumber(cm-1)
() L

PDDA » '
[} @ //‘ - \\\\ ®£ %‘
Ofgane'r'::asrgeﬁng \\ A} N -
group: @ @h ‘g\"» :l

ARV REA BB T =FPDDAfEY), REMSSZHN
TETG A X HABHAP2) . i (P3). AMMEA%(P4)%E
VAR e AR VR, Wi (e, d). t4h, PDDAG IR
HH R v ) RO RMIRAG I R, P 25 S S ik
JERLERCR, BMEFEC=CHEWR I b HoAl /Ny 1R 4T
I BCR T, HoA S0 AT KX e iRER, a0
Kl 1(b). PDDARYKE I FR X N F PDDAHE W &N
8 nmol/L, Hiz4- A 1k B ATAGATAR] & bk 270 E fUsk
152, X — R (AR SEA T R SRS BUZ T 7] IR
MO ETh R, BEE I R R H s/ Xk A MR AR g T3
Fgsi 3.

LuoZ N2 AR R B(1.1% . 10% . 20% .
30%. 40%. 50%. 60%. 70%. 80%. 90%7F199%)
(13 ClAf; 25 APDDAIY 4%, #il#H— R HA ]
T RUEE P A5 = B B I 5 L (I PDDA R 51
P1~P11, WNE2(a). 455 Box, HA 584 CEHEPDDA
(PINTESEHE T HA 5IR2CE4EPDDA (P)IT L
SIREE, NE2(b), FUIPDDAIRHEIRTL S B 7E

2120 cm™!

2120 cm™’

B 1 TR PORS e, TS QRIS SR, (a) 14 PDDARYHTMEEE A (b) PDDAK)HLDMSOW A — RSN &
TREFIIRANBLZOEHE (1. ZHEK; 2. EdU; 3. S RBAIR —RKRS, 4. — 2R3 T 0 5. K, 6. 5-IRIKE; 7. 55-4,6- L —R); (c) PDDAMIEEE A
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Figure 1 Polydiacetylene-based Raman probes for targeted live-cell Raman imaging™*'!. (a) Topological chemical polymerization for preparing
PDDA; (b) stacked Raman spectra of a single DMSO solution of PDDA and a series of representative Raman probes (1. Ethynylbenzene; 2. EdU;
3. diphenyl azide phosphate; 4. diphenylbutadiene; 5. benzonitrile; 6. 5-bromopentanitrile; 7. deca-4,6-diacetylenedioic acid); (c) schematic diagram
of PDDA side chain modification for subcellular targeted Raman imaging; (d) SRS images of HeLa cells treated with 50 umol/L P2, P3, and P4,

respectively
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Figure 2

3C doped PDDAs for multidimensional information storage and encryption®”!. (a) The Raman spectra of PDDAs with different *C doping

percentages. The intensity of each Raman spectrum is normalized to its double bond peak. (b) Raman spectra of P1 and P11 in NaOH solution
(concentration of P1 and P11: 25 ug mL™"). (c) P1, P11, EdU, the relative Raman intensity of the triple bond Raman peaks of representative acetylene,
diyne, tetraacetylene, polyphenylene ethylene, and nitrile copolymers. (d) *C doped PDDAs are used for multidimensional information storage and

encryption
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Figure 3 Aptamer-functionalized PDA liposome sensor with naked-eye colorimetric sensing for rapid detection of Salmonella™!. (a) Schematic of the
preparation of a PDA-based array sensor for multi-targeted exosome detection. (i) PDA liposomes consisting of diacetylene monomers and
phospholipids were activated by EDC/NHS reaction and immobilized on amine-modified substrates; (ii) correlation curve between fluorescence
intensity and exosome concentration. (b) Correlation curve between fluorescence intensity and exosome concentration. (i) Antibody; (ii) aptamer
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Figure 4 Proteinic artificial skin with molecularly encoded coloration®®. (a) Molecular structures of TAP and UV crosslinked TAP. (b) Schematic
diagram of UV crosslinked PATS prepared from non crosslinked PATS and its repeated thermochromism induced by different environmental stimuli

such as heat, light, and magnetism
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Figure 5 Alkaline-responsive polydiacetylene-peptide hydrogel for pH-sensing and on-demand antimicrobial release®”. (a) Chemical structure of DA
Pep conjugate. (b) The hydrogel undergoes an alkali triggered blue to purple colorimetric transition, as well as an illustration of the gel to sol phase

transition
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Polydiacetylene (PDA) materials are a class of conjugated polymeric materials with alternating carbon-carbon double
(C=C) and triple (C=C) bonds, synthesized by the oriented regular arrangement of DA monomers using solid-state
topochemical polymerization, which have unique optical properties and colorimetric capabilities. The newly synthesized
PDA exhibits blue color and non-fluorescent properties, and when it is exposed to environmental stimuli, such as changes
in pH, temperature, electrical stress, mechanical stress, etc., it will undergo a transition from blue to red, generating PDA
with red phase and obvious fluorescence, which is a characteristic that makes it widely used in the field of biosensing.
Meanwhile, the Raman spectrum of PDA is located in the cellular silent region (1800—2800 cm™"), which is not interfered
by biological macromolecules such as proteins and nucleic acids, etc. The molecular structure of the traditional PDA
restricts the enhancement of its Raman signal, and to obtain effective SRS imaging in living cells, it is necessary to couple
the imaging technique with intrinsically Raman-active molecular probes. In this paper, a water-soluble and functionalizable
PDA material is introduced, which exhibits superb Raman signal and ultra-high sensitivity, and can target different cells
after surface modification, and also performs deep tissue imaging after synergizing the Raman imaging technique with two-
photon imaging, highlighting its great application prospects in the imaging field.

Due to the easy modification of PDA, coupling the target with PDA can realize direct biosensing or improve the targeting
effect of drug delivery; PDA also shows good biomimetic properties, through the doping of biomolecules or the design of
its molecular structure, it is prepared into liposomes, nanofibers and other forms, which can respond to changes in the
biological environment, and has good potential for use in the fields of indirect biosensing, tissue engineering, and drug
delivery. Meanwhile, we also found that PDA materials generate reactive oxygen species under photo-oxidation conditions
and degrade themselves into non-toxic small molecules such as succinic acid, which are ROS-responsive and degradable,
and can be made into smart microenvironmental drug delivery systems or degradable tissue scaffolds, which have obvious
advantages in the fields of in vivo tumor therapy, cardiovascular therapy, and tissue repair.

In this review, we introduce the synthesis methods, structural properties, and excellent biochemical and optoelectronic
properties of PDA materials, summarize their recent progress in the fields of Raman imaging, biosensing, tissue
engineering, and drug delivery, and reveal the multifunctionality of PDA materials as well as their advantages in the
diagnosis and treatment of diseases to show the value of the application of PDA materials in the biomedical field.

polydiacetylene, conjugated polymers, colorimetric, Raman imaging, biosensing
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