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Abstract As an efficient strategy for preparing polymer nano-objects with high solid contents and diverse morphologies,
polymerization-induced self-assembly (PISA) has attracted growing research interest in the fields such as polymer chemistry.
Compared with the traditional batch reactions, the combination of microreactor-based flow chemistry with PISA offers
unique advantages, including but not limited to accelerated reaction rates, access to higher-order morphologies, and easy to
integrations of new technologies. This review focuses on continuous-flow PISA, covering continuous-flow thermal-initiated
PISA, continuous-flow photo-induced PISA, and continuous-flow PISA integrated with emerging technologies. Opportunities
and challenges in the related topics are proposed and discussed with the aim to promote the development of flow chemistry
and polymerization-induced self-assembly.
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Figure 1 (a) Polymerization-induced self-assembly (7 and /; denote the
volume and the length of the core-forming block and ¢ is the effective
interfacial area of the block junction). (b) Microreactor-based flow chem-
istry

1154 http://sioc-journal.cn

© 2026 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

AL RLEELRAREGHEFTAHAE. H5E MHTH
SN BT IESR NG| K PISA &S /15 9K ik i)
BRI, 2k, WHE T ES LS & PISA
TESETH BRI S . W SRR = ORI &),
RGE TSR PISA 550 /AR, BREMA REHEAR
Tt FRAB L. RIS, S AH DG STEAE 7E L8 5 Pk ik
BT T RIS, A MR A H S A%
MR AL 4.

2 EERASIAREFEEEK

H B R A AR o 16 B R B A B A
W2 WTTEZ —, FBEARE SR e AR AR DL
JE SRR, A RSt H R A IR H R T
B EUE D) R PR, 1998 4F Rizzardo 726 37 Jm [E bR
mr TR BRI T AT - W R A A
RAHRAFDMMES, W &I EEFFEFI(CTA), TR
AR 2). RAFT BERAENG] KIS,
JERKBERDEES. G K RAFT 45 PISA HEEAH
iy, TILT mlE RN R A WAL = S .

(i) Initiation and propagation
M M

(if) Reversible chain transfer

= +SYS_R Kadd Pm—S\l,/S—R p Pm—S\I?S+ R
\\,\_Uk 7 K.add 7 kg Z
(iii) Réinitiation and propagation

. M . M M .

R =~ R-M P,
(iv) Chain equilibration

© S S-P Pn—S<S—Pm kuae Pn—S~ oS4 Pr
Pn 4+ M Kagap ' N m Kaddp + m
\Mp E/ K-addp 1/ Kaddp \f \'\ykp

(v) Termination

. . k
Pm + Pn — dead polymer

B2 RAFT %A P
Figure 2 Mechanism of RAFT polymerization

Zhu ZEU795 AR B 2% HHOE I PISA & R ERTE AN
KBURL TENAEAN 1 mm RIS, PUERA
TR MEIb L TR B SR R (AIBI) N 51 K F, K/ MR
BVRF, B G R RAFT BEAM T EKMERET
T R T R Y R TR ) K 4 T B /R (PPEGMA. mac-
ro-CTA)(El 3). Siaja = MasAH L, R BB
. #: PPEGMA A 138 WL 2 H 2 (kp app) T2 51 T 20
50%, PG T 50%. DL AR H ES(MMA) N
HUZ AR, 7£ 70 CF, MIIE R T PPEGMA-b-PMMA
BRIEGK Bk, LU T P FPR & 88(T BB S 2 AR S
REHRMRAZR. DR A®mERIKN T 2RE
FERER, B PMMA BRI K, AR IS 29k
WORL BLA% L 52 (25~30 nm). A5 FH VR A R 5 e )

Acta Chim. Sinica 2026, 84, 1153—1164



R FF R ik

FrASTR B AR, RINIRIE T 30 11244 3K 0 BRI 9l K i FHE PR I 195 (PD ML A ) 1 2R 5L ] 74 445 T8 /# (PD A Am) N
B, EARVEEILE 13.6 nm £ 33.1 nm. BRIZ, %2 SR/ KEER, 4iKAHE A T PDMAmM-b-PDAAm Bk .
R R W% 381 i 2 TR S0 (s FR B ZE ), IX AT RE S TR i NI K Bk (& 4). T 5 mL SR A A R

B AR AT H(56%) B MRz 0 RS PDMAm macro-CTA, 5t N3l 71 2= THT 98, R
BB TEAS L FTEL. HI New Era NE-300 V15 52 9 5 mL S b ds S - At

Warren ZEUSHEAFANRR N 45 H(ID=1 mm), & Bl AE 60 min (BN AT, PAAEALRILE] 97%,
ik RAFT /KB, ££ 70 C R HILLE NN-—H TIRIER B8 (90%). FEIRP & Rt W 52 B 5.

—
Valve 1 m‘ ! { 3rd I

@ Q — T-joint

Storage tank ~ Pump Ior

Valve 2

D
Flow reactor §

¥ Static mixer

15t storage tank:PEGMA,CPADB,AIBI/water,ethanol
2Mstorage tank: AIBI/water
3rdstorage tank:MMA/ethanol

0O ——— » s B cN s
2\ AIBI,70°C 0 70°C 0”00
0o
e o o}
N b
S CN
M N 9“3 9“3 N
CPADB: S COOH ABt: [ H—€-N=N-¢— jznm
N CH; CH; N

B3 (ERUR RS HEAT SR 5] K RAFT-PISA

Figure 3 Thermal-initiated RAFT-PISA in a continuous-flow microreactor
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Figure 4 Continuous-flow synthesis of PDMAm macro-CTA and PDMAm-b-PDAAm diblock copolymer
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Figure 5 (a) Conversion vs. time curves for the continuous-flow RAFT aqueous dispersion polymerization of diacetoneacrylamide (DAAm) using a
PDMAm; ;3 macro-CTA targeting DPs of 50, 100, and 200. (b) DLS traces for PDMAm;,3-b-PDAAm, polymer nano-objects. (c) GPC traces for a series of
PDMAmy6-b-PDAAm, diblock copolymer nanoparticles (y=50~200) synthesized in a microreactor. (d) TEM images of PDMAmy¢-b-PDAAm, nanopar-
ticles (y=50, 75, 100, 200, 300, 400) synthesized in a microreactor'®. Copyright 2020, Royal Society of Chemistry, under the terms of the CC BY 3.0
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Figure 6 Mechanisms of photo-induced RAFT polymerizations
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Figure 8 (a) RAFT polymerization with photoinitiator for synthesis of mPEG-b-PHPMA under purple and blue light irradiation in water with
mPEG-CEPA as macro-CTA, Eosin Y/AscA as catalytic system, and SPTP as type I photoinitiator. (b) Digital image of the flow reactor used for du-
al-wavelength photo-PISA and schematic illustration of the flow reactor including all dimensions. (c) Polymerization kinetics of aqueous photo-PISA of
HPMA performed in a continuous-flow reactor through dual-/single-wavelength light irradiation. (d) Plots of dual-wavelength aqueous photo-PISA of
HPMA (15% (w)) performed in a continuous-flow reactor. (¢) Evolution of M, and P with monomer conversion for aqueous dual-wavelength photo-PISA
of HPMA (15% (w)) performed in a continuous-flow reactor. (f) GPC traces of diblock copolymers formed by dual-wavelength aqueous photo-PISA of
HPMA (15% (w)) in a continuous-flow reactor. (g, h) Representative TEM images of mPEG-b-PHPMA diblock copolymer nano-objects prepared by du-
al-wavelength aqueous photo-PISA of HPMA in the flow reactor and batch reactor!'””). Copyright 2020, American Chemical Society
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Figure 9 (a) A schematic of the reactor platform comprising a heated tubular coil reactor, a quench coil at 20 ‘C, a SAXS compatible flow cell in an
evacuated sample chamber and sample collection. (b) Schematic representation of the change in particle dimensions when the DP of the PDMAm mac-
ro-CTA is increased from 47 to 143 while maintaining a constant PDAAm core DP of approximately 400. (c) In situ SAXS patterns obtained for the same
reactions where experimental SAXS data are shown as hollow circles whilst the fitted model is indicated by the solid line. (d) Diameter of the particle
(Dpraricte) as a function of residence time for a series of PDMAm,-b-PDAAmygy copolymers synthesized by RAFT dispersion polymerization was x=47, 62,
80, 98, and 143. (¢) Hydrodynamic diameter (Dy; determined by DLS) and core diameter (D.or; determined by SAXS) as a function of PDMAm degree of
polymerization for samples obtained after 1500 s. Error bars shown are determined by PDI of the hydrodynamic diameter!''>. Copyright 2023, American
Chemical Society
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Figure 10 (a) Schematic of the reactor platform for synthesis and inline characterization of PDMAm-b-PDAAm block copolymer nanoparticles. (b)
Particle size summary with particle size distributions (inset) for seven PDMAm;s,-b-PDAAm, block copolymers measured during steady-state sample
collection by inline SRDLS. (c) Relationship between targeted hydrophobic block length and resulting particle size (black solid line) obtained from
screening data (black squares)!''®l. Copyright 2025, American Chemical Society, under the terms of the CC BY 4.0
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