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Fig. 1 Synthesis of tadpole-like fluorescent Janus SCNP via electrostatics-mediated intramolecular crosslinking. Starting from
the linear polymer of TPE-P(DMAEMA-co-PFMP-co-AYM)-b-PLMA, along with step 1, the dynamic intramolecular crosslinking

is achieved in DMF by sequential feeding monovalent acetic acid and divalent malonic acid to introduce the electrostatic

interaction and crosslinking toward the dynamic SCNP. Along with step 2, the covalent crosslinking is achieved via the

anthracene-anthracene coupling by UV irradiation at 365 nm. The Janus SCNP of aggregation-induced emission (AIE) is derived

upon removal of the electrostatic interaction.
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Table 1 Data of the DMAEMA/AYM based polymers.

GPC AYM DLS

Sample M, M, PDI Feeding NMR R,? D,®

(kg/mol) (kg/mol) (mol%) (mol%) (nm) (nm)

P(DMAEMA ;5-co-AYM,) 81.4 86.6 1.06 2.0 1.95 5.3+£0.5 12.9
P(DMAEMA s49-co-AYMy,) 95.4 102.1 1.07 5.0 5.73 5.5+0.4 12.8
P(DMAEMA 5y5-co-AY Ms3) 93.6 99.3 1.06 10.0 10.50 5.2+0.5 12.7
P(DMAEMA ;-co-AYMo9) 108.6 118.4 1.09 20.0 21.70 5.0+0.1 11.6
P(DMAEMA ;4;-co-AYM35) 91.2 99.9 1.10 40.0 39.50 5.2+0.2 11.9

2 Determined by LS detector at GPC; ® Determined by Malvern laser dynamic light scattering.
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Fig. 2 (a) DLS traces and (b) Zeta potential profiles of the samples. Linear: P(DMAEMA ,5-co-AYM, ) (dot); +ACA: the

quaternized one at [DMAEMA]:[ACA] = 1.0:0.6 (blue); +MOA: the dynamic SCNP after crosslinking at [DMAEMA]:[MOA] =

1.0:0.2 (black); After UV: after UV irradiation at 365 nm for 4 h and removal of the acids (red); (c) UV-Vis spectra and (d) anthracene

conversion of the dynamic SCNP (50 mg/mL, in DMF) with UV irradiation time; (e) DLS traces of the samples. Linear:

P(AYM, j9-co-DMAEMA,) (dot); Crosslinked: the dynamic SCNP after UV irradiation (red).
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Fig. 3 DLS traces of the corresponding anthracene coupled samples with UV irradiation at 365 nm for 4 h at [ DMAEMA]:
[ACA]:[MOA] = 1.0:0.6:0.2. (a) Linear: P(DMAEMA 403-co-AYM,) for control group (black); The SCNP synthesized at 50 mg/mL
(blue); The multi-chain nanoparticle synthesized at 80 mg/mL (red); The precipitate synthesized at 120 mg/mL (dot) in DMF;
(b) The samples at other varied solid contents; (c) Dy, versus solid content of the samples. The critical solid content for the
synthesis of SCNP via anthracene coupling (d) from P(DMAEMA,-co-AYM,) with varied fractions of AYM (crosslinking
degrees) at a fixed charge degree of 60%; (e¢) from P(DMAEMA;,-co-AYMj3,) with varied particle size of dynamic SCNP
which is controlled by diacid content, at [ DMAEMA]:[ACA]:[diacid] = 1.0:0.6:0.1; (f) From P(DMAEMAs4-co-AYM3;) with
varied charge degrees of dynamic SCNP, which is controlled by ACA content, at[DMAEMA]:[MOA] = 1.0:0.1.
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Fig. 4 (a) Fluorescence emission spectra of TPE-P(DMAEMA s35-co-PFMP,;-co-AY My)-b-PLMA ;3 along with UV irradiation
at 365 nm, the excitation wavelength of 1.,=365 nm was fixed; (b) Fluorescence intensity versus the UV irradiation.

— Linear

@

Intensity

--- Crosslinked

Size (d, nm)

50

(d)

DMF

10 nm

Fig. 5 (a) DLS traces of P(DMAEMA s35-co-PFMP,;-co-AY M;)-b-PLM A4, and the derived tadpole-like Janus SCNP; (b) Confocal
microscopy image, (c, d) cryo-TEM images of the emulsion droplet (DMF:cyclohexane = 5:1, V': V) stabilized by the Janus SCNP

at 1 wt%.
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Scalable Synthesis of Janus Fluorescent Single-chain Nanoparticles by
Electrostatics-mediated Intramolecular Crosslinking

Kai-ru Quf, Yan Wang’, Zhen-zhong Yang"
(Key Laboratory of Advanced Materials of Ministry of Education, Institute of Polymer Science & Engineering,
Department of Chemical Engineering, Tsinghua University, Beijing 100084)

Abstract Polymer single-chain nanoparticles (SCNPs) with distinctly compartmentalized physicochemical species
are promising in catalysis, nanomedicine, and high-performance materials. In this work, a fluorescent SCNP and
the Janus derivative were synthesized via electrostatics-mediated sequential dynamic and covalent intramolecular
crosslinking. The dynamic interaction between the carboxylic acid groups of the modifiers and the tertiary amine
groups on the polymer chain was employed for the first-step intramolecular crosslinking, enabling synthesis of
compact SCNPs in concentrated solutions. These dynamically crosslinked SCNPs were subsequently fixated by
covalent bonding through UV-induced coupling of anthracene groups. The compact microstructure was preserved.
The rotation of pendant tetraphenylethylene (TPE) units within the SCNP was greatly restricted giving rise to a
significantly enhanced aggregation-induced emission (AIE). Similarly, a tadpole-like Janus fluorescent SCNP was
derived from the diblock copolymer, providing an effective tool for interfacial fluorescence labeling by forming a
well-defined monolayer.

Keywords Single-chain nanoparticle; Electrostatics-mediated; Intramolecular crosslinking; Janus; Aggregation-
induced emission
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