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Study on polymer brushes controlled by metal-free

ATRP and their wettability
WANG Zi’an, LI Hongye, PAN Na, MA Guozhao, WANG Liping, LI Guang

(School of Materials Science and Engineering, Liaocheng University, Liaocheng 252059, China)

Abstract Aiming at the problems of residual metal catalysts and limited substrate applicability in tradi-
tional surface-initiated atomic transfer radical polymerization (SI-ATRP), this work proposes a new strat-
egy of surface-initiated metal-free ATRP (metal-free ATRP) based on polydopamine-assisted. Firstly, the
polydopamine (PDA) coating was formed on the glass substrates through the self-polymerization of dopa-

mine. Subsequently, the surface was functionalized with 2-bromoisobutyryl bromide to obtain the bromi-
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nated initiator layer (Glass@PDA-Br). Using Glass@PDA-Br as the initiator and methyl methacrylate
(MMA) as the monomer, the surface-initiated metal-free ATRP was conducted under 365 nm UV irradia-
tion. The resulting products were characterized and analyzed by X-ray photoelectron spectroscopy, scan-
ning electron microscopy, and gel permeation chromatography. The results indicated that poly (methyl
methacrylate) (PMMA) was successfully grafted from the glass surface. The water contact angle of the
PMMA-grafted glass slide reached 136. 9°, exhibiting a markedly hydrophobic state. Furthermore, the
metal-free ATRP of MMA from the glass surface possessed the characteristics of a “living”/controlled rad-
ical polymerization. This method achieves the controlled hydrophobic modification of glass surfaces and is
expected to broaden the pathways for functionalizing solid substrates and the application prospects of met-
al-free ATRP.

Keywords metal-free ATRP; surface-initiated polymerization; polydopamine; bromoisobutyryl function-

alization; hydrophobic modification
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Fig. 1 Schematic illustration of SI-ATRP grafting of PMMA induced by glass surface
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Fig. 2 Solubility of PDA particles in different solvents
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Fig. 3 Particle size distribution of PDA particles in different solvents
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Tab.1 Relative atomic percentages of Glass@PDA, Glass@PDA-Br,
and Glass@PDA-g-PMMA obtained from XPS measurements

Sample z(O)/ % N/ % (/% z(SH/% B/ %
Glass@PDA 47. 39 3.13 9.10 1. 60 0
Glass@PDA-Br 69.79 3.62 20. 12 6. 08 0.38

Glass@PDA-g-PMMA 74. 90 1.31 21.71 2.10 0.01
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Fig. 4 XPS spectra of samples

7E: (a) Glass@PDA; (b) Glass@PDA-Br; (¢) Glass@PDA-g-PMMA
B 5 FEAKREAR SEM B

Fig. 5 SEM images of surface of samples

HFIEZIR https://www. cnki. net



% 3 4] TFR. % Le ™ ATRP R A5 Tl SRR 5T 421

6 Glass@PDA-Br # EDS 45 R
Fig. 6 EDS results of Glass@PDA-Br
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B 7 #HmmkiEia

Fig.7 Water contact angles of samples
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SATRA MWD 5 kR R mMA (B oMK 7 6 5 4 3 2 1 0
In([M, J/[M D G [M, 1R 5k 190 i v B2 . (M ] R
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Tab.2 The M, , weight-average molecular weight (M, ), MWD, monomer conversion ratio, and In([M,]/[M])

B8 AEEESHIETARN HNMRZE
Fig.8 'H NMR spectra of solution with different

polymerization times

of the PMMA synthesized in solution at different reaction times

Entry Reaction time/h M,/ (X10" M, /(X10") MWD Conversion ratio/ % In([M,]/[MD
1 4 1.29 1. 88 1. 46 37.5 0. 47
2 6 1. 54 1. 98 1.43 43.8 0. 57
3 8 1. 58 2.25 1. 41 44,5 0.59
4 10 1. 62 2.33 1. 37 45.0 0. 60
5 12 1.93 2.70 1.32 53.7 0.77
3 &k

AW5E L metal-free ATRP XJBES 5 RIMIHAT T BRI, B EAEBE F 3R M5 A PDA IRJZL
AT A B R BN AE 15 M B R A i — 2P AT IR IR AL AL PR LA T I AR S | R A7 52, R I it 3 TG 4 I Dt 4
B A IR G TEDE 7 R 5 |k AL IG IR R SR G LN FE B8 Rkt 7 BA RIFBHKMERR G
45 . PDA () H 3R -G AT o BT BB R 10 1Y B & HOR R AR 3 A 5 SEM R AEAT 3 1 A 200 IA i i
XPS Pl Br 3d WA BIERT T ATRP 51 & 50 B [ , C 1s WA XT38 B2 19 1 35 3G e ik 55 7 PM-
MA I Glass@PDA-Br KT HAL 42 fil £ 00 1025 SR 3R B L 3358 3¢ T BR V90 A Ak L5 422 ik 3 A 32, 8°
L FEE 0. 67, IMifEEAL PMMA J5# il fi ik 5 136. 9°, RIS W51 A 58T+ T 355 7 2 18 A i 7K
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