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Scheme 1 Redox initiation mechanism of Cu®* /S, 03~ -amine systems
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Scheme 2 Preparation of Si0,-g-PMMA nanoparticles
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Table 1 Experimental details of CuSO,-amine redox-initiated radical polymerization from glass surfaces

Expt. Monomer m( CuSOy ) :m( Monomer) :m(H,0) Temperature (°C)  Reaction time (h) Glass substrates
1 DMAAm 5:1000: 1000 80 4 Glassyyy 550 -g-PDMAAm
2 DMAPMA 5:1000: 1000 80 4 Glassyy.sso-g-PDMAPMA
3 DMMPPS 5: 1000 1000 60 2 Glassyy.ss0-g-PDMMPPS
4 NaAAc 5:1000: 1000 80 4 Glassyyy s50-g-PNaAAc
5 MMA 5:10: 1000 80 4 Glass gy 550 -g-PMMA
6 DMAPS 5:1000: 1000 60 2 Glass 550 -g-PDMAPS
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Scheme 3 Preparation of Glassyy sso-g-PDMAAmM
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Fig. 1 ATR-FTIR spectra of (a) glass, (b) Glassy,ss and

(c¢) Glassyysso-g-PDMAAm

Fig. 2 Goniometric images of (a)
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(a) XPS wide-scan spectrum, (b) Cls core-level spectra, (c¢) Nls core-level spectra and (d) Si2p core-level spectra on the
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Table 2 Surface elemental composition of various glass substrates (% )

Elements Glass ;550 Glassyy sso-g-PDMAAm Glass iy ss0-g-PNaAAc
0—Si—C 8.33 28. 69 26. 86
c—C 32.86 20. 65 8.47
C—N 15. 11 8.47 17.98
Cls . 65. 62 71.37 56. 85
Si—0—C 9.32 — —
C=0 — 13.56 —
€00~ — — 3.54
—NH, 4.06 0.59 —
Nis NH, 5.99 1.93 1. 60 — — —
C—N — 1.01 —
Sio, 9.41 — —
0—Si—C 11.05 8.47 11.44
Ols 20. 46 17.89 25.26
C=0 — 9.42 —
€00~ — — 13.82
si2p O—Si—C 7 93 4.69 9.15 13. 35 13.35
Si0, 3.24 9.15 — —
Nals Na* — — — — 4.53 4.53

Fig. 5 Goniometric images of Glassy sso-g-PDMAAm surfaces at (a) 25C, (b) 40°C, (¢) 50%C and (d) 60°C

Fig. 6 AFM images of (a) Glassyy.sso-g-PDMAAmM surface (reaction time: 2 h), and (b) Glassyy sso-g-PDMAAm surface (reaction

time: 4 h)
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i BT 285.8 eV 4 N E BB 2 M,
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ENERBH C=0 MO—Si—C 2 FIE A, 43 I fL
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Fig. 7 (a) XPS wide-scan spectrum, (b) Cls core-level spectra, (c¢) Nls core-level spectra and (d) Ols core-level specta

on the surface of Glassy,, _s50-g-PDMAAm
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PR % 3 A 17 m (CuSO, ) : m (DMAAm) ik
F|5: 1000 B, SEACRY] B &L XAl REE W T
Cu®" 7E W P B Bk M K IR WP B oK i R

Cu(OH), ,7F CuSO, & & BARK, & N 9] 13 5
CuSO, /K fift £ 1%, Cu(OH), , i 2 5 R B i) Cu® " B
T BEREAL, 2w T R A N AT T Y
m(CuS0,): m(DMAAm) =5: 1000 W}, JZ i 7 3]
B4kl Cu(OH), Y Cu’" B T i CuSO, Lo ] 4 %F
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ratio and specific graft yield with reaction time (mg/cm?)

091

0.8

0.7

0.6
0.5
0.4
0.3
0.2
0.1

- Weight gain ratio (%)
- —0= Ai20/ 4760
—A— Specific graft yield (mg/cmz)

0 1 2 3 4
Reaction time (h)

(a) ATR-FTIR spectra of Glassy,; sso-g-PDMAAm after different reaction time, and (b) variation of weight gain ratio, A,q,,/A7s

Table 3  Graft yield after graft polymerization at different reaction conditions

Graft yield

Reaction m(CuS0,): Temperature
Expt. time (h) m( Monomer) :m(H,0) (Cc) Weight gain Are” Specific graft yield
ratio (% ) Aqq, ratio (mg/cem?)
7 4 5:1000: 250 80 0. 208 0.21 0.27
8 4 5:1000: 500 80 0.271 0.17 0.36
9 4 5:1000: 1000 80 0. 342 0. 87 0. 47
10 4 5:1000: 1500 80 0.115 0. 65 0.16
11 4 5:1000: 2000 80 0. 190 0. 60 0.24
12 4 1:1000: 1000 80 0. 141 0.10 0.17
13 4 2:1000;1000 80 0.152 0.18 0.20
14 4 3:1000: 1000 80 0. 160 0.15 0.21
15 4 4:1000: 1000 80 0. 144 0.19 0.20
16 4 5:1000: 1000 80 0. 342 0. 87 0. 47
17 4 5:1000: 1000 70 0. 155 0.36 0.16

K B A M. Expt. 16 F1 Expt. 17 e T R [6] )2 v
Tk X B A S 1 5 . BN i R 80°C B, B AL
REE TOC I, Ui B 80°C I} 5] & ik 5 B .

T Ok BB B R R R AW 4y
TF& , AL DMAAm IR G R 5T T

_E/
2

50 —a—Conv.(%)
=== In([M],/[M],)
40 |
S
= 30
.2
z 201
(=}
&}
10|
0k
1 1 1 1 1
0 2 4 6 8
Reaction time (h)
Fig. 9 Kinetic curve and semi-logarithmic curve of

CuSO, -amine redox-initiated DMAAm polymerization
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23 BWEEIEHTHENEAEERES
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S PR PR B L 10(A) S 1 BT
7R I L 4% TR T 4 4 2 HE 19 ATRR-
FTIR 8P, 3L i, 2% a & Glassyy s FE fh R T
ATR-FTIR & & 34k b &2 4F 80°C T e i 4 h J5 3
W A T 5 K PDMAPMA BE fh ( Glass,y o8-
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CuSO,-AMINE REDOX-INITIATED GRAFT POLYMERIZATION
FROM GLASS SUBSTRATE SURFACES

2

Xiao-bo Chen', Guang-qun Zhai"

(" Department of Materials Science and Engineering, Changzhou University, Changzhou 213164)
(* Yipintang Chemistry Co. , Lid, Changzhou 213164)

Abstract  Amino-terminated glass surface was prepared by coupling 3-aminopropyltriethoxysilane, and the
Cu’" -amino redox system was designed to initiate the radical polymerization of the electron-deficient
monomers,such as N, N-dimethylacrylamide) in aqueous solutions. The results from attenuated total reflection-
Fourier transform infrared spectroscopy, contact angle measurements, atomic force microscopy and X-ray
photoelectron spectroscopy confirmed the formation of the glass substrate grafted with functional polymer
chains. As there was no free polymer chains formed in the reaction mixtures, our approach provided a facile
strategy for the preparation of organic/inorganic hybrid materials. The amount of materials m ( CuSO, ) :
m(DMAAm): m (H,0) =5:1000: 1000 should be selected, 80°C should be selected as the suitable
temperature ,and 4 h should be selected as the suitable reaction time. The weight gain ratio and specific graft
yield of Glass,, ss0-g-PDMAAm were 0.342% and 0.47 mg/cm’. The results showed that chemical
composition and microstructure on the glass surface changed obviously, and the effect of graft polymerization
was very distinct.

Keywords Water-soluble monomer, Glass, CuSO,-amine redox initiation system, Graft polymerization on

the glass surface, Hybrid materials



