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Copolymerization of 2-Hydroxyethyl Methacrylate with

Functional Silane Monomers

Yong - Kiel Sung * - Chang-Gyu Lee *-IL —‘Nam Jung **

2-Hydroxyethyl methacrylate(HEMA) was copolymerized with allyltrimethylsilane-
(ATMS) and allyltrimethoxysilane(ATMOS) at 70°C in N, N” dimethylformamide-
(DMF) using @, a’-azobisisobutyronitrile(AIBN). The compositions of unreacted
monomers were determined by gas chromatographic analysis.

The monomer reactivity ratios were determined by Fineman-Ross, Kelen-Tiidas
and intersection methods. The average values are as follows:

r(HEMA) = 6.62 3 0.07, r,(ATMS) = 0.07 + 0.01 for HEMA-ATMS system.

n(HEMA) = 4.09 £+ 0.14, 1;(ATMOS) = 0.06 + 0.01 for HEMA-ATMOS sys
tem.

The lower r;(HEMA) in the HEMA-ATMOS system as compared to HEMA.-
ATMS system may be contributed to higher relative reactivity of ATMOS toward
the poly(HEMA) radical.

The compositions of synthesized copolymers were determined from silicon con-
tents estimated gravimetrically. The thermal stabilities of the copolymers were in-
vestigated by thermogravimetry(TG). The enthalpic changes associated with the
endothermic transition were evaluated by differential scanning calorimetry(DSC).
The swelling properties of the copolymers in water were also investigated.
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Table 1.Copolymerization of 2 -hydroxyethyl methacry-

late(HEMA)with allyltrimethylsilane(ATMS) at
70C in DMF

Expt. ‘Mole fraction Reaction Conversion ~ G.C. analysis of ~ Mole fraction
No. of HEMA(M;) time (wt%)*  unreacted monomer of HEMA(m,)

in monomer {min.) in copolymer
feed M, Mz
{mmole) (mmole)
1 0.221 90 4.32 1.159 4.603 0.713
2 0. 306 80 3.85 1.559 3.829 0.768
3 0.472 40 3.63 2.369 2.795 0.859
4 0.531 30 3.39 2.878 2.658 0.887
5 0.764 30 4.76 2.991 2.96% 0.958

* Initiator : AIBN(0.3% by weight on the basis of total
monomers)

Table 2. Copolymerization of 2-hydroxyethyl methacry-
late(HEMA)with alltrimethoxysilane(ATMOS)
at 70C in DMF

Expt. Mole fraction Reaction Conversion  G.C. analysisof ~ Mole fraction
No. of HEMA(M,) time (wt%)*  unreacted monomer of HEMA(m,)

in monomer  (min.) in copolymer
feed M; M,
(mmole) (mmole)
1 0.197 8 2.91 0. 6% 3.054 0.577
2 0.347 80 4.83 1.185 2.462 0.737
3 0.550 40 2.3 1.973 1.667 0. 860
4 0.769 40 4.43 2.492 0.780 0.930

* Initiator : AIBN(0.3% by weight on the basis of total
monomers)
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Fig. 1. Instataneous copolymer composition(m;) versus
monomer feed composition(M;)
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Fig. 2. Fineman—Ross plots for the copolymerizations of

HEMA(M,;) ~ATMS(M,) and HEMAM,)-
ATMOS(M.)

(1) Copolymerization of HEMA(M,)-
ATMS(M,) i1, = 6.64, 1, = 0.07

(2) Copolymerization of HEMA(M)-

ATMOS(M3): 1y = 4.03, r; = 0.06

Fig. 3. Kelen-Tiidos plots for the copolymerizations of

HEMA(M,) -ATMS(M,) and HEMA(M,)—
ATMOS(M;)
(1) Copolymerization of HEMAM,)~

ATMS(M3) : 1y = 6.67, 1z = 0.07
(2) Copolymerization of HEMA(M;)-ATMOS(M;): r; =
4.01, 1, = 0.07
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Fig. 4. Intersection method for the copolymerization of
HEMAM,)-ATMS(M_): 1) = 6.54, 1, = 0.07
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Fig. 5. Intersection method for the copolymerization of
HEMA(M,)-ATMOS(M;) : 1, = 4.25, 1, = 0.06
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Table 3. Monomer reactivity ratios for the copolymeriza- DIA FAYL Lol = AR T UAE dAA
tions of HEMA(M,;)}-ATMS(M;) and HEMA ol gsted FA ke 12) 02 AT Rk A4 AR

ol

(M) ATMOS(E) Sl 200/ min o) Hd 452 TN ALI4E
HEMA(M)~ATMS(Mz) HEMA(M;)-ATMOS(M,) 2z k. Poly(HEMA) w+a! 4419} poly (HEMA -
Methods n Iy n 2 co-ATMS) % poly (HEMA -co - ATMOS )23
Ae o "fﬂ T4 263t 29 7o el gict. Table
ot 50 om i oo 4 BTUAE T4 2452 A2 4ol e (0T
elen-111dds . . X i
Intersection  6.54 0.07 4.25 0.06 il 7“ AL MEE25-75%) U £ 8 AW ¥

& %(Dmax )& Jehdglet
FEEAY #Azx g3 2=(IDT )= 53 =4
HEMA 2| 2%80] Z7}¢] whel ok poly(HEMA

Average values 6.6210.07 0.07 4091014 0.06+0.01

Table 4. Relative reactivities of functional silane monom- i T b wkek A oA A WEE(25~
ers to poly(HEMA) radical 75% )dd 9] 25+ poly (HEMA - co -ATMS )ej

HEMA 2] % o] 0.7992} 0.8559 =4 25% % L5 & Al

Systems HEMA-ATMS HEMA-ATMOS st AR A debigleh oldat A HEMA 9

= 0.15 0.24 wetel] ol hydroxyl 7| 7F A8 4] 7ta T28 A6l

rl

o Sl T3ao) HEMA o S3g0) S7haol weh 4

SCAN RATE 2000deg/min
100.00

|
3
£ 5000 1
9Q
€3]
=

000 90.00 y 190.00 29000 39000 490.00

TEMPERATURE(T)

Fig. 6. TG curves of poly(HEMA — co — ATMS ) in nitrogen atmospher
(1)my; = 0.799; (2)m; = 0.855; (3)m; = 0.913; (4)m; = 1.000
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Fig. 7. TG curves of poly(HEMA — co — ATMOS) in nitrogen atmosphere
(1) m; = 0.566 ; (2)m; = 0.797 ; (3)m; = 1,000
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Table 5. Thermogravimetric analysis of poly(HEMA-co-
ATMS) and poly(HEMA-co-ATMOS)

Polymer Mole fraction DT  for weight losses
s YRET of HEMA(m,) IDT (C) Dmax
ystems . copolymer (T) ()

25% 50% 75%

HEMA-ATMS  0.799 268 384 409 428 419

HEMA-ATMS  0.855 279 378 412 434 423
HEMA-ATMS 0.913 287 390 418 438 429
HEMA-ATMOS 0.556 260 374 408 458 400
HEMA-ATMOS 0.797 278 385 17 449 421

HEMA 1. 000 299 399 424 46 422
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Fig. 8. DSC thermograms of poly(HEMA — co — ATMS) in nitrogen atmosphere
(1) m; = 0.855; (2)m; = 0.913; (3) m; = 0.983
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Fig. 9. DSC thermograms of poly(HEMA - co - ATMOS) in nitrogen atmosphere
(1)m; = 0.566; (2) my = 0.797; (3)m; X = 0.910
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Tablehﬁ. Egth;\llpy and entropy char]lges assoctated with HEMA-ATMS 0. 855 34.2
the endothermic transition of poly(HEMA=-co~-
ATMS)and poly(HEMA ~co~ATMOS) HEMA-ATMS 0.913 3.2
HEMA-ATMS 0.942 37.3
Polymer Mole fraction Temperature of HEMA-ATMOS 0. 566 33.4
of MEMA(m))  endothermic & Hical/g)  &S(cal/gK) HEMA-ATMOS 0. 797 36.9
Systems in copolymer  transition(T) HEMA-ATMOS 0.910 38.0
HEMA 1.000 40.5
HEMA-ATMS 0. 855 410 14.56 2.13%107% .
HEMAATMS  0.913 109 221 326107 * Swelling(wih) =wt. of hydrated gel
: . ’ ~wt. of dry gel
HEMA-ATMS 0,983 397 895 48110~ “Wt. of hydrated gel <100
HEMA-ATMOS  0.566 395 27.02 4.04X10°2
HEMA-ATMOS  0.797 399 34.97 5.20X1072
MEMA-ATMOS  0.910 393 37.98 5. 70X 1072
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e}, 10 0.9 0.8 07 06
mole fraction of HEMA
Per-p Fig. 10. Swelling degree of poly (HEMA - co _ATMS)
and poly(HEMA —co - ATMOS) in water at 25T
R A EFE(wth )l FA MR thgak 2ol vk (1) Poly(HEMA - co - ATMS): (2) Poly(HEMA -
4 gleh, co - ATMOS)

Wl wi 9 Tili_l_iaj[ A vk A2 Al
AEE(wt%)= 5Ts] A A %100

Poly(HEMA - co - ATMS )¢}  poly (HEMA - co -

Table 7. Swelling degree of poly (HEMA -co- ATMOS j2| 25C ) 5 o) & sieci g 7
ATMS)and poly (HEMA - co - ATMS)and | 25Ty Fe A AERs BT
poly (HEMA-co~ ATMOS)in water at 25C AH10o  ehl e}, Poly ‘(HEMA —-co - ATMS )=

FZ3A 24 HEMA o] E¥-§o| Frlgdol wfe} 31,1
~37.3% & 2713k9d poly(HEMAA co - ATMOS)
T 33.4~38.0% 2 S7heldl o poly(HEMA) & 40.5%

Mole fraction

Polymers of HEMA in Swelling(wt%) v
copolymers = vhel gl et Poly (HEMA - co - ATMS) 9¥
poly(HEMA ~co - ATMOS ) o] HEMA ¢|] E88¢] %
HEMA-ATMS 0.799 31.140.5 gk 4B wmale WEEE chost 248 44olch,
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Poly(HEMA) > Poly(HEMA -co - ATMOS) >
Poly(HEMA - co - ATMS)
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