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Swelling and Thermal Properties of Crosslinked
Poly(2-Hydroxyethyl Methacrylate) Hydrogels

Yong-Kiel Sung *. Ki-Ho Nam *-. Kea-Yong Kim **

Crosslinked poly(2-hydroxyethylmethacrylate)| has been prepared by polymerizing
2-hydroxyethyl methacrylate(HEMA) with crosslinkers such as ehyleng glycol dime-
thacrylate(EGDMA), tetraethylene glycol dimethacrylate(TEGDMA), tetraethylene
glycol diacrylate(TEGDA), divinyl benzene(DVB), and N, N-methylenebisacry-
lamide(MAB) in the presence of initiator a , « -azobisisobutyronitrile at 60 °C,
The synthesized copolymers were identified by FT-IR spectrophotomether.

The swelling properties of the crosslinked copolymers in various solvents such as
water, methanol, ethanol, n-propanol, and n-butanol were investigated at different
temperatures. The thermal properties of the crosslinked coplymers were also mea-
sured by differential scanning calorimetry(DSC) and thermogravimetry(TG).
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Table 1. Swelling degree of crosslinked poly(HEMA-
EGDMA).
poly(HEMA-TEGDMA), and poly(HEMA-
TEGDA)in various solvents at 25C

mole % of XL wt% swelling*in various solvents

in HEMA

H,0 CH30H C.Hs0H C3H,0H C,H,OH

0 (pl) 41.5 55.8 59.2 40.4 2.36
EGDMA

4 (El) 36.0 37.8 33.8 10.8 1.83
16 (E2) 26.0 23.8 23.9 6.8l 1.54

15 (E3) 17.4 21.9 18.3 2.82 1.62
TEGDMA

4 (T1) 37.1 37.0 35.4 12.8 2.52
10 (T2) 27.4 28.6 28.0 10.2 2.22
15 (T3) 24.3 25.0 25. 4 10.6 2.13
TEGDA

4 (A1) 385 40.4 38.5 26.0 2.34
10 (A2) 310 29.4 27.1 19.2 2.23

15 (A3) 26.5 16.0 24.4 7.12 2.12

* ¥ XL ; Crosslinker
*  witWswelling= wt. of hydrated gel-wt. of dry gel

X
wt - of hydrated gel 100
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Table 2. Swelling degree of crosslinked poly(HEMA-
DVB) in various solvents at 25C

e .
mole % of DVB wt% swelling*in various solvents

in HEMA

H,O CH30H C,Hs0H C3H;0H C,H,OH

4 (D1) 28.7 26.7 22.2 5.11 2.43
10 (D2) 17.7 21.2 24.6 3.44 1.53
15 (D3) 14.8 20.6 18.8 3.93 1.35

Table 3. Swelling degree of crosslinked poly(HEMA-
MBA) in various solvents at 25C

R .
mole % of MBA wt% swelling*in various solvents

in HEMA

H,O0 CH3;0H C,H50H C3H7;0H C,H,OH
4 (M1) 36.4 43.0 39.9 3.53 1.42
10 (M2) 34.7 32.7 31.4 2.74 1.65
15 (M3) 320 279 213 235 161
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Fig. 5. Swelling degree of crosslinked poly(HEMA-
DVB) in various solvents at 25 C
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Fig. 6. Swelling degree of crosslinked poly(HEMA-
MBA) in various solvents at 25 C
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Table 4. Swelling degree of crosslinked poly(HEMA-
EGDMA), Poly(HEMA-TEGDMA), and poly(HEMA-
TEGDA)in various solvents at 50T

mole % of XL wt% swelling*in various solvents

in HEMA

H,0 CH30HC,Hs0H C3H,0H C,H,OH

0 (Pl) 40.3 59.1 62.4 53.5 34.9
EGDMA
4 (E1) 34.6 37.8 32.8 32.8 30.8

10 (E2) 24.0 22,2 237 24.1 15.2
15 (E3) 16.5 21.9 12.5 15.6 5.56
TEGDMA

4 (T1) 37.1 37.0 34.3 26.1 19.0
10 (T2) 24.4 28.0 28.0 25.4 15.1
15  (T3) 2L1.6 25.0 25.0 22.4 8.10
TEGDA

4 (A1) 385 39.2 38.5 35.8 30.2
10 (A2) 27.3 29.1 27. 30.4 25.0
15 (A3) 25.6 16.0 24.4 24. 21.0

oo
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Table 5. Swelling degree of crosslinked poly(HEMA-
DVB) in various solvents at 50C

wt% swelling*in various solvents

mole % of DVB

in HEMA
H,O CH30H C,Hs0H C3H,0H C4,HoOH

4 (D1) 28.0 267 222 355 259
10 (D2) 16.4 2.2 241 28.2 15.2
15 (D3) 1.9 19.8 18.0 15.0 11.6

Table 6. Swelling degree of crosslinked poly(HEMA-
MBA) in various solvents at 50C

mole % of MBA wt% swelling*in various solvents

in HEMA

H,O0 CH30H C,Hs;0H C3;H,OH C,H;0H

4  (My) 33.5 47.7 44.7 36.8 17.1

10 (M2) 323 - 358 - 10.3
15 (M3) 29.7 - - 2.3 9.23
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Fig. 7. Swelling degree of crosslinked poly(HEMA-

EGDMA) in various solvents at 50 C
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Fig. 10. Swelling degree of crosslinked poly(HEMA-
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Fig. 9. Swelling degree of crosslinked poly(HEMA-
TEGDA) in various solvents at 50 C
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Fig. 12. TG curves of poly(HEMA-EGDMA) in nitrogen atmosphere.
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Table 7. Effect of the crosslinker on the thermal behavior of crosslinked polymers in nitrogen atmosphere

Decomposition temperature

mole% of XL  (*C)at various%wt.loss
Polymers in HEMA IDT(C)y Tmax(C)¥
15 50 85 90
HEMA 0 270 308 370 394 403 373
HEMA-EGDMA 4 273 328 386 421 432 389
HEMA-EGDMA 10 290 311 355 390 400 357
HEMA-EGDMA 15 300 308 345 392 405 342
HEMA-TEGDMA 4 280 308 373 410 412 383
HEMA-TEGDMA 10 294 303 340 382 393 340
HEMA-TEGDMA 15 294 295 340 380 403 345
HEMA-TEGDA 4 363 379 418 458 464 424
HEMA-TEGDA 10 368 375 410 448 456 411
HEMA-TEGDA 15 372 379 410 445 453 408
HEMA-DVB 4 343 353 394 441 454 401
HEMA-DVB 10 352 365 401 442 452 410
HEMA-DVB 15 359 366 405 445 457 412
HEMA-MBA 4 340 374 433 462 467 444
HEMA-MBA 10 335 362 431 458 463 443
HEMA-MBA 15 332 350 425 458 465 446

a) Initial decomposition temperature

b) Maximum decomposition temperature

Table 8. Enthalpy and entropy changes associated with the endothermic transition of crosslinked polymers

mole% of XL Glass transition Temperature of
Polymers endothermic AH(cal/g) AS(cal/g°K)
in HEMA temperature(C) transition(C)

PHEMA 0 82.9 396 52. 28 7.82X10_,
HEMA-EGDMA 4 93.6 396 57.54 8.60X10—,
HEMA-EGDMA 10 130 388 65.23 9.86X10_,
HEMA-TEGDMA 4 80.7 387 48.09 7.28X10—,
HEMA-TEGDMA 10 145 394 57.39 8.60X10_,
HEMA-TEGDA 4 85.2 401 37.43 5.55X10_,
HEMA-TEGDA 10 144 398 40.98 6.10X10_,

HEMA-DVB 4 121 405 47.92 7.06X _2
10 407 55.97 8.23X10_,

HEMA-DVB
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Fig. 17. DSC thermograms of poly(HEMA)in nitrogen atmosphere.
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Fig, 18. DSC thermograms of poly(HEMA-EGDMA) in nitrogen atmosphere.
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Fig. 19. DSC thermograms of poly(HEMA-TEGDMA) in nitrogen atmosphere.
T1;4mole% T2;10mole% T3;15mole% TEGDMA
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Fig. 20. DSC thermograms of poly(HEMA-TEGDA) in nitrogen atmosphere.
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Fig. 21. DSC thermograms of poly(HEMA-DVB)in nitrogen atmosphere.
D1 ;4 mole% D2 ;10 mole% DVB
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