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2 9 Poly(2-hydroxyethylmethacrylate, HEMA)+ contact lens R EAZR Al293, 2 <F 459
HME Z g3l 2l(hydrogelyE wHE 5 & Z¥Alo|c) Poly(HEMA)$} ¢}u)-AKalanine, arginine, me-
thionine, proline, glycine, serine, lysine)#¢] A3 3+8-3-& DSCe TGA dE My ez 28 H} lysine,
arginine, alanine®] ZfAe] F2 ¢ 5 Ut

ABSTRACT. The interaction between poly(HEMA) which is material of contact lens containing about
45% water and amino acids (alanine, arginine, methionine, proline, glycine, serine, lysine) have been
studied by using the thermal analysis methods through DSC and TGA. The experimental results of
DSC and TGA were shown that lysine, arginine and alanine have the most stable interaction between

poly(HEMA) and amino acids.
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Table 1. The percentages of the cationic, anionic and
zZwitterionic species existing in the solutions at pH 4

Table 3. The percentages of the cationic, anionic and
zwitterionic species existing in the solutions at pH 10

Percentage of species as

Percentage of species as

Cation Zwitterion Anion Cation Zwitterion Anion
Net ., +1 0 -1 -2 Net ., +1 0 -1 -2
charge charge
Ala 2.14 9785 195%107* Ala 2.15X107* 4942 50.50
Met 156 9843 4.93x107¢ Met 9.00X10™* 2847 7152
Pro 963X 1071 4942 50.57 Pro 20,07 7992 634%x107*
Gly 2.14 9785 245%107¢ Gly 9.26X107* 9264 7.35
Ser 159 9840 696X10°* Ser 7.11X107¢ 2198 78.02
Arg 267Xx107% 3441 6558 Arg 9.09 90950 134Xx107*
Lys 112X107° 9999 1.69X107? Lys 27.31 72.24 045

Table 2. The percentages of the cationic, anionic and
zwitterionic species existing in the solutions at pH 7

Table 4. DSC measurement data of P(HEMA) contai-
ning 1% amino acids

Percentage of snecies as 2384 pH THO) THLC) TLL) TulO)

Cation Zwitterion  Anion P(HEMA) 4 24741 28520 26692 369.94

Net 7 24948 289.16 26863 362.16
charge +2 +1 0 -1 -2 10 24862 28809 26795 357.97
P(HEMA + 4 25758 27232 26507 37311

Ala 435X107¢ 996 0.30 Ala) 7 250.71 27316 26638 37168
Met 7.88X107* 99.24 0.752 10 25393 27788 26606 37313
Pro 3.99X107? 9995 5.00X107* P(HEMA + 4 26556 377.89
Gly 547X107" 99.62 0.378 Met) 7 26649 20018 27800 365.62
Ser 1.13X107* 9893 1.060 10 27341 377.01
Arg 1.56 9843 9.18X107* P(HEMA+ 4 367.71
Lys 166X107° 1660 9833 Pro) 7 364.84
10 359.96

P(HEMA+ 4 26170 27362 26778 370.02

£ 2o]&anion, “00C-CHR-NH) o2 Wsng, Gly) 7 26058 27390 26713 363.71

Hrlo|E o2 #3=5S(dipolemoment)e] 2e}bzl
t}. o) w &3k o] &%} 4hAQ! %E Hender-
son-Hasselbalch 4‘-](pH=pKa+]0g—||§%;T)~% AL
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10 24904 26569 25745 375.78
P(HEMA+ 4 26312 27614 26952 37155
Ser) 7 26650 27967 27303 36520
10 26191 28575 27391 37630
P(HEMA + 4 26244 29005 27605 379.19
Lys) 7 26017 28338 27165 369.35
10 26219 28130 271.74 36698
P(HEMA+ 4 28177 30303 29233 36849
Arg) 7 28568 31084 298.13 36832
10 28354 30332 29326 36834

T1: onset temperature of glass transition, T2: final
temperature of glass transition, T,: glass transition
temperature, T,: melting point.

Fig.10] ¢sh@ P(HEMA)E pHd4elA) T,gte)
369094 C2. 24 pH73 pH10¢149 36216 Tsh
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Table 5. TGA measurement data of PC(HEMA) contai-
ning 1% amino acids

SEE - AR - 228 - BIEN - FTHIR - SR - HEE

235" pH Ts(%) Thal%) Te(%)
P(HEMA) 4 302.76(39) 365.77(63.81) 433.00(0.11)
7 296.68(34) 363.46(66.23) 431.14(1.45)
10 325.64(32) 365.32(69.79) 402.16(1.35}
P(HEMA+ 4 319.31(38) 381.63(69.10) 449.5%(15.28)
Ala} 7 324.32(38) 381.55(64.52) 442.21(0.28)
10 330.09(37.5) 378.81(63.31) 430.71(1.65)
P(HEMA+ 4 322.18(37) 376.92(64.87) 431.59(1.10)
Met) 7 342.8(K36) 391.12(65.05) 438.83(1.76)
10 346.74(42) 384.67(61.40) 425.93(0.19)
PHEMA+ 4 356.74(43) 396.68(60.05) 437.92(1.16)
Pro) 7 33822(42) 379.74(65.43) 421.54(2.85)
10 358.76(43) 398.37(65.58) 436.80(1.62)
P(HEMA+ 4 373.15(39) 410.45(63.91) 447.93(0.98)
Gly) 7 324.8%32) 373.47(67.95) 421.95(13.89)
10 334,74(33) 376.23(66.37) 418.36(1.62)
PHEMA+ 4 324.13(38) 381.99(64.31) 444.74(2.58)
Ser} 7 338.07(38) 383.19(65.68) 437.07(0.60)
10 313.89(34) 382.05(66.20) 459.09(1.66)
P(HEMA+ 4 339.63(34) 387.18(64.61) 435.43(157)
Lys) 7 349.77(37) 394.33(64.22) 439.83(244)
10 331.37(33) 386.82(67.26) 441.09(1.88)
P(HEMA+ 4 3481%(43) 389.89(59.38) 433.78(1.59)
Arg) 7 353.81(42) 399.16(65.05) 444.68(147)
10 364.30(43) 391.09(62.46) 436.8%(1.81)

Ts: onset temperature of degradation, Te: final tempera-
ture of degradation, T,.: middle temperature between
Ts and Te, Ts(%): evaporated water percentage from
initial state of PLHEMA + amino acid) to Ts, Te{%): resi-
dual amounts at final temperature, T,,{(%): degradative
amounts percentage from initial state of P(HEMA+
amino acid) to Ty
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Fig. 1. DSC thermogram of P(HEMA) at pH 7.
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Fig. 2. DSC thermogram of alanine in P(HEMA) at
pH7.
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Fig. 3. DSC thermogram of mehthionine in PCAHEMA)
at pH7.
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Fig. 4. DSC thermogram of proline in P(HEMA) at
pH7.
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Fig. 5. DSC thermogram of glycine in P(HEMA) at

pH7.
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Fig. 6. DSC thermogram of serine in P(HEMA) at
pH7.
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Fig. 7. DSC thermogram of lysine in P(HEMA) at pH

7.
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Fig. 8. DSC thermogram of arginine in P(HEMA) at

pH7.
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Fig. 9. TGA thermogram of P(HEMA) at pH 7.

50 100

STA 1500H

Weight {percent)

Fig. 10
pH 7.

200 20 000 350 400 450 500
Temperature (*C)

550

SMPLID  ALAT DATE RUN. Now21994
RUN (D i EXP GAS 1
SIZE i 6.O7IMG GAS 2

OPERATOR : M CHUNG B8IN

COMMENT: G. M. UNY.

550

. TGA thermogram of alanine in P(HEMA) at

Aol A8 = A) o] L(OH )] FYFE YA
d4e wlAy) dolnt,
Tahe ¥4 B4 gle A9 334



390 SEE - HRMN - BN - (5% - %Eﬂ& - PEBL - APIE
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Fig. 11. TGA thermogram of methionine in P(HEMA)
at pH7.
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Fig. 13. TGA thermogram of glycine in P(HEMA) at
pH7.
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Fig. 14. TGA thermogram of serine in P(HEMA) at
pH7.
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Fig. 16. TGA thermogram of arginine in P(HEMA)
at pH7.
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Te?] gh2 40216 Coll A 45909 C A}lo]8] 2xo0]
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