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ABSTRACT. The transport phenomena of the free amino acids through poly(hydroxyethyl methacry-
late){P(HEMA)] have been investigated with and without various kinds of surfactants solution and in
the mixed surfactants solution. Glutamine has the highest diffusivity amongst 4 amino acids at 1CMC
of cetyldimethylethylammonium bromide(CTABr) surfactant. Glutamic acid is not affected by the concent-
ration of CTABr. Methionine and Lysine shows slight decreased diffusivity at 0.5CMC, but increase
its diffusivity at 1CMC and 2CMC due to the structure change of membrane and the viscosity change
of surfactant solution. Glutamic acid has the highest diffusivity among four amino acids at sodium dodecyl
sulfate(SDS) and Triton X-100 surfactant. In mixed surfactant solution, each amino acids shows high
diffusivity through 45% water content membrane at the 0.5 mole fraction of SDS in the SDS/TX-100
surfactant mixtures. It has been found that not only the property of membrane but also the effects
of solute-solvent interactions and solvent effect are very important as the permeation of amino acids
occurs through P(HEMA) membrane. The diffusivities of free amino acids through membrane depend
upon their molecular shape, size and charge.
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Table 1. The physical and chemical properties of amino acids®

Molecular Solubility

Isoelectric

Partial Molar

Amino acids Weight g/100 g#¢ Point Volume(cm?) Shape
Methionine 149.21 56 5.74 105.35 nonpolar uncharged
Glutamine 146.15 4.25 5.65 939 polar uncharged
Lysine 146.19 73.3 9.74 108.5 positively charged
Glutamic acid 147.13 0.86 3.22 85.88 negatively charged
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Fig. 1. Transport phenomena of amino acids accor-
ding to time through (HEMA)membrane (0.01 M
amino acid).
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Fig. 2. Transport phenomena of CTABr in various
concentration through P(HEMA)membrane.
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Table 3. Effects of cationic surfactant; CTABr on pe-
rmeation, partition and diffusion coefficients (cm?/s)
of amino acids in P(HEMA)membrane

18] Bfoll o) odgo] wA=7lE ZAlSI 2 I I 11 v
Methionine
o UX10° 125 523 73 197
K; 4.14 217 1.08 0.44
60 - E DX108 3.02 241 6.81 18.1
E Glutamine
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E = K, 8.82 9.30 5.18 15.62
@ :_\J i DXx10® 2.72 2.47 4.58 1.66
9 g aar v Glutamic acid
Eg "
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. ._—4—”"’./*—“ DX 1¢? 131 135 259 065
0 1 2 3 4 5 & 7 I=Aqueous solution, II=1/2CMC of CTABr, IlI=
Days CMC of CTABr, IV=2CMC of CTABr. CMC=8X

Fig. 3. Transport phenomena of SDS in various con-
centration through P(HEMA)membrane. @, 0.25CMC;
v, 0.5CMC; ¥, 1ICMC(8X107*M); 1, 2CMC.

10~* mol/i(25°C), U=Permeation coefficient, K,=Par-
tition coefficient, D=Diffusion coefficient (=3, S.D.
<5%).

Table 2. Swelling percentage of a P(HEMA)membrane in various concentrations of surfactants (aqueous solu-

tion=45%)

0.25CMC 0.5CMC 1CMC 2CMC 5CMC
CTABr 477 46.9 455 513 52.4
SDS 52.7 56.1 924 95.2 94.3
Triton X-100 456 478 46.7 46.0 45.1
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Fig. 4. Effect of concentration of CTABr surfactant
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2014 B uls} o] AWAAL] Fme ula}
P(HEMA)qte] 450 0.5CMColl4] 56.1%°] 1, 1
CMCell M+ 924%, 2CMCell A 952%2 9] 2
o] F7lste] FgALolA 45%°] E& FHde
ARt 2w Zrlspelem g uhe] wistel oldled
FoAFE F7HE Aol
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Table 4. Effects of anionic surfactant; SDS on per-
meation, partition and diffusion coefficients (cm?/s)
of amino acids in P(HEMA)membrane

1 II III v

Methionine

UX10® 12.5 3.18 7.34 12.30

K, 4.14 3.54 6.77 11.96

Dx10? 3.02 0.90 1.08 1.03
Glutamine

Ux108 24.0 8.81 4.76 7.88

K, 8.82 2.63 451 6.50

Dx10° 2.72 3.35 1.06 121
Glutamic acid

Ux10? 7.11 7.87 3.38 6.72

K, 8.04 1.01 2.21 4.89

DXx10® 0.88 7.79 1.53 1.37
Lysine

Ux10® 857 8.58 845 9.88

K 6.56 8.14 8.13 18.48

DX 10 131 1.05 1.04 0.53

I=Aqueous solution, II=1/2CMC of SDS, III=CMC
of SDS, IV=2CMC of SDS. CMC=8.3X10"* mol/l(25
°C), U=Permeation coefficient, K,=Partition coefi-
cient, D=Diffusion coefficient (#=3, S.D.<5%).

2a)A57E 0.5CMCY wle 749 dig Fo
Sojor}, 1ICMCS 2CMColl A AR AL Aol
9)ate] ghe} T2 Wl 7|3 Aold, FAtAlF=
2goia W 7}8 =3, 0.5CMC, 1ICMC, 2CMCell 4]
25 ulsg e 7Rk o)y e 7|Fel gt
249 37} W7t FARE R B 4 Uk

Zgu) sl 87}t 4258 Glnd FHAT
7} 05CMCell e 44 duc} 1/38 E9od
ojdle] FAQo ohA] 1/22 E4#9 2CMC 49
dlAE Z7lstelch olEld AL Sole AW
HAele}] Adagow Fglon, ujde o
thA] 122 E9AT Bhol oste] wte] W}
05CMC @i} ICMC <dell4] 2w} Frhstale
52 3% Ak 1/42 29tk o] 2L Glnel
P(HEMA)7}e| #43te) 45 2H4-9] dgolet ¥ &
9leny 2CMC 39L& #go] o] Hu& FHAF7}
Zgel fpols Fo} ICMCRY ARES o4+
st

Bl AGE FeddA 7H 25 AHEAdH
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Egefo] 45% %8 05CMColl A 56.1%=2 Z7)st
7] W&ol Glue) FIAF7E F74E AL P
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ute] W) o weol deju vlAFe] T3t
F7rEn2 F4AdM vl g He Fx o
Hrhe AAg ICMC <9y F3A 571 ARS
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FulAl S 89 oA Fol&g 71l Glue]
oy e] B-Ast Agatgsing s Z 3e 7RG,
Sol& AWBAAS] #Hrl2 PHEMA)Z F4e|
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o] B} YHZ o]Fst Ext frel Metiok:s o
7] wFoll FAaAS7) wjde] AHEZ] Hal 05
CMC #Br} 34 FoEr)

oko} 2% 71A Lys2 A ey FHAFst
Ao wsF A7%E B F ok Lys® B 7HE-
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Table 5. Effects of nonionic surfactant; Triton X-100
on permeation, partition coefficients and diffusion
coefficients (cm?/s) of amino acids in P(HEMA)mem-
brane

| . II 111 v

Methionine

Ux10® 125 8.05 8.10 8.18

K, 4,14 2.28 1.89 154

Dx10® 3.02 3.53 429 531
Glutamine

Ux108 24.0 275 337 36.1

K, 8.82 391 1.95 1.32

Dx108 2.72 7.03 17.2 273
Glutamic acid

Ux108 7.11 16.4 18.9 105

K, 8.04 6.28 12.36 478

DXx108 0.88 261 1.53 2.20
Lysine

Ux108 857 811 10.8 7.71

K, 6.56 2.20 2.96 5.65

Dx10® 131 3.69 3.65 1.36

I=Aqueous solution, II=1/2CMC of Triton X-100,
II=CMC of Triton X-100, IV=2CMC of Triton X-
100. CMC=2.2X 1073 mol/i(25°C), U=Permeation
coefficient, K;=Partition coefficient, D= Diffusion
coefficient (n=3, S.D.<5%).

59 ofvliate] FIASE wmale] nw, 2
AulA sl olujx Akl Glne] 7} € S3ATE
7HAI}, 1CMC JHel A E Glush o] 329 ghe
A wtel 7z Wt WY Zrkg. 28w
Bl AshHI A ofuliatel Mete 05CMColA 743
M 3hg A, Lyse Hededol A 2 Wb} Qe
Ae 2 4 9ok

=4 ARGMAS B3 Metd] 7% S8y
oA FAASA g 23, 54 ARLA Tri-
ton X-1002 ¥& ¥ rx W3l & A F-E Table
5 Fig.50] Jepsict ol 7HaAolmz ulal
Y4o] EsASel dHE vlAA om, w3y
HlAs) olvlialolng 54 AWBYA e 4
445 27 geng FiASe] 2 WHE FA

W o

7} 588 el 4t Meto] P(HEMA)
7o) 208 A=Ak Table 28] A
A Asg & of Triton X-100& P(HEMA)=}He)
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U ‘D’

30 T T T ¥ T
25t :
o
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2 20t .
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Fig. 5. Effect of concentration of SDS surfactant on
permeability phenomena of amino acids through P
(HEMA)membrane (¥, Gln; @, Met; ¥, Glu; [, Lys)
CMC=8X10"3M.

T2 A FAE A Y3 ez A
A Y o G2 Fuighre iy AWy
A2l PHEMA)7te] At3ztg-o2 Meto] =g
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S8 AR AP AY FE Fole] g
Z71E B 4 gtk

GIng Triton X-1009] F%7} Z7}§e] ujz} %)
&Aooz 278l glek o]7-& Gin# Triton X-100
Abole] ZAgAt(binding constant)A A4 Ao m
T GIne] v]Ad <o) 3o} glrh wle}i Glngl &4le]
u] A Fxo o)

FlATe 49 oA uAF e Fald
SARAE} ofn]|Al]l Glno] Ev|gBg AX A
vjAlFete] F4 ADEAHAZ AYAH oo At3}
otete] Az abge] oEYAmz RujAerl x
7kl w2} Zhagicl FAaASL 41 05
CMCellA F7t5= 7l mlAlges gilgre
&, AHgAdAe 2y gdozw gl =
7}std et 1ICMC ol e nld g Ao g njAF
o 2k #HAbEL, 2CMCol s $-goiuje] shat
Aget A2l 25 B 5 Ut

Glu2 49 dixc} 05CMCe} ICMCY of =
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7} 0.5CMC~2CMCY 9] Lyse F3A|l5 x
ol ZA #&E B + ok °19} e A
4857} 759 Lys®l F#A5-= Triton X-1007
2o A AR e g AA A deve
A& 2m| bt
Al £3xrt Ax golds 713l 8
o4 7} =3 0.5CMCol A= AHBAdAle} Lyse)
Agatge g £49 gro} 1/32 911, 1CMC
Aol =g Frlstl oy, w|Adalge] Lyse] ¥
Aol ZA QS v|AA] gt 2CMCY
75‘-?’ a4 wirckeE Ao 05CMCH 1ICMC
Axche ARk
E}**ﬂl*‘“ oFH sl ojm]ixAkel Lyse P(HEMA)
Az Asagem gaAFrE 7B Ax, 05
CMCs} 1CMC 3ol Al BAd=] 7} Lyse} 2
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Fig. 6. Effect of concentration of Triton X-100 surfa-
ctant on permeability phenomena of amino acids th-
rough P(HEMA)membrane (¥, Gin; @, Met; ¥, Glu;
O, Lys) CMC=24X10"*M.
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Table 6. Effects of mixed surfactants; Triton X-100
and SDS on permeabilities, partition coefficients and
diffusion coefficients (cm?/s) of amino acids in 45%
water content P(HEMA)membrane

Table 7. Effects of mixed surfactants; Triton X-100
and SDS on permeabilities, partition coefficients and
diffusion coefficients (cm?/s) of amino acids in 30%
water content P(HEMA)membrane

I II I v Vv VI I 11 111 v

Methionine Methionine

Ux107 073 077 126 147 120 049 Ux10’ 0.37 0.76 0.49 0.72

K, 677 374 174 08 077 25 K 3.15 232 2.50 3.53

DXx108 108 205 724 183 155 196 DX 10? 117 3.12 1.96 241
Glutamine Glutamine

Ux107 047 105 114 137 075 0.75 Ux107 1.01 1.04 0.75 0.66

K, 451 384 020 01 05 204 K, 4.82 1.09 2.04 3.24

Dx107 106 273 570 137 150 367 Dx107 2.09 9.54 3.67 2.03
Glutamic acid Glutamic acid

Ux107 034 130 145 155 085 051 Ux107 0.73 0.75 0.51 044

K, 221 599 595 554 6.82 454 K, 5.03 344 4.54 1.64

DX107 153 217 243 279 124 112 DX107 145 218 1.12 2.68
Lysine Lysine

Ux10’ 084 098 111 182 160 087 Ux1¢? 0.93 1.01 0.87 0.88

K; 813 483 201 021 176 388 K, 2.83 4.16 3.88 401

DX107 104 202 552 866 009 224 DX107 3.28 242 2.24 2.19

I=TX-100/SDS=0:100, I[I=TX-100/SDS=15: 85,
III=TX-100/SDS=25: 75, IV=TX-100/SDS=50 : 50,
V=TX-100/SDS=75:25 VI=TX-100/SDS=100:0.
TX-100=2.2X10"* mol/I(CMC), SDS=8.3X 103 mol/
I{CMC), U=Permeation coefficient, K,=Partition
coefficient, D=Diffusion coefficien.

ZA AN AR Triton X-1007}F L-o]-& AR LA Al
SDS9}e] 7+ 1ICMC ¥ 5& 15:85, 25:75, 50: 50
283 75:259] vlE uiitel M, 45% Eiefel oS
23 g4 ANE Table 69 18] 30% =2 3
AZE Table 7o) JehAgdch

Meto] FHAFE By Egspo] B2 go] <
2v2] 2 ztg 7} ol Edeko] e ul4lFY
free water& 53t Meto] 24t of oha} zbgo)
A7) diell & FaAFE 7hAA "ok

A ddde] avle= FA ACQELAY o
27122 o ko]l we w2 Zrtslivl
asps=0.259] W= e of ZFagks B 4 gloh
olg} e AL Lol AW SDSE P
(HEMA)2HS #-84)7]= #i#r} 222 SDSe] §
ko] Hlo]|He FEZR| = Fr7Fstd o), agns=0.25
ol AL EaA£e] ZhiE SDS dtare] A7)

Foll ool i3l AL odgke] HA =g

I=TX-100/SDS=15:85, II=TX-100/SDS=25: 75,
II1=TX-100/SDS=50: 50, IV=TX-100/SDS=75: 25,
CMC of TX-100=22X10"°mol/l(25°C), CMC of
SDS=8.3X10"* mol/l(25°C), U=Permeation coeffi-
cient, K,=Partition coefficient, D=Diffusion coeffi-
cient.

&t9l7] wEo|ct

o] A& A F gl AL 0sps=0.85Y =9}
0754 W& unlwaled B o £ wjY o]z} 9l
Aok asps=0.752F 0509 we 2F el zols}
gk olzeg¥E SDSe EREI FiA e
2zjeh JAFE o4 & glck

e} 30% £33 el = SDS9) %d 8] 45%
23 i} 24 orhe 718 Table 631 79 BE
Ag vwsle] By o 5= 9le= 2 Meto] 30%
23 42 Eile] A o, 30% BT 4o
Fufute] Fabel SDSe FFo2 9t Hfel 7
o)A F A7 FAle ZHEste) F713lrt agps=
0504 AgaI7} FA 22, ZojHr)r} Fulg}
o) axzl AANERE opA| FrEA =gk

FulA e 45% E¢F Lol A= SDSO| Fgol
ol Hfo] 2A Aol 419 AR 5ATE 30%
B3k ol A vl Fte e 2h sk dgdide
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Table 8. The difference of permeability coefficient of
various amino acids between 45% and 30% water co-
ntent membrane (AU=Ujssqs— Uss) according to mi-
xed surfactants solution ratio

1 I III v
AUX10" AUX10" AUX10" AUX107

Methionine 0.40 0.54 0.98 044
Glutamine 0.04 0.10 0.62 0.09
Glutamic acid 057 0.70 1.04 041
Lysine 0.05 0.10 0.95 0.72

I=ATX-100/SDS=15: 85, I=TX-100/SDS=25: 75,
II1="TX-100/SDS=50 : 50, IV=TX-100/SDS=75 : 25,
CMC of TX-100=2.2X 1073 mol/}(25°C).

7Vl 30% B TelAe obE oluilabe
2] 4, ok AL FVHEHE wAFel &
wjuke] AJA-S Jellz gloh
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4 sk
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dS S B 4 93 B3 Glue) Ay £F
A gAdA el Aol agps=0.85~05 Al
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gl wig wEE vebdE £ F ok =3
Triton X-1002] ®]&-¢] F7}3tel wle} Gluzhe] 2%
sl ARE Jate AAEAH} of F 2deR
2t4-317] wZolck. Gine®l 7% £ AWLAA 9
ZzAuldl 7Hg AL wWEE ¥eFa ok vt
ahabd, whe] 24 o) de| Foi el whe} ofn|Ate)
atel] wis] HA E3 ARG A S 2A4du]7}
t2A Foi3E & & Uk

4 £

AAAZFA E44e poly(2-hydroxyethylmethacr-
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22377} AR ola)e Al 458 AR S o,
ARG golA S 33E =AEka, FoA e
A1 2 el Al E SA st FaAISe) #4b)
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