( 10 )
acrylic acid-acrylarrue copolymer

(Hamacla, Fuiji anc Sakata, 1991)

11
(nolymer)
monomer * (covalent bond)
*(Van der waais force) ¢ ,
2530)
2 poly mer

( , 2526)
- : )

( , 2538 ) 35 - 150 Kcal / mole

0.11 - 0.16 mm 104 - 108 (

, 2530)

electrostatic  force

( Metzler, 1977)



(hydrocarbon) )

D (linear polymer)

! monomer

~ CH2CH2CH2CH2-CH2CH2CH2-CH2~

linear polyethylene (

() '

-A-A-A-A-A-A-A-A-A-

linear (Golding, 1959)

2 (branched polymer)

l

~CH ,-CH ,-CHCH ,-GH , -CHCH, -i:ucnz -C}Iz-{i

3y H,

H, H,

RLRIEY (]?Hz H,
CH

branched polyethylene (

A A

I I
-A-A-A-Y-A-A-A-A-Y-A-A-Y

A
A
-A-Y-A-A-A-A-A-Y-A-A-
A

branched (Golding, 1959)

CH2

&

2

N¥HAN

, 2526)

- 2506)

, 2526)



3) (crosslinked or network polymer)

(three-dimension)

1

(covalent  bond)

(4

(covalent bond )
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1 ( , 2526)
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1.2.1 Carbopol 940 gel

polyacrylic acid (BF goodrich)®

cross-linked ~ polyalkenyl polyether (  2) f carboxyl

group (COOH <1 COO ) 0ross - linked
Carbopol 940 gl

cross - linked
Carbopol %40 gel

micron  bulk density 11- 551/ ft

carboxyhe - content 56 - e3%

02% o05% 1.0%

Carbopol 940gel

Clarity )

Q polyacrylamice gel
polyacrylamide gel
(narticle size) 2 -6

0176 - 0.240 g /em  URin specific gravity 141

6.0 + 05

3.0-40 2.1-35 2.5-30

Carbopol
(flow characteristics )

( suspending ahility ) (' mucilage

( BF Goodrich )
hydroalcoholic gel



1.2.2 polacrylamide gel

* fl, 5 (network polymer)
(Tanaka , 1981)
(1) acrylamice aminocarbonyl (-CONH 2) group
(2) N.N"-methylene -bis- acrylamide acrylamide monomer 2

aminocarbonyl group
(3) N,N,N,N - -tetramethyl ethylene diamine  (TEMED)
(4) ammonium persulfate free redical  acrylamide
N,N’-methylene-bis-acrylamide

4
(nolymerization) ammonium persulfate &
N,N,N,N"-tetramethyl ethylene diamine (TEMEDD N,N,N,N’-tetramethyl
ethylene diamine (TEMED) (unpair electron)
free redical acrylamide N,N’-methylene-bis-acrylamide
monomer acrylamide unit polymerization 3

(Tanaka ,1981)
o (polymerization)
( , 2526)



0
C-NIL
CH 2=CH CII2=CII - C- Nil - CH2 -NH - C- Cil = CH2
acrylamide 4S04 NN methylene -bis-acrylamide
0 0 0 0
CNH, CNH2 CNH c -NH2
-ch2-ch -ch2-ch -ch2-ch -ch?-ch-ch2ch-ch?ch-

0=C-NH 0=C- NH
CH, 0 0 CH,
0=CNH CNH CNH,  ¢c-NH20=c-NH
-ClI2-ch -CH2-CH -CHj-CH -ch2-ch -ch2ch -ch2 ch-
¢ A
0

I polymerization " ! polyacrylamide gel ( Voet 11990 )

free radical ( , 2526)
(1) initiation ! 2
free radical free radical
(peroxidles) '
' ( 60 °C) free radied
I ) 2R
free radie
-free radical monomer
R+ CH:q/ *RCH -C*/
! b

X X
(1)



(2 ) propagation

radical (1)
radie (1) monomer
il
| H
C’{ + CH, - Cé<
X
prapagation radical

]

X

H
-C||_q* + (Ii:C|L # ~C|L-(-Ji--|(|3-C*H,
X X

monomer radical ( )
1 radical

I H

----- ) RCH, - é 'CHu' Ci\j
X X X

(1)
CIL=CH

I
X

ClI2=CH
X
CH,=CH

2 1
X

Il I
| /
R-(CH-C) -ClI2-C*

i ' X

tree radical

HH

A

X
(1)



H H H
~CH,-C|*+ CH,:cI -------- > ~ CH,-ClH-CH,-cI
X X X X
(n)
(head to head)
(head to tall)

1.2.3 carrageenan

(GRAS. 1972') 4chondrus Irish moss pig - wrack
sulfate ester of a  polysaccaiide of galactose
viscann  burtomte

carrageenan  polysacchande IH) (Rhodaphyceag)
copolymer ( }3) P {1"3)-D-qalactose (I 4 -3 6-anhydroD L-
galactose (Budavari, 1989) carrageenan sulfate ester
jota - carrageenan fatle  kappa- carrageenan
fate 1 disaccharide jofa - carrageenan  kappa-
carrageenan double helix , (secondary structure)
(tertiary struture) carrageenan
carrageenan
| 1100 ]
* ’ (polysacchande)

(monosaccharide) ( , 2536)



Mok b e
| OH E OH
3 carrageenan (Budavari, 1939)
1.2.4 algenic add
(- phagaphyceag)
(calcium ) ( magnesium ) (Collin, 1987) algenic
acid (4 , @-( L—> 4) - D mannusylurome acidip-D

mannuronic acid)  ot-(I 4)-L qulosylurome acid (a -L gulosyluronic acid )
(Susan , 1989)  genic acid
240,000 sodium  ginate 35,000 1,500,000 (Neill,
1970)
genic acid ,
200 - 300 ( weight of water ) , 60 %

Ri= H,Rj= COOH
or R1= COOH, R2= H

4 " algenic acid (Collin , 1987)
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1.25 gelatin
heterogeneous
¥ (Budavari, 1989) . coUagen
amino acid glycine 25.5% alaning 8.7% valing 2.5% leucine 3.2% isoleucine

14% , methionine 14.1% serine 0.4% threonine 1.9% tyrosine 0.5%  aspartic acid 6.6%
glutamic acid 11.4% argining 8.1% lysine 4.1% histidine 0.8% cystine  cysteine 0.1%

gelatin
(David, 1982) 14
gelatin
gelatin ! ( transparent)
brittle glycerol acetic acid ( organic solvent )
stabilizer thickener texturizer

rubber substitutes  adhesive cements  litho graphic
printing ink plastic  artificial silk  photographic plate ~ films

mercury lamps ( clarifying agent )
13
!
(lasticity) (density)
(temperature)
(pH)

(Tanaka, 1987)

(Tanaka,



199)

1)

Negative  pressure
rubber elasticity

@)

8m/s v

im
g (Tanaka, 1981) 3

rubboer elasticity

rubber elasticity

positive pressure
rubber elasticity 0
b
g

polymer-polymer affinity

(Ht pressure)
H+

(‘fonic interaction )

(Hirschberg, 1967 )
(A
(Kraus, 1953)
kqlq,/Dr2

- ? (

F
k
g Q2 = 12 colunib )
D

r = 2( meter)

= proportionality constant = 8.99 * 109 J.m / ¢

3X10

newton)

1
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. 4
' 190 Pad
J. Flory Stanford ,
1973 Tanaka Massachusetts Institute of technology
?
(laser light scattered) elasticity of the polymer network
vicous interaction of network with the flmd4
1977
Tanaka (intensity )
( density ) . acrylamide gel
2 mean-field
network
1 Tanaka, et al, 1973 ; Munch, et . 1974 1978 Tanaka 1
polyacrylamide gl
polyacrylamide gel polyacrylamide gel
mean-field|
cross-linked cross-linked - (oH) cross-linked
1982 Tanaka
polyacrylamide gel
0 5volts platinum
50% - 0 5 volts acrylic acid

residue polyacrylamide  gel
polyacrylamide el
polyacrylamide gel 1986 Irie
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(bending)  acrylamide gel triphenylmethane leucocyanide group
10 v/cm acrylamice gel 2
acrylamide gel )

1993 Yuk-SH and Lee-HB acrylamide gel
cross-linked

acrylamice gel
acrylamide gel rod-shape acrylamide gel

acrylamide-gel

(artificial organ component)
( electric current  modulated drug delivery system )

15

. 1 4 2522)

(Zafirators, 1976)

4,000 - 7,000 °A

(* Hirschberg,

1967 )
- = 3108 mis

- clv ¢

() | Law
,sin )= 2sin )2



or principle focus)

@)

point)

14

2 2 ( , 2523)
(converging lens) 'y (convex lens)
) (focal point
(real focal point)
(civering  lens) (concave  lens) y
(virtual focal
( ) 252)
]
)
(aberration)
2
(ray aberration)

(wavefront - aberration)

(iceal spherical wavefront)
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w /

4

~ i
\\\\ \\
—~~~——;?*: = ,_‘,»f—
/ - = a

D= e
e '
AN :

3 5firmniawdV ]!

or

(principal ray)
(entrance pupil)



(tanential plane)

(Sagittal plane)
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7WR7  anunmanianan

(over-corrected )

(bending J

( obliqueray )

(under-corrected )

17



4,
( petzvaj curvature )
o)
]
0
16
161 P )
. 538
Intelligent  gel Professor. Tanaka
(MTEC)
polymeric ~ lens

989,958 ( Hamada, Fuiji and Sakata, 1991)
field) polymeric lens }
polymeric  lens
(uniform charge distribution)

1

18

US. Pat 4,
(uniform electric

1
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1

organic cross-linked acrylic - acig-
acrylamide copolymer cross-linked N,N'-methylene-bis-acrylamide
Cartopol gel 11 cross-linked — acrylic acid-acrylamicle copolymer
biopolymer carrageenan
(DOl (AC)
polyacrylamide gel
$ polyacrylamide gl
polyacrylamide gel
16.2
cross-linked  ?
cross linked
163
hydrolysed  polyacrylamide gel g
(uniform charge distribution)
1.6.4
cross-linked  acrylic acid-acrylamide
copolymer cross-linked N,N'-methylene-bis-acrylamide  Carhopol gel
cross-linked  acrylic acid acrylamide copolymer cross-linked
N.N'-methylene-bis-acrylamice
(DC) (AC)
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