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2 oF =9wlA 8ol AAKe] ceric ammonium nitrated EvlE A} L5t acrylamide ==
acrylonitrile® zztZE-3-Z3% slgch. Y 2 Fu-E271-2 A EY 0.025 M, acryamide 0.5 M,
Z4 25 %, 2% 30°C, 9% Az ARz FGon AR &¥ (bath ratio)E 1:2002
2 3gch oA ukgEAdM AEFDAY FE/F0.01M L9 7% 2AFERd we] ez E
gol 2 Hrh Acrylamide F=, 2%, HHEAIZEe] WEle] dsld & o] WL ghol A A
we} 2tz Ego] U ek Acrylonitriled dHA 2 AMESt A A EHqA Y oetzZEL o
Z2AGFLAN A Brd wA 7, acrylamide Ab-gAl 9= 28] zElZESL @A) Pkl o]y
a2tzEes ALRY Lowed F(F-2A- 8ol A &6z, HIgAd ¥4 ¢ EAgs =
Avetz 2R F¢A A4 e FAE g

ABSTRACT. Cerium(IV) ion-initiated graft copolymerizations of acrylamide and of acrylenitirle
to silk fibroins were investigated. When acrylamide was used, the change in ceric ammonium nitrate
concentration exhibited a maximum in degree of grafting at 0.01 M. Also observed was that the
change in acetic acid content in reaction media gave a maximum in degree of grafting at 7 % acetic
acid in water. Degree of grafting was increased generally with increase in acrylamide cocentration,
reacton time and reaction temperature. When acrylonitrile monomer was used for grafting, different
results were obtained. Addition of nitric acid was more effective in enhancing the degree of grafting
than the addition of acetic acid. Generally the grafting of acrylonitrile to silk fibroins was less
efficient than the grafting of acrylamide.

The portion of grafted silk fibroins insoluble in Lowe’s reagent exhibited the IR absorption bands
characteristics to both vinyl polymers and silk fibroins, indicating the grafting of vinyl monomers

to silk fibroins. To examine the molecular weight of graft vinyl polymer, a sample of grafted silk
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was hydrolyzed by 10% sodium hydroxide.

Viscosity measurements indicated that the molecular

weight of the graft polymer was in the range of 105
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Fig. 1. Degree of grafting vs. CAN concentration.
Reaction condition: AcOH 25%, AM 0.5M, 30-+1°C,
3hrs, bath ratio 1:200.
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Fig. 2. Degree of grafting vs. percentage of acetic
acid for the ceric ion-initiated graft copolymerization
of acrylamide to silk fibroins. Reaction condition: CAN
0.0025 M, AM 0.5M, 30+1°C, 3hrs, bath ratio
1:200.
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Table1. Effect of acetic acid concentration and solution pH on the ceric ion-initiated graft copolymerization
of acrylamide to silk fibroins.
Reaction condition: CAN 0.90025 3, AM 0.5 34, 30+1°C, 3hrs, bath ratio 1:200.

smpe  Wemtol  Asie g Wegt  Depeef
44 0.274 g 0 % 2.35 0.015 g 5.6 %
72 0. 227 5 2.2 0.075 33.1
66 0.292 10 2.1 0. 096 32.9
62 0. 304 25 1.9 0.074 24.4
50 0.275 40 1.5 0. 027 9.8
64 0. 304 50 1.5 0.015 4.9
35 0. 261 75 1.2 0. 009 3.4

Table 2. Effect of reaction temperature on the ceric ion-initiated graft copolymerization of acrylamide to silk
fibroins. Reaction condition: CAN 0.0025 M, AM 0.5M, AcOH 25 %, 3hrs.

Sample e Temp. ncreas A
60 0.220 g 20+ 1°C 0.002 g 0.7 %
62 0.304 30 0.074 24.4
24 0.230 40 0.317 37.9
32 0.236 50 0.189 80.0
61 0.307 60 0.299 97.4
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Table 3.

Effect of reaction time on the ceric ion-initiated graft copolymerization of acrylamide to silk fibroins.
Reaction condition: CAN 0.0025 M, AM 0.5M, AcOH 25 %, 30=1°C.

Weight of Reaction Weight Degree of
Sample sample time increase grafting
40 0.248 g 30 min. 0.001g 0.49%
54 0.223 1hr 0.014 6.2
43 0.211 2 0.017 7.8
62 0. 304 3 0.074 24.4
58 0. 225 6.3 0.155 68.9
Teble4. Graft copolymerization of acrylonitrile to silk fibroins. Reaction condition: CAN 0.0025 M, 30 °C,
3hrs, bath ratio 1:200.
Semple AN Reaction Yield of Degree of Grafting
No. : medium polymerization grafting efficiency
69 2.00g 25 % 0.6 % 3.4% 0.6 %
(0. 51 M) ACOH
67 4.00 25 % 9.4 3.2 0.3
(1.02) ACOH
73 1.23 0.025M 9.9 10.0 1.8
0.53) NHOs
71 2.34 0. 02501 20.5 18.8 .7
. (1. 06) HNQO,
e r
1 W AM 2949 Aok GE A vehi
T o & 59Y FEERANA egae] Ay
- o ALt 249 W Ho 28z Ege] o =
T LTk A e
- X 1 i = > =l -— g
ﬁg | ] < .. 3.6. 32 FSEH L net=E SEtAo| EX1ak
Lo g2 - i
239 0§ § Table59] 3% 239 kst zedze
Tt 1 % 22992498 4524 9 Qe agEs
P >
+5 200 8 108 2 EFRAY £XEE Adsd vei oss
g | 32 Ego] o 3® FHAS Ao Az,
on -
3 '°°f o 2 = adzed A4S AFLelstd 2gne
\ s
I 1‘ FAE Hea] TRen wATE 249
‘0 L ! ! ! ) o 2] 1%}934
1.0 1.5 2.0
Concentration of acrylamide(mote/t) Table5] A Bl 2AZE& 1042 4& € 5
Fig. 3. Effect of acrylamide concentration on the dEd 25 SR zetzE A9 £3
.ceric ion-initiated graft copolymerization of acrylami- o] o & Aoz vEyrh dukFez o
de to silk fibroins. Reaction condition: CAN 0. 0025 M, BrEgo] 3 3F ZFA 9 HAske] &
AcOH 25 %, bath ratio 1:200, 4041°C, 3 hrs. 22 Z23A 7 Sue] A olEz Exgz =
Roz HA=Qdh BedA 2=EES A
Sznd W sxEge] WHE dehiT  mel 4rads 2R g A el
o degdoz 24s ZLL ASME  (CANY BE, AMY FEE)0] $UA @
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Table 5. Molecular weights of the homopolymers and graft-polymers formed in the ceric ion-initiated graft

copolymerizations of acrylamide and acrylonitrile to silk fibroins.

Concentration .. Molecular
‘IS\Iaunrﬁ}:r Dgi%ﬁfngf Polymer®*  Solvent  of polymer(c) Flow (t;sne (n¢ (‘X;l%}:tl 05

55 156.6 % homo-PAM 1N NaNO; 0.5g/dl 96. 5 sec 1.31dl/g 2.36
56 547.0 homo-PAM 1N NaNQ; e — — —
57 28.4 homo-PAM 1N NaNO, 0.5 93.2 1.23 2.15
47 97.1 graft-PAM 1 N NaNQ, 0.5 113.7 1.63 3.28

4 135.5 graft-PAM 1 N NaNOQO,; 0.5 81.8 0.976 1.51
56 547.0 graft-PAM 1 N NaNQ, 0.17 91.6 7.09 30.4
65 87.5 graft-PAM 1 N NaNQ, 0.5 571.0 4. 86 17.16
67 3.2 homo-PAN DMF 0.25 162.8 5.38 6.57
71 18.8 homo-PAN DMF ¢ — — —

“Degree of grafting of a given monomer to the silk sample. *homo=homopolymer, graft=graft-polymer obtained

by hydrolysis of grafted silk.

¢The polymer was not completely soluble.
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“Solvent flow time #y: 1 N NaNQj;, 50.3 sec at 30 °C: DMF, 51.6 sec
Ipinn==(7), when the concentration(c) is 0.5g/dl,

at 25°C.

otherwise [7) is calculated from the equation (4).
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Fig. 4 IR spectra of polymers (KBr pellet).a: Silk fibroins, b: homopolyacrylamide formed during graft

copolymerization, c¢: portion of AM grafted silk fibroins insoluble in Lowe’s reagent,
e: AM-grafted silk fibroins ( a portion insoluble in Lowe’s reagent),

silk fibroins soluble in Lowe’s reagent,

d: portion of AM-grafted

f: graft polyacrylamide obtained by base hydrolysis, g: homopolyacrylamide after subjected to hase hydrolysis,

h: mixture of silk fibroins and PAM (ratio 1/7).
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o F59E 2y AR7AA 2ete g et AYgA
4.4. 332 SEHel Mo #HSHH zA] o8 382 FFuge] A5z, 94
Table 6. Homopolymerizations of acrylamide by ceric ion.
CAN AM Reaction pH Temp. Time Polimerization®
(mole/I) (mole/l) medium (°C) (hr)
0. 0.5 HNO;3 1.8 50 2 -
0. 0025 0.5 — 2.4 31 4 -
0.0025 0.5 HNO; 0.9 25 3 +
0. 0025 0.5 HNO, 0.9 30 2 -+
0.0016 0.5 HNO, 0.7 50 3 ++
0. 0025 0.5 25 % 1.8 31 4 —
AcOH
0. 0025 0.5 25 % 1.9 51 7 +
AcOH
—: No formation of polymer, -+: slight formation of polymer,

+ +: much formation of polymer(conversion: 43.2 %).
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