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Adsorption Behavior of Dyes for Wild Silk Fibroins

Izumi Fumoto and Yoshiko Okamoto
Department of Textiles and Clothing Sciences, Faculty of Home Economics,

Mukogawa Women’s University, Nishinomiya 663, Japan

Adsorption behavior of Acid dyes and Myricitrin for wild silk fibroins (Antheraea yamamai,
Antheraea pernyi, mated species of them, and Philosamia cynthia ricini) were examined in
comparison with Bombix mori silk fibroin.

On the wild silk fibroins, it is clear that amount of saturated adsorption or equilibrium up-
take of Orange II as a model of anionic dye are much larger than those on Bombix mori,
but Acid Red 85 including non-polar dyeability are almost equal at the amount. Therefore, it
appears to be that the number of cationic sites due to dissociated amino groups of side chains
of basic amino acids in the wild silk fibroins should be much more than those for Bombix
mori. Otherwise, diffusion coefficient of Orange II in the wild silk fibroins except Philosamia
fibroin are much smaller than those for Bombix mori, and then it might cause little uptake of
acid dyes within regular time of practical dyeing.

The adsorption isotherms of muyricitrin as a nonionic dye show partition state between the
dyebath and the all fibroins, but both the standard heat and the standard entropy of adsorp-
tion for the Antheraea fibroins would be slightly affected by rather polar action due to

dissociated amino groups of basic amino acids in them.
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Amounts of equilibrium adsorption of Orange I for silk fibroins. (g/kg)

(Dyeing condition: 8 X 10~5 mol/ §, pH3.41)

Temp. (C) Silk fibroin
Bombix mori Anthe'raea Anther({ea Mated species* Philo.sar'm‘.a.
Pernyi(P) Yamamai(Y) cynthia ricini
50 35.5 129.4 178.4 201.1 92.9
60 35.5 73.3 123.7 167.9 90.0
70 24.7 62.7 64.1 83.1 81.3
80 21.0 433 56.4 48.0 76.4
#*:(Y) @ x(P) 8 —>x(Y)?
Table 2. Diffusion coefficients of Orange II in silk fibroins.
(Dyeing condition: 8 10-3 mol/ §, pH3.41)
Temp.(TC) Silk fibroin
Bombix mori A’ge/;i';ea @Zﬁﬁiﬁi‘; Mated species* Cf:;i?ii’:zzl
50 7.4 2.7 1.2 0.8 6.2
60 8.7 6.9 2.1 1.5 8.3
70 12.0 9.6 7.9 6.2 10.2
80 13.8 13.7 11.0 12.8 11.2
*See Table 1
Table 3. Activation energy for diffusion of Orange I in silk ibroins. (kcal/mol)
Temp.{(T) Silk fibroin
Bombix mori Anthera.ea Antheraez‘z Mated species* Philo.sar.ni‘a .
Pernyi Yamamai cynthia ricini
50—60 3.3 20.0 12.4 134 6.2
60—70 7.2 8.0 29.5 32.6 4.5
7080 34 8.0 8.1 17.4 2.4

#See Table 1
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Table 4. Equivalent number of basic and acidic amino acids in fibroins. (X 10-3/g)
Silk fibroin

. , Antheraea Antheraea Philosamia

Bombix mori X K .

Pernyi Yamamai cynthia ricini
B: Basic amino acid 0.181 0.901 1.034 0.658
A: Acidic amino acid 0.355 0.676 0.685 0.485
Ratio: B/B+A 0.338 0.571 0.602 0.576

Table 5. Thermodynamic parameters from adsorption isotherms.

Dye .Sﬂk. Temp. C _S — A AH as?
fibroin X 10~*mol/g kcal/mol kcal/mol cal/mol.deg
Bombix 60 18.6 10.88
mori 70 19.5 11.09 —6.55 13
80 19.5 11.14
Orange T A Antheraea 60 54.4 10.16
pernyi 70 57.8 10.22 —~7.51 8
80 58.7 10.33
Bombix 70 23.8 18.94
mori 80 23.9 18.03
Red85A Antheraea 70 24.6 22.24
pernyi 80 26.9 21.83

S: Saturated adsorption
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Fig. 2. Adsorption isotherms of Orange IL A for silk
fibroins at 80T.
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Table 6. Thermodynamic parameters from adsorption isotherms with Myricitrin.

Silk fibroin Temp. C —Ap’ keal/mol AH’ kecal/mol AS°® cal/mol.deg
Bombix mori Zz ;g; ~1.88 3.0
Antheraea pernyi 22 ;ig —4.55 —6.4
Antheraea yamamai gz ;:g —4.88 ~7.5
Philosamia cynthia ricini gg ;23 —1.23 4.1
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