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Sec. III. The Surface Tension of Sericin Sol.

H. Iscovesco(11) (1910) and Zlobicki observed that solutions of many 
hydrophilic colloids (egg white, ovoglobulin, starch, gum arabic) have a 
lower surface tension than pure water. The surface tension of normal 
blood serum is lower than that of pure water, and it is reasonable to assume 
that the decrease in surface tension of water is mostly caused by the 

proteins. 

The experimental materials and the method are the same as described 
in the previous section. 

(1) Variation of Surface Tension with Temperature. Fano and 
Mayer(12) (1907) observed that the surface tension of the blood serum of any 
animal increases with fall in temperature, as is seen with water and with 
any other solution. I measured the surface tension of sericin .sol with du 
Noiiy's tensiometer at various temperatures. The results are shown in 
Table 15 and Fig. 9.

Table 15. 

Surface tension (dyne/cm.) of 
sericin sol (good " kaijo").

* Continued from p. 221 of this volume. 

(11) H. Iscovesco, Compt. rend. soc. biol., 69 (1910), 491, 537, 566, 622. 

(12) Fano and Mayer, Arch. fisiol., 4 (1907), 164.
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Table 16.
The surface tension of sericin sol dimi-

nishes linearly with rise in temperature until 

about 60•Ž.. The value of dƒÐ/dT for sericin sol 

obtained from the cocoon of good " kaijo" is 

greater than that for sericin sol obtained 

from the cocoon of bad " kaijo." Tan-

gents of the angles of inclination of surface 

tension-temperature curves are shown in 

Table 16.

The relative lowering of surface tension is expressed by the term of
σ0-σ/σ

 , where ƒÐ0 and o- are respectively the surface tension of water and

that of sericin sol. Some of results obtained are given in Table 17 and 

Fig. 10.

Table 17. 

Tie values of •¢ƒÐ.

Fig. 10.

It can be seen that the curve is in three branches. This is due to the 

fact that below 18•Ž. sericin exists as gel form, above 60•Ž. as sol form, 

and between these temperatures as a mixture of two forms. This result is 

coincident with that obtained in the change of viscosity with temperature. 

If the free energy expressed by Gibbs-Helmholz' equation, F, is sub-

stituted by the surface tension, free energy per unit area, the following 

equation results :

T dƒÐ/dT is the heat energy which is necessary to form unit area at constant 

temperature. 

Differentiating the above equation :
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Therefore, dƒÐ/dT will be constant for the true solution. But, for the colloidal 

solution it is not constant as shown in Table 18 and Fig. 11.

Table 18. 

Values of •¢ƒÐ/•¢T (good " kaijo. ")

Fig. 11.

The •¢ƒÐ/•¢T -temperature curves have a maximum near 45•Ž.. This will 

be due to the variation of state of sericin particles with temperature. 

(2) Variation of the Surface Tension with Time. As the solutions 

age, the actively moving submicrons aggregate to larger immobile sub-

microns, the surface-active solutions becoming meanwhile more surface-

active. Ghosh and Noth(13) found that the surface tension of colloidal solu-

tions changes irregularly with time. At three different temperatures I 

measured the variation of surface tension with time (Table 19.) 

Table 19. 

Surface tension in dyne per cm. 

15•Ž. 40•Ž.

(13) Ghosh and Noth, J. Phys. Chem., 36 (1932), 1916-1927.
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60•Ž. At 40•Ž., where the greatest 

variation of •¢ƒÐ/•¢T occurs, the variation 

of surface tension with time is also 

the greatest as shown in Table 19. 

(3) Variation of Surface Tension 

with Concentration. Bottazi(14) (1911) 

drew the general conclusion that pro-

teins in a state of perfect solution 

lower the surface tension of water,

and that the reduction is, to a certain extent, proportional to their concen-
trations. From my experimental results it can be seen that the surface 

tension of sericin solution diminishes with increasing concentration and 
that it has the following relation with concentration :

where ƒÐ is the surface tension of sericin so] and and c is its concentration 

in gram per 100 c.c.. The results are summarized in Table 20 and plotted 

in Fig. 12. The value of constant K is about 6.7 and it varies slightly with 
"kaijo" of cocoons

. 

(4) Effect of Salts, Acids, and Alkalis on the Surface Tension. (a) 

Salts. By a series of investigations on gelatin solutions, W. Frei(15) (1908) 

found that the anions, SO4", Cl', and NO3', raise the surface tension 

of neutral gelatin in the order given, while the cations, Na', K', and 

Mg", raise it about in the same order as they increase the surface tension 

of water, and that the anions raise it in the order NO3', SO4", and Cl', if 

the solution is acid. The surface tension of neutral solutions is raised 

Table 20. 

Surface tension (dyne/cm.) of sericin sol (good " kaijo.")

(14) Bottazzi, " Viscosity and surface tension of suspensions and solutions of muscle 
proteins under the influence of acid and alkali." 

(15) W. Frei, "Physical chemistry and veterinary science."
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Fig. 12.

by OH-ions and lowered by H-ions. The surface tension of protein solu-

tions may be raised by the addition of electrolytes which can increase the 

degree of dispersion of the protein. 

The results obtained are collected in Table 21.

Table 21. Influence of salt solutions (0.1 N).

(1) When an electrolyte like 
NaCl, NaNO3, KI, KNO3, NH4SCN, 
MgCl2, FeCl3 or Th(NO3)4, is added 
to a sericin solution the surface ten-
sion rises to a maximum and then 
diminishes. (2) In the cases of NH4C1, 
CaCl2, CaSO4, Ca(NO3)2, or Ca3(PO4)2 
the surface tension goes on decreas-
ing if the amount of the electrolyte 
is increased. (3) The surface tension 
increases with increasing concentra-
tion of an electrolyte like Na2CO3, 
Na2SiO3, etc. The electrolytes be-
longing to the first class give also a 
maximum or a minium point to the 
electrokinetic potential of sericin sol Fig. 13.
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as shown later. The surface tension, therefore, have an intimate relation 

with the electrokinetic phenomena. 

If ƒÐm be the maximum lowering value of the surface tension of sericin 

so] containing a salt and ƒÐ0 the surface tension of it with no salt, the 

difference of these two values, ƒÐ0-ƒÐm, is shown in the Table 22.

The sericin solution obtained from 

cocoons of good "kaijo " is more 

affected by the monovalent cations 

and less by the polyvalent cations 

than that obtained from cocoon of bad 
"kaijo

." By a series of investiga-

tions with sericin solutions, I found 

that the cations, Na•E, Mg•N, and Fe•c, 

raise the surface tension of sericin in 

the order given at low concentrations.

Table 22.

(b) Acids and alkalis. W. Frei noticed that the surface tension 
of neutral gelatin solutions is raised by small amounts of hydroxyl-ions 
and depressed by hydrogen-ions. The values of the surface tension of 
sericin sol at various pH values effected by addition of various amounts of 
0.1 N hydrochloric acid given in Table 23.

Table 23. (at 20•Ž.)

Fig. 14.

Fig. 14 shows that the addition of the acid first lowers the surface 
tension, and then increases it, and that the addition of the alkali gradually 
raises the surface tension. 

The maximum lowering of the surface tension of the sericin solution 
corresponds to the isoelectric point of the dissolved sericin, because mole-
cules are more efficacious than ions in lowering the surface tension of water. 
So we can determine the isoelectric point of a soluble protein by measuring 
the surface tension of its solution.
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Table 24. The isoelectric point of the 
sericin solution obtained from 
cocoons of good "kaijo " exists 
at a more acid side than that 
of the sericin solution obtained 
from cocoons of bad " kaijo " 

(Table 24). It depends, there-
fore, upon the " kaijo " of cc-
coons and also upon the concen-
tration of the sericin solution.

The effect of sulphuric acid on the surface tension of the sericin solu-

tion is similar to that of hydrochloric acid, but the former shows the slower 

change of the surface tension with pH values than the latter. For the 

organic acids, succinic, tartaric, and citric acids, the degree of the lowering 

of the surface tension, •¢ƒÐ, is given in Table 25.

Table 25.

The effects of these acids are remarkable in the case of the sericin 

solution obtained from cocoons of bad " kaijo." The effects of fatty acids 
on the surface tension of sericin sol obtained from outer layer of cocoons 
are shown in Table 26 and Fig. 15.

Table 26. (Conc. = 0.07%).

Fig. 15.
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I. Traube(16) showed that capillary-active organic substances lower the 

surface tension to an increasing degree as the length of the carbon chain 
increases in the homologous series. This regular change in the surface 

tension can be seen in Table 26. 

On the addition of alkali like 0.1N NH4OH, NaOH, etc., the surface 
tension of the sericin solution increases to a maximum at a certain alkali 

concentration as shown in Table 27. 

Table 27. 

Variation of surface tension with alkali concentration.

At the isoelectric point the sericin solution becomes most turbid and 
upon the addition of sodium hydroxide the dispersed phase passes gradually 
into a state of solution and at the same time the solution turns to yellow. 

Sec. IV. The Probable Dimension of the Sericin Particle on 
the Surface of the Sericin Solution. 

P. L. du Noiiy(17) (1925) presumed that the time drop of the surface 
tension of a solution was due to the variation in arrangement of dispersed 

particles on the surface and he calculated the probable dimension of mole-
cules from the relation between the maximum position of time drop of the 
surface tension and the space property of protein molecules. He considers 
that in high concentrations the protein molecules aggregate irregularly on 
the surface of the solution and exert only a part of their polar groups to 
lower the surface tension and at low concentrations they have a free space 

(gap) between them and move freely through the surface. When the pro-
tein molecules closely contact with together at an adequate concentra-
tion, the time drop of the surface tension will be strong. By this con-

(16) I. Traube, Ber., 17 (1884), 2294; J. prakt. Chem., 34 (1886), 292. 
(17) P. L. du Noay, J. Biol. Chem., 64 (1925), 595-613.



1934] The Colloidal Behaviour of Sericin. II. 249

sideration he found that egg albumin formed a monomolecular film on the 
surface of the solution. F. Hervik (1931)(18) also showed that serum 
albumin existed in a similar condition. 

Two c.c. of sericin solution of various concentrations were poured into 
watch-glasses of the same radius of curvature and the surface tensions 
were measured with du Noiiy's tensiometer immediately and after two 
hours at room temperature. In Table 28 Ja expresses the difference of the 
rotation angle of the tensiometer.

Table 28. Good " kaijo."

The concentration of sericin corresponding to the maximum time drop 

of surface tension are shown in Table 29.

Table 29. Table 30.

If the sericin particles aggregate throughout on the surface (between 

air and the solution, and between solution and the glass surface), the 

quantity of sericin must be equal to G/S in cm., where G is the weight of 
sericin contained in the surface and S is the total area of the surface of the 

solution and equals to 26.53 sq. cm. in this case. The probable dimension 

of sericin particles therefore, is G/S •E1/d where d is the specific gravity 

of sericin.

(18) F. Hervik, Kolloid-Z., 56 (1931),1-7.
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The width of sericin layer calculated from the above assumption are 
shown in Table 30. 

The probable dimension of the sericin layer on the surface of the sericin 
solution corresponds in average to 57.2 A. U. for sericin obtained from 
cocoons of good " kaijo." 

Sec. V. The Dispersity of Sericin Particles in the Aqueous Solution. 

The sericin solution is a poly-dispersed system of sericin particles, so 
the rates of diffusion may vary within wide limits. The sericin solutions 
obtained from cocoons of various " kaijo " are different in viscosity, coagu-
lation by electrolytes, or Tyndall's phenomena. This may be partly due to 
the difference in size of sericin particles. 

In 1929 J. H. Northrop and M. L. Anson(19) gave a method for the 
determination of diffusion constants in the case of substances which cannot 
be obtained in a pure solution. The diffusion constant, D, is defined as the 

quantity of material that diffuses across a plane of unit dimensions in unit 
time under unit concentration gradient. The speed of diffusion is governed 
by the law of Fick, which is expressed in the equation :

where dQ is the quantity which passes across the plane of area S in time 

dt under a concentration gradient of dc/dx . The solute diffuses from con-

centration C to concentration zero (pure solution) and if the volume of 
these solutions is relatively large and the experiment is carried on for a 
short time, the concentration may remain practically constant. Let the 
effective area of the pores be S, the effective length be l and the quantity 
diffusing in time t be Q, then above equation becomes simply

where Q is the number of c.c. of the concentrated solution that contains 
the amount of the substance diffused, and K is l/S. In order to obtain 
the value of constant Kit is necessary to standardize the apparatus with 
hydrochloric acid solution the diffusion coefficient of which is known.

(19) J. H. Northrop and M. L. Anson, J. General Physiol., 12 (1929),543.
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After this constant has been determined for a definite membrane it 

may be used to determine the diffusion coefficient of sericin particles. 

The apparatus was similar to that used by Northrop and Anson except 

that the diffusion membrane used was hard filter paper (Carl Schleicher 

and Schilll, No. 597). The cell contained 17 c.c. and the outside liquid, pure 

water, was 50 c.c.. The cell was filled with the sericin solution and rinsed 

with water. The diffusion was allowed to continue until the desired amount 

has passed through the membrane at 18•Ž. . 

The amount of sericin diffused into the outside liquid in a definite time 

was determined by Kjeldahl's method.

Total average = 2.88 c.c.

Therefore, the diffusion coefficient is

According to Einstein the diffusion coefficient is related to the radius of the 

molecule, r, by the following equation :

where R is the gas constant in erg/deg. mole, N Avogadro's constant, i) 

the viscosity of water at 18•Ž., and T absolute temperature.

The molecular weight of the sericin particle may be calculated from 

the radius r by the following equation provided the specific gravity, S, is 
known :
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From this results I can presume that readily diffusible sericin particles are 

molecular colloids. 
By the optical method H. R. Bruins(20) showed that the hydrophilic 

colloids like starch, gum arabic, etc. have an anomalously large diffusion 

velocity and that the radius is nearly equal to that of a molecularly 

dispersed substance. The relations between the concentration of the 
sericin solution and the diffusion coefficient thus calculated are shown 

in Table 31.
Table 31.

In low concentrations the size of sericin particles increases with increas-
ing concentration and above 0.5 per cent. the rate of increase becomes very 
small. In the case of the same concentration sericin particles obtained 
from cocoons of good "kaijo" are larger than those obtained from cocoons 
of bad " kaijo."

Table 32.

Fig. 16.

The logarithm of the radius of sericin particles is approximately pro-

portional to the concentration. (Table 32 and Fig. 16.)

(20) H. R. Bruins, Kolloid-Z., 54(1931),265; ibid. 57(1931),152.
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As shown later the radius of sericin particles is proportional to the 
specific conductivity k in low concentration (Table 33.)

Table 33.
The calculated weight of micel-

Ise in similarly prepared solutions 
varies with the concentration and 
with "kaijo " of the cocoon. Thus 
in a 0.3 per cent. solution the mean 
micellar weight is about 15000 for 
sericin obtained from cocoon of good 
" kaijo ." 

Effect of Acid and Alkali. It is 

well known that the micellar size

of protein particles varies with the pH value of the solution. Then, the 

diffusion coefficient of sericin must decrease on addition of small amounts 
of acid and increase on addition of alkali. The experimental results are 

given in Table 34.

Table 34. C = 0.388% (good " kaijo," 18•Ž.)

Table 35. Sec. VI. The Optical Properties of 
the Sericin Solution. 

(1) The Refractive Index of the 
Sericin Solution. D. von Dusoe(21) mea-
sured optically the concentration of pro-
teins as the function of refractive index. 
I found that in low concentrations the 
refractive index of the sericin solution is 

proportional to its viscosity, and depends
on the concentration, hydration, the form and size of sericin particles, etc. . 
And at the same concentration the refractive index of sericin sol obtained 
from the cocoons of good " kaijo " is greater than that of sericin sol

(21) D. von Dusoe, Biochem. Z., 230 (1931), 373, 383; 244 (1932), 382.
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obtained from the cocoons of bad " kaijo." The relation between the 

relative viscosity and the refractive index is shown in Table 35. 

(2) The Optical Activity of the Sericin Solution. Sericin solutions are 

lmvorotatory. Vignon(22) observed that both sericin and fibroin, two con-

stituents of silk, were I2evogyrate and their rotatory powers were about 

equal and approximately -35•‹.

These value were obtained with 
the solution of sericin in 3 per cent. 
NaOH, but in such a strongly alkaline 
solution the optical activity of seri-
cin may be reduced as is the case 
with gelatin. In researches made by

T. Watanabe(23) it was observed that the specific rotation of sericin dissolved 

in 0.3 per cent. NaOH solution is on an average about -80•‹. I measured the 

rotatory power of the sericin solution with Landolt's polarimeter under 

the light of the sodium flame and the experimental materials were the 

following :

(a) Variation of Optical Activity with Concentration. The specific 
rotation of sericin is not constant, but it varies with concentration (Table 
36). This may be due to the variation of aggregation of sericin micellae. 

Table 36.

(22) Vignon, Compt. rend., 103, 802. 
(23) T. Watanabe, J. Sakurakai, Japan, December, 1929.
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As shown in Table 36, the specific rotation of sericin is laevorotatory 

and diminishes with increasing concentration. The sericin solution obtained 

from the cocoon of good "kaijo " shows greater specific rotation than that 
obtained from the cocoon of bad " kaijo " at the same concentration. 

The optical activity of the sericin solution dialyzed for 15 hours in 

running water is approximately equal to that of the sericin solution not 

dialyzed.

Table 37. Table 38.

(b) Effect of Acid and Alkali on Optical Activity. Under the in-
fluence of hydrogen-ions the rotation of sericin decreases and it shows a 

minimum value at the isoelectric point of sericin. 

(i) Hydrochloric acid (0.01 N). In the 0.2 per cent. sericin solution 
the isoelectric point corresponds approximately to pH 4.20. With sulphuric 
acid and oxalic acid the same phenomena can be seen. 

(ii) Sodium hydroxide (0.1%). It can be seen that on addition of 
alkali to the sericin solution the rotatory power increases to a maximum 

and then diminishes. The maximum value corresponds nearly to the 

neutral point of the solution. The effect of alkali on the optical activity 

of sericin is the greatest for the sericin solution obtained from the cocoon 

of good " kaijo' (Table 38). 

(c) Effect of Salts on the Optical Activity. The asymmetry of the 
sericin micellae may vary with concentration, with different " kaijo " of 
the cocoon, and on addition of electrolytes. The rotation of sericin in-

creases if the hydration is raised, for example, by the addition of alkali or 

salts with a pronounced lyotropic action.
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Table 39.

(Conc. of salt solutions is 0.1 per cent.)

The specific rotation of the solution attains a maximum on increasing the 

amount of the salt, the effect of,Rochelle salt being the strongest (Table 39). 

Potassium bitartrate, glycocoll, etc. affect also strongly the rotation. 

Sec. VII. The Electric Conductivity of the Sericin Solution. 

Proteins differ frQm ordinary electrolytes in having a large cumbersome 

ion which may arise from several aggregated molucules. According to the 

investigation by Whitney and Blake (1904) the specific conductivity k is 

68 •~ 10-6 mho for 0.2 per cent. gelatin so]. Although the protein solution 

is purified by dialysis, the state of aggregation of sericin micellae changes 

at the same time and the variation of its electric conductivity may be caused 

by this treatment. For this reason, I employed the non-dialyzed sericin solu-

tion for measurement of its electric'conductivity. The electric conductivity 

was measured by Kohlrausch's method and the cell constant was 0.1578. 

(1) Variation of Specific Electric Conductivity with Concentration. 

The experimental results are shown in Table 40 and in Fig. 17. 

Table 40.
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The sericin solutions prepared 

by boiling the cocoon layer with 
water contain a very small amount 

of electrolytes as impurities and 

combined form, so the specific elec-

tric conductivity has a remarkably 
high value. The degree of aggre-

gation of sericin micellx and the 
amount of electrolytes present in 
it may vary with increasing con-

centration, so the electric ccnduc-

Fig. 17.

tivity will increase with increasing concentration. But, the rate of 

variation, dk/dc is the greatest near the concentration of 0.35 per cent. 
The specific electric conductivity k of the sericin solution is a linear function 

of the logarithm of the concentration, C, as shown in the following formula :

where B is constant but varies with "kaijo " of the cocoon. The value of
constant B for the sericin solution obtained 
from the cocoon of good " kaijo " is larger 
than that for the sericin solution obtained 
from the cocoon of bad" kaijo." 

I already found the same relation in 
the case of surface tension of the sericin 
solution.

(2) Variation of Electric Conductivity with Temperature. The colloidal 
state and adsorption capacity of sericin micellae are affected by the varia-
tion of temperature. On raising temperature sericin particles transform 

gradually from gel state into sol state and the adsorption capacity dimi-
nishes. So the electric conductivity of the sericin colloid increases with rise 
in temperature (Table 41). 

Table 41. Sp. elec. conductivity at various temperatures.



258 H. Kaneko. [Vol. 9,

When potassium chloride is added to the sericin solution, the electric 
conductivity has a maximum and then diminishes with increasing concentra-
tion of the salt and the effect of the salt is the greatest for bad "kaijo." 

(3) Variation of Electric Conductivity with Time. The specific elec-
tric conductivity of the sericin solution varies irregularly with time and 
diminishes during about two hours and then gradually increases. The 
minimum point corresponds approximately to a maximum point of viscosity 
varying with time (Table 42). 

Table 42. The variation of k with time.

The conductivity increases under the same condition as the number of 
ions. This variation may be due to the change of the number of ions and 
also of surface property of sericin micellae. 

(4) Effect of Acid and Alkali on Electric Conductivity. It is probable 
that the conductivity of the protein is due mostly to combined or adsorbed 
salts. If a strong acid be gradually added to a sericin solution, the volume 

of the solution being kept constant, and the electric conductivity be deter-
mined after each addition, it is found that it gradually diminishes, until 
a certain minimum is reached, and then it gradually increases (Table 43).

Table 43. The influence of 0.1 NHCl 

on the elec. conductivity.

Fig. 18.
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The minimum point of the electric conductivity is approximately at pH 

4.10 which corresponds to the isoelectric point of sericin. Comparing it with 

the variation of electric conductivity on addition of acid it is the greatest 

for the sericin solution obtained from the cocoon of bad " kaijo." 

If a base be gradually added to the sericin so], the electric conductivity 

increases. The effect of alkali on the conductivity is also the greatest for 

the sericin solution of bad " kaijo." This may be due to the difference of 

buffer activity of sericin solutions. The buffer activity of sericin will be 

given later. 

(5) Effect of Salts and Pupa on the Electric Conductivity. 

Table 44. 

The influence of salts on elec. conductivity (k x 103).

(Cone. of salt solutions = 0.1 M.)

(a) Salts. In the low concentration 
of salts the changes of the electric con-
ductivity of sericin solutions are shown in 
Table 44 and Fig. 19. The salts like CaCl2 
and AiCl3 which affect remarkably the 
surface tension and viscosity, give also a 
stronger effect on the electric conductivity 
than other salts. Fig. 19.

(b) Pupa. The sericin solution prepared by boiling cocoons containing 
the pupa with water has a very high value of electric conductivity. If the 
electric conductivity is only due to the presence of sericin salt and its 

micellar weight is 12000 for 0.37-0.23 per cent. solution, the degree of 

dissociation calculated is given in Table 45. .
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Table 45.

In the dilute sericin solution the degree of dissociation corresponds 
to about 0.60. It was already noticed that the degree of dissociation of 
sodium caseinate is 0.787 in 0.355 per cent. solution. 

(To be continued).


