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Precision measurements on alkali-treated nagel keratin belonging to the
densely packed phaser system give evidence of the presence of layers of
thickness 36 A and 115 A respectively. The previously reported value of
smallest thickness of 724 is double that of the thinnest layers reported at
present. Keratin with pH values 10, 11 and 12 have been investigated with
the small angle-scattering camera of Kratky (1958). The double logarithmic
plotting of the cross-sections factor has been compared with the theoretical
scattering curves of infinitely long particles of rectangular cross-section.

INTRODUOTION

The small angle-scattering camera of the latest type after Kratky (1958).
capable of high precision measurements, has been used in the present investi-
gation on keratin treated as a densely packed colloidal system. The well-
known crystal monochromator after Johanson Guinier (Kratky 1956) was used
to select the CuK, radiation from a copper target of-Siemens X-ray unit.
Finely powdered nagel keratin soaked with alkali for two months was the
sample under consideration. The powdering of the substance destroys
completely its orientation and, therefore, it can be treated as one without
orientation. As the scattered intensity is quite high at very low angles and
falls down to considerable low values at large angles of scattering, the whole
range was photographed in stages, thus necessitating a series of photographs
with different but consecutive angular ranges of diffraction. After micro-
photometering these photographs the corresponding partial intensity curves
were drawn. After multiplying these with their corresponding time factors a
total scattering curve was built up. This curve is the wverschmierte one and
should be corrected for collimation error, as rectangular focus was used to
obtain high intensity. The method of entschmierung was made extremely
simple and quite quick by means of a special apparatus designed in the
Institute of Physical Chemistry for this purpose. The method of evolution is
that due to Guinier applicable to phaser systems. Layers of thickness equal
to 36 A however seem to appear. Interference and polydispersion effects
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influgnce the innermost portion of the scattering curve and make the larger
dimension results somewhat uncertain.

Two variations of the substance were attempted to be studied. The pH
variation that corresponds to a variation In concentration has been recorded
with much certainty whereas the effect of the time of treatment with alkali
solution which could not be studied with accuracy is reserved for future
work.

EXPERIMENT

Since the small angle-scattering methods have been developed only very
recently through a large volume of theoretical work by Porod (1948, 1949),
it was, till late, not possible to measure scattered intensity at very low angles,
Le. very near the primary beam. Owing to the improvements made on the
small angle-scattering camera (Kratky 1958) it has been possible to measure
intensity even up to the primary beam. A region very near 1,200 A has been
possible to measure. The treatment of a phaser system becomes very easy
when a variation in concentration or a variation in the degree of soaking in
the alkali solution is brought about. The first variation, corresponding to a
variation in pH values, studied here, throws light on the identical nature of
the particles.

The radiations from a Cu target of a Siemens X-ray unit run at 30 kV,
20 mA, were made monochromatic by using a curved crystal monochromator
and, therefore, the CuK, radiation was used for the present investigation.
Finely powdered nagel keratin soaked in alkali solution of pH value 12 con-
tained in a Mark capillary of 2 mm diameter was irradiated by the radiation.
The method consisted in photographing the scattered intensity in stages
corresponding to consecutive angular intervals. The time of exposure varied
from 24 to 48 hours for photographing regions corresponding to very large
angles of scattering as the intensity is very low. The time of exposure for
regions of very low angles was, however, of the order of a few minutes, as the
intensity is quite high. Thus it became necessary to take a series of photo-
graphs to cover up the whole region of scattering. Each photograph was
microphotometered by means of a self-recording photometer and each curve
was repeated five times to see that they overlap on one another. All the
partial photographs were treated in the same manner. Thus, for a single
complete record, it became necessary to take many photometer records thus
avoiding completely the granular nature of the film as well as the corre-
sponding sharpness of the photometer curve (Kratky et al. 1959). Out of the
partial photometer curves the intensity curves were built up in the usual
manner. Thereafter, a total scattering curve is obtained from these intensity
curves giving due consideration to the time of exposure. The fundamental
law that intensity is proportional to the time of exposure is assumed. The
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curve thus obtained is the verschmierte one which has to be corrected for
collimation error as rectangular focus was used for obtaining high intensity.
Blind exposures were also taken to avoid scattering due to the surrounding air,
the capillary container and also the scattering due to the slit system. The
verschmierte curve was accordingly corrected. An enischmierte curve is
obtained from the above within a few hours’ time by using a specially devel-
oped apparatus for this purpose in the Institute. This process is quite quick,
unlike the ordinary laborious methods of effecting this correction.

THEORY

Highest precision and certainty is obtained by the small angle-scattering
camera in the investigation of homodisperse dilute systems where the scat-
tering is purely due to individual particles. One is here in a position to deter-
mine shape and size of individual particles in three dimensions. It is also
possible to foretell with a good degree of certainty whether the particle
under investigation approximates to a prism, an ellipsoid or an elliptic
cylinder, and so on (Kratky et al. 1955). But when the concentration is high,
as is always the case with densely packed phaser systems like wool and kera-
tin, interparticular interference comes into being which influences strongly the
innermost portion of the scattering curve. This depends not only on concen-
tration but also on the arrangement of the particles. If they arve rod-like and
lie parallel to one another or if they are sheet-like and lie in somewhat arranged
pattern, this interference effect will be outstanding. Then comes a second
complication due to polydispersion in the case of heterogeneous particles.
This will make the innermost portion of the scattering curve very steep and
works just against interference. Therefore to determine the shape of the
particles as well as polydispersion at the same time becomes very difficult.
Only when the shape of the particles is well established is it possible to deter-
mine polydispersion and conversely the interference effect. It is further
difficult to determine the three quantities—polydispersion, shape and arrange-
ment—of the particles independently of one another. Therefore certain sys-
tematic variations are studied in order to overcome one or other of the three
effects by studying the variation in the radius of inertia and other factors of the
scattering particles. These variations are usually the variation of pH values
and also the variation of the time of soaking with various substances. In
general, when one or other of the factors is brought to light by Guinier methods
of evolution, the other effects can easily be studied.

For the evolution we start with the entschmierte intensity values and the
corresponding values of the angles of scattering shown in Table I. By making
the Guinier plottings :

(1) log (Im)—m?
(2) log (Im®) —m?
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one obtains the radius of inertia R, of cross-section of rod-like particles from the
first and from the second one obtains the thickness factor D of sheet-like
particles. The relations of B, and D with the slopes of the asymptotic tan-
gents to these curves are given below :

(25
B, = 2(2'3 tan «z)} (,\ E%) A,

R, = 0-526 (tan ag)! (ap) A, for A = 1-54 f\,

D = 2{3(23 tan ocD)}*,\%% A,
or
D = 1-293 (tan ap)? (ap) A,

where az and «j are respectively the slopes of the asymptotic tangents to the
Guinier plottings for cross-section factor and thickness factor respectively.
The film scatterer distance is ‘a’; ‘p’ is the photometer magnification factor.

Further one can also plot the curves log (Im)—log m and log (Im?) —log m
where, as usual, I is the entschmierte intensity and m is given by

m = da/B

where B is the Bragg’s value in A, hence m is a function of the scattering
angle. From the former curve one gets the shape of the cross-section and
from the latter one can control the aforesaid result for sheet-like particles.
The log (Im)— m? curve for nagel keratin, treated with alkali of pH 12 for two
months, is seen in Fig. 1. From this one obtains after the above formula
R, = 26 A and R,, = 7853 A, as the curve clearly breaks up into two
parts. The Guinier plotting of log (Im?)—m? is shown in Fig. 2 which
gives after the above formula and for the same reasons two values of the

12 4 o
Ro=2602 A oH 12

Rey=78'53 A

08 1

796

M —————

2% 4'2 & ) _- Bt ) 10>
wanreeemegee 2 (0% p=20"8x254)

Fic. 1



532 T. RATHO

thickness factor as D; = 36 Kand D, = 1154 &, Fig. 3 shows the theoreti-
cal curves of rectangular cross-section with different axial ratios for infinite
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particle length, continuous lines, whereas the experimental points in circles
correspond to the log (Im)—log m curve for the*sample nagel keratin treated
with alkali of pH 12 for two months. The experimental points coincide with
one of the theoretical curves of axial ratio ¢ = 2. It is seen that the inner-
most portion of the experimental curve does not coincide with the theoretical
curve ;. this probably is due to the very steep nature of our experimental curve
of Figs. 1 and 2; polydispersion may be the cause for this.

Taking the higher value of the radius of inertia from Fig. 1 as R, =
78-52 A, one can easily calculate the sides of the rectangular cross-section ‘a’
and ‘b’ as the axial ratio is known from Fig 3, after the relation

= (a2+b%)/12, as a = 2b.

78-53% = 5b%/12, therefore a = 243-4 A, and b = 121-7 A. The dmgonal
of the rectangular sheet comes out to be 272:0 A.

From the Guinier plot for the thickness factor, Fig. 2, it is seen that the
thickness D, = 115 A of the thicker sheets is equal to the minor axis b =
121-7 & of the cross-section of the larger particles.

While comparing the results with those of Dr. Skoda in 1957, it is seen
that he has obtained the thickness factor D, = 72 A and D, = 186 A,
whereas the thickness of our thinnest particle is 36 A which is just half the
value obtained previously. Of course he had obtained his values with nagel

TabpLe I
1 2 3 4 5 6 7 8
m m2 log m I Im log Im Im2 log Im?2
1-2 1-44 0-0792 20-96 26-152 1-401 30-18 1-480
15 2-25 0-1761 9-12 13-680 1-56 20-52 1-312
1-7 2-89 0-2306 6-32 10-744 1-031 18-566 1-262
1-9 3-61 0-2788 4-61 8759 0-950= 16-64 1-221
2-2 4-84 0-3424 3058 6-706 0-826 14-75 1-169
24 5-76 0-3802 2-36 5:664 0753 13-59 1-133
26 6-76 0-415 1-81 4701 0-672 12-22 1-087
2-8 7-84 0-447 1-41 3951 0:587 11-06 1-044
30 9-00 0-477 1-11 3-339 0-524 10-02 1-000
36 12-26 0:544 0-61 2-135 0-329 747 0-873
4-0 16-00 0:602 0-37 1-480 0-170 5-92 0772
50 25-00 0-689 0-227 1-136 0-056 568 0-754
60 36-00 0-778 0-156 0-936 0-971-1 562 0-749
8:0 64-00 0-903 0-069 0-552 0-742-1 4-42 0-645
10-0 100-00 1-000 0-024 0-240 0-380-1 2-40 0-380

x = Corrected values.

= Aa{B, here A is the wave-length for CuKy,
B = Bragg’s value in A.
I = Entschinierie intensity.
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keratin pH 13, treated with air alone. A value of D, = 36 A was, however,
not reported before. Nagel keratin with pH 11 and pH 10 has also been
studied. The scattering curves are exactly similar to those obtained by pH
12. The values of the radii of inertia and also of the thickness factors are
almost identical. Further experiments are necessary to study the variation
of intensity with pH values and also its variation with the time of treatment
with alkali solutions and other substances.
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