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"Anomalous Phéliomena‘ on Refractive Indi_ces ofb a Clay -
Mineral Measured by Immersion Method.

—

Osamu Hirokawa

/

Introducticn. In the course of writer's
study of building stone, he found that a clay .

mineral which makes the- greater part of the
so0-called, ““ Miso ”’ in the Oya-lsh , a tuffa-

ceous building stone, presents anomalous

phenomena on the refractive indices measured
in some immersion liquids.’ Since these phe-
nomena seem to be of special notice to the

writer not only from the view point of aca- .

dewmic. interests, but also from the practical
application, a short note with regards to the
results of his experiments and observations
will be given in this paper. It is, of course,
. not necessary to say that the further study
is desirable to develop-the problems. This
paper is merely a step to this development.

Mineralogical deseription.
‘angular form, 0.5 mm~1 cm in size, showing
sharp boundary against the country rock and
composed of the clay mineral besides bipyra-
midal quartz constituents plagioclase (oligo-
clase——-andesme), zeolite ( ?) and zircon, as
accessory constituents. The clay mmeral is

various in both colour and composition. A

yellowish white variety is now in question in
the fo]lowmg

Under ‘the microscope, the cIay mineral
appéars as a sheaf of rods and- tubes, 0.15~
0.03 mm across showing weak birefringence.
The rod and tube are constituted of aggre-
gate of cilia, which crowd at. random. The
_suspensoid, consisting of the mineral and
- water, is about 7 in pH. This mineral is
characterized by swelling and synersis in both
of acid and alkaline water.

Experimental results of ignition loss and

chemical composition of the mineral are given

in Table I and Table II.
From these characters this mineral seems
to be beidellite, a variety of montmorillonite.
Experiment and observation. The writer has

““Miso” is of

discovered that the minerald is lower in indi-

" ces of refraction than cedarwood oil" (n=
1.528), but it-appears as if it were higher -

in indices of relraction than the mixed liquid

" (n=1.528) of cedarwood oil and ecassia oil

(1n=1.602). Some results of this experiments
and observations in connection with this dis-
covery are as follows: ‘

In the mixed liquid (n=1.545) of these
two, the mineral appears, as if it were about
the same in refractive index as the liquid.
It is, however, of 'special notice to find that
the mineral behaves to become higher in
refractive indices than the liquid during
measurement. )

Being measured in the other mlxed liquid,
which has higher index of refraction, the .
mineral is lower in indices of refraction than

‘the liquid at first, but some flakes of+ the

mineral begin to behave, as if they were hig-.
her -in"indices of refraction than the liquid
during experiment. This change of optical,
character takes place more rapidly, as the

‘flake of the mineral is smaller.

. In the same way, the mineral appears, as

if it were higher in indices of refraction than -
the mixed liquids (n=1.523 and 1. 557) of

ethyl benzoate (1n=1.1510), and cassia. oil -
(n=1.602). :

In the mixed lquUdS (n=1. 523) of a-
chlornaphthalene (n=1.640) and cedarwood
oil or ethyl benzoate, the mineral is always
lower in indices of refraction than the liquids.

The mineral, immersed in cassia oil, cedar-
wood oil and the mixed liquid ‘(n=1.528) of
these two?, for 24 hours, shows similar pke-
nomena, as described before.

1) The refractive indices of this mineral means -
@ and'7T in this paper. ’

-2) The refractive indices of these three’ hquxd
show no rem:rkable change after 24 hours.
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" the change of the water content.

by the mineral.

It shows still the same phenomena on
refractive indices measured by immersion me-
thod, after the mineral is heated at 100°C

: and dehydrated.

In ethyl henzoate (n=1. 510), benzol (n

~1.505) or petroleum (n=1.434), the mine-

ral which has absorbed water, appears as if

it were lower in indices of refraction than the
© liquids, while the mineral dried in the air is-

higher in indices of refraction than these
three oils.
"The mineral which has absorbed water is

'féxpected to be lower in indices of refraction
than glycerine (n=1. 463), but it appea.rs as
_if it were higher, ’

Arguments. 1t has been reported that the
refractive indices of clay mineral as haloy-

site shows remarkable change by’ the water

content of the mineral, and in some cases the
change df refractive indjces are probably due
to the subtraction of water from the mineral
by some immersion hquxds during measure-

. ment®.

The mineral in questlon conta,ms a large
quantity of water, being characterized by
swelling and synersis. Therefore, some chan-
ges of refractive indices of the mineral, espe-

‘cially- in the cﬁse of the mineral which has

absorbed water, seem to be in connection with

main facts above-mentioned are difficult to
follow this theory. .

It seems to be probablée to the present
writer that the anomalous phenomena are

due to the formation of jelly-like substance

by selective sorption of the immersion liquids

of -cagsia oil by the mineral is more remarka-
ble.in the mixed immersion liquid of cedar-
wood and cassia oils, the latter oil diffusing

into the mineral to form jelly-like substance,"
which is higher in indices of refraction than -

the mixed liquid.  Furthermore, the writer
is inclined to consider that the sorption of
a-chlornaphthalene by the mineral is not so

. remarkable, resulting no marked anomaly in

the refractive indices of the mineral in any
of 'the mixed liquids of a- chlornaphthalene

3) These phenomena have been well studied by
C. E, Marshall ; G. Nagelschmldt C 5. W. Cor-
rens; M. Mehmel ete.

4)  Jitsusaburo. Samejima 001101d 1938

But the

For instance, the sorption.

2

and the other oils.

It is posmble too that the Jelly-hke subs-
tance, formed through sorption of water by.
the mineral, has consequently lower indices
of refraction than the immersion liquids like
benzol, petroelum etc. While glycerine forms

_ easily 'a mixture with water the jelly-like

substance consxstmg of water and the mineral
appears, therefore, as if it were higher in
indices of refraction than the glycerine.
What the present writer says in the for-
gomg pages is of importance, when the refra-

" ctive indices of the mmerals, which are liable

to give rise to sorptlon are tried to be detér-A
mined by immersion method. It is necessary
to pay attention to the water content of the
minerals and to use unmixed liquids,” which
show no affinity with water.

The refractive indices of the mmera.l now
under consideration, when dried in the air,
are between the refractive index of ethyl
benzoate (n=1.510) and cedarwood oil (n=
1.528), so far as the immersion method is
used here to determine them.

This interpretative result is merely based
on .the insufficient experiments and observa-
tions. There is, therefore, no doubt that
further experiments and observations on this
problem are very desirable.

15 th, June, 1949.

Table T (after Tukeshi Ando)

810 49.66
AlyO3 17,96
‘FezO:; 2.87 N
FeO . 0.37
MgO 2.02
Cz20 2.01
Na20 0.32
K,0 0.54
H0 (4)- . 6.21
H0 (— ) : 17.95
TiOg- 0.13
MnO 0.55
. P205‘ 0.02
Total 101.10

" Table IT (after Kiyoo Kawadu)

Temperature (°C) ~ + Loss of ‘wt. % '

40 - 2.93
50 © 9,70
70 ‘ 16.58

9 - 17.08



100 ‘ "17.34

110 17.37
- 120 ‘ 17,48
, 130 o 17.98
150 18.55
170 " 18.55
190 S 18,57
210 18.57
230 . . 18.84
300 , .18.87
350 . 18.95
380 ; 19.18
- 400 T 19.32
450 ' . 19.52
500 » 19,64
600 20.83:
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