
THE DOUBLE VARIATION METHOD OF REFRAC-
TIVE INDEX DETERMINATION1

(SBcoNo PepBn)

R. C. EruruoNs, Uniaersity of Wisconsi,n.

In the preliminary paper recently published2 a method was de-
scribed for determining the refractive indices of crystalline sub-
stances under the petrographic microscope by using the com-
bination of variable temperature and variable wave length ol
light. The advantages pointed out are much greater speed, con-
venience, and accuracy. The results obtained yield also a figure
for the dispersion of the substance.3 I shall review briefly the es-
sential points of the earlier paper.

Suulreev o:F PRELTMTNARY PAPER.

Crystal identification by refractive index with the petrographic
microscope in white light and under ordinary working conditions
has well known disadvantages. Results are most commonly
stated with the modification + .003 or * .005; and these results are
usually secured at the cost of considerable time and painful effort.
A much greater degree of accuracy is obtained by using mono-
chromatic light as many workers have done for years. A few have
sped up their determinations by employing variable temperature
of the immersion medium thereby avoiding the necessity of mix-
ing media of different index which is quite tedious. For this
purpose the electrically heated stage was commonly used. It
was noticed that by combining these two procedures a peculiar

1 Several workers in this field have by personal communication from rather

widely scattered points indicated their interest in the preliminary paper. I have

received many friendly criticisms and suggestions which I readily acknowledge. It
is intended to include in this paper replies to the points brought up in the corre-

spondence. Dr. H. E. Merwin of the Geophysical Laboratory very kindly pointed

out my incorrect use of the term dispersion as applied to the change of index with

change of temperature and I have therefore altered the title from Double Dispersion
to the present one.

2 Ameri.can Mi,neralogist, vol. 13, 1928, p. 504.
3 This was suggested as a critical determinative factor to Dr. A. N. Winchell

who has concurred and has included a table of the dispersion of minerals in volume
3 of his Optical Mineralogy, now in the press. See also, A. N. Winchell, Amer'ican
Mineralog,ist, vol. 14, 1929,p. 125.
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Drspnnsrox Lreums

1. Methylene Iodide
2. a-fodonaphthalene
3. a-Iodonapthalenef

a-Bromonaphthalene
3a. o-Bromoidobenzene
4. Phenylisothiocyanate
5. Iodobenzene
6. Bromoform
7. o-Toluidine
8. o-Nitrotoluene
9. Propylene Bromide

10. Methyl Furoate
11. Methyl Thiocyanate
12. Trimethylene Chloride
13. Ethyl Monochloroacetate

TesLE f

THnnuar Varrarrow Lreuros

1. Methylene Iodide
2. Methylene Todidef Iodobenzene
3. a-fodonaphthalene
4. a-Iodonaphthalenef

a-Bromonaphthalene

5. o-Bromoiodobenzene
6. Phenylisothiocyanate
7. s-Tetrabromoethane
8. fodobenzene
9. Bromoform

10. Anilin
11. o-Toluidine
12. Nitrobenzene
13. Ethylene Bromide
14. Propylene Bromide
15. Pentachloroethane
16. Metlyl Furoate
17. Methyl Thiocyanate
18. Isoamylsulphide
19. Ethyl Dichloroacetate
20. Ethyl Monochloroacetate

advantage accrued, namely, that it is not often necessary to use
more than one liquid to obtain a suitable dispersion curve, that is
several readings at different wavelengths. If dispersion is used
alone without temperature control then the reading obtained al-
most never falls on the soda line. Two or more readings in as
many liquids are necessary in order to construct the dispersion
curve from which the value for the soda line may be read. Such
a procedure is laborious. Now if by varying the wavelength the
index of liquid and crystal may be made to agree, then by changing
the temperature five or ten degrees and thereby changing the index
of the liquid, an essentially new medium is obtained. A further
change in wavelength once more makes the indices coincide.
In this way any number of points on the dispersion curve of the
crystal may be obtained all from the same mount. ff the crystal
itself has high dispersion then the temperature variation alone is
useful. Only a few minerals have as high a dispersion as do liquids
of the same general index. The entire procedure is based on the
fact that almost all liquids have a higher dispersion than crys-
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tals and that the temperature coefficient of refraction of liquids
is considerable whereas that of most solids is negligible. In order
to enhance the value of the method an elaborate search was con-
ducted for suitable liquids-that is liquids having both high dis-
persion and high temperature coefficients of refraction. These
are listed in Table I which includes also a list for use of temperature
variation only.

The work is best done in a dark room where there is no light
from extraneous sources; also the sensitivity of the eye is slightly
greater in a dark room. The apparatus needed in addition to the
microscope includes a monochromator, a refractometer, an arc
Iight, a water circulation system with thermometers and a source
supply of hot and cold water. The mount is made on a cell through
which the water flows. The same water passes through the re-
fractometer on which the same immersion liquid is placed. Light
from the monochromator is used to illuminate both the microscope
and the refractometer. The temperature is controlled by varying
the mixture of hot and cold water-both the microscope cell and the
refractometer change temperature together. The wavelength of
light is changed by adjusting a simple screw on the monochro-
mator. When the proper conditions are obtained on the micro-
scope then the light is quickly transferred to the refractometer
by a mirror rotation and the index is read and corrected by the
correction curve supplied with the instrument.

An essential feature of the preliminary paper is the set of liquids
described in it. At that time the exact critical data of all the liquids
were not known, but measurements were made on the purest
liquids on hand. Further work has included careful distillation of
fresh supplies and optical data are given for these definite fractions.
Most of the liquids were obtained from the Eastman Kodak Co.
and these were redistilled. No difficulty has been encountered
thus far in duplicating with quite satisfactory accuracy any of the
liquids listed. A difference of as much even as one or two in the
third place of decimals in the refractive index is not serious pro-
vided the liquid used is a real narrow fraction. But closer limits
than this are not difficult to obtain. If the dispersion and thermal
coefficient of refraction of two supplies oi liquid are not the sar'ne
it does not prejudice the results provided a refractometer is used
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in the system and the same liquid is mounted on the refractom-
eter and on the microscope cell. For the set of liquids using
temperature change alone without a refractometer the thermal
coefficient of the liquids must be known. The data ofiered in
Table I are those of entirely new distillates from those published
in the preliminary paper. One change has been made-liquid no.
3 has been found objectionable in that crystals of dibromonaph-
thalene separate out in time. A mixtue of a-Bromonaphthalenef
a-Iodonaphthalene is now used. No suitable substitute has yet
been found for bromoform; it therefore is still included.

Critical data for the liquids used are given in Table II. The
curves for these data are shown in Figures I and 2.

The value of accurate temperature control has been stressed
especially. Under ideal conditions the temperature of the mount
and of the liquid on the refractometer will be exactly the same.
Although this is impossible yet it has been found possible to make
them quite reasonably close. The greatest difierence between the
thermometers which precede and follow the instruments is found
at the highest temperatures. For the ordinary run of yrork one
degree difference in temperature is usual, but by increasing the
flow slightly this can be cut down to one-half a degree difference.
For the liquids used the difference in index for each degree Centi-
grade ranges from .00045 to .00070. The error due to this cause
is practically negligible for the ordinary run of determinative work
and for careful work can be cut down to a maximum of .0003
under the most unfavorable circumstances. At lower temperatures
at which the operator usually prefers to work this error is less.
I would caution the operator to check the thermometers against
each other for unless the two have been carefully selected they will
not agree. Usually when it is necessary to resort to high temper-
atures (50'-60"C) it is also possible to check the result on the
next liquid at a low temperature. The two results should be close
and a very close figure can be estimated between them.

Dr. H. E. Merwin raised the very pertinent questionl"How
closely does the temperature of the liquid on the microscope cell
agree with the indicated temperature of the thermometers?"
At his suggestion I employed the method of Ashton and Taylors
to check the temperatures. The "cold junction" of a thermocouple
was placed on the refractometer and the "hot"junction was placed



I

JOT]RNAL MINERALOGICAL SOCIETY OF AMEMCA

Frc. 1. Graphical representation of the dispersion and temperature coe$cients

of refraction of the set of liquids in which both these properties are used. This graph

is intended to be used as a guide in selecting the proper liquid to be used in a de-

terminative procedure.
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on the water cell. A Hoskins pyrometer type "H. A." was used
in which one half millivolt was subdivided and'the instrument
calibrated to read accurately to one half degree Centigrade and by
interpolation to one quarter degree. In this way the temperature
difference between the liquid on the refractometer and that on the
water cell was read:

Room

At 28.5 'C
38 .5"C

49.5 'C

temperature 27"C

after 2 minutes difierence: '0o

1 1 0
6+"
2 li"
4 1 "
6 1 0

Empirical tests indicate that these difierences are quite general,
and allowance can be made for them for accurate work.

A change in temperature of fifty degrees will affect the index of
of the glass in the refractometer. The relative importance of this
source of error is indicated in the following extract from a letter
from the Bausch & Lomb Optical Co.

"The temperature coeficient of glass of the type used is given as 0.0000066 t.
This would mean a total index change between 10'and 50" of 0.00026. Since the
scale is computed for Na of approximately 25" this error would be slightly reduced,
in that it would become plus and minus. Such a variation in index of the prism
would mean about the same index change in the sample. I should say that it would
never be over 0.0002 and seldom as high as that. You will understand that in this
statement I am assuming a glass type, rather than the particular glass in the instru-
ment. The temperature constants of the particular glass have never been de-
termined."

The maximum error then on a single reading should be *.0005.
Experience indicates that it is usually less. A desired reading at a
particular wavelength, usually near 589p.p., is best made by taking
an average.

I recently received for examination from Bausch & Lomb
Optical Co. a first trial model of the set-up as they propose to
make it. The accompanying photographs (Figs.3a and 3b) show

{ Personal communication.
6 F. W. Ashton and W. C. Taylor, A Precision Method for Measuring Tempera-

ture of Refractive Index Liquids. Am. Minerol,ogist, vol. p.13, rt4.
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Frc. 3a. Bausch and Lomb apparatus complete but without

the most recent changes.

Fro. 3b. Base of Bausch and Lomb apparatus with the final

imorovements added.
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Frc.4. Double variation apparatus being used in the
Geological Laboratories at Madison.

ir',*;lt

Frc. 5. Double variation apparatus being used in the
Geological Laboratories at Madison.
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the set-up including a few simple suggested changes recommended
after the apparatus was carefully tried out in our laboratory.
Bausch & Lomb instruments are used throughout.

Our own equipment was remodeled to include all modifications
deemed advisable on the basis of our own experience and our ob-
servations of the Bausch & Lomb arrangement. Bausch &
Lomb made some very real improvements over our original model
after which theirs was designed. Two complete units are shown
in Figures 4 and 5. The apparatus of Figure 4 is Bausch and Lomb
equipment. For this purpose it is well to use an enclosed arc
made by both companies, in which the air circulation is staggered
to prevent the difiusion of light in the room. The apparatus of
Figure 5 is Leitz except for the refractometer which is a Spencer
model. Both Bausch&Lomb and Spencer refractometers are found
quite satisfactory. The difference in mechanical manipulation is
great enough to justify individual personal preference on the basis
of these features. Correction curves for use with monochromatic
light are supplied by both companies.6

TheLeitzmonochromator has been used with satisfaction, but
I feel that the following features of the Bausch & Lomb mono-
chromator make it more desirable for this purpose. The Bausch
& Lomb instrument is direct reading in pp on a four inch
drum. The Leitz instrument is much more compact but is not
direct reading. The scale on it is divided into one hundred units-
(the n' l ine on the'instrument in Figure 5 reads 51.5 and the C
line 24.2) on a I lf 4 inch drum; readings are therefore much more
accurate on the Bausch &'Lomb instrument. The Bausch &
Lomb instrument also has a small prism in the collimator tube
for securing a comparative spectrum. The outstanding dis-
advantage of the Bausch & Lomb monochromator, as I see it,
is its lack of dirigibility. The Leitz instrument is mounted on a
very conveniently adjustable hinge which gives it a general utility
not possessed by the other. The Leitz monochromator also has
a neatly adjustable collimator prism which greatly facilitates
illumination of the instrument. These features are pointed out
in the hope of assisting those interested who are not familiar with

6 There are other makes of Abb6 refractorheter which doubtless will serve quite

well; a Pulfrich is not desirable for this type of work.
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both instruments, to make a selection. The importance of the
monochromator for the purpose of this paper cannot be over ern-
phasized. The monochromator should be carefully checked before
being used, either with spectrum tubes or standard flames. If the
Bausch & Lomb base is used then only Bausch & Lomb instru-
ments can be made to fit without modifying the base. I feel,
however, that the complete Bausch & Lomb unit is very satis-
factory.

I have been asked if interference figures can be obtained with
the cell in place. They cannot by any method known to me.
Optic axis grains are not diffcult to recognize and optic normaL
grains though not so easy to recognize are less often needed.
To measure no and no I believe the standard method is best-
namely to choose the grains of highest interference colors in the
45o position and measure a few of them, selecting extreme values.
It is to overcome this recognized limitation that I have spent
considerable time attempting to adapt the universal stage to this
purpose. If successful it should offer an extremely rapid, accurate
and generally satisfactory procedure.

In our original apparatus tap water was used directly from the
mains. This has been abandoned entirely because of the dis-
solved air that is released from the hot water immediately on its
passing the valve. Water from the mains is now run into two
tanks-one hot, one cold-and from these the water for the ap-
paratus is drawn. An overflow from the tanks keeps them at
a temperature equivalent to the source temperature. The dis-
solved air is mostly removed while in the tanks. A bubble trap
in the system removes almost all the remaining bubbles. The cell
developed at considerable pains by Mr. J. S. Hipple serves very
well indeed to allow the remaining bubbles to pass directly through.

On first turning on the water the flow is usually hampered by
bubbles trapped in the refractometer and probably elsewhere.
A few sharp taps on the tubing serve to release these and the
flow increases greatly. A good flow of water is absolutely essential
to good work.

Experience indicates that one of the most common sources of
error on the part of students lies in failure to give the refractom-
eter sufficient time to come to temperature. It is best to make
a series of readings until two agree. If the mineral substance is
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clear and gives a sharp Becke line then the reading on the micrs-
scope, after changing the temperature, can ugually be made more
rapidly than the refractometer can come to temperatwe. Students
who spend more than two or three hours at a time making readings
seldom secure reliable results near the end of the period. Their
readings sometimes are more than .002 offr due apparently to eye
fatigue.




