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depends have been made by Mr. W. Hugo, senior assistant at Kew
Observatory, to whose care and exactitude the research owes a very
great deal. The reduction of the observations is also mainly due to
Mr. Hugo. In several of the special experiments Dr. J. A Harker
has given valuable assistance, and various operations have been much
facilitated by means of apparatus devised by him. The main work
of checking the reductions and the various calculations requisite
in discussing the observations have been done by myself. I have
also taken a considerable number of observations, and in discussing
the various sources of trouble I speak from personal experience, supple-
mented of course by frequent exchange of ideas with Dr. Harker and
Mr. Hugo. At various stages of the investigation I have had valuable
advice and assistance from Professor Carey Foster and Mr. W. N. Shaw,
to whom the initiation of the research is largely due.

The original cost of the apparatus was partly defrayed by a grant of
£100 from the Government Grant Fund, and a contribution of £120
was received last year from the Gunning Fund towards this and other
cognate work undertaken by the Kew Observatory Committee.

« A Comparative Crystallographical Study of the Double Selenates
of the Series R,M(SeO,),,6H,0.—Salts in which M is Zinec.”
By A. E. Turroxn, B.Se, F.R.S. Received March 5,—Read
Maxrch 15, 1900.
(Extended Abstract.)

In two communications to the Chemical Society,* the author
presented the results of a detailed study of twenty-two salts of
the series of monoclinic double sulphates R,M(SO.),,6H,0, in which
R was represented by potassium, rubidium, and cesium, and M by
magnesium, zine, iron, manganese, nickel, cobalt, copper, and cadmium.
The first of these memoirs dealt with the external morphology of the
crystals, and the second with their internal physical properties.

The present investigation refers to the less-known analogous double
selenates, in which R is again represented by the alkali metals potassium
(atomic weight 39), rubidium (atomic weight 85-2), and ceesium (atomic
weight 132-7). The work on the group containing zinc has been com-
pleted, and the results are now communicated. T'opsie and Christian-
sent included in their well-known investigation the potassium salt of
the group.

* ¢ Journ. Chem. Soc. Trans.,” 1893, vol. 63, p. 337, and 1896, vol. 69, p. 844.

T ¢Ann. de Chim. et de Phys.,’ 1874, p. 5.
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The rubidium and cesium salts have never been investigated, and
the author has been unable to find any evidence of their preparation.

The section-plates and prisms employed in the optical work were
prepared by means of the author’s cutting and grinding goniometer, in
the manner already described in previous memoirs. The new special
adjusting apparatus described to the Royal Society in the memoir in the
¢ Phil. Trans.,” A, for 1899, p. 461, has proved of the greatest service in
the preparation of the prisms. All the prisms were obtained with its
aid by one adjustment, instead of two (one for each of the two required
surfaces). A very useful addition to it has been made in the shape of
a pair of special grip-holders, besides those referred to on page 460 of
the memoir just quoted. One of these new holders is represented in
fig. 1. The upper portion, the stem by which it is attached to the
lower end of the crystal-adjusting apparatus,
carries two vertical grooves instead of only one,
so that the plane within the crystal which is
desired to bisect the angle (60°) of the prism
can always be preliminarily roughly arranged
at right angles to the 120° adjusting segment,
whatever be the situation of the most conve-
nient direction of gripping. The stem passes
down into a thicker solid eylindrical portion,
surrounded by a closely fitting hollow cylinder
ccapable of movement for somewhat over 907
and fixation at any position, by means of slits
at different levels and two clamping screws passing through them into
the solid cylinder. This enables the necessary final azimuth adjust-
ment of the crystal to be effected, so that the particular bisecting
plane referred to can be set exactly to the required orientation; with
the aid of the goniometer and its graduated adjusting movements.
The gripper is attached rigidly to the underside of the movable
cylinder. Its two prongs are arranged to be drawn together by means
of a screw manipulated with a milled-headed key, and the gripping
lower part is thickened and padded with chamois leather. The use of
one of these holders, which only differ in the size of the gripper so as
to accommodate different sized crystals, avoids the use of warm wax,
which may cause efflorence, or cracking, of the crystal.

Every prism employed was prepared by the aid of this instrument
so that the two surfaces were symmetrical to one of the three principal
planes of the optical ellipsoid (indicatrix), and its edge parallel to
one of the two rectangular axes of the indicatrix lying in this plane.
It therefore yielded two of the three refractive indices directly, namely,
those corresponding to vibrations parallel to the two rectangular axes
of the optical indicatrix lying in the bisecting plane.

The salts were prepared in the following manner :—A quantity of
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the alkaline selenate crystals, prepared as described in the author’s
memoir on the normal alkaline selenates,® adequate to yield after
addition to the calculated amount of the M-selenate sufficient of the
double salt for all the purposes of the investigation, was dissolved in
the minimum of distilled water. An equal molecular proportion of
pure zinc sulphate crystals was also weighed out, dissolved in dis-
tilled water, and precipitated by a solution of sodium carbonate. The
precipitate of basic zine carbonate was isolated by decantation and
prolonged washing with hot water, and subsequently dissolved in a
solution of pure selenic acid, whose strength had previously been
accurately determined by titration with a solution of pure anhydrous
sodium carbonate of known strength. Sufficient of the acid was run
in upon the zinc carbonate to provide for one drop of excess, as this
prevents the possibility of a basic salt forming after addition of the
selenate of the R-metal. The solutions of the two selenates were
mixed and allowed to crystallise spontaneously, taking all the pre-
cautions to avoid disturbance enumerated in the previous memoirs.

The spherical projection given on p. 343 of the double sulphate
memoir applies equally to the double selenates.

Porassium Zinc SELENATE, K,Zn(Se0,),,6H,0.

A determination of the zine in a quantity of the crystals employed
gave the following result :—0-9152 gramme yielded 0°1396 gramme
Zn0, corresponding to 12:24 per cent. of zine. Calculated per cent.
Zn = 12-11.

Foniometry.
Ten excellent crystals were employed, derived from several different

Crops.
Habit : Short prismatic to tabular.

Axial angle— B = T5"48.

Ratio of axes—

a:b:c = 07458 :1:05073.

Forms observed—

@ = {100}coPoo; b = {010jcoRc0; ¢ = {001}oP; p = {110}coP;
P = {120}0®2; ¢ = {011}Reo; o' = {111} +P ;¢ = {201} + 2Pos.

The results of the angular measurements are given in the accom-
panying table.

The habits observed resembled those exhibited in the following
figures given in the double-sulphate memoir :—Fig. 7 without b faces,
fig. 8 without the smaller faces, fig. 20, fig. 21, fig. 24, and fig. 25.

* ¢ Journ. Chem. Soc.,” 1897, p. 846.
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Morphological Angles of Potassium Zinc Selenate.

61

No. of - Mean
Angle measured. measure- Limits. observed. Calculated.
ments.

o ’ 8] ’ o 7 ° ’
(@ac = 100:001 = B 5 75 43— 75 55 75 45 75 48
as = 100 : 101 — —_ —_ 46 19
se = 101: 001 — — — 29 29
J er’ = 001 : 201 16 63 4— 63 25 63 15 63 12
es’ = 001 : 101 — —_ —_ 38 22
s'r = 101 : 201 —_ — — 24 50
#”a = 201 :100 5 40 50— 41 0 40 56 41 0
L#'¢’ = 201 : 001 16 116 85—116 56 | 116 45 116 48

(ap = 100:110 8 35 33— 36 8 35 52 *
pp’ = 110 : 120 2 19 1— 19 45| 19 23 19 28
J b = 120 : 010 1 — 34 39 34 40
pb = 110:010 10 53 51— 54 24 54 7 54 8
Pp = 110:110 20 71 34— 71 54 | 71 43 71 44
Lpp = 110:110 20 108 6—108 32| 108 16 108 16

ecq = 001:011 36 26 0— 26 23 26 8 *
¢b = 011 :010 12 63 356-— 64 8 63 52 63 52
5 qq¢ = 011 :011 13 127 38—127 53 | 127 44 127 44
{ao = 100:111 — - — 49 35
[ og = 111:011 — — - 27 42
4 ag = 100:011 —_ — —_ 7717
'l g0’ = o011:111 — — — 34 31
| Lo'e = 111 : 100 — — — 68 12
(eo = 001:111 — — — 35 11
|op ==111:110 — — — 43 21

4‘ ep = 001 :110 42 78 22— 78 41 78 32 *
| po’ = 110 : 111 3 56 42— 56 53 56 48 56 50
| o'¢c =111 : 001 3 44 37— 44 42 44 39 44, 38
pe = 110 : 001 42 101 21101 38 101 29 101 28
bo = 010:111 —_ —_ — 69 51
os = 111:101 — —_ — 20 9
bo’ = 010 : 111 —_ — — 65 10
o’s’ = 111 : 101 — — -— 24 50
sg = 101:011 — — —_ 38 36
gp = 011:110 35 85 14— 85 48 85 29 85 26
ps = 110: 101 — — —_ 55 58
pg = 110: 011 35 94 14— 94 49 | 94 31 94 34
s'g = 101 : 011 — — — 45 15
gp = 011 :110 34 63 59— 64 24 64 9 64 7
ps’ =110 :101 — — — 70 38
pq = 110 : 011 34 | 115 27—116 0| 11551 | 115 53
j (70’ = 201 : 111 3 34 27— 34 46 34 33 34 33
1) o'p = I11:110 3 93 10— 93 26 93 17 93 10
A pr’ = 110 : 201 33 52 1— 52 28 52 17 52 17
; »p = 201 :110 31 127 29—127 56 127 43 127 43

|

Diff,

wl el

[=Rai S Nl L\?‘N]

Total number of measurements, 462.
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The @ and b faces were usually both well defined ; the hemi-pyramid
o' was occasionally well developed, but more usually small, while small
" faces were only observed on two crystals. The general type exhi-
bited p,e;” and ¢ as the main faces, ¢ always large, and 7 occasionally
large but generally rather smaller than the ¢ faces.

Topsde and Christiansen (loc. cit., p. 77) give for the ratio of the
axes and the axial angle, ¢ :b:¢ = 07441 :1 : 05075, and S =
75° 46’. The measurements were made by Topsoe in the year 1870.

There is an excellent cleavage parallel to the faces of {201}, as
stated by Topsoe and Christiansen.

Volwme.

Lelative Density—The following four independent determinations
were made :—

‘Weight of salt Sp. gr. at
employed. 20°/4°.
55358 2:5535
6-1058 25544
51597 25524
50657 25546
Mean............ 25537
M _ 5366

Molecular Volume.— = 210°13.

2T 255

Distance Ratios—Combination of the axial ratios and axial angle
previously given, with the molecular volume, affords the following
distance ratios :—

X:y:o = 61941 : 8:3054 : 4:2133.

Optics.

Orientation of Auzes of Optical Ellipsoid.—The plane of the optic axes
(optic binormals) is the plane of symmetry. The sign of the double
refraction is positive.

Two section-plates ground parallel to the symmetry plane afforded
the following extinction angles, relative to the normal to the basal
plane :—

Section T.o.oviiiininnnn. 5° 30
b D, 4 36
Mean......... b® 3

The direction is behind the normal, nearer to the vertical axis.
This axis of the optical ellipsoid (indicatrix) is the second median
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line. The first median line is consequently situated in the obtuse
angle of the morphological axes ac, and is inclined 5° 8’ to the axis a.
The second median line lies also in the obtuse angle ae¢, and is inclined
9° 9" to the vertical axis c.

Refractive Indices—The results of the determinations with six prisms,
ground on six different crystals, are given in the accompanying table.
The values obtained by Topsoe and Christiansen are appended in the
last column. The 3 values, which were alone determined directly by
them, are observed to agree well with the authors’ values.

The intermediate refractive index of potassium zinc selenate, cor-
rected to a vacuum, is accurately expressed as far as the neighbourhood
of F, for any wave-length A, by the following formula :—

B — 150104694 100 3005700000000
A2 At

As the dispersion increases with the numerical value of the index,
the & and y indices are not precisely reproduced by diminishing and
increasing the constant 1-5010 by fixed amounts ; but they are on the
average less and greater respectively than the B values by 0:0060 and
0-0154.

Alteration of Refraction by Iise of Temperature.—Determinations.
carried out at 60° indicated that the indices are diminished by about
0-0020 for 45° rise of temperature.

Azxes of the Optical Ellipsoid.—The calculated values of the axial
ratios of the two optical ellipsoids are as follows :—

Axes of optical indicatrix :

a:fB:y = 09960:1:10101.
Axes of optical velocity ellipsoid :
w:l:g = 10040 : 1 : 09900.
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Molecular Optical Constants—Following are the values of these con-
stants -—

Axis of optical indicatrix. . B. ¥.

2_ . . 0.
Specific refraction, - " oL N, ¢ 0 .1170 0 .1181 0 .1210
o+ 2)d G| 01199 | o0-1211| 0-1242
2 + . .
Molecular refraction, ﬁ——l . M = .. { ¢ 62 .'7 o 63 ,37 6[% ,93
pra Rl G| 6433 64-98 6665 |
Specific dispersion, ng—1g «.eeeetesasess.| 0°0029 0-0030 00032
Molecular dispersion, Mg=1Mg «sveveeenses 157 161 172
Molecular refraction, ’%3 Muverennnnn .0 | 10700 |108-24 |111-41

Optic Awzial Angle—Three excellent pairs of section-plates were
ground, perpendicular to the first and second median lines respectively.

Determination of Apparent Angle in Air of Potassium Zinc Selenate.

Light. Section 1. Section 2. Section 3. Mean 2E.
o / [=] / o / o /

Li 112 12 111 34 111 56 111 54
C 112 14 111 40 112 O 111 58
Na 112 24 112 8 112 19 112 17
T1 112 40 112 35 112 41 112 39
F 112 58 113 1 113 10 113 3

Topsoe and Christiansen give for the angle in air 111° 50, and for
the true angle 66° 8, both being measured in sodium light.

The dispersion is observed to be extremely small, and the most
accurate measurement is required to determine it, employing sections
which afford very small rings and sharp brushes. A valuable confirma-
tion of the nature of the dispersion is afforded by immersion in cedar
oil, whose refraction is almost exactly the same as that of the crystals.
A section perpendicular to the first median line shows, in cedar oil,
brushes separated at their true angle and fringed with colour accord-
ing to the following scheme :—

red | blue 1st M.L. no colour | no colour.

The obtuse morphological axial angle «c is assumed to be to the left.
The optic axial angle is therefore greater for blue than for red, and
measurements in Li and F light gave an angle larger in the latter case
by about 5, thus confirming the accuracy of the values given in the
table.

VOL., LXVIL F



66  Mr. A. E. Tutton. 4 Comparative Crystallographical

Determination of True Optic Axial Angle of Potassium Zinc Selenate.

|

No. of No. .of
se10t10r{. Observed ze‘ctlﬁg‘- Observed | Caleulated | Mean
Light. PETPenci= | ohlues perpendr values values of | value of
cular 1st of 2Tl cular 2nd of 3o Ve OV
median : median . : . :
line. line.
o] ’ o ’ o ’ ) 7
1 60 7 le 100 12 66 16
Li 2 59 b4 2a 100 8 66 8 66 12
3 60 3 3a 100 14 66 13
1 60 b5 la 100 8 66 16
i C 2 59 52 20 100 4 66 8 66 13
3 60 O 3a 100 6 66 14
1 59 b4 la 99 42 66 18
Na 2 59 43 2a 99 39 66 10 66 15
! 3 59 49 3a 99 39 66 16
1 59 39 la 99 5 66 20
Tl 2 59 31 2a 99 8 66 14 686 17
3 59 86 3a 99 5 66 18
: 1 59 1 la 93 17 66 22
F 2 59 11 2a 98 15 66 18 66 20
3 59 19 3a 98 25 66 20

Dispersion of the Median Lines.—In cedar oil no appreciable move-
ment of the right brush, that corresponding to the optic axis situated
in the acute morphological angle ac, was detected on altering the
wave-length of the light, the total movement occurring at the left
brush. Hence the first median line lies nearer to the morphological
axis ¢ for red than for blue. The amount does not exceed 5'.

Effect of Rise of Temperature on the Optic Awial Angle—Measurements
at 65° indicated that 2K increases 24° for 50° rise of temperature.

Rusmbrum ZiNc SELENATE, RbyZn(SeO.)s,6H,0.

An estimation of zinc in a specimen of the crystals employed
afforded the following guarantee of purity: 1'1130 grammes yielded
0-1426 gramme ZnO, which corresponds to 10-28 per cent. of zine. Cal-
culated Zn = 10-33.

Goniometry.

Ten suitable small crystals were employed, belonging to four differ-
ent crops.
Habit: thick tabular, sometimes prismatic.
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Morphological Angles of Rubidium Zinc Selenate.
No. of
Angle measured.  |measure- Limits. oblzt[;:gd. Calculated. Diff.
ments.

o ! o /’ o ’ o ’ ’
(ac = 100:00lL =gB| — — — 444 | —
as = 100: 101 - — — 45 47 | —
se = 101 : 001 — — — 28 57 | —
ler’ = 00L : 201 9 63 45— 64 2| 6353 63 42 |11
e’ = 001 : 0L — — — 38 24 | —
s'r’ = 101 : 201 — - - 2518 | —
#a = 201 : 100 — — - 41 34 | —
[77¢ = 201 : 001 11 115 57 —-116 15 116 4 116 18 14
(ap = 100 :110 — — — 35388 | —
| pp’ = 110 : 120 - — — 19 28 | —
9’6 = 120 : 010 —_ — — 34 54 —
3 pb = 110 : 010 2 54 15— 54 27 54 21 54 22 ‘1
[2p = 110110 20 | 71 6—7139| 7115 * —
pp = 110:110 20 108 21—109 1 108 45 108 45 0
cg = 001:011 21 25 85— 26 7 25 50 * —
{qb = 011 : 010 2 64 10— 64 16 64 13 64 10 3
qg = 011 : 011 17 | 128 3—128 26| 12825 | 12820 | 5
(a0 = 100:111 — —_— — 48 59 | —
[ og = 111:011 — — — 2719 | ~
ag- = 100 : 011 —_ — — 76 18 | —

go’ = 011:7111 — — — 34,37 | — |
(0@ = 111 : 100 — . — 69 5 | —
(eco = 001:111 — — — 34 34 | —
| op = 111:110 - — = 43 5 —
}ep = 001:110 35 77 28— 77 57 77 89 * —_—
1po’ = 110:111 3 57 83— 57 37 | 57 85 57 43 | 8
| o’c = 111 : 001 3 44 40— 44 47 44 45 44 38 7
lLpe = 110: 001 34 102 10—102 36 102 21 102 21 0
bo = 010:111 — — — 70 13 | —
os = 111:101 — —_ — 19 47 | —
bo’ = 010 : 111 3 65 9— 65 17 65 14 65 14 0
{o’s’ = T11:101 — —_— — 24 46 —
oo’ = 111 : 111 1 — 49 34 49 32 2
(sg = 101:011 —_— -— — 38 2 —
| g’ = 011 : 121 1 — 35 46 35 33 13
4 n'p = 121 :710 1 —_— 50 44 50 57 13
\ gp == 011 : 110 26 86 14— 86 49 | 86 37 8630 | 7
| ps = 110 : 101 — — — 55 28 | —
Upg = 110:011 26 93 6— 93 26 | 93 23 9330 | 7
g = 101:011 — — o 45 8 ! —
gp = 011 :110 28 63 26— 63 55 | 63 38 633 @ 8
ps’ = 110 : 101 — —_— —_ 7122 | —
pg = 110: 011 28 116 6—116 38 116 23 116 30 | 7
7o’ = 20L:T11 3 34 51— 34 53 | 34 52 3449 | 3
o'p = 111 : 110 3 92 44-— 92 47 92 45 923 | 6
7 = 110 : 201 29 52 12— 52 32 52 21 52 32 | 11
rp = 201 : 110 28 127 23—127 50 | 127 39 127 28 |11

Total number of measurements, 354,

¥ 2
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Axial angle: B = 74° 44",

Ratio of axes: a:0:¢ = 07431 : 1 : 0-5019.

Forms observed: @ = {100}coPco; b = {010}coReo; ¢ = {001}0P ;
p = {110}eoP; ¢ = {011} Rc0; o = {111} +P;
7 = {201} +2Bco; o = {121} +2P2.

The results of the measurements are tabulated in the accompanying
table. '

The types observed resembled those of rubidium zine sulphate,
especially that shown in fig. 7 (p. 3569) of the double-sulphate memoir,
but without the b faces as a rule. Only a trace of the orthopinacoid «
was discovered ; the clinopinacoid b was invariably small when present,
and the hemi-pyramid » was only present on one of the crystals
measured. The o faces were fairly well developed, and afforded good
images of the signal. Frequently the only faces present were ¢, p, 77,
and g. The ¢ faces varied in relative importance from the breadth
usually exhibited in the potassium salts to the narrow strip charac-
teristic of the caesium salt.

There is an excellent cleavage parallel to the faces of the orthodome
{201}

Volume.

Lielative Density—The following four determinations were made with
independent quantities of the finely-powdered crystals :—

Weight of Sp. gr.
salt employed. at 20°/4°.
78234 2:8596
60506 2-8611
78824 2-8601
6-7490 2-8608
Mean ...... 2-8604
M 6290

Molecular Volzmze.-—»d— = 9.8604 = 219-90.

Distance Ratios.—On combining the axial angle and the ratio of the
axes already given, with the molecular volume, the following ratios
are obtained :—

Xt o =63062 : 84863 : 4:2593.

Optics.

Orviendation of Awes of Optical Ellipsoid.—The optic axes (optic hi-
normals) lie in the plane of symmetry. The sign of the double refrac-
tion is positive.

The following extinction angles were exhibited by two section-plates
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ground parallel to the symmetry plane, with reference to the normal
to the basal plane :—

Section 1 .ovevivienniannn. 220
Section 2 ...oooivniiinnnnn. 2 7
Mean...... 2 3

The direction is behind the normal, towards the vertical morpho-
logical axis. This axis of the optical indicatrix is again the second
median Jine.

The first median line thus lies in the obtuse morphological axial
angle ac, and is inclined 2° 3" to the axis ¢. The second median line
lies also in the obtuse angle ac, and is inclined 13° 13" to the vertical
axis c.

Refractive Indices.—Six prisms, ground on six different crystals
belonging to various crops, were employed in the determinations. The
results are given in the accompanying table :—

Refractive Indices of Rubidium Zinc Selenate.

] ‘
!Index.|Light. | Prism 1. | Prism 2. | Prism 8. | Prism 4. | Prism 5. | Prism 6. | Mean.
|
i (Ii|1-5123| — — | 1-5182 | 1-5135 | 15126 | 1-5129
@ 1 ¢ |15128| — 1-5136 | 1-5141 | 15182 | 1-5134
 Vibr. 4‘ Na | 15157 | — — | 1-5165 | 1-6167 | 15159 | 1-5162
par. Tl | 15188 | — — 15197 | 15201 | 15190 | 1-5194
oaM.L|| F | 15228 | — — | 1-5234 | 15240 | 15229 | 15233
LG | 15284 | — — | 15288 | 15295 | 15284 | 1-5288
8 (Ti | 15187 | 1-51%5 | 1-5198 | — 15190 | — | 1-5188
vibe |1 € | 1-5192 | 1-5181 | 1-5201 | — | 1'5197 | — | 15193
Y- 1 Na | 1+5220 | 1'5210 | 1+5280 | — | 1-522 — | 15222
par. TL | 1-5251 | 1+5241 | 15261 —_— 1-5258 — 15253
Symn. 4 @ | 1-5291 | 15280 | 1-5302 — 15297 — 1-5293
PAXS I @ | 15350 | 1°5838 | 15360 | — | 1°5354 | — | 15351
(Li — | 1+5286 | 1°5299 | 15298 | — | 1°5294 | 15294
5 C — 15290 | 1'5304 | 15303 | — | 1-5298 | 15299
Vibr.| | Na 15323 | 1°5336 | 15385 | — | 15330 | 15331
par. {3 M1 — | 1+5355 | 15369 | 15370 | — 15367 | 15365
1M.L|| F — | 15396 | 1+5408 | 15411 | — | 1-5405 | 15405
i L& — | 15487 | 15469 | 15472 | — 15466 | 15466

The intermediate refractive index of rubidium zinc selenate, cor-
rected to a vacuum, is expressed as far as F, for any wavelength A,
by the formula:—

592 314 1 397 600 000 OOQ+

B = 15067+ -

“ee e

The « indices are very closely reproduced by the formula if the con-
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stant 15067 is diminished by 0-0060; owing to appreciably increased
dispersion in the y direction, the y indices are not so accurately repro-
duced, but are approximately given if the constant is increased by
0-0109.

Alieration of Refraction by Iise of Temperature.—Determinations at
60° showed that the indices are reduced by 0-0018 by 45° rise of tem-
perature (15—60°).

Aues of the Optical Ellipsoid.—TFollowing are the values of the axial
ratios of the two optical ellipsoids—

Axes of optical indicatrix :

a: By = 09961 :1:10072.

Axes of optical velocity ellipsoid :

a:b:e = 10039 : 1:0-9929.

Molecular Optical Constants.—The calculated values of these constants
are as follows :—

Axis of optical indicatrix. a. B. Y-
Snecific refraction ng N 01051 01062 01080
PecItic relrachion, ¢ 2)¢Z = G -0°1078 | 0-1089 | 0-1108

Molecular refracmon C=m {C g;? ég 22 —,ILZ gg gg
Specific dispersion, nc,—nc e 0-0027 00027 00028
Molecular dispersion, Me —Me os e oo eeasss 167 170 178
Molecular refraction, = 1M ........... C | 11290 11420 116 53

| |

|

Optic Awial Angle—The following measurements were obtained with
the aid of three pairs of section-plates, ground perpendicular to the
first and second median lines, according to the indications of their
orientation afforded by the extinction angles :—

Apparent Angle in Air of Rubidium Zinc Selenate.

Light. Section 1. ;‘ Section 2. Section 3. Mean 2E. ]
o ’ ! o /’ c ’ o ’
Li 135 2 ‘ 139 0 138 22 137 28
C 135 7 139 6 138 28 137 34
Na 135 23 139 32 139 5 188 0
T1 135 43 139 55 139 40 138 26
¥ 186 15 140 25 140 19 139 0
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Determination of True Optic Axial Angle of Rubidium Zine Selenate.

|
No. of No. of
section | Observed | section | Observed |Calculated| Mean
Light perpendi- | values | perpendi- | values values value
ght. cular 1st of cular 2nd of of of
median 2Ha. median 2Ho. 2Va. 2Ve.
line. line.
o 7’ o / o ’ o 7’
1 67 59 la 93 39 74 57
TLi 2 68 21 2a 93 40 75 12 75 16
3 69 O 3a 93 44 75 38
1 67 55 1la 93 35 74 56
C 2 68 17 20 93 38 75 10 75 14
3 68 56 3a 93 40 75 87
1 67 31 1o 93 10 74 50 1
Na 2 67 52 2a 93 16 7B 2 75 8
3 68 35 3a 93 20 | 75 32 |J
1 67 8 la 92 45 74 45
T1 2 67 29 2a 92 54 74 56 75 2
3 68 12 3a 92 56 75 26
1 66 37 la 92 10 74 88
F 2 67 1 2a 92 26 74 48 74 55
3 67 45 3a 92 32 75 18

The dispersion is thus seen to be small, but it is distinetly greater
than in the case of the potassium salt. In cedar oil, whose refraction
is almost exactly the same as that of this salt, a section perpendicular
to the first median line exhibits the brushes fringed with colour as
follows :—

blue | red 1st M.L. red | blue

The optic axial angle is therefore greater for red than for blue, thus
confirming the results of the measurements.

Dispersion of the Median Lines—In the foregoing representation of
the coloured brush-fringes as seen in cedar oil, the obtuse angle of the
morphological axes ac is situated to the left. - The hyperbolic brush on
this side was more faintly tinted at the edges than the right-hand
brush, indicating feebler dispersion of the optic axis to the left.
Measurements in cedar oil confirmed this, and showed that the differ-
ence between the position of this optic axis for C-light and for F-light
was 8—10', whilst for the right-hand axis it was 20'. Hence the
median lines are dispersed so that the first median line lies nearer to
the morphological axis ¢ by 4—5" for red light than it does for blue.

Lifect of Iiise of Temperature on the Optic Awial Angle—Very little
change is introduced in the optic axial angle of this salt by variation
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of temperature. Measurements in succession at 10-5° and 60-5° indi-
cated that 2E increases 30" for 50° of rise of temperature.

CasiumM ZING SELENATE, CsyZn(Se0.)s,6H,0.

The analysis of a specimen of the crystals of this salt afforded the
following numbers : 0-7027 gramme gave 0°0790 gramme of ZnO, which
corresponds to 9-02 per cent. of zinc. The calculated percentage is
8-98.

Gondometry.

Eleven of the most suitable small crystals, derived from five dif-
ferent erops, were employed in the goniometrical measurements.

Habit ; flattened prismatic.

Axial angle: B = 73° 49,

Ratio of axes: ¢ :b:c = 07314 : 1 : 04971.

Forms observed: b = {010}0o®co; ¢ = {001}0P; p = {110}coP;
q = {011} Rco; m = {021}2Pco; o = {111} +P;
7 = {201} + 2Poco.

The results of the measurements are presented in the accompanying
table of angles.

The habits of the crystals of the various crops are typified by the
following figures of the double sulphate memoir (loc. cit.): figs. 9 and
10 in the description of ceesium zine sulphate, fig. 16 in the descrip-
tion of cwmsium ferrous sulphate, fig. 21, but with much larger ¢ faces,
and fig. 34 in the description of casium cadmium sulphate as far as
regards the relation of the ¢, # and ¢ faces. They are characterised
by large ¢ faces relatively to the faces of the basal plane, which latter
is usually only represented by a mere strip. The faces of the hemi-
pyramid o are often considerably developed.

The clinopinacoid b is frequently present, but the orthopinacoid «
was never observed. The clinodome m was found developed on one of
the crystals measured.

The cleavage parallel to #{201}, common to the series, was well
developed.
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Morphological Angles of Caesium Zinc Selenate. .

No. of
Angle measured. measure- Limits. Mean Calculated.|Diff.
observed.
ments.

o s o ’ o ’ o ’ 7
fac =100:00l =8| — — — 73 49 | —
las = 100 : 101 —_ e —_ 45 3 —_

se = 101 : 001 —_— — —_ 28 46 —_
j' e’ = 001 : 201 22 64 36— 64 53 64 45 64 36 9
es’ = 001 : 101 — —_ — 38 52 | —
s'r’ = 101 : 201 — — —_ 25 44 | —
l 7@ = 201 : 100 — — —— 41 85 | —
[7%¢ = 201 :001 19 115 7—115 32 115 16 115 24 8
(ap = 100 :110 — — — 35 4 | —
pp' = 110:120 — —_ — 1928 | —
p’b = 120 : 010 —_ —_ —_— 3528 —_—
pb = 110 : 010 6 54 46— 55 4 54 54 54 56 2
| pp = 110:110 19 69 55— 70 21 | 40 7 * —
lpp = 110:110 20 109 25—110 16 109 52 109 53 1
cqg = 001 :011 30 25 22— 25 42 25 31 * —_
gb = 011: 010 4 64 18— 64 43 64 33 64 29 4
9q = 011 :011 14 128 40—129 12 129 0 128 58 2
(a0 = 100:111 — — — 4812 | —
[og = 111:011 — — — 27 14 | —
Jag = 100: 011 —_— —_ —_ 75 26 —
| go = 011 :111 — — — 85 6 | —
(0@ = T11: 100 — — — 69 28 | —
(co = 001 :111 —_ — — 34 13 —
[op = 111:110 — — — 42 36 | —
<' ¢p = 001 : 110 37 76 34— 76 57 76 49 * d
) po’ = 110 : 111 16 57 52— 58 34 58 10 58 14 4
oe = 111: 001 17 44, 35— 45 21 45 0 44 57 3
pe = 110 : 001 36 102 59—108 39 103 11 103 11 0
bo = 010:111 — — — 70 87 —_
os’ = 111 :101 — — — 19 23 —_
bo' =010:111 | — — — 65 22 | —
o’s’ = 111 : 101 _— —_— — 24 838 | —
sg = 101:011 — - —_ 37 43 | —
qp = %11 : 110 36 87 24— 88 3| 87 39 8737 | 2
ps = 110: 101 — — — 54 40 | —
pq = 110: 011 36 91 52— 92 36 92 21 92 23 2
¢ = 101:011 - —_— — 45 21 —
= 011 :110 35 62 50— 63 25 63 7 63 5 2
ps’ = 110 : 101 — — - 71 84 | —
pg = 110 : 011 35 | 116 85—117 11| 11653 | 11655 | 2
7o = 201 : T11 11 34 42— 385 15 34 58 35 2 4
o'm = 111 : 021 1 — 36 56 36 54 2
mp = 021 : 110 1 e 55 47 55 49 2
Yo = 111:110 12 92 32— 92 58 | 92 48 9243 | 5
| p = 110 : 201 29 52 2— 52 28 52 12 52 15 3
L'r'p = 201:110 28 127 25~--128 2 127 48 127 45 3

Total number of measurements, 464.
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Volume.

Relative Density.—TFour determinations with independent material
afforded the following results :—

Weight of Sp. gr.
salt employed. at 20°/4°.
52958 3-1148
55387 3-1175
51525 31126
55317 31164

Mean ...... 31153

) M 7240 _ ..

Molecular Volume.— ~ = 3153 = 232-40.

Distance Ratios.—Combination of this molecular volume with the
axial angle and axial ratios already given, affords the following dis-
tance ratios :—

X:¥:o = 63860 : 87311 : 43402

Optics.

Orientation of Aaes of Optical Lllipsoid.—The plane of the optic axes
(bi-normals) is again the plane of symmetry. The sign of the double
refraction is also still positive, as for the potassium and rubidium salts.

Stauroscopic observations carried out with two section-plates ground
parallel to the symmetry plane gave the following extinction angles
with reference to the normal to the basal plane :—

Section 1 .......ouenn.. 6° T
Section 2 .......cee.e.l. 5 26
Mean ...... 5 46

The direction is in front of the normal, nearer to the inclined morpho-
logical axis ¢. This axis of the optical indicatrix is the second median
line. The first median line is accordingly situated in the acute angle
of the morphological axes ac, and is inclined 5° 46’ to the axis ¢. The
second median line lies in the obtuse angle ac, and is inclined 21° 57/
to the vertical axis c.

Lefractive  Indices.~—The results of the refractive index determina-
tions with six prisms, ground on crystals from different crops, are
presented in the accompanying table.

The intermediate refractive index of casium zinc selenate, corrected
to a vacuum, is expressed to near F, for any wave-length A, by the
following formula :—

. 704 232 2 877 600 000 900
B = 15187 + TR i + oo
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The « indices are reproduced with precisely equal accuracy if the
constant 1'5187 is diminished by 0:0036; owing to slightly increased
dispersion exhibited by the y indices, these values are reproduced with
slightly less accuracy when the constant is increased by the average
amount of 0-0050.

Alteration of efraction by Rise of Temperature—NMeasurements of
the prism angle and minimum deviation at 60°, indicated that the
refractive indices are reduced by 0°0015 for 45° rise of temperature
(15 to 60°).

Auwes of the Optical Ellipsoid.—These values are as follows :—

Axes of optical indicatrix: a«:8:y = 09977 : 1:1-0033.
Axes of optical velocity ellipsoid: w: f: ¢ = 10024 : 1 : 0:9968.

Refractive Indices of Casium Zinc Selenate.

Index. Light.| Prism 1.| Prism 2.| Prism 8.| Prism 4.| Prism 5. | Prism 6. Mean.
(Li — 1-5285 | 1-5287 | 1-5296 | 1-5293 — 15290
e |c — {15290 | 15292 | 1-5802 | 15298 | — | 15295
Vibr. ‘_{' Na — 1-56321 | 1-56323 | 16332 | 15327 — 15326
par. |} T1 —_ 1+56358 | 1-5356 | 156362 | 15360 e 1-5858
2M.L| | F — 15395 | 15396 | 15404 | 1-5402 — 15399
& —  |"1'5454 | 1°5456 | 1°5464 | 1+5461.| — 15459
8 (Ti 15323 -— 1-5326 —_ 1-6327 | 1-5328 | 1-5326
Vibr Cc 15327 —_— 1-5332 —_ 1-6332 | 1'6334 | 1-56331
m‘l' J Na | 15359 — 1°5361 —_— 1-5364 | 1'56365 | 15362 |
Pn m | T 1-5391 — 15396 — 15395 | 15395 | 15394,
TEIE 105482 | — | 15484 | — | 1°5437 | 1°5487 | 1-5435
S | 145491 — 15497 — 1:5496 | 1°5498 | 1°5495
(Li | 1-5371 | 1-56371 — | 15381 — 15876 | 15375
v C 1-5877 | 15377 — 15885 — 1-5381 | 1-5380
Vibr. Na | 1:56409 | 1-5408 — 1°5418 —_ 1°5411 | 1'5412
par. | T1 | 1-5448 | 15444 — 15451 — 1-5445 | 15446
IML.| | F 1°5484 | 1-5486 — 15493 —_— 1-5488 | 1 5488
& 1-55644 | 1-5547 — 15654 — 15549 | 1+5549
Molecular Optical Constants.—These are as under :—
Axis of optical indicatrix. a B Y

. -1 _ C| 00991 0°0996 01004 |
Specific refraction, -m—=— ( Tre)d = eeaen {G 01016 0-1029 0-1080
72— B 29414, .
Molecular refractlon, w1 l\iz m .. {g 173 7214 7269

wiis 7358 73-98 | 7458
Specific dispersion, Ng=1g sevseevseanans 0°0025 0°0026 00026
Molecular dispersion, g =10 ¢ eeeienns 1-85 1-84 1-89

“IM oo 0| 123°06 | 12389 | 12503

. n
Molecular refraction,
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Optic Axial Angle.—The optic axial angle in air 2E is so large as to
be only measurable with some difficulty, even in the cases of the largest
and most perfectly transparent sections. Owing to the relatively small
double refraction of all the salts of this series, sections require to have
a thickness of at least a millimetre in order to afford small rings and
sharp brushes. Hence, if the section is not of considerable, and not
always attainable, relative breadth the brushes become obscured. Two
of the sections prepared enabled trustworthy measurements to be
obtained, but the others, although excellent for 2Ha, did nrot exhibit
adequately clear brushes in air.

Apparent Angle in Air of Ceesium Zine Selenate.

Light. Section 1. Section 2. Mean 2K,
Li 162 50 165 20 164 5
C 163 12 165 33 164 22
Na 1656 43 166 30 166 6
Tl 168 21 167 23 167 52

No measurements were obtainable beyond the green, the angle
becoming too large.

From the results given in the accompanying table for the true angle,
it will be observed that the dispersion of the optic axes is considerably
greater than in the cases of the potassium and rubidium salts. To
confirm its nature, and determine the dispersion of the median lines,
a liquid was sought for whose refraction was the same as that of the
crystals, and which was without action on them. Pure methyl
salicylate fulfils these conditions, and the interference figures afforded
by sections perpendicular to the first median line were observed, while
immersed in a cell of this liquid. Measurements in C and F light
afforded angles almost identical with those calculated from 2Ha and
2Ho as measured in monobromonaphthalene, and showing the same
amount and order of dispersion.

Four pairs of section plates were employed in the determinations of
the true angle.
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Determination of True Optic Axial Angle of Cesium Zinc Selenate.

No. of ! No. of ‘
SeCtéogi Observed | sict;gréi Observed | Calculated| Mean
Light. pzlil:rnls‘t' values gglgr an- values values | value
(;ne{dian of 2Ha. median of 2Ho. of 2Va. ‘ of 2Va.
line. line. ‘
1
o ’ 3 < 7 o ’ 1 o 7
1 76 27 1a 87 33 | 83 37 '
. 2 76 12 2¢ | 87 28 | 83 30 |
Li 3 76 15 3« | 87 30 | s3 3L | (8% 33
4 76 20 40 87 30 83 34
1 76 23 la | 87 32 | 83 34
2 76 6 2a 87 27 | 83 27
¢ 3 76 9 3a 87 20 | 83 28 | (83 30
4 76 14 40 | 87 28 | 83 32
: 1 N5 43 la 87 26 | 83 12 ‘l
2 75 26 2 87 23 | 83 4
Na 3 75 25 30 87 27 | 83 1 |8 6
4 75 29 4o 7 24 | 83 5
1 75 1 la 87 18 | 82 50 1
2 74 47 20 87 18 | 82 41
L 74 49 3¢ 87 24 | 82 39 |52 43
L4 74 49 4o 87 20 | 82 41
J'; 1 T4 17 la 87 9 | 82 26
L2 73 53 2a 87 11 | 82 10
F oS 3 73 55 30 87 21 | sz ¢ |82 14
L 4 74 0 da 87 14 | 82 12
I
|

Dispersion of the Median Lines.—When the true angle is observed in
methyl salicylate in white light, the brushes are seen to be highly
coloured in accordance with the following scheme :—

blue | red 1st M.L. red | blue.

The angle is thus indubitably the larger for red. If the section is
arranged so that the obtuse angle of the morphological axes ac is
situated to the left, the optic axis to the right is found to be less dis-
persed between C and Tl light by about 10" than the left-hand axis.
Hence the median lines are dispersed by about 5’ between the same
wave-lengths, and so that the first median line lies nearer to the mor-
phological axis a for red than for green.

Effect of Rise of Temperature on the Optic Awial Angle—Repeated
measurements of 21§ with the best of the sections at 60°, indicated that
the angle in air decreases about 3° for 50° rise of temperature.
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Comparison of the Three Sults.

A concise statement of the conclusions to be drawn from a comparison
of the results for the three salts will be found in the Abstract published
in the ‘Proceedings of the Royal Society,” vol. 66, p. 248.
following comparative tables and diagrams will enable these conclusions
to be clearly appreciated.

Comparison of the Morphological Angles of the Three Zinc Salts.

bo

bo’
o’s’

sq
qp
jO.S‘
{
ap
ps’

o’
o'p
pr’

LU

LI

[

[

O 1

Il

Angle.

100 :
100 :
101 :
001 :
001 :
101 :

201 :

100 :
110 :
120 :
110 :

001 :
Ol11 :

100 :

111 :

100 :

011 :

I11:

001 :
111 :
001 :
110 :
111

010 :
111

010 :
T11:

101
011
110 :

101
011
110

201
111
110 :

: 001

111

: 101

111
101

: 011
: 110

101

: 011
: 110
: 101

: 111
: 110

201

Potassium

o
75
46
29
63
38
24,
41

35
19
34
54

26
63

49
27
77
34
68

35
43

56
44

69
20

65
24
38
85

4.‘5
64
70
34

52

salt.

’

48
19
29
12(15)
22
50

0

52

42
17
31
12

11
21
32
50
38

51
9

33
10
17

Diff.

¢ =87
|+ 4

| +16

| +15(4)

74!
45
28
63
38
25
41

35
19
34
54,

25

64
48

34
69

34
43
77

44

70
19

65
24

38
86

»

.5
63
71

34
92

The

Rubidium . Ceesium
salt. Diff. salt.

’ ’ o ’
44 —55 78 49
47 —4 45 3
57 — 28 46
42(53)|  + 54 64 386
24 — 38 52
18 +26 25 44
34 — 41 35
38 —34 35 4
28 — 19 28
54 + 34 35 28
22 — 54 56
50 —-19 25 31
10 — 64 29
59 —47 48 12
19 — 27 14
18 —~52 5 26
37 — 35 6

5 +23 69 28
34 —21 34 13

5 — 42 36
39 —50 76 49
43 — 58 14
38(45)|+19(12)1 44 57
13 +24 0 70 37
47 —_ 19 23
14 +8 65 22
46 —— 24 388

2 —19 37 43
30 +67 87 87
28 — 54 40

8 — 45 21
30 —-25 | 63 &5
22 +12 | 71 34
49 +18 | 385 2
39 — 92 43
32(21)| —17(6) | 52 15

52




Study of the Double Selenates of the Series R,M(Se0,),,6H,0. 79

The minutes figures in brackets in the table are the observed values
in those cases where the differences between the observed and calcu-
lated values are appreciable.

The angular change is not generally directly proportional to the change
in the atomic weight of the alkali metal, the maximum variation from
direct proportion among the primary angles being exhibited by the
prism zone, where the changes in ap or ip are as 1 to 23.

Comparison of the Axial Ratios

For potassium zinc selenate, @ : b : ¢ = 07458 : 1 : 0'5073
5, Trubidium ” a:b:iec = 07431 :1:05019
,,  Coesium ’ ) a:bic = 07314:1:04971.

Comparison of the Relative Densities.

Potassium zinc selenate ...... 2-5537
‘ Diff.  0-3067

Rubidium ,, sy evenes 2:8604
Diff. 0-2549

Ceesium ’ sy e 31153

The difference between the densities of potassium zine and rubidium
zine sulphates is 0-343, and between those of the latter salt and caesium
zine sulphate 0-283.

Comparison of the Molecular Volumes.

Potassium zinc selenate ...... 210-13

Diff. 977
Rubidium ,, sy eeeees 219-90

Diff. 1250
Ceesium ’ 5y reeens 232-40

The differences for the two replacements in the zinc double sulphates
were 952 and 12-68.

Comparison of the Distance Ratios.

" i
X Diff. 1 b, Diff. Diff.
! ——
KZn selenate...| 61941 | 8-3054 42133
1121 1809 460
RbZn ,, ...| 6°3062 | 8 4868 42593
798 | 2448 809
CsZn  ,,  ...| 63860 |———! 8811 |——n| 4°3402 l——u
1919 ] 4257 L1269
t :
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These ratios may be simplified by referring them to ¢ for KZn
selenate as unity, when the values for that salt become identical with
the axial ratios. These ratios are as under :—

X Diff. v, Diff. Diff.
KZn selenate...: 0°-7458 1 05073

| 135 218 55
RbZn ,, ...| 0°-7593 1-0218 0°5128

| 96 293 98 |
CsZn ,, ... 07689 |———— 10513 —| 05226 |————

j 231 513 153

Comparison of the Orientations of the Optical Indicatrix.

Inclinations of Axis « of Indicatrix to Vertical Axis c.

For potassium zinc selenate ...... 9 9
, rubidium ’ veeens 1313

,,  Cmsium ’ 9 eeees . 21 b7

The rotation of the ellipsoid is clearly illustrated by fig. 2.

Comparative Table of Refractive Indices.

{ |

Index. Light. KZn selenate. | RbZn selenate. | CsZn selenate. I

r Li 15087 15129 15290 ’
a | ¢ 15092 15134 1+5295
Vibr. | Na 1-5121 1-5162 1-5326
par. 1 Tl 15151 15194 15358
2 ML. | F 15189 15233 15399
L G 1 5244 15288 15459
8 r Li 15146 1-5188 15326
vive, | C 15151 1-5193 1-5331
: Na 1-5181 15222 15362

par. o Tl 15212 1-5253 15894 .

symim. T 1-5252 15293 1-5435 !
BN G 15307 15351 15495
( Li 15297 1°5294 1-5875
v C 15302 1-5299 15380
Vibr. Na 1-5335 1-5331 1-5412
par. Tl 15369 15365 15446
1 M.L. F 15410 15405 1-5488
L G 15471 15466 15549

|




Study of the Double Selenates of the Series R,M(SeO,),,6H,0. 81

The best mode of comparing the refraction of the three salts is
probably to take the mean of all three indices, for an intermediate
wave-length, of each salt, and to set these mean indices side by side.
Such values for sodium light are given below.

Mean refractive index of KZn selenate for Na light... 1-5212

Diff. 26
’ ” RbZn ,, ’ ... 15238

5 129
’ ” CsZn ’ ... 16367

The mean refractive indices of the K, Rb, and Cs zinc sulphates are
1:4859, 1-4897, and 1-5054. The differences, 38 and 157, are thus
reduced when sulphur is replaced by selenium.

Comparison of Double Refraction, Nay._a.

For KZn selenate ............ 0:0214

Dift. 45
, RbZn ... 0-0169

) 83
,, CsZn e 0:0086

The difference for the first replacement, 45, is thus nearly double that
of the mean refraction, 26. This explains why, in spite of the general
progression in refraction, the y indices of RbZn selenate are slightly
less than those of the KZn salt.

The relations of the refractive powers of the three salts are con-
cisely expressed by the axial ratios of the optical ellipsoid, which are
compared beneath, and even more clearly by the continuous curves in
fig. 3, which express them graphically.

VOI.. LXVIL G
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KZn selenate
RbZn
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Cs/Zn

KZ7n selenate

RbZn

kxl

CsZn ,,

3
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Comparison of the Optical Ellipsoids.

Optical Indicatrix.

a 8 v  Double refraction.
0-9960 : 1 : 1-0101 141
09961 : 1 : 1-0072 111
09977 . 1 : 10033 56

. Optical Velocity Illipsoid.

a I 13

140040 : 1 : 0-9900 140

1:0039 : 1 : 09929 110

1:0024 : 1 : 0:9968 56

Comparison of the Optical Indicatrices when Syzn= 1.

o B b

0-9960 01 ;10101
28 27 2

0-9988 : 10027 ;o 1-0099
108 92 53

10096 : 10119 ;10152

The last series of ratios shows the total change of the ellipsoid on
passing from one salt to another, and the numbers are obtained by
considering the initial length of the § axis, that is, its length in the
potassium salt, as unity. They are graphically expressed by the
dotted curves in fig. 3.

T1e. 3.
T I
I L
{my -~
Cs & A "’{(\ ' 5 .(
N |
/ |
/ BN . |
Rb g S _
N
60 - \
X 5 3 b ;
? |
——
0995 +000 +005 1010 3015

Axial ratios of optical indicatrix.
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Besides the main conclusion regarding these axial ratios, given in
the Abstract, it will be observed that a notably less change occurs in
the length of the y axis of the indicatrix than along the other two
axes, when the total change is considered; this is illustrated by the
less sweep of the corresponding curve of the dotted series shown in
fig. 3. When the relative change only is considered the reverse is
observed, the change along the y axis being the maximum, and its
curve of the continuous series in fig. 3 taking the greater sweep. The
relative relationships of the three axes to one another, in the case of
each salt, govern the magnitude of the optic axial angle of each salt,
and the fact that the positions for the rubidium salt are intermediate,
points to an intermediate optic axial angle for that salt, an expecta-
tion which the next table shows is fulfilled.

The diminution of the double refraction as the atomic weight of the
alkali metal is increased is clearly shown by the ratios, and by the con-
vergence of the curves.

Comparison of True Optic Axial Angles, 2Va.

! Light. KZn selenate. | RbZn sclenate. | CsZn sclenate.
I i
i N W"() o ; T o ’ o o —“»;»
Li 66 12 ! 75 16 83 33
‘ ¢ 66 13 | 75 14 83 30
| Na 66 15 | 75 8 8 6
Tl 66 17 } 7% 2 82 43
P 66 20 L7455 82 14 ,5

The symmetry plane is the common plane of the optic axes. The
double refraction is positive for all three salts, and the disposition of.
the median lines is also.identical, subject to the rotation of the whole
optical ellipsoid.

Comparison of the Molecular Optical Constants.

e Ty ni-1
Specific Refraction, = .
For ray € (He). For ray Hy near G-
/ - A o e e Y
a 8 y a B8 L%
KZn sel. 01170 0-1181 01210 01199  0-1211  0-1242
119 119 130 121 122 184
RbZn sel. 010561 0-1062 0-1080 0-1078 0°1089 0-1108
60 66 76 62 67 78

CsZn sel. 00991  0-0996 0°1004 01016 01022 0-1030
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Molecular refraction, m-1 M =
n?+2 d
For ray C (Ha). For ray Hy near G.
- ~ == M r 8 \
o B v a B Y
KZn sel. 6276 6337 6493 64-33 64-98 6665
337 3:40 299 347 349 305
RbZn sel. 66°13 6677 67:92 67-80 6847 69-70
560 537 477 578 551 488
CsZn sel. 7173 7214 7269 7358 7398 T4:58

Specific Dispersion, g — ne.

o B %
KZnsel. ...... 00029 0-0030 0:0032
RbZn sel. ...... 0:0027 0:0027 0:0028
CsZn sel. ...... 0-0025 0:0026 00026
Molecular Dispersion, mg — mg.
a B ¥
KZn sel. ......... 157 1-61 172
RbZn sel.......... 1-67 1-70 178
CsZn sel. ......... 1-85 1-84 1-89
Molecular Refraction (Gladstone), ;; D
a B %
KZn sel. ... 107-:00 108-24 11141
590 596 512
RbZn sel. ... 112-90 114-20 11653
1016 969 850
CsZn sel. ... 123-06 123-89 12503

The rules stated in the Abstract regarding specific and molecular
refraction ave independent of the wave-length, and whether they are
calculated by the formule of Lorenz or Gladstone and Dale. They
are also independent of temperature, for it has been shown with
regard to each salt that the refraction is diminished by rise of tem-
perature, and the density, the other factor in the calculation, is
naturally affected in the same direction by increase of temperature.

The replacement of sulphur by selenium in these zinc double salts is
accompanied by an increase of molecular refraction of 7-0—74 Lorenz
units or 13:0—13'9 Gladstone units for the ray C, according to the
direction compared. The increase due to each atom is thus 3-5—-37 or
6'5—69 units. The values derived from a comparison of the simple
sulphates and selenates were 3:4—3'8 or 6:2—7:2. The mean values
derived from the two series are thus identical.

In the next communication the magnesium group of salts will be
descrihed.




