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VIIL. Monoclinic Double Selenates of the Iron Group.

By A. E. H. Turron, D.Se., M. 4., F.R.S.
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Received February 2,—Read February 21, 1918.

THE investigation of the crystals of the four salts of the series R,M(Se0,), . 6H,0, in
which M is ferrous iron, and R is potassium, rubidium, ceesium, and ammonium, has at
last been successfully and completely accomplished, both morphologically and optically,
and the results are presented in this communication. The difficulties which have
delayed it are described in a separate memoir, read at the same meeting of the Royal
Society and published in the ‘ Proceedings,™ together with details of the manner in
which these difficulties have been overcome.

"The main obstacles were (1) the difficulty of preparing ferrous selenate FeSeO,, a
salt very much less stable than ferrous sulphate FeSO,; (2) the ready oxidation of its
solution in water and of the solutions of the double selenates obtained by the addition
of the calculated quantity of the alkali selenate, and (8) the especial difficulty under-
lying the formation of potassium ferrous selenate, and the fact that even when formed
the crystals of this salt decompose and become opaque like porcelain within a very few
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hours.

There is no record of rubidium or cesium ferrous selenates having ever been
previously either prepared or investigated, crystallographically or physically.
Ammonium ferrous selenate was prepared by H. Topsgr,T and its goniometry and a
density determination were described by him in his 1870 dissertation ; its optics were
also to a very limited extent described by him in conjunction with C. CHRISTIANSEN,
in their well-known memoir of 1874. Potassium ferrous selenate offered such
insuperable difficulties, however, that Torsgr was only able to obtain four approxi-
mate measurements of exterior angles, and no attempt at a density determination
was made ; for, as he states in his 1870 dissertation, he found that the crystals which
he obtained decomposed immediately after their removal from the mother liquor. The
salt was consequently never able to be handed over to Prof. CHrisTrANSEN] for optical
investigation, and is entirely omitted from their joint 1874 memoir.
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* ¢Roy. Soc. Proc.,” A, vol. 94, p. 352 (1918).

t ¢ Krystallogr.-kem. Unders. over de selensure Salte,” Copenhagen, 1870.

i ¢Ann. Chim. Phys.,” series 5, vol. 1, p. 1 (1874). It is with great regret that the author learns of
the death of Prof. CHRISTIANSEN on December 28, 1917.
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396 DR. A. E. H. TUTTON ON THE

It has been shown in the separate memoir on the chemistry of these double
selenates that a successful and ready method of preparing ferrous selenate in solution,
which automatically preserves it in the ferrous condition by retarding oxidation by
atmospheric oxygen, is afforded by acting on pure ferrous sulphide in the cold with
moderately dilute selenic acid. The especial difficulty of obtaining potassium ferrous
selenate from the filtered solution of ferrous selenate, after admixture with the equal
molecular proportion of potassium selenate in fairly concentrated solution, has been
overcome by making the preparations in the coldest winter weather, the crystals
successfully obtained having all been deposited during the four coldest nights of early
January, 1918, which were distinguished on Dartmoor for their exceptionally low
temperature. The crystallisation occurred in a partial vacuum over oil of vitriol,
under the receiver of an air pump. The goniometry and optics were carried through
on the succeeding day, immediately after removal from the mother liquor, in each case,
during the four or five hours of the transparent life of the crystals and in a very cold
room without fire or other artificial heating.

Potassium Ferrous Selenate K Fe (Se0,), . 6H,0.

The four crops of beautifully clear, transparent, pale green crystals obtained of this
remarkable salt were produced during four very cold nights in the manner just
described, and given in more detail in the ‘ Proceedings’ memoir on the chemistry of
the group (p. 860). They were derived from three separate preparations, only one of
which yielded a second crop on the next, also very cold, night. The temperature of
the laboratory on all four nights was only just a fraction of a degree above 0° C., there
being from 8° C. to 106° C. of frost outside. Further crops from these preparations,
after filtering from oxidised ferric products, and all those derived from the numerous
other preparations made in cold, but not such extremely cold, weather, consisted only
of very minute crystals, quite unsuitable for goniometrical examination, which
corresponded with those which Topsgn states are produced at ordinary temperatures
on moderately mild or warm days, and which he describes as having the composition
K,Fe (Se0,), . 2H,0 and as being of probably triclinic symmetry.

According to Topsgk the decomposition of the crystals of the hexahydrated salt is
due to their conversion into this dihydrated salt at a temperature but a few degrees
above the freezing point of water. Confirmatory evidence of this will be afforded
when the density is discussed, as the author found that the density rises continuously
and quite markedly during every half-hour of the life of the crystals after decomposi-
tion once starts.

There is no doubt that this potassium salt of the iron group is unstable for the
reason that in the regular descent in stability, which the author has shown to be
general for all the groups of salts of this hexahydrated series (including the double
sulphates), from the ceesium salt through the rubidium salt to the potassium salt, the
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MONOCLINIC - DOUBLE SELENATES OF THE IRON GROUP. 397

limit of existence is actually attained in the iron group when the potassium salt is
reached, at a temperature which is but very slightly above 0° C.

By intensive work on the four cold days succgeding the very cold nights in
question—commencing early in the morning, immediately after removing the crystals
from their mother liquor and drying them with a soft handkerchief—and -by
keeping the room cold, it has been found possible to measure completely (1) the whole
of the exterior angles of six crystals; (2) to determine the density of a considerable
number ; (8) to measure the extinction angles and (4) the optic axial angles, and (5) to
determine all three refractive indices directly, for the usual range of the seven wave-
lengths of light employed by the author. The only observations, of the author’s
usual scheme of work, which have not been possible with this salt are those carried
out at higher temperatures, which are obviously out of the question with a salt of
such extreme instability at temperatures even somewhat lower than the ordinary.
At 20°C. to 30° C. decomposition is immediate, and even when working in an
unpleasantly cold room the life of the crystals does not extend to a second day, even
if they be covered by an inert liquid such as benzene, a device which, however, does
somewhat prolong their existence, possibly by a couple of hours. On the second
day the crystals were as opaque as plaster of Paris.  One crystal employed, however,
which was of tabular form and mounted between truly plane glass plates in a quickly
drying medium of very hard Canada balsam dissolved in benzene, in a manner which
entirely enveloped the crystal (all the rest of the air film between the two glass plates
being filled up by the balsam) remained transparent for nearly a week. Other
attempts at such preservation have not, however, succeeded. Thus 5 to 6 hours’ time
was the usual limit for work on any crop of crystals. To leave any particular crystal
in the mother liquor until ready for work with it proved useless, for the edges became
rounded as the temperature of the room inevitably rose slightly during the advance of
the morning. The actual temperature of the laboratory, however, never rose above
6° C. during all the measurements and determinations, except during the density deter-
minations, when absolutely fresh crystals were employed, surrounded by the usual
mixture of methylene iodide and benzene, which preserved them completely free from
decomposition during the short time which the Retgers immersion method demands.
This work now described would obviously have been quite impossible in summer.

The grinding of section-plates and prisms was avoided as far as possible, because
ground surfaces become opaque from decomposition with great rapidity. Special
optical methods were employed for most of the work, the crystals being immersed in
an inert liquid, cedar oil, which most fortunately happens to possess almost the same
refractive index as the mean index of the crystals (o + 8 + y), and likewise a very
similar dispersion. But the results, although there could thus be no doubt of their
accuracy, were confirmed on the last of the four days by the successful grinding
of a sufficiently transparent 60°-prism from one of the larger crystals obtained, so
orientated as to afford direct values for the indices « and v, and by the accomplishment
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398 DR. A. E. H. TUTTON ON THE

of the determination of these indices therewith before opacity supervened (which
occurred within a further hour). The values obtained from this ground prism proved
to confirm fully the results previously obtained, and as the third (intermediate) index
of refraction B had been afforded twice over absolutely directly by two natural prisms
employed, the whole of the optical constants were thus ascertained in a manner which
rendered them fully trustworthy.
Morphology.
Crystal System.—Monoclinic. Class No. 5, holohedral-prismatic.
Ratvos of Axes.—
a:b:ic=07490:1:05044. Torsgr’s approximate values 07407 : 1:0°5007.

Axial Angle—B = 103° 50’.  Approximate value of Torsgr, 104° 15",

Forms Observed.—a {100}, b {010}, ¢ {001}, p {110}, p’ {120}, ¢ {011}, »/ {201},
o’ {111}, and »’ {121}. The forms ¢ {100} and p’ {120} were not observed by Torsgk.

Habit.—More or less tabular parallel to ¢ {001}, fig. 1, to short prismatic parallel
to p {110}, occasionally with especial elongation of one parallel pair of the p-prism
faces only (fig. 2).

Fig. 1. Fig. 2.

The great majority of the crystals obtained were of the tabular type illustrated in
fig. 1, and this type proved very useful in the optical work, as the bisectrix of the
obtuse angle between the optic axes is nearly identical with the normal to the plate,
which latter is parallel to the faces of the basal plane ¢ {001}. The type shown in
fig. 2 was represented by one of the finest and largest crystals obtained. In all the
crystals the c-faces and p-faces predominated, usually the former to the greatest
extent. The g-faces were, as with all the potassium salts of the series, small. The
'-faces were generally rather large, and sometimes were very prominent indeed, a fact
which has been observed to be characteristic of the iron groups of both the double
sulphates and double selenates. Three good measurements were obtained from little
a-faces, of a narrow type but excellently reflecting. The faces of b {010}, o/ {I11},
and n/ {121} were only very minute (usually almost imperceptible lines), and afforded
no adequate reflections of the signal. Several little p'-faces were observed, however,
and in two cases good measurements were obtained. :

The table of angles is given on the next page, and it is a somewhat surprisingly
satisfactory one, considering the circumstances under which these six crystals had to
be measured. '
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INTERFACTAL Angles of Potassium Ferrous Selenate.
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No. of . Mean . .
Angle measurements. Limits. observed. | Caleulated. Diff.
(ac = (100): (001) 3 76 2- 76 16 76 8 76 10 2
as = (100;;(101) — — — 46 46 —
sc = (101): (001 — — — 29 94 —
er’ = (001):(201 11 62 43- 63 1 62 47 62 38 9
1es = (001):(101) — — - 37 58 -
§r = (101): (201) — — — 24 40 —
ra = (201):(100) 1 —_ 41 11 41 12 1
L#'c = (201):(00T) 10 117 0-117 30 117 13 117 22 9
(ap = (100):(110) 12 35 40- 36 11 36 1 36 1 0
pp’ = (110): (120) 2 19 15- 19 34 19 25 19 28 3
ph = (120; : (010 — — — 34 31 —
Jpp” = (110): (130 — — — 29 21 —
b = (130): (010) — — — 24 38 —
pb = (110): (010) — — — 53 59 —
= (110): (110) 9 71 31- 72 21 72 2 ¥ —
pp = (110): (110) 9 107 39-108 18 107 58 | 107 58 0
¢g = (001):(011) 20 25 45- 26 26 26 6 * —
{qb = (011) : (010) _ _ — 63 54 —
g9 = (011):(011) 8 127 19-128 27 127 49 | 127 48 1
(a0 = (100):(111) — — — 49 59 —
og = §111):(011) — — — 27 37 —
ag = (100):(011) -— — -— 77 36 —
g0 = (011):(I11) — — — 34 12 —
da = (111):(100) — — e 68 12 —
{co = (001):(111) — —_ —_ 35 9 —
[op = (111):(110) — — - 43 42 —
Jep = (001): (110) 14 78 44- 79 8 78 51 * —
po = (110):(111) — —_— — 56 54 —
to’c =5111):(001) — — — 44 15 —
pe = (110): (00I) 14 100 52-101 30 101 9 | 101 9 0
bn = (010): (121) — —_ — 53 41 —
no = (121): (111 — — — 16 8 —
bo = (010): (111 — — — 69 49 —
os = (111):(101) — — — 20 11 —
(b = (010):(I11) — — — 65 17
io’s’ — (111): (101) — — — 24 43 —
oo = (111): (111) — 49 26
sg = (101):(011) — —_ — 38 31 —
gp = (011):(110) 13 84 57- 85 27 8512 | 8 8 4
ps = (110): (101) — — — 56 21 —
pg = (110): (0IT) 14 94 21- 95 8 94 47 94 52 5
[sg = (101):(011) — — — 44 55 -
gn = (011): (121) — — — 27 1 —
np = (121): (110) - — — 37 22 -
gp = 5011 : (110 9 64 2- 64 41 64 23 64 23 0
ps = (110): (101 — — — 70 42 —
lpg = (110):(011) 9 1156 19-116 7 115 37 115 37 0
r'e’ = (201):(1I11) —_ —_ — 34 22 —
op = 2111):(110 — — — 93 17 -
pr = (110): (201 4 52 92- 52 32 52 29 52 31 -2
rp = (201):(110) 4 127 28-127 38 127 31 127 29 2
Total number of
measurements . 166
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400 DR. A. E. H. TUTTON ON THE

The forms given in the list other than @ and p are the same as were observed by
Topsge. The only four angular measurements which he obtained were as follows :—
pp = (110):(110) = 71° 21/, ep = (001): (110) = 101° 32/, e’ = (001): (201) == 63° 1,
and pg = (110): (011) = 85° 30/, all of which he states were only approximate, owing
to the crystals becoming dull and decomposed immediately after removal from the
mother liquor. They differ considerably from the accurate values now obtained.

Cleavage.~—It was not possible to determine the cleavage with accuracy, on account
of the rapid decomposition of cleaved surfaces, but it would appear that the usual
cleavage parallel #' {201}, developed throughout the series, is also shared by

potassium ferrous selenate. -
Volume.

Relative Density.—The following results were obtained in six determinations by
the Retgers immersion method. The first four were with crystals belonging to one
crop, and were carried out immediately after removal from the mother liquor and
careful drying with a soft handkerchief; the last two were carried out on another day,
with another of the crops, the crystals used being also transferred directly from the
mother liquor to the immersion liquid, after » few moments occupied in the drying
with a handkerchief. The results are seeii to be eminently concordant. A different
room was employed for the work of making the liquid of exactly the samé density
as the crystal, the temperature of which was higher than that of the laboratory ; for it
is inadvisable to work at a temperature much more than 5° below 20° C. (the standard
temperature of all the author’s density comparisons), on account of the large
magnitude of the correction for the coefficient of expansion of the crystals which is
then involved. The crystals were not at all adversely affected during the rapid work
at the temperature of 18° — 15°, as they were immersed in the heavy protective liquid,
being quite as transparent at the finish as when immersed, and several of them were
employed immediately afterwards in the goniometrical work.

I. Density for 18°:0/4° . . 24931 For 20°/4° . . 24914) Mean
IL. L 15%0f4° . . 214944 L 20°/4° . . 24932 | v 1091
T11. y 13°8/4° . . 24930 , 200040 .. 2'4913(

IV. . 14°°4/4° . . 2'4989 , 20°[4° . . 274925 |
V. . 18°°6/4° . . 2'4955 , 20°[4° . . 249397 .
A KA 2:4941
VI . 15%4f4° . . 24953 . 20°[4° . 2°4942
Mean . . . 24928

As it is probable that the higher mean value for the second of the two different
preparations is nearer the truth for cavity-free crystals, the value accepted for 20°/4°
18 2494

- M 52472

Molecular Volume — — = ="~

olecular Volume 7 = 2104

Molecular Distance Ratios (topic axial ratios).—

XY= 62230 : 83085 : 4°1908&.

= 21039,
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MONOCLINIC DOUBLE SELENATES OF THE IRON GROUP. 401

In addition to the above determinations of density with clear, transparent,
absolutely fresh crystals, a number of further determinations were made with crystals
in the act of decomposing, employing some that were only just showing the first
signs when placed in the immersion liquid, and continuing with the same crystals, a
fresh determination of their density being made each half-hour. The temperatures
- of the liquid only varied from 13°7 to 14°'5, and the results for 20°/4° of seven
successive determinations at the half-hour intervals were 2°5211, 2°5238, 2'5296,
2'5442, 25551, 2'5622, and 2'5726. It is thus obvious that the crystals became
denser as decomposition proceeded. This would appear to agree with the conclusion
of TopsgE that the monoclinic crystals of the hexahydrated salt K,Fe (8¢0,), . 6H,0,
which are only stable up to a temperature but slightly above 0° C., break down at
ordinary temperatures into microscopic triclinic crystals of the dihydrated salt

K,Fe (SeO,), . 2H,0.
Optacs.

The author’s usual procedure—including the grinding of two section-plates parallel
to the symmetry plane for extinction determinations of six section-plates (three
perpendicular to each of the two median lines) for optic axial angle measurements,
and of six 60°-prisms for refractive index determinations—was not possible with this
unstable salt. As already mentioned, only four crops of the crystals were obtained,
and the life of any one crystal was not more than six hours, after which it had usually
become hopelessly opaque from decomposition. Hence, very rapid methods of work
and avoidance of the grinding of many surfaces (which become much more rapidly
opaque than natural ones) were essential, for the time lost in grinding a plate or prism,
which when finished was useless, could much more profitably be spent in making
confirmatory measurements with other natural crystals.

All the optical work, therefore, was carried out with three natural plates, tabular
crystals parallel to the basal plane ¢ {001}, two natural prisms formed by a pair of
p-faces (inclined at 72° 2') and a pair of g-faces (inclined at 52° 12), and one ground
prism (of 60°) only, the latter from the largest of the crystals obtained and ground
accurately to afford the a and y indices, the grinding of which was fortunately
accomplished and the measurements obtained with it just before opacity supervened.

Each of the three crystal plates was mounted with hard balsam in benzene on a truly
plane glass plate (one of the circular ones a centimetre diameter provided with the cut-
ting and grinding goniometer) and covered with a small piece of thin cover glass, the

crystal being completely protected by the balsam and its life thereby lengthened by an
" hour or two (in one exceptional case longer). Each crystal plate was rhombus-shaped
(see fig. 1), the four p-faces being the main rhombus-determining edge faces. It was
suspended by its circular glass mount-plate truly vertically from the adjusting apparatus
of the polariscopical goniometer, so that the shorter diagonal of the rhombus (from
front to back in fig. 1), the trace of the symmetry plane b {010}, was horizontal ; it
was also adjusted so that the centre of the rhombus-like c-face was in the optical axis
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402 DR. A. E. H. TUTTON ON THE

of the polariscope. On raising into position the cell containing the immersion liquid,
cedar oil, of similar refractive index (u = 1'5102 for Na-light) to the mean index of
the crystals,® so that the crystal occupied the centre of the cell, and then rotating the
goniometer circle (with the crystal-carrying axis rigidly fixed to it) first on one side
and then on the other, the optic axial interference figure was seen, with the optic
axes separated at their true obtuse angle, the more accurately true the more nearly
identical the refractive indices of the liquid and the crystal. For the plane of the
optic axes 18 the symmetry plane b {010}, which had been horizontally adjusted ; and
the second median line, the obtuse bisectrix and axis « of the optical indicatrix as the
sign of the double refraction 1s positive, is very nearly perpendicular to the basal
plane ¢ {001}, the plane of the crystal plate.

Three different constants were then determinable :——(1) the exact position of the
second median line with reference to the normal to the basal plane ¢ {001}, which is
the same as the normal to the glass mount-plate, for the circle reading for this normal
could be directly observed ; (2) the true acute optic axial angle 2V, for this is the
supplement of the true obtuse angle 2V, directly measurable, and is indeed itself
directly measurable by further rotation of the circle; (8) the dispersion of the
median lines. The course of these operations was as follows.

The crystal plate was first adjusted so that the plane of the plate and of its mount-
plate was approximately truly vertical, parallel to the goniometer axis, and the circle
reading of the polariscopical goniometer was determined for the position when the
plane of the plate was exactly normal to the axis of the polariscope, the crystal-holder
and the steel axis carrying it and its adjustments being locked immovably to the
circle axis. This adjustment of the plate to normality was rendered readily possible
by use of the Becker transparent mirror-and-lens fitting, described on p. 34 and
illustrated "in fig. 138 of the author's “ Crystallography and Practical Crystal
Measurement” (Macmillan), the fitting being placed close up in front of the
analysing Nicol of the polariscope. This combination, of a glass plate transparent
mirror arranged at 45° and a lens fitted in an elbow side-tube, permitted the light
from a goniometer electric lamp (provided with a copper cylindrical shade perforated
by a suitable circular aperture and arranged to one side of the goniometer) to be
reflected along the axis of the analysing tube of the polariscope to the glass mount-
plate (the crystal being behind the plate during these operations), from which it was
reflected back again to the Becker fitting, and passed through the transparent mirror
and the small observing aperture in the front of the fitting to the observer’s eye.
The images of the cross spider-lines of the analysing tube, a parallel pair of vertical
lines and a single horizontal line, could be plainly seen with the aid of this fitting,

* Tt was possible to forecast with considerable accuracy the optical constants of this salt from the
general principles already established for the relations of the three alkali-metallic salts of each group. To

be adequately certain as regards the refractive index, one of the two natural prisms was used for a
determination of the intermediate index B before proceeding with the plates, as will be described later.
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reflected from the mount-plate, and they were readily brought by slight rotation of
the circle and plate to coincidence with the spider-lines seen directly, any slight
vertical displacement being readily corrected with the aid of the appropriate (back to
front) movable segment of the crystal-adjusting apparatus. When the adjustment
to -coincidence was perfect the reading of the circle was taken, this reading then
corresponding to the identity of the normal to the plate and to the crystal face
¢ {001} with the axis of the polariscope. The cell containing the immersion liquid,
cedar oil, was then raised into position so that the crystal occupied its centre. The
crystal plate was next adjusted, by slight rotation in its own plane, using white light,
so that the optic axial plane b {010}, the symmetry plane, was strictly horizontal if
not already so adjusted. This was effected by viewing and adjusting the interference
figure in convergent polarised light (the Nicols being crossed at 45° and 135°); the
correct position was attained when the optic axial “eyes” (the very small innermost
rings and sharp vertices of the hyperbolic brushes) to the right and left of the normal
position, as the circle was rotated, first one way and then the other, moved exactly along
the horizontal cross-spider-line, by which they were bisected. The conditions were
then attained for the measurement of the optic axial angle for the usual series of six
wave-lengths of light, the crystal plate remaining locked to the circle throughout the
measurements. These measurements were then carried out with the aid of the
spectroscopic monochromatic illuminator, the vertices of the optic “eyes” being
brought to the centre of the pair of vertical spider-lines for each wave-length in
turn. Not only were readings for each of the two “eyes” to right and left of the
‘normal taken, but also the readings for -
the other two optic “eyes” observed on 3
rotating through the whole circle. By =
this means duplicate readings 180° apart
were obtained for both the obtuse and
acute true optic axial angles 2V, and 2V,

- 19
the plate being immersed in a liquid of 0o\ 77 (111%%"110’3'
similar index of refraction and conse- QA0Dt-- 5}7////7/////(\\@ $Q {00)
: ML 3= 7 &\
uently affording not merely an apparent M- \‘i&\\
d Y . . . axis & \\\\§‘\~‘§\\\\\
angle in oil but the real optic axial angle S
within the crystal. TFor as the plate was (20%)
rotated through a complete circle four
optic eyes were met with in succession, ais %

each at its correct position as within the

crystal. The mean (half-way) positions

90° apart for any one colour of light were those of the two median lines, perpendicular

to each other, the axes « and v of the optical indicatrix. The procedure will be rendered

clear from the following record of the observations with Plate 1 ; fig. 3 will also assist in

elucidating the arrangements, A representing the crystal and B the glass mount-plate,
VOL. CCXVIIL—A. 3 H
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404 DR. A. E. H. TUTTON ON THE

Crystal Plate 1, Parallel ¢ {001},

Circle reading for normal (N in fig. 8) to ¢(001), determined by coincidence of
spider-lines with their own reflections . . . 214° 18"

PrATE Arranged with Crystal Behind (as in fig. 3).

|

. Observed left Calculated Observed right
Light. vertex. 2 M.L.* vertex. ! 2Vo.
Li. . . . . . .. 276 1 217 36 159 11 ! 116 50
c. . . .. ... 276 0 217 3855 159 11 i 116 49
Na . . . . . .. 275 59 217 37 159 15 116 44
TT. . . . . . .. 275 58 217 375 159 17 116 41
cd. . ... L. 275 57 217 385 159 20 116 37
F. . . .. ... 275 5b 217 395 159 24 116 31

Dispersion (Li ~ F) . 0 6 0 35 013

* The midway position between the observed left and right vertex readings.

Prate Arranged with Crystal in Front.

'~ i
; Observed left Calculated Observed right |
Light. vertex. 2 M.L. vertex. w 2V
o ’ ° ’ ° ' " a ’
Li. . . . . . .. 9% 3 37 38 339 13 § 116 50
c. .. .. ... 96 3 37 385 339 14 116 49
Na . . . . . . . 96 2 37 41°5 339 21 | 116 41
. . . . . . .. 96 0 37 43°5 339 27 | 116 33
cd. . ... L 95 57 i 37 43 339 29 116 28
F. . .. ... 95 55 i 37 425 339 30 3 116 25
! | I
Dispersion (Li ~F) . 0 8 ‘ 0 45 017 |
| | |
Light. | Mean 2V, Mean 2V, Mean 2 M.L.
Li . . .. 116 50 | 63 10 ‘ 217 37
C. . . . . ... 116 49 63 11 ' 217 37
Na . . . . . . . .. 116 43 63 17 217 39
™ . . . . ... .. 116 37 63 23 217 40
Cca . . . . ... .. 116 33 63 27 i 217 41
F. ... . . 116 28 63 32 i 217 41
S B ‘r. S
Dispersion (Li ~ F) N 0 4
i
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MONOCLINIC DOUBLE SELENATES OF THE IRON GROUP. 405

The extreme readings, for red Li and greenish blue F light, were repeated and con-
firmed several times, and the fact definitely established that the optic axis emerging
to the left of the normal to the plate was dispersed 7’ (within the error of experiment,
which even with the beautifully small innermost rings and very sharp hyperbolic
vertices obtained amounts to possibly 2’), while the right-hand optic axis was dispersed
double this amount, 15. That the extreme outside reading in each case (the highest
on the left and the lowest on the right) was for red was clearly apparent, and was
confirmed by the colours bordering the vertices when seen in white light, the inner
margins of both being tinted red, and the left one more faintly than the right.
Hence, it can be accepted with confidence that the second median line was dispersed

15’7’

to the extent of , that is 4/.  This is also clearly shown by the mean readings

for the position of the second median line, given in the last column at the foot of the
table, the difference between these mean readings for Li and F light being 4’. The
2’ possible error in the readings of the positions for the right and left vertices for any
one wave-length is eliminated in taking this mean value, and also the mean of the
two separate sets of observations (crystal behind and crystal in front of the mount
plate), 85 and 45, is also obviously 4’. Hence, the amount of the dispersion of
the median lines is undoubtedly 4’, with a possible error of only one minute on
each side.

In mounting the crystal on the glass plate great care was taken to observe the
orientation of the crystal, as regards particularly the direction of the little strip-face
of a (100) replacing the pp edge, and that of the two faces of ' {201}. The former
- lay to the left and the larger of the two latter to the right, as shown in fig. 8, when
the crystal was behind the glass plate. The edge-face & (100) is parallel to the vertical
crystal axis ¢, and this axis emerged 18° 50’ to the left of the normal N to ¢ (001), for
the plane of the latter face is parallel to the inclined crystal axis @, and the crystal
axial angle 8 = ac = 76°10’. Now the reading for the normal N was 214° 18’ (see top
of table), from the observation taken before the plate was wetted with the immersion
liquid (cedar oil), and the readings for the second median line (the half-way positions
between those of the observed left and right optic eye vertices) were shown to be
217° 87'—41" according to the wave-length (from Li to F). These latter readings
were also to the left of the normal. Hence, the second median line is inclined from
the normal to ¢ (001) towards the left, that is, towards the vertical crystal axis ¢, to
an extent which increases regularly from 3° 19’ for red Li light to 8° 28’ for greenish
blue F hydrogen light. Thus the second median line is nearer to the vertical axis ¢
by 4’ for F light than for C light. The mean, 8° 21/, is the inclination for yellow
sodium light of the second median line to the normal to ¢ (001), and is the extinction
angle which the author generally determines on the stauroscope, with a couple of
section-plates parallel to the symmetry plane b {010}.

The first median line, the direction of the y axis of the indicatrix, is, of couise,

3 H 2
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406 DR. A. E. H. TUTTON ON THE

always perpendicular to the second median line, which in this substance corresponds
to the a axis of the indicatrix.

The order of dispersion for the first median line is, therefore, that the latter is nearer
to the inclined axis @ by four minutes for red C light than it is for greenish blue F light.
The third axis of the indicatrix, the intermediate axis 3, is identical with the crystal
axis b, the symmetry axis of the monoclinic crystals, normal to the paper in fig. 3.

These measurements with Plate 1, which have afforded all the data concerning the
orientation of the axes of the optical indicatrix and of the optic axes, were supple-
mented by similar ones derived by the use of two other tabular crystals parallel ¢ {001},
Plates 2 and 8. The results as regards the dispersion of the median lines were
identical in both cases with that derived from Plate 1, namely, that the first median
line is nearer by 4’ to the inclined axis a for red C light than it is for greenish blue F
light.

The Extinction Angles with the Normal to ¢(001), behind that normal towards the
direction of the vertical axis ¢, derived from Plates 2 and 3, were 2° 11’ from Plate 2
and 4° 39’ from Plate 3. The two plates were not quite so perfectly developed as
Plate 1, as regards the planeness and perfection of surface of the two c-faces, Plate 1
having been a remarkably perfect crystal. But the mean value of the extinction
angle for sodium light for the Plates 2 and 3 is 3° 25/, only 4’ removed from the
excellent value derived from Plate 1, which was 8° 21’ for sodium light. Hence the
mean value of the results from all three plates, 3° 28/, may be taken with confidence as
very near the truth, quite as near as is possible in the cases of the ordinary extinction
angle determinations in sodium light with the stauroscope.

The final result for the orientation of the optical ellipsoid is therefore as follows.
The crystallographic axial angle ac being 76° 10/, the angle between the normal to the
c-face (001) and the vertical axis ¢ is 13° 50’. The second median line (axis « of
ellipsoid) is inclined 10° 27’ for sodium light from and in front of the vertical axis c,
and 8° 28" behind the normal to ¢ (001). The first median line (axis y) lies 3° 28/
above the inclined axis @ of the crystal and 10° 37’ below the normal to @ (100).
Both median lines thus lie in the obtuse crystal-axial angle ac. These positions will
be clear from fig. 3.

The values for the optic axial angle derived from Plates 2 and 3 were as under :—

Light. ! Plate 2. Plate 3. Mean 2V,. Mean 2V,
Li. . . . . . . 116 28 117 8 116 48 63 12
c . . ... 116 27 117 1 116 47 63 13
Na. . . . . . . . 116 18 117 1 116 40 63 20
. . ... 0 .. 116 12 116 52 116 32 63 28
cd. . . ... 116 8 116 45 116 27 63 33
F ... ... .. 116 2 116 38 116 20 63 40
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MONOCLINIC DOUBLE SELENATES OF THE IRON GROUP. 407

The mean result for these two plates, the adjustments for which were not quite so
perfect as for Plate 1, on account of less true-planeness of the c-faces, is so close to that
for Plate 1 that the mean of the two results, given in the next table, may confidently
be accepted as very near the truth.

Opric Axial Angle of KFe Selenate.

9V True 2V,
Light. 2V, . @ . (corrected for difference
’ in cedar oil. of refraction).
Li . . .. .. .. 116 49 63 11 64 11
c . .. ... 116 48 63 12 64 12
Na . . . . . . .. 116 42 63 18 64 18
T .. .00 116 35 63 25 64 25
Ca . . . . .. .. 116 30 63 30 64 30
Foooo 00 116 24 63 36 6436

If the refractive index of the immersion liquid, cedar oil, were absolutely identical
with the mean index of the crystals (1/3 (a+B+y) = 15207 for sodium light), and
the two dispersions were also identical, we could be content with the final value of 2V,
given in the third column. After the completion of the work on these unstable
crystals, however, when time was no longer so important, the refractive index of the
cedar oil employed was carefully determined, with the following result :—

RerFrACTIVE Indices of Cedar Oil.

Li . . . 15064 Na. . . 15102 F . . . 15175
C . . . 15068 T . . . 15135 G . . . 15238
' Cd . . . 15158

The index for Na-light is thus 00105 lower than the mean crystal index, but the
dispersion between Li and G-light is practically identical (0°0174) with that of
the crystals 0°0171. Another liquid, monochlorbenzene, has the index 15248 for
Na-light, 0°0041 higher than the mean crystal index. But it has the disadvantage of
dissolving the cementing balsam, which cedar oil doesnot. The angle 2V, as observed
in cedar oil would thus be slightly too large, while if observed in monochlorbenzene
it would appear still more slightly too small. Tt has been possible to calculate the
exact- amount of the desirable correction, from observations made in both liquids at
leisure, with the permanent crystals of rubidium ferrous selenate, the mean refractive
index of which is almost identical (1'5220) with that of potassium ferrous selenate.
The measurement of 2V, for Na-light was 74° 28’ in cedar oil and 73° 4’ in monochlor-
benzene ; the true value, as calculated from 2H, and 2H, in bromonaphthalene, was’
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408 DR. A. F. H. TUTTON ON THE

78° 28". The angle in cedar oil was thus 1° 24/ greater than that in mono-
chlorbenzene, and we can consider this result as also applicable to potassium ferrous
selenate, the conditions being so nearly alike. The difference between the indices of
the two liquids is 0°0146, and between those of cedar oil and the crystals of KFe
selenate 0°0105. Hence, the correction, to be subtracted from the angle 2V, as
observed in cedar oil in order to give the true angle 2V, within the crystal, is

84’x0°0105 -~
= (),
00146

The values in the last column of the table have, therefore, been obtained by adding
exactly one degree to those for 2V, in the third column, which corresponds to the
subtraction of a degree from the observed values of 2V, in column 2, as 2V, is the
supplement of 2V, This final corrected value for 2V, is certainly very close to the
truth, quite as close indeed as if the ordinary procedure of observing 2H, and 2H, in
bromonaphthalene, with section-plates perpendicular to the first and second median
lines respectively, had been employed.

For the true optic axial angles in different crystals of the same substance frequently
differ more than the few minutes of any possible error in these determinations.

In confirmation, however, the true angle 2V, may also be calculated, now that the
exact refractive index 7 of the immersion liquid is known, with the aid of the inter-
mediate refractive index B of the crystals, from the observed value of the obtuse angle
2V, considered as 2H,, by means of the well-known formula :—

cos V, = 3 sin H,.

Inserting the values for sodium light and making the calculation we have :—

1.55102‘ sin 58° 21/,
15182

cos V, =

from which "
V, = 32° 8 and 2V, = 64° 16'.

This result differs by only 2’ from the corrected value given in the last column of the
table, thus affording a most satisfactory confirmation of the final column of values
in the table.

Refractive Indices.—A series of measurements of refractive index with a natural
prism affording directly the index B8 had been carried out previous to the work
just described with the plates, in order to obtain the necessary exact knowledge
of the refractive power of the crystals to enable a proper choice to be made of an
immersion liquid of like refractive index, for use with those plates. The index £ is

but slightly higher than the mean index of the crystals, ﬁ:‘:_g_il, and so enabled the
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choice of cedar oil to be made. The prism in question was one formed by two
excellent faces of p {110}, the pair which form the acute angle 72° 2/, and the edge
between which is often replaced by a strip-face of b {010}. To preserve it fully
transparent during the rather prolonged measurements with seven wave-lengths of
light from the spectroscopic monochromatic illuminator, the two p-faces in question
were covered with miniature glass plates cemented by quickly drying hard balsam in
benzene. The edge of such a prism is parallel to the vertical crystal axis ¢, and is not
very far (10° 27’) from parallel to the second median line, the a axis of the optical
ellipsoid, light vibrating parallel to which affords the a index of refraction. The
index corresponding to rays vibrating parallel to the prism edge would, therefore,
have a value not far removed from a. The other direction of vibration of rays passing
through the prism at minimum deviation was that of the symmetry axis b of the
crystal, and as this 1s absolutely 1dentical for all wave-lengths with the intermediate
axis 8 of the optical ellipsoid it furnishes the refractive index B directly with absolute
accuracy. The object of this set of measurements was thus to determine B, the
image of the slit corresponding to this index being that transmitted when the Nicol
prism in front of the eyepiece of the goniometer-spectrometer was arranged at 0°;
the image obtained when the Nicol was at 90° corresponded to vibrations parallel to
the prism edge and thus afforded a value slightly higher than that of the minimum
index a. '

A second natural prism was subsequently employed in a similar manner ; it was
formed by two excellent faces of ¢ {011}, those between which also comes the narrow
line-face b (010) when developed. The prism angle in this case is 52° 12/. The edge
of such a prism is parallel to the inclined crystal axis @, and only 3° 23’ removed from
the y axis of the ellipsoid, so that vibrations parallel to it (those transmitted with
the Nicol at 90°) afford almost exactly the yindices. The other rectangular vibration
direction of the prism, like that of the first prism, was that of the symmetry crystal
axis b, so that this prism also afforded directly and accurately the intermediate
refractive index 8, the image corresponding to it being that observed when the Nicol
was at the 0° position.

The two values of 8 obtained from these two natural prisms, and their mean value,
are as follows :—

[

Light. | p-faced prism. g-faced prism. Mean S.
Li . 15136 15152 15144
c. . Vi 1-5141 1-5158 15149
Na . . 15173 1-5191 15182
Tl o 1-5207 1-5223 1-5215
Cd o 1:5226 1-5242 1-5234
F. 1-5244 1:5262 1-5253
G. 1-5307 1-5321 1-5314
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The approximate values obtained for o from the p-faced prism and for y from the
g-faced prism, were as under :—

Light. Approximate c. Approximate y.
Li . 1-5078 1-5307
C . 1-5083 1-5312
Na . 1-5113 15345
Tl . 1-5145 1-5381
Cd . 15163 1-5400
Fo. 1-5182 15422
G . 15242 15484

As the direction for which this approximate value for 4 was determined was only
33" from the exact direction for the y axis of the ellipsoid, it is probable that the above
value for vy is practically correct. The approximate value for & was determined for a
direction 104° removed from the true direction for the « (minimum) axis of the ellipsoid,
and its value is therefore somewhat too high, probably by about 0°001 to 0°002.

Finally, in the fourth and last crop of crystals obtained there was a crystal large
and transparent enough to suggest an attempt at grinding a prism to afford a and y
directly. One was therefore ground in the correct orientation to afford these indices
directly and absolutely. The refracting edge was parallel to the second median line,
(the a axis of the ellipsoid), so that vibrations affording the signal image when the
Nicol was at 90° corresponded to the « index. The two faces of the prism were
symmetrical to (inclined 30° on each side of) the symmetry plane b {010}, so that the
other rectangular direction of vibration within that plane, corresponding to the image
transmitted when the Nicol was at 0°, was parallel to the y axis of the ellipsoid and
afforded the index y. By working very rapidly and keeping the crystal covered with
the lubricating oil after its goniometrical adjustment to the correct desired orientation,
and as soon as the grinding and polishing were completed covering the prepared
surfaces with balsam-cemented glass plates, the prism was completed before any
serious loss of transparency had occurred; an hour was permitted for the drying of
the hard balsam in benzene, and the transparency was then still such as enabled the
refractive indices a and y to be determined for all wave-lengths from Li red as far as
greenish blue F of the spectrum, only the G-images being too