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CXVIIL—The Relation of Ammonium to the Alkaly
Metals. A Study of Ammonium Magnesium and
Ammonium Zine Sulphates and Selenates.

By Arrrep Epwin Howarp Turron, M.A., D.8c. (Oxon.), F.R.8.

Iy an earlier communication (Trans., 1903, 83, 1049), the results were
given of a study of the crystallised normal sulphate of ammonium,
together with a discussion of their bearing, when considered alongside
those previously published (Trans., 1894, 65, 628) for the corresponding
sulphates of potassium, rubidium, and cesium, on the relationship of
the ammonium complex, NH,, to those three strictly comparable alkali
metals belonging rigidly to the same family group of the periodic
classification. The results of an investigation of the four ammonium

S

double sulphates and selenates of the series R2M<Seo 4)2,61[20 contain-
ing magnesium and zine are now presented, and compared with those
previously given for the similar salts containing the three alkali metals
(Trans., 1893, 83, 337, and 1896, 69, 344 ; Proc. Roy. Soc., 1900, 66,
248, and 1900, 67, 58 ; Plal. Trans., 1901, A, 197, 255).

The two double sulphates were partially described by Murmann and
Rotter in the year 1858 (Sitzungsber. K. Akad. Wiss. Wien., 34, 135), and
the optical properties of the two double selenates and of ammonium
magnesium sulphate were studied by Topsoe and Christiansen in the
year 1874 (Ann. Chim Phys., 1874, [v], 1, 73, 76 and 87). The optical
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properties of ammonium zinc sulphate have also been more recently
studied in greater detail by Perrot (d»ch. Sci. phys. nat., 1891,
25, 26).

The two double sulphates have several times formed the subject of
specific gravity determinations (see pp. 1136 and 1143), and the density
of the double selenates was also determined by Topsée. But, as was
pointed out by Pettersson in regard to other salts, Topsie’s densities
were frequently too low, and this will subsequently be shown to be
the case pre-eminently with ammonium magnesium and ammonium zine
selenates.

The data available in respect to both morphological and physical
properties of the four salts under consideration will thus be seen to
be inadequate, and unsuitable for the purpose of a strict comparison
with the corresponding double salts containing the alkali metals, and
it was therefore desirable that these ammonium salts should be again
investigated in the same detailed and more accurate manner as the
salts of the alkali metals already treated of in the author’s former
communications.

Miers (Phil. Trams., 1903, A, 202, 459) has recently described
an important phenomenon, of which numerous instances have been
observed in the course of this and the author’s previous investigations.
It is pointed out that the primary faces of crystals are frequently
replaced by two or more vicinal faces, deviating from the position of
the primary plane by several minutes of arc. A study of a growing
crystal of potash alum led to the observation that the images from the
various faces continually altered their positions, that the angle between
the adjacent faces was never the theoretical angle of the regular octa-
hedron, and that the faces nsually yielded multiple images lying very
close together. The latter were subsequently found to be three in
number, of which one was often very much brighter than the others,
due to the octahedron face being replaced by the facets of a very flat
triakis octahedron, of which one face largely predominated over the
others. The three images frequently changed their positions, the lines
of movement being inclined at 120° to each other, but the movement
did not occur continuously but per saltum. It was very uncertain,
however, whether the forms produced could be expressed by any
rational indices, even by very high numbers. The angles of the vicinal
faces varied at different times from the true octahedron face by 2’ to
30. Similar observations were made in the cases of sodium chlorate
(cubic) and the sulphates of magnesium and zine (rhombic). In the
case of zinc sulphate, the primary prism faces varied from 91°’ to
91°15°, due to the production of various vicinal faces instead of the
true primary prism {110}. In the case of magnesium sulphate,
similar variations of 20’ were observed. It is pointed out that with
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crystals of comparatively low symunetry the mean of a number of
measurements may give a result very far from the truth. In the
cubic system, the mean may give the correct result, as the vicinal
faces follow the symmetry ; but in the case of a rhombic prism each
face will, from the symmetry, be replaced by one vicinal plane only,
and the prism angle afforded might be considerably too large or too
small.

Miers further showed that the vicinal planes follow specific well-
defined zones only, and that to replace primary faces by vicinal planes
1s to replace planes of the greatest possible reticular density (referring
to the space-lattice structure of the crystal) by planes of the least
possible reticular density, Of all possible causes of the phenomenon
investigated, change of concentration during crystallisation appeared
to be most actively influential.

Hence Miers suggests, as the explanation, that the escape of the
water during deposition from the only slightly supersaturated solution
causes the shower of solid salt particles to fall in a loosely packed
condition, and if they are laid down as plane layers thus widely spaced,
the plane at any moment is a vicinal face rather than the primary face
itself,

These observations and speculations of Miers have a special bearing
on the author’s work, the most difficult part of which has been the pre-
paration of adequately perfect crystals for the determination of the small
angular differences between the crystals of different members of isomor-
phous series of salts. Hvery variety of the vicinal face phenomenon
referred to by Miers has been observed, and it may at once be said that
the phenomenon has not been permitted to affect in the slightest degree
the results now or previously published. Even if this had not been so,
the phenomenon could not have essentially altered the results for
two suflicient reasons: first, because the differences (especially in the
double salts, where the differences between a potassium and a ceesium
salt exceed 2°) are much larger than those between the vicinal and
primary planes; and, secondly, because the whole of any isomorphous
series of salts is similarly affected by the phenomenon, rendering com-
parisons equally valid.

The phenomenon having been met with from the commencement of
the work in 1892, great efforts have been made, and with invariably
successful results, to eliminate it. Of each salt, a large number of
crops, often exceeding a hundred, have been prepared, with every
precaution against disturbance during crystallisation. A room hasbeen
entirely set apart for the crystallising work, and great labour has been
expended on this all-important part of the investigation. The result
has been that about half a dozen crops of each salt have been obtained,
in which it has been possible to discover an adequate number of small
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crystals of so perfect a character as to show no sign of vicinal
faces, the primary planes themselves having been well formed and
inclined at the theoretical angles. These crystals have, as a rule, been
much more minute than those employed by Miers, and had been
deposited under conditions of extreme quietude, and from solutions
screened from all rapid change of temperature.

(S
As regards the series RﬁM(SeO‘*)Z’GHQO’ the crystals generally show

striation of the faces of the basal plane ¢{001} and the primary prism
2110}, parallel to the symmetry plane {010}, that is, to the axes
@ and ¢, due to vicinal faces being formed instead of the simple ¢ and p
faces, The directions will be clear from the shading in Fig. 1. In the
case of the ¢ faces, when the zone [bgc] is adjusted parallel to the axis of
the goniometer, two images of the Websky signal, separated by about 20',
usually predominate very markedly in the bundle, symmetrically
arranged tothe symmetry plane, that is, about 10" on each side of the

position for a true ¢image. The position of the true ¢ plane is, however,
indicated by the precision of the images reflected by the faces of the
clinodome ¢{011}, which were, in the selected crystals used for this
work, generally perfect, being single and well defined ; also by those from
the faces of the clinopinacoid {010}, which in the four ammonium salts
now described are more largely developed than has been observed with
the other salts of the series. These two forms are peculiarly free
from the vicinal face phenomenon. It thus appears that the
vicinal planes not only follow specific well-defined zones, but that
certain forms only in such zones are particularly addicted to them.
Numerous cases have been goniometrically investigated in which the
¢ images were quite perfect, whilst the ¢ images were of the double
character (with fainter intermediate images) already mentioned. It
was evident that these ¢ faces were not true basal planes ¢{001}, but in
each case a pair of vicinal faces of the kind described by Miers.
‘When the zone [¢r'] was adjusted, the ¢ images, whether consisting of
vicinal faces or of the true basal plane, were invariably trustworthy,
for even in the former case the images in the bundle were arranged
vertically over each other, and their narrow central parts fell
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identically on the vertical cross wire when any one of them was
adjusted. Hence, when good #»' faces were present, as was the case
with the crystals selected for measurement, the value of the angle '
was always ascertainable with precision,

The ¢ faces were absolutely perfect on the crystals measured, the
angle g¢ in the zone [Jge] being always the same within very narrow
limits, enabling the theoretical position of the ¢{001} plane (half-way
between each pair) to be precisely determined, for ¢g=4qq. More-
over, in the cases of ableast 6 crystals out of the 10 or more measured of
each salt, the ¢ faces themselves were also porfect, affording single
brilliant images of the signal and no traces of vicinal faces. These
perfect ¢ images occupied exactly the theoretical position within 2",
Thus, for instance, in the case of ammonjum magnesium selenate, six
perfect ¢ faces gave, with the twelve adjoining similarly perfect ¢ faces,
twelve angles varying from 25°27" to 25°31’, a difference of only 4/,
and their mean, 25°29', was identical with the mean value of 38
measurements (with different faces) of the angle ¢g. Also in these
cases the 6{010} faces afforded single and brilliant images at exactly
90°0 to the ¢ faces.

In the case of the p{110} faces, the image corresponding exactly to
{110} was always present, but generally in a bundle of which the two
extremes were not symmetrical (naturally, from the nature of the
symmetry) to it, that is, it was not the central image of the bundle.
Also it was not usually the brightest, the latter being sometimes on
one side and sometimes on the other. Perfect p images were, however,
afforded in the cases of the specially good crystals referred to, and the
values obtained with them for the angles bp were always the same
within one or two minutes.

The true position of the p and ¢ faces is always indicated clearly by
a particularly trustworthy image being afforded whenever the crystal
has grown with one of these two planes in contact with the
flat bottom of the crystallising vessel. Such contact faces are always
indicated by their being marked with contour lines, as shown in
Fig. 2,in the case of the upper ¢ face of one of the crystals of
ammonium zinc sulphate, which had been during growth the lower
one in contact with the bottom of the dish. These contours are due
to a lifting up of the crystal during growth, with eventual produetion
of a hollow pyramid, arranged in steps, owing to the central part of
the face not being in contact with more than a film of the saturated
solution, whilst the margin is in contact with ample solution and has
full facility for the deposition of the shower of solid salt particles. A
series of shallow steps is thus produced, the horizontal strip-like
surfaces of which, bounded by contour lines resembling etched figures,
are parallel to the plane undergoing growth (in this case the basal
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plane) ; and the interesting point is that the whole of these contour
strips, which together make up the crystal face (in this case c), afford
a single coincident image of the signal. This image, in the case of such
¢ faces, lies accurately in the zome [bgc]; it is truly orientated
midway between the two ¢ images, and shows no trace, in the cases of
well-formed crystals, of vicinal faces. A perfectly analogous remark
applies to p faces which have been the contact planes, with respect to
their accurate position in the zone [bp]. In all cases, the values for
the angles cq or bp made by such faces are found to be coincident with
the mean, that is, the true, values of these angles, and with the values
derived from exceptionally perfect crystals showing mno trace of
ambiguity.

Enough will have been said to prove that the author’s con-
clusions are in nowise affected by the vicinal face phenomenon,
and the proof is rendered absolute by the fact that the measure-
ments for the different salts have been rigidly comparative, as well
as having been directed towards obtaining accurately the absolute

Fie. 2.

values of the various angles. Hence, cven if any effect had been
possible—and the contrary has been conclusively shown to be the
fact—it would have been equal throughout the series, leaving the
comparison totally unaffected.

The author is glad to have this opportunity of confirming
Miers’ observations and general conclusions, for it is certain that
this phenomenon of vicinal faces is one which promises to lead to
great advances in our knowledge of the mode of deposition of
crystals, and of the nature of the physical changes which accompany
the act of crystallisation.

In connection with the correct setting up ( “richtige Aufstellung )
of crystals (Zeit. Kryst. Min., 1902, 35, 129), Fedoroff expresses
the opinion that both the rhombic simple sulphates and selenates,

322604’ and the monoclinic double sulphates and selenates,

12M(2804>2,6H20, are of pseudohexagonal type, and that they

should be so considered in calculating the topic axes. The author
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is not responsible for the mode of setting up the ecrystals of the
salts of these series, that is to say, for the choice, within the
limits imposed by rhombic and monoclinic symmetry respectively,
as to which particular faces shall be considered as the primary
planes, but is merely responsible for having adopted, to save the
confusion which has so often resulted from different descriptions of
the same crystallised substance by different observers, the same
mode of setting up in the case of the crystals of each series as
that employed by Groth in his Physikalische Krystallographie,
and which in the case of the double salt series goes back beyond
the time of Murmann and Rotter (1858). The extreme closeness of
approximation of the rhombic crystals of the simple salt series to true
hexagonal symmetry—the difference from 60° being less than 1°—
renders Fedoroff’s supposition in the case of that series highly probable,
and the topic axes have therefore been recalculated on that basis and
are given in the following memoir. In the case of the monoclinic
double salts, however, there is no approximation whatever to a pseudo-
hexagonal type, the angle which should correspond to 60° being
71—73° in the various salts. They cannot, therefore, be considered
as having a pseudohexagonal space lattice, and are not strictly com-
parable to the rhombic salts. Wulff (Zeit. Kryss. Min., 1901, 34,
472) has proposed a setting up based on the acceptance of the
cleavage direction as {001} instead of {201}. But if this orientation
is adopted, no orthopinacoid {100} is found developed, and the
arrangement is consequently no more satisfactory than the normal
one adopted by Groth and by the author. Hence, the ordinarily
accepted orientation is retained for the purpose of calculating the
topic axes as well as for all other purposes.

In order that no question may arise as to the accuracy of the
author’s values for the densities of the salts, they have been
determined not only by accurate pyenometer methods, but also by the
suspension method (Retgers, Zeit. physikal. Chem., 1889, 3, 289 and
497), using methylene iodide and benzene for the production of the
floating liquid., This method has not been hitherto employed by the
author, because it is not applicable to the cases of the simple sulphates
and selenates of rubidium and cesium, the lightest of these salts
(rubidium sulphate) being slightly denser than pure methylene iodide,
the only available heavy liquid without action on the salts. Hence
density results of a strictly comparable character cannot thus be
obtained in the case of the simple salt series. The method is,
however, applicable in the case of the double salts, all of which are
lighter than methylene iodide, so that the mixture of the latter with
benzene can be employed.

The two pycnometers employed throughout the whole of the

VOL. LXXXVIL 4 F
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author’s density work were each fitted with a tightly ground glass
cap, which was maintained throughout the weighing pressed down
over the capillary stopper by a spring forming part of a little
supporting wire stand, IHence, evaporation of the liquid (carbon
tetrachloride) employed was precluded. The salts were always
carefully dried after pulverisation, at temperatures higher than the
ordinary and which varied according to the nature of the salt, and
only such dry powder was employed as passed through the meshes of
a sieve of the finest platinum gauze, Consequently, any trace of
mother liquor liberated from cavities by the pulverisation had been
removed, and residuary cavities reduced to a minimum. Moreover,
all trace of air was removed by causing the carbon tetrachloride with
which the powder had been covered to boil in a Sprengel vacuum for
half an hour at the ordinary temperature. The determinations have
all been made at 20° by immersion of the pycnometers in a double
water-bath raised to this temperature with extreme slowness. The
results are, therefore, comparable in the strictest sense.

The only possible error still persisting is that due to the minimum
quantity of mother liquor enclosed in minute cavities still contained
by the particles of powder, and the question arises as to whether the
amount of this error is appreciable. If it only affects the fourth
place of decimals, it may be neglected as being less than the real
differences between different crystals. But if it affects the third
place, then it is of importance as regards the absolute values, although
comparisons will still be valid. The suspension method having
afforded results higher by one or two units in the third place of
decimals in those cases investigated by Retgers, it has been assumed
that the reason is that the most perfeet pycnometer method is subject
to such an effect on the third place of decimals. On the other hand,
the possible error of the suspension method is of the opposite character,
the results being possibly very slightly too high owing to the loss by
evaporation of some of the more volatile lighter constituent, benzene
in this case, during the interval between the floating and the deter-
mination of the density of the liquid mixture, even when working
with the maximum rapidity. It has been considered by the author
advisable, however, to redetermine the densities by the suspension
method, and to compare the results with those obtained with the
pycnometer.

The method of carrying out these determinations (Retgers, Zeit.
physikal. Chem., 1889, 3, 289 and 497) consists, first, in producing
such a mixture of methylene iodide and benzene as is of exactly the
same density as the heaviest of the small crystals employed, and,
secondly, in determining the density of this liquid by weighing a
pyenometer filled with it.
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The specially pure methylene iodide, obtained from Merck, was only
very faintly yellow, and was maintained in this condition by storing it
in the dark and only making the determinations in the evening by arti-
ficial light. For the first operation, about 8 c.c. were transferred to a
miniature dropping funnel, with cylindrical bulb of 20 c.c. capacity. The
ten or more perfect small crystals used for the goniometrical work, which
were the least likely to contain cavities, when introduced, swam on the
surface of the methylene iodide. Benzene was then introduced gradually
from a still smaller dropping funnel, until the crystals began to regain
the surface only slowly after agitation, when all further additions of
benzene were made only one drop at a time, followed by vigorous
shaking, with the stopper in place. As soon as the desired equilibrium
of density was attained, the stopper was replaced by a centrally bored
cork carrying a thermometer reading to 0-1°, which was so arranged
that its bulb lay altogether immersed in the liquid. When equili-
brium of temperature is attained, the heaviest crystal should float
anywhere in the liquid without rising or falling. By working with a
pair of pycnometers, it is so arranged that if in the first determination
the tendency of the heaviest crystal is to rise, then in the second
determination with the other pycnometer it is made to show a tendency
to sink. It is best to work in a room the temperature of which is
approximately 20°, lower rather than higher, but preferably not lower
than 15°, for all the results are presented for the constant temperature
of 20°; in this case, the determinations are reduced to 20° with
tho aid of the knowledge of the coefficient of expansion of the
crystals.

Immediately the temperature of the liquid had been read, it was
run off into one of the pycnometers as rapidly as the stopcock allows,
the perforated stopper was replaced, the neck of the vessel rapidly
wiped dry without touching with the naked fingers, the cap fitted on, and
the filled pycnometer inserted in its spring stand, which presses the cap
tightly down on the neck. Rapidity is essential, and the pycnometer
and stand were at once weighed.

All weighings have been corrected for the air displaced, as in former
determinations. As regards the coefficient of expansion of the
crystals, Retgers takes it to be 0:0001 for salts generally. This fully
agrees with the results of the author’s direct measurements of the
coefficients of thermal expansion of the normal alkali sulphates (Phql.
Trans., 1899, A, 192, 455), for the actual coeflicients of cubical ex-
pansion at any temperature ¢ were found to be:

For potassium sulphate, 0-00010475 + 0-0000001396¢.

»» rubidium sulphate, 0:00010314+ 0-0000001534¢.

»» ceesium sulphate, 0:00010170 + 0-0000001620¢.
4 r 2
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The correction per degree is therefore 0'0001 multiplied by the
sp. gr. of the salt.

Two pairs of determinations have been carried out for each salt,
thus affording four different values of the sp. gr. by the suspension
method, and the mean of these to the nearest figure in the third place
of decimals is accepted for the true density. It will be shown that
this is in general about two units in the third place of decimals higher
than the value obtained as the mean of the pycnometer determinations
with the powdered dry salt. It is thus apparent that the latter
method is indeed, in spite of all precautions, affected by the presence
of cavities, and this is the more clearly proved by the case of an
unusually turbid (and therefore cavity-containing) salt, ammonium
zinc selenate, where the difference is as much as 0-005 higher for the
suspension method, as employed with the perfectly clear and cavity-
free minute crystals selected for the goniometry.

In order that the comparisons of all constants involving the density
may be strictly valid, redeterminations by the suspension method of
the densities of the potassium, rubidium, and cmsium analogues of the
salts now described are included in this memoir.

Ammonium Magnesium Sulphate, (NH,),Mg(SO,), 6H,0.

An estimation of magnesium in a specimen of the crystals employed
gave the following result : 1:0900 grams of crystals yielded 0-3461 gram
of magnesium pyrophosphate, which corresponds to 6:86 per cent. of
magnesium, the calculated value being 6-67 per cent.

Goniomelry.

Eleven crystals of exceptional perfection and of small size were
selected out of four chosen crops (upwards of a hundred crops having
been prepared) for the purpose of the goniometrieal measurements.

Ratio of axes: a:b:¢=07400:1:0'4918,

Axial angle : 8="72°54",

Habit : short prismatic. Prisms formed by clinopinacoid and prim-
ary prism.

Forms observed : =1{010}c0c Rewo, ¢={001}02, p={110}w P,

p"={180}c0 3, ¢=1011}Roo, ' ={201}+2 P,
o={111}-P, o={111}+P, n=1{121}-2R2,

The results are displayed in the table of angles on pp. 1134, 1135.

The ecrystals of the crops employed in these measurements were
generally of the types shown in Figs. 3 and 4. Both are characterised
by the predominating development of the prism zone. The faces of
the clinopinacoid 5{010} in this zone varied, however, considerably,
from a mere strip to a good broad plane, and often on the same
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crystal the two faces differed in this extreme manner. The images
from this form were uniformly satisfactory, and frequently quite
perfect. The faces of the primary prism p{110} were, however,
invariably largely developed. Although on the great majority of the
crystals of the crops employed they were generally affected by stria-
tion due to the attempt at producing vicinal faces, as described in the
introduetion, the erystals chosen were free from this defect, the images
being single, definite, and brilliant. In one case a p face was the
plane of contact with the bottom of the crystallising vessel, and the
image afforded was, as usual with such faces, single and perfect ;
the value of the corresponding angle dp was exactly equal to the mean
value given in the table.

The two types figured show their greatest divergence as regards the
development of the basal plane ¢{001}, which varied from a broad face
to a strip sometimes reduced to a mere line. The faces of this form
were particularly good examples, in the greater number of crystals of

any crop, of the production of two vicinal faces symmetrically situated
to the symmetry plane, instead of the true basal plane perpendicular
to the plane of symmetry. Iun the 11 chosen crystals, however, this
was reduced to a minimum, and several of the crystals exhibited single
¢ images accurately perpendicular to the symmetry plane. In one
interesting case, three images were afforded by one of the two ¢ faces
in the zone [cgb], the central image being exactly equidistant from
the two ¢ images, while the other two were equidistant from this
central image a few minutes on ecach side of it.

Hence, this was a case of the simultaneous presence of the true
basal plane and a pair of vicinal faces. To the naked eye, the face
appeared slightly curved; it consisted really of three planes very
slightly inclined to each other.

The faces of the clinodome ¢]011} were invariably excellent, the
reflected images of the signal being single, brilliant, and in every way
suitable for the purpose of the accurate determination of the angles
5g(010) : (011) and ¢g(011):(011). It will be clear from the table
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that the mean value of all the ¢g measurements, 25°11’, was found to
be exactly the same as the complement of the mean measured bg,
64°49’, about which there is no shadow of possible ambiguity, Hence
the measurements are absolutely unaffected by the interesting vicinal
face phenomenon exhibited by the basal plane.

No faces of the orthopinacoid «{100} were ever observed. The
orthodome 7{201} was generally present, and usually one of its faces
greatly exceeded the other in size, the variation being from that shown
in Fig. 3 to considerably less than the size of the # face shown in
Fig. 4. The o'{111} faces were usually small, but they generally gave
very trustworthy sharp reflections. Four good but small faces of the
rarer pyramid o{l11} were also observed on three of the measured
crystals. In addition, faces of the prism p”{130} and also of the
pyramid »{121} were discovered on one of these three crystals,

Morphological Angles of Ammonium Magnesium Sulphate.

No. of M
Angle measured. measure- Limits, bs e,a,n Calculated.' Diff.
ments, observed.
ac  =(100) : (001) — — — 72°54" —
as =(100) : (101) - — — 44 54 —
se  =(101) : (001) — — — 98 0 —
b e’ =(001) : (201) 13 64725 — 64732 64°29’ 64 25 4’
s =(001) : (101) — — — 38 19 —
s'r" =(101) : (201) — : — — 26 6 -
& ={(201) : (100) - ! — — 42 41 —
\r'e =(201) : (001) 12 115926 —11534 | 11531 115 35 4
ap =(100) : (110) - — — 35 16 —
pp’ =(110) : (120) — - ! — 19 28 —
b =(120) : (010) — i — — 35 16 —
2" =(110) : (130) 1 - 29 26 29 29 3
2" =(130) : (010) 1 — 25 18 25 15 3
pb =(110) : (010) 39 | 54 35 — 54 50 54 44 * —
oo =(110) : (110) 19 7025— 7046 70 34 70 32 2
1
cg =(001) : (011) 40 | 25 4— 2516 2511 25 11 0
gb =(011) : (010) 40 ! 64 43— 6456 & 6449 * —
! i
ao =(100) : (111) — — — 48 0 —
Joq =(111) : (011) — — — 26 34 —
ag =(100) : (011) — e i - 74 34 —
g0’ =(011) : (I11) — — 34 38 —
o' =(111) : (100) - — 70 48 —
|
co  =(001) : (111) 4 | 33253330 | 3332 33 33 1
op =(111) : (110) 4 | 4223 — 4243 49 35 42 34 1
c¢p =(001) :(110) 32 76 1.~ 7617 76 7 * —
po’ =(110) : (111) — — — 59 22 —
o'c =(111) : (001) — — — 44 81 —
pe =(110) : (00T) 31 103 44 —104 2 | 103 52 103 53 1
|
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Morphological Angles of Ammonium Magnesium Sulphate (continued).

No. of Mean

Angle measured. xalsg;xge Limits. observed. Calculated.| Diff.
bn =(010) : (121) 1 — 54 56 55 1 5
no =(121): (111) | 1 — 15 47 15 42 5
bo =(010) : (111) | 2 7087 — 7051 | 7044 70 43 1
os  =(111) : (101) - - — 19 17 —
bo' =(010) : (Ill) 7 6519 — 65 28 65 22 65 22 0
o's’ =(111) : (101) — — — 24 38 o
o'’ =(111) : (111) 3 49 9. 4921 49 16 4916 0
s¢ =(101) : (011) — - — 36 58 —_
gp =(011) : (110) 40 88 11— 88 29 88 21 88 22 1
ps  =(110) : (T0T) — — — 54 40 —
pg  ={110) : (0IT) 40 9133 — 0149 | 9139 91 38 1
g =(101) : (011) — - — 44 46 —
qn =(011) : (121) 1 — 25 58 2 2 4
np =(121) : (110) 1 - 36 28 36 24 4
gp =(011) : (110) 40 6218 — 62 38 62 26 62 26 0
ps =(110) : (101) — — — 72 48 —_
py =(110) : (0IT) 4 117 93 11744 | 11734 | 117 84 0
#o’ =(201) : (T11) — — — 35 17 -
o'p =(I11):(110) —_— — — 91 36 —
pr' =(110) : (201) 33 | 5253 — 5314 53 5 53 7 2
wp =(201) : (110) 32 12645127 5 | 12655 | 12653 2

Total number of measurements: 477.

Murmann and Rotter (loc. cit.) give ac (B)=T2°04", cr' = 6447,
pb =542, pp="T0°22, ¢q=25°1T", cp="T66", v'0'=35°1Y, and pr'=
53°9".  Also for the axial ratio : @:6:¢=07376:1:0'4891.

Cleavage.— An excellent cleavage is developed parallel to the ortho-
dome 7'{201}, as in all the other salts of the series investigated.

On making a section plate parallel to the symmetry plane in the
case of a large crystal with the aid of the cutting and grinding gonio-
meter, it happened on making the final ¢ cut-off ”’ (second face) that
the crystal broke off in continuation of the cutting (the symmetry)
plane when the cutter had proceeded half-way through, and on exam-
ining the fracture, both on the plate thus suddenly completed and the
crystal end cut off, it was found to be an excellent smooth face of the
symmetry plane (the clinopinacoid), yielding in each case a perfect
image of the signal. The angles were within 1 minute of the theo-
retical. Hence it would appear that the symmetry plane 5{010} is
also a direction of cleavage.
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Volume.

Relative Density.~—The following four determinations were made by
the pycnometer method with independent material :

Weight of salt employed. Sp. gr. at 20°/4°.
32298 1-7213
34132 17200 .
340623 1,7219}]!riearx, 1-7210.
29687 1-7206

The following additional four were carried out by the suspension
method, employing the perfect small erystals used in the goniometrical
work, which, when examined microscopically, proved to be remarkably
free from air or mother-liquor cavities.

For 20°/4°,
For 19°2°/4°............... 1-7236 17235
For17:3 /4 ... 17222 17218
Forl75/4 .....cociini. 17223 17219
For190/4 ............... 1-7228 1-7227

Mean 17225

The density for 20°/4° is therefore taken as 1-723.

The results of former determinations are as follows: Playfair and
Joule (Mem. Chem. Soc., 1845, 2, 401), 1-721 and (Journ. Chem. Soc.,
1849, 1, 138), 1-7169 ; Schiff (4 nn. Chem. Pharm., 1858, 107, 64), 1-680;
Schréder (Journ. pr. Chem., 1879, [ii], 19, 266), 1'723 and 1-727;
Perrot (Arch. Sci. phys. nat., 1891, 25, 26), 1'721.

M _ 35800 _ 20778,

Molecular Volume.——-—-d— = Twa5
Topic Awes.—x:y:w=62320:84217 :4-1418.

Optics.

Orientation of Awes of Optical Ellipsoid.—The plane of the optic
axes is the symmetry plane; the sign of the double refraction is
positive.

A pair of section plates ground parallel to the symmetry plane
afforded the following extinction angles:

Section 1 ......... 12°10" behind the normal to ¢(001).
N 1205’ » » ¢(001).
Mean 12°8'

Hence the second median line, which corresponds to this extinction
direction, is inclined 4°58’ to the vertical crystallographical axis ¢, the
angle B8 of the axes ac having been shown to be 72°54’. Both median
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lines lie in the obtuse angle ac, and the first median line is inclined
12°8' to the axis a.

Murmann and Rotter give 12°15’ behind the normal to (001) as the
position of the second median line [x:(001)], and Topsde and Chris-
tiansen give 11°11".

Refractive Indices.—The following are the results with six prisms,
each ground so as to afford two indices directly :

Refractive Indices of Ammonium Magnesium Sulphate.

Nature Topsoe and
of Prisms Prisms Prisms Mean Christiansen’s
Index. light. 1and 2. 3 and 4. 5and 6, index. values.
Li 1-4688—4 1-4686—4 14685 -—

1'4692—88 1-4689—7  1-4689 1-4698

[3
Vibrations
parallel to
2nd median
line.

C
Na 1-4719—6

— 1:4716—4  1°4716 14717
TI  1:4742—0 — 1-4740—38 1+4740

F o 14773--0 1'4772—0  1°4771 1°4774

{

[ G 14817—1 14815—3 14814  —

Ii  1-4701—698 1°4702—4 — 14701 —
o P ¢ 14705—2  1-4705—8 — 14705 1°4707
Vibrabions | Na 1473027 147312 — 1°4730 14728

D et TI  1'4755—1  1:4756—9 — 14755  —
Sbax. ¥ F  14784—3  1-4787—9 — 1°4786 1°4787

18, G 1'4820—8  1-4832—5 — 14831  —

1-4758--9  14754—2  1°4756 —
1°4761—3  1°4758—6  1°4760 1-4751
1-4787—9  1°4784—3  1°4786 14791
1:4813-—4  1-4810—06 1-4811 —
1°4842—6  1'4840—0 1-4842 1-4837
1'4888—93 1-4886—5  1°4888 —_

'y.
Vibrations N
parallel to ¢ Tla
1st median | F
line. L

R

Mean of a, B, and v for Na light = 14744,

The indices found by Topste and Christiansen are given in the last
column, but only the 8 values were directly determined.

The intermediate refractive index S, corrected to a vacuum (correc-
tion = 0:0004), is expressed by the following formula for any wave-
length A, absolutely as far as the green thallium line of the spectrum,
and approximately beyond that towards the violet end :

634 490 3 586 800 000 000
B=14581+ U R i + ...

The « indices are also reproduced by the formula with similar
accuracy if the constant 14581 is diminished by 0°0015, and the
y indices if the constant is increased by 0-0056.

Alteration of Refraction by Rise of Temperature.—The following
table represents the results of determinations at 70° with two of the
prisms :
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Refractive Indices of Ammonium Magnesium Sulphate for T0°

Nature of light. a B.
i 14671 14684
14675 1-4688
14700 1-4712
14725 14736
14757 14766

v-
1-4737
14741
14767
1-4792
14823

These values are lower than those for the ordinary temperature by
an average of 0'0015 for a, 0:0018 for S, and 0:0019 for y.
Awxes of the Optical Ellipsoids.—The calculated values of these con-

stants are as follows :

Axes of optical indicatrix: a:8:y=09991:1:1-0038.

Axes of optical velocity ellipsoid : w:l:¢=1-0009:1:0:9962.

Molecular Opiical Constants.—Employing the density as afforded by
the suspension method, these constants work out as follows :

Axis of optical indicatrix ....................... a.
. . nt-1 C 0-1616
Specific refraction, WY =M e, { G 01653

o E=1 M C 5785

Molecular refraction, P R nm .. { G 5917
Specific dispersion, g =Ny oo 00037

Molecular dispersion, 1, — g «vvvveeneneenies 1-32

Molecular refraction, % LT O C 9743

8. Y.
0-1621 0163
0-1658 01675

5802 58°60

5935 59-95
00037 0-0038
1:33 135

97°76 9890

Optic Axial Angle.—The following results were obtained with three
excellent pairs of section plates ground perpendicular to the first

and second median lines, all affording very
brushes.

Determination of Apparent Angle in Air of

Sulphate.

Light. Section 1. Section 2.
Li Lo 79° 1 79°15
C 79 0 79 14
Na ......... 78 56 79 10
T ... ... 78 42 78 59
Fo.o..... 7818 78 44

Scetion 3.

small rings and sharp

Ammonium Magnesium

Mean 2E.

79°32 79°1¢’
79 31 79 15
7927 7911
7912 78 58
78 46 78 36
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Determination of True Optic Axial Angle of Ammonium Magnesium

Sulphate.
No. of No. of
section Observed  section  Observed Caleulated Mean
perp. 1st  values  perp. 2nd  values values  value
Light. median line. of 2Ha. median line. of 2Ho. of 2Va,  of 2Va.
1 45°12 la 106°45’ 51°11’
Li..... 2 45 21 20 106 35 51 22 51°20"
3 45 23 3o 106 28 51 26
1 45 10 la 106 41 51 10
C..... 2 45 18 2a 106 30 51 20 5118
3 45 20 30 106 21 51 24
1 44 54 la 106 5 51 5 ]
Na 2 44 56 2a 106 O 51 8 5111
3 45 5 30 105 47 5120 |
1 44 31 la 105 31 50 54
Tl...... 2 44 38 20 105 28 51 0 51 2
3 44 45 30 105 15 5112
1 43 44 la 104 35 50 26
F.... 2 43 57 20 104 35 50 38 50 36
3 44 4 3 104 35 50 44

Topste and Christiansen (Joc. cit.) found 78°45" for 2E and 50°40’
for 2Va. Murmann and Rotter give 77°30" for 2E and 50°22' for
2Va. Earlier values for the true angle are those of Brewster, 51°22,
and De Senarmont, 51°4',

Dispersion of the Median Lines.—This was determined with each
of the sections perpendicular to the first median line by immersion in
oil of turpentine, the refractive index of which is approximately iden-
tical with the mean index of the crystals. The first median line was
found to be nearer to the morphological axis @ for red light than for
blue by 18, 17', and 16’ respectively in the three cases, using C and F
light. Hence the dispersion of the median lines is such that the
first median line lies about 17’ nearer to the axis @ for C light than
for F.

Effect of Rise of Temperature on the Optic Axial Angle.

Measurements at 75° (corrected for conduction of crystal holder)
gave the following results for the two ends of the spectrum :

2E at 75° For lithium light, 71°40’, and for F light 70°10".

Thus 2E diminishes 7°36" for Li and 8°26" for ¥, on heating from
15° (the average of the ordinary temperature determinations) to 75
This rise of temperature is also accompanied by an increase of 50’
(between Li and F) in dispersion.
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On allowing the apparatus to stand 24 hours after cooling, the
value of 2E was found to be permanently reduced by somewhat over
half a degree, as the effect of the heating.

Ammonium Zinc Sulphate, (NH,),Zn(SO,), 6 H,0.

An estimation of zinc in a sample of the crystals employed afforded
the following result : 1-0577 grams of crystals gave 02122 gram of
zine oxide, corresponding to 1610 per cent. of zine, the calculated
percentage being 1621.

Gontometry.

Ten selected crystals were measured belonging to five different crops

carefully chosen from the very numerous crops prepared.

Ratio of axes: a:56:¢=07368:1:0'4997.

Axial angle: B="73°%".

Habit : Thick prismatic to tabular.

Forms observed: 5={010}c P, ¢={001}0/’, p={110}x P,
g=1{011}Rw, o={l11}-2P, o'={111}+ 2,
n={121} - 2L2,5 = {201} + 2P

The table on pp. 1141, 1142 exhibits the results of the measurements.

The measured crystals represented very fairly the varied types

found among all the crops prepared, and three characteristic specimens
are figured in the illustrations (Figs. 5, 6,and 7). In the type repre-

Fig. 5.

sented in Fig. 5, the habit is clearly prismatic along the prism zone,
and not only are there large faces of the primary prism p{110}, but also
tolerably large faces of the clinopinacoid ${010}. It is further dis-
tinguished by the approximately equal development of the basal
plane ¢{001} and clinodome ¢{011}.

The type shown in Fig. 6 is much flatter owing to the shorter rela-
tive development of the primary prism., It shows only strips of the
clinopinacoid faces, but relatively large faces of the clinodome, being,
in fact, prismatic after this form. It is further characterised by an
unusually large development of the faces of the hemi-pyramid o'(111),
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The third type illustrated in Fig. 7 is distinguished by the
relatively large development of the basal plane, and owing to the
shortening of the primary prism zone is almost tabular along the
basal plane,

The relative development of the orthodome {201} faces also
varies from that of Fig. 6 to that of Fig. 7. No faces of the
orthopinacoid were ever observed. Small faces of the primary hemi-
pyramid 0{111} were observed on two of the crystals measured, and
an excellent face of the hemipyramid n{121} was exhibited by one of
the larger crystals employed in the optical work,

Several of the measured crystals afforded perfect images from hboth
clinopinacoid faces, all four clinodome faces, all four primary prism
faces, and both ¢ orthodome faces. Four of them also gave perfect
single images from the basal plane faces, situated precisely as they
should be, midway between the ¢ images. Some of the others exhibited
striking instances of a pair of images from two vicinal faces replacing
the basal plane, as described under ammonium magnesium sulphate.
‘Where any ambiguity of this kind was experienced, the half of the
angle between the two ¢ images was taken as representing the value
of ¢g, for the ¢ images were always excellent in the crystals measured
and absolutely correctly placed. These half values of gg were always
practically identical with the values of ¢¢ measured in the cases of the
crystals exhibiting perfect ¢ images.

Morphological Angles of Ammonium Zinc Sulphate.

Anel , Noj D‘f Limi Mean Calculated.| Diff
ngle measured. measure- Amits. observed, |Ctleulated.) Diil
ments. ‘

ac =(100) : (001) — — - 73° 8 | —
as  =(100) : (101) — — L — 44 40 —
[sc =(101) : (001) : — - 2898 | —
er’ =(001) : (201) 16 G4°51’ 64°59" 64°54’ 64 56 2
e’ =(001) : (101) — — —— 38 55 —
s =(101) : (201) — — — 26 1 —
#a =(201) : (100) — — 41 56 —
¢ =(201) : (001) 16 115 0—11510 115 6 115 4 2
ap =(100) : (110) — — — 3513 —
pp =(110) : (120) — - — 19 28 —
b =(120) : (010) — — — 3519 —
pb  =(110) : (010) 36 54 40 — 54 54 54 47 *
pp =(110) : (110) 17 7018 — 7034 | 7027 7026 1
cg =(001) :(011) 39 25 26 — 25 37 25 33 * —
gb =(011) : (010) 39 64 22 — 64 36 64 27 64 27 0
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Morphological Angles of Ammonium Zine Sulphate (continued).

No. of 4 M l
Angle measured. measure- | Limits. ‘l (an1 .Calculated.| Diff.
ments, ! observed. |
‘ i
=(100) : (111) | - ‘ - 47°52 | —
=(11): (011 = — . A 26 57 —
=(100) : (011) | — | — — 74 49 —
fo=(o11) :(111) | - — — 35 5 —
oa =(111) : (100) | e — —- 70 6 —
=(001) : (111) 5 34° 0— 84° 4/ 34° 2/ 33 57 5
op =(111) : (110) 3 4212 — 4217 492 15 42 20 5
e =(001) : (110) 39 76 8— 7623 76 17 * —
po =(110) : (111T) 21 58 34 — 58 50 58 40 58 38 2
l =(11T) : (00%) 20 4457 — 45 9 | 45 3 45 5 2
pc =(110) : (001) 39 103 36 —103 50 | 103 43 103 43 0
bn =(010) : (121) 1 ; -— 54 57 54 b4 3
o ={121) : (111) T | 1550 15 45 5
=(010) : {111) — — - 70 39 —
= oy | — — — 19 21 —
' =(010) : (T11) 5 65 7 — 6512 65 9 65 9 0
{ =(I11) : (101) — — 24 51 —
¢ o=(111) : (111) 1 — 49 43 49 42 1
sg  =(101) : (011) — - — 37 81 —
gp =(011) : (110) 28 87 52 — 8812 88 1 88 0 1
ps  =(110) : (T01) — — — 54 29 —
pg  =(110) : (011) 38 91 51 — 9212 91 59 92 0 1
s'g =(101) : (011) — — 45 25 —
gn =(011) : (121) 1 2617 | 2615 2
np =(121) : (110) 1 — 36 14 36 12 2
gp =(011) : (110) 37 62 20 — 62 34 62 27 62 27 0
ps’ =(110) : (10I) — — — 72 8 —
pg  =(110) : (011) 37 117 27 —117 36 117 33 117 33 0
7o’ =(201) : (I11) 19 3514 — 35 34 35 24 3522 | 2
op =(i11) : (110) 21 9152 92 8 92 1 92 4 | 3
pr =(110) : (201) 29 52 27 — 52 45 52 36 52 84 2
P ={201) : (110) 28 127 16 —127 83 | 127 24 ‘ 127 26 2
|

Total number of measurements : 547,

Murmann and Rotter (loc. cit.) found ac (B)="73°19, cr'=64°4Y,
pb=054°46', pp="T0°29", cg=25°1T', ¢p="T6°26', po’ = 58°43’, 0'c = 44°45,
and pr'=52°30’, and for the axial ratio, «:5:¢=0-7375:1:0:5009.

Clewvage.—The cleavage parallel to # {201} common to the series
is well developed in this salt.
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Volume.

Relative Density.

The pycnometer method : The suspension method :
Weight of Sp. gr.
salt employed. at 20°/4° For 20°/4°,
51502 19294 . For 16-8°/4° ...... 19345 19339
45449 1:9300 ' For 17-5°/4° ... 19308 19303
56138 19290 | For15°8%4° ... 1-9%24 1-9316
54968 19303 : For 16-3°/4° ... ... 1-9325 1-9318
Mean...... 19297 | Meat............ 1+9319

The value accepted for 20°/4° is therefore 1:932.

Previous results are: Playfair and Joule (Mem. Chem. Soc., 1845,
2, 401), 1-897 ; Schiff (dnn. Chem. pharm., 1858, 107, 64), 1-910;
Schroder (/. pr. Chem., 1879, [ii], 19, 266), 1'919, 1-921, and 1925 ;
Perrot (drch. Sei. phys. nat., 1891, 25, 26), 1:931.  This last very trust-
worthy value is satisfactorily close to the value now given.

Molecular Volume.—ifs 39872 _ 90638,

d 1932
Topic Awes.—x ¢ 1 w=061648:8-3670 :4-1810.

Optics.

Orientation of Axes of Optical Ellipsoid.—The optic axes lie in the
symmetry plane ; the sign of double refraction is positive.

Two section-plates ground parallel to the symmetry plane gave the
following angles of extinction :

Section 1......... 9°50" behind the normal to ¢(001).
s 2 9057 ’ ' v

Mean...9°53'

This direction of extinetion is the second median line, which, as
the angle B8 of the axes ac has been shown to be 73°8, is consequently
inclined 6°59" to the vertical morphological axis ¢. Both median
lines lie in the obtuse angle «c, and the first median line is inclined
9°53’ to the axis a.

Murmann and Rotter give 8°33’ behind the normal to (001) as the
direction of the second median line.

Refractive Indices.—S8ix excellent prisms were ground so as to
yield directly two refractive indices each. The results are as under :
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Refractive Indices of Ammonium Zinc Sulphate.

Nature of Prisms Prisms Prisms Mean  Perrot’s
Index. light. 1and 2. 3 and 4. 5and 6. index. values.
/ Li 148596 —_ 1'4859—9 1-4858 —
Vibrations J ¢ 1-4863—59 — 14862—3 1-4862 1-4862
“al ‘1";‘5 Na 1°4887—7 — 1'4889—8 1-4888  1°4890
Jarallel to TL  1-4915—1 — 1-4915—6 1-4914  —
o 1?“*’; 1an F o 14948—4 - 14947—8 1'4947  1-4946
e VG 1°4992—2 — 1°4991—4 14992 14987
Ti  1'4901--898 1:4895—905 — 14900 —_
Vib Bi' ¢ 144905 -2  1-4899—908 1°4904  1°4904
thra ‘I‘J“S Na 1498129  1-4925—35 — 14930  1-4934
parallel to TL 14958—7 14952 -62 — 14957 —
symmetry F 1:4992—-87  1-4984—95 — 1-4990  1-14993
axis. G 15037—5  1-5032—42 — 1-5036 15041
Li - 1:4957—65  1'4964—4 1°4063 —
Vibiations C — 1-4962-9  1°4968—7 1°4967 1°4971
arallol fo Na 1-4989 97  1°4995—4 1°4994  1-4996
l1t din T1 — 1-5016—24  1'5022—8 15021 —
B oAt F — 15049—59  1'5055—5 1+5056  1°5056
me. G — 1°5099 105 1'5102—2 1-5102 15103

Mean of @, 8, and y for Na light = 1-4937,

It will be observed that the author’s values agree very closely with
those obtained by Perrot, who employed the method of total reflection,
using the Soret refractometer. It is interesting and important that
this should be so, for the following reason.  Hitherto the method of
minimum deviation with the aid of prisms has only been partially
available, that is, as far as naturally formed prisms permitted (supple-
mented in the work of Topsoe and Christiansen by prisms ground on a
glass plate by hand); consequently Perrot chose the method of total
reflection, which requires only plates of the crystals. The author,
being able with the aid of the cutting and grinding goniometer (PAil.
Trans., 1899, A, 192, 457) to obtain with the greatest ease 60° prisms
having each the theoretical orientation to afford two indices, even with
salts of such complicated (monoclinic) symmetry as those of this
series, has employed the method of minimum deviation, and it is highly
satisfactory to have so admirable an example of the total reflection
method with which to compare the results as is afforded by Perrot’s
careful measurements. The limitations imposed by hand-grinding
only enabled Topsoe and Christiansen to prepare prisms affording the
B index directly, and it has been shown that their values of o and y
indices are generally less accurate in consequence.

The following formula expresses the value of the intermediate
refractive index B for any wave-length A, corrected to a vacuum :

588 612 2 356 900 000 000+

B=14T84 422 L
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The « indices are also reproduced by the formula if the constant
1-4784 is diminished by 0:0042, and the y indices if the constant is
increased by 0-0064.

Alteration of Refraction by Rise of Temperature.—Two of the
prisms affording respectively o and 3, and a and y, were employed for
determinations at 70° and the results are embodied in the accompany-
ing table.

Refractive Indices of Ammonium Zine Sulphate at 70°

Nature of light. a. B. 7.
Li..... 14845 1-4883 1-4944
C ... 1-4849 14887 1-4948
Na...... 14874 1-4914 1:4976
T1...... 14902 1:4942 15003
F ... 1-4935 14975 1-5037

These values show a diminution from those for the ordinary tem-
perature of, on the average, 0:0013 for a, 00016 for B3, and 0-0019
for v.

Awes of the Optical Ellipsoids,—These work out as under :

Axes of optical indicatrix: a:8:y=09972:1:1'0043.
Axes of optical velocity ellipsoid : g : 5 :¢=1-0028:1:0-9957.

Molecular Optical Constants.—These values calculated with the aid
of the density afforded by the suspension method, are as under :

Axis of optical indicatrix ... a 8 7
. o n?-1 _ C 0°1487 01497 0-1514
Specific refraction, r2d [ G 01520 01532 01549

e w1 M C 5927 5971 60°36

Molecular refraction, W2 4 1 G 6062 6107 61-74
Specific dispersion, ng =Ny ooooeevnein 070033 00035 00035

Moleeular dispersion, Mg — Mg .ooovvviiieinnen 135 1-36 1-38

Molecular refraction, Ecjlli[ ..C 10034 10121 102°51

Optical Awial Angle.—Three good pairs of section plates were
obtained by grinding, perpendicular to the first and second median
lines. The rings were very small and the brushes exceptionally sharp
and clearly defined. The measurements in a-bromonaphthalene were
consequently remarkably delicate. The measurements of the angle in
air, however, were rendered somewhat difficult on account of the large
size of the angle ; sections 1 and 3 afforded very trustworthy values
of it, but section 2 was too narrow in comparison with its length to
permit the brushes to emerge completely, owing to the necessity at the
same time for some considerable thickness of section imposed by the
feeble double refraction.

VOL. LXXXVIL 4G
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Determination of Apparent Angle in Air of Ammonium Zinc Sulphate.

Section 1. Section 3. Mean 2K,
143°30" 143755’ 143°48’
143 39 144 13 143 56
144 28 144 54 144 41
145 12 145 45 145 29
146 0 146 31 146 16

Determination of Tvue Optic Axtal Angle of Ammonium Zine Sulphate.

No. of No. of

section  Observed  section  Observed Calculated Mean

perp, 1st values  perp. 2nd  values values value

Light. median line. of 2Ha. median line. of 2Ho, of 2Va.  of 2Va.
1 69°55' la 88°10/ 78°57

Li...... % 2 69 50 2a 88 10 78 54 78°67
3 70 1 3a 88 13 79 ©
1 69 563 la 88 8 78 57

C.. ; 2 69 49 2a 88 6 78 55 78 68
3 69 58 30 88 6 79 1
1 69 43 le 87 50 78 58

Na { 2 69 37 20 87 44 78 58 - 79 0
3 69 42 3a 87 40 79 3
( 1 69 22 la 87 18 79 0

TL..... 2 69 17 20 87 12 79 0 79 2
3 69 25 3a 87 13 79 5
1 68 b5 1a 86 38 79 2

... 2 68 50 2a 86 33 79 1 79 3
3 68 56 3¢ 86 32 79 6

Murmann and Rotter found 141°45’ for the angle in air and 78°35'
for the true angle.

Perrot found 142°30" for the apparent angle in red light, and
79°12" for the true angle in the same colour.

Dispersion of the Median ILines.—Sections 1 and 3 were examined
in toluene, the refractive index of which is very close to the mean
index of the erystals. In both cases the first median line was found
to be 10’ nearer to the morphological axis  for red lithium light than
for greenish-blue ¥ hydrogen light.

Effect of Rise of Temperature on the Optic Axial Angle.—On heating
a section plate perpendicular to the first median line, the apparent
angle in air is observed to diminish slightly. The following values
were obtained with section 1 for the temperature of 75° (corrected for
conduction of the crystal holder).

2E at 75°,
For C light ............ 138° 7
o Na o, 138 42
ol 13911

2
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The diminution between 15° and 75° is thus seen to be about 6°.

After cooling 24 hours the angle for sodium light was found
to he nearly a degree larger (145°20°) than it was before the
heating.

Ammonium Magnesium Selenate, (NH,),Mg(Se0,),,6H,0.

The result of an estimation of the magnesium in a sample of the
crystals employed was as follows: 12081 grams of crystals afforded
03062 gram of magnesium pyrophosphate; this corresponds to 5°48
per cent, of magnesium, the theoretical percentage being 5'29.

Goniometry.

Ten crystals were chosen out of six specially good crops.

Ratio of axes: a:5:¢=0-7420:1:04966.

Axial angle: 8=173°3%"

Habit : prismatic along the prism zone, to tabular along the basal
plane.

Forms observed: b={010}wRw, ¢={001}0P, p={110}wc P,
¢={011}Rw , o' ={I11} + P, #' = {201} + 2L .

The table on page 1149 shows the results of the measurements.

This salt readily yields perfectly transparent and very well formed
crystals, which under certain circumstances may attain an inch in
diameter, without exhibiting any appreciable distortion of the plane-
ness of the faces.

Several of these large crystals, which were obtained by placing the
crystallising vessels (small flat-bottomed beakers) inside a high
rectangular glass case nearly a yard long, afforded excellent material
for the preparation of section plates and prisms of such ample propor-
tions as enabled them not only to be employed equally with the
smaller ones for the optic axial angle measurements, but also
rendered them admirable for the projection of the specially beautiful
interference figures with the lantern polariscope.

Usually only four crystallising vessels were placed in the case at
one time, each equidistant from the centre and a corner of the base.
At the centre was placed a dish of oil of vitriol which, as the case was
fairly tightly fitting on its plinth, absorbed the evaporated water
vapour as fast as it was liberated. The base was covered with velvet
to prevent conduction through the wood from the bottom of the crystal-
lising vessels, and the case itself was further screened from draughts
in the centre of the crystallising room, and thus sudden alterations of
temperature avoided. The solutions so protected attained a consider-
able amount of supersaturation before depositing crystals, and the

46 2
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latter then grew uninterruptedly in a few days to the size already
indicated, entirely under normal atmospheric pressure.

The crystals of this salt are, however, generally of a very simple
character, no faces having been observed, with one imperfect exception,
other than the six above-mentioned simple forms. The clinopinacoid
{010} is usually present, and its faces are frequently relatively large ;
they invariably afforded in the cases of the measured crystals excellent
reflections of the signal. 'The orthopinacoid was never observed. The
basal plane ¢{001} was frequently so largely developed as to impart to
the crystal the tabular character exemplified in Fig. 8. Equally
often, however, the faces of the basal plane were relatively less, and
a prismatic character impressed on the crystal by the elongation of the

Fia. 8.

faces of the primary prism p{110}, as shown in Fig. 9. The latter
were particularly free in the case of this salt from the striation and
distortion due to vicinal faces. In most instances the images obtained
during the measurements were perfect.

The faces of the basal plane often exhibited the vicinal face pheno-
menon, but the values of the angle ¢¢ were rendered quite trustworthy
owing to the singular perfection of the faces of the clinodome
g{011} and the brilliant definition of the images derived from them,
symmetrically on either side of the basal plane. The relative develop-
ment of the faces of the forms {201} and o {111} varied as illustrated
in the two figures. On one crystal a rough face of the form s{101}
was observed, but the reflection from it was too imperfect for accurate
allocation to the cross-wires.
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Morphological Angles of Ammonium Magnesium Selenate.

!

No. of Mean ob
Angle measured. measure- Liwmits. sZr veg " | Calculated.| Diff.
ments, :
1
ac =(100) : (001) — — — 73°83" —
as =(100) : (101) . — — — 45 12 —
se =(101) : (001) — — — 28 21 —
e’ =(001) : (201) 18 64° 7'— B4°26'| 64°15' 6411 4
1 e’ =(001) : (101) — — I — 38 22 —
s =(101) : (201) — — — 25 49 —
r'e =(201) : (100) — — — 42 16 —
7’¢ =(201) : (00T) | 18 115 87 —115 50 | 115 45 115 49 4
ap =(100) : (110) | — — — 35 26 —_—
pp’ =(110) : (120) — — — 19 28 —
1 9’6 =(120) : (010) — — — 35 6 —
b =(110) : (010) 43 | 5425 — 5442 | 5434 ¥ —
pp =(110) : (110) 21 7044 — 71 1 70 52 70 52 0

(001) : (011) 38 25 22 — 25 37 25 29 *
(011) : {(010) ! 38 64 22 — 64 39 64 31 64 31

o |

(100) = (111) — — — 48 21
(111) : (011) — — — 26 51
agq =(100) : (011) — — - 75 12
(011) : (111) — — — 34 38
(

Feind

: (100) — — — 70 10

(
(001 : (111) — — — 33 54
: (110) — — — 42 46
: 7631 — 7648 | 7640 «
{110 : (111) 19 58 37 — 5853 | 5845 58 44
(113) : (00T) 19 4428 — 4443 | 44 36 44 36
(110) : (00T) 38 10311 —103 28 | 10320 | 103 20

S
I

=)

=

=

=

=

2

oo

3
co~| ||

: — 70 35
(111) : (101) — — — 19 25

o
(=Y
I
—
S
=
=)
=2
—
=
o
—
=

[

bo’ =(010) : (T11) 5
o's’ =(111) : (101) —

0o

6513 — 65 19 65 16
24 44 —

49 27 — 49 29 49 28 49 28 0

1l
—_
=]
—
ot
=
—_
i
"
—t
—
w

— — ’ 37 24
87 31 — 87 51 87 39 | 87 38
— 54 58
92 9 — 9230 92 20 92 22

sq
qp
»8
»e

s'q =(101) : (011) —- — — 44 57
qp =(011) : (110) 38 6240 — 6254 | 6246 62 46
ps’ =(110) : (101) — —_ — 7217
g =(110) : (0T1) 38 117 511724 | 11714 117 14

W
=
=
=)
£
—_
[
>
[t
et
g1 %
w[.a[

olel|

7o’ =(201) : (111) 17 35 4— 3516 3510 35 9
o'p =(111) : (110) 18 9148 — 92 0| 9153 91 56
pr' =(110) : (201) 36 5249 — 53 1| 5255 52 55
7'p =(201) : (110) 35 126 58 —127 13 | 127 5 127 5

—r— e e —— S —t— ——
|
o
o
&
-
o
(=

oo wH

Total number of measurements : 555.
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Topste and Christiansen (Joc. ¢it., p. 73) give ac(B)= 7323,
2p=(110): (110)="70°47, and gg=(011:011)=50°55". Also for the
axial ratio @ :b:¢=07414:1:04968.

Cleavage—The cleavage common to the series parallel to {201} is
excellently developed.

Volume.

Relative Density.

The pycnometer method : The suspengion method :
Weight of Sp. ar. [
salt employed.  at 20°/4°, ( For 20°/4°.
41228 2:0562 i For 16:3°/4°...... 20584 2:0577
37058 20593 Tor 17-5°/1° ...... 2:0572 2°0567
67304 2°0556 Tor 18+4°/4°..,... 20589 20586
57926 20566 ‘ For 16-1°/4° ...... 2+0585 20577
Mean 20569 | Mean......... .. 2:0577

The true value for 20°/4° ig therefore taken as 2:058.
Topste (Bull. Soc. Chim., 1873, 19, 246) found the sp. gr. of a
gpecimen 2'035.
M 45156
Molecular Volume.—~—~(z— ~ 5058
Topic Awes.—yx ¢ :w=63299:8-5510:42365.

= 21942,

Optics.

Orientation of Awxes of Optical Ellipsoid.—The symmetry plane is
the plane of the optic axes; the sign of the double refraction is
positive.

Two section plates ground parallel to the symmetry plane gave the
following extinction angles :

Section 1 ......... 16°15" behind the normal to ¢(001).
»o 2 16°13’ " ” ¢(001).

Mean 16°14

Topsée and Christiansen give for the same angle [a:(001)], 17°7".

This extinction direction is the second median line ; it is nearly
coincident with the vertical morphological axis ¢, being only 13" in
front of it. The first median line is similarly nearly normal to the
orthopinacoid «{100}, and is inclined 16°14" to the axis @. Both
median lines thus lie in the obtuse angle of the morphological axes ac.

Refractive Indices.—Six particularly good prisms, each ground so as
to afford two indices directly, gave the following results :
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Refractive Indices of Ammonium Magnesium Selenate.

Nature Values of
of Prisms Prisms Prisms Mean  Topsde and
Index. light. 1 and 2. 3 and 4. 5 and 6. index, Christiansen,
“ Li  1'5035—3  1°5033—3 — 15034 —
Y 1'5040—37 1+5087—7 — 15038 —

Vibrations %Ta

15072—0  1'5069—70 — 15070 15056

_parallelto < in" yi5i06 4 15103—2 — 15104 —

scconl(.l median F o 15147—8  15144—3 . 1'5144 —

e. G 1'5206—6  1'5205—3 — 15205 —

i 1-5057—2 — 1-5058—6 1'5056 —

Vibrations ¢ 1'5061—57 — 1-5062—1 1'5060  1-5046

“f;?lc]‘“f Na 1'5094-—89 — 1:5097—3 1-5093 1-5075

o, o Tl 1'5127—3 — 1°5128—6 1'5126 —

ymmetry ¥ 1'5167—3 — 1'5169—5 1'5166 1'5146

ax1s. G 1'5227—6 — 1-5220—6 15227 —
Li — ‘5129—8 1-5136—3 15132

1
Vibr;/tions 1'5184—4  1°5140—36 1'5136
arall] to Na — 1'5166—7 1-5173—69 15169 1
ﬁIr;t nedina | T 1:6200—0 1°5205—3 15202

line F 1'5240—0 1°5248—1 15242

. G — 1:5305—1 1-6309—5 15305

Mean of «, 8, and ¥ for Na light=1-5111.

Frral
[
[=}

Topsoe and Christiansen’s values, given in the last column, do not
agree as well as usual with the author’s values; only their 8-values
were directly determined. The disagreement would appear to be due
to their salt containing admixed sulphate, for their value for the
density of the salt has also been shown to be much too low,

The following formula represents the value of the B-index for any
wave-length and corrected to a vacuum, absolutely as far as the green
thallium line, and approximately beyond that :

/3=1-4896+830 ‘626 _ 4 613 500 000 000
AZ e

The a-indices are equally well reproduced by the formula if the
constant 1'4896 is diminished by 0°0022, and the y-indices if the
constant is increased by 0-0076.

Alteration of Refraction by Rise of Temperature.—The refractive
indices were determined at 70° with the aid of two of the prisms,
furnishing respectively a and y, and 8 and y.

Refractive Indices of Ammonium Magnesiwm Selenate for 70°,

Nature of light. a. B. 7.
Li 15025 1'5040 1'5116
C 15029 15044 1'5120
Na.. 1:5062 15076 1-5153
T1 15095 1:5108 15187
F 15135 1:5148 15227
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These indices are lower than the ordinary temperature values by an
average of 0°0009 for a, 0-0017 for B, and 0-0016 for y.

Whilst the relative difference between 8 and y remains substantially
the same (0-0077), the separation of a and B becomes reduced to
0:0014. This relative approach of a and B indicates a considerable
diminution of the optic axial angle with rise of temperature, and such
will subsequently be shown to be the fact.

Axes of the Optical Ellipsoids.—
Axes of optical indicatrix :—a: B:y = 09985:1:1-0050.
Axes of optical velocity ellipsoid :—g : b:¢ =1-0015 : 1:0:9950.

Molecular Optical Constants.—The calculated values of these
constants, using the density as given by the suspension method, are as
follows :

Axis of optical indicatrix..............oo a. B. .
. e . n?-1 _ {C 01438 0-1444 0°1462
Specific refraction, (_n,z;m =3 R 16 01478 0-1484 01502
] . w-1 M_ C 6495 6519 6601
Molecular refraction, 1o d- m ... {G 66775 6699 6783
Specific dispersion, Mg =1 ..ocoieiiii s 00040 0°0040 00040
Molecular dispersion, Mg — Mg ..ovevviiiinene 180 1-80 182
Molecular refraction, &;}M ................. 11054 111-02 11269

Optic Axial Angle—The results of measurements with the three
pairs of section plates perpendicular to the two median lines are as
follows :

Determination of Apparent Angle in Air of Ammonium Magnesium

Selenate,

Section 1. Section 2. Section 3. Mean 2E.
87°52' 88°14’ 88°31’ 88°12’
87 50 88 13 88 30 88 11
87 42 88 7 88 24 88 4
87 25 87 57 88 16 87 53

87 1 87 30 87 45 87 25
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Determination of True Optic Axial Angle of Ammonium Magnestum

Selenate.
No. of 0. 0
section  Observed  section Observed  Calculated Mean
perp. 1st  values perp. 2nd  values values value
Light. median line. of 2Ha. median line. of 2Ho. of 2Va. of 2Va,
1 49°46/ lae 108°54' 54°43’
Li...... 3 2 49 46 2a 107 63 55 0 54°57"
3 49 51 30 107 38 55 8
S 1 49 44 1o 108 46 54 42
C.... 2 49 43 20 107 48 54 58 54 55
| 3 49 47 30 107 32 55 6
1 49 24 la 108 20 54 32
Na 2 49 25 20 107 22 54 50 54 47
3 49 29 3a 107 0 55 0
s 1 48 57 la 107 51 54 16
TL...... 2 48 58 2a 106 57 54 34 54 33
[ 3 49 5 3a 106 33 54 48
f 1 48 16 la 107 18 53 50
F... 2 48 17 2a, 106 33 54 4 b4 4
I 3 48 26 30 106 14 5418

Topsde and Christiansen give 85°56’ for the apparent and 53°44" for
the real optic axial angle for Na light.

Dispersion of the Median Lines.—Measurements in benzene, the
refraction of which is nearly identical with the mean refraction of the
crystals, indicated that the dispersion of the median lines is such that
the first median line is situated 17’ nearer to the morphological axis a
for Li light than for Flight. As the angle between the morphological
axis @ and the normal to «(100) has been shown to be 16°27" (the
complement of B8 73°33'), and the mean position of the first median
line as afforded by the extinction determination to be 16°14" from the
axis ¢ and in the obtuse angle of the axes ac, it follows that the first
median line for F light is inclined 16°5 to the axis ¢ and for Li light
16°22', and that for red light it is thus practically identical (within
5") with the normal to the orthopinacoid «(100).

Effect of Rise of Temperature on the Optic Axial Angle.—Section 3
was investigated at 75° (corrected for conduction of crystal holder),
with the following result :

2E at 75°.
Li 76°45 Tl e 75°50"
[ 76 40 Fooo. 7515

The optic axial angle is thus seen to diminish with rise of tempera-
ture, on the average about 12° for the interval 15—75° and at the
same time the dispersion is somewhat increased.
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Ammonium Zinc Selenate, (NH,),7Zn(Se0,),, 6 H,0.

An estimation of zinc in a sample of the crystals employed gave
the following result :—0-8028 gram of crystals yielded 01327 gram of
zinc oxide ; this corresponds to 13:26 per cent, of zine, the calculated
percentage being 13-14.

Goniometry.

Eleven crystals were selected in the manner already described, from
six different crops.

Ratio of axes i—a :0:¢=0"7409:1:0:5040.

Axial angle: f3="73%%6"

Habit : prismatic along the prism zone, to thickly tabular along the
basal plane.

Forms observed : & = {010}o Reo, ¢ = {001}oP, p = {110} D,
P = {120} 22, ¢ = {011} pw, o’ ={111} + P, 7' = {201} + 2P w.

The table on p. 1155 expresses the results of the measurements.

Fic. 11.

The preparation of perfect crystals of this salt proved more difficult
than in the cases of the other three salts, owing to the tendency to
opacity of the crystals of many of the crops. Out of the hundred or
more crops prepared, however, an adequate number consisted of
perfectly transparent crystals, and the best half-dozen were employed
in the goniometrical measurements.

Crystals were observed of all the types illustrated in the various
figures given for the other three salts, and in addition the two types
represented in Figs. 10 and 11. The latter are both characterised by
elongation along the axis of the zone [bge], and merely differ in the
relative development of the basal plane ¢{001} and the clinodome
g{011}. The faces of the clinopinacoid {010} were prominent in both,
and excellent images were always obtained from the faces of this form
and from those of the clinodome.

On several of the measured crystals the four faces of the relatively
large primary prism p{110} afforded perfect reflections, single and
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Morphological Angles of Ammonium Zinc Selenate.
No. of ; o
Angle measured. measire- Limits. obl\sfa?trlé 4 Calculated. ]Zilﬁ‘czl'
ments.
ac =(100) ; (001) — — — 78046 | —
as =(100) : (101) — — — 45 1 —
se =(101) : (001) — — — 28 45 -
e’ =(001) : (201) 12 64°36'— 64°41'|  64°38’ 64 36 Y
¢s’ =(001) : (101) — — — 88 52 —
s'r'=(101) : (201) — — — 25 44 —
7o =(301) : (100) — — — 41 38 —
7’¢ =(201) : (001) 12 11519 —11524 | 11521 115 24 3
ap =(100) : (110) — — — 35 26 —
o’ =(110) : (120) 1 — 19 25 19 28 3
b =(120) : (010) 1 — 35 8 35 6 2
pb =(110) : (010) 44 5493 — 5439 | 5434 * —
pp =(110) : (110) 22 7044 — 71 8 70 52 70 52 0
{ cg =(001) : (011) 39 25 43 — 25 57 25 50 * —
gb =(011) : (010) 39 64 5— 6420 | 6410 64 10 0
ao =(100) : (111) —_ — — 48 15 —
og =(111) : (011) — — — 27 11 —
ag =(100) : (011) — — — 7526 —
g0’ =(011) : (111) — — — 3% 0 | —
o'a =(111) 1 (100) — — — 69 34 —
co =(001) : (111) — — — 34 20 —
op =(111) : (110) — — — 42 30 —
ep =(001) : (110) 40 76 45 — 76 57 | 76 50 * —
po’ =(110) : (11T) 10 5754— 58 8| 58 2 58 4 | 2
o’c =(11T) : (00T) 10 45 2— 4517 | 45 7 45 6 1
pe =(110) : (00T) 10 108 410321 10310 | 10310 0
{ o =(010) : (111) — — - 70 23 —
os =(111) : (101) - — — 19 37 -—
b’ =(010) : (T11) 3 6459 — 6510 | 65 4 65 3 1
o's' =(111) : (101) — — — 24 57 —
( s =(101) : (011) — — — 37 b4 —
gp =(011) : (110) 33 87 9— 8723, 8717 87 16 1
ps =(110) : (101) _— — — 54 50 —
pg =(T10) : (011) 33 9238 — 9252 | 9243 92 44 1
s'q =(T01) : (011) — — — 45 31 —
qp =(011) : (110) 33 6236 — 6253 | 6246 62 46 0
ps’ =(110) : (10T) — — — 71 43 —
pq =(110) : (011) 33 117 6—117 24 | 117 14 117 14 0
o' =(201) : (T11) 9 3510— 8519 | 8514 35 14 0
o'p =(111) : (110) 9 9215 9226 9219 92 17 2
' =(110) : (201) 23 5291 — 5234 | 5227 52 29 2
7'p =(201) : (110) 23 127 23 —127 38 | 127 33 127 31 2

Total number of measurements: 470.
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quite satisfactory for the purpose of allocation to the cross-wires, and
the values of the angle dp given in the table coincided with the mean
values derived from these excellent faces alone. Tn other cases, the
vicinal face phenomenon was observed, as was also the case in regard
to 14 of the 22 faces of the basal plane present on the 11 measured
crystals. The other 8 of the latter afforded single trustworthy
images unaffected by the presence of any vicinal faces at exactly 90°
to the perfect b images and equidistant from the excellent ¢ images.

The faces of the orthodome 7201} were often particularly brilliant
and relatively large, and the images reflected from them especially
perfect. Also the hemipyramid o'{I11} was often represented by good
plane faces almost as large as those of 7. Occasionally, however,
crops were obtained which showed neither of these forms, or, if
present, only as very minute faces.

On one crystal a good but small face of the prism »'{120} was
observed.

Topsée and Christiansen give ac(B8)="73°49", pp=(110):(110)=
70°55" and ¢q =(011):(011)=51°32"; also a:b:¢=07416:1:0'5062,

Cleavage.—There is an excellent cleavage parallel to 7{201}. Good
images of the signal were obtained from the cleavage faces, within
2’ of the theoretical position for the " plane.

Volume.

RBelative Density.

The pycnometer method : The suspension method :
Weight of Sp. gr.
salt employed.  at 20°/4°. For 20°/4°.
5:8146 2-2558 TFor 18:9°/4° ...... 22617 22614
4:7318 22568 For 19-3°/4° ...... 2°2609 22607
53778 22553 For 14-0°/4° ...... 22630 22617
53587 22557 For 16:7°/4° ...... 2°2622 22615
Mean...... 22559 Mean............ 22613

The value accepted for 20°/4° is therefore 2:261.

The value yielded by the suspension method in this case is more
than usually higher than that afforded by the pycnometer method.
This is doubtless due to the fact already referred to in the description
of the crystals, namely, their frequent turbidity, which is probably
owing to their greater tendency to the formation of cavities.

The value given by Topste (Chem. Centr., 1873, 4, 78), 2:200, is
obviously much too low, as was also his value for ammonium magnesium

selenate.
M 492-28
Molecular Volume.——-z = Soe] = 217-73.

Topic Awes :—x:y:w = 62742 :8-4684 : 4°2681.
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Optics.

Orientation of Awes of Optical Ellipsoid-—The plane of the optic
axes is that common to the whole series of salts, the symmetry plane.
The sign of the double refraction is positive.

The following extinction angles were afforded by two section plates
ground parallel to the symmetry plane:

Section 1 ......... 12°44" behind the normal to ¢(001).
» 2 12956 » » ¢(001).

Mean 12950’

Topste and Christiansen give 13°4" for the same angle.

This direction is that of the obtuse bisectrix of the optic axial
angle, and it is thus situated (as ac[B]=73°46") 3°24 in front of the
vertical morphological axis ¢. The first median line is inclined 12°50
to the morphological axis «, and, like the second median line, lies also
in the obtuse morphological axial angle ac.

Refractive Indices—The results with six excellent ground prisms
follow.

Refractive Indices of Ammonium Zine Selenate.

Topsoe and
Christian-
Nature of Prisms Prisms Prisms Mean sen’s
Index. light. 1 and 2. 3 and 4. 5 and 6. index. values.
(el
" Li  1'5198—201 152022 — 1+5201 —
. 8 ¢ 15204—8  1'5207—5 — 15206 —
V;’;ﬁte‘f’;s Na 1'5237—40 152422 — 15240 15233
211’1 e di;n TL  1-5270—4  1°5275—4 — 15273 —
line ¥ 15313-8  15317—7 — 1'5316 —
e G 1'5377—81 153822 — 15381 —
8 Li  1-5258—61 — 1'56262—59 15260 —
o P ¢ 1'5263—6 — 1'5268—4 1°5265 15259
V;f’;ﬁ?fzj Na 15209—302  — 15301—-0 15300 15202
P et Tl 1'5331—4 — 1-5336—4 15334 —
yaxis ¥ F o 1-5376—9 — 1:5380—76 15378 156366
- G 1-5440—3 — 1'5445—4 15443 —
N Li — 1'5346—4  1'5344—2 15344 —
CATSNU I — 156350 —49 1'5350—47 1+5349 _
Vibmations |y, — 153855 1453853 15385 15372
{St odian | T — 1-5421—19 1'5420—18 1-5420 —
ling F — 15464 -2 154643  1°5463 —
- G — 15530—29 1'5530—27 156529 —

Mean of «, 8, and y for sodium light =1-5308.

Similar remarks apply to the disagreement of the author’s values
and those of Topstée and Christiansen as in the case of ammonium
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magnesium selenate, but the disagreement is in this instance less
pronounced.

The 3 index, corrected to a vacuum (correction = +0-0004) for any
wave-length ), is accurately represented by the following formula as
far as the green thallium ray, and approximately beyond that part of

the spectrum :

964 040 _ 6 471 000 000 000
B=15080 + 520 B T

The a indices are also afforded by the formula if the constant
1:5080 is diminished by 00060, and the y indices if the constant is
increased by 0-0085.

Alteration of Refraction by Rise of Temperature.—The indices were
redetermined at 70° with the aid of two of the prisms furnishing
respectively a and 8 and a and y.

Refractive Indices of Ammonium Zinc Selenate for T0°.

Nature of
light. a. B. .
Li v, 15189 15246 15325
C o 15194 1:5251 15330
Na....... .. 15229 15286 15367
T e, 1°5265 15321 15403
F ... 15308 15364 1-5446

These values are lower than those for the ordinary temperature by
an average of 00011 for a, 00014 for B8, and 0:0018 in the case of y.

Awes of the Optical Ellipsoids.
Axes of optical indicatrix: a:8:y=09961:1:1-0036.
Axes of optical velocity ellipsoid: w:l:¢=1-0039:1:0:9945.

Molecular Optical Constants.—Employing the density as alforded
by the suspension method, the following are these constants :

Axis of optical indicatrix. a. 8. y.
. i ni-1 _ C 0°1346 0-1369 01377
Specific refraction, D [ ORI G 01384 0-1397 0-1415
e wr-1 M (C 6626 66-98 67777
Molecular refraction, P n... 1G 6811 6376 6066
Specific dispersion, Mg =Ng..eeeveerereeennnins 0-0038 0-0038 0-0038
Molecular dispersion, Mg —1Mg .ooovvt ooniees 1-85 1-88 1+89
Molecular refraction, ?9;} Mo, WO 11885 11463 116-46

Optic Awial Angle—Three pairs of section-plates perpendicular to
the two median lines were prepared as usual with the aid of the
cutting and grinding goniometer. The angle in air is so large, how-
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ever, and at the same time the double refraction relatively so feeble,
that only such section-plates perpendicular to the first median line
as are of very considerable width (compared with the thickness of
about two millimetres essential for the production of small rings
and sharp brushes) exhibit the axes emerging in air., Such large
plates require large crystals, and after many attempts one was at
last obtained sufficiently large and perfect to enable such a section to
be cut and ground. The values of 2E given in the following table
were obtained with this exceptionally fine section :

Apparent Angle in Air of Ammonium Zinc Selenate,

Light, 2,
Lioos oo 167°30"
167 50

All the six sections afforded very good rings and brushes when
immersed in a-bromonaphthalene ; in F' light the diameter of the inner-
most rings was only about an apparent millimetre, so that the
delicacy of the measurements of 2Ha and 2Ho was quite remarkable,
and enabled the exceptionally small dispersion of the optic axes,
2Vap ~1i, t0 be determined with certainty.

Determination of True Optic Axial Angle of Ammonium Zinc Selenate.

No. of No. of
section Observed  section ~ Observed Calculated ~ Mean
perp. 1st  values  perp. 2nd valucs values value of
Light. median line. of 2Ha. median line. of 2Ho. of 2Va. 2Va.
1 74°31 la 88° 1’ 82° 8/
Li...... 2 74 85 2a 88 9 82 7 } 82° &
3 74 34 3a 88 23 8159 |}
1 74 30 la 88 0 82 8
C..... 2 74 34 20 88 7 82 8 82 5
{ 3 7432 3 83 19 20 |
1 74 14 Tt 87 35 82 10 1
Na ... 2 7418 20 87 40 82 10 82 7
J[ 3 7412 3 §7 51 s2 1 )
[ 1 73 58 Tn 87 12 8212 }
Tl...... 2 740 20 8713 82 12 82 9
| 3 73 b4 30 87 25 82 2
1 73 82 la 86 38 82138 l
J 2 73 37 2a 86 43 82 14 8210
J[ 3 73 29 30 86 52 s2 3 |

Topste and Christiansen give 81°22' for 2Va. For 2E they give
141°20" in the text and 171°20" in the concluding table ; the latter
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figure is doubtless the correct one, for it agrees fairly with the author’s
value.

Dispersion of the Median Lines.—Measurements of optic axial angle
were made for lithiumn and F light with the sections perpendicular to
the first median line immersed in chlorobenzene, the refractive
index of which for sodium light is 1-5248, slightly lower than the
mean index (1:5308) of the crystals, and subsequently in methyl
salicylate, the index of which for sodium light is 1-5360, to the same
extent slightly higher than the mean refraction of the crystals. Both
series indicated that the first median line is so dispersed that it lies
12" nearer to the morphological axis « for lithium light than for F
light.

Effect of Rise of Temperature on the Optic Axial Angle.—A series of
measurements were carried out at 80° with the large section (section
3 in the table), which alone enabled 2E to be accurately determined.
After very slow heating and attaining constancy at 80° (corrected for
conduction of holder) for half an hour, the following values were
obtained :

Nature of light. 215 at 80°.
C o 151°%46
Na....ooooo i, 153 10
TL v, 154 40

The apparent angle in air is thus found to diminish by about 161°
on heating the erystal from 15° to 80°. It was also observed that the
first median line moved nearer to the morphological axis @ as the
temperature rose, for the optic axial movement appeared to be chiefly
on the part of one of the hyperbolic brushes, that corresponding to
the optic axis lying in the obtuse angle of the crystallographic axes
ac, the other remaining almost stationary.

Redetermination of Density

of analogous salts containing potassium, rubidium, and cesium by the
suspension method.

Potassium Magnesiwm Sulphate, K,Mg(S0,),,6H,0.

For 20°/4°.

For 14-1°/4°.......ccovneonl 2:0341 2-0329
b 1479%74°. . 2:0351 2:0341
5 16°2°/4° 2:0350 2°0342
5 16°7°/4° 240341 2-0334

Mean ........... 2-0337

The value accepted therefore for 20°/4° is 2:034.
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The result formerly obtained for the powdered salt was 2:0277, and
the highest of the individual values 2:0282,
M 39984
Molecular Volume.——z = 3031 = 196-58.

Topic Awes.—x:¢:w = 60711 :81899 :4-0892,

Bubidium Magnesivm Sulphate, Rb,Mg(SO,),,6,0.

For 20°/4°

For 18°/4° .......o....s .. 23880 23863
b 1204%04°. 2:3878 2-3860
s 13°/4° ... 2°3877 2-3860
b 12°8°/4°% L 23870 23853
Mean............ 23859

Accepted value for 20°/4°, 2:386.
The result previously published for the powdered salt was 2-:3822,
and the highest of the individual values 2:3856.
M 49194
= 206-18.

Molecular Volume.—— =
Topic Axes.—x:{:w = 61803 :8:3518 : 4:1550.

d 2-386

Ceesium Magnesium Sulphate, Cs,Mg(80,),,6L,0.
For 20°/4°.

For 18-7°/4°............ e 2-6784 26767
by 18°6°/4°. . 276770 26758
o 18e8%d 2-6782 2-6765
b 12°4°%74° . 26775 26755

Mean............ 26760

The previous result for the powdered salt was 2'6704, and the highest
of the individual values 2:6728.

M 58594
Molecular Volume.~7 = 5676 = 218-96.

Topic Awes.—x: ¢ w = 6-2608:86012 : 42541,

Potassium Zinc Sulphate, K,Zn(S0,),,6 H,0.

For 20°/4°.
For 14°/4° ... .. ....... 22468 2-2454
5 1478°/4° e . 272472 22460
5 15°4° L 22465 22454
5 1B 2°4% 2:2474 22463
Mean.......oueen 2°2458

Accepted value for 20°/4°: 2246
VOL. LXXXVIL 4H
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The former result for the powdered salt was 2:2413, and the highest
of the individual values 2:2426.

M 44056

7 oL I o .
Molecular Iolume.-——d = 5736 196-16.

Topic Adxes.—x: ¢ :w = 60462 :8:1562:4:1141.

Rubidium Zine Sulphate, Rb,Zn(S0,),,6 H,0.
Tor 20°/4°.

For 13-8°%/4°...........ceee.. 2705924 25907
s 18°89/4°% L 2°5924 25908
o 144°4° 25920 25905
5 18T A% 25916 2:5900

Mean............ 25905

Accepted value for 20°/4°: 2591,

The previous result for the powder was 2-584, and the highest of the
individual values 2:5888,
A 53266
e —_ ¥
Molecwlar Volume.— 7 = 9591 = 205°58.
Topic Axes—x 1y :o = 61436 :83326: 41754,

Cesium Zinc Sulphate, Cs,Zn(S0,),,6H,0.

For 20°/4°.

For 16°/4> .................. 2:8767 2:8755
» 2-8761 28744
b 1414 28777 2-8760
s 14%04° L 2-8771 28754
Mean............ 287563

Accepted value for 20°/4°: 2-875.

The former result for the powder was 2:8670, and the highest indi-
vidual value 2:8707.

M 62666
o = 2200 917
Molecular Voluwme. 7 7875 17-97.

Topic Axes.—x:¢:o = 6:2415:8-5808 : 4-2561.

Potassium Magnesivm Selenate, K,Mg(SeO,),, 6,0,
For 20°/4°.

For 17-9°/4°......iiiiinins 23642 23637
,,  18:4%74°., 2-3659 23655
5 19°8°/4° 23684 23634
. 19°1%4° 23656 23654

Mean............ 23645

Accepted value for 20°/4° : 2°365.
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The previous result for the powder was 2:3630, and the highest of
the individual values 2:3634.
M '
Molecular Volumc.——‘d— = oaar = 20863,
Topic Azes—yx : ¢ :iw =6'2124 :8:2998 : 4-1756.

Rubidium Magnesiuin Selenate, Rb,Mg(Se0,),,6 H,0.
For 20°/4°.

For 17-9°/4°. 26863 26857
., 1874 .. 26827 26822
192/ . 26832 26830
L 185°4° 26842 26838

Mean............ 26837

Accepted value for 20°/4°: 2-684.

The former result for the powdered crystals was 26805, and the
highest individual value 2:6808.

M 5855
Molecular Valmne.——d = 5684 = 218-15.

Topic Axes.—y o = 6-2885: 84705 : 4:2445.

Cewstum Magnesium Selenate, CsyMg(8e0,),,6H,0.
For 20°/4°,

For 17-2°/4°...... ........... 2'9398 2:9390
5 L7°6°/4°. 29402 29395
yy 17°8°/4°. . 29396 29390
b 18T 29304 29390

Mean............ 29391

Accepted value for 20°/4%: 2°939.

The previous result for the powdered salt was 2:9388, and the
highest individual value 2-9391. -
M 6795
7 — e . © .
Molecular  Volume. 7 = 2939 = 231:20.

Topic Axes.—yx::w = 63807 : 87239 : 4-3270.

Potassium Zine Selenate, X,Zn(Se0,),, 6 H,0.
For 20°/4°,

For 17-9°/4°......... ........ 25576 2-5570
5 19°/4° L 25584 2+5581
s 19°2°/4°. ... 2°5587 2+5585
,, 18°%/4° 2°6587 25582

Mean............ 25580
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The previous value for 20°/4° for the powdered crystals was 2:5537,
and the highest individual value 2:5546.

M 53412
Molecular Volume.—-j‘ = 5588 = 208-80.

TLopic Axes.—x :y:w = 61812:8:2880 :4-2045.

Rubidium Zinc Selenate, Rb,Zn(Se0,),,6 H,0.

For 20°/4°,

For 18°/4° ..........o... 28692 2-8686
5, 18°/4° Ll 2:8694 28688
e 18°6°/4° L 28670 2-8666
5 1876°4°.... . 28666 2-8662
Mean............ 2-8676

Accepted value for 20°/4°: 2°868.

The former result for the powdered crystals was 2:8604, and the
highest individual value 2:8611. The crystals of this salt showed a
decided tendency to opacity, a sign of internal cavities, which probably
accounts for the somewhat larger difference than usual, the new deter-
minations having been made with the particularly clear, small crystals
used in the goniometrical measurements.

M 626-22
Molecular Volume.——g = 9868 = 218-35.
Topic Axes.—x:¢:w = 62913 :84662: 42492,

Cwstum Zinc Selenate, Cs,Zn(Se0,),,6H,0.

For 20°/4°.

For 15-9°/4° 3-1211 31198
,, 15°8°/4°.... 3-1220 31207
., 174°04°. . 31214 31206
,, 16-2°/4° 31219 31207
Mean............ 31205

Accepted value for 20°/4°: 3-121.

The previous result for the powder was 3-1153, and the highest
value obtained 3-1175.
’ M 72022 .
Molecular Iolume.—j = 791 =230-77.

Topic Axes.—x: ¢ 1w = 6:3710 :8:7106 : 4:3300.

Comparison of Results

with those previously obtained for analogous salts containing
potassium, rubidium, and czsium (compare Trans., 1893, 63, 337 and
1896, 89, 344 ; also Proc. Roy. Soc., 1900, 67, 58, and Phil. Trans.,
1901, A, 197, 255).
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Morphology.

Habit.—No characteristic habit bas been observed for the crystals
of the ammonium salts ; every variety has been found, from that which
distinguishes the potassium salts (stout primary prism with large basal
plane) to that proper to the czsium salts (clinodome-prism with narrow
basal plane). A large proportion of crystals, however, showed the
intermediate habit (primary prism, basal plane, and clinodome more or
less equally developed) exhibited by the rubidium salts.

Awial Ratios.—These are compared in the following table :

Morphological Axial Ratios.

Ratios of Axes.

Salt. @ :h:c
Potassium magnesium sulphate.................. 0°7418 : 1 : 0°4993
Rubidium ’s ’s ORI 07400 : 1 : 0°4975
Ammonium ,, ’y e 07400 : 1 : 0-4918
Casium ' ’s 0-7279 : 1 : 0°4946
Potassium zine sulphate........... 07413 : 1 : 0°5044
Rubidium ,, v 0-7373 : 1 : 0°5011
Ammonium ,, 9o e .. 07368 :1:0°4997
Caesium " PN veee. 077274 :1 : 0°4960
Potassium magnesium selenate ...... ........... 07485 :1 : 0-5031
Rubidiun v ’s e e, 007424 01 £ 005011
Ammonium  ,, 3y eereeeeeerirein 07420 : 1 : 0°4966
Casium ' ' T 0-7314 : 1 : 04960
Potagsium zine selenate .............c..eeeiene 07458 : 1 : 05073
Rubidium ,, ’s 0:7431:1 : 05019
Ammonium ,, ' .. 0°7409 : 1 :0°5040
Ciesinm ys 53 eeteereentieineaeanas 07314 : 1 : 04971

The principal fact indicated by the table is that the ratios of the
ammonium salts are so similar to those of the analogous potassium,
rubidium, and cesium salts that true isomorphism undoubtedly exists.
In the case of the ratio «:b, the value for the ammonium salt is
almost identical with that for the rubidium salt. In the case of the
ratio ¢: b, no rule obtains, but in three of the groups the value for the
ammonium salt lies between the values for the potassium and casium
salts, whilst in the magnesium sulphate group the value for the
ammonium salt lies just outside those limits.

Monoclinic Axial Angle.—The following table exhibits the values of
this fundamental angle [complement of «c=(100):(001)] for the
various salts.

Values of Axial Angle B.

For KMg sulphate ...... 104°48" For KMg selenate ...... 104°18’
., RbMg ., .. 105 59 ' ,, RbMg ,, ... 105 14
,, CsMg v 107 6 ,» CsMg ,, ... 106 17
. AmMg ... 107 6 |, AmMg ,, .. 106 27
,, KzZn ,, ... 104 48 ‘ ., Kzn ,, ... 10412
,» RbZn [T 105 53 ,, RbZn ,, ... 105 16
,» CsZm T, 107 1 ‘ , CsZn ,, ... 106 11
yy AmZn ;... 106 52 ,, AmZn ,, ..., 106 14
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Comparison of the Angular Magnitudes.

|
RbZn -

KMg |RbMg | OsMg |AmMg| KZn CsZn | AmZn
Angle, sul- | sul- | sul- | sul- | sul- | sul- sul- sul-
phate.| phate.| phate.| phate. | phate.| phate.. phate. | phate.

§ '
ac =(100) : (001) | 75°12'| 74° 1’| 72°54') 72°54') 75°12'| 74° 7’| 72°59"} 73° &
as =(100) : (101) |46 8| 4525 4428 | 4454 | 4556 | 4516 44 28 i 44 40
sc =(101) : (001) |29 4]2836,2826 28 029162851 | 2831 , 2828
e’ =(001) : (201) {6317 |64 265106425 6338|6420 6515 | 6456
cs’ =(001) : (101) |3812 3825|390 83819 383213845, 39 9 | 3855
Sr'=(101) : (201) |26 5253726 726 625 62535 26 6 | 26 1
e=(201) : (100) {4131 4157 4156|4241 4110|4133 4146 | 4156
ap =(100) : (110) | 3538 | 3526 134503516, 3537 | 3522 8451 3513
pp =(110) : (120) | 1928|1928 ;1928 1928|1928 1928 1928 | 1928
P'b=(120) : (010) [3454 |35 635423516 |3455(3510; 3541 | 3519
pb =(110) : (010) |54 22 | 5434 | 5510 | 54 44 | 54 23 | 54 38| 55 9 | 54 47
cg =(001) : (011) |2548 2535|2517 (2511|2558 |2544| 2523 | 25 33
gb =(011) : (010) | 6412|6425 6443|6449 |64 2| 6416 6437 | 6427
ao =(100) : (111) | 4918|4835 ‘ 478548 04010 4827 47 37 | 4752
o9 =(111) : (011) [ 272427 2127 02634 2734, 2717 27 3| 2657
ag =(100) : (011) | 76427537 | 7435|7434 | 7644|7544 | 7440 | 7449
( go’ =(011) : (111) | 3427|3440 ,3517 3438 3442|3455| 8521 85 5
o'a=(111) : (100) | 6851|6943 /70 8170486834 |6921| 6959 | 70 6
co =(001) :(111) [3441 34 933493383 34543424 3354 | 3357
op =(111) : (110) |43 20 | 4253|4213 14234 |43 74242 | 4212 4220
ep =(001): (110) |78 1|77 2|76 2176 7|78 1|77 6| 76 6 | 7617
po’ =(110) : (111) | 57 35 | 68 21 | 58 52 | 59 22 | 57 14 | 57 59 | 58 42 | 58 38
o =(11T) : (00T) |44 24 | 4437 |45 6 4431 | 4445|4455 4512 | 45 5
bo =(010) : (111) | 7012|7080 | 7053|7043 /70 5:7024| 7051 | 7039
os =(111):(101) [ 1948198019 7|1917[1955/1936 19 9 | 1921
bo' =(010) : (I11) 6523 65186521 | 65226513 6513! 6519 | 65 9
o's" =(111) : (101) |24 37 2442 | 2439 |24 3812447 |24 47 ' 24 41 | 24 51
sg =(101) : (011) |38 6 13738 3720|3658 3821|3754 8727 | 3731
gp =(011) : (110) | 8611|8715 |8332 (882286 5|87 71 8324 88 0
ps =(110) : (10I) 5548 |55 7|54 8 (5440155345459 54 9| 5429
89 =(T01) : (011) | 44 58 ! 45 24524 | 444614519 4522 4581 | 4525
gp =(011) : (110) | 6352 63 5| 6228 (6226|6347 {63 6| 6229 6227
ps’ =(110) « (101) | 7110|7158 72 8|7248 7054|7132 72 0| 72 8
70’=(201) : (111) [ 3435 |85 03518 /8517 344235 1| 3519 | 3522
o'p=(111) : (110) [ 9254 | 92189220 9136|93 29236, 9225 | 92 4
o =(110) : (201) | 5231|5242 5222 |53 7 | 5216 | 5223 5216 | 5234
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Comparison of the Angulur Magnitudes.
KMg | RbMg| CsMg |AmMg| KZn | RbZn| CsZn | AmZn
Angle, selen- | sclen- | selen- | selen- | selen- | sclen- | selen- | selen-
ate. | ate. | ate. | ate. | ate. | ate. ate. ate.
- AR RO S M
ac =(100) : (001) | 75°42'| 74°46"| 78°43’ 73°33") 757487 7474471 73°49" | 73°46’
as =(100) : (101) [4630|4550 |45 3 |4512 4619 | 4547 | 45 3| 45 1
s¢  =(101) : (001) (201212856 (2840 (2821|2929 2857 2846 | 2845
er’ =(001):(201) |6253 6337 6431|6411 6312 6342 6436 | 64 36
¢s' =(001):(101) |38 1[3820 384638223822 38241 3852 3852
s =(101) : (201) | 2452, 2517|2545 |2549 24502518 | 2544 | 25 44
ra =(201) : (100) |4125|4137 4146|4216 |41 04134 4135 | 4138
ap =(100) : (110) 35553538 35 6 l'3596 35528538 385 4 3526
pp’ =(110) : (120) |[1928 1192811928 19281928 1928 | 1928 | 19 28
P6 =(120):(010) (3437|3454 3526 /35 6 3440 3454 | 3528 | 35 6
pb =(110) : (010) |54 b5 |54 22|54 54 \ 54 34154 8|5422) 5456 | 5434
e =(001):(011) |26 02547 |2529 2529|926 82550 2531 | 2550
qb =(011):(010) |64 0|6413|6431 | 6431|6352 6410 6429 | 6410
a0 =(100) : (111) | 4943 |49 34811 4821|4935 4859 4812 | 4815
og =(111):(011) | 27272716 |27 92651 (2742|2719 | 2714 | 2711
ag =(100) : (011) | 7710|7619 |7520 7512|7717 | 7618 | 7526 | 7526
go' =(011):(I11) | 3416|3434 |35 03438 |3431|3437| 35 6| 35 0
o'w =(I11): (100) |6834 |69 76940 :7010|6812|69 5 6928 | 6934
i
co =(001):(111) |[3454 (343334 7,8354 3511|3434, 3418 | 3420
op =(111):(110) |4334 |43 74237 4246|4321 |43 5| 4236 | 4230
cp =(001):(110) | 7828 |77 40|76 44 | 7640 | 7832|7739 7649 | 7650
po’ =(110) : (111) |57 13 | 57 45 | 58 24 | 58 44 | 56 50 | 57 43 | 58 14 | 58 4
o'c =(111) : (001I) |4419 |44 3544524436 |4438|4438) 4457 | 45 6
bo =(010): (111) | 6957 701470397035 6951 |7013| 7037 | 7023
os =(111):(101) |20 3194619211925 |20 9|1947| 1923 | 1937
bo' =(010) : (I11) | 6516|6515 6522|6516 6510|6514 | 6522 | 65 3
o' =(111): (101) |24 44 | 3445 2438|2444 |24 50 | 24 46 | 24 38 | 24 57
sq =(101):(011) |3819{38 0|3737|38724|3836|38 2| 3743 | 37 54
gp =(011) : (110) |85 34|8629 |87 42|87 3885268630 8737 | 8716
ps =(110) : (10I) |56 7 5531|5441 |5458 5558 |5528] 5440 5450
gq =(T01): (011) |4455,45 4 4516|4457 4515 45 8| 4521 | 4531
gp =(011) : (110) |64 5633262586246 64 7|6330 ] 63 5| 6246
ps’ =(110) : (10I) |71 0| 7124 | 7146|7217 7088|7122 | 7134 | 7143
o’ =(201) : (T11) | 84303448 35 3 \ 35 9 34333449 35 2| 3514
o'p =(T11):(110) 9254 |9237]9234 915693109239 | 9243 | 9217
pr’ =(110): (201) |52 36 | 5235|5223 | 5255 5217 |5232| 5215 | 5229

?

\
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It will appear from the second table on p. 1165 that the monoclinic
angle B for the crystals of each ammonium salt is very nearly identical
with that of the crystals of the analogous cesium salt. This angle is
the obtuse angle between the crystallographic axes ¢ and ¢. The axis
b is the symmetry axis at right angles to the plane of symmetry
containing « and e.

Morphological Angles.—The principal angles between the faces of
the crystals of the sixteen salts are tabulated on the two preceding
pages. An analysis of the tables reveals the following facts.

Out of 36 angles compared, the alteration of angle brought
about by replacing potassium by ammonium occurs in the same
direction as that produced by replacing potassium by rubidium or
ceesium, in 34 cases in each of the two double sulphate groups, and in
33 and 32 cases respectively in the magnesium and zince double selenate
groups. In the exceptions, the changes are extremely small.

Hence, in general, the change of angle when ammonium replaces
potassium is in the same direction (that is, greater or smaller) as
when that metal is replaced by rubidium or cxsium,

The amount of the change is generally larger thaun that which
accompanies the replacement of potassium by rubidium, and in a large
proportion of angles it is either approximately the same as when
cesium replaces potassium or is in excess of that amount.

These facts will be rendered clearer by the following statistical
analysis :

Analysis of Comparison of 36 Angles.

No. of those in col. 8 in which

No. in which[ N 0{ t2h?SB value of angle lies
change is | '™ c‘i]: n
in same hw ich
Group. direction as | CN2N&e 1S Between | Between

on replacing greater thani o1 e for values for | Outside

K by Rbor | fo;’nrcenptla:)cfe- Rband Cs | Rband Cs | value for

Cs. | salts, but | salts, but Cs salt.
K by Eb. nearer’to Rb. nearer,to Cs.
Mg sulphate series 34 28 6 9 13
o, N 34 31 5 18 8
Mg selenate ,, 33 31 6 10 15
Zn ,, . 32 29 6 11 12

It will next be useful to compare the average and maximum
amounts of angular change, irrespective of sign, that is, of the
direction of the change. This is done in the following table.
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Average change for Maximum change for
replacement of K by replacement of K by
Group

Rb. Cs. NH,. Rb. Cs. NH,.
Mg sulphate series ......... 29’ 58 56 ey 141 138’
Zn » sy eeeeeer| 26 56 50 65 139 124
Mg selenate  ,, ......... 23 52 53 56 128 129
Zn . sy e o] 27 52 49 64 131 122

Tt will be observed that both the average change and the maximum
change for the replacement of potassium by ammonium is approxi-
mately equal to that which accompanies the replacement of potassium
by czsium, and this again is about double that due to the replacement
of potassium by rubidium. The latter is a new and important fact as
regards the relations of potassium, rubidium, and cesium. It did not
occur to the author in compiling the memoir on the double salts con-
taining those metals to compare the average change, but only the
individual changes, which do not show the relationship so clearly,
especially the direct proportionality between change of angle and of
atomic weight.

Volume.

Relative Densities.—The densities as afforded by the suspension
method for the whole sixteen salts are set out in the next table.

Sp. gr. Sp. gr.

at 20%/4° at D04°
AmMg sulphate 1723 AmMg selenate 2+058
KMg 5, - 2:034 KMg ., .. 2:365
RbMg 2386 RbMg 2°684
CsMg ' 2676 CsMg ’s vees o 2939
AmZn s eereeeens 1'932 AmZn 95 eeesseen 2261
KZn ' 2°246 KZn yy 2558
RbZn ys 2°591 RbZn ’e 2°868
CsZn ' 2-875 CsZn ' 3121

It will be observed that the ammonium salt is the lightest in each
group, the densities following the order of the molecular weights.
Molecular Volumes.—These are similarly compared below.

Molecular Diff. Molecular Diff.
volume. from K salt, volume. from X salt.

KMg sulphate 19658 — KMg selenate 20863 —
RbMg ,, 20618 9-60 RbMg -, 21815 9:52
AmMg ,, 20778  11-20 AmMg ,, 219442 10779
CsMg ' 21896 22°38 CsMg  ,, 23120 2257
KZn 19616 — KZn 20880 —_
RbZn 20558 942 AmZn 21778 803
AmZn s 20638 1022 RbZn ,, 218°35 9°565
CsZn 21797 2181 CsZn  ,, 230°77 2197
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The molecular volume of the ammonium salt of each group is very
nearly identical with that of the rubidium salt, being just slightly
higher in the first three groups and slightly less in the zinc selenate
group. This is a similar result to that found in the case of the
simple sulphates of the alkalis, the molecular volume of
ammonium sulphate being slightly higher than that of rubidium
sulphate. The average difference for the replacement of potassium by
rubidium is 9'5 units, for that of potassium by ammonium 10-3
units, and for that of potassium by cesium 22-2 units.

Topic Axes (Distance Ratios).—The next table presents these in
comparative form.

Topic axes (distance ratios).

Salt. X. Y. w,
Potassium magnesium sulphate ...... 60711 : 871899 : 4°0892
Rubidium ’s 5y eeeeee 6°1808 : 8:3518 : 41550
Ammonium 3y e 6°2320 : 8-4217 : 41418
Ceesium ' 5y eeeen 6°2608 : 8°6012 : 4'2541
Potassium zinc sulphate.................. 60462 : 8-1562 : 41141
Rubidiam ,, 5y eereeeeneeacanens 61436 : 83326 : 4'1754
Ammonium ,, FS U TN 61648 : 83670 : 4'1810
Ceesinm " 51 eerererieieiaans 6:2415 : 8'5808 : 42561
Potassium magnesium selenate 62124 : 8'2998 : 4°1756
Rubidium s ' . 62885 : 84705 : 4'2445
Ammoninm  ,, N 63299 : 8-53810 : 42365
Cesium ' 1 eeeeeneen 63807 : 87239 : 4-3270
Potassium zine selenate.................. 61812 : 8:2880 : 4:2045
Rubidium ,, P 6°2913 : 8-4662 : 42492
Ammonium ,, 3y rerenerrererennins 62742 ; 84684 : 4'2681
Ceesium ’s sy ereereneneenn 63710 : 87106 : 43300

These ratios show that the replacement of potassium by ammonium
in this series of salts is accompanied by very nearly the same amount
of extension of the distances separating the centres of the structural
units (considering a structural unit as a whole molecule of the salt),
along each of the three morphological axial directions, as that which
accompanies the substitution of rubidium for potassium. In nine cases
out of the twelve the extension is slightly greater, and in the other three
cases slightly less, for the ammonium substitution than for the rubidium
one. In no case does the extension for the replacement of potassium
by ammonium attain the amount which is observed when potassium is
replaced by ceesium. The average position of the ammonium salt is
0:0225 beyond the rubidium salt.

It is thus a fact that the molecule of the ammonium double salt of
any group of this series occupies, as regards its dimensions in space,
both as to total volume and its directional dimensions, a position very
close to that of the corresponding rubidium salt of that group.

In other words, the replacement of the two atoms of the alkali
metal by the ten atoms comprising two ammonium groups is ac-
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companied by only very slightly more expansion of the molecular
dimensions * than occurs when two atoms of the metallic family
analogue, rubidium, are substituted for those of potassium, and by far
less than that which accompanies the exchange of potassium for cesium
atoms.

A precisely similar fact has already been proved in the case of the
simple alkali sulphates. Thus the ammonium group not only
simulates the chemical behaviour of the alkali metals, but can also
pack itself into a similar space or sphere of action or motion.

The suggestion made in the memoir on ammonium sulphate (Joc. cit.,
p. 1067) that this may be due to the looseness of the spacial packing,
the free space unoccupied by matter being large compared with the
amount of the actual matter of the molecule contained in the whole
space defined by the topic axes, applies no less to these double salts
than to the simple alkali sulphates.

The essentially different natures of an ammonium group and an
alkali metallic atom is, however, clearly shown by the slight vagaries
of the directional changes accompanying the ammonium replacement,
no general rule being apparently capable of expressing these.

Optics.

Orientation oy the Optical Indicatriz (Ellipsoid).—The optical
indicatrix has been shown throughout the whole series of double
sulphates and selenates already studied by the author to rotate about
the symmetry axis when one alkali metal is replaced by another, and
it is now found that the replacement of potassium by ammonium is
also accompanied by a similar rotation, The best means of expressing
the relative positions of the ellipsoid will be to tabulate the inclina-
tions, to the wvertical crystallographical axis ¢, of that axis of the
ellipsoid which is not far removed from the mormal to the basal
plane ¢{001}. In all the sixteen salts now compared, it is the second
median line, and minimum axis a of the indicatrix or maximum axis
u of the optical velocity ellipsoid. The dispersion of the median lines
(the two axes of the ellipsoid lying in the symmetry plane) has been
shown to be very small throughout, never exceeding 20’, so that the
values given in the table are the mean positions for white light or the
middle of the spectrum.

* By ‘“‘molecular dimensions” in this and the preceding paragraph must be
clearly understood .the dimensions defined by the topic axes; they will be shown
later, in this and the following memoir, to be more correctly described as ‘‘limits of
molecular range,” for much intermolecular space, as well as the matter of the
molecules, is included.


http://dx.doi.org/10.1039/ct9058701123

Published on 01 January 1905. Downloaded by University of Arizonaon 2/8/2019 5:01:36 PM.

View Article Online
1172 TUTTON : THE RELATION OF

Inclination of Awxis e of Indicatriz to Vertical Axis ¢, in Front of

Latter.
AmMg sulphate ...... AmMg selenate ...... 0°13’
KMg© . KMg 5 oo 11 18
RbMg  , ... RbMg . ... 16 24
CsMg 5y eeeens CsMg sy eeees 36 47
AmZn 9 e { AmZn sy eeees 3°24’
KZn D KZn SO 99
RbZn ., oo RbZn oy e 1313
CsZn vy e e CsZn by e 21 57

Fie. 14. Fie.15.

The positions will be rendered clearer by Figs. 12, 13, 14, and 15,
which represent graphically the positions of the median lines in the
magnesium sulphate, zinc sulphate, magnesium selenate, and zinec
selenate groups of salts respectively.

It will be observed that the position in the case of each ammonium
salt lies nearest to the crystallographical axis ¢, the ellipsoid having
been rotated backwards towards that axis by the replacement of
potassium by ammonium, and in the contrary direction to that in
which rotation occurs when potassium is replaced by rubidium or
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ceesium. The salts stand in respect to this property in the order of
their molecular weights.

Refractive Indices.—These are compared in the accompanying table :

Comparative Table of Refractive Indices.

Published on 01 January 1905. Downloaded by University of Arizonaon 2/8/2019 5:01:36 PM.

Nature
Index.

KMg
sul-
phate.

RbMg
| sul-
| phate.

- 1-4810

1 1-4853 l

14646
14650
1-4672
14695
14724
14762

1:4664
14668
14689
1-4713
1-4743
1-4782

AmMg
sal-
phate.

CsMg
sul-

KZn
sul-

phate. | phate.
\‘

RbZn
sul-
phate.

AmZn
sul-
phate.

CsZn
sul-
phate.

1-4685
14689 |
1-4716
14740
14771
14814
1-4701
1-4705
14730

1-4828
14832
1-4857
1-4880
14912
1-4956

14830
14834
14858
1+4881
1-4912
14957

1-4748
1:4752
14775
1-4797
1-4826
14866

14805
1-4809
1°4833
1-4857
14889
14929

14938
1-4942
14969
14994
1:5027
15067

1-4807
1+4811
14833

1-4857 |

1-4886
14929

14856
1+4860
1-4884
14908
1-4938
1-4980

14947
1-4951
1-4975
15001
1-5033
15078

1-4858
1:4862
14888
14914
1-4947
14992

14900
1-4904
1-4930
14957
1-4990
15036

1:4963
1-4967
14994
1:5021
1'5056
1-5102

1'4994
14998
15022
15047
1-5079
1'5125

1°5020
15024
15048
15073
1'5104
1-5151

15064
15068
15093
1-5119
1-5152
1-5199

selen-
ate.

KMg

AmMg
selen-
ate.

KZn
selen-
ate.

14936
1-4941
14969
1:4999
15035
1-5091

1-4991
15022
15058
1:5114

1:5103

.1 15108
.| 1°5139

1-5172
1-5210
15266

1-4958 |
. 14963

1:5002
15031
15060
1-5098
1'5152

1:5100
1°5105
15135
15167
15205
15264

15034
15038
15070
1-5104
1:5144
15205

1-5056
15060
15093
1'5126
1:5166
1-5227

15132
1'5136
15169
15202
1:5242
15305

1-5143
15148
15178
1:5210
15248
15304

1'5145
1'5150
1-5179
1'5211
1:5248
15305

1-5201
156206
15236
15269
15308
15364

1-5087
1-5092
15121
156151
1-5189
15244

15146
15151
1-5181
1'5212
15252
15307

15297
15302

1:5335 |

15369
1-5410
15471

15193
15222
1-5253
15293
1°5351

1:5294
1:5299
1:5331
15365
15405
15466

AmZn |

selen-
ate.

15201
15206
1:5240
15278
15316
15381

15260
1-5265
15300
1-5334
15378
15443

1'5344
15349
15385
15420
1-5463
1-5529

15290
15295
15326
15358
1:5399
15459

1-5326
15331
15362
15394
15435
| 1°5495

153875
15380
1:5412
15446
15488
15549
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The whole of the refractive indices of the four ammonium salts lie
between those of the analogous rubidium and cesium salts, and nearer
to those of the rubidium salt in the first three groups, but somewhat
nearer to those of the cwsium salt in the zine selenate group.

A concise expression of the relationship is afforded by a comparison
of the mean refractive indices (mean of all three indices for sodium
light} given in the next table.

Mean Refractive Indices, 1/3(a+ 8+ 17y) for No Light.

KMg sulphate 1+4664 KMg selenate......... .. 15033
RbMg , 1+4718 RbMg ,, oo 15059
AmMg ,, 1-4744 AmMg ,, e 15111
CsMg 144877 CsMg ,, e, 1-5198
Kfn e 1-4859 KZn ,, 15212
RbZn 1:4897 RbZn ,, ... 15238
AmZn \ 14937 AmZn ,, 15308
CsZn ys 15054 CsZn ,, 15367

The mean refractive index of the ammonium salt of each group is
seen to be somewhat greater than the mean index of the rubidium salt
of the same group, but not so high as that of the cwmsium salt. The
value is quite close to that of the rubidium salt in the group of
lowest molecular weight, but moves farther away with rise of molecular
weight, until for the group of highest molecular weight the value is
slightly nearer to that for the cesium salt.

Double Refraction.—The double refraction, as measured by the
difference between the two extreme indices o and y for sodium light,
will next be compared.

Comparison of the Double Refraction Na y — a.

KMg sulphate ......... 00148 KMg selenate......... .. 0-0170
RbMg ,, ... 0°0107 RbMg ,, ... . 0-0124
AmMg ,, 0:0070 AmMg 0°0099
CsMg 4, .. 00059 CsMg 0-0058
KZn 3 0°0194 K/n 00214
RbZn 00142 RbZn 00169
AmZn 00106 AmZn ,, 00145
CsZn ' 0°0071 CsZn 0°0086

It will be evident from this table that in respect to double
refraction also the ammonium salt of each group takes its place
between the rubidium and cesium salts of the same group, Its
position is nearer to that of the cewesium salt in the group of least
molecular weight, and nearer to that of the rubidium salt in the group
of highest molecular weight, the movement being in the opposite sense
to that of the mean refraction.
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The relative refractive power of the crystals of the four salts of each
group is best shown by the calculated values of the axes of the optical
indicatrix, or of its polar reciprocal, the optical velocity ellipsoid,
taking the § axis of the potassium salt as unity.

Those for the indicatrix are given in the next table,

Axial Ratios of Optical Indicatriz, Brsat=1

Salt. . B. 7.
Potassium magnesium sulphate ...... 09985 : 1 : 1:0086
Rubidium » v e 1-0080 : 10041 : 1-0103
Ammonium ’ ye eeeees 10060 : 10069 : 1-0107
Ceesium ’ 22 e 1°0156 : 1-0157 : 1-0196
Potassium zinc sulphate.................. 09961 : 1 : 10092
Rubidium ,, 1+0000 : 1+0084 : 1:0096
Awmmonium ,, ys 1+0037 ; 10065 : 1-0109
Coesium ’ ’s 1+0127 : 1-0145 : 1'0175
Dotassium magnesium selenate 09985 : 1 1 1°0099
Rubidium . s 1-0013 : 1-0027 : 10096
Ammonium  ,, ’e 10053 : 1-0068 : 10119
Ceesium 5 ’s 140125 : 10126 : 1'0163
Potassium zine selenate ................ 0°9960 : 1 :1°0101
Rubidium ,, ’s 0°9988 : 10027 : 1:0099
Ammoninm ,, 1 1-0039 : 1-0078 : 1-0134
Ceesium ’ » 10096 : 10119 : 1-0152

It will be observed that the indicatrix expands along each of the
three axes when potassium is replaced by ammonium, and to an
extent which is greater than that accompanying the substitution of
rubidium for potassium, but nob so great as that due to the introduc-
tion of czesium instead of potassium. In the first three groups, the
dimensions in the case of the ammonium salt are much nearer to
those of the rubidium salt ; in the zinc selenate group, two of the axes
of the ammonium salt approximate somewhat nearer to those of
the caesium salt.

Molecular Optical Constants.—These are compared in the next four
tables.

All the values for the metallic salts have been recalculated, employ-
ing the densities determined by the suspension method and the mole-
cular volumes derived therefrom, so as to be rigidly comparable with
the valnes for the ammonium salts.
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Table of Specific Refractions and Dispersions (Lorenz).
Specific refraction it =1
P Cmir2a Soecific dispersi
pecific dispersion.
— Ng — Ne.
Salt.
For ray C(Ha). For ray G(Hy).
o, B. . . B. 5. a. B. 7.

AmMg sulphate...{0:1616[0°1621| 0°1637|0-1653| 0°1658| 0-1675|0-0037 0+0037, 0°0038
KMg  ,,  ...[0°1348]0°1348 01379 0-1371| 0-1377|0'1410| 0-0028| 0-0029 0-0031
RbMg ,,  ..[0°1159(0-1162(0-1181]0-1183| 0-1187|0-1207| 0-0024| 0:0025 0°0026
CsMg ,, ... |0'1068|0°1068| 01079 0°1091|0-1091|0-1102 0:0023, 0-0023 00023
AmZn ’ ...|0°1487|0-1497| 0-1514| 0-1520] 0-1532( 0°1549| 0-0033| 0+0035, 0:0035
KZn N ...10°1254/0°1267| 0°1297| 0°1280| 0°1294| 0-1324: 00026/ 00027, 00027
RbZn - ...10°1098/0°1108/ 0°1126/0°1121|0-1131| 01150/ 0-0023] 00023 0-0024
CsZn » ...|0°1023{0°1027| 0-1035/ 0-1045| 0°1049| 0-1057| 0°0022 0‘0022‘0'0022
AmMg selenate ...|0°143810-1444|0°1462/ 0°1478| 0°1484] 01502/ 0°0040, 0°0040 0-0040
KMg 3 ...| 07123101236/ 0-1266| 0°1263| 0°1268| 0°1299 0-0032| 0°0032 00033
RbMg ,, ...10°1093{0°1096/ 0°1115 0°1120{ 0°1124{ 01144 0-0027 0'0028‘0‘0029
CsMg . ..10°1026|0°1026/ 0-1035! 01052 0°1052| 0°1062; 0°0026 0'002(5‘0'0027
AmZn 'y ...10°1346| 01359, 0:1377,0°1384/0°1397(0-1415| 0-0038| 0-0038,0-0038
KZn ’s ...10°1168/0°1179 0-1208] 0°1197|0°1209| 0-1240| 0°0029| 00030 00032
RbZn s .. |0°1049/0-1059/0-1077|0°1075] 01086/ 0-1105| 0:0026| 0°0027, 0-0028
CsZn ..10°0989} 0°0995] 01002/ 0-1014] 0°1020; 0-1028, 00025/ 00025 0°0026

Table of Molecular Refractions and Dispersions (Lorenz).

Salt.

2_
Molecular refraction, » 1 M_

e g =M™

Mol. dispersion.

KMg sulphate ...
RbMg ,,
AmMg
CsMg 'y
KZn 5
RbZn N
AmZn '
CsZn ’s
KMg selenate ...
RbMg 's
AmMg
CsMg ’
KZn v
RbZn '
AmZn ,,

CsZn .

Ma — We.
For ray C(Ha). For ray G(Hy).

a. B. Y. a. B. . o B. Y
53°69 | 53-91 | 55°16 | 54'84 | 55°05| 5637 | 1156 | 1-14 | 121
.| 5700 | 57-19 | 5814 | 58-18 | 58-38 | 5936 | 1-18 | 119 | 122
...|B7°85 | 5802 | 58°60 | 5917 | 59-35 | 5995 | 1-32 | 1-83 | 135
.[62°56 | 62'58 | 6321 | 63'92 | 63793 | 64°57 | 1-36 | 135 | 1'36
...| 5525 { 5581 | 57°12 | 56°87 | 57°00 | 5835 | 1-12 | 119 | 1-23
...| 5851 | 59:02 | 5996 | 59°73 | 60°26 | 6126 | 122 | 124 | 1'30
...| 59°27 1 59°71| 6036 | 6062 6107 { 6174 | 135 | 136 | 1-38
.| 64709 | 64°37 | 64'85 | 65°46 - 65°74 | 6625 | 137 | 137 | 140
60°74 | 6098 | 62°48 | 6230 | 6254 | 64710 | 156 | 156 | 162
..., 6397 | 64-18 1 6530 | 6558 | 65°80 67700 | 1-61 | 162 | 170
.| 64795 | 65°19 | 66°01 | 6675 | 66-99 | 67°83 | 180 | 1-80 | 1-82
o] 69770 16972 1 70°36 | 7147 | 7T1°47 | 72°14 | 177 | 175 | 178
.| 62:87 | 62-98 | 6452 | 6393 | 64°57 | 6623 | 156 | 159 | 171
...| 65°67 | 66°30 | 6744 | 67°32 | 6799 | 69°20 | 165 | 169 | 176
...| 66-26 | 66°88 | 6777 6811 | 6876 | 69°66 185 | 1-88 | 1-89
7123|7163 | 72°18 ' 7806 | 7346 | 74:06 | 1-83 | 1-83 ) 1-88
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Molecular Refractions (Gladstone and Dale), 77’ M Jor Ray C.

a. B. 5.
Potassium magnesium sulphate ...... 90°13 9056  93°00
Rubidium . o e 9587 9624 9812
Ammoniunm ' ye eeeaes 97:43 97°76  98-90
Ceesium ’» 2y e 10580 105-84 107-11
Potassium zinc sulphate ............... 9321  94'33 96'94
Rubidium ,, ’s 98'91 9991 10178
Ammonium ,, ' 10034 101-21 102-51
Ceesinm ’s ' 108-94 10951 11047

Potassium magnesium selenate......... 10308 10354 106°57

Rubidium ' ) 108-70 109-12 111-37
Ammeonium ’s ) 11054 111°02 11269
Ceesium vy ’s 119-02 11907 120°36

Potassium zinc selenate ... ..... ....... 106'32 10755 110°71

Rubidium ,, ys 11210 11339 115°70
Ammonium ,, . 113:35 11463 11646
Cesium ' » 122°19 123-02 124°15

Mean Molecular Re mctwns, 1/3(a+ B +7) for Ray C.

KMg sulphftte 91-23 KMg selenate . ......... 104-40
RbMg - 9674 f RbMg 5, coooernnnn 10973
AmMg ,, 9803 i AmMg ,, ... 11142
CsMg 5 10626 | OsMg ,, ... ... 11948
KZn 9483 | KZn ... 10819
RbZn ,, 100°20 RbZn ,, ... 113738
AmZn 10135 ‘ AmZn ,, evieneeen 114181
CsZn 10964 o CsZn ;L 12312

As regards the specific refraction and dispersion constants, the
ammonium salt of each group stands first, with higher constants than
the potassium salt. The order is, indeed, that of the molecular
weights of the salts, but the differences diminish as the molecular
weight rises.

With respect to molecular refraction, whether calculated by the
formula of lLorenz or by that of Gladstone and Dale, the value along
each of the three axes of the optical ellipsoid of the ammonium salt of
each group is just slightly higher than the value for the corresponding
rubidium salt. The same fact is succinctly expressed by the mean
molecular refractions of the crystals. Hence, as regards molecular
refraction, the ammonium salt occupies the same position in the series,
just after the rubidium salt, which it has been shown to occupy as
regards the molecular dimensions in space (the topic axes).

With respect to molecular dispersion, the values for the ammonium
salt of each group approximate nearer to thase of the corresponding
ceesium salt, and in the two selenate groups the cwesium salt values are
slightly exceeded.

VOL. LXXXVIL 41
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Optic Awial Angles.—These are dependent in the case of each salt on
the relations between the lengths of the three axes of the optical
ellipsoid of that salt ; the latter are most conveniently expressed by
considering the axis of intermediate length 8 or k asunity. For these
ratios determine the Joci of the circular sections of the ellipsoid to which
the optic axes are perpendicular. They are compared in the following
table, for the indicatrix ellipsoid.

Azial Ratios of Indicatriz.

a. B. y.
Potassium magnesium sulphate ............ 09985 : 1 : 1-0086
Rubidium ' 0:9988 : 1 : 10061
Ammonium v 09991 : 1 :1-0038
Caesium ys 09999 : 1 :1°0039
Potassium zine sulphate ................ 0'9961 : 1 :1-0092
Rubidium ,, ' 09966 : 1 : 10061
Ammonium ,, v 0:9972 : 1 :1-0043
Casinm ,, »2 09983 : 1 :1-0030
Potassium magnesium selenate ............... 09985 : 1 : 1-0099
Rubidium . s . 0°9987 : 1 :1-0069
Ammonium  ,, s 09985 : 1 : 1-0050
Ceesinm . 33 e aeeeis 09999 : 1 :1-0038
Potassium zine selenate ... ... 09960 : 1 : 1-0101
Rubidium ,, 'y 09961 : 1 :1-0072
Ammonium ,, . 0'9961 : 1 : 10056
Cresium 5 ,, 09977 : 1 :1'0033

It will be observed that on the whole the position of the ammonium
salt of any group is again between the rubidium and ceesium salts;
the two variations from this rule are only to the extent of 0-0001 and
0-0002 respectively.

As regards the optic axial angles themselves, those of the two
magnesium groups do not lend themselves to complete comparison,
owing to the exceptional phenomena (including crossed-axial-plane
dispersion) displayed by the cwesium salts of these groups, which have
been fully referred to in the memoirs concerning those salts, and
which have been shown to be the direct consequence of the accelerat-
ing progression (diminution) of the double refraction with rise of
atomic weight of the alkali metal,

Optic Awxial Angles 2Va,

Light. KMg sulphate.  RbMg sulphate. AmMg sulphate.

Li... 48° ¢’ 49° ¢ 51°20"
C ... 47 59 49 2 5118
Na...... 47 54 48 46 5111
TI ... 47 48 48 29 51 2

F ... 47 40 48 10 60 36


http://dx.doi.org/10.1039/ct9058701123

Published on 01 January 1905. Downloaded by University of Arizonaon 2/8/2019 5:01:36 PM.

View Article Online
AMMONIUM TO THE ALKALI METALS,

Optic Axial Angles 2Va (continued).

KMg selenate. RbMg selenate.  AmMg selenate
Ii ... 39°43' 47°26’ 54°57
c ... 39 42 47 24 54 55
Na...... 39 38 47 3 54 47
... 39 34 46 37 54 33
o 39 25 46 6 54 4

KZn sulphate.

RbZn sulphate.

1179

CUsZn sulphate. AmZn sulphate

Li ... 68°17’ 73°42" 74°307 78°57
) I 68 16 73 40 74 27 78 58
Na...... 68 14 73 33 7411 79 0
T ... 68 12 73 27 73 52 79 2
F ... 68 9 78 18 73 31 79 3
KZn sclenate. RbZn selenate. AmZn selenate, CsZn seclenate,
Li... 66°12 75°16' 82° 5’ 83°33’
c ... 66 13 7514 82 5 83 30
Na..... 66 10 75 8 82 7 83 6
... 66 17 75 2 82 9 82 43
Fo. 66 20 74 55 82 1u 82 14

It will be seen that the optic axial angles of the two ammonium
magnesium salts are somewhat beyond those of the corresponding
rubidium salts in magnitude. In the two zinc groups also the ammo-
niumn salts occupy positions beyond the rubidium salts; in the case of
the zinc selenate group, the angle is not quite so large as that of the
ceesium salt, whilst in the zinc sulphate group it is larger than that of
the cesium salt.

It must be remembered, however, that these mutual relationships of
the three axes of the optical ellipsoid on which the optic axial angles
are dependent are secondary effects of the total change in (expansion
of) the ellipsoid on passing from one salt to ancther of the group, and
that, moreover, the whole ellipsoid rotates about the symmetry axis at
the same time, and to different extents for different wave-lengths of
light ; and also that the rapid change in the amount of the double
refraction produces marked effects on the opticaxial angle phenomena,
particularly on the dispersion of the optic axes for different wave-
lengths of light. Hence the optic axial angle phenomena are highly
complicated, and not likely to show clearly the effect of change of
atomic weight or the position of the ammonium radicle in the alkali
series. But the total change (expansion) of the axial dimensions
of the optical ellipsoid, the rotation of the ellipsoid, and the magnitude
of the double refraction have all been shown to be subservient to
definite laws connecting the atomic weight of the alkali metal, the
molecular weight of the whole salt, and the position of the ammonium
complex in the alkali series.

412
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Summary of Conclusions.

The main results of this investigation are remarkably similar to
those derived from the study of ammonium sulphate (Joc. ¢it., p. 1073),
and their comparison with those for the sulphates of potassium,
rubidium, and cesium previously studied. The differences are chiefly
due to the difference of crystalline symmetry. The rhombic series of
normal sulphates and selenates show exceedingly small differences in
the angles between the external faces, the maximum difference observed
between a potassium and a cesium salt being only two-thirds of a degree
(41'), whereas the monoclinic double sulphates and selenates exhibit
differences of morphological angle exceeding 2 degrees, the maximum
being 141’ in the case of the salts now under comparison. It might,
perhaps, have been expected that the replacement of a so much greater
integral part of the molecule as the alkali metal forms of the simple

salt ]?{22604 would be accompanied by a greater amount of angular
change than when the same replacement occurs in the very much

larger molecule of the double salt R2M(§e04>2,6}120, of which the

alkali metal forms a much smaller integral part. But it appears to be
connected with the order of symmetry, and indicates that the higher
the order of symmetry the smalier are the angular changes between
the exterior faces, when one member of the family of metals or radicles
forming the series of salts replaces another. It also emphasises the
dominating influence of the alkali metal in determining the crystallo-
graphical properties of the salts. Itis much easier, therefore, to locate
the position of the ammonium group in the series of double salts, as
regards the external morphology of the crystals, than in the case
of the simple salt series.

The replacement of potassium by the ammonium group is accom-
panied by alterations in the <nterfucial angles in the same direction as
when potassium is replaced by rubidium or cmsium, and both the
average amount and the maximum amount of the change are approxi-
mately the same as when cmsium replaces potassium, The funda-
mental axial angle B follows the same rule, the value in the case
of the four ammonjum salts now described being identical within 10’
with the value for the analogous casium salt.

A new fact as regards the relations of the three alkali metals has
also been discovered, namely, that the average and maximum altera-
tions of the interfacial angles when potassium is replaced by rubidium
or cesium are approximately directly proportional to the change in
atomic weight, the values in the case of the rubidium salt being
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almost precisely midway between those of the potassivm and cesium
salts.

The morphological axial ratios of the ammonium salt cf each group
are very similar to those of the potassium, rubidium, and cesium salts
of the group, and generally lie within the limits of the latter. The
true axial relations of the four salts of each group are only, however,
indicated by the topic axes, which are obtained by combining the axial
ratios with the molecular volume and represent the distances apart,
along the directions of the three crystallographical axes, of the centres
of contiguous structural units, understanding by a structural unit a

complete molecule R,M (geO4>2,6H20.

The densities follow the order of the molecular weights of the salts,
but the molecular wolume of the ammonium <alt of each group is
almost identical with that of the rubidium salt of the same group.

The topic axes indicate that the extension of the structural unit (the
increase of separation of the centres of contiguous structural units)
along each of the three crystallographical axes, when potassivm is
replaced by ammonium, is nearly identical with that which accompanies
the replacement of potassium by rubidium, and on the average just
slighter greater.

The cleavage is identical for all the salts studied, namely, parallel to
the orthodome 7'{201}.

The optical scheme is also identical for all the salts, the plane of the
optic axes being the symmetry plane. Besides showing larger changes
in the interfacial angles, the monoclinic double salt series differs from
the rhombic simple salt series in that the optical ellipsoid is no longer
fixed, with its axes identical with the three crystallograpical axes, but
is free to rotate about the single symmetry axis. This possible
rotation actually occurs, as shown in the memoirs on the potassium,
rubidium, and eesium salts, in accordance with the rule connecting the
atomic weight of the alkali metal with the amount of rotation. It is
now found that the rotation in the case of replacing potassium by
ammonium is such as to leave the four positions of the ellipsoid, for
the four salts of any group, in the order of their molecular weights,
the ammonium salt being at one end of the swing and the ceesium salt
at the other.

The refractive indices of the ammonium salt of any group lie between
those of the rubidium and cmsium salts, the values being generally
closer to those of the rubidium salt. The mean refractive index shows
the same relationship, but the value approaches towards that of the
ceesium salt as the molecular weight of the salt rises.

The awxial ratios (relative axial dimensions) of the optical ellipsoid
of any ammonium salt are also intermediate between those of the
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analogous rubidium and cmsium salts, and in general much nearer to
those of the rubidium salt.

The specific refractions and dispersions follow the order of the mole-
cular weights of the salts.

The molecular refraction, both the three directional values and the
mean, of each ammonium salt is very close to the value for the
analogous rubidium salt, being just slightly higher than (on the
cresium side of) that value.

It has now been shown with respect to the three properties which
refer to the fundamental structural unit of the crystals, namely, the
molecular volume, the topic axes, and the molecular refraction (a
measure of the molecular effect on the velocity of light transmission),
that the ammonium salt of any group of the series yet studied behaves
almost exactly like the rubidium salt. It was similarly previously
shown with regard to the molecular constants of ammonium sulphate
that the place of this salt in the series of alkali sulphates is immedi-
ately after rubidium.

‘With respect to the properties of the crystals themselves, they are
found to be of two kinds. Those of the one kind follow the order of
the molecular weights, in which case the ammonium salt stands first in
the series ; in this category come the densities, the rotation of the
optical ellipsoid, and the specific refraction and dispersion. Thus,
while the whole of the properties of the crystals of the potass-
ium, rubidium, and csesium salts have been shown to be functions of
the atomic weight of the alkali metal, and therefore of the molecular
weight of the whole salt, only these four properties obey a similar law
in the case of the ammonium salts, at once marking an essential differ-
ence between the ammonium complex and an alkali metal. In those
of the other kind, the ammonium salt occupies positions which vary
for the different properties from a position quite close to the rubidium
salt and just beyond it on the cresium side, to one closely approxima-
ting to that of the cesium salt. In this class fall the interfacial
angles, the monoclinic axial angle, the three refractive indices (corre-
sponding to the three axes of the optical ellipsoid), the mean refractive
index for the whole crystal, the double refraction, and the axial ratios
of the optical ellipsoid.

Tt will be interesting to see whether these three main results concern-
ing matters of indubitable faot as regards the groups now investi-
gated are true equally for other groups of the series, to which the
author intends to turn his attention. In the meantime, ample scope is
afforded for speculation as to their meaning, and particularly as to the
spacial conditions which permit of the replacement of 2 atoms of the
alkali metal potassium by 10 atoms of the two ammonium complexes,
with no more effect on the crystallographical characters and on the
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dimensions and properties of the fundamental structural unit than if
merely an exchange for two casium atoms had occurred, and indeed, in
general, with but slightly more effect than if the two replacing
metallic atoms had been those of rubidium. ILeaving speculation
entirely aside, however, one further important fact would appear to
be proved and to stand out from this investigation, namely, that the
space defined by the topic axes is not filled with matter, but that
relatively large intermolecular free spaces occur, in which these extra
atoms can be readily stowed away. The optical results further indicate
that the spaces are not only intermolecular but also interatomie.
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