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cYXVIII.-The Rehtion ?/r Ammonizm to  the A7ka7i 
A Study of Rwzmonitm Ma,qncsilcna and Mctn7.s. 

Ammonizrm Zinc Sulphatcs cmd Xe2emtc.s. 
By ALFRED EDWIN HOWARD TUTTON, M.A., D.Sc. (Oxon.), F.R.S. 

IN an earlier communication (Trans., 1903, 83, l049), the results were 
given of a study of the crystallised norinal sulphate of ammonium, 
together with a discussion of their bearing, when considered alongside 
those previously published (Trans., 1894, 65, 628) for the corresponding 
sulphntcs of potassium, rubidium, and cmium, 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 

double snlp2iates and selenates of the series R,M 0 ,611,O contain- 

ing magnesiuni and zinc arc now presented, and compared with those 
previously given for the similar salts containing the three alkali metals 
(Trans., 1893, 63, 337, and 1896, 69, 344;  Proc. Roy. ~S’oe., 1900, 66, 
248, and 1900, 67, 5 8 ;  PJd. Tram., 1901, A, 197, 255). 

The two double sulphates were partially described by Murmann and 
Rotter in the year 1S5S (Sitxungsbw. K. Akad. JJTiss. TVien., 34, 135), and 
the optical properties of the two double selenntes and of ammonium 
magnesium sulphate were studied by Topsoe and Christimsen in the 
year 1874 (Ann. CAim Mqs., 1874, [v], 1, 73, 76 and 87). The optical 
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1124 TUT’l’ON: THE RELATION OF 

properties of ammonium zinc snlphate have also been more recently 
studied in greater detail by Perrot (Awl/,. Ski. p h p .  ??at., 1891, 
25,26). 

The two double sulphates have several times formed the subject oE 
specific gravity determinations (see pp. 11 36 and 1143), aid the density 
of the double selenates was also determined by Topsije. But, as mas 
pointed out by Pettersson in  regard to other salts, Topsge’s densities 
were frequently too lorn, and this will sitbsequently be shown to be 
the case pre-eminently with ammonium magnesium nntl ammonium zinc 
selenates. 

The data available in respect to both morphological and physical 
properties of the four salts under considcration will thiis be seen to 
be inadequate, and ixnsuittazhle for the purpose oE a strict coinpaiison 
with the corresponding double salts containing the alkali metals, ant9 
it was therefore clesiralnle tha t  these ammonium salts shonltl be again 
investigated in the same detailed and more acciirnte mnnncr n s  the 
salts of the allsdi metals already treated of in  the author’s former 
communications. 

Miers (Phil. T~cmns., 1903, A, 202, 459) has recently described 
an important phenomenon, of which numeroiis instances have heen 
observed in the course of this and the aut’hor’s previous investigations. 
It is pointed ont tha t  the primary faces of crystals are frecinently 
replaced by two or more vicinal faces, deviating from the position of 
the primary plane by several minutes of :trc. A stndy 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 regnlar octa- 
hedron, and that the faces iisually yielded multiple images lying very 
close together. The latter were subseqnently found to be thrce in 
number, of which one was often very much brighter than the others, 
due to  the octahedron face being replaced by bhe 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, pel. snltum. It was very unceitnin, 
however, whether the forms produced could be expressetl by any 
rational inches, even by very high numbers. The angles of the vicinal 
faces varied a t  different times from the true octahedi.on face by 2’ to 
30’. Similar observations were made in the cases of sodium chlorate 
(cubic) and the sulphates of magnesium and zinc (rhornbic). I n  the 
case of zinc sulphate, the primary prism faces varied from 91%’ t’o 
9l015’, due to tho production of varioiis vicinal faces instead of the 
true primary prism {l lO>.  I n  the case of magnesium sulphate, 
similar variations of 20’ were observed. It is pointed out that  with 
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ilbIbIONlUPlI TO THE ALKALI METALS. 1125 

crystals of coinparatively low symmetry 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 tlie symmetry; but in the case of a Yhombic prism each 
faco will, from the symnietry, be replaced by one vicinal plane only, 
and the prism aiiglo aEorded might be considerably too large or too 
SlllZLll. 

Miers further showed that the vicinsl planes follow specific well- 
defined zones only, and that t o  replace primary faces by vicinal planes 
is to  repldce 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 
investigatocl, change of concentration during crystallisation appeared 
to be most actively influential. 

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

lhese observations and speculations of &Tiers have a special bearing 
on the author's work, the most diflicult 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- 
plious series of salts. Every variety of the vicinal face phenomenon 
referred to by Miers has been observed, and i t  may a t  once be said that 
the phenomenon has not been permitted to affect in the slightest degree 
the results now or  previously publishecl. Even if this had not been 80, 

tho phenomenon could not have essontially altered the results for 
two sufliicient reasons : first, because the differences (especially in tlie 
cloublo sd ts ,  where the differences between a potassium and a czsium 
salt excoed 2") are much larger than those between the vicinal and 
priruary 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 
tlie work in 18'32, 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 has been 
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 adequat.e number of small 

r i  

Pu
bl

is
he

d 
on

 0
1 

Ja
nu

ar
y 

19
05

. D
ow

nl
oa

de
d 

by
 U

ni
ve

rs
ity

 o
f 

A
ri

zo
na

 o
n 

2/
8/

20
19

 5
:0

1:
36

 P
M

. 
View Article Online

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


1126 TUTTON: THE RELATION OF 

crystals of so perfect a character as to show no sign of vicinal 
faces, the primary planes tlieinselves having been well formed and 
inclined a t  the theoretical angles. These crystals have, as a rule, been 
rnucli more minute than those employed by %Tiers, and had been 
deposited under conditions of extreine quietucle, and from solutions 
screencd from all rapid change of tempi-ature. 

As regards the series ll,M(~e04)2,F11,0, the crystals generally show 

striation of the faces of the basal plane c-(OOl} and the primary prism 
p(l101, parallel to the symmetry plane (OlO], that is, t o  the axes 
a and c, due to vicinal faces being formod instead of the simple c and p 
faces. The directions will be clear from the shading in Pig. 1. In the 
case of the c faces, when the zone [bye]  is adjusted parallel to tlie axis of 
the goniometer, two images of the Websky sigiinl, separated by about ZO’, 
usually predominate very ruaykeclly in the bundle, symmetrically 
arranged tothe symmetry plane, that is, about 10’ on each side of tho 

F I G .  1. 

position for a true c image. The position of tlie true c plane is, however, 
indicated by the precision of the images reflected by the faces of the 
clinodome q(O11), 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 b(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 tlie 
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 
q images were quite perFect, whilst the c images were of tlie double 
character (with fainter intermediate images) already mentioned. It 
was evident that these c faces were not true basal planes c{OOl), but in 
each case a pair of vicinal faces of tho kind descrihed by Miers. 
When the zone [cr’] was adjusted, the c images, whether consisting of 
vicinsl 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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AMMONIUM TO THE ALKALI MEI'AIS. 1127 

identically on the vertical cross wire when m y  one of thein was 
adjnsted. lience, when good 1'' faces were preseiit, as was the case 
with the crystals selected for measurement, the value of the angle CT' 
was al\viiys ascertainable with precision. 

'I'ht! y faces were absolutely perfect on the crystals measured, the 
mgle qq in the zone [hqc] being always the same within very narrow 
limits, enabling the theoretical position of the c {  00 l} plane (half-way 
between each pair) to be- precisely determined, for cq = ipp. Afore- 
over, in tlie cases of a t  least 6 crystals out of the 10 or more measured of 
e ~ c h  salt, the c faces themselves wcre also perfect, affording single 
brilliaixt images of tlie signal and no traces of vicinal faces. These 
perfect c iinages occupied exactly thc theoretical position within 3'. 
1 Lux, for instance, in tlie case of auinonium magnesium selenate, six 
perfect c faces gave, with the twelve adjoining similarly perfect q faces, 
twelve angles varying from 25"27' to 25('31', a difference of only 4', 
and their mean, 25O2'3', was identical with the mean value of 38 
measurements (with different faces) of tlie angle cq,  Also in these 
cases the b(010) faces afforded single and brilliant images at exactly 
YO"0' to the c faces. 

I n  the case of the p {  110) faces, the irnage corresponding exactly t o  
{ 1 lo} was always present, but generally in a bundle of which the two 
extremes werc not symmetrical (naturally, from the nature of the 
symiuetry) to it, that is, it was not tho central imttgc of the bwdle. 
Also it was not usually the brightest, tlie latter being sometimes on 
one side and sonietimes 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 werc always the same 
within one 01- two minutes. 

The true position of the 23 and c faces is always indicated clearly by 
a particularly trustworthy image being aff orded 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 lilies, as shown in 
Fig. 2, in the case of the upper c face of 0x10 of the crystals of 
amiiioiiiuni 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 production 
of a hollow pyramid, arrmged 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 contow lines resembling etched figures, 
are parallel to  the plane undergoing growth (in this case the basal 
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1128 TUTTON: THE RELATION OF 

plane) ; and the interesting point is th:tt the whole oE these contour 
strips, which together make up the crystal face (in this case c) ,  afford 
a single coincident iniage of the sigunl. This image, in the case of such 
c faces, lies accurately i n  the zone [ b y c ] ;  i t  is truly orientated 
niidway between the t w o  p images, arid shows no trace, in the cases of 
well-formed crystals, of vicinal faces. A perfectly analogous remark 
applies to 23 faces which have been the contact planes, with respect to 
their accurate position in the zone [bp]. I n  all cases, the values for 
the angles cg 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 perfoct crystals showing no trace of 
ambiguity. 

Enough mill 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  tlie messure- 
rrients for  tlie difyerent salts have been rigidly comparative, as well 
as having been directed towards obtaining accurately the absolute 

Fro. 2. 

values of the various angles. Hence, even if any effect had been 
possible-and tlie 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  lmve this opportunity of confirmiug 
Micrs’ observations and general conclusions, for it is certain that 
this plienornenon of vicinal fnces 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 
tho act of crystallisation. 

richtige Rufstellimg ”) 
of crystals (Zeit. KTyst, M i ? 2 . ,  1902, 35, 129), Pedoroff expresses 
the opinion that both the rhorubic simple sdphates and selenates, 

RYSeO,, and the rnonocliiiic double sulphates and selenates, 

I n  connection with the correct setting up ( 

S 

are OF pseudohcsagonal type, and that they 

should be so considered in calcula,ting the topic axes. The author 
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AMMONIUM TO THE ALKALI METALS. 1129 

is not responsible for the mode of setting up the crystals 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 Zrystallograplzie, 
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 rhornbic crystals of the simple salt series t o  true 
hexagonal symmetry-the difference from GO" being less than lo- 
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. I n  the case of the monoclinic 
double salts, however, there is no approximation whatever to a pseudo- 
hexagonal type, the angle which should correspond to  GO" being 
71-73' in the various salts. They cannot, therefore, be considered 
as having a pseudohexagonal space lattice, and are not strictly corn- 
parable to the rhombic salts. Wulff (Zeit. lTiryst. Mim., 1901, 34, 
472) has proposed a setting up based on the acceptance of the 
cleavage direction as (001) instead of (301). 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. 

I n  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 pycnometer methods, but also by the 
suspension method (Retgers, Zeit. plqsikal. Che7n., 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 cssium, the lightest of these salts 
(rubidium sulphate) being slightly denser than pure rnethylene 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. LXXXVLI. 4 F  
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1130 TUTTON: THE RELATIOK O F  

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. Hence, 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 a t  the ordinary temperature. The determinations have 
all been made a t  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, i t  has been assumed 
that the reason is that the most perfect 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 cam, 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 rnethylene 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 
pgcnometer filled with it. 

Pu
bl

is
he

d 
on

 0
1 

Ja
nu

ar
y 

19
05

. D
ow

nl
oa

de
d 

by
 U

ni
ve

rs
ity

 o
f 

A
ri

zo
na

 o
n 

2/
8/

20
19

 5
:0

1:
36

 P
M

. 
View Article Online

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


AMMONIUM TO THE ALKALI METALS. 1131 

The specially pure methylene iodide, obtained from Merck, was only 
very faintly yellow, and was maintained in this condition by storing i t  
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 a t  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*lo, 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 
approxiinately 20°, lower rather than higher, but preferably not lower 
than 1 5 O ,  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 (Phil. 
Trccns., 1899, A, 192, 465), for the actual coefficients of cubical ex- 
pansian a t  any temperature t were found to be : 

For potassium sulphate, 0.00010475 + 0*0000001396t. 
,, rubidium sulphate, 0*00010314 + 0*0000001534t. 
,, caesium sulphate, 0~00010170 + 0*0000001620t. 

4 ~ 2  
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1132 TUTTON: THE RELATION O F  

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 o€ 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. I t  is thus apparent tha t  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 tnrbid (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. 

I n  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 cmium analogues of the 
salts now described are included in this memoir. 

A mm oni u m Mcbgn e s iu m Xzi Zpha t e, (NH4)2Mg(S04)2,6H20. 

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  G*SG per cent. of 
magnesium, the calculated value being 6.67 per cent. 

Goniometry . 
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  goniometrical measurements. 

Ratio of axes : a : b : c -  0.7400 : 1 : 0,4918. 
Axial angle : p= 72'54'. 
Habit  : short prismatic. 

Forms observed: b={Ol@)co$?l?co ,  c=(OOl)oP, p=(lIOfooP, 

Prisms formed by clinopinacoid and prim- 
ary prism. 

p " ' = { 1 3 0 ) ~  *3, ~ = ( O l l } R ~ ,  ~ ' = ( 3 0 1 } + 2 P ~ ,  
0 = {i iq  - P, o r =  {i iq  + P? n= (1211 - 2 ~ 2 .  

The results are displayed in the table of angles on pp. 11 34, 1 1  35. 
The crystals 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 b(O10) in this zone varied, however, considerably, 
from a mere st.rip to a good broad plane, and often on the same 
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AMMONIUM TO THE ALKALI METALS. 1133 

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 ~ ( 1 1 0 )  wore, however, 
invariably largely developed. Although on the great majority of the 
crystals of the crops employed they mere generally affected by stria- 
tion due to the attempt a t  producing vicinal faces, as described in the 
introduction, the crystals chosen were free from this defect, the images 
being single, definite, and brilliant. I n  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 6p 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 c(OOl}, 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 

FIG. 3. FIG. 4. 

any crop, of the procluction of two vicinal faces symmetrically situated 
to the symmetry plane, instead of the true basal plane perpendicular 
to the plane of symmetry, In the 11 chosen crystals, however, this 
was reduced to a minimum, and several of the crystals exhibited single 
c images accurately perpendicular to the synimetry plane. In  one 
interesting case, three images were afforded by one of the two c faces 
in the zone [cqb],  the central image beiiig exactly equidistant from 
the two g images, while the other two were equidistant from this 
central image a few minutes on cad\ 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 q(O11) 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 
bg(010) : (011) and q p ( 0 l l ) :  ( O i l ) .  It will be clear from the table 

Pu
bl

is
he

d 
on

 0
1 

Ja
nu

ar
y 

19
05

. D
ow

nl
oa

de
d 

by
 U

ni
ve

rs
ity

 o
f 

A
ri

zo
na

 o
n 

2/
8/

20
19

 5
:0

1:
36

 P
M

. 
View Article Online

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


1134 TUTTON: THE RELATION OF 

that  the mean value of all the cq measurements, 25’11’, was found to 
be exactly the same as the complement of the mean measured bq, 
64O49‘, 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 orthopinwoid ~ ( 1 0 0 )  mere ever observed. The 
orthodome r’(%Ol) mas generally present, and usually one of its faces 
greatly exceeded the other in size, the variation being from that shown 
in Fig. 3 t o  considerably less than the size of the T’ face shown in 
Fig. 4. The o’(Il1) faces mere usually small, but they generally gave 
very trustworthy sharp reflections. Four good but small faces of the 
rarer pyramid o ( l l 1 )  were also observed on three of the measured 
crystals. In  addition, faces of the prisin y’”(130) and also of the 
pyramid m(12 1 ) were discovered on one of these three crystals. 

Morphological Angles of Ammonium Magnesi tm Xulphte. 

Angle measured. 

ac -(roo) : (001) 
m = ( l o o )  : (101) 
sc =(101) : (001) 
er’ =(001) : (201) 
cs‘ = (001) : (101) 
S‘T’ = ( i o i )  : (201) 
r’a =(ZOl) : (100) 
T’C = ( Z o i )  : (ooi)  
(rp =( loo )  : (110) 
pp’ =(110) : (120) 

=(110) : (010) 
pp =(] lo)  : (110) 

=(001) : (011) 

a0 =( loo )  : (111) 
oq =(111) : (011) 

=( loo)  : (911) 

{$ =(011) : (010) 

op  =(111) : (110) 
-(001) : (110) 
=(110) : (111) 
-(111) : (001) 
=(110) : (001) 

No. of 1 
n;;;;;- Limits. 

- 

54 35 - 54 50 
70 25 - 70 46 

Mean 
observed. 

- 

~ 

__ 

6 $“29’ 
.- 

- 

- 

115 31 

-- 
- 

~ 

29 26 
26 18 
54 44 
70 34 

25 4 -  25 16 ~ 25 11 
64 43- 64 56 I 64  49 

I 

. _  

’ 33 2 5 - -  33 39 

1 16 1 - 76 17 

I103 44-104 2 

1 :2 23- 42 43 

1 1  

_ _  

33 32 
42 35 
76 7 

-. 
- 

103 52 

lalculated. 

W 5 4 ’  
44 64 
28 0 
64 25 
3s 19 
26 6 
42 41 

115 35 

35 16 
19 28 
35 16 
29 29 
25 15 

70 32 

25 11 

5c 

,k 

48 0 
26 31 
74 34 
34 38 
70 48 

33 33 
42 34 

69 22 
44 31 

103 53 

It 

Diff. 
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AMMONIUM TO THE ALKALI METALS. 1135 

Morphological Angles of Ammonium Magnesium Sulphate (continued). 

Angle measured. 

bra =(010) : (121) 
no =(121) : (111) 
bo =(010) : (111) 
0s =(111) : (101) 

hot =(o io )  : (iii) 
o v  =(xii) : ( i o i )  
0’0’ = ( i l l )  : ( i l l )  

sq =(101) : (g1) 
y p  =(011) : (110) 
ps -(lie) : ( i g q  
pp =(110) : (011) 

d g  = ( i o i )  : (011) 
q12 ==(Oil) : (121) 
7 z p  =(121) : (110) 
qp = ( O l i )  : (110) 
ps’ =(110) : (l_OZ) 

.pq =(110) : (011) 

=(Zoi)  : ( i i i )  \;; = ( i l l )  : (110) 
=@lo)  : (2oi )  t;; =(201) : (110) 

No. of 
measure- 
ments. 

1 
1 
2 
- 

7 

3 
- 

- 

40 

40 
- 

- 
1 
1 

40 

40 
- 

-_ 
- 
33 
32 

Limits. 

- 
70 37 -- 70 61 

- 

65 19 - 65 28 

40 9 -- 40 21 
- 

- .  

88 11 -- 88 29 

01 33- 01 40 
- 

62 18 -- 62 38 
- 

117 23 -117 44 

- 

52 53 -- 53 1 4  
12ti 45 --127 5 

Mean 
observed. 

54 56 
1 5  47 
70 44 
- 

65 22 

49 16 
- 

- 
88 21 

91 39 
- 

- 
25 58 
36 28 
62 26 

lli 34 
- 

- 
- 

53 5 
126 55 

lalculated 

-___ 

55 1 
1 5  42 
70 43 
1 9  17  

65 22 
24 38 
19 16 

36 58 
88 22 
54 40 
91 38 

44 46 
26 2 
36 24 
62 26 
72 48 

117 34 

35 17 
91 36 
53 7 

126 53 

Diff. 

5 
5 
1 
__ 

0 

0 
- 

- 
1 

1 
- 

- 
4 
4 
0 

0 
- 

- 

- 

2 
2 

Total number of measurements : 477. 

Murmann and Rotter (Zoc. cit.) give ccc (p) = 72’54’, cr’ = 64’47’, 
p6 = 54”52‘, pp = 70’22’, cq = 25”17’, cp = 16’6’, r’o’= 35”19‘, and p’- 
53’9’. 

C2eavuge.- A n  excellent cleavage is developed parallel t o  the ortho- 
dome r’(zOl>, 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, i t  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 t o  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 b(010) is 
also a direction of cleavage. 

Also for the axial ratio : a : b : c =  0.7371; : 1 : 0,4891. 
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1136 TUTTON: THE RELATION OF 

Volume. 

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

Weight of salt cniployed. 
3'2298 1 9 2 1 3  
3'4132 
3.0623 
2.9687 1.7206 

Sp. gr. at 20"/4". 

:;;:: Mean, 1'7210. f 
The following additional four were carried out by the suspension 

method, employing the perfect small crystals 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 1'7235 
For 17 '3 14 ............... 1'7222 1.7218 
For 17.5 14 ............... 1.7223 1.7219 
For 19 .O /4 ............... 1'7228 1'7227 

Mean 1.7225 

The density for 20"/4" is therefore taken as  1.723. 
The results of former determinations a re  as  follows : Playfair and 

Joule (LWem. Chem. Xoc., 1845, 2, 401), 1.721 and (Journ. Chem. Xoc., 
1849,1,138), 1.7169 ; Schiff (Awn. Chew%. Pharm., 1858,107,64), 1.680; 
Schrader (Journ. pr .  Chem., 1879, [ ii], 19, 266), 1.723 and 1,727; 
Yerrot (Arch. #ci. phys. %at., 1891, 25, 26), 1.721. 

Jf 358.00 
d 1-723 

Nolecular YoZzcme.--- = -____ = 207.78. 

Topic Axes.-x : : W =  6.2320 : 8.42117 : 4.1418. 

Optics . 
Oriemtntion of Axes of Optical h'Z1ipsoid.-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 tho symmetry plane 
afforded the following extinction angles : 

Section 1 ......... 12'10' behind the normal to ~ ( 0 0 1 ) .  
......... ,, 2 12'5' ,, 9 ,  c( 001). 

Mean 12'8' 

Hence the second median line, which corresponds to this extinction 
direction, is inclined 4'58' to the vertical crystallographical axis c, the 
angle p of the axes ccc having been shown to be 72"54'. Both median 
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AMMONIUM TO THE ALKALI METALS, 1137 

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 [E : (OOl)], and Topsije and Chris- 
tiansen give 11'1 1'. 

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

Refractive Indices of Ammonizcm Magnesium Sulphate. 

Nature 
of Prisms 

Index. light. 1 and 2. 
i Li 1.4688-4 Vibztions 1 C: 1.4692-88 

parallel to Na 1*4719-6 
2nd median ;f." : ~ ~ ~ ~ - - ~  I G 1.4817-1 line. 

~ ( Li 1.4701-698 

F 1.4784-3 I G 1'4829-8 

symmetry T1 1.4755-1 

P.  
Vibrations 1' :t;ik&, 
parallel to 

axis. 

Prisms 
3 and 4. 

1'4702-4 
1.4705-8 

1'4756-9 
1'4787-9 
1.4832-5 

1 '4758--R 
1-4761-3 
1 '4787-9 
1 a813-4 
1'4842- 6 
1 *4888-93 

1 '4731-2 

Prisms 
5 and 6. 

1 *4686-4 
1'4689-7 

1.4740-38 
1.4772-0 
1 *4815-3 

1'4716-4 

1'4754-2 
1'4758-6 
1'4784-3 
1'4810-06 
1'4840-0 
1.4886-5 

Topsoe and 
Mean Christiansen's 
index. values. 

1'4689 1'4698 
1'4716 1.4717 

1.4771 1-4774 

1'4685 -- 

1'4740 - 

1'4814 - 
1'4701 - 
1'4705 1 *4707 
1.4730 1.4728 

1'4786 1.4787 
1.4755 - 
1.4831 - 

1'4756 - 
1 *4760 1.4751 
1'4786 1'4791 

1'4842 1'4837 
1'4811 - 

1.4888 - 
Mean of a, p ,  and y for Na light = 1'4744. 

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

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

3 586 800 000 OOO+ . . . .  634 490 
A2 A4 

/3=1*4581+---- 

The a indices are also reproduced by the formula with similar 
accuracy if the coustant 104581 is diminished by 0.0015, and the 
y indices if  the constant is increased by 0.0056. 

Alteration of Refrccctioiz by Rise of Temperature.-The following 
table represents the results of determinations at 70' with two of the 
prisms : 
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1138 TUTTON: THE RELATION OF 

Refractive Indices of Ammonium Magnesium Sulphate for 70". 

1*?i37 Li ...... 1'4671 1,4684 
C ...... 1#4675 1'4688 1 '4741 
Ka.. .... 1 -4700 1'4712 1 .4767 

1'4792 T1 ...... 1'4725 1.4736 
F . . . . .  1.4757 1.4786 1'4823 

Kature of light. a. B. 

These values are lower than those for  the ordinary temperature by 

Aws of the Optical i7/lipsoids.--The calculated values of these con- 

Axes of optical indicatrix : a : 
Axes of optical velocity ellipsoid : u: : JJ : I: = 1.0009 : 1 : 0.9962. 
Molecular Optical Co?zstcclzts.-Employing the density as afforded by 

an average of 0.0015 for a, 0.0018 for /3, and 0.0019 for y. 

stants are as follows : 
: y =  09991 : 1 : 1.0038. 

the suspension method, these constants work out as follows : 

........................ Axis of optical indicatrix a. B. Y. 
?iJ - 1 C 0'1616 0-1621 0'1637 

G 0.1653 0.1658 0.1675 Specific refraction, (q3+ 2)d = a { 
7 i J  - 1 57% 58-02 58.60 

59.35 69-96 l\iolecular refraction, 1L.L+5 = 111 { 59.17 
Specific dispersion, nG - 1lC ..................... 0.0037 0.0037 0.0038 
Molecular dispersion, in, - ut, .................. 1-32 1 *33 1.35 

&Ioleeular refraction, ?K!x.. . . . . . . . . . . . . . .  c 97 *43 97-76 98.90 

......... 

. ... 

cl 

Optic Axial A~hgZe,--The following results were obtained with three 
excellent pairs of section plates ground perpendicular to the first 
and second median lines, all affording very small rings and sharp 
brushes. 

Determination of Apparent Angle in Air of Ammonium iCfag9Eesium 
SiLlplmte. 

Light. Section 1. Section 2. Sectioii 3. Mean 2E. 
Li . . . . . . .  79" 1' 7 9"15' 7932'  79'16' 
c ........ 79 0 79 1 4  79 31 79 1 5  
Na ......... 78 56 79 10 79 a7 79 11 
T1 . . . . . . . .  78 42 78 59 :!I 12 78 58 
F. . .  ....... 78 18 7s 44 18 46 78 36 
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AMMONIUM TO THE ALKALI METALS. 1139 

Determination oyf' True Optic Axial Angle of Ammonium Magnesium 
Sulphate. 

No. of 
section Observed 

perp. 1st values 
Light. median line. of 2Ha. 

45"12' 
45 21 
45 23 

45 10 
45 18 
45 20 

44 54 
44 56 
45 5 

44 31 
44 38 
44 45 

43 44 
43 57 
44 4 

KO. of 
section Observed 

perp. 2nd values 
median line. of 2Ho. 

la 106'45' 
2n 106 35 
3c4 106 28 

1 rc 106 41 
2n 106 30 
3n 106 21 

1 rc 106 5 
2rc 106 0 
3n 105 47 

l a  105 31 
2n 105 2s 
3n 105 15 

1 C6 104 35 
2n 104 35 
3n 104 35 

Calcnlated 3Ieaii 
values value 
of 2Va. of 2Va. 
51"Il' 
51 22 1 51'20' 
51 26 

51 10 

51 24 

51 5 
51 8 1 51 11 
51 20 J 
50 51 
51 0 ] 51 2 
51 12 

50 44 

Topsoe and Christiansen (Zoc. c i t . )  found 78O45' 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 Bromster, 51°22', 
and De Senarmont, 51'4'. 

Dispersion of the Jifeedian Lines.-This was determined with each 
of the sections perpendicular t o  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 mas 
found to be nearer to the morphological axis a for  red light than for  
blue by 18', l Y ,  and 16' respectivelyin the three cases, using C and P 
light. Hence the dispersion of the median lines is such that the 
first median line lies about 17' nearer to the axis a for  C light than 
for F. 

Efect of Rise of Temperature on the Optic Axial Angle. 

Measurements a t  75' (corrected for conduction of crystal hulcler) 
gave the following results for the two ends of the spectrum : 

2E a t  75'. For lithium light, 71°40', and for F light 70'10'. 

Thus 2E diminishes 7'36' for  Li and 8'26' for  P, on heating from 
15' (the average of the ordinary temperature determinations) to 7 5 O .  
This rise of temperature is also accompanied by an increase of 50' 
(between Li and F) in dispersion. 
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1140 TUTTON: THE RELATION OF 

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. 

A m nz o ni u m Zinc Xu Zp h cc t e, ( NH,)2Zn(S0,),, 6H,O. 

An  estimation of zinc in a sample of the crystals employed afforded 
the following result : 1.057’7 grams of crystals gave 0.2122 gram of 
zinc oxide, corresponding to 16.10 per cent. of zinc, the calculated 
percentage being 16 a2 1. 

Gonionzetry . 
Ten selected crystals were measured belonging to five different crops 

Ratio of axes : cc : b : c = 0.7368 : 1 : 0.4997. 
Axial angle : /3 = 73’8’. 
Habit : Thick prismatic to tabular. 
Forms observed : b = (0lO)oo goo, c = {OOl)oZ’, 

carefully chosen from the very numerous crops prepared. 

p = { l l O ) a o  P, 
= { o I 1 )rpm , o = {I I I} - 11, 0’ = (11 1 ) + P, 

n= (121) - 2P2,9”= (301) + 2 F m .  
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). I n  the type repre- 

FIG. 6. FIG. 7. 

sented in Fig. 5, the habit is clearly prismatic along the prism xoyle, 
and not only are there large faces of the primary prism p {  1101, but also 
tolerably large faces of the clinopinacoid b{OlOf.  It is further dis- 
tinguished by the approximately equal development of the basal 
plane ~ ( 0 0 1 )  and clinodome q{Oll) .  

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 clinodorne, being, 
in fact, prismatic after this form. It is further characterised by an  
unusually large development of the faces of the hemi-pyramid o’(T1 l), 
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AMMONIUM TO THE ALKALl METALS. 1141 

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 v'{201) faces also 
varies from that of Fig. 6 to that of Fig. 7. No faces of the 
orthopinacoid mere ever observed. Sinall faces of the primary hemi- 
pyramid 0{111> were observed on two of the crystals measured, and 
an excellent face of the lzeniipyrand nf121t was exhibited by one of 
the lnrgey crystals employed in the optical work. 

Several of the nieasured crystals afforded perfect images from both 
clioopinacoid faces, all four clinoclome faces, all four primary prism 
faces, and both T' orthodome faces. Four of them also gave perfect 
single images from the basal plane faces, situated precisely as they 
should be, midway between the 9 images. Solve 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 mas experienced, the half of the 
angle between the two q images was taken as representing the value 
of cp, for  the q images were always excellent in the crystals measured 
and absolutely correctly placed. These half values of qq mere always 
practically identical with the values of cq measured in the cases of the 
crystals exhibiting perfcct c images. 

iMorphoZogicCcl Arzg Zes of Anarnoniunz Zin,c SuZjdate. 

Angle measured. 

= ( loo )  : (001) 
=(loo) : (101) 
=(101) : (_001) 
==(001) : p o l )  
=(001) : (101) 
=(101) : (201) 
= ( z o i )  : ( i o g  
=(201) : (001) 

= ( loo )  : (110) 
=(110) : (120) 
=(120) : (010) 
=(110) : (OAO) 
=(110) : (110) 

=(001) : (011) 
=(011) : (010) 

No. of 
measure- 
ments. 

__ - ~ 

- 

- 
- 
16 
- 
- 
- 

16 

- 
- 
- 
36 
17 

39 
39 

- 

64"51'- 64"59' 
- 

__ 

115 0-115 10 

- 
54 40 - 54 54 
70 18 - 70 34 

25 26 - 25 37 
64 22 - 64 36 

Rleaii 
observed. hlculated. 

- -- 

73" 8' 
44 40 
28 28 
64 56 
3s 55 
26 1 
41 56 

115 4 

35 13 
19 28 
35 19 

70 26 
* 

* 
64 37 
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1142 TUTTON: THE RELATION O F  

Uorphologicd Angles of Ammonium Zinc flulplhate (continued). 

Angle measured. 
No. of 

measnre- 

no =( loo )  : (111) 
oq =(111) : (011) 
aq =(loo)  : (911) 
qo’ =(011)  : (111) 

= ( i l l )  : ( ioo)  
co =(001) : (111) 
op =(111) : (110) 

=(001) : (110) 
=(l lO) : (111) 
=(111) : (001) 
= ( i i o )  : (ooi)  

110 = ( E l )  : (111) 
bo =(010)  : (111) 
0s =(111) : (101) 

0’s’ = (111) : (101) 

{ p  

bn =(010) : (121) 

bo’ =(?lo)  : (111) 

0%’ = ( i l l )  : ( T i ] )  

sp =(101) : (011) 
2P =(GI) : (IlO, 

= (? lo)  : ( 3  0)) 
p q  =(110) : (011) 
ps 

5‘4 = ( i o i )  : (011) 
1172 =(011) : (121) 

=(121) : (110) 
= (011) : (I1 0,  
= ( ] l o )  : (121) 
=(110) : (011) 

T’O’ =(zoi )  : (111) 
o’p =(111) : (119) 
pr.’ = ( n o )  : (201) 
r.’p =(201) : (110) 

[z 

- 

._  

- 
__ 
_ -  
- 

5 
3 

39 
21 
20 
39 

1 
I 

__ 
-- 

5 

1 
- 

__ 

38 

38 
- 

I 

1 
1 

37 

37 

19 
21 
29 
28 

- 

34” 0’- 34” 4‘ 
42 12-  42 17 
76 8- 7s 23 
58 31 - 58 50 
44 57- 45 9 

103 36 -103 50 

- 

87 5 2 -  88 12 

91  51 - 92 12 

- _  
62 20-- 62 34 

- 
117 27 -117 36 

35 14 - 35 34 
91 52-- 92 8 

12’7 15 -I27 33 
52 27 -- 52 ‘15 

__ 
__ 
- 

-. 
-_ 

3.1” 2‘ 
42 15 
76 17  
58 40 
45 3 

103 43 

54 57 
15 50 
- 
- 

65 9 

49 43  
- 

- 
85 1 

91 59 
-_ 

- 
26 17  
36 1 4  
62 27 

117 33 

35 24 
92 1 
52 36 

127 24 

__ 

Total iiuniber of measureInents : 547. 

hlculated 

4;”52‘ 
26 57 
74 49 
35 5 
i 0  6 

33 57 
42 20 

5s 35 
45 5 

103 4 3  

54  51 
15 45 
i0 39 
19 21  

65 9 
%4 51 
49 12 

37 31 
5s 0 
54 29 
92 0 

45 25 
26 15 
36 12 
62 2 i  
7 2  8 

1Ii 3’3 

35 22 
92 4 
52 34 

127 26 

* 

Murmann and Kotter (Zoc. cit.) found ccc (p)  = 73’19’, cr’= 64’41’, 
pb = !5P046‘, p p  = 70”29‘, cq = 25’17‘, CP = 76’26’, PO’ = 58’43’, O‘C= 44’45‘, 
and pr’= 52’30’, and for the axial ratio, c6 : 6 : c = 0,7375 : 1 : 0 : 5009. 

is well developed in this salt. 
CZeccuuge.--The cleavage parallel t o  7” (501 1 corninon l o  the series 
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AMMONIUM TO THE ALKALI METALS. 1143 

Volume. 

Relative Density. 

The pycnometer method : 

Weight of sp. gr. 
salt employed. a t  20'14". 1 For 20°/4". 

The suspension method : 

5.1502 1'9294 For 16'8"/4" ..... 1 9 3 4 5  1 *9339 
4.5449 1.9300 For 17*5"/4" . . . . .  1.9308 1 *9303 

5.4968 1.9303 ' Yor 16*3"/4" . . . . .  1.9325 1.9318 
5.6138 1'9290 ~ For 15'8"/4" ...... 1'9324 1-9316 

Mean ...... 1'9297 Meail ............ 19319 

The value accepted for 20°/40 is therefore 1.932. 
Previous results are : Plnyfair and Joule ( H e m .  Chena. Xoc., 1845, 

2, 401), 1.897; Schiff (Anqz. Chern. pJmrm., 1858, 107, 64), 1.910; 
Schroder (J. yr. CJbern., 1879, [ii], 19, 266), 1,919, 1,921, and 1.925 ; 
Perrot (Arch. S'ci. p3hys. nat., 1891, 25, 2G), 1.931. This last very trust- 
worthy value is satisfactorily close to the value now given. 

nf 398.72 - 206.38. iClolecular Volume.-- = I_-_ - 
cl 1.932 

Topic Axes.-x : I) : w = 6.1648 : 8.3670 : 4.1810. 

Optics. 

Orientation of Axes of Opticul Ellipsoid-The optic axes lie in the 

Two section-plates ground parallel to the symmetry plano gave the 
symmetry plane ; the sign of double refraction is positive. 

following angles of extinction : 

Section 1 ........ .9"50' behind the normal to ~(001). 
,) 2 ......... 9O57' ,, 7 9  > ?  

I_ 

Mean ... 9"53' 

This direction of extinction is the second median line, which, as 
the angle /3 of the axes ac has been shown to be 73"8', is consequently 
inclined 6"59' to the vertical morphological axis c .  Both median 
lines lie in the obtuse angle ac, and the first median line is inclined 
9'53' to the axis a. 

Murrnann and Itotter give 8'33' behind the normal to (001) as the 
direction of the second median line. 

Refractive Indices.-Six excellent prisms were ground so as to 
yield directly two refractive indices each. The results are as under : 
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1144 

Index. 

a. 
Vibrations 
parallel to 

2nd median 
line. 

8. 
Vibrations 
parallel t o  
symmetry 

axis. 

Y e  
Vibrations 
parallel to 
1st nirdian 

line. 

TUTTON: THE RELATION OF 

Refractive I?zdices of Ammonium Zinc Xdphute. 
Nature of Prisms 

light. 1 and 2. 
Li 1.4859-6 
C 1.4863-59 
Na 1'4887-7 
T1 1.4915-1 
1' 1'4948-4 
G 1'4992-2 

f 
Prisms Prisms 
3 and 4. 5 and 6. 
- 1.4859-9 
- 1 *4862-3 
-- 1'4889-8 
- 1 '49 1 5-6 
-_ 1 '494 7-8 
- 1'4991-4 

Mean 
index. 
1.4558 
1'4862 
1-4888 
1'4914 
1'4947 
1.4992 

Li 1*4901-898 1.4595-905 - 1-4900 
C 1 '4905--2 1.4899-90Y 1'4904 
Nix 1'493-29 1.4925-35 - 1.4930 
T1 1.4928-7 1.4952-62 - 1.4957 
F 1*4992-87 1.498-1-96 __ 1.4990 
G I 5 0 3 7 - 4  1'5032-42 - 1.5036 

Li - 1.4957- 65 1*4964---4 1,4963 
C -_ 1.4962 -9 1'4968-7 1'4967 
hTa .-_ 1.4989 -97 1.4995-4 1'4994 
T1 - 1.5016-24 1.5022-3 1.5021 
F _. 1.5049-59 1 '5055- 5 1.5056 

L G  - 1.5099 -105 1.5102-2 1.5102 

Nean of a, P,  and y for Na light = 1.4937. 

Perro t's 
values. 

1.4862 
1.4890 

1.4946 
1.4987 

1.4904 
1'4934 

1'2093 
I *to41 

1.4971 
1.4996 

1'5056 
1.5103 

- 

__ 

- 

- 

- 

- 

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. I t  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 (Phil. 
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 t h i s  
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  compnre 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 
/3 index directly, and i t  has been shown that their values of a and y 
indices are generally less accurate in consequence. 

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

. . .  588 612 2 356 900 000 O O O +  p = 1.4784 + _ _  - -. _ _ ~  
A2 h4 
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AMMONIUM TO T H E  ALKALI METALS. 1145 

The a indices are also reproduced by the formula if the constant 
14784 is diminished by 0.0042, and the y indices if the constant is 
increased by 0.0064. 

Alteration of Refraction by Rise of I'ernpemture.-Two of the 
prisms affording respectively u and p ,  and a and y, were employed for 
determinations at 70°, and the results are embodied in the accompsny- 
ing table. 

h'efractive I.rzdices of Amnzonium Zinc Sulplmte at 70°. 

Nature of light. a. B. Y.  
Li ...... 1.4845 1-4883 1'4944 
C ...... 1.4849 1.4887 1'4948 
Na 1,4874 1.4914 1.4976 
TI ...... 1.4902 1 '4942 1.5003 
P ...... 1'4935 1.4975 1,5037 

...... 

These values show a diminution from those for the ordinary tem- 
perature of, on the average, 0.0013 for a, 0-0016 for p, and 04019 
for y. 

Axes of the Opticul EZZipsoids.-These work out as under : 

Axes of optical indicatrix : a : p : y = 0.9972 : 1 : 1.0043. 
Axes of opbical velocity ellipsoid : a : Xr : c = 1.0028 : 1 : 0.9957. 

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

........................ Axis of optical iiiclicatrix u B Y 

Specific refraction, ( n ~  .n2 + - a>n! = n 
59'71 60.36 

Molecular refraction, * n24-2' ''I 2 -  - m { g i;:;; 61 *07 61-74 
Specific dispersion, n, - n, ..................... 0'0033 0'0035 0.0035 
Molecular dispersion, m, - m, ................. 1 *35 1'36 1 *38 

Molecular refraction, -?AM,. ............ . . C  100'34 101 '21 102.51 

Optical Axial 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- brornonaphthaleiie 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 compnison with its length to 
permit the brushes to emerge completely, owing to  the necessity at the 
same time for some considei ahle thickness of section imposed by the 
feeble double refraction. 

C 0.1487 0'1497 0-1514 
G 0.1520 0'1532 0.1549 { ......... 

... 

a? 

VOL. LXXXVII. 4 G  
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1146 TUTTON : THE RELA'I'ION OF 

Determination of Apparent Angle in Air of Ammonium Zinc Xulp?bate. 

Light. Section 1. Section 3. Mean 2E. 
Li ......... 143'30' 143"55' 143'43' 
c' . . . . . . . .  143 39 144 13 143 56 
Na ........ 144 2s 144 64 144 41 
T1 ......... 145 12 145 45 145 29 
F ........ 1 4 6  0 146 31 146 1 6  

No. of No. of 
sectioii Observed sectioii 

perp. 1st values perl'. 21113 
Light. iiicciian liiic. of 2 H n .  rnedinii liiic. 

69'65' l U  
Li ...... 2 69 50 2a 

70 1 3U 

69 53 1 a 
c. . . . . ,  2 69 49 2 a 

69 5s 3a 

69 43 1 a 
K n  ... 2 69 37 2 n 

69 42 3 (i 

69 22 1 a 

69 25 3 CG 

68 55 If6 
F ..... 68 50 2 CL 

65 66 3 (6 

1 1  
1 :  
{ :  
j ;  69 17 2n 

T1...**. 1 3 

0 bs e PV e d 
values 
of 2Ho. 
88"lO' 
88 10 
88 1 3  

88 8 
88 6 
88 6 

87 60 
87 44 
87 40 

S7 1s 
ST 12 
87 13 

86 38 
86 33 
$6 32 

Calculated Rleaii 
values value 

of 2Va. of 2Va. 
78"57' 

79 0 
7 8 5 4  ) 7837' 

7s 58 
79 1 

78 58 

79 3 

79 5 

79 G 

Murmann and Rottor 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 Xedian  Lines.-Sections 1 and 3 mere examined 
in toluene, the refractive index of which is very close to the mean 
index of the crystals. I n  both cases the first median line was found 
t o  be 10' nearer to the morphological axis a for  red lithium light than 
for greenish-blue F hydrogen light. 

Efeect of Bise of Temperatwe O I L  the Optic A x i d  ArLyZe.-On heating 
a section plate perpendicular t o  the first median line, the apparent 
angle in air is observed to diminish slightly. The following values 
were obtained with section 1 €or the temperature of $5" (corrected for 
conduction of the crystal holder). 

2E a t  75". 
FOP (7 light ............ 138" i' 
,, Nn ,, ........... 138 42 
), 'I'l ), ............ 139 11 
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AMXONIUM TO THE ALKALI METALS. 1147 

The diminution between 16" and 7 6 O  is thus seen to be about 6 O .  

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

A mmonizc m M a g n e s i u m  Se I ena t e, (NIII,)2~!lg(Se0,)2,6H,0. 

The result of an  estimation of the magnesium in a sample of the 
crystals employed was as follows : 1.2081 grams of crystals afforded 
0.3062 gram of magnesium pyrophosphate ; this corresponds to 5.48 
per cent, of magnesium, the theoretical percentage being 5-29, 

Goniometrg. 

Ten crystals were chosen out of six specially good crops. 
Iiatio of axes : a : b : c = 0.7430 : 1 : 0,4966. 
Axial angle : /3 = 73"33'. 
Habit : prismatic along the prism zone, to tabular along the basal 

Forms observed: b=(OlO)coSm, c=(OOl)oP, p = ( l l O } a P ,  

The table on page 11 49 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, withont 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 t o  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 wer0 placed in the case at 
one time, each equidistant from the centre and a corner of the base. 
A t  the centre mas 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 mood 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 

plane. 

q = ( o 1 1 j ~ u J ,  0'=(111)+P, r.'=jZO1)+29clr,. 

4 a 2  
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1148 TUTTON: THE RELATION OF 

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 
b(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 t o  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 

FIG. 8. 

the crystal by the elongation of the 

PIG.  9. 

faces of the primary prism p;pt110), 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. I n  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 cp were rendered quite trustworthy 
owing to the singular perfection of the faces of the clinodome 
q fo l l }  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 r ' (gO1)  and o (111) varied as illiistrated 
in  the two figures. On one crystal a rough face of the form ~(101)  
was observed, but the reflection from it was too imperfect for accurate 
allocation to the cross-wires. 
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AMMONIUM TO THE ALKALI METALS. 

Morphological Angles of Ammonium Magnesium Selerzate. 

Angle measured. 

nc =( loo )  : (001) , 
m ==(loo) : (101) 
SC =(101) : (001) 
cr’ =(001) : ( Z O l )  
cs’ =(001) : (101) 
s’r’ = ( i o i )  : (201) 
r’a = ( ~ o i )  : (100) 
r’c =(ZOI) : (ooi) 
up =(loo)  : (110) 
pp’ =(110) : (120) 
p’b =(120) : (010) 
pb =(110) : (010) 
pp  +lo)  : ( i i o )  

cq =(001) : (011) 

a0 =( loo )  : (111) 
oq =(111) : (011) 
nq =(loo) : (011) 
40’ = ( o i l )  : (ill) 
o‘a ==(ill) : ( loo)  
co =(001) : (111) 
op =(Il l )  : (110) 
cp =(001) : (110) 
PO‘ =(11_0) : (1Q 
o’c =(111) : (001) 1 pc = ( n o )  : (ooi) 
bo =(010) : (111) 

‘I us =(111) : (101) 

60‘ =(oio) : (in) 
0‘s’ = (zii) : ( i o i )  
0’0’=(1ii) : (iii) 

sq =(101) : (011) 
qp =(ell)  : (pJ 
ps =(:lo) : (log) 
pq =(110) : (011) 

s’q = ( i o i )  : (011) 
qp =(011) : (110) 
ps’ =(110) : (lo?) 
pq =(110) : (011) 

~’0’=(2oi )  : (iii) 
0% =(i l l )  : (110) 
pr’ =@lo) : (2oi) 
r’p =(201) : (110) 

1 

qb =(011) : (010) 

i 

i 

i 
{ 
{ 

No. of 
measure- 
ments. 

Liini ts . 

- 
64” 7’- 64”26’ 

- 
- 
- 

115 37 -115 50 

- 

54 25 - 54 42 
70 44 - 71 1 

25 22 - 25 37 
64 22 - 64 39 

- 
- 

76 31 -- 76 48 
58 37 - 58 53 
44 28 - 44 43 

103 11 -103 28 

65 13 - 65 19 
- 

49 27 - 49 29 

-_ 

87 31 - 87 51 

92 9 - 92 30 
- 

- 
62 40 - 62 54 

- 
117 5 -117 24 

35 4 - 35 16 
91 48 - 92 0 
52 49 - 53 1 

126 58 -127 13 

Mean ob- 
served. 

____ 

- 
- 
- 

64”15’ 
- 
- 
- 

115 45 

- 
- 
- 

54 34 
70 52 

25 29 
64 31 

- 
- 
- 

- 
- 

_- 
- 

76 40 
58 45 
44 36 

103 20 

- 
- 

65 16 

49 28 
I 

- 
57 39 

92 30 
I 

I 

62 46 

117 14 

35 10 
91 53 
52 55 

127 5 

- 

hlculated. 

73”33‘ 
45 12 
28 21 
64 11 
38 22 
25 49 
42 16 

115 49 

35 26 
19 28 
35 6 

70 52 
* 

* 
64 31 

48 21 
26 51 
75 12 
34 38 
70 10 

33 54 
42 46 

58 44 
44 36 

103 20 

70 35 
19 25 

65 16  
24 44 
49 28 

37 24 
87 38 
54 58 
92 22 

44 57 
62 46 
72 17 

117 14 

35 9 
91 56 
52 55 

127 5 

* 

1149 

- 
Diff. 

Total number of measurements : 555. 
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P l E O  'I'UTTON: THE BETAATION OF 

Topsoe and Christisnsen (Zoc. cit . ,  p. 73) give a@)= 73"23', 
Also for the 

Cleavage.-The cleavage comnion to the series parallel to v'{ZOl> is 

p p =  (110) : (l lO)= 70°47', and qq= (011 : OT1) =50°55'. 
axial ratio a : b : c = 0.7414 : 1 : 0.4968. 

excellently developed, 
Volume. 

Relative Deizsity. 

The pycnometer method : 

Weight of S1). g1'. 
salt employed. at  20u/.lo. 

4'1228 2.0562 
3.7058 2.0593 
6.7304 2.0556 
5.7926 2-0566 

Mean 2'0569 

The suspension method I 

For ZO@/l".  
For 1 6 v / a o  . , , , . . 2.0577 
For 17-5°/10 ...... 2.0572 2.0567 
 YO^ 18*4"/4" ... .. 2.0589 2'0586 
For 1 G ' l ' / J "  ...... 2'0585 2'0577 

2 -0 5 7 7 

2.0584 

Mean , . . . . . . . . , . 
The true value for 20°/40 is therefore taken as 2.058. 
Topsije (Bull. Xoc. Chi7)a., 1873, 19, 246) found the sp. gr. of a 

Molecular Volume.---- - 

specimen 2.035, 
B - 451.56 ~ 219.42. 
d 2.058 

Topic AxcB.-~ : $ : o =6*3299 : 8.5310 : 4.2365. 

Optics. 

Orientation of Axes of Oyiticnl Ellipsoicl.--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 ... ... .., 16O15' behind tlie normal to ~(001) .  
,, 2 ......,.. '16'13' ,, ,f c(OO1). 

Nean 16O14' 

Topaae and Christiansen give for the same angle [ i t  : (OOl)] ,  17'7'. 
This extinction direction is the second median line; it is nearly 

coincident with the vertical morphological axis G, being only 13' in 
front of it. The first median line is similarly nearly normal to  the 
orthopinacoid a{lOO), and is inclined 16'14' to the axis a. 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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AMMONIUM TO THE ALKALI METALS. 1151 

Refrccctive INdices of Ammonium Magnesium Seelenate. 

Nature 
of Prisms Prisms Prisms Mean 

Index. light. 1 and 2. 3 and 4. 5 aud 6. index. 
Li 1.5035-3 1.5033-3 - 1'5082 
C 1'5040-37 1'5037-7 - 1'5038 

1*5070 
1.5104 

F 1.5147-3 1'6141-3 - 1'5144 
G 1.5206-6 1-5805-3 - 1'5205 
Li  1.5057-2 - 15068-6 1'5056 
C: 1*5061--57 - 15062-1 1.5060 

1.5097-3 1.5093 
15128-6 1'5126 

Na .50i2-o '5069-70 - 
'J" 1.5106-4 1.5103-2 - 

N:l .5Og4-g9 - 

1.5169-5 1'5166 
1.5127-3 - 

lj' 1'5167-3 - 
G 1'5827-6 - 1 . 5 2 2 9 4  1 -5227 
Li 1.5120-8 1'5136-3 1'5132 

Y 1'5134-4 1.5140-36 1.5136 

1*5200-0 1.5205-3 1'5202 
1'52.20-0 1.5248-1 1'5242 

G 1.5305-1 1.5309-5 1'5305 

line. 

1'5166-7 1.5173-69 1'5169 

lime. 

&lean of a, P ,  slid y for Na Iight=1*5111. 

Values of 
Topoe and 
Christiariseri. 

- 
1.5046 
1.5075 

1'5146 
- 

I 

1'6150 
- 

Topsoe and Christiansen's values, given in the last column, do not 
agree as well as usual with the author's values; only their @-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 beon shown to be much too low. 

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

p=1*4896+- - ---- 
A2 

f . . . .  830 626 4 613 500 000 000 
A4 

The a-indices are equally well reproduced by the formula if the 
constant 1.4896 is diminished by 0.0022, and the y-indices i f  the 
constant is increased by 0.007G. 

Alteratiort of Refraction by Xise of Ten~z~ercct~cre.--The refractive 
indices were determined a t  70' with the aid of two of the prisms, 
furnishing respectively a and y, and p and y. 

Refractive Indices of Ammonium Jilccgnesium S e h a t e  for 70". 

Li ............... l*5025 1 -50 10 1'5116 
C: ............... 15029 1.5044 1-5120 
Na.. . . . . . . . . . . .  1'5062 1'5076 1.5153 
T1 ............... 1 *5095 1.5108 1.518'7 
F ............... 1.5136 1.5148 1 5227 

Natnre of light. a. P. Y .  
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1152 TUTTON: THE RELATION OF 

These indices are lower than the ordinary temperature values by an 
average of 0.0009 for a, 0.0017 for p, and 0.0016 for y. 

Whilst the relative difference between p and y remains substantially 
the same (0.0077), the separat,ion of a and /3 becomes reduced to  
0.0014. This relative approach of a and p 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 : p : y = 0.9985 : 1 : 1.0050. 
Axes of optical velocity ellipsoid :--EL : 5. : c = 1.0015 : 1 : 0.9950. 

iMolecuEar OpticuE Constants.-The calculated values of these 
constants, using the density as given by the suspension method, are as 
folloms : 

...................... Axis of optical inclicatrix.. a. P. Y. 
C 0.1438 0.1444 0'1462 

0.1502 
C 64-95 65-19 66.01 
G 66 '75  66.99 67 '83 

Molecular dispersion, m, - m, .................. 1.80 1 '80 1 -82 

Molecular refraction, 11- 1M.. .............. . C  110'54 111.02 112.69 

Specific refraction, (++2)d 1"-1_ = 't ....... { G 0'1478 

hlolecular refraction, . A''= nt { 
0'1484 

... 
77? + 2 tz 

Specific dispersion, ltG - n, 0'0040 0 '0040 ..................... 0.0040 

d 

Optic Axial Am$e.--The results of measurements with the three 
pairs of section plates perpendicular to the two median lines are as 
follows : 

Determination of Appccrent Angle in Air of A m m o ~ ~ i u m  LWagnesiwum 
Selenate. 

Light. Section 1. Section 2. Section 8. Mean 2E. 
Li ......... 87'52' 88"14' 88"31' 88"12' 
C ......... 87 50 88 13 88 30 88 11 

T1 ......... 87 25 87 57 88 16 87 53 
F ......... 87 1 87 30 87 45 87 25 

Na ......... 87 42 88 7 88 24 a8 4 
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AMMONIUM TO THE ALKALI METALS. 1153 

Determination of True Optic Axial An,gZe of Ammonium Magnesium 
Selenccte. 

No. of No. of 
section Observed section Observed Calculated Mean 

perp. 1st values perp. 2nd values values value 
Light. median line. of 2Ka. niedinn line. of 280.  of 2Va. of 2Va. 

54'43' 49'46' l a  108'54' 
Li 49 46 2a 107 53 

49 5 1  3n 107 38 55 8 

49 44 I n  108 46 r g  49 43 2a 107 48 

...... 55 0 ) 54'57' 

...... ! 3 49 47 3n 107 32 55 6 

49 24 la 108 20 
49 25 2n 107 22 
49 29 3n 107 0 55 0 

48 57 l a  107 5 1  
48 58 2a 106 57 54 34 
49 5 3a 106 33 54 48 

48 16 1 n 107 18 
48 17 2 cc 106 33 
48 26 3a 106 14 54 18 

Topsoe and Christiansen give 85'56' for the apparent and 53'44' for 
the real optic axial angle for Nn light. 

Dispersion of the Hedian Lines.-Measurements in benzene, the 
refraction of which is nearly identical with the mean refraction of the 
crystals, indicated tha t  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 a and the normal to cc(100) has been shown to be 16'27' (the 
complement of /3 '73'33'), and the mean position of the first median 
line as afforded by the extinction determination to be 16'14' from the 
axis a arid 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 a 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) .  

Ffect of Rise of Z'ernperuture on the Optic Axial Angle.-8ection 3 
was investigated at 75" (corrected for conduction of crystal holder), 
with the following result : 

2E at 75". 
Li 76'45' T1 75"50' 
C ............... 76 40 F 75 15 
Na ............ 76 15 

............ ........... 
............... 

The optic axial angle is thus seen to diminish with rise of tempera- 
ture, or1 the average about 12O for the interval 15-75', and at the 
same time the dispersion is somewhat increased. 
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1154 TUTTON: THE RELATION O F  

A mnaonnizc.m Zinc X e l e n c c t  e, (NH,),Zn(SeOp),,6H,0. 

An estimation of zinc in a sample of the crystals employed gave 
the following result :--0*8028 gram of crystals yielded 0,1327 gram of 
zinc oxide; this corresponds to 23.26 per cent. of zinc, the calculated 
percentage being 13.1 4. 

G’olLioobetr?j. 

Eleven crystals were selected in tho  rmnner alroztdy described, from 

Ratio of axes :-ct : 6 : c = 0.7409 : 1 : 0.5040. 
Axial angle : p = 73’46‘. 
Habit : prismatic along the prism zone, t o  thickly tabular along the 

Forms observed: 6 = (010]m g m ,  c = (OOl]oP,  p = (ll0)oo I’, 

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

six different crops. 

basal plane. 

p’= ( 1 2 0 ) ~  ~9‘2, q = ( O I I ) g m ,  0’ 5 (111) + I’, r’== t2-01) + 2 P m .  

FIG. 10. F I G .  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 t o  
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 a,ddition the two types 
represented in Figs. 10 and 11. The latter are both characterised by 
elongation along the axis of the zone [ b p ] ,  and merely differ in the 
relative development of the basal plane ~(001)  and the clinodome 
q(O11). The faces of the clinopinacoid b { O l O )  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 cyystals the four faces of the relatively 
large primary prism p (  110) afforded perfect reflections, singIe and 
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AMMONIUM TO THE ALKALI METALS. 

Morphological Anghs of Ammonium Zinc Sdenate. 

Angle measured. 

nc =( loo )  : (001) 
as =(loo)  : (101) 
sc =(101) : (001) 
0,’ =(001) : (201) 
cs’ = (001) : (101) 
s’r’=(TOl) : (201) 
T‘CL = (201 ) : ( ioo)  
T‘C +or) : (oo i )  
CLp =( loo )  : (110) 
pp’=(110) : (120) 
p’b =(120) : (010) 
pb =(110) : (OJO) 
pp =(]lo)  : (110) 

cq =(001) : (011) 
qb =(011) : (010) 

no =( loo )  : (111) 
oq =(111) : (011) 
CLg =( loo )  : (?]I) 
go‘ =(011) : (111) 
orcG =(ill) : (ioo) 

co =(001) : (111) 
op =(111) : (110) 
cp =(001) : (119) 
po’ =(110) : (111) 
O’C =(iii) : (oo i )  
PC =( ] lo )  : (oo i )  
bo =(010) : (111) 

60’ =(o10) : ( i n )  { O’S‘ =(ill) : ( i o i )  

i 
{ 
{ 

os =(111) : (101j { 

1 q =(101) : (211) 

ps  =(110) : (101) 
214 = ( i i o )  : ( o i i )  
8’4 = ( i o i )  : (011) 
qp =(011) : (110) 
23s’ =(110) : (100) 
pq =(110) : (011) 

1”0’=.(201) : (T11) 
0123 =(ill) : (110) 
pr’ = (11 0) : (201) 
T? =(201) : (110) 

No. of 
measare- 
rn en ts , 

Limits. 

_ _  

- 
- 
- 

64O36’- 64”41’ 
- 
- 
- 

115 19 -115 24 

- 
- 
- 

54 23 - 54 39 
70 44- 71 8 

25 43 - 25 57 
64 5- 64 20 

- 
- 
- 
- 
- 

- 
- 

76 45 - 76 57 
57 54- 58 8 
45 2 -  45 17 

103 4-103 21 

- 
- 

64 59 - 65 10 - 
- 

87 9 - 87 23 

92 38 - 92 52 
- 

- 
62 36 - 62 53 

- 
117 6-117 24 

35 10-  35 19 
92 15- 92 26 
52 21 - 52 3-2 

127 23 -127 38 

Mean 
observed. 

- 
- 
- 

64%’ - 
- 
- 

115 21 

- 
19 25 
35 8 
54 34 
70 52 

25 51) 
64 10 

- 
- 
- 
- 
- 

- 
- 

76 50 
58 2 
45 7 

103 10 

-- 
- 

65 4 
- 

- 
87 1 7  

92 43 
- 

- 
62 816 
I 

117 1 4  

35 1 4  
92 19 
52 27 
127 33 

- 
2alculated 

73”46‘ 
45 1 
2 s  45 
64 36 
38 52 
25 44 
41 38 

115 24 

35 26 
19 28 
35 6 

70 52 
K. 

* 
64 10 

48 15 
2 i  11 
75 26 
35 0 
69 34 

34 20 
42 30 

58 4 
45 6 

103 10 

70 23 
19 37 

65 3 
24 57 

37 54 
87 16 
54 50 
92 44 

45 31 
62 46 
71 43 

117 14 

35 14 
92 17 
52 29 

127 31 

$4 

1155 

- 
Diffor- 
enee. 

Total number of measurements : 470. 
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1156 TUTTON: THE RELATION OF 

qnite satisfactory for the purpose of allocation to the cross-wires, and 
the values of the angle 6p given in the table coincided with the mean 
values derived from these excellent faces alone. I n  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 p images. 

The faces of the orthodome ~ ' (201)  were often particularly brilliant 
and relatively large, and the images reflected from them especially 
perfect. Also the hemipyramid o'(111) was often represented by good 
plane faces almost as large as those of r'. 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 p'(120) was 
observed. 

Topsoe and Christiansen give ccc(P) = 73"49', pp = (1 10) : (1iO) = 

70°55' and qq = (01 I )  : (Oil) = 5 1'52' ; also cc : 6 : G = 0.7416 : 1 : 0,5062. 
CEeavccge.-There is an  excellent cleavage parallel to r'(%Ol>. Good 

images of the signal were obtained from the cleavage faces, within 
2' of the theoretical position for the r' plane. 

Volume. 
Relative Density. 

The pycnorneter method : The suspension method : 
Weight of Sp. gr. 

salt employed. at 20"/4". 
5'8146 2.2558 
4'7318 2.2568 
5.3778 2.2553 
5.3587 2.2557 

For 20"/4". 
POT 18*9"/4" ... ... 2 2 6 1 7  2.2614 
For 19.3"/4" ..(... 2.2609 2.2607 
For 14'0"/4" ... ... 2.2630 2.2617 
&'or 16'7"/4" ...... 2.2622 2.2615 

Mean ...... 2.2559 I Rlcan.. . . . . ... .. . 2 2 6 1 3  

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 Topsoe (Chem. Centr., 1873, 4, 78), 2.200, is 
obviously much too low, as was also his value for ammonium magnesium 
selenate. 

M 492.28 
d 2.261 Molecular VoZume.- - = - = 217.73. 

Topic Axes :-x : $ : w = 6.2742 : 8.4684 : 4.2681. 

Pu
bl

is
he

d 
on

 0
1 

Ja
nu

ar
y 

19
05

. D
ow

nl
oa

de
d 

by
 U

ni
ve

rs
ity

 o
f 

A
ri

zo
na

 o
n 

2/
8/

20
19

 5
:0

1:
36

 P
M

. 
View Article Online

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


SMMONIUM TO THE ALKALI METALS. 1157 

Optics. 

Orientation of Axes of Optical Ellipsoid--l'he plane of the optic 
axes is tha t  common to the whole series of salts, the symmetry plane. 
The sign of the double refraction is positive. 

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

Section 1 ......... 12'44' behind the normal to ~(001) .  
,, 2 ... ... ... 12'56' ,, 9 9  c(OO1). 

Mean 13'50' 

Topsiie 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 m[P]  = 73'46') 3'24' in front of the 
vertical morphological axis c. The first median line is inclined 12'50' 
t o  the morphological axis cc, and, like the secmd median line, lies also 
in  the obtuse morphological axial angle ac. 

Refiactive Indices.-The results with six excellent ground prisms 
follow. 

Kefractive Indices 

Nature of Prisms 
Index. light. 1 and 2. 

r Li 15195-201 

,l Li 1.5258-61 

Li I 

Y -  - 
I 

parallel to  - 
- 
- 

1st median 
line. 

of Ammonium Zinc Selenate. 

Prisms 
3 a id  4. 
1 -5202 -2 
1 '5207-5 
1 5242 -2 
1'5275-4 
1,5317-7 
1 *5 3 8 2 -2 

1'5345-4 
1.5350 -49 
1'5385-5 
1.5421-19 
1'5464--2 
1.5630-29 

Prisms 
5 and 6. 

15262-59 
1 $268 -4 
1,5301-0 
15336-4 
1'5380-76 
1 '544 5 -4 

1 '5344-2 
1 '5350-47 
1.5385-3 
1.5420-18 
1 *5464-3 
15530-27 

Mean 
index. 
1.5201 
1'5806 
1.5240 
1 5 2 7 3  
15316 
1 *5381 

1.5260 
1'5265 
1.5300 
1.5334 
1'5378 
1.5443 

1.5344 
1'5349 
1.5385 
1.5420 
1.5463 
1.5529 

Mean of a, p, and y for sodium light = 1.5308. 

Tollsiie and 
Chris tion- 

sen's 
values. 
- 
- 

1'5233 - 
_- 
- 

- 
1 -5269 
1 *5292 

1'5366 
- 
- 
- - 

1'5372 
- 
- 
- 

Similar remarks apply t o  the disagreement of the author's values 
and those of Tops& and Christiansen a s  in the case of ammonium 
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1158 TUTTON : THE RELATION OF 

magnesium selenate, but the disagreement is in this instance less 
pronounced. 

The /3 index, corrected t o  a vacuuiii (correction = + Oa0O04) for any 
wave-length A, is accurately represented by the following formula as 
far as the green thallium ray, and approximately beyond that part of 
the spectrum : 

964040 6471000000000+  p=1.5080 + ~ - ______ . . .  
A2 A4 

The a indices are also afforded by the formula if the constant 
1.5080 is diminished by 0.0060, and the y indices if the constant is 
increased by 0.0085. 

Alteration of IL'efmction bg liise of l'empernture.-The indices were 
redetermined a t  70' with the aid of two of the prisms furnishing 
respectively a and p and a and y. 

Refrcccctive Indices of Ammonium Z i ~ c  Selencccte for 70". 
Nature of 

light. 
Li ............ 
c ............ 
Ria .......... 
TI ............ 
F .......... 

a. 8. 
1'5189 1'5246 
1.5194 1.5251 
1.5229 1.5286 
1.5265 1'5321 
1.5308 1.5364 

Y. 
1.5325 
1 *5330 
1'5367 
1'5403 
1 -5446 

These values are lower than those for the ordinary temperature by 
an  average of 0.0011 for a, 0.0014 for p, and 0.0018 in the case of y. 

Axes of the  Optical Ellipsoids. 
Axes of optical indicatrix : a : p : y =  0.9961 : 1 : 1.0056. 
Axes of optical velocity ellipsoid : 11: : Xr : c = 1,0039 : 1 : 0.9945. 

Molecular Opiical Constants. -Employing the density as afforded 
by the suspension method, the following 3re these constants : 

Axis of optical indicatrix. a. 0. 7. 
0'1316 0'1.159 0'1377 { 0.1384 0.1297 0.1415 

( C  66-26 66.88 67.77 

....... Spccific refraction, (?$~i(~ = It.. 

Molccular refraction, $--: ? = nt . ... I G  68-11 6 8 - 7 6  69'66 n -12 d 
................... 0-0038 0*0038 Specific dispersion, nu - nc., 

Molecular dispersion, mu. .- irtu I *86 1 -85 1'89 
0.0038 

.............. 
Molecnlar refraction, 7L 13 111 ............... G' 113.35 114.63 116.46 

d 

Optic Axial dngle.--'lhreo 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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AMMONlUM TO THE ALKALI METALS. 1159 

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 atternpts 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 Ammoqxiunz Ziuc Xelenate. 

Li . . . . . . . . . . . . . . . . . .  167"30' 
C ..................... 167 50 
Na ................ 170 0 
T1 ..................... 172 0 
F ................... 174 30 

Light, 2E. 

All the six sections afforded very good rings and brushes when 
immersed in a-lorornonaphthalene ; 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, 
2 V a ~  Li, t o  be determined with certainty. 

DeterrvLimtion o f  Trzce Optic Axial Angle of Ammonium Zinc $elenate. 
No. of No. of 

section Observed section Observed Calcnlatcd Mean 
perp. 1st valurs 1mp. 2nd valucs values value of 

Li ...... 74 3-5 2 cc 8s 9 82" 6' 

Light. median liirc. of 2Ha. niedian line. of 'LHo. of 2TTs. 2Va. 
1 * (4 a o  01' l a  85" 1' 82" 8' 

74 34 3 ( L  88 23 81 59 ~ 

74 30 la 88 o 82 8 \ 
71  32 3rc 88 19 s2 0 I 
74 12 3 a si 51 3% 1 J 

c...... 2 74 3-1 2n ss 7 82 8 82 5 

E '1 82 7 

:; :% 1 52 10 

1 74 14 1 (6 87 35 
... 74 1s 211, 87 30 Nn. 

i: 
8% Y 

73 5s I / G  87 12 s2 '12 
T1 . . . . . .  7 4  0 % i  37 13 82 12 

73 51 3l1 87 25 52 2 
I U  86 3s 
2a 86 43 
3 n 86 52 s2 3 J 

Topsoe 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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I160 TUTTON: THE RELATION OF 

figure is doubtless the correct one, for it agreesfairly with the author's 
value. 

Dispersion of the Median Lines.-Measurements of optic axial angle 
were made for lithium and F light with the sections perpendicular t o  
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 cc for lithium light than for F 
light. 

Efect of Rise of l'emperature on tile Optic Axial Angle.-A series of 
measurements were carried out a t  80" with the large section (section 
3 in the table), which alone enabled 2 E  t o  be accurately determined. 
After very slow heating and attaining constancy at 80' (corrected for 
conduction of holder) for half an  hour, tho following values were 
obtained : 

Nature of light. 2 E  at  80". 
C .................. 151"46' 
Na ................... 153 10 
T1 ..................... 154 40 

The apparent angle in air is thus found to diminish by about 16p 
on heating the crystal from 15' to 80'. It was also observed that the 
first median line moved nearer to the morphological axis cx 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 
nc, the other remaining almost stationary. 

R e d e t e r m i n a t i o n  of D e n s i t y  

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

Potassium Magnesium Xu lpha t e, K,Mg ( S 0,) 2, GH, 0. 

FOP 20°/4". 
For 14'1"/4" .................. 2.0341 2.0329 
,, 14*Y0/4 "... .............. 2.0351 2.0341 
) )  16'2"/4 "... ............... 2'0350 2.0342 
,, 16*7"/4 "... ............... 2.0341 2.0334 

Meail ........... 2.0337 

The value accepted therefore for 20°/4' is 2.034. 
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AMMONIUM TO THE ALKALI METALS. 1161 

The result formerly obtained for the powdered salt was 2-0277, and 

Moleculur Volume.-- = - = 196.58. 

Topic Axes.-x : 

the highest of the individual values 2.0282. 
M 399.84 
d 2.034 

: o = 6.071 1 : 8.1899 : 4.0892. 

Rubidium Mccgnesium Xu Zphate, Rb2Mg(S0,)s,6H20. 

For 13'/4" ... ..... . ... . . ... 2.3880 2'3863 
,, 12'4"/4" ... .. .. .... ... ... 3.3878 2.3860 
,, 13'14" ...... ........... 2.3877 2.3860 
,, 12'8"/4" ....,. .. ......... 2.3870 2.3853 

For 20'14" 

Mean.. . . . . . . . . . . 2,3859 

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 491.94 

Molecular Volume.-- = 2.386 = 206.18. cl 
Topic Axes.-X : t,b : o = 6.1803 : 8.3518 : 4.1550. 

Cawhrn Nagnesiurn Sulpha te, Cs,Mg( SO,),, 6 H,O. 
For 20"/4". 

For 13'7"/4" ... ... ...... .. ,.. 2.6784 2.6767 
, , 2.6753 
,, 13'8"/4 '... ... ... ... ..... 2.6752 2.6765 
,, 12*4"/4" ... ... ............ 2.6775 2.6755 

13 '6"/4". . . . . . . . . ... . . . . .. 2 -6770 

Mean.. . . , , . . . . . 2 -6760 

The previous result for the powdered salt was 2.6704, and the highest 
of the individual values 2,6728. 

M 585.94 
d 2.676 - Jfolecular Vohmne.-- = ___ - 218.96. 

Topic Axes.-x : $ : o = 6.2608 : 8.6012 : 4.2541. 

Potassium Zim Sulphale, K2Zn(SOp)p,6H20.  

For 14'14" . . .. . . . .. .. . .. 2.2468 2.2454 
,, 14'8"/4" ......... ........ 2,2472 2.2460 

,, 15*2"/4" ............ ...(.. 2-2474 2.2463 

2.2458 

For 20"/43 

,, 15"/4" . . . . . . . . a  ..* ...... 2'2465 2.2454 

Mean.. , . . . , . . .. . 
Accepted value for 2oo/40 : 2.246 

VOL. LXXXVII. 4 H  
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1162 TUTTON: THE RELATION OP 

The former result for  the powdered salt was 2,2413, and the highest 
of the individual values 2.2426. 

M 440-5-6 
Molecular F7olzcm,e,--- =: -- - 196.16. d 2.246 - 
Topic Axes.-x : $ : o = 6.0462 : 8.1562 : 4.1141. 

Bubidiunz Zinc S'dp?uxte, Rb,Zn( S0,),,6H20. 

For 13*3"/4 "... ... ... ..,... ... 2'592il 25907 
,, 13'8"/4".. ... ... ...... . ' .  2.5924 2-5905 
,? 2'5905 

For 20"/4". 

14  '4"/4". . . . . . . . . . . . .. . . . . 2 5920 
,, 13'7"/4" ... ... .., ... .. ... 2.5916 2.5900 - 

Mean.. , . . . . , . . . . 
Accepted vnlne for 20"/4" : 2.591. 

2.5906 

The previous result for tlic powder mas 2,584, and the highest of the 
individual values 2.5888. 

Topic Axes.-x : $ : w = 6.1-136 : 8,3326 : 4.1754, 

Cwaiiim .Zinc Xulphate, Cs,Zn( X04),,6H,0. 

For 16"/4' ...... ... ... ... ... 2.8767 2.8765 

,, 14"/4" ... ... . ...... .. 2-8771 2.s754 

For 20"/4". 

,? 14"/4' ... .. ............ 2'8761 2 8744 
,, 14.1"/4 "... ... .... ., . ... 8.8777 2'8760 

2.87'63 
-- 

Mean ... . . . .. . . . . 
Accepted value for 20"/4" : 2.87'5. 

The former result for the powder W A Y  2.5670, and the highest indi-  
vidual value 2,8707. 

Topic Axes.-x : I/ : o = 6.2415 : 8.5808 : 4.2561. 

Potnssizcm Magnesiwa iSeZennte, K,llg(8e04),,6€T,0. 
For 20"/4". 

For 17 '9"/4" ... .., ..*,. . . , , , . . 2 '3637 

,? 19 *8"/4"... .. . . . . ... . , , .,* 2.3634 2.3634 

2.3642 
) )  18*4"/4" ...... . . ~  ...... ... 2.3669 2.3655 

,, 19.1"/4" ..... . . ~  _........ 2.3656 2'3654 

hleaii . . . . . . . . . . . . 2 '36 4 6 

Accepte.d value for 20°/4" : 2.365. 
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AMMONIUM TO THE ALKALI METALS. 1163 

The previous r e s d t  for the powder was 2.3630, and the highest of 

Ji- 493.4 
Moleczclccr Volume.-- = 7 = 208.63. d 2.365 
Topic Axes.-x : $ : o = 6.2124 : 8.2998 : 4.1'756. 

the individual values 2.3634. 

Kubicliuw ilfaynesiusn Selenate ,  Rb,Mg(SeO,),,GH,O. 
For 20"/4". 

For 17'9"/.$" ... . . , . . . ... ... . . . 2-6863 2.6857 
,, 18"/4" ... ......... ... ... 2.6827 2.6822 
,, 19.2"/4".. .... , ... .. ... 2.6832 2.6830 
,, .................. 2.6842 2.6835 

2.6837 Mcan. .. . . . .. , . . . 
Accepted value for 20"/S0 : 2'684. 

The former result for the powdered crystals was 2.6805, and the 
highest individual value 2.6808. 

Topic Axes.-x : $ ; w = 6.2885 : 8.4705 : 4.2445. 

Cresizcin i V q n e s i m x  &le12rda, C~,blIg(Se0,)~,6H,O. 
For 20"/4". 

For 17'2"/4" ... .. . . . . .  a ... . .<  2.9390 
, , 17 *6"/4". . . . . . . . . . . . . . . . . 2.9395 
) )  17-8"/4". . . ... ,.,....., 2'939ti 29390 
,, 18'7"/4" ... ... ...... 0 . . . I .  2.9394 2-9390 

2 *939 1 

2'9398 
2.9402 

__- 

Meal:, . . . . . . , . . . . 
Acccptell value for 20"/4" : 2.939. 

The pi-evious result for t h e  powdered salt was 2.9388, and the 
highest individual value 2.9391, 8 

$1 679-5 
Volume.-- = 2.~3, = 231&20. Moleczdnr 

CE 

Topic Axes.-->( : $I : w z 6.3807 : €4.7239 : 4.3270. 

Potccssizm Zim Xelcnnte, I~,Zn(ScO,),,GH,O. 
For 20"/4". 

For 17 '9"/4" ... .. . , . . . , . .. . . . 2.5570 
,) 19"/4" . .. .. . . . . .. . .. . . . . 2-5584 2.5551 
,, 19*2"/4" ...... .. _..... ... 2.5687 2.5585 

2.5676 

,, 18"/4" . .. . . . . . , , . . , , . . . . 25587 2.5582 

Mean . . . . , . . . . . , . 2 *5580 

4 ~ 2  

Pu
bl

is
he

d 
on

 0
1 

Ja
nu

ar
y 

19
05

. D
ow

nl
oa

de
d 

by
 U

ni
ve

rs
ity

 o
f 

A
ri

zo
na

 o
n 

2/
8/

20
19

 5
:0

1:
36

 P
M

. 
View Article Online

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


1164 TUTTON: THE RELATION OF 

The previous value for 2Oo/4O for the powdered crystals was 2,5537, 
and the highest individual value 2.5546. 

X 534.12 
d - 2.558 Molecular Volume.--- - -- = 208.80. 

Zbpic Axes.-x : $I : o = 6.1812 : 8.2880 : 4-2045. 

Rubidium Zirzc Xelenate, Rb,Zn (SeO,) j ,  6 H,O. 
For 20"/4". 

For 18"/4" . . . . .. ... .. . . . . . . 2.8692 2-8686 
,, 18"/4" ... ............... 2'8694 2-8688 
,, 18*6"/4" .._........... .. 2.8670 2.8666 
,, 18'6"/4 "... ... , . . . _ .  ... 2-8666 2.8662 

2 '8 G 76 
-_ 

Mean.. , . . . . . . . . . 
Acceptecl value for 20"/4" : 2.868. 

The fornier result for the pomdered crystals was 2.8604, and the 
highest individual value 2.5611. 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 goniornetrical measurements. 

in 626.22 
Molecular Volume.--- = -%a = 218.35. d 
Topic Axes.-x : $I : w = 6.2913 : 8.4662 : 4.2492. 

Cesium Zinc Xelenate, Cs,Zn(SeO,),, 6H,O. 
For 20"/4". 

For 15'9"/4 "... ... ... ...... ... 3'1211 3.1198 
,, 15,8"/4 "... .. . ... ... ... ... 3.1220 3'1207 
,, 3'1206 
,, 16*2"/4" ... ... . I .  .. , ... ... 3'1219 3.1207 

1 7  ?I"/ 4".. .  ... ... .. . . . . . . . 3'1214 

Mean _........... 3.1205 

Accepted value for 20"/4' : 3.121. 

The previous result for the powdek wits 3.1153, arid the highest 
value obtained 3.1 175. 

Jf 720.22 
d 3.121 Molecukcw Volume.-- EZ. = 230.77. 

Topic Axes.-x : I) : o = 6.3710 : 8.7106 : 4.3300. 

C onep cd r i s 0  n o f  12 e s  u I t  s 

with those previously obtained for analogous salts containing 
potassium, rubidium, and caesium (compare Trans., 1893, 63, 337 and 
1896, 69, 344;  also Proc. Roy. SOC., 1900, 67, 58, and PJd. Trans., 
1901, 9, 197, 255). 
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AMMONIUM TO THE ALKALI METALS. 1165 

Morphology. 
Habit.--No characteristic habit has 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) t o  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. 

Axiul Ratios.-These are compared in the following table : 

Morplzologicccl Axial Rutios. 
Ratios of Axes. 

Potassinm magnesium sulphate.. ................ 0.7413 : 1 : 0.4993 
Rubidium ,, ,) ................ 0'7400 : 1 : 0.4975 
Ammonium ,, ,, .................. 0'7400 : 1 : 0.4918 
Cmium ,, .................. 0'7279 : 1 : 0.4946 
Potassium zinc sulphate .......................... 0.7413 : 1 : 0.5044 

Salt. n : b : c  

,> 

Rubidium ,, ,) ........................ 0.7373 : 1 : 0.5011 
Ammonium ,) ), ........................... 0.7368 : 1 : 0'4997 
Cmium ,, ,) ......................... 0'7274 : 1 : 0.4960 
Potassium magnesium seleriate ................ 0.7485 : 1 : 0.5031 
Ruhidiuin , , ,, ................ 0.7424 : 1 : 0*5011 

Cmium ,, 0'7314 : 1 : 0.4960 
Potassium zinc selennto ........................... 0.7458 : 1 : 0.5073 
Rubidium ,, ,, ........................ 0.7431 : 1 : 0.5019 
Ammonium ,, ,, ........................... 0'74021 : 1 : 0'5040 
Czsiuin ,, ), ........................ 05'314 : 1 : 0.4971 

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 czsium salts that true isomorphism undoubtedly exists. 
I n  the case of the ratio a : b, the value for the ammonium salt is 
almost identical with that for the rubidium salt. I n  the case of the 
ratio c : b, no rule obtains, but in three of the groups the value for the 
ammonium salt lies between the values for the potassium and caesium 
salts, whilst in the magnesium sulphate group the value for the 
ammonium salt lies just outside those limits. 

ilfonoclinic Axial Angle.-The following table exhibits the values of 
this fundamental angle [complement of ac = (100) : (OOl)] for the 
various salts. 

Ammoniuni , , ), .................. 0'7420 : 1 : 0'4966 
.................. ,, 

Values of Axicd Angle p. 
For KMg sulphate ...... 104"48' For KMg selenate ...... 104"18' 

), CsMg ), ..... 107 6 ,, CsMg ,, ..... 106 17 
,, AmMg ,, ...... 107 6 I ,, AmMg ,, ...... 106 27 
,, KZn ,, ...... 104 46 ...... 104 12 

,, RbMg ,, ...... 105 59 ~ ,, RbMg ,, ...... 105 14 

,, RbZn ,, ..... 105 53 1 :: Eb"z:, :: ...... I05 16 
,, CsZii ,, .... 107 1 ,, CsZn ,, ...... 106 11 
,) AmZn ,, ..... 106 52 I ,, AmZn ,, ...... 106 14 
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Cornprison of the Angular iWagmitudes. 

62 29 
72 0 

TUTTON: THE RELATION OF 

ac =(loo)  : (001) 
ns =( loo)  : (101) 
sc =(101) : (001) 
CT' =(001) : (201) 
cs' = (001) : ( i o i )  
s'r'=(JOl) : (201) 
?-'a=(201) : (100) 

np =( loo )  : (110) 
pp' = (110) : (120) 
p'b = (120) : (010) 
pb =(110) : (010) 

cq =(001) : (011) 
pb =(011) : (010) 

a0 =( loo )  : (111) 
q =(111) : (011) 
aq =(loo)  : (011) 
yo' =(011) : (111) 

co =(001) : (111) 
op =(111) : (110) 
cp =(001) : (110) 
PO' = (110) : (111) 
O'C = ( 1 i T )  : (007) 

0s ==(111) : (101) 

ho' =(?lo)  : ( X U )  
o's'=(111) : (101) 

i 
1. 
'i 

{ 

{ 

-r 
o ~ c ~  = ( i i i )  : (Too) 

bo =(010) : (111) { 

sq =(101) : (011) 
qp =(011) : (IlO) i ps =(110) : (101) 

s'9 =(TOl )  : (011) 
pp =(011) : (110) 
ps' =(110) : (101) 

? - l 0 q 2 o i )  : (ill) 
o'p =(111) : (110) 
pr'=(110) : (201) 

I . F O  ' ( 3  12 
46 8 
29 4 
63 17 
38 12 
25 5 
41 31 

35 38 
19 28 
34 54 
54 22 

25 48 
64 12 

49 18 

/ 6  42 
34 27 
68 51 

34 41 
43 20 
'Is 1 
57 35 
44 24 

70 12 
19 48 

55 23 
24 37 

38 6 
36 11 
;5 43 

14 58 
53 52 
i l  10 

34 35 
12 54 
32 31 

?7 24 

74" 1 
45 a5 
28 36 
64 2 
38 25 
25 37 
41 57 

35 26 
19 2s 
35 6 
54 34 

25 35 
64 25 

48 35 
27 2 
75 37 
34 40 
69 43 

12 9 
22 53 
77 2 
58 21 
41 37 

i 0  30 
LO 30 

35 1s 
44 42 

37 38 
37 15 
55 7 

L5 2 
53 5 
i l  53 

35 0 
12 1s 
52 42 

72"54 
14 28 
28 26 
65 10 
39 d 
26 7 
41 66 

34 50 
19 28 
35 42 
55 '10 

25 17 
64 43 

47 35 
a7 0 
74 35 
35 17 
70 8 

j:3 49 
22 13 
(6  2 
,8 52 
15 6 

i 0  53 
19 7 

55 21 
24 39 

37 20 
38 32 
54 8 

15 2 1  
$2 28 
' 2  8 

!5 18 
12 20 
i 2  22 

72"54 
44 54 
28 0 
61 25 
38 19 
26 ci 
42 41 

35 16 
I 9  2s  
35 16 
54 44 

25 11 
64 49 

43 0 
26 34 
71  34 
34 38 
T O  4s 

33 33 
42 34 
76 7 
59 22 
44 31 

70 43 
19 17 

65 22 
24 35 

36 58 
8s 2% 
54 40 

44 46 
62 26 
72 48 

35 17 
31  36 
5 5  7 - 

* 1 0  
13 1 2  
45 56 
29 16 
63 38 
38 32 
25 6 
41 10 

35 37 
1 9  28 
34 55 
54 23 

25 5s 
61 2 

40 10 
27 34 
76 44 
34 42 
68 31 

34 54 
43 7 
78 1 
57 14 
44 45 

70 5 
I S  55 

65 1.3 
24 4s 

3s 21 
56 5 
55 34 

25 19 
63 47 
i 0  61 

34 42 
33 2 
52 16 

I 
BbZn' CsZn 
sul- 

p11ntc 

74" 7 
45 16 
28 51 
64 20 
38 4.5 
25 35 
41 33 

35 22 
19 28 
35 10 
54 38 

25 44 
64 16 

48 27 
27 17 
75 44 
34 55 
69 21 

34 24 
42 42 
77 6 
57 59 
44 55 

sul- 
pha t e , 

I. o r  , 2  39' 
44 28 
28 31 
65 1 5  
39 9 
26 6 
41 46 

34 51 
19 28 
35 41 
55 9 

25 23 
64 37 

47 37 
27 3 
74 40 
35 21 
69 59 

33 54 
42 12 
76 6 
58 42 
45 12 

70 24 I 70 51 
19 3 6 '  19 9 

65 13 65 19 
24 47  24 41 

I 
37 54 
37 7 
54 59 

37 27 
88 24 
54 9 

- 
AmZn 

sul- 
phate. 

73" 3' 
44 40 
28 2s 
G - i  56 
38 55 
26 1 
41 56 

35 13 
19 28 
35 19 
54 47 

2.5 33 
64 27 

47 52 
26 57 
74 49 

I0 6 

33 57 

, 6  17 
58 38 
45 5 

70 39 
19 21 

65 9 
24 51 

37 31 
88 0 
54 29 

45 25 
62 27 
72 8 

35 22 
92 4 
52 34 

!5 5 

:2 20 

- 
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AMMONIUM TO THE ALKALI METALS 1167 

Cornprison of the i i n g u  Ztcr Mc~~ni tudes .  

Anglc. 

,ac =( loo )  : (001) 
C G  =( loo )  : (101) 
sc =(101) : (001) 
cr’ =(001) : (201) 
cs’ =(001) : (101) 
S’T’ =(!01) : (201) 

np =( loo)  : (110) 
pp’ =(110) : (120) 

p b  =(110) : (010) 

96 = ( O H )  : (010) 

no =(loo)  : (111) 
oq =(111) : (011) 

= ( loo )  : (011) 

= (11 1) : (100) 

co =(001) : (111) 
op =(111) : (110) 
cp =(001) : (110) 
PO’ =(110) : ( l l g  
o’c =(111) : (001) 

bo =(010) : (111) 

bo’ = ( g o )  : (111) 

.r’u =(201) : (100) 

p‘b =(120) : (010) 

( “ 4  =(001) : (011) 

;:’ =(011) : (111) 
o’n 

{os =(111) : (101) 

{ 0’s’ =(111) : (101) 

=.(101) : (011) 
f;; =(011) : ( g o )  
I p s  =(110) : (101) 

s’q = ( i o i )  : (011) 
qp =(011) : (119) 
ps‘ =(110) : (101) 

r’o’ =(Zol) : (ill) 
0% =(in) : (110) 
pr’ =(110) : (201) 

- 
KMg 
;elen- 
ate. 

75’42’ 
$6 30 
29 12 
62 5s 
38 1 
24 52 
41 25 

35 55 
19 28 
34 37 
54 5 

26 0 
64 0 

49 43 
27 27 
77 10 
31 16 
68 34 

34 54 
43 34 

57 13 
44 19 

69 57 
20 3 

65 16 
21 44 

38 19 
85 34 
56 7 

41 55 
64 5 
71 0 

34 30 
92 54 
52 36 

78 28 

- 
RbMg 
sctleii- 
ate. 

74O-16’ 
45 50 
28 66 
63 37 
38 20 
25 17 
41 37 

35 38 
19 28 
34 54 
54 22 

25 47 
64 13  

49 3 
27 16 
76 19 
34 34 
69 7 

34 33 
43 7 
77 40 
57 45 
44 35 

70 14 
19 46 

35 6 135 26 
19 28 19 28 
35 26 I35  6 
54 54 , 54 34 

25 29 25 29 
64 31 I 64 31 

48 11 ~ 4s 21 
27 9 ~ 26 51 
75 20 ’ 75 12 
35 0 31 38 
69 40 

34 7 
42 37 
76 44 
58 24 
44 52 

70 39 
19 21 

65 1 5  65 22 
34 45 ~ 24 38 

38 0 
86 29 
55 31 

37 37 
87 42 
54 41 

45 4 ’  45 16 
63 32 1 62 58 
71 24 71 46 

70 10 

33 54 
42 46 
76 40 
58 44 
44 36 

70 35 
19 25 

65 16 
24 44 

37 21 
57 3s  
54 58 

41 57 
62 46 
72 17 

- 
KZn 
selen- 
ato. 

75O-18 
46 1 9  
29 29 
63 12 
38 22 
24 50 
41 0 

35 52 
19 28 
34 40 
54 8 

26 8 
63 52 

49 35 
2’1 42 
77 17 
34 31 
68 12 

35 11 
43 21 
78 32 
56 50 
44 38 

69 51 
20 9 

65 10 
24 50 

38 36 
85 26 
55 58 

45 15 
64 7 
70 38 

31 48 35 3 35 9 3-1 33 
92 37 1 92 34 91 56 93 10 
52 35 1 52 23 1 52 55 52 17 

- 
ltbZn 
selen- 
s t c .  
- _- 
r o  I 4  ‘14‘ 
45 47 
28 57 
63 42 
38 24 
25 18  
4 1  34 

35 38 
19 28 
34 54 
54 22 

25 50 
64 10  

48 59 
27 19 
76 18 
34 37 
69 5 

34 34 
43 5 
77 39 
57 43 
44 38 

70 13  
19 47 

65 1 4  
24 46 

38 2 
86 30 
55 28 

45 8 
63 30 
71 22 

34 49 
92 39 
52 32 - 

- 
CsZn 
selen- 
ate. 

73’49’ 
45 3 
28 46 
64 36 
38 52 
25 44 
41 35 

35 4 
19 28 
35 28 
54 56 

25 31 
64 29 

48 12 
27 14 
75  26 
35 6 
69 28 

34 1 3  
42 36 
76 49 
58 14 
44 57 

70 37 
19 23 

65 22 
24 38 

37 41: 
57 37 
54 40 

45 21 
63 5 
71 34 

35 2 
92 43 
52 1 5  

AmZn 
selen- 
ate. 

73’46‘ 
45 1 
28 45 
64 36 
38 52 
25 44 
41 38 

35 26 
19 28 
35 6 
54 34 

25 50 
64 10 

48 15 
27 11 
75 26 
35 0 
69 34 

34 20 
42 30 
76 50 
58 4 
45 6 

70 23 
19 37 

65 3 
24 57 

37 54 
87 16 
54 50 

45 31 
62 46 
71 43 

35 14 
92 17 
52 29 - 
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1168 TUTTON: THE RELATION OF 

Between 
values for 
Rb and Cs 
salts, but 

nearer to Itb. 

It  will appear from the second table on p. 1165 that the monoclinic 
angle /3 for the crystals of each ammonium salt is very nearly identical 
with that of the crystals of the analogous cssium salt. This angle is 
the obtuse angle between the crystallographic axes a and c. The axis 
b is the symmetry axis at right angles to the plane of symmetry 
containing a and c. 

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 
caesium, in 34 cases in each of the two double sulphate groups, and in 
33 and 32 cases respectively in the magnesium and zinc double selenate 
groups. I n  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 casium. 

The amount of the change is generally larger than tha t  which 
accompanies the replacement of potassium by rubidium, and in a large 
proportion of angles it is either approximately the same as when 
czesium 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. 

Between 
values for 
Rb and Cs 
salts, but 

nearer to Cs, 

Group. 

6 
5 
6 
6 

Mg sulphate series 

Mg selenate ), 
Zn 7 7  , Y  

Zn 9 9  2 ,  

9 
18 
10 
11 

No. in whicl 
change is 
in same 

direction as 
on replacins 

CS. 
K by Rb or 

34 
34 
33 
32 

Yo. of thosi 
in col. 2 in 

which 
change is 

p-eater thar 
for replace- 

inent of 
K by Rb. 

28 
31 
31 
29 

No. of those in col. 3 in which 
value of angle lies 

Outside 
value for 
Cs salt. 

13 
8 
15 
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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AMMONIUM TO THE ALKALI METALS. 1169 

Rb. 
-~ 

29' 
26 

Group 

Cs. 

58' 
56 

Mg sulphate series ......... 
Zn ,, ,, ........ 
Mg selenate ,, ......... 
Zn ,, ,, ........ 

141' 
139 
128 
131 

Average change for 
replacement of K by 

138' 
124 
129 
122 

NHQ 

5 6' 
50 
53 
49 

Maximum change for 
replacement of K by 

Rb. 

7 1' 
65 
56 
64 

cs* I NH4* 
I- 

It 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 caesium, and this again is about double tbat due to  the replacement 
of potassium byrubidium. The latter is a new and important fact as 
regards the relations of potassium, rubidium, and czesium. 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. 

AmMg sulphate ......... 
KMg ,, ......... 
RbMg ,, ......... 
CsMg ,, ......... 
AmZn ,, ......... 
KZn ,, ......... 
RbZn ,, ......... 
CsZn , , ........ 

SP. p.. 
a t  20 14". 

1 -723 
2'034 
2.386 
2.676 
1 '932 
2'246 
2.591 
2.875 

AmMg selenate ......... 
KMg , , ......... 
RbMg ,, ......... 
CsMg ,, ........ 
AmZn ,, ......... 
K Zn , , ......... 
RbZn ,, ......... 
CsZn , , ......... 

Sp. gr. 
a t  20"/4". 

2.058 
2.365 
2.684 
2'939 
2'261 
2.558 
2.868 
3'121 

It will he observed that the ammonium salt is the lightest in each 

Molecular Volumes.-These are similarly compared below. 
group, the densities following the order of the molecular weights. 

Molecular Diff. 
volume. from K salt. 

KMg sulphate 196.58 c 

RbMg ), 206'18 9-60 
AmMg ,, 207'78 11-20 
CsMg ,, 218.96 22.38 

RbZn ,, 205.58 9.42 
AmZn ,, 206'38 10'22 
CsZn ,, 217'97 21-81 

KZn ,, 196.16 - 

Molecular Diff. 
volume. from K salt. 

KMg selenate 208.63 - 
RbMg )., 218.15 9-52 
AmMg ,, 219.42 10.79 
CsMg ,, 231'20 22.57 
KZn ,, 208.80 - 
AmZn ,, 217'73 8.93 
RbZn ,, 218'35 9 -55 
CsZn ,) 230.77 21.97 
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1170 TUTTON: THE RELATION OF 

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 
snlphate. The average difference for the replacement of potassium by 
rubidium is 9.5 units, for  tha t  of potassium by ammoniuni 10.3 
units, and for that  of potassium by cmium 22.2 units. 

Topic Axes (Distance Katios).-The next table presents these in 
comparative form. 

Salt. 
Potassium magnesium sulphnte ...... 
Itubidium ,, ...... 
Ammonium ,, ...... 
Cminm ...... 
Potassium zinc snlphate. ................. 
Rubidium , , , , .................. 
Ammoniiim,, ,, ................. 
Cwsium ,, ,, .................. 
Potassium magnesium selenate.. ....... 
Rubidium , , ,, ......... 
Ammoninm ,, ,, ......... 
Cmium 9 )  , I  ..- ' *.) 
Potassium zinc, selenate.. ................ 
Rubidium , , , , .................. 
Ammonium , , , , .................. 
Cresium , , , , ................. 

9, 

3 9  

9 3  >, 

Topic axes (distance ratios). 
x. $. w. 

6.0711 : 8'1899 : 4.0892 
6.1803 : 8.3525 : 4.1550 
6.2320 : 8'4217 : 4'1418 
6'2608 : 8.6012 : 4.2541 
6'0462 : 8.1562 : 4.1141 
6.1436 : 8.3326 : 4'1754 
6'1648 : 8-3670 : 4.1810 
6.2415 : 8.5808 : 4,2561 
6.2124 : 8.2998 : 4'175G 
6.2885 : 8'4705 : 4'2445 
6'3299 : 8.5310 : 4.2365 
6'3807 : 8.7239 : 4-3270 
6.1812 : 8'2880 : 4.2045 
6.2913 : 8.4662 : 4'2492 
6,2742 : 8.4684 : 4'2681 
6'3710 : 8.7106 : 4-3300 

These ratios shorn 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. I n  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. I n  no case does the extension for  the replacement of potassium 
by ammonium attain the amount which is observed when potassium is 
replaced by cmium. 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- 

Pu
bl

is
he

d 
on

 0
1 

Ja
nu

ar
y 

19
05

. D
ow

nl
oa

de
d 

by
 U

ni
ve

rs
ity

 o
f 

A
ri

zo
na

 o
n 

2/
8/

20
19

 5
:0

1:
36

 P
M

. 
View Article Online

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


AMMONIUM TO THE ALKALI METALS. 1171 

companied by only very slightly more expansion of the molecular 
dimensions” than OCCUL’S 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 czsium 
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 itsel€ into a similar space or  sphere of action or motion. 

The suggestion made in the irtemoir on ammonium sulphate (loc. cit., 
p. 1067) that this may be due to the looseness of the spacial packing, 
the free space unoccupied by matter being largc compared with the 
amount of the actual matter of the moleculo 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 . 
Orimtat ion OJ the Optical Iudicat& (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 
algo 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 vertical crystallographical axis c, of that axis of the 
ellipsoid which is not far removed from the normal to the basal 
plane ~(001) .  I n  all the sixteen salts now compared, it is the second 
median line, and minimum axis a of the indicatrix or maximum axis 
11 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 ZO’, so that the 
values given in the table are the mean positions for white light or the 
middle of the spectrum. 

* By ‘‘moleciilar dimensions” iu this and the prccecling paragraph must be 
clearly understood the dimensions defined by the topic axes ; they will be shown 
later, in  this and the following ineiiioir, to be more corrcctly described as “limits of 
niolecnlsr range,” for much intermolecular space, as well as the matter of the 
molecules, is included. 
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1172 TUTTON: TI-IE RELATION OF 

IncZi.nation, of Axis a of Inclicatrix to Vertical Axis c, in, Front of 
Latter. 

AmMg sulphate ...... 4"58' 
KMg ,, ...... 13 38 
RbMg ,, ...... 21 14 
CsMg ,, ...... 46 43 
AmZn ,, ...... 6"BO' 
KZn ,, ...... 10 18 
RbZn ,, ...... 16 43 
CsZn ,, ..... 30 16 

AmMg selenake ...... 
KMg , , ..... 
RbMg ,, ..... 
CsMg , , ...... 
AmZn ,, ...... 
KZn ,, ...... 
RbZn ,, ...... 
CsZn ,, ...... 

O"13' 
11 18 
16 24 
36 47 

3"24' 
9 9  

13 13 
21 57 

FIG. 12. FIG. 13. 

FIG. 14. FIG. 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 zinc 
selenate groups of salts respectively. 

It will be observed that  the position in tbe case of each ammonium 
salt lies nearest to the crystallographical axis c, the ellipsoid having 
been rotated backwards towards tha t  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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AMMONIUM TO THE ALKALI METALS . 1173 

F ......... 
C; ...... 

caesium . 
their molecular weights . 

The salts stand in respect t o  this property in the order of 

Rpfractive Indices.-These are compared in the accompanying table : 
Comparative Table of Refractive Indices . 

1.4678 
1.4720 

. 
I ride x . 

. 
h M g  
sul- 

phate . 

. 
KZn 
sul- 

yhate . 

1-4748 
1.4752 
1.4775 
1'4797 
1.4826 
1,4866 

1.4805 
1'4809 
1 '4833 
1.4857 
1 *4889 
1.4929 

1'4938 
1.4942 
1.4969 
1'4994 
1.5027 
1 *SO67 

Nature 
of 

light . 
KMg 
sul- 

phate . 
RbMg 
sul- 

phate . 
- 

1.4646 
1.4650 
1'4672 
1.4695 
1'4724 
1.4762 

1 '4664 
1'4668 
1.4689 
1.4713 
1'4743 
1'4752 

1'4755 

CsMg 
sul- 

phate . 
ItbZn 
sul- 

phate . 
CSZll 
sul- 

phate . 
BmZn 
sul- 

phate . 
____ 

1.4858 
1 *4862 
1-4888 
1.4914 
1'4947 
1. 4992 

1 *4900 
1 -4904 
1. 4930 
1 -4957 
1 '4990 
1.5036 

1.4963 
1.4967 
1. 4994 
1.5021 
1 -5056 
1.5102 

AmZn 
selen- 
ate . 

1.5201 
1 -5206 
1 -5240 
1.5273 
1-5316 
1.5381 

1.5260 
1.5265 
1.5300 
1'5334 
1 -5378 
1'5443 

1-5344 
1'5349 
1-5385 

1.5463 
1.5529 

1 -542a 

- 

1.4685 
1 -4689 
1.4716 
1.4740 
1'4771 
1.4814 

1.4701 
1.4705 
1'4730 
1.4755 
1.4786 
1 4 8 3 1  

1.4756 
1.4760 
1.4786 
1-4811 
1.4842 

1.4807 
1.4811 
1.4833 
1 *4857 
1 *4886 
1'4929 

1.4856 
1 *4860 
1.4884 
1.4908 
1 -4938 
1 -4980 

1'4947 
1-4951 
1.4975 
1.5001 
1.5033 
1.5078 

1'4994 
;4998 
1.5022 
1'5047 
1 -5079 
1'5125 

1 *5020 
1 -5024 
1.5048 
1.5073 
1 *5104 
1.5151 

1 -5064 
I -5068 
1 -5093 
1.5119 
1.5152 
1.5199 

1. 4828 
1 *4832 
1.4857 
1.4880 
1.4912 
1-4956 

1 -4830 
1.4834 
1.4858 
1-4881 
1.4912 
1.4957 

1.4888 
1 44892 
1'4916 
1.4940 
1 . 4 9 ~  

C ......... 1.4731 1'4759 
Na ......I 1. 4755 ' 1.4779 
T1 ...... 1 1.4778 
F ......... 1.4810 
G ......I 1-4853 

1.4805 
1 *4835 
1.4876 1-4888 . 1.5015 

RbZn 
selen- 
ate . 

CsZn 
selen- 
ate . 

Nature 
of 

light . 
IC hIg 
selen- 
ate . 

CsMg 
selen- 
ate . 

KZn 
selen- 
ate . 

AniMg 
selen- 
ate . 
~- 

1.5034 
1 *5038 
1-5070 
1.5104 
1'5144 
1 -5205 

1 -5056 
1 -5060 
1 5093 
1.5126 
1'5166 
1'5227 

1-5132 
1-5136 
1.5169 
1.5202 
1.5242 
1.5305 - 

RhRlg 
selen- 
ate . 

1-4978 
1-4983 
1 *5011 
1'5041 
1.5077 
1'5133 

1 '4997 
1 '5002 
1'5031 

1 509F 
1.5155 

1*510C 
1510E 
1 *513E 
1.516i 
1 *520: 
1 -5264 

1 ~506a 

- 

Index . 
._ 

i - 

Li ...... 
c ......... 
Na ...... 
T1 ... 
F ......... 
G ...... 
Li ...... 
c ........ 
Na ...... 
T1 ..... 
F ........ 
G ..... 
Li ..... 
c . . * . . 1 . . 
Xa ..... 
T1 ..... 
F ........ 
G ..... 
I 

1.4936 
1-4941 
1.4969 
1.4999 
1.5035 
1.5091 

1.4958 
1.4963 
1.4991 
1 -5022 
1.5058 
1.5114 

1'5103 
1-5108 
1.5139 
1.5172 
1 -5210 
1-5266 - 

1'5143 
1-5148 
1.5178 
1.5210 
1.5248 
1.5304 

1-5145 
1 -51 50 
1.5179 
1.5211 
1.5248 
1.5305 

1.5201 
1 '5206 
1 *5236 
15269  
1 *5308 
1.5364 - 

1.5087 
1 -5092 
1'5121 
15151  
1.5189 
1.5244 

1.5129 
1.5134 
1 $1 62 
1.5194 
1.5233 
1'5288 

1 -5290 
1 -5295 
1.5326 
1 5358 
1.5399 
1 -5459 

1.5326 
1'5331 
1-5362 
1'5394 
1.5435 
1 *5495 

1.5375 
1 '5380 
1.5412 
1 -5446 
1 . 5488 
1.5549 

1'5146 
1-5151 
1-5181 
1'6212 
15252  
1 -5307 

1.51 88 
1.5193 
1-5222 
1.5253 
1 '5293 
1.5351 

1'5297 
1.5302 
1'5335 
1.5369 
1'5410 
1.5471 

1 '5294 
1.5299 
1.5331 
1.5365 
1.5405 
1.5466 . 
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1174 TUTTON: THE RELATION OF 

The whole of the refractive indices of the four ammonium salts lie 
between those of the analogous rubidium and czesium salts, and nearer 
to those of the rubidium salt in the first three groups, but somewhat 
nearer to those of the czsium salt in the zinc 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. 

Mecciz liefractive Indices, 1/3(u + /3 + y )  foy AYa Light. 

KMxg snlphate ......... 1 '4664 
KbMg ,, ......... 1 *4713 

CsRlg 7 ,  ......... 1 -4st7 
I<Zn , , ........ 1'4559 
RbZn ,, ......... la4S97 

Amhlg , , ......... 1'4744 

AinZii ,, ......... 1'4937 
CsZu ,; ......... 1.5054 

KMg selenatc.. ......... 1-5033 

Aiiillg , , ............ 1.5111 
CsMg ,, ............ 1.5105 

KZn ,? . . . . . . . . . .  1.5212 
RbZii ,, . . . . . . . . . .  1'5238 
AmZn , , ............ 1'5305 

IlbMg ,, ........... 1.5069 

CSZll ,> ............ 1*6:367 

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 czxiuiu salt. The 
value is quite close to that of the rubidium salt in the group of 
lowest molecular weight, but moves farther sway with rise of molecular 
weight, until for the group of highest molecular weight the value is 
slightly nearer to that for the czesium salt. 

Double Eefraction.-The double refraction, as measured by the 
difference between the two extreme indices a and y for  sodium light, 
mill next be compared. 

Comparison of the Bouble Rg+action ATa y - a. 

$Mg snlphate  ......... 0.0148 
IZbhlg , , . . . . . . .  0 '0 10  7 
AmMg ,, ......... O ' O O T O  
CsMg ,, ......... 0'0059 

KZll ,, ......... 0 '01 94 
RbZii ,, ........ 0 '0142 
AniZn ,, ......... 0'0106 
CsZii , , ......... 0 * O O i  1 

IDIg sc1en:rte.. . . . . . . .  
BbMg , , ............ 
Anihlg ,) ............ 
Cshfg >, ............ 
IC x 11 , , ............ 
li1,%11 ,) ............ 
AitiZii , , ........... 
CSZll ,, ............ 

0.0170 
0.0121 
0.0099 
0.005s 

0.0214 
0.0169 
0 41 45 
0.0056 

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 cwium salts of the same group. Its 
position is nearer to that of the cesium 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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AMMONIUM TO THE ALKALI METALS. 11'75 

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 p axis of the potassium salt as unity. 

Those for the indicatrix are given in the next table, 

Axial Rcctios of Optical Indicatrix, P ~ ~ ~ l t  = 1. 

Salt. 
Potassium magnesium sulphstc ...... 
Rubidium , , ...... 
Ammonium ), ...... 
Cxsium ...... 
Potassium zinc sulphate.. ............... 
Rubidium , , , ) .................. 

Potassium magaesium scleiinte ......... 
Rubidium ,, ), ......... 
Ammonium ,) ,) . . a * . .  I . .  

CEsiurn ......... 
Potassium zinc selenate ................. 
Bubidi uin , , , ) ................. 
Ammonium , ) , , .................. 
CLesiuni ,, ), .................. 

,, 
2 ,  

1 )  2 ,  

Ammonium , , , , .................. 
Cxsium , ) ) , .................. 

? l  ) )  

It will be observed that the indicatrix 

a. P. Y .  
09985 : 1 : 1'0086 
1.0030 : 1*004l : 1'0103 
1'0060 : 1-0069 : 1*0107 
1'0156 : 1.0157 : 1.0196 

0.9961 : 1 : 1.0092 
1'0000 : 1.0034 : 1.0096 
1'0037 : 1.0065 : 1'0109 
1.0127 : 1.0145 : 1,0175 

0.9985 : 1 : 1'0099 
1-0013 : 1.0027 : 1.0096 
1'0053 : 1.00ti8 : 1.0119 
1.0125 : 1.0126 : 1'0163 

0.9960 : 1 : 1'0101 
0'9988 : 1.0027 : 1,0099 
1.0039 : 1.0078 : 1.0134 
i -ooge : 1-0119 : 1.0152 

expands along each of the 
three axes when potassium is replaced by ammonium, and to an 
extent which is greater than that accompanyiiig the substitution of 
rubidium for potassium, but not so great as that due $0 the introduc- 
tion of czeesium 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 czsium 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 t o  be rigidly comparable with 
the values for the ammonium salts. 
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1176 TUTTON: THE RELATION O F  

Table of Specajic Refvactions and Dispersions (Lorenx). 

For ray C( H a ) .  

Specific refraction, n2-1- - 11. 
(n2 + 2)d 

For ray G(  Hr). 

Specific dispersion. 
nu - 11c. 

~ 

0-1616 
0'1343 
0-1159 
0-1068 

0'1487 
0'1254 
0.1098 
0-1023 

Salt. 

~ ~ 

0.1621 0.1637 0.1653 0.1658 
0'1348 0.1379 0'1371 0'1377 
0'1162 0.1181 0.1183 0.1187 
0.1068 0.1079 0.1091 0'1091 

0.1497 0.1514 0.1520 0'1532 
0,1267 0.1297 0'1280 0.1294 
0'1108 0'1126 0'1121 0-1131 
0'1027 0'1035 0'1045 0.1049 

- 

0.0037 
0.0028 
0.0024 
0.0023 

0.0033 
0.0026 
0.0023 
0'0022 

0-0040 
0.0032 
0.0027 
0.0026 

0.0038 
0'0029 
0'0026 
0'0025 

I- 
0.0037 0.0038 
0.0029' 0.0031 
0'0025 0'0026 
0,0023 0.0023 

I 
0.0035 0.0035 
0*0027,0.0027 
0.0023 0.0024 
0.0022 0.0022 

I 
0*0040 0.0040 
0'0032 0'0033 
0.0028 0.0029 
0'0026 0.0027 I 
0.0038,0*0038 
0-0030 0.0032 
0.0027 0'0028 
0.0025 0'0026 

0-1438 
0'1231 
0'1093 
0'1026 

0.1346 
0.1168 

0'1444 0.14621 0'1478 0.1484 0-150: 
0-1236 0*126610*1263 0'1268 0.1292 
0.1096 0.1115~ 0*1120 0'1124 0'1144 
0.1026 0.10351 0'1052 0'1052 0.1065 
0,1359 0,1377' 0.1384 0.1397 0'141[ 
0.1179 0.1208' 0,1197 0.1209 0*124( 

0*10491 0'1059 
0*0989/ 0.0995 

0.1077' 0'1075 0.1086 0'1101 
0.1002~ 0.1014 0'10'LO 0.102t 

nmg seienazc . . , 
RbMg ,, ..., 63.97 
At1lLU.g ,, .*. 
CsMg ,, ... 
KZn ,, ... 
RbZn ,, ... 
AmZn ,, ... 

04-y3 
69.70 

62.37 
65.67 
66.26 

AmMg sulphata, . . 
KMg ,, ... 
RbMg ,, ... 
CsMg ,, ... 
AmZn ,, ... 
KZn ,, ... 
RbZn ,, ... 
CSZE ,) ... 
AmMg selcnate . . . 
KMg ,, ... 
RbMg ,, ... 
CsMg ,, ... 
AmZn ,, .., 
KZn ,, ... 
RbZn ,, .. 
CsZn ,, 1.. 

0.167: 
0#141( 
O*12Oi 
0.110: 

0.1542 
0.1324 
0'115( 
0.1055 

Tuble of Molecular Refractions cund Dispersions (Lorenx). 

Mol. dispersion. 
mG - mc. 

?id- 1 M 
n + 2  d 

Molecular refraction, -a- . - = m. 
-~ 

For ray G(Hy). 

.~~ ._ 

For ray C ( H a ) .  Salt. 

I_- 

Y. 

1'21 
1 -22 
1.35 
1'36 

1 -23 
1 '30 
1 *38 
1.40 

1 *62 
1 *70 
1.82 
1.78 

1 - 7 1  
1.76 
1.89 
1.88 

-- 

- 

8. 8. 

55.05 
58-38 
59.35 
63-93 

57'00 
60.26 
61.07 
65.74 

62-54 
65-80 
66.99 
71.47 
64.57 
67'99 
68'76 
73'46 

-- 

- 

B. 

1-14 
1-19 
1 '33 
1.35 

1-19 
1-24 
1 -36 
1-37 

1 5 6  
1'62 
1-80 
1 *75 
1-59 
1 '69 
1-88 
1.83 

~- 

- 

a. a. a. Y. Ye 

56'37 
59-36 
59.95 
64.57 

58.35 
61'26 
61'74 
66.25 

64.10 
67.00 
67'83 
72-14 

66.23 
69.20 
69.66 
74.06 

~- 

- 

KMg sulphate , . . 
RbMg ,, ... 
AmMg ,, ... 
KZn ,, ... 
RbZn ,, ... 
AmZn ,, ... 
CsZn ,, ... 

CsMg ,, ... 

53.69 
57.00 
57.85 
62.56 

55.25 
58.51 
59'27 
64.09 

60.74 

53.91 
57'19 
58-02 
62 '58 
55.81 
59.02 
59-71 
61*37 
60-98 
64-18 
65.19 
69'72 

62-98 
66-30 
66.88 
71.63 - 

55.16 
58-14 
68-60 
63.21 

57-12 
59.96 
60'36 
64.85 

62-48 
65.30 
66.01 
70.36 

64-52 
67-44 
67.77 
72-18 - 

54.84 
55-18 
59.17 
63.92 

56.37 
59-73 
60.62 
65-46 

62.30 
65.58 
66.75 
71.47 
63.93 
67.32 
68.11 
73.06 - 

1-15 
1.18 
1 -32 
1-36 

1.12 
1.22 
1 *35 
1 '37 

1 *56 
1-61  
1-80 
1 *77 
1-56 
1-65 
1.85 
1 *83 - 
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AMMONlUM TO THE ALKALI METALS. 1177 

Molecular Refractions (Gludstone and Dale), m A M ,  for Bay C. 
d 

Potassium magnesium sulphate ...... 
Itubidium ,, ..... 
Ammonium ,, ...... 
Czesiuni 9 )  7 9  ...... 
Potassium zinc sulphate ............... 
Kubidium ,, ,, ............... 
Animoniuni , , , , ............. 
Cminni  ,, ,, .............. 
Potassium magnesium selenate.. ....... 
Rubidium , , 9 ,  ......... 
Aiiimonium , , , , ......... 
Cze s i u iii 
Potassium zinc selenate . . . . . . . . . . . . . . .  
Rubid i 11 i n  , , , , .................. 
Ammonium ,, ,, ................. 
Ca:siuni , , , , .. . . . . . . . . . . . . . .  

>, 
,, 

, 7  ,, .. . . . . . .  

a. 
90.1 3 
95-87 
97'43 

105.80 
93.21 
98.91 

100.34 
108.94 
103.08 
108.70 
110.54 
119.02 
106'32 
112.10 
113'35 
122.19 

8. 
90.56 
96'24 
97.76 

105.84 
94-33 
99'91 

101.21 
109.51 
103.54 
109-12 
111'02 
119.07 
107'55 
113.39 
114.63 
123.02 

7. 
93.00 
98.12 
98.90 

107-11 
96 '94 

101.78 
102 5 1  
110'47 
106.5'7 
111.37 
112.69 
120.36 
110-71 
115.70 
116'46 
124'15 

Mean iMolecuZai. Rejkctions, 1/3(a + /3 + y) for Rap C. 
KMg sulphate . . . . . . . . .  91 *23 . KMg selenate .......... 104 '40 
RbMg ,, ........... 96.74 1 KbMg ,, ........... 109'73 
AmMg ,, .......... 98.03 ~ AmMg ,, ............ 111'42 

KZii ,, ............ 94.83 1 KZn ,, ............ 108.19 

AriiZii ,, ............ 101% 1 AmZii ,, ............ 114.81 

CsMg ,, . . . . . . . . . .  106.25 1 C S M ~  ,, ........... 119.48 

RbZn ), ............ 100 2 0  Rb Z 11 , , ........... 11 3 . 7 3 

CsZli ,, ............ 109*G4 I CsZll ,, ........... 123'12 

As regards the specific refmction and dispersion constants, the 
ammonium salt of ear:h 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 Lorenz or by tha t  of Gladstone and Dale, the value ;dong 
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 approximato nearer to thohe of the correspond~ng 
wsium sdlt, aid i n  the two selenate groups the czsium salt values are 
slightly exceeded. 

VOL. LXXXVII. 4 1  
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1178 TUTTON: THE RELATION OF 

Optic Axial AngEes.-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 /3 or b as unity. For these 
ratios determine the loci 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. 

Axial liatios of  Indicatrix. 

Potassi~uii iiiagiiesiuiii sul1)hate ............ 
ltubidiuni , , ........... 
Aninioniurn , , ............ 
CLesiuiii ............ 
Potassium ziiic sulphate ........................ 
Rubidium , , , , ........................ 

7 ,  

7 ,  

7 ,  ,, 

Ammonium , , , , ....................... 
Ca_siuiii , , , , ....................... 
Potassium magnesiuiii seleiiate ............... 
Rubidiiuin , , ,] ............... 
Aiiimoiiiuiii , , , , .............. 
Cmiurn ,, .............. 
Potassiuiii zinc seleiinte ....................... 
ICubidium , , , , ........................ 
Ammonium , , , , ........................ 
Cmium ,, , , ....................... 

? 9  

a. P .  y. 
0.9985 : 1 : 1'0086 
0.9988 : 1 : 1'0061 
0'9991 : 1 : 1.0038 
0,9999 : 1 : 1.0039 

0'9961 : 1 : 1.0092 
0.9988 : 1 : 1'0061 
0-9972 : 1 : 1'0043 
0'9983 : 1 : 1.0030 

0.9985 : 1 : 1.0099 
0'9987 : 1 : 1.0069 
0.9988 : 1 : 1*0050 
0'9999 : 1 : 1.0035 

0.9960 : 1 : 1*0101 
0.9961 : 1 : 1'0072 
0'9961 : 1 : 1-0056 
0'9977 : P : 1'0033 

It will be observed that on the whole the position of the ammonium 
salt of any group is agaiu between the rubidium and czsium 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 thamselves, those of the two 
magnesium groups do not lend themselves to complete coniparison, 
owing to the exceptional phenomenu (including crossed-axial-plane 
dispersion) displayed by the cmium 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 Axial Angles 2TTa, 

Light. Iihlg sulphate. ltbblg sulpliate. A~iiMg sulphate. 
Li ...... 48" 0' 4'3" 6' 51"20' 
c ...... 47 69 49 2 51 18 
Na ...... 47 54 48 46 51 11 
T1 ...... 47 48 48 29 51 2 
J!' ...... 47 40 48 10 60 36 
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AMMONIUM, TO THE ALKALI METALS. 1179 

Optic Axial Arzgles 2Vn (continued), 

KMg selenate. 
Li ...... 39'43' 

Na ..... 39 38 
'1'1 ...... 39 34 
I!' ...... 3925 

c ..... 39 42 

KZn snlphate. 
Li ...... 6827 '  
c: .., .. 68 16 
KLl ...... 68 14 
11 ...... 68 12 
F ...... 68 9 
r l  

I<%n sclennte. 
Li ...... G(j"3 2' 
C ...... 6 6 1 3  
Nn ..... 6 6 1 6  
'1'1 ...... 6 6 1 7  
J? .... 66 20 

RbMg selenntc. 
47"26' 
47 24 
47 3 
46 37 
46 6 

RbZn sulphate. 
73"42' 
73 $0 
73 33 
73 27 
73 18  

BbZn selenate. 
76"lG' 
75 1 4  

75 2 
74 65 

75 a 

AmMg selenate 
5a057 
54 65 
54 47 
54 33 
54 4 

CsZn sulphatc. AniZn sulphate 

74 27 78 58 
74 11 79 0 
73 52 79 2 
73 31 79 3 

7430' 78057' 

AinZn selenntc. CsZii sclenate. 
82" 5' 83'33' 
82 5 83 33 
82 7 83 6 
82 9 82 43 
82 1 u  82 14 

I t  will be seen tha t  the optic axial angles of the two ammonium 
magnesium salts are somewhat beyond those of the corresponding 
rubidium salts in magnitude. I n  the two zinc groups also the ammo- 
nium silts 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 
ccesiurn salt, whilst in the zinc sulphate group it is larger than tha t  of 
the msium salt. 

It must be remembered, however, tha t  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 another 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 optic axial acgle 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 t o  
definite laws connecting the atomic weight of the alkali metal, the 
molecular weight of the whole salt, and tho position of the ammonium 
complex in the alkali series. 

4 1 2  
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1180 TUTTON: THE RELATION OF 

Summary of Conclusions. 

The main results of this investigation are remarkably similar t o  
those derived from the study of ammonium sulphate (Zoc. cit., p. 1073), 
and their comparison with those for the sulphates of potassium, 
rubidium, and czesium previously studied. The differences are chiefly 
due to the difference of crystalline symmetry. The rhombic series of 
normal sulpha tes 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 

S salt R,seO, would be acconipaiiied by a greater amount of angular 

change than when the same replacement occurs in the very much 

larger molecule of the double salt R2M( Ee0,),,6H20, 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 smaller are the angular changes between 
the exterior faces, when one member of the family of metals or radicles 
forming the series of salts replaces mother. It also emphasises the 
dominating influence of the alkali metal in determining the crystallo- 
grdphical properties of the salts. It is much easier, therefore, to locate 
the position of the ammonium group in the series of double salts, a s  
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 inteTfacia1 angles in the same direction as 
when potassium is replaced by rubidium or cxsium, and both the 
average amount and the maximum amount of the change are approxi- 
mately the same as when czsiurn replaces potassium. The funda- 
mental w i u ~  angle p follows the same rule, the value in the case 
of the four ammonium salts now described being identical within 10' 
with the value for the analogous czesium 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 cajsium are approximately directly proportional to the change in 
atomic weight, the values in the case of the rubidium salt being 
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AMMONIUM TO THE ALKALI METALS. 1181 

almost precisely midway between those of the potassium and cmium 
salts. 

The nzo./.iDhological axial patios of the ammonium salt of each group 
are very similar t o  those of the potassium, rubidium, and caesium 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 tbe 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 R2M( ie0,),,6H,0. 

The densities follow the order of the molecular weights of the salts, 
but the nzoZecu2ar volume of t'he ammonium Ealt 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 Ftructural unit (the 
increase of separation of the centres of contiguous structural units) 
along each of the three crystallographical axes, when potassium 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 cleccvage is identical for all the salts studied, namely, parallel to 
the orthodome ~'($01). 

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 rhomhic simple salt series in that the optical ellipsoid is no longer 
fixed, witah 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 casium 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 a t  one end of the swing and the czesium salt 
a t  the other. 

The refractive indices of the ammonium salt of any group lie between 
those of the rubidium and cesium 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 
cBsium salt as the molecular weight of the salt rises. 

The axial ratios (relative axial dimensions) of the optical ellipsoid 
of any ammonium salt are also intermediate between those of the 

Pu
bl

is
he

d 
on

 0
1 

Ja
nu

ar
y 

19
05

. D
ow

nl
oa

de
d 

by
 U

ni
ve

rs
ity

 o
f 

A
ri

zo
na

 o
n 

2/
8/

20
19

 5
:0

1:
36

 P
M

. 
View Article Online

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


1182 THE RELATION O F  AMMONIUM TO THE ALKATJ METALS. 

analogous rubidium and cmium salts, and in  general much nearer to 
those of the rubidium salt. 

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

The molecular refhxctiorn, 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 
cEesium side of) tha t  value. 

It has now been shown with respect to the three properties which 
refer t o  the fundamental s t ruckra l  unit of the crystals, namely, tho 
molecular volume, the topic axes, and the molecular refraction (a 
measure of the moleculnr effect on the velocity of light ti*ansmission), 
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 sulphaie 
tha t  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 arc 
found to be of two kinds. Those of the one kind follow the order of 
the  molecular weights, in which casc the arlzinonium 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 c:ssium salts have been shown to be functions of 
hhe atomic weight of the alkali metal, t ~ n d  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 a n  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 cmium side, to one closely approxima- 
ting to that of the czsium salt. I n  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. 

It will be interesting to see whether these Lhiqeo innin results concern- 
ing matters of indubitable faot as regnrds tho groups now investi- 
gated are true equally for other groups of the series, to which the  
author intends to  turn  his attention. I n  the meantime, ample scope is 
afforded for speculation as to their meaning, and particularly as t o  the 
spacial conditions which permit of the replacement of 2 atoms of the 
alkali metal potassium by 10 atoms of thc two ammonium complexes, 
with no rnorc effect on the crystallographicnl characters and on the 
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THE ALKALI SULPHATES AND SELENATES. 1183 

dimensions and properties of the fundamental structural unit than if 
merely an  exchange for two czsium atoms had occurred, and indeed, in 
general, with but slightly more effect than if the two replacing 
metallic atoms had been those of rubidium. Leaving speculation 
entireIy aside, however, one further important fact would appear to 
be proved and to stand out from this investigntion, 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 aro not only intermolecular but also interatomic. 
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