
Chemistry. - "On Double~Salts in the Series of isomorphous Mixed 
Crystals of Magnesium~ and Zinc~sulphate. and on the Occur~ 
rence of Chemical Compounds in the Solid State." By H . G. K. 
WESTENBRINK. (Communicated by Prof. F. M. JAEGER.) 

(Communicated at the meeting of October 30. 1926). 

§ 1. According to HOLLMANN' s investigations '). two doub!e~salts: 

2 MgS04. Zn S04' 21 H 20 and Mg S01' Zn S04' 14 H 20. wou!d be 
inclosed in the continuous series of mixed crystals. which are formed in 
all proportions on crystallisation of mixed solutions of magnesium and 
zinc~sulphate in water. To this view he was led by the results of his 
measurements of the vapour~tensions of these mixed crystals. executed 
af ter the so~called "indirect" method. which consists in the determination 
of the concentration of mixtures of water and sulphuric acid. if these 
mixtures were in equilibrium with the hydrates of deflnite composition. 
when put together in an exsiccator. 

In the curve. representing the vapour~tension as a function of the 
composition of the mixed crystals. HOLLMANN observed two disconti~ 
nuities. which. according to him. were situated at the stoechiometric 
proportions ; Mg; Zn = 1 : 1 and 2: 1. As in genera!. from earlier ex~ 
periments it was seen. that the vapour~tension varies continuously with 
the composition of the solid phase. he drew the conclusion th at the 
discuntinuities observed must be considered to be the points of intersec~ 
tion of three continuous vapour tension~curves. which refer successively 
to a series of mixed crystals b~tween MgS04' 7 H 20 and the flrst men~ 
tioned double~salt. to such between both double~salts indicated above. 
and to such between the second double~salt and pure ZnS04. 7 H 20. 
Later~on he tried to corroborate these conclusions by flxing the particu!ar 
temperatures of decomposition of the mixed crystals into hexahydrates 
and water. applying the dilatometric method 2). If these temperatures be 
graphically represented in function of the chemica! composition. they 
form again a curve with two discontinuities. situated at the same stoe~ 
chiometric proportions as mentioned above. HOLLMANN 3). following the 
method of VAN RIJN VAN ALKEMADE 4) and BAKHUIS ROOZEBOOM 5). 

') R. HOLLMANN. Zeits. f. phys. Chemie. 37. 193. (1901) . 
2) A. C. VAN RIJN VAN ALKEMADE. Zeits. f. phys. Chemie. 11 . 289. (1893). 
3) H. W . BAKHUIS ROOZEBOOM. Zeitschr. phys. f. Chemie. 30. 385. (1899). 
4) R . HOLLMANN. Zeits. f. phys. Chemie. 40. 577. (1902). 
5) R . HOLLMANN. Zeits. f. phys. Chemie. 40. 561. (1902). 



1375 

deduced three types of temperature~concentration~cur:ves for the case of 
the decomposition of a mixed crystal with definite content of crystal~ 
water into a mixed crystal with a smaller number of water~molecules 
and a saturated solution. The three types deduced by him are: l't. The 
curve rises continually from 100 % A to 100 % B; 2nd • the curve shows 
a minimum; 3rd • the curve shows a maximum. The two discontinuities 
in the curve relating to the mixed crystals Mg (Zn) 501 , 7 H 20 are, 
according to HOLLMANN, again the points of intersection of three con~ 
tinuous curves. Indeed, such a shape of the curve, as really observed, 
might be expected beforehand, if double~salts were present in the series. 
However, several objections can be made with respect to his way of 
experimenting. On~ could put the question, for instance, whether the 
same hydrate is always formed from the heptahydrate? Whether this 
lower hydrate always and in all proportions forms mixed crystals? 
Whether the equilibria set in rapidly enough, to allow the appliance of 
the dilatometric method? Etc. Moreover, the author has drawn his curves 
rather arbitrarily through the 19 points observed. It can be doubted, 
whether the tendency to find his compound at the proportions: MgS01 : 

: ZnS01 = 1 : 1 and 2: I, has not had a rea 1 influence on his interpre~ 

tation of the facts? It is, moreover, very difficult to answer the question, 
wh ether the minima observed are to be considered as real discontinu~ 
ities in his curve ; etc. 

Later~on BARCHET I) made a series of solubility~measurements of the 
same salts wh en forming mixed crystals. In his results he could not see 
a confirmation of the occurrence of HOLLMANN'S two ~compounds. The 
last au thor 2) again emphazised, that BARCHET'S interpretation of the 
observed facts was to be considered as erroneous, and that, on the 
contrary, from his results the existence of the compounds might be deduced. 
Here HOLLMANN again makes use of VAN RIJN VAN ALKEMADE'S method, 
who deduced the solubility~curve for two salts and for two salts and 
two double~salts, with or without water of crystallisation, making use 
of GIBBS' graphical representation of the C~function . However, VAN 
RIJN VAN ALKEMADE did not draw the curve which must be present if 
mixed crystals form the solid phase; also the simultaneous occurrence of 
mixed crystals and double salts is left completeJy out of consideration 
by him. For this last mentioned case, HOLLMANN deduces a curve, which 
ag rees with that deduced from BARCHET'S observations. Theoretically, the 
solubility~curve is found by drawing the tangents to the C~curve of the 
mixed crystals and the C~surface of the saturated solutions : the points 
of touching at the last surface form together the desired solubility~ 

curve. But the accurate shape of both C~functions being not known, it 
is impossible to get convinced of the fact, that a curve, agreeing in 
shape with that determined experimentally, should not as well be valid 

I) E. BARCHET, N. Jahrb. f. Miner., etc. Beil. Bnd. 18, 377, (1904) . 
2) R. HOLLMANN, Centr BI. f. Miner., (1904), 513. 

Proceedings Royal Acad. Amsterdam Vol. XXIX. 
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for the case that only mixed crystals, and no compounds whatsoever, 
represent the solid phase of the system. 

It seems evident from the foregoing, that little hope is left to settIe 
these questions by a repetition of HOLLMANN'S and BARCHET'S experi
ments. Quite independently from this, the problem of the possible 
occurrence of these compounds may, however, also be treated by the 
aid of the results of the structure-theory of the solid state. Then it will 
be necessary to ascertain in the first place, how under these circumstances 
must be understood the expression solid "compound", as contrasted by 
the conception of "mixed crystal". 

§ 2. In the first place is it, therefore, necessary to remember, what 
the ROENTGENographic investigations have taught us about the structures 
of mixed crystals in genera!. 

Mixed crystals may, à priori, be conceived as being built up in th ree 
fundamental ways: 

1st • They represent heterogeneous conglomerates of very smal!. crystal
line parts of the components. 

2nd • They are homogeneous, or quasi-homogeneous, crystals, the con~ 
stituent kinds of atoms or atom-groups substituting each other in the 
regular structure in a completely hasardous way. 

3,d. They are homogeneous crystals, in which the substituting atoms, 
replace each other in a perfectly regular way. 

The way of structure as mentioned sub 1°, which is, already from the 
point of view of the phase-rule, highly improbable, is not confirmed by 
any result of the ROENTGEN~analysis. 

It is true, that the regular distribute of the atoms in mixed crystals, 
as mentioned sub 3rd, is defended more in particulars by TAMMANN I). 
This view was expressed by him in trying to explain the occurrence of 
apparent limits of concentration in such series of mixed crystals, at which 
limits their resistance against chemical attack 'appeared suddenly much 
greater than before or afterwards. Such cases were found in the case of 
mixed crystals between metals, or such salts as NaCI and AgCI. As a 
result of many observations made in his laboratory, it seemed to be 
evident, that, if in the case of these cubic mixed crystals their concen~ 
tration, expressed in molecular fractions of the whoie, the composition 
corresponded to 1/8 mol. of the nobier metal or to a multiple "/8 of it, 
- suddenly an increase of resistance in chemica 1 respect occurred; in the 
case of syncrystallizing metals, simultaneously a sudden change in potential 
with respect to a suitable e1ectrolyte could be observed. Doubt has rightly 
arisen, whether the Iimits indicated here, are really situated at "/8 mole
cules 50 exactly as T AMMANN believes; but die occurrence of definite 
limits of maximum chemical resistance seems to be sure, as also other 

I) G. TAMMANN, Zelts. f. anorg. Chem .. 107. 1. (1919). 
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experimenters. quite independently of him. have found analogous facts. 
lt is worth remarking. that MASING I) and BORELIUS 2) succeeded in 
deducing theoretically the possible occurrence of such Iimits in a series 
of mixed crystals. if it was assumed beforehand. that the way of arran
gement and substitution of the "vicarious" atoms or atoms-groups in 
such mixed crystals is completely haphazardous. But the limits calculated 
by them are not situated at exactly nl8 molecules. 

§ 3. T AMMANN 3) assumes a real difference between solid compounds 
and mixed crystals only at higher temperatures, where appreciabIe "diffusion" 
can take place : from a mixed crystal both species of atoms will then 
diffuse into an outer medium independently from each other, while from 
a crystallized compound they will diffuse together and only in a fixed 
proportion. 

However. with the view. mentioned above. concerning the regular 
distribution of the substituting atoms in a mixed crystaI. T AMMANN comes 
in conflict with the general structure-theory of solid matter, as may be 
seen from the following considerations. 

A "regular" distribution. as meant by TAMMANN. can have no other 
significance in this connection. than that also a mixed crystal is considered to 
be an interpenetration of "homogeneous discontinua" . in which each point 
is surrounded by the other points in an identical way; "identical" here 
being understood in the sense of "congruent" or "equal to its mirror
image". Therefore. the atoms must be arranged in this case in such a 
way, as is described by means of one of the 230 possible space-groups. 
But then there must always be present identical atoms in crystallogra
phically-equivalent positions. In a mixed crystal of a quite arbitrary 
composition. this is eVidently impossible; for to each point of the elementary 
cell. determined by a definite space-group. correspond a number of (n-l) 
equivalent points. if n be the number indicating the special degree of 
equivalence of the point first considered. IE one of these n atoms be 
replaced by another. then the other (n-l) places must be substituted 
simultaneously by the new atom. if the symmetry-character of the 
structure will remain preserved. In most of the real "compounds". n equal 
atoms are situated in such positions. as are characterized by a same 
degree of equivalence n; sometimes in points. for which the sum of the 
degrees of equivalence is equal to n. lt is. therefore •. of ten observed. that 
the ratio of the numbers of atoms or atomgroups of a compound. appears 
to be equal to the ratio of the degrees of equivalence of the positions in 
the e1ementary celI. in which places these atoms are situated. Thus e.g. 
compounds with three (or a multiple of th ree) equal atoms or atom
groups arranged round a central atom. of ten appear to be trigonal or 

I) G. MASING. Zeits. f. anorg . Chem .. 118. 293. (1922) . 
2) G. BORELIUS. Ann. d. Phys .. 74. 216. (1924). 
3) G. TAMMANN. Zeits. f. E1ectrochemie. 28. 36. (1922). 
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hexagonal; such with (our equal atoms or atom-groups of ten appear to 
be tetragonal 1) or cu bic ; etc. 

Because the numbers of the different atoms in a chemical compound 
are always in proportion of simple integers. the structure of the crystals 
is possible according to a simple scheme. But in mixed crystals, in which all 
mixing proportions of the vicarious atoms or atom-groups are possible. 
yet for each concentration a structure is imaginable in which the symmetry
relations of one of the space-groups are valid; but. on the other hand. 
it will of ten appear necessary in such cases. to distribute identical atoms 
over numerous places which are characterized by different values of their 
degree of equivalence; moreover. that distribution will be different for 
each special concentration of the mixed crystal. Also it will be necessary. 
almost in each case. to assume elementary cells of abnormal size, -
the last also necessarily varying with each concentration. This kind of 
structure of the mixed crystals is so improbable. that th is view of it 
may be quietly left out of consideration here. 

No difficulties of this kind arise. however. if an irregular. i. e. statistical 
distribution of the substituting atoms be assumed in a grating, whose 
fundamental dimensions may be derived in an additive way 2) from the 
grating-dimensions of the components of the mixed crystal. VON LAUE 3) 
has shown. starting from a set of premisses. that a mixed crystal built 
up in this way. will give the same. weil defined diffraction-images, as 
the pure components do. In accordance with the additive character of 
the fundamental dimensions. the interference-lines will be shifted somewhat 
with respect to the lines met with in the case of the pure components. 
Although the original symmetry-element'5 are, properly speaking, no longer 
present, because of the unequal nature of the constituting atoms. their 
absence is in no way manifested in the spectrograms obtained. because 
they manifest themselves in a statistical way in the crystal-symmetry, 
and consequently also in the external form . 

§ 4. However. for a rigorous and exhaustive understanding of what 
has been said here about the constitution of mixed crystals. it must be 
remarked in th is connection. that the view of the mixed crystal. just as 
the crystalline pure components. being characterized by a rigorously 
definite periodicity with a mean value between that of the components. 
must be understood with the necessary reserve. Recently FRIEDEL 'I) has 
drawn attention to the facto that the view. according to which in the 
mixed crystal a grating with "mean" values for its parameters is be 

1) Cf. the numerous instances of this in: P. GROTH. Elemente der physikalischen und 
chemischen Krystallographie. p. 273 and following . (1920). 

2) This (apparent) additive character was hitherto stated in all cases. in which mixed 
crystals were studied by means of ROENTGENrays. 

3) M. VON LAUE. Ann. d. Physik. [i]. 56. i97. (1918) . 
") G. FRIEDEL. Compt. rend . Paris. 182. ]i I. (1926). 
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present. may be regarded neither as a logical deduction from the results 
of the experiment. nor as agreeing with the. real state of things. As soon 
as the well known and generally assumed fact be taken into consideration. 
that the place of each atom in the structure depends wholly or almost 
exclusively on the influence of the immediately surrounding atoms. at 
distances which do not exceed a simple multiple of the parameter-Iengths 
in all directions ; and that the far distant particles have. therefore, no 
appreciabie action upon it. - the conclusion mentioned above ceases to 
be a necessary postulate from the experimental results. For in the case 
of an irregular. statistical substitution. it may happen in a domain or 
volume-element with the dimensions of only a few parameter-distances 
in each direction, that occasionally. for instance. only atoms A or only 
atoms B will be present in succession of each other; or that. as in most 
cases. A and B will occur in very different. quite accidental mutual 
succession and in different proportions. In a domain. which consists only 
of atoms A. the parameters can. as a consequence of what was said 
above. only be those. which are valid in the case of pure A; in a 
domain. in which only the atoms B occur. these parameters can only 
have the values valid in the case of pure B; and in all intermediate 
mixtures of A and B. a finite number of parameter-values will occur. 
which lie between those of A and B. and depending as well on the 
proportions of A and B. as on their accidental way of distribution within 
the volume-element considered. Therefore. the apparently definite chemical 
constitution of the mixed crystal can only be a statistical "mean" value 
of all local compositions. which vary from one domain to another. The 
"homogeneity" of the mixed crystal is thus only a quasi-homogeneity. 
its periodicity a quasi-periodicity. Properly speaking. no grating whatso
ever in the strict sen se of the word is present in it any more. showing 
constant parameters of intermediate. .. mean" values. This could only 
occur. if all particles. also those far distant in the structure in its whole 
extension. - or at least within a sp here whose radius should be very large 
in comparison with a few parameter-distances. - manifested their influence 
in fixing the place of the atom originally considered here; - a suppo
sition. which is certainly not true. It can only be proved. that there is 
a chance considerably greater than all others. that a distribution of the 
atoms within a microscopical part of the mixed crystal will actually occur. 
such. th at its action on the pencil of ROENTGEN-rays and the incident 
wave-trains will cause a way of interference. as if a grating with a 
"mean" value of the parameters. determined by the statistical constitution, 
were really present. The chance for th at distribution of atoms is in
comparably much greater than that for all other kinds of distribution. 
deviating from the one mentioned above. lt is that circumstance. which 
causes the behaviour of the mixed crystal with respect to the ROENTGEN
radiation to appear to be that of an apparently rea I homogeneous dis
continuum. with an apparent "grating" of "mean" value. analogous to 
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that of the pure components. However. this phenomenon is in fact a 
mere iIlusion: the mixed crystaI. as has been said already. does not 
possess any real grating at all in the strict sense of the structural theory. 
It is more comparable with a kind of mosaïc. built up by parts of unequal 
magnitude and different chemical constitution ; it is. as said above. quasi
homogeneous. quasi-periodicaI. and possesses only a quasi-grating as 
structural fundament . 

§ 5. Only in the case of some mixed crystals with very simple mlxmg 
proportiom.. an atomic distribution as T AMMANN supposes. would he 
possible. a lthough it is by no means a necessary one. Because of the 
un-equal nature of the constituent components. the symmetry will. in the 
case of an analogous structure like that of the components. necessarily 
be of a lower degree than that of those components. In the ROENTGEN_ 
spectograms a greater number of diffraction-lines would. therefore. be obser
ved than in the corresponding spectograms of the pure components. Such 
crystals would appear. therefore. built up af ter a totally different scheme. in 
comparison with the other members of the series. Such crystals would 
be no longer mixed crystals. but they would ju st possess the true charac
teristics of rea I chemical compounds; the characteristic feature for these. 
- contrary to what is the case for mixed crystals. - is. that crystal
lographically-equivalent placf's of the space-group must be always occupied 
by identical atoms or atom-groups. It was. indeed. experimentally shown. 
that in those cases. in which new diffraction-lines were observed in the 
ROENTGEN-spectograms. the occurrence of chemical compounds had already 
been proved befare by means of therm ic or' electric methods. BAIN 1). 
for instance. found such new lines in the series of mixed crystals of gold 
and copper. in the stoechiometric proportion : 1 : 3. - a facto which he 
erroneously considered to he a corroboration of TAMMANN's theory of 
mixed crystals. BAIN's results were also stated by JOHANSSON and LINDE 2). 

who found new lines in the proportion : I: 1 also. But the last mentioned 
investigators remark rightly. that just at the same concentrations. thermic 
analysis as weIl as electrical conductivity-measurements by KURNAKOW. 
ZEMCZUSNY and ZASEDATALEV 3) have proved the existence of two 
chemical compounds hetween the two metals. Even af ter a long annealing 
of other mixtures of this series. if having simple stoechiometric propor
tions. JOHANSSON and LINDE could not prove the occurrence of new 
diffraction-lines in the ROENTGEN-spectrograms. 

§ 6. The question has aften been discussed. whether compounds and 
mixed crystals. if formed by the same components. must necessarily 
exclude each other. or not? Also in same cases it appeared to he very 

1) E. C. BAIN. Chem. and Metall. Engin .. 26. 655. (1922) ; 28. 65. (1923). 
2) C. H. JOHANSSON and J. C. LINDE. Ann. d. Physik. ['I]. 78. 439. (1925). 
3) N. KURNAKOW and collaborators. Journ. Inst. of Metals. ISS. 305. (1916) . 
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difficult to decide. whether a chemical compound or a mixed crystal were 
present in a special case. 

The not numerous cases. in which these questions could be studied. are: 
1°. The system : ca/cite (CaC03) - d%mite (CaMg(C03b) - mag~ 

nesite (giobertite: MgC03). The external habit of these minerals is com~ 
pletely analogous I). By means of the method of specific weight~deter~ 

mination. RETGERS 2) was not able to decide. whether d%mite is a 
mixed crystal of the series or a compound. However. the complete proof. 
that d%mite is a chemical compound has been given by accurate. crystal~ 
lographical investigation. in connection with the ROENTGEN~analysis. Ca/cite 
and magnesite (giobertite) crystallise both in · the ditrigonal~scalenohedral 
class. By means of the method of corrosion~figures it had al ready become 
probable. that the symmetry of dolomite is not higher than that of the 
rhombohedral class. Indeed. HAGA and JAEGER 3) by means of LAUE~ 
radiograms. obtained by a pencil of ROENTGENrays incident perpendicu~ 
larly to a crystal plate cut parallel to 100011 = \1111. could prove. that 
the three vertical symmetry~planes present in calcite. are absent in dolomite. 
The structure of calcite now. is such. that. if the planes of gliding sym~ 
metry in it be thought eliminated. by the presence of which the one 
half of the Ca~atoms can be brought to coïncidence with the other half. 
the crystallographically~equivalent places. originally occupied by Ca~atoms. 
will be simultaneously differentiated in two kinds of positions. which are 
no longer equivalent to each other. Thus at the same time the oppor~ 
tunity is created. to substitute both kinds of places by Ca~ and Mg~atoms 
alternately; and this is exactly what happens in the "compound" : 
CaMg(C03h. Indeed. ROENTGEN~analysis showed. that the crystalstructure 
of dolomite is in full agreement with this view 1). 

2°. The second known case of this kind. refers to the system: sodium~ 
sulphate (Na2S01) - glaserite (3 K2S01• Na2S01) - potassiumsulphate : 
(K2S01 ). By determination of the specific weights. RETGERS 5) could 
corroborate the view. that glaserite is a "compound" . Also in this case. 
only a slight deviation from the stoechiometric composition occurs. which 
is a consequence of a limited formation of mixed crystals. 

3°. More extensive series of mixed crystals were observed in the 
system: lAl (C20 1hl Na3' 41

/ 2 H 20 -IAI(C20 1hl (NH1h. 3H20 in which 
system at the same time a double salt: lAl (C2 0 1hb Na3(NH1h. 7 H 20 
occurs. 6) 

I) The composition of these minerals sometimes deviates a Iittle from the stoechlometric 
proportion. as a consequence of a mixing of both components within narrow Iimits. 

2) J. W . RETGERS. Zeits. f . phys. Chem .• 6. 191. (1890). 
3) H . HAGA and F. M. JAEGER. Proceed . Kon. Acad. v . Wetensch. Amsterdam. 18. 

5i8. (1916) ; cf. Plate 11. 
1) W . H. and W. L. BRAGG. X -R ays and Crystal-Structure. 3d Edit .• (1918). 112. 
5) J. W. RETGERS. Zeits. f. phys. Chemie. 6. 191. (1890). 
6) G. WYROUBOFF. Bull. Soc. fr . Minér .. 23. 65. (1900); W . STORTENBBKBR. Rec. 32. 

226. (1913). 
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40. In the systems: SrCI2-SrF2 ; BaCl2-BaF2 ; and CaCI2-CaF2 I). 

besides extensive mixing series. also the occurrence of compounds between 
the components in the proportion : I : 1 was proved by means of thermic 
analysis. 

5°. Finally by the same method. the occurrence as weil of continuous 
mixing series from 0 % till 100 % , as of intermediate compounds was 
established in the following systems : 

a. Br-I; compound: BrI. 2) 
b. Mg-Cd; compound: MgCd. 3) 
c. Au-Cu; compounds: AuCu3 and AuCu. 4) 
As has already been said. the last mentioned system has been also 

investigated af ter the ROENTGENographic method by JOHANSSON and 
LINDE. The new diffraction-lines on the ROENTGENSpectrograms were 
not ' only observed in such proportions of both components. as correspond 
with the composition of the compounds mentioned above; but they 
appeared on the fllms also. be it with slighter intensities. if the com
position differed from these of the compounds themselves. until at last 
they disappeared completely. This behaviour is such. as might be expected 
according the theory of the statistical distribution of the isomorphously 
substituting atoms : the absence or presence of certain symmetry-elements 
manifests itself gradually. on approaching the composition of the compounds 
or on withdrawing from it. The transition from the one space-group to 
the other occurs eVidently gradually. 

§ 7. If now the system: MgS0 4• 7 H 20 - ZnS01' 7 H 20 be con
sidered more in detail in the light of what was said in the foregoing. 
we can remark that the occurrence of a continuous mixing series from 
0% till 100 % does not exclude the possibility of the eventual occurrence 
of "compounds" between the components within this. series. It was proved 
in a convincing way. that in the case considered. the crystal-class remains 
always the same throughout the whole series. Not only was it impossible 
to state any deviation in the crystal form 5) of the mixed crystals of 
different composition. but. - what is of high interest. - DUf ET 6) was 
able to prove that a complete proportionality exists between the com
position of the mixed crystals and their middle refraction-coëfficient fJ; 
the same appeared to be true with respect to their specific weights. 

As the pure sulphates crystallize in the class of the lowest symmetry 
of the rhombic system (bisphenoïdal). and as it may safely be assumed 

I) W. PLATO. Zeits. f. phys. Chem .. 58. 350. (1907) . 
2) P . C. E . MEERUM TERWOGT. Zeits. f. anorg . Chemie. i7. 203. (1905). 
3) G. GRUBE. Zeits. f. anorg. Chem .. i9. 72. (1905); G . URASOW. ibid . 73. 31. (1912); 

G. BRUNI and C. SANDONINI. ibid . 78. 277. (1912) . 
1) N. KURNAKOW and collaborators. Journ. Instit. of Meta1s. 155. 305. (1916) . 
5) C. VIOLA. Zeits. f. Kryst .. Festband P . GROTH. 58. 583. (1923) . 
6) H. DUPET. Bull. Soc. fr . Minér .. 12. 22 (1889) . 
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that compounds which are formed by partial substitution of one ,metal 
by the atoms of another. will surely have no higher symmetry than the 
pure components. - it appears evident that an eventually occuring 
compound. within the series considered. of another symmetry than that 
of the components. would only crystallize either in the monoclinic or 
in the triclinic system. A more or less appreciabie alteration of the 
optical behaviour would undoubtedly be than observed at the same time. 

In the rhombic system a compound of the type: Mg 2 Zn (S01h. 
21 H 20 is al ready higly improbable. because of the facto that in the 
space~groups belonging to this system. only I~. 2~. 4~. 8~. 16~. and 32~fold 
equivalent places can occur. A number of groups (S01)' which is equal 
to 3 or to a multiple of 3. can find its place in an e1ementary cell of 
rhombic symmetry therefore only in positions. which are not equivalent 
to each other. In this particular case it can be proved. however. that a 
compound : Mg 2 Zn (SO,h. 21 H 20 is completely impossible here. 

For it has been proved al ready 1). that the space~group of the pure 
crystallized components': Mg501. 7 H 20 and Zn501. 7 H 20 can be no 
other than Vi. and that the elementary cell contains 4 molecules. 

Of mixed crystals of different concentrations. rotation~spectrograms were 
made with successive rotation of the crystals round each of the crystal~ 
lographic axes. From these it was seen. that the identity~distances of 
the mixed crystals did not differ appreciably from those in the same 
direction in the case of the pure components. Moreover. DUFET showed. 
that the specific weights varied practically proportionally to the concen~ 
tration. In each case the elementary cell contains 4 molecules: Mg (Zn) S01' 
7 H 20. A molecule : Mg 2 Zn (S01h. 21 H 20 is. therefore. impossible in 
this series. because the specific weight of it should necessarily be much 
smaller than that found experimentally. if the cell only contained a single 
molecule of this composition. and much greater than the observed value. 
if the cell contained two molecules of it. 

§ 8. By the study of these rotation~spectrograms and of such obtained 
af ter BRAOO's method. in the case of mixed crystals. whose compositions 
deviated only slightly from the proportions : MgS01 : ZnS01 = 1 : 1 and 
2 : I. - it was undeniably demonstrated. that the space~group in these 
cases always remains quite the same. i.e.: Vi' 

From the dimensions of the grating and the specific weights observed. 
it becomes evident. that 2 molecules Qf a compound: MgZn(SO,b. 14 H 20 
would have to be placed into the e1ementary cell , But this cannot be 
done in any way so. that the Mg~ and Zn~atoms shall come pairwise 
in equivalent positions. because the space~group Vi has only fourfold 
equivalent positions. From this the conclusion must. therefore. be drawn. 
that also this so~called "compound". indicated by HOLLMANN as such. can. 
by no means be a true compound. In this connection it is of interest to 

1) H. G. K. WESTENBRINK. these Proceed. 29. (1926). p. 1223. 
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remember. that BECKENKAMP I) in his criticfsm of HOLLMANN's work. 
drew the conclusion. that the elementary cells of the heptahydrates of 
the rhombic sulphates of this kind must contains of 6 molecules or a 
multiple of 6. making the supposition. that the compounds indicated by 
this ,author really existed . In the case of the presence of 6 molecules 
MgS04. 7 H 20 . then respectively 3 X 2 or 2 X 3 of these molecules must 
be thought to be substituted by 3 molecules of MgZn(S04h. 14 H 20 and 
2 molecules of Mg2Zn(S04b. 21 H 20 . Reversely. in this paper. it has 
been proved. that the elementary cell contains -4 molecules MgS04. 7 H 20. 
and from this the conclusion has been drawn. that some errors must 
have been introduced into HOLLMANN's experiments or into his reasonings. 
the occurrence of these two compounds being. from the structure point 
of view. impossible. 
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I ) J. BECKENKAMP, Zeits. f. Kryst., 37, 523, (1903) . 




