
Chemistry. - "The Space-Groups of the Rhombic and Monoclinic 
Heptahydrates of the Sulphates of the bivalent Metals ." By 
H . G. K. WESTENBRINK. (Communicated by Prof. F. M . JAEGER.) 

(Communicated at the meeting of September 25. 1926). 

§ 1. The heptahydrates of the bivalent metals : zinco iron. magnesium. 
etc.. can form isomorphous or isodimorphous series of mixed crystals. For 
some of them the stabie form has rhombic-bisphenoïdal symmetry. for 
others the monoclinic-prismatic forms are the stabier ones. 

The rhombic modification of MgSO". 7 H 20. of MgCrO". 7 H 20. of 
ZnSO". 7 H 20 and of NiSO". 7 H 20 were obtained by slow evaporation 
at roomtemperature of their solutions in water. Their habit is always 
strongly elongated in the direction of the c-axis. Far predominant is the 
prism p 101; of the three pinacoids only 10101 occurs. The experiments 
described in the following pages were chiefly made with the magnesium
salt ; the properties of the other members of this series differ. however. 
only immaterially from those of the magnesium-salt. so that the conclusions 
drawn in that case. may safely be extended to the other salts. 

For the determination of the identity-distances I in the three principal 
directions. three rotation-spectrograms were prepared. in which the crystal 
was successively rotated round the C-. the a- and the b-axis. In these 
experiments a flat photographic plate was made use of. The results 
obtained are reviewed in table I. 

TABLE I. 

(Distance of crysta l to plate: 40 mm) 

Axis of Measured distances between Identity-distances in the 

revolution : the hyperbolae o and 1 : direction of the axes : 

cl) 9.5 mm cOl) = 6.7 A.U. 

b 5 mm ba = 13.0 A.u. 

B 5 mm CO = 13 .0 A.U. 

The data for ao. ba and Co in this table give only the order of mag
nitude of the required distances. not their exact values. To get more 
accurate data for the dimensions of the elementary cello BRAGG-spectro
grams for the best developed faces of 1110 1 were studied. The exact 

I) The axial ratio is expressed by : B : b : c; the dimensions of the elementary cell in the 
corresponding directions are indicated by BO. ba and CO. 
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distance from plate to crystal was determined in this case by simultaneously 
photographing the spectrum on 1100 I of a piece of rock~sa[t. The 
spacings d(1Jo) could in th is way be determined with an accuracy of circa 
0.02 A.U.. when the distance between plate and crystal happened to 

() 
be 60 mmo The value of 2 for the most intense line of MgS04• 7 H 20 

was found to be: 10°30' if copper-K,-radiation of 1.540 A. U. was used 
here. The quadratic equation in the rhombic system having the form: 

. 2 () _ .F h2 l2 k2 l2 [2 
sm 2- 4a6 + 4b~ + 4c6 • 

this equation becomes in the case that the said interference~image is 
supposed to be one of the 2nd order (h = k = 2) : 

sin2 10030' = (I.54~ + (I.5
b
;OF; 

ao 0 

for the planes parellel to p 101 . 
From the very accurately known axial ratio: a: b: c= 0.9901 : 1 : 0.5709. 

it may be. moreover. deduced. that ao = 0.9901 bo• and therefore: 
bo = 12.01 A.U. ; so that ao= 1 I.89A.U. and co = 6.86A.U. respectively. 

It is. of course. à priori not quite sure. that ao : bo : Co is equal to 
a : b : c; but certainly ao : bo : Co may be supposed to be equal to: 
ma : nb : pC. in which ratio m. n. and p are integer numbers. But 
from the rotation~spectrograms it could here be deduced already. that 
m = n = p = 1 in this case. 

If V be the volume of the e1ementary cell (= 12.01 X l I.89X6.86A.U.3); 
s the specifk weight : 1.677. and M the molecular weight of the mag~ 
nesium-salt; 246.49. - th en the number N of molecules per elementary 
cell is calculated to be : 

V X s 
N = 1.64 X M X 10-21 = 4.06. 

i.e . tour molecules of the hydrated salt. 

§ 2. For the identification of the interference~images the rotation~ 

spectrogram obtained by rotating the crystal round the c~axis. appeared 
to be the most suitable one. As ao is practically equal to bo• instead of 
the rigorous quadratic formula: 

sin2 ~ = 0.00419 h2 + 0.00411 k2 + 0.01260 [2 (for K(,,)~radiation) 
the simplified equation : 

sin 2 ~ = 0.004P (h 2 + k2) + 0.0126 [2 

could be used in the analysis of the spectrograms. 

In table II the calculated and observed va lues for sin2 ~ are put 



1225 

TASLE 11. 

(Distance of crystal to plate: 39 mm) 

MILLERian & Distance to the 0 

Symbol : 
Sin2 - (calculated): Sin2 - (observed) : 

2 centre : 2 

(200) 0.0166 10 . - m,m. 0.0157 

(210) 227 13 . - .. 256 

(220) 332 H . 5 .. 3H 

(300) 373 - -
(310) 415 16 . 5 .. 395 

(320) 539 19 . 5 .. 528 

(330) 587 - - ~ 
b 

(400) 664 22 . 5 670 u .. ~ 
(410) 705 23 . 7 728 '" .. "jij 
(420) 830 - - Il. 

,::i 
(430) 0 . 1037 30 . 2 0 . 1050 

~ .. 'e 
0.. 

(440) 1328 - -
(500) 1037 - -
(510) 1079 - -

(520) 1203 32 . 5 .. 1160 

(530) 1411 37.5 .. 1400 

(600) H94 - -

(101) 0.0168 - -

(lil) 210 11.5 ,. 0.0204 

(201) 294 H . 5 .. 314 

(211) 336 - -
(221) 462 - -
(301) 504 19 . - .. 505 

8 
(311) 546 20. - 552 ::t .. b 
(321 ) 672 22 . 5 670 

u .. ~ 
'" (331) 882 - - >-.. 

(401) 798 25 . - 791 0 .. ::/ 
(411) 840 26.- 840 

Ol .. U 
u 

(421) 966 28 . - 938 .ct: .. 
e 

(Hl) 0 . 1176 32 .- .. 0 . 1301 

(441) H70 - -
(5tlI) 1176 32.- .. 1130 

(511) 1218 - -
(521) 1344 36.5 .. 1350 

(531) 1554 - -
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T ABLE 11 (Continued) . 

(Distance of crystal to plate 39 mm) 

MILLERian U Distance to the 0 

Symbol : 
Sin2'2 (calculated) : Sin2 - (observed) : 

centre: 2 

(102) 0 .0546 - -

(112) 588 20 . 5 m.M. 0 .0574 

(202) 672 23 .- .. 693 

(212) 714 - -

(222) 840 26 .- .. 8-+0 

(302) 882 - - Ei 
(312) 924 - :I - .. 

ti 
(322) 0 . 1050 30 . - .. 0 . 1037 ~ ., 
(332) 1260 - - :>-.. 
(402) 1176 

0 - - ., ., 
Ol 

(412) 1218 - - u 
u 

(422) 1344 36. - 1326 
.ex: .. "Cl 
c 

(432) 1554 41 . - 1554 N .. 
(442) 1848 - -

(502) 1554 41 . - .. 1554 

(512) 1596 - -

(522) 1722 44 . 5 .. 1704 

(532) 1932 - -

(103) 1176 32 . - .. 1135 

(113) 1218 - -
(203) 1302 - -
(213) 1344 37 . - .. 1373 

(223) 1470 39.- .. 1465 

(303) 1512 40 . - 1510 8 .. :I 
!l 

(313) 1554 - - ~ 
(323) 1680 43.5 1663 ., .. 
(333) 1890 49.- 1888 è 

" 0 

(403) 1806 
:Il 

- - Ol ... 
u 

(413) 1848 48.- .. 1846 .ex: 

(423) 1974 - - "'2 
<"l 

(433) 2184 - -

(443) 2478 -
. 

-

(503) 2184 - -

(513) 2226 58.- .. 2209 

(523) 2352 - -
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together. with the corresponding MILLERian symbols eventually multiplied 
by the order n. Of these indices the numbers hand k can here. if 
desired. be interchanged. Only the diffraction~lines for Ka~radiation are 
reviewed in the tabie; to show with what accuracy the indices can be 

attributed to the observed lines. also some values of sin 2 ~ of lines not 

observed in the spectrograms are included with the other ones. 
From table II it becomes clear that no certainty is obtained. whether 

the observed lines correspond to (201) or (211) and to (202) or (212). A slight 
difference in the measured distance between plate and crystal has here 

a relative great influence on the values of sin 2 ~ . But leaving these 

uncertain values aside for the moment. it becomes in every case evident. 
that a number of lines occur. for which (h + k) is odd; so e.g.: (210). 
(410). (430). (520). (301). (321). (411). (431) or (501). (521). (322). (432). 
(522). (213). (303). (323) and (413); moreover. such for which (h + 1). as 
weIl as (k + I) are odd I) : (310). (530). (401), (421). and (223); in the 
third place such lines. for which (h + k + I) is an odd number. e.g.: 
(210). (410), (430). (520). (111). (311). (401). (421) and (223). 

From this it becomes sufficiently certain. that the underlying type of 
grating çan be no other than that built up by simple rhombic cells . 

This conclusion is contradictory to an hypothesis made by JACKSON 2) 
concerning his results of the study of paramagnetism of these sulphates 
at low temperatures. According to this hypothesis. the type of grating 
present here should be that with body~centred celIs. But if this were 
true. the intensities of all diffraction~images for which (h + k + I) is odd. 
should appear to be systematically equal to zero. As becomes clear from 
the above. this is not the case. there being. therefore. no reason to 
sustain the hypo thesis mentioned. 

§ 3. There are tour rhombic~bisphenoïdal space~groups. which. in 
WVCKOFF'S notation, are discern:ed as VI. V 2• V 3 and Vi and which 
have. therefore, the symmetry~elements of structur~s built up by inter~ 
calated BRAVAlS' gratings with simple rhombic celIs. Of these space~groups 
VI has only axes of rotation ; V 2 rotatory axes parallel to the directions 
[100] and [010] and screw~axes parallel to the direction [001]; V 3 Possesses 
rotatory axes parallel to [100] and screw~axes parallel to [001] and [010]; 
finally Vi has only screw~axes. Now from the spectrograms af ter 
BRAOO's method. obtained for (100). (010) and (001). it followed already 
that the odd orders of the diffraction~images on these planes have all 
the intensity zero. Therefore. all spacings of the plan es parallel to the 

I) As aa and ba are approximately identical, hand k, and also (h + /) and (k + /), 
cannot be discerned from each other. 

2) L. C. }ACKSON and H. KAMERLINGH ONNES, Phil. Trans. Royal Soc. , A. 224, I, (1924). 
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th ree pinacoids are eVidently halved by the other planes. The only 
space~group possible here can. as a consequence. be no other than Vi' 

Table 111 gives a review of the measured distances d(lJo). from which 
values the dimensions ao. bo and Co and the specifk weight are calculated. 
with the use of the accurately known axial ratio I). 

I TABLE IJl. 

d(lIo): 
Axial ratio Specific Specific 

Salts : ao ba Co weight wllight 
a :b :c: (calculated): (literature) : 

MgSOi. 7H20 8.45 0.9901 : I : 0.5709 11 .89 12 . 01 6 .86 I. 717 1.677 

MgCrOi.7H20 8 . 45 0 .9901 : I : 0.5735 11.89 12.01 6 .89 1.827 1.695 

NiS04. 7H2O 8 . 46 0 . 9804 : I : 0.5631 11.86 12 .08 6 . 81 1.882 1.953 

ZnS04. 7Hp 8 .46 0 .9815 : 1 : 0 . 5656 11 .85 12 .09 6 .83 1. 933 1.974 

§ 4. The monoc/inic modification. The stabIer form. e.g. of FeS01' 
7 H 20 . of CoS04 • 7 H 20. etc .• which were the only salts suitable for 
the following experiments. is monoclinic~prismatic . The flat crystals of 
FeSOi. 7 H 20 ordinarily grow out on a face of 10011. this form . therefore. 
always being predominant. The cobalto~salt crystallizes mostly with 
predominant development of 1101 I. Most experiments were made with 
the iron~salt. The results of the analysis of three rotation~spectrograms. in 
which the crystal was successively rotated round the a~ . the b~ and the 
c~axis . are reviewed in table IV. 

TABLE IV. 

(Distance oE plate to crystal : 40 mm) 
. 

Axis oE Distance oE the first hyper-

revolution : 
. 

bolae to centre : 
Identity-distancC!s : 

a-axis 4 mm ao=15 . 50 A.U. 

b-axis -+.75 mm ba = 13.07 A.u. 

c-axis 3 mm Co = 20.60 A.U. 

For the accurate measurements of the grating~constants a spectrogram 
af ter BRAOO's method was made on (001). this plane being the best 

I) The axial ratios and specific weights are taken Erom : P. GROTH. "Chemische Krystal
lographie". (1908). Volume 11. 
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suited for that purpose. On this spectrogram was found one line belonging 
to the FeSO". 7 H 20 besides the lines of rocksalt. which were simul
taneously photographed. Supposing that this line is respectively of the 
1'1. 2nd• 3rd and 41h order. the results obtained in all these cases are 
reviewed in table V . 

TABLE V . 

Order 
n. ). 

d(ool) =--0 : 1 - d(OQI) . 

number n : 2sin - Co ) - sin lOio 15112" 
2 

1 i . 85 A.U. 5 .005 A.E. 

2 9.70 A.U. 10.01 A.E. 

3 1i .55 A.U. 15 .01 5 A.E. 

i 19 . iO A.U. 20.02 A.E . 

Prom this table it becomes evident. that the identity-distance in the 
direction of the c-axis becomes really equal to the value found by means 
of the rotation-spectrogram. if calculated on assuming it to be of the 
fourth order. To eliminate each doubt about this. attempts were made. 
by much longer exposure. to photograph the lines of lower order. their 
places on the plate now being exactly known. But no traces of one of 
these lines was ever observed. As the axial ratio of the monoclinic 
FeSO".7H02 is : a:b:c = 1.1828: 1 : 1.5427, the distances co. aoand bo 
were calculated to be: co = 20.02 A.U. ; ao = 15.34 A.U. and bo= 12.98A.U . 

The number N of molecules per unit-cell was th en calculated by : 

N= M X ~;';.slO_2" = 16; in this formula V= 15.34 X 20.02 X 12.98 X 

X sin 104°151-'; s = 1,899 and M = 278.01. 
The quadratic equation in the monoclinie system can be written: 

(}.P À 2 À 2 cos P À 2 

sin 2 -2 = ~.----y-:q h2 + A2~ [2 - 2 . 2 P hl + A b2 P . 
""I 8,0 sm t' ""I Co sm t' ao Co sm ""I 0 

Using K ,-copper-radiation. the coefficients for FeS01' 7 H 20 can be 
easily calculated and the formula becomes: 

sin 2 ~ = 0.00268 h 2 + 0.00158 [2 + 0.00101 hl + 0.00352 Po 

The coefficients in it are. however. sosmall. that by its aid the indices 
cannot be attributed to the diffraction-Iines with sufficient accuracy. But 

I) The obtuse angle fJ between c- and a-axis is in the case of the iron-salt : 104°15112'. 
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yet notwithstanding this inconvenience. the space-group could be deter
mined in this special case in the following way. 

§ 5. The simple monoclinie grating r m is the fundament of 4 of the 
6 spacegroups uf monoclinie-prismatic symmetry: C}h. C~h. Cih and C~h. 
In each elementary cell of these four space-groups never more than 4 
equivalent points are present. The two remaining space-groups: C~h and 
C~'I are built up by means of the BRAVAlS' grating r~. the centre of the 
planes (001) of its elementary cells being also occupied by a point. In 
these unit-cells no more than 8 equivalent points can be present. As 
the choiee of the angle fJ in the monoclinie system is arbitrary within 
certain limits. th is grating can also be considered as being built up by 
means of cells of the type r~'. whieh is characterized by the facto th at 
all faces of it are centred. In such an elementary cell 16 equivalent 
positions can be present indeed. The monoclinic FeS01. H02, having 
16 molecules per cello must. therefore. belong to one of the space-groups 
C}h or ~h. Now it was found. that the I st • 2nd and 3rd order images 
on (001) have the intensity zero: the space-group C~h. therefore. appears 
to be the only possible one. because only there the spacings between 
lhe planes (001) of the grating r;' are really quartered by other atomie 
planes. as a consequence of the presence of gliding-mirrorplanes. The 
edges of the elementary cell r;' coïncide with the ordinary crystallo
graphie axes: although the edges of the smallest elementary cell r~. 
therefore. do not coïncide with those axes. it appears. however. unnecess
ary to make another choice of the coördinate-axes here. If the crystals 
were placed in such a position as to make the edges of the cells r~ 
coïncide with the crystallographie axes. it would appear. by using LEWIS' 

transformation-formule I). that e.g. the form 1110 I would get the symbol: 
1 2211 . As the faces of 1110! are predominant. the more complicated 
indices for them are not feasible; so that the new choiee ofaxes can 
hardly be considered as an advantageous alteration. 

In the case of CoS01• 7 H 20. whose axial ratio is: 

a: b: c= 1.1815: 1 : 1.5325. with fJ= 104°40'. 

the spacing d(ool) was found to be: 19.39 A. U. From this it follows. 
that: 

Co = 20.04 A .U.; ao = 15.45 A.U. and bo = 13.08 A.U. 

The specific weight of the salt is. from these data. calculated at : 
1.889 ; by GOSSNER and PETTERSON values were found between 1.948 
and 1.964. aresuIt which may be considered to be in sufficient agreement 
with the calculated value. concerning the rather appreciabIe inaccuracies 
of the measurements of these authors. 

I) Cf. F . M. JAEGER. "Inleiding tot de Studie der Kristalkunde". Groningen, (1924). p. 66. 



1231 

§ 6. Comparison of the monoclinic and rhombic gratings with each 
other. Both types of struetures may be best eompared in eonsidering 
together the simple rhombic eell on the one hand. and the monoclinic 
eell of type r ~ on the other hand. The data required are taken from 
the observations with the rhombic magnesium- and the monoclinic iron
salts. 

In table VI these numbers are reviewed : 

TABLE VI. 

I Rhombic ' grating : \ Monoclinic grating: 

80 11.89 UA .. 15.31 A.U. 

bo 12.01 A.U. 12.98 A.U. 

dJ 6.86 A.U. 20.02 A.U. 

In Fig. 1 
gratings r~, 

the projection is given of the elementary eells of the BRAVAlS' 
and r~" on the plane (010). AB = 15.34 A. U . ; BC = 20.02 

c A.U.; L ABC= 104°151-'. From this follows : 

r 

_--~---~/' DB=22.02 A.U. and BE= 11.01 A.U. The 

.DK:~ ,I leng th of the perpendieular AG. whieh is 
I " drawn from A to BD. is ealculated to be: 

; 13,32 A.U.; therefore, t AG==6.66A.U. 

A 
Fig. L 

Now the dimensions BE and t AG appear 
to be almost identieal with ao and Co of the 
rhombic eells. while also bo has in both 
cases va lues which differ only slightly. H. 
therefore. BE be ealled: c and t AG in the 
same way : a. - then the eorresponding 
distanees in both cases may be eompared 

as is done in Table VII: 

TABLE VII. 

Rhombic grating : I Monoclinic grating: 

80=11.89 A.U. Cl = 11 .01 A.U. 

bo= 12 .01 A.U. bo= 12 .98 A.U. 

Co = 6 .86 A,U. BI = 6.66 A.U. 

Suspicion arises. that bath struetures may be transfarmed inta eaeh 
80 

Proceedings Roya! Acad. Amsterdam. Vol. XXIX. 
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other by relatively small translations and rotations only. H. therefore. 
a yet doser comparison be required. it appears 
feasible to put both gratings in such positions 
with respect to each other. as is drawn in Fig. 2. 

In this figure ABCDEFGH is the monodinic 
cell (r~); the lines KL and NM divide the faces 

---+-v~- AB G Hand D CF E into two equal parts; 

Fig . 2. 

L.HAB= 119°42'; and L.LAB=900. The paral
lelopipedon ABCDMNKL now is almost the 
same as the rhombic cello the original a-axis of 
it having the position AB. and the original c-axis 
the position A{,. 

Finally in table VIII a review is given of the values of the so-called 
"molecular-volumes". i.e. of the volumes of the elementary cells. divided 
by the number of molecules present in each of them: 

TASLE VIII. I 

Salts : Modi/kation: I Molecular volume in A .U .3: I 

Mg-sulfate 

Mg-chromate 

Ni-sulfate 

Zn-sulfate 

Fe-sulfate 

Co-sulfate 

Rhombic 

Monoclinic 

244 .9 

245 .9 

243 .9 

244.7 

241 .4 

244.8 

Groningen. Laboratory {Ol' Inorganic and 
Physical Chemistry o{ the University. 




