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II. Lattice Dimensions and Space-group of Ilraunite. 

RY 

G. AMINOFF. 
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Literat,o·e on braunite trow Liioghan: 

1. 1888. G. FLIN&:, Minerulogiska notiser II. S t0<·kbolm. Bib. till K. Svenska Vet. Akad. JIRndi. 
lid. 13, Avd. II, N:o 7, p . 34. 

2. 1891. --, l\lineralogiska notiser III. Ibid. Rd. 16, Avd. II, N:o 4, p. S. 
S. 1910. --, Bidrag .till Sverigcs mioeralogi 2. Stockholm. Arldv t. kewi, mineralogi etc. Bd. 

3, N:o 36, p. 87. 

Among the finds made during re~ent yea.rs at ·La.ngban are to be noticed 
well-formed crystals of bra.unite. These have been employed for the determina· 
tion of the dimensions of the bra.unite lattice with the help of Laue photo· 
graph (Fig. 1), powder-photograph (Fig. 2) and rotation photographs. 

Rotation photographs were taken both round the c-ai:is and round two 
directions lying in [001], one corresponding to (010] and the other to (110] 
in the orientation of the bra.unite crystals which is used in GoLDBCHMIDT's 
angle-tables. Fe-radiation was employed. 

Rotation axis= [001] 

Layer line I 
> » II 
» » III 
> , IV 
» > ·v 
» .. VI 
» » VII 

Rotation a:tis = [010] 

Layer line I 
» » II 
» l) III 
• » IV 
~ > V 

c= 18,11 ! 
= 18,65 
= 18,H 
= 18,44 
= 18,66 
= 18,44 
= 18,64 

Mean value: c = 18,68 A 

a1 = 13,87 A 
= 13,28 
= 13,12 
= 13,42 
= 13,22 
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Rotation axis= [110] 

Layer line I a1 = 9,61 A 
, • . » II = 9,39 

> » III =9,28 

Mean value: a,= 9,39 A 

As 9 ,311 V2 = 13,28 the lattice whose c-edge = 18,68 A and whose a-edge 
= 13,28 A must be base-centred. As is shown below it is also centred on all 
three pinacoids. 

}'lg. l. Lnue photograph of braunite on {001}. 

From c = 18,68 A a.ud a= 13,28 A ~e get 

C : al= J ,399 : J • 

Thie lattice then corresponds to the axial ratio 1,4032: 1 given in GoLDBCHlllIDT's 
tables . 

. ,Vith the guidance of the above, approximately correct, lattice dimensions, 
more exact values of the dimensions are calculated from the powder photo• 
graph (Radius of the camera= 40 mm, thickness of the prepa.rate = 0,2 mm). 
From the lines whose indices were determined with complete certainty 
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2 
O,:.!00 

0,663 



16 G. AMINOFF1 CONTRIBUTIONS TO THE MINERALOGY OF LANOBA.N. 

are obtained : 
). I 

4
~ = 0 ,00518 

a, . • 

From these are calculated: 

c = 18,93 A 

01 = 13,43~ • 

C: a1= 1,409 : 1. 

From the identity: 

10-~, X a1 c X p = N X Mol. Weight X l,65 X 10-2
' 

is calculated, if p = 4,72 1 a.nd the molecular weight= 608,6 
(calculated for 3 MnMnO8 • Mn Si 0 8): 

N= 16106. 

The cell with a= 13,43 A a.nd c = 18,93 A consequently 
contains 16 molecules 3MnMnO8 • MnSiO8 • The composition . 
of the bra.unite from La.ngban corresponds very nearly to 
this theoretical composition. The formula requires 1O,0 % 
of SiO,, while two analyses made by the author gave 9,60% 

and 9,49 % respectively. FLINK (2) found 9,89 %. 
To discover whether the lattice c = 18,93 A, a= 13,43 A 

is centred on all three pinacoids the Laue photograph bas 
been employed. The interference spots lying nearest to the 
central spot correspond to the form {911} . 

From the formula 

in calculated 

¼11 = 0,23 A I 

which value fairly well corresponds to lmin for the voltage 
employed. With the help of an index-field were construct· 

1 G. FI.INK, (2), p. 8 . 
1 For an exactly orientated cryatal. Actually, the crystnl being 

slightly inclined, wnve,lengtba down to 0,111 A could be detecte1l for {911} 
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ed all possible in<lex combinations corresponding to reflections of the · first 
order, i.e. with wave-lengths between 0,23 and 0,46 A. Such a construction was 
made for index combinations with l = I, 2 and 3. 

l=l : 

Possible reflections between 0,23 A and 0,46 A (those italicized actually appear on 
the plate). 

541 551 
631 641 651 661 
701 711 721 731 7-n 751 
801 811 821 831 8-U 
901 911. 

No reflections occur from planes with mixed indices. 

1=2: 

Possible refl ections between 0,23 and 0 ,46 A: 
762 772 
852 872 
902 912 922 932 942 

10·1·2 10·3·2 10·5·2 10 ·7·2 

962 

11 · 0 · 2 11·1 · 2 11 ·2·2 11·3·2 11·4 ·2 11·5 · 2 11 · 6·2 
12·1·2 12·3·2. 

982 
992 

None of these reflections, which all (of the first order) have mixed indices, 
appear ori the plate. 

1=3: 

Possible reflections between 0,23 and 0,46 A: 
883 
973 983 

10·5 ·3 10·6 ·3 10·7·3 10· 8·3 10·9·3 10·10·3 
11·0·3 11 · 1·3 11 ·2 ·3 11·3·3 11·4·3 11·5 ·3 11·6 ·3 11·7·3 11 · 8·3 

11 · 9 ·3 ll · 10·311 ·11 · 3 

12·0·3 12·1·3 12·2·3 12·3 ·3 12·4·3 12 ·5·3 12 ·7·3 12 ·8 ·3 
13 ·0·3 13·1 · ,f/ 13·2·3 13·4·3 13·5·3 13·6 ·3 13·7 ·3 13·8·3 
]4·0·3 14· 1 · 3 14·2·3 14·3 ·3 14 ·4·3 14 ·5·3 14 ·6·3 14·7·3 
15·0·3 15·1·3 15 ·2·3 15·4·3 15 ·5·3. 

No reflections with mixed indices are found. 
Within the investigated area of the index-field lie 80 index-combinations 

with mixed indices. None of these are visible on the plate. From this one 
Kungl. 8•. Ytl . .Akacktnima Honrllingor. Bond 9. N:o S. 2 
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should be justified in drawing the conclusion that the lattice is face-centred. 
In the following consideration, therefore, we reckon with a body-centred lattice 
(r,') whose a-edge is 

a, 13,435 r 
a1 = ,/- = ~--=- = 9,60 .a 

r2 r2 

and whose c-edge is the same as in the surface-centred lattice, or 18,!13 A. 
The axial ratio is 

C : a1 = 1.9116 : 1. 

This cell contains 8 molecules of 3 MnMn01 • Mn Si 0 5 , i .e. 32 Mn++, 
2-l Mn++++, 8 Si++++, and 96 o--, or together 160 ions. 

The quadratic form for this lattice is (Fe«•radiation): 

sin1 i = O,01oau (H1 + K') + O,oo:!61 L1
• 

With these constants, the powder film was deciphered (Table 1). 

Table 1. 

1,ine no. Intensity mm I sin' meas. sin' cnk. HKL 

v.· - 32& 

I 
0,o.120 0,o.118 oo, 

2 w 44,2 0,0766 0,0i68 213 

3 w- 62,1 0,108 . 0,t<M 310 

-I etr 67,5 I 0,124, 0,124 22-1 

6 w- 62,3 

I 
0,1411 0,Hf> 3U· 

6 m 66,t 0,167 ( 0,166 ( 400 

I 
\ 0,167 \ 008 

7 rn ,3,9 0,200 0,200 326 

8 w 86,r, 0,260. 0,251 4:ll 

0 w 03,2 0,304 {0,SM ( Oi 
0,805 I 309 

10 st.r !l8,1 0,882 { 0,1131 I uo 
0,saa \ 408 

11 w 107,a 0,887 ( 0,887 ( 437 
\ 0,888 \ 419 

12 w 110,◄ 0,◄06 0,407 613 

13 w 113,8 0,427 0,427 Ml 

14 m+ 118,2 0,"1;5 0,45ft 62-t 
}j m 119,2 0,tr.o 0,459 2 · 2 · 12 

16 w 123,7 0,4148 0,-190 63:} 

17 w+ 126,4 0,500 0 ,498 H8 

18 w- 137,2 0,572 0,57& 7:!;J 

]9 " }j2,3 0,663 0,1168 ·soo 

20 lii-1,2 0,678 0,676 
( 7H 

m I 811 

21 w 158,!! 0,897 0,697 Mo 
22 m 176,4 0,808 0,l\08 764 
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The determination of the indices on the rotation films was greatly hamp• 
ered by the large dimensions of the lattice. It was, however, possible to effect 
a determination of the indices on the rotation film round c and in the equator 
on the rotation film round the edge (101): (001) (face centred ln.ttice). · In Table 2 
the results of these determinations are given in syrnbols corresponding to body-
centred lattice. 

Table 2 . 

Rotation axis"'"' c. 
L=O: 

400 440 800 820 840 
nt 11tr DI w str 

L-1 : 

431 621 otl 741,811 831 
w+ w- m m m 

· l.=2: 

332 612 642 822 7ii2 
w w- w- m D1-

I.=3: 

213 323 623 613 63:J i23 663 
w w w Ill m DI w 

I.-4 : 

224 314 624 71', 664 OU i:H 7,H 
Htr w- str l\' w m 11tr 

L=5: 

32ii Ul6 636 726? 600 
str w w- w- Rtr 

Uot11tiun nx is-= (101): (001). 

H±K = O: 

224 008 332 336 HO 2 · 2 · 12,I H8Ji 2 · 2 · 12 448 l · 1 · 1-l 
str m \V w Ill+ ,,·- w- str str- w 

0 · O · 16 3 · 3 · 1-l uo, 
str w 11t.r 

No observations are made that indicate that bra.unite bas a lower symmetry 
than tetragonal holohedral (D,h). The Laue photograph also shows full tetrago­
nal symmetry. ,vben the lattice is surface-centred, therefore, the only groups 
that can come into question are: 

Dn 1s 111 d D20 
4h, D,b, D,h llll ♦b • 

No reflections hu.ve been observed with complete certainty which exclude any 
of these space-groups. Therefore, if one wishes to try to determine the space­
group, it is necessary to employ the criteria afforded by the absence of reflec­
tions, 11, method which will be justifiable in this case, where atoms reasonably 
occur in the most general positions. 
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The space-groups D!~-w vary chiefly in respect to reflections of the type 

HHL. While D!~ and D!! do not systematically exclude any kind of such 

reflections, in D!: and D]~ HHL-reflections can only appear where 1 

2H+L=4p (1) 

Within the areas photographed a large number of reflections of the type 
HHL may occur: 

H=0: 

Occurring: 

Absent. 

004 

006 

008 0·0· 1G (0 · 0 · 12 coincides with 2 · 2 · 12,1} 

0·0·10 0·0·14 

The reflections which occur satisfy the equation (1), while those which 
are absent do not. 

H=l: 
On one rotation film occurs 1 · 1 · 14, which satisfies the equation (1), while 

on the other hand 118, 1 · l · 12 and 1 · 1 · IG, which do not satisfy the equa· 
tion, are absent. 

H=2: 
224 and 2 · 2 · 12 occur and satisfy the equation (1). 226, 228, 2 · 2 · 10, 

2 · 2 · 14 and 2 · 2 · 16 are absent. Of these 228 and 2 · 2 · 16 satisfy the equation (1). 

H=3: 
332, 336 and 3 · 3 · 14 occur. These satisfy the equation (1). 334, 338, 

3 · 3 · 10 and .3 · 3 · 12 are absent. Of these 3 · 3 · 10 satisfies the equation (1). 

H=4: 
440 and 448, which both satisfy the equation (1),. occur. 442, 44-1, 4-16, 

4 · 4 · 10 and 4 · 4 · 12 are absent. Of these 44-l and 4 · 4 · 12 satisfy the 
equation ·(1). 

H=5: 
No reflection observed with certainty. 

H=6: 
664, which satisfies the equation (1), occurs. 660 and 6G2 are absent. Of 

these 660 satisfies the equation (1). 

Thus all the observed reflections of type HHL satisfy the equation (l), ,o 
i.e. are the only kind of HHL reflections which are permissible in D!: and D,1i, 

D!: and D!~ are further distinguished from D~~ and D!: in that they do 
not permit of other reflections of type HKO than such in which H and J{ 

are even numbers. Nor has any reflection HKO, where H and K are odd 
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numbers, been observed with certainty. A very fa.int reflection can be identified 
as 510, but it coincides with -140,1, for which reason it -cannot be regarded as 
certain. 

Conuitions with regard to reflections of types HHL and HKO thus speak 

strongly in favour of one of the groups Dl: or D~~ . 
Groups D~: and D;~ are distinguished from each other as regards reflec­

tions of type "HOL in that D!~ does not permit of reflections of this type. in 
odd orders. No reflection HOL in odd orders has been observed, although a 
large number of such reflections may occur within the areas photographed. 

This regularity also speaks in favour of Di~. To the extent that it bas ~een 

possible to investigate it, therefore, the intensity distribution indicates D;~ as 
the most probable space group for braunite. 

In group Di~ there are two kinds of eight-fold positions, four kinds of 
sixteen-fold positions, and one kind of twenty-four-fold positions. It would 
hardly be possible to deduce the arrangement of the 160 atoms tha.t bra.unite 
contains. A certa.in interest a.ttaches, however, to a comparison between the 
structure of synthetic Mn,Oa deduced by Z.a.CHARUSEN l and the braunite cell. 
For MniOs ZAcHARUBEN found: Space group T6

, z= 16, a=9,41 ± 0,01 A. The 
dimensions of bra.unite are: a=9,tioA, c=18,llB A, z=32 molecules (8/,Mn+ 
1/ , Si),O3• The cell of braunite is thus very nearly double as high as that of 
manganic oxide and has an a-edge which only differs from that of manganic 
oxide by 0,09 A. Geometrically the bra.unite cell is obtained by joining two 
ma.nganic oxide cubes.• 

The bra.unite cell contains double as many molecules R1O3 as Manga.nic 
oxide, in braunite however 7/ ~ of the R atoms are Mn atoms, while 1

/ , a.re 
silicon atoms. Attempts have been made to utilise the atom parameters of 
manganic oxide with the object of finding the atom arrangement of brauuite, 
but no certain results have been obtained. 

The angleR which have been measured on the crystals employed for X-ray 
investigations differ so slightly from those given in GoLDBCH.MIDT's tables that 
it has not been considered necessary to calculate a. new axial ratio. The 
following forms were observed for these crystals' (face-centred lattice): 

m a e 
{100} {110} {101} 

X 

{311} 
y 

{313} 
C 

{001} 

FLINK: (2) bad previously found the following forms for bra.unite crystals from 
Langban: 

1 Zcltacbr. C. Kri11t. 67 (1028), p. -'of>. 
' Corup11re •trirutlles•. V . M. (;oJ.D!lCH)lmT, Geochcru. \"erteilu11g11gesctze der Elemente 

VI (1926), p. 18. 
1 Two or the cry11t11ls mel1s1tred 11re repro<lu<•ed In Figs. S m,d 4 . 
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C 

a 

Fig. 3. Cry11tal of brnunite. 

l 
{221} 

0 

{338} 
i 

{134} 

Fig. 4. Twin r.rystnl or braunitc. 

s 
{l55} 

t 
{378} 

Twinned crystals from Langban are mentioned and reproduced by FLINK (3). 
The symbol for the twinning plane is: 

face-centred lattice 
body-centred lattice 

{112} 
{102} 


