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indicates that the type 4H must have been formed in
the initial stages of crystal growth and later trans-
formed into the rhombohedral polytype 12R owing to
layer displacements. This explanation is supported by
the X-ray photographs of the second crystal, which
was similarly found to be a mixture of type 12R (upper
part) and 4H (lower part) in syntactic coalescence with
each other. The arcing was found to be present to an
even greater degree. The third crystal was identified as
a mixture of 12R and 16H in syntactic coalescence with
each other. It could not be ascertained in this case
which of these belonged to the upper or lower part,
respectively, of the crystal. However, the formation of
a type 12R from 16H, or vice versa, can, in principle,
be understood on the basis of layer-transposition
mechanism.

Out of the two possible structures of 12R, the for-
mation of structure (a) is less probable than the struc-
ture (b) theoretically also. The structure (b) is formed
by slip between the molecular sheets themselves which
are held together by weak van der Waals forces of
attraction and can therefore easily slip with respect to
one another under a small stress. The creation of
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structure (g) will need the mutual displacements of
layers within a molecular sheet itself, which is highly
unlikely as the forces within a sheet are purely ionic
in nature giving rise to a strong binding.

The type 12R, because it can be generated from the
common type 4H, should be expected to occur more
frequently than any other rhombohedral polytype of
cadmium iodide. This conclusion is substantiated by
the observation of three crystals of this type.

We are grateful to Mr G.K.Chadha for useful dis-
cussions and for his help in the intensity calculations
with computer. We also wish to thank Dr K.D. Chaud-
hari for his kind encouragement. This work has been
done under a C.S.I.R. scheme.
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The Crystal Structure of Pyroaurite®
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Rhombohedral pyroaurite (R3m, a=3-1094-+2, ¢=23-4117+9 A, at 21°) consists, like hexagonal
sjogrenite (P6/mmc, a=3-113+3, c¢=1561+1 A), of positively charged brucite-like layers
[MgsFel(OH); 62+ alternating with disordered negatively charged interlayers [CO3.4H2012- (Z =} for
pyroaurite). Mg and Fe are randomly distributed among the octahedral positions. The OH layer
sequence in pyroaurite is ~-BC-CA-AB-BC—-. The water molecules of the (liquid-like) interlayer prefer
positions about 0:56 A off the threefold axis connecting two OH groups of adjacent brucite-like layers.
The following distances were found: Me-OH 2:06, OH-OH 2:72 (3x) and 3-11 (6 x), OH-H20
293 A; / OH-H,0-OH 158°. During the refinement with 283 reflections the residual dropped to

R=61%. The interlayer only contributes to the 00/ and 10/ reflections.

Introduction

The carbonate-hydroxides MgeM3I(OH),;CO;.4H,0
(M =Fe, Al, or Cr) are known to occur in two di-
morphic forms: the hexagonal sjégrenite group has
a~3-1 and c¢~15-5A; the rhombohedral pyroaurite
group has the same a value but ¢ is about 232 A
(Aminoff & Broomé, 1930; Frondel, 1941). The two
forms are very similar in their physical properties and
are therefore nearly indistinguishable without the help
of X-rays. According to Frondel (1941) the species in
this group of minerals are the following:

* Work supported by the National Science Foundation
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1 Permanent address: Mineralogisches Institut der Univer-
sitdt Marburg, Germany.

Mur Space group R3m Space group P6/mmc
Fe Pyroaurite Sjogrenite

Al Hydrotalcite Manasseite

Cr Stichtite Barbertonite

The best single crystals are available for the iron
compounds sjogrenite and pyroaurite. The crystal
structure of the hexagonal sjogrenite has already been
reported (Allmann & Lohse, 1966: a=3:113+3, c=
15-61+1 A). It consists of positively charged brucite-
like layers [MgsFe,(OH)is]2* and negatively charged
interlayers [CO;.4H,0]2~. Since it consists of two kinds
of layer this structure has been called a hybrid layer
structure (Evans & Allmann, 1967). The brucite-like
layers are stacked very regularly and form the back-
bone of the structure. These layers are separated by



RUDOLF ALLMANN

single layers of oxygen atoms (hereafter called inter-
layers) representing water molecules and carbonate
groups, which are extensively disordered in their posi-
tions. Preferred loci for these oxygen atoms could be
found at about 0-5 A radially distant from the three-
fold axes that connect the OH groups of two adjacent
brucite layers. No preferred positions could be found
for the carbon atoms of the carbonate anions.

The CO3%~ anions are situated horizontally within
the interlayer planes. According to the given formula,
8 unit meshes of one interlayer contain 4 water mol-
ecules and one carbonate anion. Because a non-rotating
CO; group needs the place of only 3 unit meshes, there
is room for one more water molecule. This fifth water
molecule would raise D, from 2-10 (for 4H,0) to
2:16 g.cm~3 (for SH,0). The presence of some excess
water is indeed indicated by many analyses as well as
by the measured density of 2:11 g.cm=3 (Frondel, 1941,
reports 2:11 for sjogrenite and 2-14 for pyroaurite).

The aim of the present structure determination is to
find out whether, besides the difference in the layer
stacking, there are significant structural differences be-
tween sjogrenite and pyroaurite in the layers them-
selves. Furthermore pyroaurite is a model structure
for many synthetic hydroxides and hydroxy-salts (e.g.
Feitknecht, 1953); two of these have already been
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found in nature: 4Ni(OH),.NiOOH (Jambor & Boyle,
1964) and 4Mg(OH),.(Ni,Fe)OOH (Lapham, 1965).
Eardleyite, (Ni,Zn);Al,(OH);4CO;.4H,0, also may
have the same structure (Anderson & Whelan, 1962).

Experimental

Platy samples of sjogrenite-pyroaurite from Lingban,
Sweden, were studied in this investigation. Mostly they
were intergrowths (001) [100] on (001) [100] of the two
phases, pyroaurite forming the outermost layers, i.e.
the layers grown last. Precession photographs of the
easily oriented plane (001); showed whether the crystal
under examination was pure pyroaurite or not. If not,
medium strong 100 reflections occurred besides the
strong 110 reflections. Then the crystals were adjusted
with a* parallel to the dial axis and an (010); pattern was
taken. This is the best plane in reciprocal space to de-
cide whether one is dealing with sjégrenite, pyroaurite,
or an intergrowth of the two (Fig.1). By comparing
the intensities of hexagonal and rhombohedral reflec-
tions one can also estimate the relative amount of each
phase. The (1T0); pattern is exactly the same for both
phases and therefore cannot be used to distinguish
them. Furthermore, because the two structures differ
only in the stacking sequence, all rows parallel to ¢*
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Fig.1.

Reciprocal lattice planes (010)o* of pyroaurite (right half of the Figure with £=0, 1, 2, 3) and sjégrenite (left half with
-3, =2, —1, 0}, as obtained by precession films with Mo K« radiation and u=30°.
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with —h+k=23n are identical for the two phases. So,
for instance, the rows [001]5, and [001]3, of the (010)q
net are also indistinguishable.

With the use of precession photographs as a guide,
an intergrowth of pyroaurite and sjogrenite was cut
with a razor blade parallel to (001) until a piece of pure
pyroaurite remained. It had the following dimensions:
0-06 (¢) x 0-2 (b*) x 0-3 (a) mm3. This single crystal was
used for the intensity measurements and for getting
the following data:

a=31094+2, ¢=234117+9=3x7-8039+3 A
Formula [MggFel(OH),s]>+{CO;.4H,0]>-
V=196-02 A3, Z=3/8

Dp=2-13+1, Dz=2-102 g.cm™3

Space group R3m .

The lattice constants were obtained at 21°C from a
(010); back-reflection Weissenberg film with Cu Ko-
radiation (do; =1-54051, Aa,=1-54433 A) and were re-
fined with the help of the least-squares program LCLS
of C.W.Burnham.

Because of the non-integral value of Z, Frondel
(1941) had doubled the values for both @ and c, thus
getting Z=3. But there are no reflections even on over-
exposed films to justify this doubling. If there is an
ordering of Mg and Fe, which differ considerably in
scattering power, at least some additional weak reflec-
tions should occur indicating this ordering. But even
in the small cell found by X-rays one gets an integral
Z value for the brucite layers, if one writes it
(Mg, Fe) (OH),. Then Z equals 3. The interlayer, how-
ever, is completely disordered and behaves more like
a liquid. This will be discussed later. Because of the
statistical distribution of Mg and Fe in the brucite

THE CRYSTAL STRUCTURE OF PYROAURITE

layer, the formula need not be stoichiometric and the
ratio Mg:Fe may well differ from 3:1.

The X-ray intcnsities were measured on an auto-
matic Supper—Pace diffractometer with [100] as rotation
axis: equi-inclination Weissenberg principle, Mo Ka
radiation, Zr filter, step scanning. 744 reflections in the
four layers (100);, i=0,1,2,3 were measured and cor-
rected for absorption (u=17-3 cm~) by the GNABS
program of C.W.Burnham. Equivalent structure fac-
tors were then averaged, yielding a set of 283 inde-
pendent F, values (Table 1). 87 reflections were meas-
ured once, 109 twice, 6 three times, 58 four times, and
23 five or more times. 22 reflections out of these 283
were too weak to be measurable.

The symmetry in reciprocal space is somewhat higher
than required by the Laue group 3m, because F(hkl)
equals F(hkl) not only for the hhl reflections, but for
all reflections with —A-+k=3n. These reflections were
also considered to be equivalent and were averaged
before being included in the final set of 283 independent
reflections. This special symmetry is possible only if all
atoms are placed on threefold axes or if their z co-
ordinates are equal to »n/6, n integral.

Structure refinement

It was already known (Allmann & Lohse, 1966) that
the sequence of the OH layers in pyroaurite is
—~BC-CA-AB-BC- and not the only other possibility
—-CB-AC-BA-CB- (A4,B,C standing for the three
threefold axes in x,y=0,0; %,%; 4,%). Therefore the
refinement could be started with already good approx-
imations. The same scattering factors were used as for
sjogrenite: O~ and 1(3Mg2+ + Fe3+) from International

Table 1. Observed (F,) and calculated (F, with interlayer, F,, without interlayer) structure factors of pyroaurite
The sequence of the columns is /, k x Fo, k x F/, k x Fe, if four columns (i.e. for 00/, 10/, 11/, and 20/); and /, k x Fo, k% Fe, if

three columns (k = 60-47 if referred to the hexagonal cell setting).

by *.

0,04t Tals 2: 100
33049 4397 2899 0 3036 2849 2878 =44 &S
6 3532 2023 3285 3 2451 2392 2364 =41 Bw
9 808 410 =574 6 1454 1378 1403 =38 120
12104 195 935 9 54T 573 551 =35 344
15 243 789 261 12 384 376 395 =32 Sl0
18 17ve 1432 1835 15 618 659 643 =29 605
21 1392 losl 1362 18 1067 1059 1071 =26 493
24 1661 1375 1599 21 1154 1235 1225 =23 320
21 823 wed 697 24 1070 1076 1083 =20 191
30 545 392 322 21 656 702 696 =17 335
33 see 127 28 30 293 323 32¢ =14 o738
36 231 9 171 33 102 104 100 =11 1227
39 lew 200 144 36 8le 82 85 -8 1536
42 388 301 343 39 133 175 173 -5 1533
45 356 3ls 283 42 303 267 288 -2 1050
43 281 235 257 45 316 279 278 1 558
4 31
lave 2,0.L 7 6ls
-7 1¥2 116 105 46 B5e T4 75 10 942
4 d4e 45 57 -43 168 207 206 13 1258
—41  d4s 43 27 ~40 392 383 363 16 1146
=38 16l 176 197 =37 aBé 453 452 19 862
-35 459 438 410 “34 A28 Al5 416 22 a2
“32 T3 126 T80 -31 285 272 270 25 112
-29 815 8719 832 -28 720 151 153 28 T3e
-26 832 w91 862 -25 189 217 214 31 210
-23 431 936 &6 -22 552 351 360 34 406
-20  3s7 314 48 -19 1104 1089 1085 31 416
-17 325 471 336 -16 1536 1555 1559 40 278
~14 1450 1179 1355 ~13 1669 1686 lé61 43 139

-11 22¢6 2430 2204 -10 1304 1308 1314
-8 4005 3435 3717 -7 7191 723 716 202,
-5 3484 3396 3060 -4 377 379 387 o urs
-2 2319 2113 2485 ~1 874 685 656 3 991
1 Bés 562 134 2 1a73 1427 1436 6 o628
& 310 36 387 5 2209 2095 2087 9 381
T S21 762 AsL 8 2161 2175 2182 12 202
10 2442 1863 2108 11 1671 1649 1642 15 338
132266 2334 2192 14 897 913 918 18 568
16 £329 2159 2307 17 381 392 387 21 655
19 133> 14631329 20 241 262 265 24 629
22 714 706 793 23 399 428 42> 27 4ss
25 209 209 201 26 593 651 653 30 197
28 233 187 239 29 704 133 31 33 85e
31 Jus 325 285 32 577 8le 617 36 85e
36 479 483 514 35 331 378 377 39 123

37 A58 520 496 33 138 1354 155
40 481 412 429 41 Bes 39 Y 3,0,L
a3 210 232 219 44 Bee 42 42 1468
46 139 ®l 9% 3 1283
6 Teb

The unobserved reflections are given as Fmin/)/3 and are marked

9 418 401 -5 77 700 3 630 628
40 12 217 266 -2 508 486 6 372 404
37 15 430 418 1 320 258 9 200 168
137 18 656 677 4 171 168 12 19 131
330 21 8oL 82l 7 255 266 15 229 221
532 26 705 T45 10 425 472 18 349 375
625 21 494 501 13 653 630 21 473 A1
545 30 266 236 16 831 628 26 467 439
349 33 8re 78 19 440 466 21 301 305
212 36 87e 45 22 241 251 30 183 152
315 39 129 140 25 145 102
12 42 217 213 28 a4e 78 2L
1238 45 299 224 31 166 167 =19 292 332
1588 ~16 437 439
1517 LN T 343sL 13 419 438
1073 =37 331 316 0 587 563 =10 308 328
568 =34 327 286 3 465 489 -7 226 186
366 =31 163 180 6 310 317 =% 155 118
s74 =23 820 93 9 156 159 -1 177 1719
988 =25 169 121 12 125 108 2 365 33
1268 =22 3%l 325 1 17T 179 5 Sek 478
1212 =19 655  ble 18 339 300 8 547 513
872 =16 21 83 21 426 376 11 482 416
455 =13 8le &Sl 14 326 251
177 =10 635 646 440,L 17 8ce 119
125 ~r 370 373 =35 186 234
233 ~4 195 240 =32 385 367 5+0sL
362 -1 400 367 =29 453 422 -22 238 203
399 2 659 82 =26 367 358  ~-19 412 389
322 S 94 969 =23 192 220 -16 510 491
136 8 97y 1026 =20 123 124  -13 516 491
11 786 817  -17 221 181  -10 373 366
14 499 479 -14  4l2 407 -7 224 206
urmn 17 214 212 -1l 450 69 -4 187 129
1020 20 125 144 -8 907 668 -1 229 199
5T 23 a1 251 =5 848 Blé 2 366 315
325 26 432 406 -2 589 370 s 527 538
215 29 480  AT6 1 287 304 8 610 577
345 32 480 413 4 1718 197 11 515 466
568 35 235 261 7 319 311 14 339 278
699 38 150 113 10 525 547 17 206 128
642 13 765 125 20 123 92
436 35240 16 7150 T19 23 200 160
207 -32 339 329 19 573 532
71 -29 421 376 22 315 284 W1l
60 -26 262 M8 25 149 113 -1l 421 T3
121 ~23 185 195 28 &7e 8% -8 46 459
-20 80s 110 31 156 162 =5 461 428
-17 160 158 36 206 254 -2 296 301
1466 =14 308 35¢ 1 148 16%
1270 -1l S66 600 4sloL 4 8s5e 109
814 -8 727 148 0 Tak 724 7 167 70
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Tables for X-ray Crystallography (1962). The interlayer,
3$CO;+4H,0, was approximated by an O~ ion at
0,0, with a high thermal vibration perpendicular to
[001]. The unobserved reflections were included with
their most probable value: Fuin/}/3. With anisotropic
temperature factors the residual dropped in four cycles
of least-squares refinement to R=6-1% (R=5-8% for
the observed reflections alone) (program of Busing,
Martin & Levy, 1962). The final coordinates and tem-
perature factors (A2) are compared with the starting
parameters taken from the sjOgrenite structure in
Table 2. Next an attempt was made to approximate
the interlayer by distributing the pseudo-ion O~ over
six sites of position 18(g) in 0-185,0,%. These points
are on twofold axes about 0-56 A off the threefold axis
through 0,0,%. The parameters of (Mg,Fe) and OH
did not significantly change in this refinement; for the
20~ in 18(g), B;; became 10-6+ 16 and Bi; 242 +26.
The residuals were the same as for the first approxima-
tion (6:1% and 5-8%).

The calculated standard deviation of zow is only
+0-002 A. This value really may be somewhat higher,
but zoy is the only positional parameter to be refined
using the set of the 283 measured reflections. Even if

Fig.2. Electron density section ¢ (x,y,%) of pyroaurite through
the interlayer in e.A-3. The electron density is everywhere
positive; the 0-5 line is broken.
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o(zomn) is greater than + 0-002 A, the standard devia-
tions of the distances given in Table 4 will still be less
than 0-01 A.

If the interlayer is omitted in structure-factor cal-
culations, the residual becomes R=10-6%. By com-
paring the rows separately, one can see that the inter-
layer contributes only to the 00/ and 10/ reflections,
as was found in sjogrenite too (Table 3).

In Table 1 the observed and calculated structure
factors are given with inclusion of the approximated
interlayer (parameters in Table 2). For the reflections
00/, 10/, 11/, and 20/, F, values also are given, which
have been calculated without the interlayer.

If the interlayer were completely disordered, only
the 00/ reflections would be affected by it. Its influence
on the 10/ reflections, however, shows that there is a
concentration of scattering matter around (0,0, %). This
can best be seen on the electron density section g(x, y,%)
(Fig.2; for comparison: ¢(0,0,0)=116 e.A-3) and on
the electron density projection g(x,z) (Fig. 3).

Description and discussion of the structure

Pyroaurite is built up of brucite-like layers
[(Mg, Felll) (OH),]>25* with an OH sequence
—BC-CA-AB-BC-. The distance between two adjacent
metal layers equals ¢/3=7-80 A. Because the brucite
layers are only about 4-9 A thick, an empty space of
about 2:9 A is left between them. This space is occu-
pied by a disordered interlayer [$CO;++iH,010-25-,
The water molecules prefer a place about 0-56 A from
the line connecting two adjacent OH groups. 0-56 A
is the mean square thermal displacement resulting from
B;;=31 A2. About the same value follows from the
interpretation of Fig.2.

The interatomic distances that result from the given
coordinates, with interlayer H,O in position 18(g):
0-185,0,%, are given in Table 4. The distances parallel
to the z axis between layers are the same in pyroaurite
and sjogrenite: Mg, Fe layer to OH layer 1-02 A ; be-
tween OH layers in brucite layer, 2:04 A; OH layer to
interlayer, 2:88 A.

The thermal vibrations are also very similar (Table 3).
The metal ions and OH vibrate both more in the direc-

Table 2. Atomic coordinates and anisotropic temperature factors (A2)for pyroaurite
The starting parameters were taken from the sjogrenite structure.

Final parameters

Starting parameters

x y z By
(Mg, Fe)in3@ 0 0 0 0-58+3
OH in 6(c) 0 0 0-37693 + 7 0-87+4
O~ in 3(b) 0 0 % 30-8+20

Bs3 z By Bj;
1-35+3 0 0-49+2 1-22+3
1-34+4 0-37680+7 0-51+3 1-06+5
2:29+24 3 31-8+22 1-56 +27

Table 3. Values of residual R (%) calculated, with and without the interlayer, for different numbers (N) of reflections

All All but  All but 00/ 10/ 11/ 201

reflections 00!/ 00/ & 10! only only only only
N 283 267 235 16 32 16 31
R without interlayer 10-6 76 56 375 150 50 4-2
R with interlayer 6-1 59 56 79 7-4 4-5 4-4
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tion [001] than perpendicular to it. The vibration of
the interlayer ‘atoms in direction [001] is fairly well re-
presented by Bs; of the pseudo-atom and is only some-
what higher than the corresponding vibrations in the
brucite-like layer. About the vibrations of the interlayer
in the (001) plane, nothing can be said because of the
approximate character of the calculations. The inter-
layer can best be visualized as being in permanent
motion, the H,O and CO; changing their places by
forming new hydrogen bonds and disconnecting old
ones, just as the water molecules do in the liquid state.
Hydrogen bonds do not exist only within the interlayer,
but weak ones also go from the hydroxyl groups of
the brucite layer to the interlayer.

Because there exists approximately 2:9 A of free
space between two consecutive brucite layers, the car-
bonate groups can only lie horizontally within the
interlayer planes. This conclusion is further confirmed
by the optical properties of pyroaurite: no=1-564,
ng=1-543 (Frondel, 1941). Manasse (1915) reports
no=1:562, ng=1-529. Some calculations to estimate
no and ng for the two cases of horizontal and of ver-
tical carbonate groups showed that for a structure with
vertical CO%~ groups the birefringence should be
nearly zero or even slightly positive. For a structure
with horizontal carbonate groups, however, the esti-
mation gave a negative birefringence of about the ob-
served values.

Comparison of pyroaurite and sjogrenite

The great similarities in the structures of the single
layers and in the thermal behavior of the atoms be-
tween the two phases have already been mentioned.
The configuration of the first neighbors is the same
for all atoms; the configurations of the second and
third nearest neighbors are the same for the metal ions;
and those of the second nearest are the same for the
OH ions in pyroaurite and sjogrenite. The lattice
energies of the two structures should therefore be very
similar and the question arises, why is the stacking so
regular that it uses only one or the other of the two
stacking modes? In the specimens from L&ngban, that
I examined, no mixed-layer structures could be found.
If there was an intergrowth of the two phases, the inner
part of the edifice was hexagonal sjégrenite, the outer
part, thombohedral pyroaurite. This means that the
crystal growth started with the hexagonal sequence
—BC-CB-BC-, After some time it switched over to the
rhombohedral sequence —-BC-CA-A4B-BC-, but at no
time was there any switch back to the hexagonal mode.

This can best be explained by assuming a decreasing
temperature during the formation of the sjogrenite—
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pyroaurite crystals. Sjogrenite is formed at higher tem-
peratures, pyroaurite at lower ones. But once it is
formed, sjégrenite will not transform to pyroaurite at
lower temperatures because of a presumably large
energy barrier between the two configurations and be-
cause of the very small possible gain in lattice energy.

All hydroxides and hydroxy-salts obtained by Feit-
knecht (1953) by precipitation in aqueous solutions
belong to the rhombohedral type, thus also indicating
that this type is the low temperature form.

Discussion of some related structures

A survey of other hybrid layer structures has been
given in the sjogrenite paper (Allmann & Lohse, 1966).
Here some newly found minerals with pyroaurite struc-

Fig.3. Electron density projection ¢ (x,z) of pyroaurite in
e.A~2, The zero line is broken. (Mg, Fe) reaches gmax =46
e.A-2, OH 14, and the interlayer only 5 e.A-2,

Table 4. Interatomic distances and angle OH-H,0-OH

OH-OH
Distance Me-OH 3x 6% OH-H,0 /OH-H;0-OH
Pyroaurite 2:065 2:72 3-11 2:93 A 158°
Sjogrenite 2:06 2:72 311 ~2:92 ~160
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ture will be discussed. A large number of hydroxides
and hydroxy-salts crystallizing in this structure have
been described by Feitknecht (1953). The length of the
a axis is always about 3-1 A, varying somewhat with
the nature of the cations in the brucite-like layer; the
length of the ¢ axis (3 x 7-6 A or larger) depends mostly
on the nature of the anions in the interlayer. Some of
these compounds have recently been found in nature.

Jambor & Boyle (1964) describe a pulverulent yellow
nickel hydroxide, 4Ni(OH),.NiOOH, with a=3:07,
¢=22:74 A. The assumed formula stems from Glemser
& Einerhand (1950), who synthesized blue-black
NilINiHI hydroxides by anodic precipitation and
found: a=3-07, ¢=23-2 A, D;, =295, D,=2-96 (I find

z=3:04). Referred to one Ni, the proposed formula
becomes NiO;.;.0:9H,0. But Glemser & Einerhand
themselves give the following analyses for varying
grades of oxidation: NiO,.,;.1:53H,0, NiOy.;,.1-48
H,O, and NiO,.47.2-03H,0. Because of this excess of
water found by analysis no O2- ions should occur in
these compounds and the formula should be written
at least as 4Ni(OH),. Ni(OH); or NiO;.,.1:1H,0, with
Dz=3-16. As assumed by Glemser & Einerhand,
Ni(OH); forms the interlayer with one such formula
spreading over four unit meshes. This would allow one
more water molecule to enter the interlayer, thus re-
sulting in the formula 4Ni(OH),.Ni(OH);.H,O or
NiO,.,.1-:3H,0, with D,=3-28. The water content
found by analysis, however, is even higher, and the
measured density is lower, than these values. Therefore
at least some of the Nilll cations must be placed in
the brucite-like layer and not in the interlayer. The
very extreme would be: [Ni}Nilll(OH),,] [OH.4H,0]
or NiO;.,.1-9H,0, with D,=2-91.

The real structure probably lies somewhere between
these possibilities. The question, whether the NjIIl
cations are in the interlayer or in the brucite-like layer
or even between the two kinds of layers, can easily be
answered by a g(z) electron density projection calcu-
lated with the 00/ reflections only (see Allmann &
Lohse, 1966. Fig.2). The needed intensities can even
be taken from a texture powder pattern. The presence
of Ni in the interlayer should raise the corresponding
peak in g(z) above the OH peak. Likewise Ni between
the two types of layer can be recognized. The 00/ re-
flections, however, can tell us nothing about the extent
of disorder in the interlayer. Statements about the
order of the interlayer must be based on a full three-
dimensional set of data.,

An other compound found in nature is 4Mg(OH),.
(Ni, Fe)OOH with a=3-12, ¢=23-19 (or less com-
monly ¢=23-79 A; Lapham, 1965). It should have the
same structure as that discussed above, also with a
somewhat higher water content. Just before finishing
this paper, I found an abstract about this structure
(Lea & Mackey, 1967), describing the (OH,H,0)
sequence as AAABBBCCC. This sequence leads to an
ordered interlayer as the (OH, H,0) is placed just be-
tween the OH groups of two adjacent brucite-like
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layers, in the same place as the pseudo-atom approx-
imating the disordered interlayer of pyroaurite was
placed. But the results of this paper make it doubtful
that the interlayers in 4Mg(OH),.(Ni,Fe)OOH are
completely ordered. Because of the lack of carbonate
groups the degree of ordering may be higher than in
pyroaurite. The given analyses do not exclude the pos-
sibility that anions other than OH~ may be in the inter-
layers of the discussed minerals. Probably the two
hydroxides also contain some CO%~.

Hardman & Taylor (1967) in a recent abstract of
the structures of sjégrenite and pyroaurite confirm our
results of 1966. Their cell constants (3-13 and 15-66 A
for sjogrenite; 3-13 and 23-49 A for pyroaurite), how-
ever, seem to be too high. The density of pyroaurite,
calculated with these values, is only 2:073 g.cm=3 (for
4H,0, but 2-13 for 5H,0), as compared with D;=2-102
and Dp =213 in this paper. The space group given
by Hardman & Taylor (personal communication) is
R3m or R3m.

I am grateful to Dr H.J.Koark, Uppsala, for pro-
viding crystals from Langban. Other crystals from the
same locality, made available to me through the kind-
ness of Dr P.E.Desautels, U.S. National Museum,
Washington, D.C., proved to be pure sjégrenite. My
thanks are also due to Drs G.Donnay and N. Giiven
of the Geophysical Laboratory, Carnegie Institution
of Washington, who gave me the opportunity to take
my measurements in their laboratory and introduced
me to the use of the automatic diffractometer; to Pro-
fessor J.D.H.Donnay, with whom I had many fruitful
discussions and who also read the manuscript; and to
Mr G.Harris and Miss S.Horscht, who did the draw-
ings.
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