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AsstRAcr

The unit cell constants and the space group of lindgrenite, 2CuMoOr'Cu(OH]'ll:1"

been determined by the Buerger pr"."..ioo -"thod with the following results: c:5'613 A,

ild-i;-;:!.eol ]r, i:is'23' ; a:b:c=0'4nrz1:0'3852; z=2i calcurated den-

sity :4.295 g./cc.1 space grottp Ph/n.

fwrxotucrtoN

Lindgrenite, 2CuMoOa'Cu(OH)r, was described by Professor Charles

Palache in 1935 as monocl in ic ,  a:b:c:0 '5941:  1:0 '5124,  B:92o12"

specific gravity:+'26 (1)' On the basis of 6 and c axis zero level Weissen-

U"rg phltographs and three rotation photographs the dimensions of the

unit cell were determined, as a:8'45 A, A:t+'O: it, c:7'04 F', P:92tf

and it was concluded that the most suitable structural axes were identical

with the morphological axes.

The present investigation was undertaken to verify the unit cell con-

stants and to determine the space group as a preliminary step in a com-

plete structure study. The unit cell and space group results are being

reported at this time partly because the improved and more extensive

daia furnished by the p....r.iott method has led to a change in the axes

most suitable for describing the structural unit and partly because of a

change in Iaboratories and attendant delay in intensity measurements

were kindly supplied by Dr. Clifiord Frondel

which served ]or the original morphological

and computations.
Crystals of iindgrenite

from the same sPecimen
study.

X-Rav Dara. .a,Nn Rnsur,rs

fessor Buerger (3) for this purpose.

Typical precession phoiographs are reproduced in Figs' !,2' 3' 4' The

."oirul area of the plane nels iharacteristic of the zeto, first and second
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Frc. 1. Lindgrenite, o axis, zero level (Mo) (c* horizontal)

Frc. 2. Lindgtenite, o axis, first level (Mo) (c* horizontal)
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Irrc. 3. Lindgrenite, b axis, zero level (Mo) (c* horizontal)

Fro. 4. Lindgrenite, b axis, first level (Mo) (c+ horizontal)
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Frc. 5. 0,1,2 level reciprocal lattice nets shown by (upper row) D and (lower row) o
axis precession photographs of rindgrenite. (Difiraction symbor (2/M)B(2t/c).

Frc. 6. Lindgrenite. Base of b-end centered cell (a, c, p), full lines, and base of
primitive cell (a,, c,, pr), broken lines.

{
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tion symbol is (2/m) B(h/c).
Results for the reciprocal lattice spacings and B* angle are shown in

Table 1. Two zero levet a axis films obtained from different crystals were

measured.

Precession
axis

b
b

averaSe

0.1853
0.1853

0.1099

Tesr,a I

ilo* ila* d"* P'

o .2 tw 87o50 '
o.2r42 87'43',

0.2144

0.2143 87"46'.0.1853 0.1099

Taking I (CuKo) as 1.5418 A i+;, th" direct cell constants are

o: 1.5418/0.1853 : 8.321 A
b : 1.5418/0.1099: 14.ff i A
c : 1.5418 / O.2143: 7. 195 A
F:(8O-F\:e2"r4"
Volume (V) of the unit cell :abc sin Q

:839'19 Aa

With a specific gravity o14.26, a formula weight (M) of 544'63 (3Cu'

rc0.7I; 2Mo, 1st.s0; tb o, too.oo;2lH., 2'016) chemical atomic.mass

units and using the density formula (4), p:t'6602 ZM/V, the number of

formula units per cell,

, : n',',9 
.x 

83=9,'l?^ : 3'es = '4'' 
1.6602 X 544.63
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Frc. 7. Lindgrenite, new a axis, zero level (Mo) (new cx horizontal)

Frc. 8. Lindgrenite, new o axis, first level_(Mo) (new cx horizontal)
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Irro. 9. Lindgrenite, 6 axis, zero level (Mo) (new cx horizontal)

Frc. 10. Lindglenite, b axis, first level (Mo) (new c* horizontal)
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Ilowever, since the foregoing cell is monoclinic and 6-end centered, a
primitive, and hence more desirable structural cell can be obtained by
adopting the directions of the diagonals of the ac parallelogram as new
a and c axes while retaining the original D axis, as shown in Fig. 6, where
the base of the original cell (o, c, B) is represented by full lines and that of
the new cell (a', c', p') by broken lines.

From the numerical data for the original cell it is, of course, a simple
matter to compute corresponding data for the new (primitive) cell. As a

b

Fro. 11. 0, 1, 2 Ievels reciprocal lattice nets shown by (upper row) b and (lower row)
o axis precession photographs of lindgrenite.

(New orientation, difiraction symbol (2 / M) P (2t / n).

matter of interest in the precession camera, however, another lindgrenite
crystal was mounted and precession photographs about the D axis (new
orientation of a and c axes) and the new @ axis were obtained for the
zero, first and second reciprocal lattice levels in each case. Some of these
are reproduced in Figs. 7, 8,9,10. A diagram of the plane nets is shown
in Fig. 11. Sirnple inspection confirms the cell as primitive; the a*c*
nets indicate ar n glide plane (component, a/2*c/2) perpendicular to
D; the doubled translation along b* in the b*c* net of the o axis zero level
again reveals the 2r screw axis along 6. The diffraction symmetry of the
new cell, therefore, is 2f m, the diffraction symbol is (2/m)P(2r/n) and
the space group is P2t/n.

The constants of the new reciprocal lattice (obtained from direct
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measurement of the zero level a and b axis films) are tlo* :Q.2747, dbx :

0.1096, d."* : 0.2853, 9* : 81o37'.
The constants of the new cell derived by computation from the original

unit and by direct measurement are listed in Table 2.

Trr.tc 2
New Cell

Old Cell

a 8.321 A,
b  r4 .m  A
c 7.195 i r
B 92'14'

Computed
s.604 A

14.03 A
s.3e3 A
98019',

Observedf
s. 613 A

14.07 L
s. 40s A
98"23',

a : b : c 0. 5931 : 1 :0. 5128

I The values Ior a, b, and c difier slightly from those reported at the 1947 meeting of
The Crystallographic Society of America (5) because they have been recomputed from
the measured values of d* in terms of the currently accepted Angstr<im unit instead of the
kX unit.

The agreement between the observed and computed values for the
unit cell dimensions demonstrates that results obtained with the preces-
sion instrument are reproducible to 0.2/6 or 0.3/6 or better.

A precision measurement of the 6 translation to be described in another
communication shows that 14.03 A is the more probable value of D.
This makes a:b:c:0.4001 :1:0.3852.  The number of  formula uni ts  per
cell is 1.984=2 and the calculated density is 4.295 g./cc.

The following transformation converts indices from the old to the
new axes:

Old New

t_ ! :  H

K : K

+1 : L
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