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The Crystal Structure of NH,BiF,
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Institutes of Inorganic and Physical
Chemistry, University of Stockholm,
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'I‘he investigation of NH,BiF, is a part of
a general study of the coordination of
bismuth in different bismuth oxide salts
containing fluorine.

Single crystals of NH,BiF, were inves-
tigated by X-ray single crystal methods
(Buerger precession camera). The inten-
sity data were made up of 1314 independent
reflections. The intensities were corrected
for absorption. The unit-cell dimensions
were determined from X.ray Guinier dif-
fractograms. The following data are derived
for the compound:

Space group: P2,/c (No. 14).

4 Bi,, 4N, 4 F;-4 F, in 4(e): £+ (2,9,2;
w’}_yv* + Z)-

Unit-cell dimensions: ¢ = 8.317, A,
b = 17597, A, ¢ = 6.486, A&, g = 93.5°.

Cell content: 4 formula units NH,BiF,.

Final coordinates, isotropic temperature
factors and standard deviations from the
least-squares refinement. R = 16.5 9,
absent reflections included. (Table 1).

The bismuth atoms in the structure are
coordinated by nine fluorine atoms with
the distances Bi-F ranging from 2.19 4+
0.03 A to 2.86 + 0.03 A. The coordination

lyhedra are linked by sharing edges and
aces to infinite layers of the composition
BiF,, parallel to the yz plane. The shortest
distances bismuth-bismuth and fluorine-
fluorine in the structure are 3.905 + 0.003
A and 245 1 0.03 A, respectively. A
drawing of the resulting endless two-
dimensional network is given in Fig. 1.
The nine-coordination of bismuth in this
structure is very similar to the coordination
Y-9F in YF ! and Bi-9F in BiF,; (o-rh).?

The nitrogen atoms are arranged in
layers parallel to the yz plane around z =
}, in between the layers BiF,”. They are
irregularly coordinated by eight fluorine
atoms. Two groups of distances nitrogen to
fluorine occur in the coordination poly-
hedron, »iz. the short distances ranging
from 2.73 + 0.05 A to 2.93 1+ 0.05 A,
and the long distances, from 3.10 + 0.05
A to 3.39 £ 0.05 A. If the formation of
groups is ascribed to bonds N--H-F as in
the structure of NHHF,® it seems prob-
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Fig. 1. The four equivalent positions in the
point position 4(e) in P2,/c (No. 14) have been
numbered in the following way:
Atom, e.g. F;
Fu 2,Y,2;
Fu 5,37'5;

F“ z"}_yni‘{’z;
F“ Er* + ys*"'z'

The repeat units of the two chains

—=Bi,;~Bi,;~Bi,,'~~ and --Bi,;Bi,;Bi,,~~
in the structure of NH,BiF are shown in
the figure. Together these chains and their
associated fluorine atoms form an infinite
two-dimensional network of linked polyhedra.
To make the arrangement of the two chains
more obvious they have been separated in
the y direction in the drawing. Fluorine
atoms which coincide in the twodimensional
repeat units are marked by black circles,
other fluorine atoms are marked by open
circles and bismuth atoms by open squares.
The z, y, 2 axes are parallel to the crys-
tallographic ones. * denotes an atom in an

adjacent unit cell.

able from electrostatical reasons that the
N--H-F bonds are directed as shown in
Fig. 2, where a projection of the structure
is drawn on the ac plane. The values of the
angles F.N-F found in the structure, do
not support this assumption, however.
Efforts to ascertain the positions of the

Acta Chem. Scand. 18 (1964) No. 6



SHORT COMMUNICATIONS 1556
Table 1.

Atom z + 0y y + oy z 40 B + og A2

Bi, 0.88945-40.00016 | 0.106904-0.00018 | 0.245954-0.00019 1.7114-0.019

N, 0.3874840.00458 | 0.11343-+-0.00501 | 0,268554-0.00571 2.2774-0.584

F, 0.083504-0.00306 | 0.142324-0.00336 | 0.544534-0.00388 2.1004-0.365

F, 0.72081 +0.00309 | 0.17982+40.00349 | 0.49744 4-0.00376 2.29740.380

F, 0.90583+0.00245 | 0.073424-0.00268 | 0.87537 4-0.00306 1.2294-0.264

F, 0.32291 +0.00365 | 0.046744-0.00404 | 0.8573940.00444 2.8644-0.448
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Fig. 2. Projection of the structure of NH,BiF,

on the ac plane. Notations: Bi[ |; N @; F, il F;

A; F, O. Possible directions of the bonds

F..H-N are shown by dashed lines. The atoms
are numbered as in Fig. 1.

hydrogen atoms from neutron powder
data have not yet been successful.

A full account of the present work will
appear in a forthcoming paper.

These studies form part of a research pro-
gram on bismuth compounds containing fluo-
rine, financially supported by the Swedish
Natural Science Research Council.
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The compounds were synthesized by
heating a mixture of the corresponding
oxides in the molecular proportions 1:1 in
platinum crucibles, immersed in a series of
porcelain crucibles in an electrical furnace.
The temperature was slowly increased to
~1000°C. After 2 or 3 h at that tempera-
ture, the samples were cooled down very
slowly. This mode of preparation explains
why previous investigators of the systems
Bi;0;-Ge0,; and Bi,0,;-8i0,!? have not re-
ported these phases.

Single crystals of Bi,GeO, were investi-
gated by X.-ray single crystal diffraction
methods. The intensity material was made
up of 272 independent reflections. The inten-
sities were corrected for absorption. The
unit-cell dimensions of the compounds were
determined from X.ray Guinier diagrams.

The following data were derived for the
compounds:

Space group: Cmc2, (No. 36).
8 Bi, 8 O, and 8 O, in 8(b):
(0,0,0;,4,0) + 29,2 T.y,2; T,Y,4+2;
z,Y,%+2.
4 Ge (Si) and 4 O, in 4(a):
(0,0,0;3,4,0) + 0,y,2; 0,y,3+2.



