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The X-ray powder diffraction study was carried out on [Ni(NH,)s] (BF,). for the
temperature range 293 — 80 K. It was found that the compound undergoes an enantio-
morphic transition at 140 K : the cubic form changes to the monoclinic one. At 115 K further
ordering of the monoclinic structures seems to take place.

1. Introduction

The nickel compounds [Ni(NH;)e]X,, where X = ClO, or BF,, are known to have
two specific heat anomalies [1, 2]. For X = ClO, one anomaly occurs at 143 K and the
other at 173 K. For X = BF, the corresponding temperatures are 115 and 140 K. It
was of interest to examine whether the above mentioned anomalies are accompanied by
polymorphic transitions. For this purpose these compounds were investigated by X-ray
techniques.

The X-ray investigations of [Ni(NH;)6](ClO,), was described in our previous paper
[3]. It was found that this compound exists in two crystallographic modifications in the
temperature ranges shown schematically below:

refl. (120) absent refl, (120) present
293K = 173K = 143 K = 80K
cubic monoclinic
space group Fm3m space group P2,/n
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In the case of [Ni(NH,)6](BF,), the X-ray investigation was performed by Dynowska [4],
who concluded that above 135 K the compound has cubic structure and at temperatures
lower than 135K a structure of lower symmetry.

The aim of this paper was to determine the crystallographic modification of this low
temperature phase.

2. Experiment
The investigations were carried out with an X-ray diffractometer DRON-1 connected
to a goniometer GUR-5 and a modified low temperature device [3], in the temperature
range 293 — 80 K controlled with an accuracy of 0.1 deg. The sample was lowered to the
required temperature gradually from room temperature, without thermic shock, by auto-
matic regulation of the flow of liquid nitrogen vapour. The sample was kept at the given
temperature for about- 15 minutes before starting to record the diffraction pattern.

~

3. Results and discussion

The X-ray diffraction patterns recorded at different temperatures were analysed.
Above T = 140 K the compound has a cubic face centered structure with lattice constant
a = 11.22 A which is in agreement with previous data [5]. At temperatures lower than
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Fig. 1. Changes in the X-ray diffraction pattern of [Ni(NH,)s1(BF.). in the course of sample cooling
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140 K some of the diffraction maxima split giving rise to the new ones. New maxima
increase in intensity on further cooling while the old ones gradually disappear. This is
illustrated in the Figure. The diffraction pattern established at 134K remained unchanged
on cooling down to 115 K. At this temperature only one new maximum appeared. Further
cooling down to 80 K -did not cause any changes in the diffraction pattern. When the
sample was heated up to room temperature the reverse changes in the diffraction patterns
look place.

The pattern obtained at 134 K was interpreted. The character of splits suggests
that the cubic lattice changes to monoclinic [6]. A method for deducing the hkl indices
was based on the following Chojnacki’s theorem [7]; if the indices k! of four lattice planes
fulfill the relation:

hi+h, =hy  kit+k, =k, and LD, =14 (1)
—hy =hy ki—k, =k, L—-L, =1

the experimental sin® 6, ,;-values must fulfill the relation
2(sin” Oy, +5i0° Oy0,0,) = sin® 6, +sin® 0, ., )
and the angle ¢ = X (h.k1l,), (hok,l,) is determined by

sa2 a2
sin 0h3k313—-61n 0h4k414

cos ¥ 4 sin? Onieyt, X sin? Oryicrts ) )
TABLE 1
X-ray powder data for low temperature phase of [NI(NH3)6](BF4)2
dobs [A] 4dcalc [A] ) ) I/IO hkl
6.61 6.61 90 111
6.28 | 6.26 100 111
5.73 ' 5.73 4 020
5.51 5.50 4 200
5.07* 5.08 3 120
496 4.96 3 210
4.04 4.05 22 202
3.96 3.96 64 220
3.85 3.82 12 212
3.766 3.766 6 301
3.660 3.664 26 221
3.573 3.571 9 [ 301
3.453 '3.455 19 1371
3.398 3.401 and 3.403 8 131and311
3.302 3.308 14 22732
3.259 3.256 11 311
3.134 ' 3.132 7 222
2.865 2.865 8 040
2.748 2.748 ' 24 400

* appears at 115K.
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Ordering the observed sin? 8,,,-values according to (2) permitted us to determine
the hkl indices and the unit cell constants, which were calculated by the least-squares
‘method using 18 reflections. The crystal data are as follows: a = 11.0240.01 A,
b = 11.4540.01 A, ¢ = 11.0240.01 A, f = 94.9+0.1°, V.o = 1390+4 A3, Z = 4,

In the Table the experimental and calculated results are compared. The maximum
which appeared at 115 K is also compatible with the monoclinic unit cell and has indices
(120). Examination of the observed reflection indices shows systematic absences of
h+1 = 2n+1 for kOl and k = 2n+1 for 0kO corresponding to the space group P2,/n

.or P2,/c in a conventional system.

4. Conclusions

The results of the investigations described lead to the conclusion that [Ni(NH;3)6J(BF.)2,
analogically to [Ni(NH3)6](ClO,),, exists in two crystallographic modifications shown
schematically below:

refl. (120) absent refl. (120) present
293K = 140K = 115K = 80 K.
cubic monoclinic

The interpretation of the changes in diffraction patterns with temperature is similar, too.
The main change at 140 K is related to a polymorphic transition. The small diffraction
maximum, occurring at 115 K, can be interpreted as the result of further ordering of the
structure and seems to correspond to the A transition.

Our thanks are due to Dr. J. M. Janik and Professor J. A. Janik for suggesting the
problem and stimulating discussions. We also thank Dr. G. Pytasz for supplying the
crystals and Mr. T. Sarga for technical help.
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