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The preparation and crystal structure of K, 3xNbF; single crystals are described. The compound is
orthorhombic with g = 7.540(3), b = 13.06(2), ¢ = 7.750(3) A, space group C222,. The structure refines
to R = 0.044 with 455 reflections. The framework derives from the Magneli hexagonal tungstcn bronze

and is similar to the Kq15VF; orthorhombic phase.

Introduction

NbgF s is the only known niobium cluster
fluoride (7). The niobium cluster chloride
K,NbeCl;s was obtained by reduction of
Nb;Clg in LiCl, KCI, Nb mixtures (2) and
by electrochemical reduction of a LiCl,
KCl, eutectic melt containing Nb;Clg and
niobium anode (3). We have tried to apply
these two syntheses to prepare potassium
niobium cluster fluoride compounds: first, a
direct reaction between molten K,NbF; and
niobium metal; second, electrochemical re-
duction of a LiF, KF eutectic melt with a
soluble niobium anode. Reactions in LiF,
KF, or K,NbF; molten fluorides between
Nb° and fluorides lead to the production of
bronze materials. The electrochemical re-
duction leads to a compound of ideal for-
mula KNbF;, probably with a small quan-
tity of oxygen on the fluorine site:
KNbF;_,0,.
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Experimental

Pure K,NbF; (0.760 g) is mixed with
0.116 g of niobium metal (puratronic JMC)
and 0.012 g of graphite (SK,NbF; + 2.5 Nb°
+ 2C) in a dry box under argon atmo-
sphere. This mixture is evacuated and
sealed in a platinum tube and then heated
for a week at 850°C. Thereafter, the sample
is cooled rapidly down to 500°C, then to
200°C. Two forms of crystals grew on
graphite aggregates: thick blue-black crys-
tals with a hexagonal section, and blue
transparent hexagonal needles. Both corre-
spond to the same material (verified by X-
ray analysis). The needles result from the
rapid growth of seeds fixed on graphite ag-
gregates when the temperature of the sam-
ple is lowered from 850 to 500°C (Fig. 1).

An investigation with a precession cam-
era (MoKa = 0.711 /&) of a thick crystal (or
a needle) gives a pseudohexagonal cell: a =



137

BRIEF COMMUNICATIONS

W ¢Tgg/wd | 1a[ed§ (q) "W 9 {p/wo T 3ed8
() "adooso1oru UoID[ Furuueds B yiim paurelqo sodew] -adeys snewsd 10 3[pasu Yim umolId aseyd dIquoyIoyLo LAGN® Y ay1 Jo S[RISAID '] ‘DI




138 BRIEF COMMUNICATIONS

7.54 A, ¢ = 3.87 A. Numerous additional
weak reflections appear after long expo-
sures, leading to an orthohexagonal cell
with a doubling of ¢. The true cell is
orthorhombic with a = 7.540(3) A, b =
13.0602) A, ¢ = 7.7503) A, V = 763.2 A%,
The space group is C222(, Z = 12, d, =
4.20.

A crystal of prismatic shape and approxi-
mate dimensions 0.26 x 0.16 x 0.16 mm*
was used for data collection. Five hundred
ninety independent reflections were col-
lected in @ scan with an automatic four-
circle diffractometer, Philips PW 1100, us-
ing MoKa radiation (0.7107 A). The 6 range
was 3 to 30°, the scan speed 0.02°sec, and
the scan width 1.40°. The background was
measured during 10 sec at the starting and
final position of each scan. No absorption
correction was made (uMoKa = 48.6
cm™!).

The crystal structure was solved and re-
fined using the SDP system (Version RSX
11M, September 1977; Enraf-Nonius) with
Patterson and Fourier techniques. Full ma-
trix refinement in the space group (222,
gave R = Z|Fy — |F|l/ZF, = 0.044 with 455
independent reflections, satisfying the con-
dition F3 > 4 o(F}), o( F}) = counting statis-
tics. Sixteen reflections with |Fo| — |F.| > 25
on a scale ranging from 0 to 1735 were also
omitted. The final difference Fourier map
was featureless (£0.5 ¢ A~3). A list of ob-
served and calculated structure factors will
be sent on request (R.M.).

Results and Discussion

The formula established by this struc-
tural determination is Ki;gNbFie or
12K, 1NbF;. Atomic, isotropic, and aniso-
tropic thermal parameters of K;3NbF; are
given in Table 1. The structure is derived
from the Magneli hexagonal tungsten
bronze type. The interatomic distances and
angles of the two NbF; octahedra are given
in Table II together with the K~F distances.

TABLE I
AToMIC, ISOTROPIC,® AND ANISOTROPIC” THERMAL PARAMETERS OF Kg3NbF;

Position

B2

ﬁl}

BIZ

B}}

r

:BII

B,

in C222, x

Atom

—0.0008(5)
—0.0005(4)

0.0000(0)
—0.0003(4)

0.0000(0)
—0.0024(1)

0.0082(2)
0.0081(1)
0.14(1)

0.00205(5)

0.01054(18)
0.00728(9)
0.039(3)
0.0048(6)

1.93(3)
1.91(2)

16.8(%9)

0.0000(0)
0.0013(5)
0.2500(0)
0.473(1)
—0.042(1)

0.0000(0)
0.2518(2)
0.497(2)

0.2095(4)
0.3964(6)
0.3947(4)
0.2625(9)

—0.0119(11)

—0.0038(4)

4a

Nbl
Nb2
K

0.00313(4)
0.0116(9)
0.0025(3)
0.0025(4)
0.0009(2)
0.0098(8)
0.0039(7)

0.2515(3)
0.0000(0)

8¢

0.0000(0)
0.002(1)

0.01(2)
-0.012(3)

—0.001(2)

0.0000(0)
—0.0051(17)
—0.0008(14)

4b (3.64)

8¢

0.0135(15)
0.0071(15)
0.0088(9)
0.0026(7)
0.0007(9)

2.01(20)
2.17(2%)
1.08(13)
3.40(26)
4.12(39)

0.5020(15)

0.001(1)
-0.001(2)
—0.005(3)

0.0137(15)
0.0022(6)

0.6850(13)
0.6872(7)

8¢

F2

0.003(3)
—0.005(3)
—0.008(6)

0.0016(7)
—0.0015(19)

0.494(2)
0.256(2)
0.250(0)

8¢

F3

0.0127(15)
0.0417(36)

0.7715(11)
0.0000(0)

8¢

F4

0.000(0)

0.0000(0)

4b

FS

4 *Beg = 32 aaBi;.

i

T =exp — (WBu + KBz + PBy + hkBiy + hlB\; + kiBs;). Standard deviations are in parentheses.
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F1G. 2. Projection on the (a,b) plane of the K, 3yNbF; simplified structure. Four cells are drawn to
illustrate the channels containing the potassium atoms.

Numerous phases of vanadium fluoro-
bronzes have been pointed out in the litera-
ture (4-6). Orthorhombic phases of K, VF;,
Rb,VF;, TI,VF; are described by Hong et
al. (5). Very precise studies by high-resolu-

TABLE I1

INTERATOMIC DISTANCES (A) IN K 3NbFy:
SELECTED ANGLES (°)

Nbl-F2
NbI-F3
NbI-F§

F2-Nbl-F2
F2-Nbl-F3
F2-Nb1-F3
F2-Nbi-F5
F2-Nbi-F5
F3-Nbi-F3
F3-Nbl-F5
F3-Nbi1-F5
F5-Nbl-F5

Nb2-Fi
Nb2-F1
Nb2-F2
Nb2-F3
Nb2-F4
Nb2-F4

F1-Nb2-Fl
F1-Nb2-F2
FI1-Nb2-I3
F1-Nb2-F4
F1-Nb2-F4
F1-Nb2-F2
F1-Nb2-F3
F1-Nb2-F4
F1-Nb2-F4

1.993(10)
1.953(6)
1.947(1)

88.6(6)
169.2(4)
91.9(2)
95.6(4)
83.2(4)
89.7(4)
95.2(5)
86.0(5)
178.3(2)

1.992(10)
1.952(9)
2.026(9)
1.924(7)
2.011012)
1.898(13)

178.2(2)
91.2(3)
89.2(2)
89.2(3)
90.1(3)
87.1(4)
92.5(2)
90.2(4)
90.4(4)

(x2)
(x2)
(Xx2)

F2-Nb2-F3
F2-Nb2-F4
F2-Nb2-F4
F3-Nb2-F4
F3-Nb2-F4
F4-Nb2-F4

K-F1
K-F1
K-F2
K-F2
K-F3
K-F3
K-F4
K-F5

169.9(5)
94.8(4)
83.9(4)
95.2(5)
86.1(5)

178.5(1)

327 ()
3.45 ()
3.54 (D
319 (b
331 (D
3.39 (1)
31522
3.778(1}

(x2)
(x2)
(X2)
(X2}
(x2)
(x2)
(x4)
(x2)

tion electron microscopy made by Langley
et al. (7) and Rieck et al. (8, 9) provide
excellent support for the comparison be-
tween K, VF;, ¢, orthorhombic phase, and
Ky 3xNbF; and an understanding of the pos-
sible detailed structure. In Fig. 2, we can
see the pseudohexagonal arrangement of
slightly distorted NbF, octahedra with
channels containing 3.64 potassium per
cell. This model is similar to that given by
Rieck et al. (9) for KQ_QSVF_}.
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