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Crystals of NaCdAlF6 are orthorhombic (space group Prima) with a = 12.506(l) A, b = 3.6406(6) A, c 
= 9.902(l) 8, and Z = 4. The structure was solved from single crystal data using 982 independent 
reflections (I? = 0.019, R, = 0.019). Aluminum octahedra form a new arrangement of linear rruns- 
connected [AIF&‘- chains, running in the [OlO] direction, between which sodium and cadmium ions, 
in six- and seven-fold coordination, respectively, and an independent fluorine ion are located. Cationic 
tetrahedra (3 Cd2+ + 1 Na+) around independent fluorine ions form chains of formula [FNaCd]?‘, 
running in the [OlO] direction. 6 1990 Academic press, IN. 

Introduction Preparation 

The fluorinated compounds NaMnM1uF6 
are derived from the NazSiF6-type (Z-3) by 
the substitution Na+ + Si4+ --, Mn2+ + MII1 
(M”’ = Al, Cr, Ga, Fe). In these com- 
pounds the cations fill half of the available 
octahedral sites. With divalent cations hav- 
ing an ionic radius larger than 0.83 %, 
(Mn2+), such as Ca2+ or Cd2+ the sixfold 
coordination is not the only siable coordi- 
nation and new phases can be obtained. 
Nevertheless, the compounds NaM”CrF6 
(M” = Ca2+ and Cd2+) (2) and P-NaCaA1F6 
(4) crystallize with the NazSiFb-type struc- 
ture but with a cationic distribution differ- 
ent from that in NaMnMFs. 

In the solid state, by heating of the mix- 
ture NaF + CdF2 + AlF3 in a sealed gold 
tube under argon atmosphere at 660°C (40 
hr) single crystals were obtained beside 
powder. Below 6OO”C, only a powder mix- 
ture of CdF2, Na5A13F14, and A1F3 is ob- 
tained. 

The thermal study (DTA Netsch 404s) 
shows an incongruent melting point at 
695(3)“C (heating rate of 300”C/hr). 

Structure Resolution 

For Cd2+ (rcd2+[6] = 0.95 A) and AP+ ions, 
a new phase NaCdA1F6 has been obtained. 
The present paper describes the crystal 
structure of this compound. 
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A needle-shaped crystal with an approxi- 
mate volume of 5.4 * 10m4 mm3 was selected 
for X-ray data collection on a Siemens 
AED four-circle diffractometer. The con- 
ditions of the diffraction experiment are 
summarized in Table I. The unit cell is 
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TABLE I 

CRYSTALDATAANDCONDI~ONSOFDATACOLLECTIONANDREFINEMENTFOR NaCdAlF, 

Symmetry 
Space group 
Cell parameters 
Crystal volume (10s3 mm3) 
Radiation 
Detector aperture (mm) 
Scanning mode 

Profile fitting data analysis (4) 
Range registered 
Absorption correction 

Reflections measured: 
Total 
Independent 
Used in refinement 

Number of refined parameters 
Weighting scheme 
Secondary extinction 
Maximum height in final 
Fourier difference map 

Orthorhombic 
Prima (No. 62) 
a = 12.506(l) A, b = 3.6406(6) A, c = 9.902(l) A; V = 450.83 As; Z = 4 
0.54 
MoKcv (graphite monochromatized) 
3.5 x 3.5 
0128 step-scan mode in N steps of bw”, 38 s N 5 48, 0.025 c Aw” c: 0.027 
Time per step: 1-4 see 
Isotropic linewid~h, o = (0.92 + 0.025 tan f?) 
2e~~-ze~~: 4-75”, hkl,,,,, 22 6 17 
Gauss method, p = 51.56 cm-’ 
tmin = 0.65, f,, = 0.79 

2821 
1453 (Raverage = 0.018) 
982 (I/a(I) > 3) 
56 
w = 2.11/((+*(F)) 
E = 7.3 x 10-s 

0.19 e-t& 

o~horhombic and the lattice parameters- 
a = 12.506(l) A, b = 3.6406(6) A, c = 
9.902(l) A-were refined from the posi- 
tions of 30 reflections in the vicinity of 30 
(28) centered by the double scan technique. 
The limiting conditions for the reflections 
observed-Okl, k + 1 = 2n and MO, h = 
2n-are in agreement with the centric 
space group Pnma and with the noncentric 
one Pn2,a. 

Intensities were corrected for Lorentz 
polarization effects as well as for absorp- 
tion. All calculations were performed with 
SHELX-76 (6). Ionic scattering factors and 
anomalous dispersion parameters were 
taken from “International Tables for X-ray 
Crystallography” (7). In the space group 
Pnma, application of the direct methods 
TANG option allowed us to locate the cad- 
mium atom in a 4c site. After least-squares 
refinement (R = 0.29), successive Fourier 
difference maps and refinements led to the 
positions of the other atoms, located in a 4c 
site as well. With these positions and iso- 

tropic thermal motion for all atoms, the R 
factor was 0.05. The introduction of aniso- 
tropic thermal motion led to 0.019 and 0.019 
for R and R,, respectively. The calcula- 
tions performed in the noncentrosymmetric 
group did not improve significantly the 
results of the preceding refinement. Table 
II lists the atomic coordinates and the ther- 
mal motion parameters whereas Table III 
gives the main interatomic distances and 
angles. A table specifying the calculated 
and observed structure factors can be ob- 
tained on request to the authors. 

Structure Description and Discussion 

The main feature of this structure per- 
tains to the existence of an independent flu- 
orine Fs, besides those which are bonded to 
AP+. There are therefore two ways for de- 
scribing NaCdAlF6. The first, more con- 
ventional, starts from the anionic coordina- 
tion of Af3+, Na+, and Cd2+, respectively, 
6, 6, and 7, and the second description is 
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TABLE II 

ATOMIC PARAMETERS, ANISOTROPIC TEMPERATURE FACTORS (U, x 104), AND B,, (AZ) FOR NaCdAIF, 

Atom Site 

Cd’+ 
Al’+ 
Na+ 
F1 
F2 
F3 
F4 
F5 0 
F6 

4C 0.1197(O) 
4C 0.3354(l) 
4c 0.4142(l) 
4c 0.3000(l) 
4c 0.4728(l) 
4c 0.1663(2) 
4c 0.3567(l) 
4c 0.4574(I) 
4c 0.1925(l) 

x Y 

114 
114 
114 
114 
l/4 
l/4 
l/4 
l/4 
l/4 

z 

0.4998(O) 
0.6802( 1) 
0.3255(l) 
0.5046(2) 
0.6443(2) 
0.1868(2) 
0.861 l(2) 
0.0977(2) 
0.7138(2) 

95(l) 
W3) 

144(S) 

139(8) 

106(8) 

251(10) 

192(8) 

104(7) 

95(7) 

79(l) 

N3 
126(5) 
187(9) 
165(9) 

6W) 
I13(8) 
107(S) 
189(9) 

113(l) 
834) 

ill(6) 
7X8) 

226(11) 
208(11) 

94(9) 
lW8) 
116(9) 

Ul2 

0 

0 

0 

0 

0 

0 

0 

0 

0 

-16(l) 

-12(3) 

50(5) 

-8(7) 

9(7) 

17(8) 
-37(7) 

%6) 
-3(h) 

u23 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Be, (W 

0.75(l) 

0.57(3) 

1.00(4) 

1.05(6) 
1.31(7) 

1.37(7) 

1.05(6) 
0.83(6) 

1.05(6) 

* Independent fluorine ion. 

TABLE III 

MAIN INTERATOMIC DISTANCES (A) AND ANGLES (“) 

IN NaCdAIF6 

Na+ octahedron (symmetry m) 
Na-FI = 2.276(l) 
Na-FT” = 2.319(2) 
Na-F2 = 2 x 2.324(l) 
Na-F6 = 2 x 2.513(l) 

(Na-F) = 2.378 
F-F,,, = 2.855(2) 
F-F,,, = 3.683(l) 

F,-Na-Fs = 154.7(l) 
F,-Na-Fz = 2 x 10&3(l) 
F,-Na-F, = 2 x 90.6(l) 
FS-Na-F2 = 2 x 89.0(l) 
FS-Na-F, = 2 x 72.3(l) 
FZ-Na-F2 = 103.1(l) 
F2-Na-F6 = 2 x 79.2(l) 
F6-Na-Fc = 92.8(l) 
F2-Na-F, = 2 x 161.2(l) 

Cd*+ polyhedron (symmetry m) 
Cd-F?” = 2.248(l) 
Cd-F, = 2.255(l) 
Cd-Fs” = 2 x 2.277(l) 
Cd-F4 = 2 x 2.299(l) 
Cd-F, = 2.307(2) 

(Cd-F) = 2.280 

Al’+ octahedron (symmetry m) 

AI-F> = 1.755(2) F-Al-F,,. = 87.9(l) 
Al-F, = 1.794(2) F-AI-F,, = 93.2(l) 
Al-F6 = 1.811(2) F,-AI-F, = 175.7(l) 
Al-F4 = 1.817(2) Al-F1-Al = 175.7(l) 
AI-F, = 2 x 1.822(O) F-F,,, = 2.469(2) 

(Al-F) = 1.8035 F-F,,, = 2.592(3) 

F,O tetrahedron (symmetry m) 

Fj-Cd = 2.248(l) Cd-Fs-Cd = 2 x 101.5(l) 
FT-Cd = 2 x 2.277(l) Cd-F1-Na = 2 x 108.4(l) 
Fs-Na = 2.319(2) Cd-Fs-Cd = 106. I(0) 

(FT-Na,Cd) = 2.281 Cd-Fs-Na = 129.0(l) 
Cd-Cd,,. = 3.504(O) 
Cd-Na = 4.122(l) 

a Independent fluorine Fs ion 

based on the cationic coordination of the 
independent fluorine in association with the 
octahedral network coming from AP+ ions. 

From Fig. 1 it is clear that NaCdAlF6 can 
be described from connected sodium and 
aluminum octahedra and cadmium polyhe- 
dra which build up a three-dimensional net- 
work. This network can be broken up into 
three chains running in the [OlO] direction 
for each cationic polyhedra. 

The first type of chain with formula 
[AlFJF- is made by A1F6 octahedra con- 
nected by opposite corners. The A1F6 octa- 
hedra are slightly distorted and the longer 

FIG. 1. NaCdAlF, structure: (001) projection (Cd, 
Na, F: large, medium, and small circles, respectively; 
AlF6 octahedra: shaded; NaF6 octahedra: dotted lines; 
and CdF, polyhedra: heavy lines). 
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b 

FIG. 2. (a) Perspective view of chains of trans-linked AIF, octahedra in NaCdAIF6. (b) Perspective 
view of [AIF&‘- chains in KzAIFSHzO. 

Al-F distances are related to the shared F3 
fluorine; the mean Al-F distance (1.804 A) 
being very close to the sum of the ionic 
radii (8) and to the Al-F distances observed 
in the compounds with trans octahedra 
connection (Table IV). Within these chains, 
both Al-F3-Al and F3-Al-F3 angles are 
bent down to 175.7”. In NaCdAlF6 along b, 
two consecutive chains are shifted by b/2 
(1.8203 A) and we observe a short b axis- 
b = 3.6906 A-in the direction of the 
chains. It represents the height of one AlF6 
octahedron whereas, in the other com- 
pounds with trans-connected [MFS]?- 
chains (CaCrF5 (12), CaFeFj (13), 
(NH&MnF5 (14), LizMnF5 (15), and 
K2AlF5.H20 (9)), the parameter corre- 
sponds to two AlF6 octahedra (Fig. 2). 

TABLE IV 

Compounds (AI-F) Refs. 

NaCdAIFs 
K2AlF5 . HI0 
Rb2A1F5 . Hz0 
cr-CaAlF5 

1.8035 di 
1.805 A 
1.817 8, 
1.809 A 

This work 
(9) 

w 
(Ill 

The second type of infinite chains run- 
ning in the [OlO] direction is formed by 
NaF6-distorted octahedra (Fig. 3) which 
share opposite edges. Along b, two consec- 
utive chains formulated [NaF2FJ p- are 
also shifted from b/2 (Fig. 4). Such a con- 
densed chain is observed in the Na2CuF4 
compound (16) but without any shift. Nev- 
ertheless, for the latter compound it also 
exists a short axis-3.26 A-in the chain 
direction corresponding to a fundamental 
unit of one CuF6 octahedron. 

The third type of chain is developed by 

FIG. 3. Na-distorted octahedra. 
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FIG. 4. NaF6 octahedra: (001) projection (small cir- 
cles: independent F,). 

the particular connection of CdF7 polyhe- 
dra which look like monocapped trigonal 
prisms (Fig. 5). In this case, two chains of 
CdF, polyhedra, sharing opposite edges 
and shifted one to the other by b/2, are con- 
nected by two neighboring edges to form a 
condensed double chain of composition 
[CdF2F2,2F3,3] = [CdF4]?’ as shown in Fig. 
6. A structural correlation can be made 
with the Ba2Pd03 compound (17) where a 
three-dimensional network of Ba2+-mono- 
capped trigonal prisms exhibits the same 
type of double chain. 

These three types of chains, with all the 
cations at levels y = l/4 or y = 3/4, build up 

FIG. 5. Cd monocapped trigonal prism. 

b 

t a 

FIG. 6. Double chain of CdF, polyhedra: (001) pro- 
jection. 

the three-dimensional network already 
shown in Fig. 1. 

According to the formulation NaCdAIFs 
and the existence of [AlF&‘- chains, there 
exists an “independent F-” ion, labeled FS, 
surrounded by three Cd2+ and one Na+ ions 
with a tetrahedral coordination. These tet- 
rahedra build up chains of formula 
[FNaCd&“’ by sharing two Cd-Cd edges 
and are inserted between [AIFS]?- chains 
(Fig. 7). In these chains of tetrahedra, Na+ 
ions are terminal, as in the Na2Ca3A12Fi4 
structure (18) where the [FNaCajn] tetrahe- 
dra are connected only by the Ca vertices. 
Such [FM,] tetrahedra have been already 
encountered in the Ca2F2C03 structure (19) 
but with a more complicated connection 
mode (corners and/or edges sharing). Fi- 
nally it can be noticed that the “anti-tetra- 
hedra” [MX21n chains belong to class II(c) 
according to Wells (20) (two shared edges 
have a common vertex). They have not 
been encountered in other compounds to 
our knowledge, whereas the only possible 
other type of single chain (class I(c), shar- 
ing two opposite edges) exists in sulfide 
compounds like KFeS2 (21) and in fibrous 
silica (22). 

In conclusion, it seems that NaCdAlF6 
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FIG. 7. “Anti-tetrahedra” chains of formula 
[FCdNa]%+: perspective view (circles: terminal so- 
dium atoms). 

can be viewed as a new [AIF&‘- monodi- 
mensional network in which a [FA,]:’ sub- 
network has been inserted. This last FA2 
subnetwork is related to the existence of an 
independent “F-.” From this point of 
view, this structure can be compared to the 
SrPbF6 one (23) in which the octahedra 
chains [PbF,] ;-, running in the [OOI] direc- 
tion, are separated by infinite linear entities 
[SrF]:’ (along the [IO01 and [OIO] direc- 
tions) corresponding to an alternance of 
independent fluorine and strontium 
atoms. 
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