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Na2Ca3A12F14: A New Example of a Structure with “Independent 
F-” -A New Method of Comparison between Fluorides and Oxides 
of Different Formula 
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NaZCa3A12F14 is cubic (space group Z2,3) with a = 10.257(l) A and Z = 4. The absolute configuration 
was determined from 1412 X-ray independent reflections (R = 0.024 and R, = 0.019). The structure 
contains isolated [AIFg[3- octahedra and an independent fluoride ion, Fz, linked to three CaZ+ and one 
Na+ ions. The tetrahedra [FCa,Na] 6+, linked by Ca*+ ions, build up a three-dimensional network in 
which the octahedral entities [AlF613- are inserted. A structural analysis leading to a comparison with 
oxide structures is given for compounds containing “independent” fluoride ions and isolated [MFG] 
octahedra, despite different chemical formulations for the fluorides and the corresponding oxides. 
Q 1988 Academic Press, Inc 

Introduction 

Phase equilibria in the system CaF2- 
AIFj-Na3A1F6 have been extensively stud- 
ied because of their importance to the alu- 
minum industry. The first study of the 
system CaF*-AlF3 was carried out by Fe- 
dotieff and Ilyinskii (I); more recent work 
on NaF-containing systems was done by 
Pfund and Zimmerman (2), Craig and 
Brown (3, 4), and Baggio and Massiff (5). 
Three new compounds have been reported: 
(I) NaCaA1F6 (high-temperature form) (2,4, 
5), (II) NaCa,,5A1F, (5) (called the Na 
CaAlF6 low-temperature form in Refs. (2) 
and (4)), and (III) NaCaAlzFg (4), also for- 
mulated as NaCaA11,75F8.25 by Baggio and 
Massiff (5). As these compounds are diffi- 
cult to prepare in the pure state, only cell 
parameters have been specified for phases 
II and III: this is body-centered cubic struc- 

ture with a = 10.242(3) A and 10.776(3) A, 
respectively. 

In the absence of structural determina- 
tions for these phases, the ternary system 
NaF-CaF*-AlF3 has been reinvestigated. 
Materials were prepared by solid state reac- 
tion and chloride flux growth techniques. In 
addition to the three compounds previously 
observed, a low-temperature form of Na 
CaAlF6 was found. 

We present here the first structural paper 
of the above-mentioned series, dealing with 
the crystal structure of NaCal.sA1F7, here- 
after denoted Na$a3A12F14. 

Experimental 

Preparation 
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The compound Na2Ca3A12F14 was pre- 
pared in the solid state at 700°C (12 hr) from 
the elementary fluorides in sealed gold 
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TABLE I 

CRYSTAL DATA AND CONDITIONS OF DATA 
COLLECTION (SIEMENS AED2) FOR NaKa&F,4 

space group R,3 - (2 = 4) 

a, v 10.257(l) A, 1079.1 .@ 

PWd ~01,s = 2.93(3), peat = 2.99 
Crystal volume (10-j mm? 1.02 
Radiation MoKu (graphite monochromatized) 

Scanning mode all28 

ApWtUK 414 
Range registered 

e mmr em (“) 2.3, 50.0 
h k I min -20, 20, -20 

hklmax 20, 20, 20 
Absorption coefficient r(cm-‘) 19.15 
Absorption correction NO 
Reflections measured: Total 8785 
Independent (R average) 833(0.032) in m3 

1499(0.030) in 23 
Used in refinement 811 (F. z 6u(FJ in m3 

1412 (F. 3 fm(FJ in 23 

tubes; small amounts of CaF2 are always 
present. The thermal study (A.T.D. Netsch 
404 S) shows a decomposition into p-Na 
CaAlF6 (high-temperature form) and CaF2 
at 719(3)“C. 

Crystals of Na2Ca3A12Fr4 were synthe- 
sized using a chloride flux method in plati- 
num crucible under argon atmosphere. The 
best results were obtained from a flux of 
composition 10 NaCl .+ 5 ZnC& + 2 CaCl2 
+ 4 NaF + 2 CaF2 + 2 AlFj by slow cooling 
(S”C/hr) from 650°C. The rounded, well- 
shaped crystals of Na2Ca3A12Fi4 (<I mm3) 
are obtained in the presence of small 

amounts of more birefringent CazAlF, crys- 
tals with a plate habit. 

X-Ray Data Collection and 
Characterization 

The X-ray powder diffraction pattern of 
the crushed crystals agrees with a cubic 
body-centered cell: a = 10.257(l) A. The 
results of the crystallographic study-(i) 
h+k+l=22n,001with1=2n,Oklwithk+ 
1 = 2n, and hO0 with h = 2n and (ii) Laue 
symmetry m3-are consistent with the 
space groups Im3, 12i3, and 123. Taking 
into account the second harmonic genera- 
tion signal (frequency doubling level twice 
as high as quartz), only the noncentric 
groups Z2,3 and 123 are allowed. 

The crystal selected for the structure de- 
termination had an approximate volume of 
1.02 x 10e3 mm3. Owing to the small value 
of the absorption factor and to the good 
agreement within the equivalent intensities, 
we did not deem it necessary to apply an 
absorption correction. Table I shows the 
conditions of the diffraction experiment on 
a Siemens AED four-circle diffractometer. 

Structure Refinement 

All the calculations were made with the 
SHELX76 program (6). Atomic scattering 
factors and dispersion correction factors 

TABLE II 

ATOM PARAMETERS, ANISOTROPIC TEMPERATURE FACTORS~ rl;, X IO4 AND B,, (A*) FOR Na2Ca,A1rFr4 

Atom Position x Y Z utt u22 u33 u23 1113 ut2 Beq 

Ca 
Al 
Na 
F, 
F2 

F3 

12b 0.4667(O) 0 t 78(l) 
8a 0.2482(O) 0.2482(O) 0.2482(O) 75(l) 
8a 0.0847(O) 0.0847(O) 0.0847(O) 273(2) 

24c 0.1387(l) 0.3062(l) 0.1206(l) 114(2) 
24c 0.3640(l) 0.3627(l) 0.1873(l) 131(2) 

8a 0.4614(l) 0.4614(l) 0.4614(l) 104(l) 

Note. Numbers in parentheses indicate esd’s. 
4 The vibrational coefficients relate to the expression: T 
2hka*b*Ulz + 2hla*c*U13 +2klb*c*U&]. 

91(l) 
75(l) 

273(2) 
127(2) 
147(2) 
1W1) 

78(l) O(1) 0 0 0.66 
75(l) -2(l) -2(l) -2(l) 0.60 

273(2) -88(2) -88(2) -88(2) 2.16 
125(2) 25(2) -29(2) -7(2) 0.97 
154(2) W2) -W) -59(2) 1.14 
1Wl) 142) 14(2) 14(2) 0.82 

= exp[- -2rr2(h2a*2Ull + k2b*2Uzz + 12c*2U33 + 
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TABLE III 

MAIN INTERATOMIC DISTANCES (A) AND ANGLES (“) 
IN Na2Ca3AIZF,4 

AI-F octahedron 
3 x AI-F, = 1.824(l) Fz-AI-F* = 91.4(l) 
3 x AI-F2 = 1.784(l) F,-AI-F, = 99.6(l) 
F-F,,,,. = 2.478(l) F-F,,, = 2.6Ol(l) F&-F> = 175.9(l) 

(AI-F) = 1.804(Z) 
Na-F polyhedron [6 + I] 

3 X Na-F, = 2.367(l) Na-AI = 2.905(l) 
3 x Na-F, = 2.576(l) Na-Ca = 3.580(l) 
I x Na-F3 = 2.191(l) Na-Na = 3.810(I) 

(NSF) = X431(2) 
Ca-F polyhedron [81 

2 x Ca-FI = 2.354(l) 
2 x Ca-F2 = 2.326(l) 
2 x Ca-Fz = 2.489(l) 
2 x Ca-FI = 2.324(l) 

Ca-Ca = 3.890(l) 
Ca-Na = 3.580(l) 
G-AI = 3.392(l) 

@i-F) = 2.373(2) 
F, tetrahedron 

3 X F,-Ca = 2.324(l) 
1 x F,-Na = 2.191(l) 

Fj-FI = 4.408(2) 

3 x Ca-F,-Ca = 113.6(l) 
3 X Na-F&a = 104.9(l) 

F3-Ca-F3 = 143.0(l) 

were taken from “International Tables for 
X-Ray Crystallography” (7). The structure 
was solved from the TANG option of direct 
methods. A solution was found only for the 
1213 space group with calcium, aluminum, 
and sodium ions located in the 12b and 8a 
sites, respectively. Successive refinements 
and Fourier maps located the fluorine at- 
oms and led to R = 0.045 (R, = 0.039) for 
811 independent reflections in ~23. The R 
factor drops to 0.026 (R, = 0.020) when 
refining the anisotropic thermal parame- 
ters. Finally, the absolute configuration of 
the crystal was determined after averaging 
equivalent intensities in the Laue subgroup 
23, the two enantiomeric forms leading to 
significantly different R factors: RI = 0.030 
(R, = 0.025) and R2 = 0.024 (R, = 0.019). 
For the best enantiomorph the weighting 
scheme was w  = 5.31/u*(F) and the maxi- 
mum height in the final Fourier difference 
map was 0.09 e- * A3. A table specifying 
the calculated and observed structure fac- 
tors can be obtained on request to the au- 
thors (G.C.). 

Table II lists the atomic coordinates and 
the thermal motion parameters, whereas 
Table III lists the main interatomic dis- 
tances and angles. 

Na 

c 
0 

i- 
b 

a 

0 

FIG. 1. View of the Na2Ca3A12F1., structure drawn by 
means of the STRUPLO 84 program (13). AIF octahe- 
dra are shaded. 

Structure Description and Discussion 

The main feature of this structure per- 
tains to the existence of an independent flu- 
orine F3, besides those which are bonded to 
AP+. There are therefore two ways of de- 
scribing Na2Ca3A12Fi4. The first, more con- 
ventional, starts from AP+ coordination; 
the structure may be viewed as consisting 
of isolated AlF6 octahedra (Fig. I) between 

FIG. 2. Projection of the Na2Ca3A12F,~ structure on 
the (100) plane. Tetrahedral entities [FCa3Na] are 
drawn (circles correspond to the terminal sodium at- 
oms). 
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FIG. 3. Stereoview of the Na2CaJA12F,4 structure (circles correspond to Na+ ions). 

which Na+ and Ca*+, in seven- and eight- 
fold coordination, respectively, are in- 
serted. However, in this description, only 
Fl and F2 belong to the octahedra; F3, 
bonded only to Nu+ and Cu*+, can be con- 
sidered as independent. This peculiarity 
was already encountered for some other 
fluorides (8). This led us to propose a sec- 
ond description of Na2Ca3A12F14 based on 
the cationic coordination and these “inde- 
pendent” fluorine atoms. 

Indeed, each F3 is surrounded by 3 Ca*+ 
and 1 Na+ which form a tetrahedron around 
F. Such tetrahedra build up a three-dimen- 
sional network by sharing the vertices oc- 
cupied by Ca*+, Na+ being terminal. The 
large cavities within this arrangement are 

a 

Ca 
tc 

FIG. 4. Y = a. Projection of the Ca2AIF7 structure 
(AIF, octahedra are inserted between FCa2 chains). 

filled by A1F6 octahedra (Figs. 2 and 3). The 
structural formula which corresponds to 
this description is [A1F612[FNaCa3/212 de- 
noted A2B2XS, with A = AlF6, B = F, X = 
Na, Ca, the tetrahedral framework being 
B2X5. This notation suggests a comparison 
with oxides which exhibit a closely similar 
crystal chemistry, such as silicates. In our 
case, the local connection of FNaCa3 tetra- 
hedra appears like that occurring in a-Na2 
Si20s (9). However, this linkage leads to a 
layer compound for the latter, but to a 
framework for Na2Ca3A12Fi4, which so far 
seems not to have been reported in mineral 
compounds. 

Moreover, this approach of the structure 
can be extended to other fluorides which 
exhibit independent F-, hereafter noted 
Find; a first example is provided by Ca2AlFT. 
This structure, described by Domesle and 
Hoppe (IO) as built up from isolated AlF6 
octahedra between which Ca*+ and supple- 
mentary Find are inserted, can be treated in 
the same manner. Indeed, each Find is sur- 
rounded by a triangle of Ca*+. These trian- 
gles share two of their vertices and form 
chains running along [loo]; AlF6 octahedra 
are then inserted between these chains 
(Fig. 4). The corresponding formulation is 
thus [AlF~l[FCa2~~Cai~il = [AlF6][FCa2], 
and more generally, A[BX2]. This structural 
arrangement typically exists in LiB02(I) 
(11). 

A second illustration concerns K$SiF, 
(12). This structure exhibits isolated SiI$- 
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FIG. 5. (a) (001) projection of the K,SiF, structure. SiF6 octahedra are at 2 = 0, whereas the Find with 
four K+ are at Z = 4. (b) (001) view of KrSiF-, showing the ReOr-type network from FKj (Z = 4) inside 
which the isolated SiF6 octahedra (circles) are inserted (Z = 0). 

octahedra separated by Find, each sur- 
rounded by an octahedron of K+. The FK6 
octahedra share corners and build up an 
ReOJ-type sublattice, the SF6 octahedra 
being in the cubooctahedral cavities (Figs. 
5a and 5b). Therefore, K3SiF7 = [SF61 
[FK6,2] = ABXx is a perovskite-like com- 
pound. 

The fluorides with Find and isolated octa- 
hedra may thus be considered from a struc- 
tural point of view as the “negative” of 
complex oxides of an equivalent topology, 
even when the corresponding chemical for- 
mulas are completely different. In our de- 
scription, the oxyanions are replaced by 
fluocations, and the countercations in the 
oxides, by octahedral polyanions in the flu- 
orides. Table IV explicitly demonstrates 
the above correspondence, which consider- 

TABLE IV 

Fluorides 

Chemical formula Structural formula Oxides 

NaXa~AhFr~ = [AIF:-l~[F~(Na~Ca,)6+l (Na+)#i&] 
CaxAIF, = [AIF:-I[FCaz+l (Li+)[BOrl 

K3SiF7 = [SiF:-I[FG21 (Ba*+)[TiO:-I 

ably enlarges the classical one between 
CaF2 and Liz0 (antifluorite structure). 

Finally, it is suggested that this structural 
analysis can be carried out in reverse: start- 
ing from known oxide structures, it may be 
expected to suggest new formulas and new 
topologies in the crystal chemistry of fluo- 
rides. 
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