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The crystal structure of P-NaCaAlF, has been determined from X-ray powder diffraction data (R, = 
0.054, RP = 0.102). The cell is trigonal (NaZSiF6-type; SG P 321) with a = 8.9295(9) A,, c = 5.0642(2) A, 
and Z = 3. This compound is isotypical with P-LiMnFeF,. The ru-NaCaAlF, phase is indexed in a 
monoclinic cell (a = 8.738(3) A, b = 5.190(3) A, c = 20.342(9) A, /3 = 91.451(6)“). Na4Ca4A17F33 is cubic 
(SG I m3m) with a = 10.781(3) A and Z = 2. The crystal structure is refined from 182 reflections to R = 
0.039 (R, = 0.031). Aluminum and calcium octahedra build up a three-dimensional network 
[Ca4A1,F’3,]4m in which are inserted the Na+ ions. Finally, a comparison of the Na&a4A1,F3J structure 
with the NasAlpFId and Na3Sr4A15Fz6 structures is given. o 19~ Academic PXSS, II-K. 

Introduction 

Recent works on the NaF-CaF2-AlF3 
system have been reported by Pfund and 
Zimmermann (I), Craig and Brown (2), and 
Baggio and Massiff (3). To summarize, 
three compounds have been isolated: (I) 
NaCaAlF6 (high-temperature form) (1, 2), 
(II) NaCa,,5AlF7 (3) (called the NaCaAlF6 
low-temperature form in Refs. (1, 2)), and 
(III) NaCaA12F9 (2), also formulated as Na 
CaA11,75F8.25 by Baggio and Massiff (3). As 
these compounds are difficult to prepare in 
the pure state no structural information is 
available. In a recent paper (4), one of us 
has reported the crystal structure of phase 
II, called Na2Ca3A12Fr4, which exhibits a 
cubic symmetry (a = 10.257 A, Z = 4, SG Z 
2,3). 

means of solid-state synthesis and both hy- 
drothermal and chloride flux growth tech- 
niques. In addition to the previously ob- 
served phases I and III, a low-temperature 
form of NaCaAlF6 was found. 

This paper is devoted to the structural 
determination of the low-temperature form 
of NaCaAlF6 (p-form) and to the crystal 
structure of NaCaA11.75F8,Zs, hereafter de- 
noted Na4Ca4A17F33. In addition cell param- 
eters are proposed for the a-NaCaAlFe 
phase. 

Experimental 

Preparation 

In order to obtain more information 
about phases I and III, the ternary system 
NaF-CaF2-AlF3 was reinvestigated by 

For solid-state synthesis, a mixture of el- 
ementary fluorides with the stoichiometric 
composition (NaCaAlF6 and NaCaAlzF9 or 
NaCaAl,,75F8.25) was heated in sealed gold 
tubes with a vertical furnace allowing either 
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air quenching or natural cooling (about 
20OWhr). 

For hydrothermal synthesis, two tech- 
niques have been used: (1) a low-tempera- 
ture (T < 220°C) and low-pressure (P = 300 
bars) technique using a Teflon vessel in a 
Paar bomb for acid digestion and (2) a high- 
temperature (300°C < T < 750°C) and high- 
pressure (P = 2000 bars) technique using a 
sealed platinum tube in an autoclave (see 
Ref. (5) for technical details). 

For chloride flux growth (6, 7), a mixture 
of chlorides and fluorides contained in a 
platinum crucible was heated, under argon 
atmosphere, in a vertical furnace and then 
slowly cooled using an Eurotherm 818 tem- 
perature programmer. 

NaCaAlF6. Various attempts to prepare 
a phase with the composition NaCaAlF6 in 
the solid state are summarized in Table I. It 
is clear that only the high-temperature form 
((Y) can be prepared (not in the pure state) 
when the temperature is above 620°C. For 
temperatures below 62O”C, the stable phase 
Na2Ca3AlZF14 always appears as the main 
product whatever the cooling mode. 

However, in the temperature range 600- 
68O”C, the partial substitution of the Ca2+ 
ion by Mn2+ ion stabilizes a phase NaCa, 
Mt+,,AlF, (0 < x < 0.85) related to tri- 
gonad Na2SiF6-type, but above x = 0.85 a 
mixture of phases is obtained: mainly 
NGw-Wl4, “NaCao.s~Mno.2sA1F~ ,” and 
o-NaCaAlF6. Nevertheless, the evidence 

for a low-temperature form of NaCaA1F6 
(p-form) is given and we have used hydro- 
thermal synthesis to stabilize this meta- 
stable phase. 

At high-temperature and pressure (T = 
350,630, 720°C and P = 2000 bars) crystals 
or powdered samples of Na2Ca3A12F14, 
NaSA13Fi4, and AlF3 are obtained from the 
composition NaCaAlF6 in 40% HF. At low 
temperature (220°C) and pressure (300 
bars), twinned crystals of p-NaCaAIFh are 
synthesized as well as small amounts of 
Na,Ca3A12F14, NaSA13F14, CaF2, and AlF3 
(5 M solution of “NaCaA1F6” in 40% HF 
for 6 days and then natural cooling of the 
furnace). Under the same conditions, the 
addition of a small quantity of MnF2 (molar 
ratio Ca/Mn = 78) gives rise only to powder 
of &NaCaAlF6, again with small amounts 
of NaSA13F14 and CaF2 . Change of such ex- 
perimental parameters as temperature, 
time, and HF concentration do not improve 
the last result. Thermal study of p-Na 
CaA1F6 by DTA (Netsch 404S, 300Whr) 
shows an endothermic peak at 615(5)“C cor- 
responding to the decomposition of this 
metastable phase in Na2Ca3A12F14 and 
a-NaCaAIFb. 

The a-NaCaA1F6 can also be prepared by 
dehydration of NaCaAlF6 * H20 (Pachno- 
lite (8)) at temperatures above 340°C. This 
phase remains metastable in the tempera- 
ture range 340-550°C and then decomposes 
into Na2Ca3A12F14 and Na&a4A17F33. 

TABLE I 
PHASES OBTAINED BY HEATING OF THE NaCaAlF6 COMPOSITION 

Temperature range Main phase Traces Cooling mode” Time 

480-620°C 

620-730°C 
(melting point) 

Na,CalA12F,4 

cu-NaCaAlF, 

NaAF,~ 
NGaAM% 

CaF, 
Na,Ca,A12F14 

CaF, 

Q 
or 
NC 
NC 

Q 

2-12 hr 

2-15 days 

n Q, air quenching; NC, natural cooling of the furnace. 
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Na&a&f7F33. In the solid state, the Na 
CaA12F9 or NaCaAli.75Fs.25 composition 
leads to the same cubic phase with a small 
amount of AIF (T = 650°C for 60 hr). 
Therefore this technique does not allow one 
to choose between the two formulations. 
Crystals of this phase, with spherical habit, 
have been obtained by the chloride flux 
method from a mixture of NaF + CaF2 + 
2AlFJ + 6NaCl + 3ZnC12 cooled at S”C/hr 
from 700°C. The following structural deter- 
mination has allowed us to confirm the for- 
mulatton Na.&A17Frj. 

X-Ray Data Collection and 
Characterization 

NaCaAIFb. The X-ray powder diffrac- 
tion pattern of /?-NaCaAlF6 allows one to 
identify an isotypic phase of NaMnCrF6 
(SG P 321, % = 3, JCPDS diffraction files 
29-1242 and 33-1235) related to the Na2 
SiF6 structure. /3-NaCaAIFs can be indexed 
on a trigonal cell with a = 8.9295(9) A and c 
= 5.0642(2) ii. 

For a-NaCaAlF6, the X-ray powder dif- 
fraction pattern is in agreement with 
JCPDS diffraction files 36-1498 and 3% 
779. However, some new lines exist in ad- 
dition to those of the Na2Ca3A12Fi4 impu- 
rity. Poor quality crystals, achieved by 
extended heating, allow only a cell charac- 
terization. Laue and precession photo- 
graphs indicate a monoclinic symmetry 
with the cell parameters a = 8.75 A, b = 
5.20 A, c = 20.34 A, and p = 91”. The ob- 
served reflection conditions-Ok0, k = 2n; 
001, 1 = 4n--are consistent with the space 
groups P 2,/,m and P 2i (001,l = 4n, being a 
fortuitous condition). This proposed cell al- 
lows one to index the powder pattern with 
the following refined parameters: a = 
8.738(3) A, b = 5.190(3) A, c = 20.342(9) A, 
and p = 91.451(6)“. Table II includes the 
observed and calculated d spacings. 

Na4Ca&~F33. The X-ray patterns of 
both powder and crystals are indexed with 
a cubic body-centered cell-a = 10.780(3) 

A-as reported by Baggio and Craig 
(JCPDS file 36-1497 and 38-778). The re- 
fined cell parameter obtained from 24 re- 
flections by the double scan technique, on 
the crystal selected for X-ray intensity data 
collection on an AED2-Siemens Stoe four- 
circle diffractometer, is a = 10.781(3) A. 
The unique condition for the reflections ob- 
served (h + k + 1 = 2n) leads to the centric 
space groups I m3m and Z m3, and to the 
noncentric groups I43m, I432, I2i3, and I 
23. 

The experimental density of these com- 
pounds has been determined with the multi- 
volume pycnometer 1305 from Micro- 
meretics (see Tables II, III, and V). 

Structure Refinement 

P-NaCaA1F6. The structure of p-Na 
CaAIFb was solved from powder diffraction 
data analyzed by the Rietveld method (9). 
X-ray intensities were recorded, by step 
scan, on a Siemens D501 diffractometer 
with CuKor radiation (back graphite mono- 
chromator). A sample holder, described by 
MacMurdie et al. (IO), was used to mini- 
mize the orientation effects; the conditions 
of data collection are given in Table III. 
The atomic coordinates were refined from 
the NaMnCrF6 model (II) in the space 
group P 321. However, owing to the ab- 
sence of the 001 line, observed medium in 
NaMnCrF6, two different cationic distribu- 
tions of Na+ and Ca*+ ions (close ionic ra- 
dii) between the 3e and 3fsites were tested. 
The reliability factors are as follows: 

site 3e (z = 0) 
site 3f(z = f) 

RI 
RP 

R WP 

Na+ 
Caz+ 
12.52 
16.62 
18.98 

Ca2+ 
Na+ 
5.39 

10.18 
11.83 

The best result corresponds to an inverse 
distribution in relation to NaMnMFc phases 
(M = Cr3+, AP+, Fe3+). Table III combines 
the final positional and thermal parameters 
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TABLE II 

OBSERVED AND CALCULATED d SPACINGS OF a-NaCaAiF,(CuKa RADIATION) 

h k 1 

1 
0 
1 
2 
1 
1 
2 
1 
2 
1 
2 
2 
3 
2 
2 
0 
3 
0 
3 
3 
1 
3 
3 
0 
3 
1 
2 
0 
4 
3 
2 
2 

0 
0 

0 

0 

1 
1 
0 
1 
0 
1 
0 
1 
0 
1 
1 
2 
0 
0 
0 
1 
0 
0 
I 
2 
1 
2 
2 
2 
0 
1 
2 
1 

0 
4 

-4 
0 

-3 
3 
3 

-4 
-4 

4 
4 

-3 
0 

-4 
4 
0 

-4 
8 
4 
2 
8 

-5 
3 
4 
4 
4 
1 
5 

-1 
5 

-4 
-8 

d ohs 

8.7334 
5.0866 
4.4447 
4.3667 
3.7589 
3.7048 
3.6304 
3.3732 
3.3508 
3.3336 
3.2734 
3.0214 
2.9117 
2.8168 
2.7676 
2.5946 
2.5545 
2.5405 
2.4980 
2.4506 
2.4225 
2.3976 
2.3600 
2.3110 
2.2521 
2.2287 
2.2150 
2.1862 
2.1772 
2.1320 
2.0527 
2.0430 

d cd I &a h 

8.7351 17 
5.0839 9 
4.4430 19 
4.3676 76 
3.7492 3 
3.7049 2 
3.6298 100 
3.3751 41 
3.3552 45 
3.3321 47 
3.2722 12 
3.0205 8 
2.9117 34 
2.8176 27 
2.7679 12 
2.5949 5 
2.5547 2 
2.5420 2 
2.4995 16 
2.4510 1 
2.4243 10 
2.3964 10 
2.3609 17 
2.3112 5 
2.2519 II 
2.2280 8 
2.2144 4 
2.1876 21 
2.1772 19 
2.1329 21 
2.0526 10 
2.0423 16 

2 
1 
4 
4 
2 
3 
4 
1 
2 
4 
3 
3 
5 
2 
1 
1 
5 
5 
5 
4 
4 
2 
I 
2 
2 
0 
4 
1 
5 
5 
1 

k 1 d obr d Cal I “bS 

2 4 2.0325 2.0332 II 
2 -6 2.0120 2.0123 12 
1 1 1.9994 1.9985 9 
0 4 1.9886 1.9883 3 
2 -5 1.9673 1.9667 5 
2 0 1.9380 1.9372 37 
1 3 1.9171 1.9174 7 
2 -7 1.8953 1.8962 24 
1 -9 1.8894 1.8888 36 
0 -6 1.8575 1.8573 4 
1 -8 1.8165 1.8167 86 
1 8 1.7769 1.7770 14 
0 0 1.7478 1.7470 5 
2 -8 1.6886 1.6876 7 
3 2 1.6721 1.6725 6 
2 9 1.6665 1.6665 10 
1 0 1.6565 1.6557 10 
1 -2 1.6402 1.6405 24 
0 -5 1.6190 1.6201 2 
1 -8 1.5949 1.5963 13 
2 4 1.5779 1.5783 7 
3 -3 1.5676 1.5682 7 
0 -13 I .5462 1.5466 2 
3 -4 1.5378 1.5376 6 
1 -12 1.5240 1.5233 17 
1 13 1.4982 1.4977 3 
2 6 I .4878 1.4872 7 
1 -13 1.4822 1.4822 9 
0 -8 1.4572 1.4571 5 
1 -8 1.4030 1.4028 16 
1 -14 1.3865 1.3865 3 

Note. a = 8.738(3) A, b = 5.190(3) A, c = 20.342(9) A, p = 91.451(6)“; density: dabs = 2.96(4), d,,, = 2.94; 
Z = 8. 

with the profile parameters and Table IV 
lists the main interatomic distances and an- 
gles. Figure 1 shows the observed and cal- 
culated patterns. 

NadZa&F33. Crystal data and experi- 
mental details used during the measure- 
ment are reported in Table V. All the 
calculations were performed using the 
SHELX-76 program (13). The intensities 
have been corrected for Lorentz polariza- 
tion effects as well as for absorption. Aver- 

age of equivalents, in the Laue group m3m, 
led to an R,, value of 0.05 1. Atomic scatter- 
ing factors and dispersion correction fac- 
tors were taken from Ref. (14). In the ab- 
sence of heavy atoms, the structure was 
solved from the Tang option of direct meth- 
ods in the space group Z m3m. A solution 
was found with calcium and two aluminum 
ions located in 8c, 2a, and 12e sites, respec- 
tively. Successive refinements and Fourier 
maps located the fluorine and sodium atoms 
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TABLE III 

CONDITIONS OF DATA COLLECTION AND REFINEMENT, ATOMIC, AND THERMAL 

PARAMETERS FOR p-NaCaAlF, 

Symmetry 
Space group 
Cell parameters 
Density 
20 range 
Step scan increment (28) 
No. of reflections 
No. of structural parameters 
Profile parameters* 

Trigonal 
P 321 (No. 150) 
a = 8.9295(9) A, c = 5.0642(2) A, y = 120”, V = 349.7(l) &, Z = 3 
dobS = 2.88(5); d,,, = 2.91 
10-140”” 
0.04 
444 
30 

U, = 0.22(2), V, = -0.08(2), W, = 0.144(4), 
U, = 0.14(3), V, = -O.oOS(SO), W, = 1.44(2), 
C = 0.006(2), D = -0.310(7) 

Zero point (20) 0.214(2) 
Reliability factors (%) R, = 5.39, RP = 10.18, RWP = 11.84, RE = 3.16 

Atom Site x Y 2 B,,(& 

Ca 3e 0.3720(3) 0 0 1.17(4) 
Na 3f 0.7145(6) 0 6 1.1 (1) 

Al, ill 0 0 0 1.0 (1) 
4 2d 1 2 0.499( 1) 1.4 (1) 
F, 6g 0.91;6(5) 0.10:1(6) 0.796(l) 1.4 (1) 
F* 6g 0.5541(5) 0.4101(6) 0.703(l) 2.0 (2) 
F3 6g 0.2517(6) 0.7771(7) 0.703(l) 1.3 (1) 

a Four excluded zones; Na5AIjF,4 and CaFz impurity. 
b Definition in (9). 

TABLE IV 

MAIN INTERATOMIC DISTANCES (A) AND ANGLES (“) IN P-NaCaAIF, 

Ca octahedron (symmetry 2) 
Ca-F? = 2 x 2.280(5) F-Ca-F,,, = 63.0(3) F-F,. = 2.461(9) 
Ca-FI = 2 x 2.289(5) F-Ca-F,,, = 110.3(2) F-F,,, = 3.743(4) 
Ca-F, = 2 x 2.353(5) 

(Ca-F) = 2.308 

Na octahedron (symmetry 2) 
Na-F, = 2 x 2.149(4) F-Na-F,,, = 66.5(2) F-F,;, = 2.518(8) 
Na-F, = 2 x 2.272(5) F-Na-F,,, = fO4.7(3) F-F,,, = 3.403(5) 
Na-F2 = 2 x 2.319(4) 

(Na-F) = 2.247 

Al, octahedron (symmetry 32) 
AI,-F, = 6 x 1.801(6) F-AI,-F,,. = 86.1(4) F-F,i. = 2.461(7) 

F-AI,-F,,, = 93.3(3) F-F,,, = 2.619(6) 

Al2 octahedron (symmetry 3) 
Al>-F2 = 3 x 1.793(6) F-A&F,,, = 88.5(2) F-F,i. = 2.518(7) 
AIZ-F3 = 3 x 1.814(6) F-AI,-F,,, = 90.7(2) F-F,,, = 2.551(10) 

(A&-F) = 1.803 
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FIG. 1. Comparison of observed (. .) and calculated (--) intensities for /3-NaCaAlF6. The differ- 
ence pattern appears below at the same scale. 

and led to R = 0.12 (Rw = 0.11) with iso- ma1 motion factor of 4.16 A2; moreover, in 
tropic thermal motion. At this stage of re- the difference synthesis, no new peaks ap- 
finement, the structural formulation “NG peared. However, the refinement of the oc- 
Ca4A17F33” was not in agreement with neu- cupation ratio of Na atom led to 0.084 in- 
tral charge and the sodium atom had a ther- stead of 0.125 and to a thermal motion of 

TABLE V 

CRYSTAL DATA AND~ONDITIONSOF DATA COLLECTION AND 
REFINEMENT FOR Na&a,AI,F,, 

Symmetry 
Space group 
Cell parameter 
Density 
Crystal volume (lo-) mm3) 
Radiation 
Aperture (mm) 
Scanning mode 

Profile fitting data analysis (12) 
Range registered 
Absorption correction 

Reflections measured: 
Total 
Independent 
Used in refinement 

Number of refined parameters 
Weighting scheme 
Maximum height in final 

Fourier difference map 

Cubic 
I m3m (No. 229) 
a = 10.781(3) A, V = 1253.07 A3, 2 = 2 
dabs = 2.83(4); dca, = 2.83 
0.61 
MoKa (graphite monochromatized) 
4x4 
0120; 40 steps of Aw”; 0.027 < AO < 0.032; 

time per step: 2 s 
Isotropic linewidth, o = (1.01 + 0.055 tan 0) 
2&-28,,: 5-60”; hkl,,, 8 10 14 
Gauss method, k = 13.94 cm-‘; t,i, = 0.85, 

t max = 0.95 

2457 
214 herage = 0.051) in m3m 
182 (F, > 9u(F,)) 
21 
w = 22.76(&(F)) 

0. lOe-iAs 
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TABLE VI 
ATOMIC COORDINATES, ANISOTROPIC TEMPERATURE FACTORS (U, x 104). AND &&AZ) FOR Na4Ca4A],Fj1 

Atom Site x Y 

Na” 12d 0 
Ca SC t a 
Al, 2a 0 0 
‘% 12e 0.3298( 1) 0 
F, 6b 0 1 
F2 48k 
W 

0.1159(l) 0.1159(l) 
48k 0.0239(S) 0.0239(S) 

2 Ull 

: 
208(19) 
109(3) 

0 82(7) 
0 w3) 
1 lOS(25) 

0.3363(2) 293(7) 
0.1633(4) 224(42) 

u22 

254(14) 
W3) 
82(7) 
97(5) 

376( 19) 
293(7) 
224(42) 

u33 u,z 

254(14) 0 
W3) l(3) 
82(7) 0 
97(5) 0 

376(19) 0 
103(7) 

-11(E) 

u23 8-J (A’) 

0 1.88(12) 
l(3) 0.86(2) 
0 0.65(5) 
0 0.73(5) 
0 2.26(16) 

- 169(9) 3.21(S) 
-60(27) 1.48(28) 

’ Refined occupation ratio: 0.084(1)/O. 125. 
b Occupation ratio: 0.125/0.5. 

1.85 A2, the reliability factor being R = 0.10 
(R, = 0.09). There are then eight Na atoms 
(2 = 2) and the compound formulation is 
finally Na4Ca4ALFj3, as reported by Bag- 
gio. The refinement leads to the reliability 
factors R =: 0.039 and Rw = 0.031 when 
applying anisotropic thermal motion, the 
Na atoms filling at random two-thirds of the 
crystallographic site. The results are not 
absolutely satisfactory because of short in- 
teratomic distances and high thermal mo- 

tion. Indeed the Ah-F3 = 1.762 A distance 
is smaller than the sum of the ionic radii- 
1.820 A-(25> as well as the Al-F distances 
observed in the other fluoaluminates and 
the thermal motion of the F3 fluorine atom 
is very high-B,, = 6.0 A2. This probably 
indicates a structural disorder. Indeed, the 
final Fourier difference map shows a maxi- 
mum peak of 0.25e-/A3 (position: 0.038, 
0.038, 0.16) around the F3 fluorine atom; it 
corresponds to a fragmentation of site 12e 

TABLE VII 

MAIN INTERATOMIC DISTANCES (A) AND ANGLES (“) IN Na&&A17F3, 

Ca octahedron (symmetry 3m) 
Ca-Fz = 6 x 2.246(l) F2-Ca-F2 = 6 X 83.17(7) F?-FZ = 2.982(2) 

F2-Ca-F2 = 6 X 96.83(7) F?--F2 = 3.362(2) 
F2-Ca-FZ = 3 X 180.0 

AI, octahedron (symmetry m3m) 
Al,-Fx” = 6 x 1.798(4) (F3-Al,-F2) = 12 x 90.0 (F,-F,) = 2.543(S) 

F3-Al,-F3 = 3 x 180.0 

Al? octahedron (symmetry 4mm) 
Al*-F, = 1.835(f) F,-AI?-FZ = 4 x 87.73(8) F,-FZ = 2.497(l) 
A&F> = 4 x 1.768(l) F2-AIZ-F2 = 4 x 89.91(5) FL-F2 = 2.499(3) 
.41?-F3 = 1.832(4) (F2-Al>-FJ = 4 X 92.22(6) (FZ-F,) = 2.595(5) 

(Alz-F) = 1.790 Ca-F2-Al2 = 153.2(2) 
A12-F,-Na = 90.0 

(Al,-F1-AIJ = 180.0 

Na polyhedron (symmetry 42m): bicapped cube 
Na-F, = 2 X 2.695(O) 
Na-F2 = 8 X 2.601(l) 

(Na-F) = 2.619 

B The F, atom fills at random on one-quarter of crystallographic site 48k 
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FKG. 2. Perspective view of /3-NaCaAIF,. 

in a site 4% The refinement of this pro- zation of the other neighboring atoms but 
posal leads to a reliability factor lowering the attempts of refinement fail. The present 
(R = 0.033, RW = 0.026), t”, an interatomic structure must then be considered as an av- 
distance All-F3 of 1.798(4) A, and to a ther- erage structure for which final atomic and 
ma1 motion of 1.48 A2 for the F3 atom. The anisotropic thermals parameters are given 
disorder of F3 fluorine leads to the delocali- in Table VI. Table VII lists the interatomic 

FIG. 3. Stereoview of the Na4Ca4A17F,3 structure (circles correspond to Na+ ions; Al octahedra are 
heavily shaded and unshaded; Ca octahedra are medium shaded). 
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distances and angles whereas Table VIII 
gives the mean Al-F distances for recent 
crystal structure determination of fluoalu- 
minates. A list of FolFc values can be ob- 
tained from the authors on request. 

Structure Description and Discussion 

P-NuCaAIF6. p-NaCaAIFb, of Na2SiF6 
type, exhibits the same cationic distribution 
as ,&LiMnFeF, (28); the bivalent cation fills 
the 3e site at level z = 0 whereas the alka- 
line cation fills the 3fsite at level z = 4, the 
smallest cation being in sites la and 2d. In 
this structure (Fig. 2) all the cations are oc- 
tahedrally coordinated. One finds alternate 
layers of composition AICa3 at z = 0 and 
A12Na3 at z == 4. For the first layer each AlFh 

FIG. 4. Sodium polyhedron NaF,,: a bicapped cube. FIG. 4. Sodium polyhedron NaF,,: a bicapped cube. 

octahedron shares three edges with CaF6 
octahedra to build up the AlCa3 “clusters” 
which are not connected to each other. For 
the second layer, each AIF octahedron 

octahedron shares three edges with CaF6 
octahedra to build up the AlCa3 “clusters” 
which are not connected to each other. For 
the second layer, each AIF octahedron 

FIG. 5. Perspective view of the [A1,F131g- network in Na4Ca4A17F33. 
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FIG. 6. Connection mode of [A17F3318- blocks by cal- 
cium octahedra along [I 1 I] direction. 

shares three edges with NaF6 octahedra, 
each NaF6 octahedron being connected to 
two A1F6 octahedra, thus forming a 2D infi- 
nite layer A12Na3. The cationic distribution, 
between the 3e and 3fsites, is the opposite 
in relation to the compounds NaMnMF6 
(M = AP+, Cr3+, Fe3+) where the biggest 
cation Na+ always fills the 3e site at the 
least dense level z = 0. In P-NaCaAlF6, the 
sterical effect coming from the difference of 
ionic radii between M+ and M*+ cations 
(1.02 and 1.00 A for Na+ and Ca*+, respec- 
tively) is not significant enough to impose 
the cationic distribution; this is an electro- 
static effect which favors the Na and Ca 
ordering between the layers (cationic 
charge +9 in each layer). 

NaEa&l,F33. The N~~GQAI~F~~ struc- 

ture is made from connected calcium and 
aluminum regular octahedra which share all 
their corners to give rise to a [Ca4A17F33]4- 
three-dimensional network in which the 
Na+ ions are inserted (Fig. 3). The NaFlo 
polydedron, which looks like a bicapped 
cube, is shown in Fig. 4. The aluminum oc- 
tahedra build up infinite trans-chains run- 
ning in the directions [loo], [OIO], and [OOI] 
with the sequence AlI-Al*-A&-Al, (Fig. 5). 
Thus, each Al, octahedron shares its cor- 
ners with six Al2 octahedra. These blocks of 
seven octahedra are connected in the [ 11 l]- 
type direction by means of Ca octahedra as 
shown in Fig. 6; each Ca octahedra is then 
surrounded by six Al2 octahedra (Figs. 6 
and 7). 

The special arrangement of aluminum oc- 
tahedra in Na4Ca4A17F33 can be compared 
to those found in others fluoaluminates 
structures like NaSA13F14 (2Z, 29) and 
Na3Sr4A15FZ6 (30) for which the idealized 
units are shown in Fig. 8. Indeed, in each of 
these compounds, there exists a central oc- 
tahedron, A1F4j2F2 or A1F6,*, connected by 
corners to four or six octahedra rotated by 
90”. Starting from isolated pentamers A15F26 

TABLE VIII 

Compounds SG 
Site 

symmetry (AI-F) Refs. 

Na,Ca,AI,F,? Im3m m3m 1.798 This work 
TIAIFl P4lmmm 4lmmm 1.82 16 
KZLiA1F6 R?m 5m 1.813 17 

3m 1.797 
Cs,NaAIF, R?m 3m 1.81 18 
Sr,i,A1~F2~CI Fd3m 3m 1.781 19 
RbAIF4 P4lmbm 4/m 1.78 16 
KAlF, P4imbm 4/m 1.795 20 
WAWM P4lnmc 4lm 1.790 21 
NGhAWa Im3m 4mm 1.790 This work 
NHAIF, 14~2 4 1.80 16 
LiCaAlF, P31c 32 1.800 22 
Na2Ca3A12Fr* 122 2 1.804 4 
a-AIF, R3 2 1.794 23 

3 1.8Oi 
K,AIF5 HZ0 Cmcm 2lm 1.805 24 
Rb*AIS Hz0 Cmcm 2lm 1.817 25 
B-fQF3 Cmcm 2im 1.799 26 
Na5A13FId P4lnmc 2/m 1.80 21 

2/m 1.80 
Cs,NaA19F12 Rjm 2lm 1.80 27 
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FIG. 7. (001) projection of Na,Ca4A17F93. 

(b) 

FIG. 8. (a) Isolated unit AlF,[A&F22] = Al,Ft6 in Na&AlsFZ6; (b) layer AlF4[AlZFlo] = AlxF,4 in 
Na5A13FL4 ; (cc) bidimensional view of the Na,Ca4Al,F,3 three-dimensional network (2D formulation: 
AlF,[A14F20] = A15FZ4; 3D formulation: AlF2[A&F,o] = A&F&. 
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(Fig. 8a), one can build up a 2D network 
AI,Fr4 by condensation of the external octa- 
hedra or a “A&Fzd” layer by only four 
trans-corners sharing the external octahe- 
dra. The same scheme applied to the hypo- 
thetical isolated heptamer “A17Fj6” gives 
rise to the 3D networks “A14F18” or A17Fj3. 

Conclusion 

In addition to the structure of NaZ 
Ca3A12F14 (4), this study of the NaF-CaF2- 
AlF3 system by means of different methods 
of synthesis allows us to determine the 
structure of the new fluoaluminate Na4 
C&A17F33 and to evidence a low-tempera- 
ture form of NaCaAlF6. In these calcium 
tluoaluminates, the AlF6 octahedra are ei- 
ther isolated (Na&a3A12Fi4) or connected 
with other octahedra to build up a 3D 
framework ( /3-NaCaAlF6 and Na,CaAl, 
F33). The special unit Al~F33, encoun- 
tered in the last compound, indicates that 
new octahedra networks like “AlFF44” and 
“‘AhF,s” can be considered. Toward this 
aim new syntheses are in progress. 
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