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Abstract 
The title compound, tetracalcium dialuminum dodeca- 
hydroxide dinitrate tetrahydrate, of composition 3CaO.- 
A1203.Ca(NO3)2-10H20, is a layered compound con- 
stituted by positively charged [CanA12(OH)12] 2+ main 
layers and negatively charged [2NO3.4H20] 2- interlay- 
ers. It crystallizes in the trigonal P3cl  space group. The 
interlayer part of the structure is strongly disordered. 

The A13+ and Ca 2+ ions are six- and seven-oxygen- 
coordinated, respectively. Half of the water molecules 
and nitrate groups assume statistically the seventh co- 
ordination position of the calcium ions. Thus, half the 
water molecules are considered as bonded water and half 
as free or slightly bonded. The planar NO3- groups are 
bonded and perpendicular to the main layers. Nitrate 
groups are on disordered positions close to the [001] 
axis and free water molecules fill the interlayer space, 
also in a disordered manner. This is interpreted as a 
dynamic disorder resulting from free rotation of the 
nitrate group around the [001] axis, and this interpreta- 
tion is compatible with Raman microspectroscopy results 
realised on the same specimen used for this study. 

Comment 

The title compound, 3CaO.A1203.Ca(NO3)2.10H20, 
and several of the many related basic salts called AFm 
phases are important because they occur on hydration 
of cements. They form positively charged brucite-like 
[Ca2(A1,Fe)(OH)6] + layers and negatively charged [Xz'- 
nH20]-  interlayers to assume electroneutrality; X is a 
monovalent anion [OH-,  CI- ,  NO3-, AI(OH)4-] with 
z = 1 or a bivalent anion (CO~-, SO~-) with z = ½, 
where n can vary depending on the humidity, the tem- 
perature and the nature of the inserted anion. A struc- 
tural model for these AFm phases has been proposed 
but not refined (Ahmed & Taylor, 1967). At present, 
structures based on single-crystal data have been deter- 
mined for the monosulfate 3CaO.A1203.CaSOa-12H20 
(Allmann, 1977) and the chloride 3CaO-A1203.CaC12.- 
10H20 (Terzis et al., 1987). Recently, the equivalent 
carbonated compound 3CaO-A1203.CaCO3.11H20 was 
studied. Two modifications of this phase were resolved. 
The first is totally ordered (Francois et al., 1998), 
whereas the interlayer region of the second presents 
a statistical disorder between one carbonate group and 
three water molecules (Renaudin et al., 1999). 

The chemical composition of the compound 3CaO.- 
A1203-Ca(NO3)2-10H20, commonly named binitro- 
aluminate, was checked by a thermogravimetric ex- 
periment, taking into account the indications given by 
Ahmed et al. (1968) on its thermal decomposition. 
The studied compound crystallizes in the centrosym- 
metric trigonal space group P3cl .  Hexagonal param- 
eters are consistent with those previously indicated 
(Kuzel, 1970). The structure contains nine crystallo- 
graphic non-H atom sites. There is one 3CaO.A1203.- 
Ca(NO3)2.10H20 formula unit per lattice. Selected in- 
teratomic distances are reported in Table 2. The main 
layers of the structure defined by A1, Ca and O sites are 
completely ordered, while the interlayers, filled by water 
molecules (OWl and OW2) and nitrate groups (ON1, N, 
ON2 and ON3), are disordered, as seen by occupancy 
factors inferior to the unity and elevated displacement 
parameters. 
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A general view of the structure projected along the 
[110] direction is shown in Fig. 1. This representation 
has been ordered for clarity on the (3a, 3b, 2c) lattice. It 
can be described by the stacking sequence of  planes 
(NO3-,H20)-[Ca4A12 (OH) 12] 2+-(NO3-,H2 O ) - 2 H 2 0  etc, 
parallel to (001). Two adjacent [Ca4AIE(OH)12] 2+ main 
layers are sep.arated by a distance of  8.62 A. This dis- 
tance is 7.55 A in the equivalent carbonated compound; 
the difference of _~ 1.1 A is explained by the differ- 
ent orientations of the planar anionic NO3- and CO~-  
groups. While the carbonate groups tend to be parallel 
to the main layers [tilted by 21.8 (3)°], the nitrate groups 
are perpendicular to these layers. The oxygen environ- 
ment of the Ca 2+ and Al 3+ cations are represented in 
Fig. 2. The coordination number is 6 and 7 for the A13+ 
and Ca 2+ cations, respectively. The seventh coordination 
position of  the Ca atoms is assumed statistically either 
by OWl water molecules or by nitrate ON1 atoms. The 
two possibilities are shown in Fig. 2. 
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Fig. 1. Projection of the layered structure of 3CaO.AI203.Ca(NO3)2.- 
10H20 along [110]. The [AIO6] and [CaO7] polyhedra were 
produced using CaRIne (Boudias & Monceau, 1997). The interlater 
part of the structure is represented in an ordered way for clarity, i.e. 
disordered OW2 free water molecules arefixed on special position 
(0,0,¼), NO~- groups are drawn in a definite orientation and the 
choice between one OWl bonded water molecule or one nitrate 
anion is organized. 

A dynamic disorder of  the nitrate group and the 
free water OW2 molecule exists. This is shown by 
the elevated displacement parameters of the considered 
atoms and the Raman microspectroscopy results from 
the same single crystal. It is interpreted as a free 
rotation of NO3- and the free OW2 water molecule 
around the c axis, as it was supposed but not proven 
in an earlier work (Ahmed et al., 1968). The various 
positions of the nitrate group around the ternary axis 
are represented in Fig. 3. The Raman spectrum in the 
range 3450-3850 cm - l  relating hydroxyl vibrations did 
not show any well defined hydrogen bonds, but did 
show a large distribution of  them, in agreement with 
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• 0 vii ~ x ~ l  ~ O~ x ~ " ... O vii 

y)o i i viii 

~o+, o~°" '  c 

Fig. 2. The oxygen environment of the Ai 3+ and Ca 2+ cations 
within the [Ca4Al2(OHh2] 2+ main layers. The two possible Ca 2+ 
environments are drawn (with OWl bonded water or nitrate group 
bonded via ON1). Displacement ellipsoids are drawn at the 50% 
probability level (ATOMS; Dowty, 1995). Symmetry codes: (i) -y, 
x -  y, z; (ii) x -  y, x, -z; (iii) y -  x, -x, z; (iv) -x, -y, -z; (v) 
x - y , x ,  -z; (vi) y, l + y - x ,  -z; (vii) 1 - x + y ,  l - x ,  z; (viii) 
l - x ,  l - y,  - z ;  (ix) l - y , x - y , z ; ( x )  x, l + y , z .  

a dynamic disorder, In order to assume distances above 
2.4 A between the nitrate ON3 atom and the free OW2 
water molecule, the latter had to be shifted from the 
special position (0,0,1) to a general position. Thus, the 
positions of the nitrate groups and free OW'2 water mol- 
ecules are closely linked. Because of  the great disorder 
in the interlayer part of  the structure, the H atoms of 
the two water molecules (bonded OWl and free OW2) 
could not be localized. 

ON2 
ON2 i ~ ON2 x 

. 

ONI ON1 x 

Fig. 3. View of the [2NO3-4H20] 2 -  interlayers showing the disorder 
in that part of the structure. The representation is partially ordered, 
as indicated in the text. Isotropic displacement ellipsoids are drawn 
at the 10% probability level (ATOMS; Dowty, 1995). 
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E x p e r i m e n t a l  

The single crystal of the title compound used for analysis 
was prepared by hydrothermal synthesis. The starting powders 
Ca(OH)z, AI(OH)3 and Ca(NO3)z.4H20 in the stoichiometric 
proportion 3/2/1 were mixed with water (ratio solid:water = 
0.5), loaded into a silver capsule (length 100 mm, diameter 
5 mm, thickness 0.1 mm) and sealed under an argon atmos- 
phere. The experiment was performed over a period of two 

ON2:~ 0.394 (3) 0.680 (5) 0.2965 (6) 0.044 (3) 
ON3~ 0.619 (5) 0.974 (4) 0.2061 (I 1 ) 0.106 (8) 
OW2:~ 1.045 (9) 0.908 (6) 0.264 (2) 0.128 (14) 

l" Site occupancy = 0.50. :~ Site occupancy = 0.1667. 

Table 2. Selected bond distances (ft ) 
AI--O 1.9082 (14) Ca---ON 1 2.46 (2) 
Ca---O i 2.3609 (16) Ca---OWl 2.466 (9) 

months at a temperature of 393 K and a pressure of 2 Kbar Ca---O" 2.4485 (15) 
(1 bar -- 105 Pa). Symmetry codes: (i) -y ,  x -  y, z; ( i i ) x -  y, x , -z .  

Crystal data 

[Ca4A12(OH)I2](NO3)z.4H20 Mo Ka  radiation 
Mr = 614.46 A = 0.71073 ~, 
T_rigonal Cell parameters from 25 
P3c l reflections 
a = 5.7445 (8) 2~ 0 = 7-11° 
c = 17.235 (5) ]k # = 1.296 mm - l  
V = 492.55 (16) A, 3 T = 293 (2) K 
Z = 1 Plate 
Dx = 2.072 Mg m -3 0.320 x 0.200 × 0.075 mm 
Dm not measured Colourless 

Data collection 
Enraf-Nonius CAD-4 

diffractometer 
wl20 scans 
Absorption correction: 

empirical fitted by 
spherical harmonic 
functions (SORTA V; 
Blessing, 1995) 
Train = 0.666, Tmax = 0.909 

2025 measured reflections 
522 independent reflections 

Refinement 

Refinement on F 2 
R[F 2 > 2 o ' ( F 2 ) ]  = 0.036 
wR(F 2) = 0.100 
S -  1.164 
455 reflections 
41 parameters 
H atoms treated by a 

mixture of independent 
and constrained refinement 

416 reflections with 
I > 2o'(/) 

Rim - 0.017 
0ma~ = 29.92 ° 
h = 0---~ 6 
k =  0 ---* 6 
l = 0 ---~ 24 
3 standard reflections 

frequency: 180 min 
intensity decay: 5.9% 

w = 1/[o.2(Fo z) + (0.0496P) 2 
+ 0.5390P] 

where P = (Fo z + 2F~)/3 
(A /O ' )max  = 0.004 
Apmax = 0 . 4 4 2  e ~-3 
Z~pmin = -0 .627  e .~-3 
Extinction correction: none 
Scattering factors from 

International Tables for 
Crystallography (Vol. C) 

Table 1. Fractional atomic coordinates and equivalent 
isotropic displacement parameters (~i 2 ) 

Ueq = ( 1 / 3 ) E i ~ j  UqaiaJai.aj. 

x y Z Ueq 
AI 0 0 0 0.0129 (3) 
Ca 1/3 2/3 0.03345 (4) 0.0165 (2) 
O 0.3070 (3) 0.0572 (3) 0.05807 (8) 0.0169 (3) 
OWlt  1/3 2/3 0.1765 (5) 0.047 (3) 
ONl~t 0.287 (5) 0.579 (4) 0.1741 (12) 0.072 (7) ' 
N~ 0.428 (3) 0.745 (3) 0.2254 (7) 0.052 (4) 

The title structure was refined in the centrosymmetric space 
group P3cl, with an R value of 0.036. An attempt to refine 
the structure in the non-centrosymmetric space group P3cl  
did not decrease the disorder observed in the interlayer region. 
Refinement of the main layers leads to an R value of 0.080, 
with A1 atoms on the 2b site, Ca atoms on the 4d site, hydroxyl 
groups on general position 12g and the seven Ca2*-coordinated 
O atoms on special position 4d. These four atoms were refined 
with anisotropic displacement parameters. Hydroxyl H atoms 
were located from difference Fourier maps and refined with 
fixed individual isotropic displacement parameters [Uiso = 
1.2U~q(O)], using a riding model with an O - - H  distance of 
0.95 (2) A. The positions of the interlayer atoms were found 
from difference Fourier maps. An attempt to place nitrate 
groups parallel to the main layers was not conclusive. In 
agreement with the 8.6,4, layer thickness, nitrate groups were 
placed perpendicular to the main layers. NO~- groups are 
bonded to Ca 2÷, so 50% of the Ca atoms are linked to a water 
molecule and the other 50% are linked to a nitrate group via 
the ON1 atom placed on the same site as OWl in a first run. 
Nitrate-group geometry (sites ON1, ON2, ON3 and N) was 
restrained to be flat, with an O - - N - - O  angle of 120 °, and N -  
ON1, N - - O N 2  and N----ON3 distances identical within an s.u. 
of 0.02 ]k. The free water molecule (OW2) was localized from 
difference Fourier maps on special site 2a. This model leads to 
an R value of 0.07. Continuation of the refinement consists of 
displacing the interlayer nitrate group and free water molecule 
from their special positions. Thus, the ON1, ON2, ON3, N 
and OW2 atoms were placed on general site 12g (keeping the 
same restraints on the nitrate group). The refinement of this 
second kind of disorder, interpreted as free rotation of nitrate 
and affecting also the free water molecule (OW2) position, is 
in agreement with the large isotropic displacement parameters 
of these atoms and the Raman spectroscopy observations on 
the same single crystal, and leads to a residual R value of 
0.036. 

Data collection: CAD-4 Software (Enraf-Nonius, 1989). 
Cell refinement: CAD-4 Software. Data reduction: DREAR 
(Blessing, 1987). Program(s) used to solve structure: 
SHELXS97 (Sheldrick, 1997a). Program(s) used to refine 
structure: SHELXL97 (Sheldrick, 1997b). Molecular graph- 
ics: ATOMS (Dowty, 1995) and CaRIne (Boudias & Monceau, 
1997). Software used to prepare material for publication: WIN- 
WORD (Version 5.0). 

The  authors  are grateful  to the Se rv ice  C o m m u n  de  
Dif f rac tom6tr ie  A u t o m a t i q u e  o f  the  Univers i ty  Henr i  
Poincar6 and  to Ala in  Roui l le r  f rom C R P G  for  his  he lp  
in the prepara t ion  o f  the hyd ro the rma l  syntheses .  



838 [Ca4A12(OH) I2](NO3)2.4H20 

Supplementary data for this paper are available from the IUCr 
electronic archives (Reference: SK 1257). Services for accessing these 
data are described at the back of the journal. 
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Abstract  

The structure of the title compound, pentasodium 
tetradecatungsten tetratetracontaoxide, is built up of 
groups of four layers of WO6 octahedra similar to those 
found in the hexagonal tungsten bronzes, but displaced 
relative to each other so that no tunnels of trigonal and 
hexagonal sections are formed. These groups are linked 
together through a layer of a different type consisting 
of isolated WO5 trigonal bipyramids. The Na atoms are 
distributed in the hexagonal holes of the above layers, 
being coordinated in all cases by eight O atoms in a 
hexagonal bipyramidal arrangement. 

© 1999 International Union of Crystallography 
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C o m m e n t  

Franzen et al. (1972) reported the preparation, crystal 
structure and physical properties of a triclinic phase 
of sodium tungsten oxide with a stoichiometry corre- 
sponding to the formula Na6W14045.  The synthesis was 
achieved by electrolyzing fused mixtures of Na2WO4 
and WO3 of compositions used to prepare the well 
known tetragonal sodium tungsten bronze and at tem- 
peratures just above the melting point of the solution. 
At higher temperatures, the tetragonal sodium tungsten 
bronze phase was obtained. The single-crystal X-ray 
diffraction study revealed the positions of the W atoms, 
while the positions of the Na and O atoms could not be 
located due to the poor quality of the crystals obtained. 
However, Franzen et al. (1972) were able to propose 
a model for the structure based solely on the derived 
positions of the W atoms. Since there appeared to be 
considerable difficulty in relating the measured electri- 
cal properties of the studied phase with its structure, it 
was considered worthwhile to carry out a new structure 
investigation. The phase is pseudo-monoclinic, with a 
C-lattice type and cell constants, calculated from the re- 
duced ones (LEPAGE; Spek, 1988), of a = 12.672 (2), 
b - 7.274(1), c = 18.551(3),~, o = 89.29(1), /3 = 
97.75 (1) and 3' = 90.27(1) °. These values are com- 
parable with the corresponding values calculated from 
the data given by Franzen et al. (1972) of a - 12.577, 
b = 7.287, c -- 18.474 ~,, o~ - 89.40,/3 = 95.66 and 3' = 
89.40 o. 

There are three Na, seven W and 22 O atoms in the 
asymmetric unit of the structure, all lying in general 
positions, except for Nal which lies on a symmetry 
centre. The present study confirmed the existence in 
the structure of groups of four layers, which consist 
of WO6 octahedra sharing their comers in the ab plane. 
These layers are of the type found in the hexagonal 
bronzes, e.g. in Rb0.27WO3 (Magnrli, 1953), but of 
different stacking mode. While in the hexagonal bronzes 
the layers are superimposed along c, leading to tunnels 
of trigonal and hexagonal sections, in the structure of 
NasW14044, the layers are displaced relative to each 
other, so that some WO6 octahedra of a certain layer 
project onto the hexagonal holes of a lower one, thus 
hindering the formation of tunnels. The first layer in 
such a group comprises the metal atoms Na2, W2, W3 
and W4 (z - 0.16--0.19; Fig. la). Similarly, the second 
layer comprises the metal atoms Na3, W5, W6 and W7 
(z - 0.37-0.40; Fig. l b). The third and fourth layers are 
derived from the second and first ones, respectively, via 

i inversion through a symmetry centre with z = ~. All the 
WO6 octahedra are considerably distorted, the observed 
W---O distance range being 1.68 (2)-2.39 (2) ~,. Such 
a range is not unexpected, e.g. in NazW4Oi3, it is 
1.71 (2)-2.28 (5)A (Viswanathan, 1974). There is also a 
fifth layer in the structure, comprising the metal atoms 
Nal and W1 (z = 0-0.03; Fig. lc), of a completely 

Acta Cr3.'stallographica Section C 
ISSN 0108-2701 © 1999 


