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The Crystal Structure of Tohdite

By Goro YAMAGUCHI, Hiroaki YANAGIDA and Shuitiro ONO

(Received March 12, 1964)

The synthetic procedure and some crystal-
lographic data of a new alumina hydrate, 
Tohdite 5Al2O3• H2O, were reported in a previous 

paper.1) The crystallographic data are summa-
rized in Table I. In the present work we 
will attempt to determine the crystal structure

of Tohdite from the X-ray powder diffraction 

data. 

Experimental 

Crystals of Tohdite can be prepared by the 
hydrothermal treatment of boehmite with a small 

amount of some mineralizer. They occur in a 
variety of forms, such as hexagonal plates and 
needles. They are not, however, suitable for the

1) G. Yamaguchi, H. Yanagida and S. Ono, This 
Bulletin, 37, 752 (1964).



1556 NOTES [Vol. 37, No. 10

TABLE I.

Systematic extinctions (hhl) for l=2n+1 
in powder diagram

TABLE II. X-RAY DATA FOR TOHDITE

(Values marked * were not observed.)

measurement of the relative X-ray diffraction 

intensities, since the specimens always show preferred 

orientations. A new method for preparation has 

been found as follows. Eta-alumina was obtained 

from a dehydration, at 800•Ž in air, of bayerite 

Al(OH)3 which had been prepared by neutralizing 

an aluminum chloride aqueous solution with am-

monia. The eta-alumina was inverted to a micro-

crystalline tohdite when treated hydrothermally 

under a water vapor pressure of about 200atm. at 

460°C. Tohdite prepared by this method was used 

for the intensity measurement, since it showed no 

preferred orientation. 

The X-ray diffraction data for Tohdite in Table II 

were recorded on a diffractometer using CuKa-

radiation. A set of I0 experimental intensities 

relative to 202 was obtained by measuring the areas 

under the diffraction peaks. 

Structure Analysis 

In the following discussion, we will disregard 

the contribution of the two hydrogen atoms 

of the formula 5A12O3•EH2O to the diffraction 

intensities and will instead pay attention to the 

arrangement of the 10 aluminum atoms and 

16 oxygen atoms in the unit cell. 

he unit cell of Tohdite is clearly related to 

those of kappa- and beta-alumina. (Kappa-

alumina is the dehydrated product of Tohdite.) 

The lattice constants of Tohdite and these 

aluminas based on orthohexagonal lattices2) 

are compared in Table III.

TABLE III. ORTHOHEXAGONAL LATTICE 
CONSTANTS OF TOHDITE AND KAPPA-

AND BETA-ALUMINA (IN A)

The crystal structures of kappa- and beta-
alumina were studied by Saalfeld2) and Beevers3) 
respectively. The similarity between the unit 
cell of Tohdite and those of the above-mentioned 
aluminas indicates that in the Tohdite structure 
the layers of oxygen and aluminum atoms lie 
alternatively in sheets perpendicular to the c-
axis and that the unit cell of Tohdite is formed 
by the close stacking of 4 oxygen layers, each 
layer containing 4 oxygen atoms. The high 
density and refractive index of Tohdite also 
imply a close-packed arrangement of oxygen 
atoms. 

For the arrangement of aluminum atoms, it 
is well known that there are two types of 
aluminum positions, that is, octahedral sites

2) H. Saalfeld, N. Jb. Abh., 95, 1 (1960). 
3) C. A. Beevers and M. A. S. Ross, Z. Krist., 97, 59 

(1937).
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and tetrahedral sites. In this case, since the 
10 aluminum atoms in the unit cell are dis-
tributed over 4 aluminum layers, it can easily 
be assumed that two aluminum layers contain 
2 aluminum atoms each, while the other two 
layers contain 3 atoms each. 

With the above-mentioned extinctions the 
following space groups are possible; P31c, P31c, 
P63mc, P62c and P63/mmc. The latter two 
of them, however, must be rejected, because 
the arrangement of the reflection planes and 
axial glide planes characteristic of these groups 
causes an unreasonable arrangement of alumi-
num atoms. P31c characterized by centers of 
symmetry and axial glide planes is also 
improbable for a similar reason. Therefore, 
Tohdite must belong to the P31c or P63mc group. 
Since there is no evidence of trigonal symmetry, 
the more highly symmetrical space group, P63mc, 
may be assumed for Tohdite. 

First the sequence of the oxygen layers can 
be determined as:

ABACABACA, etc.

(following theusual nomenclature),

since the unit cell contains a screw hexads, 63, in 
the [001]-direction. The vertical dashes denote 
the boundaries of the unit cells in the [001]-
direction. Second, the arrangement of aluminum 
atoms must be taken into consideration. Since 
there are two types of aluminum positions, as 
has been mentioned above, we were able to 
assume several trial arrangements. These 
arrangements were examined and rejected 
bacause of the poor agreement of the calculated 
with the observed intensities. The best result 
was obtained by placing aluminum atoms at
(1/6 1/3 3/8), (2/3 1/3 1/8) (octahedral sites)

and (1/3 2/3 μ) (tetrahedral sites). μ is

approximately 0.068.

Results 

The atomic parameters are given in Table IV. 

A set of relative intensities for these atomic 

positions, I , was calculated by means of the 
following equation:

where B is the Bragg angle; F, a structure
factor; n, the multiplicity; D, a temperature 
factor for B=1.62A2, and K, a scale factor. 
They give the agreement factor

of 0.26, where the unobserved reflections 

marked * were excluded. 

Futher refinements on the basis of the data

TABLE IV. POSITION PARAMETERS

of the powder diagram are hardly possible. It, 

therefore, remains conceivable that the atoms 

may be slightly displaced from these special 

positions of P63mc and that a less symmetrical 
space group should be taken for this crystal. 

However, it is sure that the structure given 

covers the principal features of the Tohdite 

lattice. 

Figure 1 shows a unit cell of Tohdite. In 

this structure four-fifths of the aluminum 

atoms are in octahedral sites, and the rest, in 

tetrahedral sites. Interatomic distances calcu-

lated from the atomic positions in Table IV 

are given in Table V. There are two different 

atomic distances for tetrahedral bonds, since 

the aluminum atoms in tetrahedral sites are 

not placed at the centers of the tetrahedra.

Fig. 1. The unit cell of the Tohdite structure. 

Oxygen atoms are shown as large and alumi-
num atoms as small spheres.

TABLE V. INTERATOMIC DISTANCES (IN A)
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