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ABSTRACT

The structure of lithium iodate was determined by using the oscillation and pow-
der methods. Lithium iodate is hexagonal with 2 molecules per unit cell of a =5.469 +
0.003A, ¢=5.155A +0.005A. The space group assigned is D¢ and the atom positions
are: 2Li in (001/4) (003/4), 2T in (1/3 2/3 1/4) (2/3 1/3 3/4) and 6 O in (4u0) (040)
(#00) (ui3) (Oui) (u0%) with #=1/3. The structure is based on hexagonal closest
packing, with the lithium and iodine atoms both lying within oxygen octahedra. The
atomic distances are Li—0O and I—0=2.23A with lithium octahedra sharing faces
with each other, one lithium and one iodine octahedra sharing only edges and two
iodine octahedra only corners.

ITHIUM iodate is the only member of the alkali iodates, whose struc-
ture has not yet been determined.! In searching the literature no informa-
tion was found regarding its crystallographic properties. A microscopic exam-
ination of the fine crystalline material of chemically pure LilOj; as furnished by
Kahlbaum, showed that the crystals were short hexagonal prisms. Though
LLiIO; does not crystallize in very large crystals, two crystal splinters were
found sufficiently large to be used for the oscillation method. Both crystals
were hexagonal prisms and photographs were taken using the principal direc-
tions as axes of rotation. In view of the fineness of the material a large number
of powder photographs were taken using MoKea, CuKea, and FeKa, radiation.
The photographs were worked out in the usual manner and lead to the
following dimensions of the hexagonal cell.

a=5.469A+0.003A ¢=15.155A+0.005A ¢/a=0.9427

A rough density determination of LilO; gave 1.9 molecules equivalent to 2
molecules per unit cell. The calculated density is 4.48. The greater part of the
observations is compiled in Tables I and II. From the tables it is clearly
seen that a rhombohedral cell is impossible because of the observed reflec-
tions. (The number of molecules in the hexagonal cell also exclude a rhom-
bohedral lattice.) Since the oscillation photographs did not show any
deviation from full hexagonal symmetry, consideration of the space group
was limited to the following classes: Dg,*, D¢* Cer™ and Dy,». Of these Dg?
and D¢ were ruled out because they have no 2-fold (or 1-fold) positions.
Tables I and II show that whenever 224k is divisible by 3, exceptionally
strong reflections are observed if / is even; whereas the intensity is weak or

V. M. Goldschmidt, Vid. Akad. Skr. Oslo 2, 79 (1926) KIO;, RbIO;; W. H. Zachariasen,
ibid. 4, 100, 106 (1928) NalO;, CsIOs.
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nil if  is odd. This observation can only be accounted for by putting the two
iodine atoms in positions corresponding to a hexagonal closest packing of
these atoms. The only available space groups compatible with such an
arrangement are Dy}, Dyt, Cort, Def, and Dgt. The space groups Dgyt, Cert,

TaBLE 1. Oscillation photographs.

hk. 1 siri 6 |F| Int. hk. 1 sin 6 |F| Int.
00.1 0.0687 nil nil 22.0 0.2590 60.8 m
10.0 .0748 43.6 m 30.2 .2629 53.0 m
10.1 .1015 78.7 vs 22.1 .2679 13.5 nil
11.0 .1295 72.1 vs 31.0 .2695 30.4 vw
00.2 1373 55.4 s 00.4 .2746 73.8 m
11.1 .1466 25.5 W 31.1 .2781 53.7 m—
20.0 .1496 37.4 m 21.3 .2856 54.6 m
10.2 .1564 36.9 m 22.2 .2932 68.0 m
20.1 .1645 65.4 s 31.2 .3024 28.0 vw
11.2 1877 86.6 s 11.4 .3036 56.0 m
21.0 1977 33.8 vw 32.0 .3258 27.0 vw
20.2 .2030 33.8 w 32.1 .3330 49.5 W
00.3 .2061 nil nil 41.0 .3343 53.4 W
21.1 .2093 64.2 m 31.3 .3392 49.2 W —
10.3 .2192 61.5 s 41.1 .3413 9.4 nil
30.0 .2244 90.8 s 32.2 .3536 26.4 vvw
30.1 .2345 nil nil 41.2 .3614 61.1 w
21.2 .2408 31.2 w 32.3 .3854 46.0 w
11.3 2433 14.6 nil 41.3 .3926 7.3 nil
20.3 .2545 57.1 m—

TaBLE I1. Powder photographs.

Int. Obs. Int. Obs.
hk.l sin 6 |Flxf Mo Cu hk. 1 sin 6 |Flxf Mo Cu
00.1 0.0687 nil nil nil 21.2  0.2408 3 .9} w+ w
10.0 .0748 1.9 w+ w 11.3 .2433 4
10.1 .1015 12.4 vs s 20.3 .2545 6.5
11.0 .1295 5.2 ms m 22.0 .2590 3.7 w
00.2 1373 1.0 vw W 30.2 .2629 5.6 m
11.1 .1466 1.3 w vw 22.1 .2679 .4} vw
20.0 .1496 1.4] 31.0 .2695 1.9
10.2 .1564 2.7 w w 00.4 .2746 1.8 nil
20.1 .1645 8.6 ms m 31.1 .2781 11.5 s
11.2 .1877 15.0 s s 10.4 .2847 1.7 S
21.0 1977 2.3 VW w 21.3 .2856 12.0
20.2 .2030 2.3 vw w 22.2 .2932 9.2 m
00.3 .2061 nil 40.0 .2992 .8
21.1 .2093 16.5 s s 31.2 .3024 3.1 ms
10.3 .2192 7.6 m-— m-— 11.4 .3036 6.3
30.0 .2244 8.2 m m— 30.3 .3045 nil
30.1 .2345 nil nil nil 40.1 .3069 5.4 w

TaBLE II1. F Curves (MoKa).
sin 6 0.05 = 0.10 0.15 0.20 0.25 0.30 0.35 0.40
Li 2.0 1.9 1.8 1.6 1.3 1.1 .85 T
I 50 45.5 41 37 33.5 31 28 26
0} 8.0 7.5 4.9 3.0 2.7 2.1 1.6 1.3

The F-curve for iodine was calculated by Thomas’ method, the one for oxygen is the ex-
perimental one found by J. West in KH;PO,,
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and D3t are ruled out because they require that the odd order reflections from
all planes % k.l where 24 -+k =3n and ! odd shall be missing, and while many
of these reflections are not found, there is evidence in the photographs that
some of them are definitely present. This limits the space group selection to
D3yt and Dgb.

In D! in order to have hexagonal closest packing the necessity for un-
equivalent iodine atoms arises. The possibility that all oxygen atoms lie in the
same plane is unreasonable as that would give too small oxygen to oxygen
distances. Likewise this rules out the possibility that they all lie on 3-fold or
6-fold axis of symmetry. The only possible arrangements of the 6 oxygens are
therefore: 3743k or 6n with v=1/4. None of these possibilities leads to
reasonable structures.

In case the 6 oxygens are put in 37+ 3% and the required oxygen to oxygen
distance is greater than 2.50A, the iodine to oxygen distance is smaller than
1.72A. It seems improbable that the oxygen to oxygen distance is smaller
than 2.50A, and that the iodine to oxygen distance is as small as 1.72A. This
arrangement must therefore be ruled out and for similar improbabilities plac-
ing the 6 oxygens in positions 6z can not be considered.

As an additional support for ruling out the considerations of the previous
paragraph are the intensity considerations. With the oxygen in 3743k it is
impossible to explain the weak 00.2 reflection. Similarly if the oxygens lie in
6% the parameter v must be 1/4 in order to explain the absent odd orders from
the basal plane, which would necessitate the absence of reflections 11.1, which
as the tables show are definitely present.

The only remaining space group is Ds°.

The 2 iodine atoms are put in positions (1/3, 2/3, 1/4) (2/3,1/3,3/4) in
accordance with the required hexagonal closest packing. Since all the atoms
can not lie on the 3-fold axes of symmetry, the only positions for the oxygens
are (uu0) (020) (200) (#a%) (Oul) (u0%) or (wa 1/4) (2aa 1/4) (u2u 1/4)
(au 3/4) 2uu 3/4) (24 3/4). The latter arrangement does not account for
the relative weak 00.2 reflection and therefore the first set is the correct one.

An accurate determination of the oxygen parameter cannot be made due
to the small scattering power of these atoms in comparison with that of iodine.
The powder photographs show that 30.0 and 30.2 occur with nearly the same
intensity although the latter form has twice as many faces as the former. In
order to explain this ratio the oxygen atoms must give a large positive contri-
bution to the structure factor for both reflections. This requirement neces-
sitates u =1/3. The value 1/3is very probable as that gives us hexagonal close
packing of the oxygens. A close packed arrangement of the oxygens (using
oxygen to oxygen distance=2.7A) would give us a cell of dimensions a=
4.68A, c=4.42A with an axial ratio of 0.944. The fact that the experimental
cell is larger than the theoretical one must be attributed to an expansion of
the close packing due to the circumstance that both iodine and lithium are
too large to fit in the interstices.

The lithium atoms are so light that their positions cannot be determined
from the intensities of reflections. There are three sets of available positions
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for lithium: (2a) (000) (003); (2b) (00 1/4) (003/4) and (2d) (1/3,2/3, 3/4)
(2/3, 1/3, 1/4). The set (2a) will put lithium inside of an oxygen triangle
with lithium to oxygen distance=1.83A. Using (2b) or (2d) lithium will be
within an octahedron of oxygens;the lithium to oxygen distance being 2.23A.
The triangular arrangement of oxygens around lithium has never been found
in other structures. Lithium either goes inside a tetrahedron of oxygens
(Li;0, KLiSO4, Li;Mo00O,) or within an octahedran (LiNOjs). Of the latter
two arrangements (2b) is the most plausible one, because this results in a
lithium to iodine distance of 3.16A whereas (2d) would give 2.58A.

The complete structure thus determined is 2 Li in (00 1/4) (00 3/4), 21 in
(1/32/3 1/4) (2/3 1/3 3/4) and 6 O in (xu0) (020) (200) (#i3) (Oug) (u03)
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Fig. 1. Projection on the c-face of the structure of LilO;. The large circles represent oxy-
gens at height 0. The large shaded circles represent oxygens at height ¢/2. The small solid
circles represent iodine. The small solid centered circles represent lithium at height ¢/4, 3¢/4.

with #=1/3. The intensities calculated on the basis of this structure agree
well with the observed ones, as will be seen from the tables.

DI1sCcUSSION OF THE STRUCTURE

In Fig. 1 is given a projection of the basal plane. The arrangement is a
typical coordination lattice, of the hexagonal closed packed type met with in
SO many cases.

Almost perfect octahedra of oxygen atoms surround the iodine and lith-
ium atoms. The IOs-octahedra share only corners with each other. Sharing
of the octahedral edges occur between I0g and LiOs-polyhedra; while the
LiOg-octahedra share faces with each other. This result is in perfect agree-
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ment with what one should expect: The higher charges the central cations
have, the fewer are the number of shared corners between two polyhedra.

Although the lithium positions have not been determined from intensity
considerations, there is not much doubt about the positions assigned to these
atoms. In LiNOs, where Li also lies inside an octahedron of oxygens, it was
found that the lithium to oxygen distance = 2.15A. In LiIO; the lithium to
oxygen distance is 2.23A.

The distance iodine to oxygen is also 2.23A. For comparison the iodine to
oxygen dlstance in other crystals of the same coordination number is given.

The shortest oxygen to oxygen dlstance is 3.16A. In a previous paper by
W. H. Zachariasen? it was shown that groups (XO3)~™ have an unsymmetri-
cal structure if v=3X8-42(v being the total number of valence electrons in
the group). In the (IOs) group there are 50 =6 X 8-+2 electrons. So that from
reasons of analogy it would not be astonishing to find asymmetry in the 10
group. This asymmetry probably would result in a slight displacement of
iodine away from the center of the octahedron in the direction of one face.
However no observations pointing in that direction were observed. The pos-
sibility of detecting very small displacements is only possible with extremely
accurate intensity determinations.

SUMMARY

Lithium iodate was examined by the oscillation and powder methods. The
crystals were found to be hexagonal with 2 molecules in the cell a =5.469A
+0.003A; c=5.155A+ 0.005A, ¢/a= 0.9427. The calculated density is 4.48.

The space group was found to be D¢ with 2 Li in (001/4) (003/4). 2 I in
(1/3 2/3 1/4) (2/3 1/3 3/4) and 6 O in (uu0) (020) (@00) () (Oul) (u0%)
with #=1/3.

The structure is based on the hexagonal closest packing. The lithium and
the iodine atoms are both lying within oxygen octahedra. The distances Li-O
and I-O are both 2.23A3. 2 lithium octahedra share faces with each other, one
lithium and one iodine octahedra share only edges, two iodine octahedra
only corners.

2 W. H. Zachariasen, Phys. Rev. 37, 775 (1931).
3 It is probably that a value of « slightly less than 1/3 is more correct, say % =0.314 which

gives Li—0 2.15A and I -0=2.28A.



