
W. S C H N E I D E R  791 

s ta l lp la t ten  auszuschliessen. Sicher liesse sich der 
R-Wer t  der S t ruk tu r  durch Einf i ihrung anisotroper 
Tempera tu r fak to ren  um einige Prozente  senken, doch 
wurde der geringen kr is ta l lchemischen Wahrscheinl ich-  
kei t  wegen darauf  verzichtet .  Die wahrscheinl ichste  
LSsung ist noch eine Symmetr ieern iedr igung zur 
Raumgruppe  Cm - -  in der noch in Frage  kommenden  
Raumgruppe  C2 liisst sich die Aufspal tung yon  Man- 
gan (1) oder H20(2) n ich t  deuten  - -  in der die Punk t -  
lagen nur  um weniges, schiitzungsweise im Durch- 
schni t t  um 0,1 _~ aus ihrer zentr ischen Lage ent fern t  
sind. Mit 2-dimensionalen Methoden dfirfte die Ent-  
scheidung dari iber  wie die Ausl~ingungen der Punk t -  
lagen zur erkl~ren sind, schwierig sein. Auch eine 
3-dimensionale Verfeinerung innerhalb  des Kupfer-  
s t rahlungsbereiches der Weissenberg-Kamera  wiirde 
wahrscheinl ich zu keinem Ergebnis  fiihren, da sich der 
Effekt  der Aufspal tung erst nach H inzunahme  aller 
gusseren Reflexe s ta rk  hervorhob.  Von einer 3-dimen- 
sionalen Verfeinerung im Molybdi~n-Bereich wurde 
vorerst  abgesehen, da die zu erwartende leichte azen- 
tr ische Verzerrung des Git ters  an den Bauprinzipien 
der S t ruk tu r  nichts  gndern kann.  

Meinem sehr verehr ten  Lehrer,  Her rn  Prof. Dr. 
J.  Zemann,  sei herzlich gedankt  fiir Anlei tung und  
stete Unte rs t i i t zung  bei dieser Arbeit .  Her rn  Dr. Baur  
schulde ich Dank  fiir viele kli~rende Diskussionen, 
Her rn  Prof. Dr. G. A. Jeffrey,  und  Her rn  Dr. Shiono, 

Univers i ty  of P i t t sburgh ,  und  Her rn  Prof. Dr. I). H. 
Templeton,  Un ive r s i ty  of California, Berkeley,  fiir 
freundliche ~ber l a s sung  yon  kr is ta l lographischen Re- 
ehenprogrammen.  Besonderer  D a n k  sei der Deutschen 
Forschungsgemeinschaf t  ausgesprochen fiir f inanzielle 
und appara t ive  Unters t i i tzung.  
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Potassium iodate is stated to be cubic (a=4.46 kX.) 
with the perovskite-type structure (Goldschmidt, 1926). 
I t  has been shown by N~ray-Szab6 (1947) tha t  the 
strongly birefringent and piezoelectric KIOa is only 
pseudocubic and is really monoclinic with a ~ b ~-~ c = 
8.92 kX., fl ~-~ 90 °. On the other hand, Smith & Welch 
(1960) give it a rhombohedral cell with a=4.410 /~, 
a =89"41 °. Their crystals were extensively twinned and 
they tried to minimize this effect by slow evaporation 
just above 0 °C. 

The lattice of this salt must contain IO 3 radicals which 
have been found without doubt in NaIO3 (van Eek & 
MeGillavry, 1943), in Ce(IO3) 4 (Cromer & Larson, 1956), 
in Ce(IO3)4.H20 (Ibers, 1956) and in HIO a (Rogers & 
Helmholz, 1941). The small cubic cell of Goldschmidt 
could not accommodate an IO 3 group with I -O = 1.81 /~ 
as found by the above authors; the iodine would be 
octahedrally coordinated in it with a distance I-O = 
2-23 •. In  RblO a, NH4IO 3 and CslO 3 the distance I -O 

would be still larger if the structure would be of the perov- 
skite type with the small cubic cell. 

Potassium bromate, KBrO 3, on the other hand is 
rhombohedral (Zachariasen, 1928) (type GOT) with a-- 
4.403 kX. and a = 86°; this is very near to the above cell 
of Smith & Welch (1960). Their crystals could have this 
type of lattice. The type GO T does, however, not belong 
to the perovskite family (N£ray-Szab6, 1943, 1947), 
since its structure does not contain a three-dimensional 
continuous network of octahedra with shared corners. 
Therefore the type GO T could be called a pseudo-perov- 
skite type. 

We prepared by slow evaporation at  room temperature 
small cubes of KIO 3 with an edge of a few tenths of 
millimetres. They are anisotropic, evidently made up of 
subparallel twin lamellae; their Laue diagram shows only 
elongated streaks. We succeeded in getting good oscilla- 
tion diagrams from them with copper radiation; these 
show the layer lines of the pseudo-cell and between them 
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Fig. 1. Part  of a d f f f r~ to~am of powdered common KI03 
with Cu K~ radiation; reflections (222) and (222). 

the  weak  bu t  well identif iable spots of the  odd layer  lines 
of the  t rue  cell wi th  a = 8.94/~.  This cell is pseudocubic,  
bu t  the s y m m e t r y  can ha rd ly  be de t e rmined  f rom oscilla- 
t ion photographs.  The d i f f rac tometer  curve of the  powder  
of the  recrystal l ized c o m m o n  K I O  a (not of the  single 
crystals!)  does no t  show the  lines of the  supers t ruc ture ,  
which  are too weak.  The  line 222 appears  as a symmet r i ca l  
double t  on the  best  cliffractogram (Fig. 1), indicat ing 
monoclinic s y m m e t r y .  The two peaks correspond to the  
indices 222 and  522 of the  t rue  cell; a rhombohedra l  
cell would give an asymmet r i ca l  double t  for this reflexion 
and  a symmet r ica l  double t  for the  reflexion 210 which  
is no t  the case. Our pseudocubic  crystals  confirm there- 
fore the cell of Nhray-Szab5 (1947).--If  one is con ten t  
wi th  a modera te  accuracy,  the  lines of the  d i f f rac togram 
can  be indexed on the basis of a monoclinic  cell wi th  
a~b~- ,c=8.942_+O.OO1A,  f l=89.12 °. B u t  diffracto- 
g rams  of different  samples are no t  wholly identical .  

When  the  solution of K I O  3 evaporates  a t  room tern- 
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Fig. 2. Crystals of the monoclinic unstable modification 
of KIOa, magnification 200 ×.  

pera ture ,  the bulk  of the  salt  appears  in the  form of 
irregular,  cauliflower-like crusts.  Be tween  these there  are 
a few small  bu t  ve ry  well developed,  evident ly  monoclinic 
crystals  (Fig. 2), which are needle-shaped or bulky,  
perfect ly  water-clear .  No sign of twinning was observed 
under  the polarizing microscope. Oscillation diagrams of 
these needles gave for the  needle axis c = 6.28 + 0-01 /~ 
(i.e. ~/(2). 4.44/~).  The o ther  axes are b = 14.52 +0.07 and  
a=22.80_+0.15 ~ .  The monocl inic  angle fl is near  to 90°; 
the  numerous  reflections can be indexed  wi th  this cell. 
I f  the  dens i ty  is of the  same order  as the  measured  one 
of the  c o m m o n  salt (d--3.999 g.cm. -a) then  this cell 
contains  24 formula  weights  of K I O  3 and  its calculated 
dens i ty  is 4.16 g.cm. -a. 

These needle-shaped monoclinic  crystals have  been 
separa ted  and  pu t  in sa tu ra ted  solut ion;  however ,  they  
never  grew fur ther  bu t  t u rned  into i rregular  lumps. 

Her lach,  Gr~nicher & I t schner  (1959) invest igated the 
nuclear  quadrupole  resonance of K I O  a be tween 20 and 
280 °C. Two transi t ions can be observed a t  75 ° and  220 °C. 
The same was found wi th  ul t rasonic resonance.  The 
s y m m e t r y  was rhombohedra l  above 220 °C. (a = 9.012 ~ ,  
a---89 ° 14' a t  220 °C.). Below this t empera tu re  some 
tr igonal  lines show fur ther  spli t t ing which is caused by 
the  devia t ion  f rom the  t r igonal  s y m m e t r y  of the  high- 
t empera tu re  form to triclinic. Her lach  et al. (1960) s tate  
t ha t  the  lower t rans i t ion  (at 75 °C.) shows almost  no 
changes in the  X - r a y  diagrams,  bu t  the n u m b e r  of iodine 
sites increases f rom 1 to 4. 

We have  made  differential  the rmoana ly t i c  diagrams of 
K I O  a and  these show a small  bu t  well defined endothermic  
peak  which  commences  a t  75 °C.; no effect has been 
de tec ted  a t  220 °C. or near  to it. 

F r o m  these observat ions one can see tha t  at  least two 
monoclinic,  two rhombohedra l  and  one triclinic modifica- 
t ion of K I O  3 have  been found.  I t  is very  probable tha t  
several  modif icat ions of this salt  can exist together  a t  
room t empera tu re  and  t ha t  t hey  go readi ly over  one in 
another .  The lat t ice of K I O  3 therefore  contains  m a n y  
faults and  the  dif f ractograms of different  prepara t ions  
are slightly different.  The change of modif icat ions involve 
small  energies, so t h a t  the  coexistence of t hem is ha rd ly  
affected. Similar cases m a y  occur in o ther  crystals.  
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