
Crystal structures of NaNiIO, , NaMnI06, and KMnIO, 

Institute for Materials Researclz, McMaster University, Hanziltoiz, Ontario 
Received May 16, 1969 

NaNiIO6 (a = 4.962, c = 5.148 A, space group P312) is shown from X-ray powder patterns to be 
isostructural with trigonal KNi1O6. Approximate coordinates for the oxygen atoms are given. NaMnIO, 
(a = 4.972, c = 5.136 A) and KMnI0, (a = 5.009, c = 6.000 A) are probably also is~structural but the 
broadening of the X-ray powder lines in these conipounds makes a complete analysis inlpossible. Powder 
patterns for all three compounds are given. 
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KNiIO, and NaNiIO, were first prepared by 
R2y and Sarma (1). More recently Reimer and 
Lister (2) have characterized the manganese 
analogues and have shown by means of X-ray 
powder diffraction patterns that they are iso- 
morphous with the corresponding nickel com- 
plexes. Also using X-ray powder diffraction, 
Vannerberg and Blockhammar (3) and Eddy and 
Vannerberg (4) have shown that KNiIO, con- 
sists of hexagonal sheets of linked NiO, and IO, 
octahedra with the potassium atoms lying in the 
octahedral holes between the sheets. 

The samples used in this work were those 
prepared by Reimer and Lister (2). All four 
complexes are highly insoluble in water and it 
was not possible to  obtain crystals large enough 
for a single crystal X-ray diffraction study. 
Consequently, X-ray powder patterns of each 
compound were recorded using a Philips hori- 
zontal diffractometer equipped with a focusing 
LiF monochromator. Filtered copper radiation 
was used throughout. The powder pattern of 

KNiIO, agreed with that observed by Vanner- 
berg and Blockhammar (3). The powder patterns 
of the other three compounds could be indexed 
by assuming that they were isostructural. The 
crystal data, which were refined by least squares 
analysis, are summarized in Table I and the 
diffraction patterns are given in Tables I1 and 
111. Both the nickel complexes gave diffraction 
patterns which could be indexed out to  high 
angles, but the lines in the manganese complexes 
were very broad and weak and could not be 
recorded much beyond a Bragg angle of 30 or 40 
degrees. However, enough was visible to confirm 
that their unit cells were almost identical to the 
corresponding nickel complexes. The cause of 
the broadening of the lines was not examined but 
the fact that the degree of broadening was 
roughly proportional to  the 1 index suggests that 
the crystals in the sample were 00.1 plates about 
150 A in thickness. 

The diffractometer was used to  record inte- 
grated intensities from the NaNiIO, sample in 

TABLE I 
Crystal data 

Molecule 4 )  4) Space group Remarks 

NaNiIO, 4.962+0.001 5.148+0.001 P312(D3') 1 Na in l(a) 
1 Ni in l (d )  
1 I in l ( j )  
6 0 in 6(1) 

NaMnIO, 4.972 + 0.002 5.136&0.007 P312(DS1)(?) - 
'Present work. 
tReference 3. 
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TABLE I1 

Crystal spacings, d, and intensities, I, for NaNiI06 and NaMnI06; observed and calculated structure factors for 
NaNiI06 
- --- 

NaNiI06 NaMnIO, 

Structure factor 
d o b s d  d c n l c d  d c b s d  d c o l e d  

hkl ( A )  (A)  I ( (ZFc2)+ Fc (A)  (A) I 
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TABLE I1 (concluded) 

NaNiI06 NaMnI06 

Structure factor 
~ O ~ S L I  d~nlcd dobsd C k a l c d  

hkl (A)  (A)  I (ZFoZ)' o (XFc2)+ Fc ( A )  (A)  I 

005 1.0325 1 .0296 2 53.4 24.0 43.9 

2141 1 .0087 - - 29.4 

0 5  

::: 1 - - 
233 J 

45.5 {z::;} 
105 - - 28.0 
402 - 0.9914 - - - 19.8 
320 - 0.9858 - - - 17.0 

::: 1 0.9783 0.9789 1 29.4 14.4 33.0 

321 

TABLE I11 
Crystal spacings, d,  and intensities, I ,  for KNiI06 and KMnIO, 

KNiI06 KMnI06 

do bs dcalcd dabs dcolcd 
hkl (A)  (A)  I (A> (A)  I 
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reflection. An estimated standard error (o) was TABLE IV 
assigned to each measurement and the data were Positional and temperature parameters and interatomic 
corrected for the Lorentz effect and the polariz- distances in NaNiIO, 

ation occurring in both the sample and mono- 
chromator. The structure of NaNiIO, was NaNiIO, 

assumed to be the same as that of KNiIO,. Initial Final 
Models in which the Ni and I atoms were in turn Parameter* model? KNiI06S 

placed in l(a) gave considerably worse agree- .(o) 0.630 0.608(0.014) 0.671 
ment. Unfortunately, in the space group P312, ~ ( 0 )  0.040 -0.013(0.019) 0.039 

40) 0.280 0.312(0.006) 0.312 which Vannerberg and Blockhammar (3) found B(Na, K) (A2) - 2 .  -0 ,  3(1 .  2) 4.4 
for KNiIO6, only those reflections with either 11, B(Ni) (A2) -0.2 2.1(0.9) 3.2 
k, or I equal to zero can be measured unambig- B(I) (A2! 0.4 0.3(0.4) 1.2 

~ ( 0 )  ( A  ) -0.4 -0.2(0.8) uously. The intensities measured for the remain- 1.7 
0.145 0.105 0.120 

der were the sum of the intensities of the hkl and P(x2) 0.05 0.76 
hki reflections which are not equivalent. Conse- Po?#) 2.06 1.78(0.13) 2.10(0.06) 

1.95 1.87(0.13) 1.85(0.06) 
quently, the initial refinement involved only the N,, K-o(,Q 2.42 2.3 j(0.13) 2.56(0.06) 

of the hO1 and hko reflections' The position of *x(O), y(O), r(0) are the coordinates of the oxygen atom, B is the 
the oxygen atom was chosen to give reasonable 

i s O ~ ~ ; ; e r ~ ; ; ; ~ ; ; ~ r ~ , " i ~ ; n  in parentheses, 
bond distances (Na-0 = 2.4 A, Ni-0 = 2.1 A, $From ref. 4. 

1-0 = 1.9 A), and the scale and individual 
isotropic temperature factors were varied in a NaNiIO, leads to tempef-ature factors which are 
least squares refinement which minimized the rather small, two being negative, although not 
sum of the squares of the differences between the significantly so. The Ni-0 and 1-0 distances, 
observed and calculated structure factors, F, and whose errors are estimated to be at least 0.13 A, 
Fc, respectively, weighted according to the do not differ significantly from the values found 
estimated standard errors. The resulting weighted in KNiIO6 (Table IV) nor does the Na-0 
agreement index (R) was 0.14 and an application distance differ significantly from the value of 
of the X2 test, using the estimated standard 2-35 A expected from the sum of the crystal 
errors as a measure of the expected deviation in radii (5). As was observed by Vannerberg and 
individual measurements, led to a probability' B l ~ ~ k h a m m a r  (3), the X-ray diffraction analysis 
p(x2) of 5 %. The scale, isotropic temperature shows no sign of the water which has been found 
factors, and the coordinates of the oxygen atom in the chemical analyses of all these complexes. 
were then refined, at each stage the values of I t  can be assumed that since the c~stal l i tes  
Fo(lzkl) and Fo(hki) being chosen so that composing the sample are very small, the water 
~ , ~ ( h k l )  + Fo2(hki) agreed with the observed is adsorbed Onto the crystal surfaces and is not 
intensity and Fo(hkl)/Fo(hkl) was the same as true water of crystallization. 
FC(lzkl)/Fc(hki) for the previous round. After 
several rounds, no further significant changes Acknowledgments 
occurred, was 0'lo5 and '(x2) was 1 would like to thank Dr. M. W. Lister for to 76 %' The set of parameters is suggesting this problem to me and the National given in Table IV. Research Council of Canada for the operating 
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structures. The refinement of the structure of (1961). 

3. N-G. VANNERBERG and I. BLOCKHAMMAR. Acta 
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'P(x2)  measures the probability of finding worse Scand. 20, 2886 (1966). 

agreement between the observed and calculated structure 5. L. PAULING. The nature of the chemical bond. 
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