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5.7,8,10 6:9 1,'3 

BlOHu(1igand)z compounds (see Table I) indicates that 
the variance of the 2,4 (4.5 ppm), 5,7,8,10 (4.1 ppm), 
and 1,3 (6 ppm) positions is far less than that observed 
for the 6,9 (14 ppm) positions. All other factors being 
equal, the 6,9 doublet appears to move to higher field 
as the base strength of the attached ligand increases. 

Further studies may indicate that these general trends 
are applicable to all compounds of the 2632, B10H142- 
type. 
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The calcium ferrite structure type, characterized 
by an orthorhombic unit cell and a short (3 A) b axis, 
has been established for a number of ABz04 compounds 
including SrFe20r, CaV2O4, p-CaCr204, Eu304, Ca- 
S Q O ~ , ~  and MgS~204,~ and powder patterns also indicate 
isomorphism for a series of compounds where atom A 
is Ba or Sr and atom B is a rare earth.6-8 

The calcium ferrite structure is built up of double 
blocks of edge-shared octahedra, extending infinitely 
in the b-axis direction, with each double string joined 
by octahedral corners to other double strings in such a 
way as to produce tunnels large enough to accommo- 
date the calcium atoms. An alternative arrangement 
of double blocks is found in the calcium titanate (Ca- 
Tiz04) structureg-" which has similar tunnels but a 
different edge-sharing arrangement fitted within an 
orthorhombic unit cell with axes very similar to those of 
CaFe2Q4. 

In  the course of our work on the reasons for varia- 
tions in double-block arrangements we have reexamined 
calcium indate, CaIn204, variously reported to have 
space group either Pca21 or Pbcm12 or, on the basis of 
powder pattern and density, to be of calcium ferrite 
type.6 Structure factor calculations show i t  in fact to 
be of calcium ferrite structure type, space group Pnma, 
isomorphous with calcium scandate4 and with sodium 
scandium titanate.'3 
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Experimental Section 
CaIii~o4 \vas prepared6J2 by heating stoichiometric amoutits 

of 99.99% InlOl with Andlytical reagent grade CaCOd, first at 
1000", then a t  1200' for 15 hr, and after further grinding, at 
1200' for a further period of 15 hr to  ensure good crystallization 
for diffraction intensity measurements. After the initial weight 
loss due to  CaC08 decomposition, further weight loss was less than 
O.27,, and it has been shownL2 that,  from 48 to 55 mole 7G of 
CaO, CaInzO4 is the only CaO-InaOs compound formed a t  tem- 
peratures up to  1300'. The Calculated density for 4 formula 
units per unit cell is 6.34 g and a value of dZ24 6.30 g ~ m - ~  
has been found.6 CaFelOc and CaScnO4 samples were similarly 
prepared at 1300". 

Powder diffraction data were obtained with a Philips diffrac- 
tometer, using Ni-filtered Cu Kcu radiation and a Geiger counter 
detector, scans being made a t  0.125"/min. Intensities were 
determined by measurement of diffraction peak areas. Lattice 
parameters were determined by inclusioii of silicon powder (a0 = 
5.4307 -4) as an internal standard in a separate sample. 

After preliminary indexing, least-squares lattice parameter 
and index selection programs were employed to  determine final 
lattice parameters and indices. A11 observed peaks could be 
indexed, with a standard deviation between sin2 Bobsd and sin2 
Oorticd of 9.7 X Structure factors were calculated employ- 
ing CaSclQ4 fractional atomic coordinates4 and the averages of 
the individual anisotropic temperature factors found for 
NaScTiO4l3 as individual isotropic temperature factors. 

Results and Discussion 
The observed and calculated intensities are shown in 

Table I. The intensity discrepancy factor, XI, = 
Z/I, - Ic]/ZIo,  was 14.3% and for 30 noncoincident 
reflections (omitting the very weak reflection 008) 
the structure factor discrepancy was 8.8%. Altera- 
tions from the CaSc2Op fractional coordinates4 of more 
than 0.005 for metals or 0.008 for oxygens sharply in- 
creased these discrepancies, and it is evident that Ca- 
In204 and CaSczOd are strictly isomorphous. NaScTi04 
was found13 to have metal atom positions within 0.002 
and, except for Q(2), oxygen atom positions within 
0.008 of those for CaSca04. Lattice parameters for 
several CaFe204 isotypes are given in Table 11. Those 
for CaFe20d1 and C a S ~ ~ 0 4 ~  l 4  were redetermined in the 
present ~7ork using the same procedures as for CaInLO?. 
The a0 value is somewhat different from that of Schwarz 
and Bommert,6 although bo and co values agree closely 
with theirs. In view of the consistency of the results 
in Table I, the present value is preferred. 

The unit cell volume of CaIn20a is significantly 
greater than that of CaScs04, and the 0.075 A increase 
in the b axis is the actual increase in the In-to-In sepa- 
ration in the configuration 

1 

111 

Bond length calculations based on the present lattice 
parameters show the average indium-oxygen distance 
to be 0.04 A greater than that for scandium-oxygen, 
Table 111, rather than equal to it as indicated in ionic 
radii tabulations. 
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Cu Kal, X 1.5405 A;  Si internal standard, a0 = 5.4037 A. 

T A B L E  11 
LATTICE PARAMETERS" FOR CaFea04 

TSOTYPES, SPACE GROUP Pnma 
Compd a = 0.004, A b 4~ 0.003, A c i 0.005, A V = 0.1, A x  

CaFzOl 9.217 3.018 10.702 298.2 
CaScp04 9.460 3.138 11.110 329.8 
CaIn20a 9.461 3.213 11,292 349.8 
NaScTiOl 9 . 2 7 i  3.048 10.917 308.7 

5.4307 A. 
a Cu radiation, KCXI 1.5405 A;  Si internal standard, au = 

TABLE I11 
OC,TAI~E~HUL METAL"--~XYGEN DISTANCES IN 

CaInaOc AND CaScp04 (10 .03  A )  
CaInzO4 CaSc2O4 

M( 1)-0( 1)" 2.18 2.14 
~ ( 1 ) - 0 ( 3 )  2.13 2.10 
M( 1 )-0 (4)* 2.19 2.15 
M( 1 )-0 (4') 2.06 2 .03  
h!I(2)-0(2)* 2.18 2.14 
M (2)-0 (2' ) 2.19 2.15 
M(2)-0(3)b 2.09 2.05 
M(2)-0(1) 2.22 2.18 

5 M(1) and M(2) are the two different crystallographic sites 
occupied by In  or Sc. These distances occur twice. 

CaIn204 not to be of calcium ferrite structure type 
based their indexing on a single crystal obtained from a 
calcium indate-lithium fluoride mixture. However, 
their powder data, allowing for the absence of an inter- 
nal standard, are consistent with the present data in 
Table I. It is possible that for their single crystal a 
charge compensation substitution of F for 0 and Li for 
Ca, even in small amount, could have altered the 
internal symmetry of the unit cell and thus the arrange- 
ment of double blocks in the structure. 
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The reactions 
2HC102 + HClO + 2C109 + C1- + HzO + H +  

2HC102 + C12 + 2C102 + 2C1- + 2H+ (2 1 
are interesting not only by themselves but in that they 
may play a key role in the oxidation reactions of metal 
ions by chlorine-containing oxidizing agents. 2--6 Reac- 
tions 1 and 2 have been found inevitably to be ac- 
companied by reactions which lead to the formation of 
C103-, for example 

HClO + HClOz + C1Oz- + C1- + 2H' (3  ) 

We have observed that the lower the concentration of 
HC1OZ, the more C103- that is produced. However, 
the addition of the product c103- has little or no in- 
fluence on the over-all course of reaction 1, 2,  or 3. 

When HCIOz is oxidized by dissolved Clz, less C103- 
is formed than when HOC1 is the oxidizing agent (;.e.,  
the stoichiometry approaches that given by reaction 
2 ) .  Reaction 2 is considerably faster than reaction 1. 

Kinetic studies on both reactions 1 and 2 which are 
indeed rapid are complicated by the fact that of all the 
species involved, only ClOz can be conveniently de- 
termined. This fact coupled with the concentration 
dependence of the stoichiometry allows only qualitative 
observations to be reported a t  this time. It should be 
pointed out that these qualitative observations them- 
selves are sufficient to provide verification for the model 
used to understand the mechanism for the production 
of chlorate in the uranium(IV)-chloriteza~~ and in the 
vanadium (11)-chlorite reactions. * 

(1) 

Experimental Section 
All the chemicals and analytical procedures used for this study 

have been described e l s e ~ h e r e . ~ ~ ~ ~  The concentration of dis- 
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solved chlorine dioxide was measured spectrophotometrically. 
The molar absorbance was calculated to be 1240 M-1 cm-1 a t  
360 mp.6 The rate of formation of dissolved chlorine dioxide 
was followed by means of the rapid mixing apparatus described 
by Thompson and Gordon.6 

Three different procedures were used to initiate the reaction 
between sodium chlorite and the oxidizing agents used (dissolved 
chlorine or hypochlorite). The first procedure involved the 
rapid acidification of a slightly basic mixture of sodium chlorite 
and sodium hypochlorite by the addition of perchloric acid of the 
appropriate concentration. The second procedure involved the 
rapid addition of aqueous sodium chlorite to an acidic solution of 
hypochlorous acid. The third procedure involved the addi- 
tion of aqueous sodium chlorite to an acidic solution of dissolved 
chlorine. In  all cases, a 2-cm spectrophotometer cell was stop- 
pered with a rubber serum cap, and the reagent was added by 
means of the rapid mixing syringe which has been shown to have a 
mixing time of 30 msec.6 

Results and Discussion 
The reaction between sodium chlorite' and hypo- 

chlorous acid has been discussed by Taube and Dodgen.* 
The results of our study of the stoichiometry of reac- 
tion 1 and the subsequent formation of chlorate are 
shown in Table I. 

TABLE I 
THE REACTION BETWEEN SODIUM CHLORITE 

AND HYPOCHLOROUS  ACID^ 
10'[C102lb 

104[NaOCl), M 104[NaClOz1, M produced, M 
15.0 6.0 2 . 5  f 0 . l 0  
7 . 5  3 . 0  0.60 =t O . l O c  
3 .0  3 . 0  0.49 i. O.0gc 
1 . 5  3 . 0  0.42 + 0 08c 
1 . 5  6 . 0  2 . 4  f 0.05O 
1 . 5  15 .0  3 . 8  i ~ 0 . 0 4 ~  
1 . 5  30.0 4 . 3  =t 0.04c 
. . .  30.0 0.03@ 

15.0 3 .0  0.84 i. 0.03d 
7 . 5  3 .0  1 . 1  + O . l d  

3 .0  3 .0  1 . 4  i . O . l d  
1 .5  6 . 0  2 . 8  + O . l d  
1 . 5  15.0 3 . 5  i O . l d  

a Final acidity was 0.20 M HC104. Each data point is the 
average of several experiments and the errors are deviations from 
the mean. Rapid acidification of basic mixture of sodium chlo- 
rite and sodium hypochlorite. Rapid addition of aqueous so- 
dium chlorite to an acidic solution of hypochlorous acid. e Acidi- 
fication of sodium chlorite in the absence of other oxidizing agents 
such as chlorine. Result reported after 20 sec. After 5 min only 
1.25 X For additional results of the 
disproportionation of chlorous acid see the work of Kieffer.6 

M C l 0 ~  was produced. 

These data show that there is a marked influerice 
on the stoichiometry as the amount of excess oxidizing 
agent is changed. However, as soon as sodium chlorite 
is in excess, the production of chlorine dioxide markedly 
improves. Actually, the theoretical amount predicted 
by eq 1 is exceeded, which perhaps can be explained by a 
chlorine or hypochlorous acid catalysis of the dis- 
proportionation of sodium chlorite. The difference 
in yield of chlorine dioxide as the method of mixing is 
changed suggests that the chlorite-hypochlorite or 

(6) R. Thompson and C. Gordon, J .  S a .  Instu., 41, 480 (1964). 
(7) No attempt will be made to differentiate between ClOz- and HC102, 

although, under the conditions of experiments reported here, the predomi- 
nant species is HClO?. 
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