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In the peroxochromate ion, CrOg*, which consists of a central
Cr(V) ion surrounded by four peroxo groups, the oxygen-oxygen
bond distance in the peroxo groups is 1.47 + 0.03 A, and the chromium
ion is nearer to one oxygen of each peroxo group than it is to the other,
according to a least squares refinement of a previous structure deter-
mination by Fourier methods.

The structure of the peroxochromate ion has been investigated by Wilson !
and later by Stomberg and Brosset 2. They have determined the crystal
structure of K,CrOg by three-dimensional Fourier methods, showing that,
in the peroxochromate ion, the chromium atom is dodecahedrally surrounded
by the eight oxygen atoms and has the unusual oxidation state of +5. They
have found the O-O distance in the peroxo groups to be 1.49 4- 0.02 A, the
Cr-O, distance 1.90 4 0.02 A and the Cr-O,; distance 1.94 4+ 0.02 A.

CRYSTAL STRUCTURE AND ITS REFINEMENT

K,CrO4 crystallizes in the space group I 42 m, with a = 6.703 4- 0.003 A
and ¢ = 7.632 + 0.003 A. There are two molecules in the unit cell, in which
Cr occupies the position 2a, K; 2b, K|; 4d, and O; and Oy, 8i, with #; = 0.1355,
z, == 0.1825, z;; = 0.2050, and z;; = 0.0075. These parameters gave a value
for the R factor of 0.13.

The chemical bonding in the peroxochromate ion has been the subject
of a ligand field calculation by Swalen and Ibers?3, who have carried out a
least-squares refinement of the structure with the aid of the observed F(hki)-
values reported by Stomberg and Brosset. Their refinement led to the appre-
ciably lower value of 1.405 + 0.039 for the O,-O,, distance. This value is,
however, not unreasonable, for Stomberg 4 has recently shown that in the
adduct molecule CrO;-C;H;N the O-O distances in the peroxo groups are
1.41 + 0.03 A. Swalen and Ibers, however, gave equal weight to all observed
reflexions in their least-squares refinement.
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Table 1. Weighting analysis.

sin @ Number of reflexions w(|Flo, — | F|)?
normalized
0.00—0.32 36 0.8
0.32—0.47 30 1.1
0.47—0.65 23 1.2

Table 2. Parameters for K;CrOg4 obtained by the present least-squares refinement. The
standard deviations have been determined both by the least-squares programme and by
Cruickshank’s method 2. Both methods showed good agreement with each other in this

case.
Atom I;?sxi; x o(x) y a(y) 2 0(2) £ GAQ )
: -

Cr 2a 0 1 ‘ 0 l 0 1.7 0.1
K; 2b 0o 0 % 2.3 0.1
Ky 4d 0 3 § 2.4 0.1
Oy 8i 0.1355 | 0.0023 | 0.1355 | 0.0023 | 0.1788 | 0.0021 1.6 0.2
(0% 8i 0.2079 | 0.0020 | 0.2079 | 0.0020 | 0.0082 | 0.0022 2.5 0.2

In the present investigation, Cruickshank’s weighting scheme,
1
w(hkl) = ,
a+|F,+clF,*
was used with ¢ = 16 and ¢ = 0.0160. For a weighting scheme to be satis-
factory, the normalized average value of w(hkl) [|F,| — |F.|]* should be
approximately unity, irrespective of the reflexions entering into the calcu-
lation of the average value (see Table 1).

The following parameters were determined from the 109 observed structure
factors: a scale factor for each zone, the five isotropic parameters and the four
oxygen positional parameters. The atomic scattering factors of Freeman and
Watson & for Cr, Freeman ¢ for K, and Hoerni and Ibers 7 for O, and the As-

!

Fig. 1. Bond lengths and angles in the peroxochromate ion.
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Table 3. Observed and calculated structure factors for K;CrO;.
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Table 4. Interatomic distances and angles in K;CrO4. The superscripts refer to the several
equivalent positions as they appear in International Tables, Vol. 1.

Crt — Op 1.874 + 0.019 A
Crr — O,f 1.972 + 0.018
K — O 2.769 -+ 0.017
K! — Op® 2.771 4- 0.018
Kyt — Of 2.664 + 0.016
O — Oyt 1.472 + 0.025
O — Oyt 2.920 + 0.025
0y — 0 2.568 -+ 0.042
Oy — Oy 2,751 + 0.027
Oy* — Oy 2.790 + 0.037
Off —Crt — Op? 45.9 + 0.6°
Crt — O — O 71.1 + 1.4
Crt — Oyt — O 64.0 + 1.4
O[Ie — Cr2 — 0117 90.1 + 1.3
0 —Crt — Of 86.5 + 1.2

brink-Bréindén 8 least-squares programme for the FACIT electronic computer
were used. After six cycles, the refinement converged to the parameters listed
in Table 2, the maximum shift after the final cycle being 0.00011 in the z-
coordinates and 0.00005 in the z-coordinates and the mean values of these
shifts being 0.00009 and 0.00005, respectively. From these parameters, the
F.|s shown in Table 3 were calculated. The reliability index R =
Z\||F,|—|Fe||[Z|F,| for all observed reflexions was found to be 0.085.

In Table 4 some bond distances and angles and some interatomic distances
are listed. The errors listed in Table 4 include the effects of correlation between
parameters. Fig. 1 shows the refined structure of the CrOg*~ ion.

DISCUSSION

The present least-squares refinement of the crystal structure of K,CrOg
shows that the Cr-O, distance, 1.87 4 0.02 A, is significantly shorter than the
Cr-0,, distance, 1.97 4 0.02 A. (Swalen and Ibers report the values 1.846 -
0.022 A and 1.944 + 0.024 A, respectively.) That this should be the case was
first pointed out by Hoard °, and the ligand field calculation by Swalen and
Ibers is in agreement with this observation. The O,—O,; distance, 1.47 +
0.03 A, is, however, not significantly smaller than the value, 1.49 A, usually
found in peroxo groups 1011,
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