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The  crystal  structures of  K;[VO(0,)(C,0,),]-3H,O0 (I) and
K,[VO,(C,0,),]- 3H,O (II) were determined and refined by the least-squares
method from single-crystal X-ray diffractometer data, collected at room tempera-
ture. Final Rg-values: 0.044 for I (2330 reflexions) and 0.043 for II (5261 re-
flexions). I crystallizes in the monoclinic space group P2/c witha = 11.724(3), b =
7.508(2), ¢ = 13.199(2) A, B = 94.75(2)°, Z = 4, and Il in the triclinic space group
Pl witha = 11.604(3), b = 7.854(3), c = 7.794(2) A, a = 110.01(2), B = 94.17(2),
Y = 91.34(2)° and Z = 2.

Crystals of I are not fully stoichiometric. They contain small amounts of bis(oxa-
lato)dioxovanadate(V) ions and hydrogen peroxide of crystallization. The struc-
ture is disordered. Vanadium has pentagonal-bipyramidal coordination geome-
try. Bond distances: V=0O,ics 1.625(6) A, V-Oc 2.142(3) A, V-Oprno
1.871(6) and 1.882(6) A, V-Opiai0 2.019(3)-2.147(3) A, (O-O)perono 1.430(10) A,
C—Orermina 1.212(5)-1.233(5) X, C-Ooordinated 1.267(5)-1.295(5) A and C-C
1.551(6) and 1.555(6) A.

The results obtained for the yellow crystals of II are in accordance with a previous
investigation of a red compound with the same composition. Bond distances:
V-0 1.631(2) and 1.643(2) A, V-0 (trans to O,,,) 2.165(2) and 2.238(2) A, V-O
(trans 10 Ogpuo) 1.993(2) and 2.014(2) A, C-Oyermina 1.222(2)-1.239(2) A, C-

Ocoordinsted 1.264(2)-1.292(3) A and C-C 1.552(3) and 1.554(3) A.

Earlier attempts to prepare and analyze the
structure of a potassium bis(oxalato)oxoperoxo-
vanadate(V) were not successful.! Recently,
however, Schwendt et al. were able to prepare
K,[VO(0,)(C,0,),]-H,0.2 Since peroxovana-
dates have received an increasing attention lately
(see, e.g., the introduction in Ref. 3 and refer-
ences therein) it was thought worthwhile to ex-
amine this monoperoxovanadate(V) in the
course of structural studies on peroxometallates
in progress at this department. This was also con-
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sidered to be advantageous in the investigation of
the relation between the structure and method of
thermal decomposition, performed by Schwendt
et al.* The corresponding peroxo-free potassium
bis(oxalato)dioxovanadate(V) was also pre-
pared, and a structure analysis of it was per-
formed since it differed in colour from that repor-
ted by Drew et al.! The latter might contain per-
oxide, not considered during the structure
analysis.



Experimental

Preparation. Crystals of I were prepared accord-
ing to Schwendt.* 1.38 g (10 mmol) KVO,, 1.84 g
(10 mmol) K,C,0,-H,O and 1.26 g (10 mmol)
H,C,0, - 2H,0 were dissolved in 20 ml 15 % (100
mmol) H,0, at 0°C. The solution was left to
evaporate at 3°C. Crystals were obtained within
one week and were picked out before complete
evaporation. Most of the product was in the form
of a crystalline mass.

Crystals of II were prepared by dissolving 1.38
g (10 mmol) KVO,, 1.84 g (10 mmol)
K,C,0,-H,O and 126 g (10 mmol)
H,C,0,-2H,0 in 20 ml water at room tempera-
ture and allowed the solution to evaporate. After
a couple of days yellow crystals were obtained.

X-Ray methods. Rotation and Weissenberg
photographs were taken of I (CuK-radiation),
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from which systematic absences and approximate
cell dimensions were obtained.

Intensity data and unit cell dimensions were
obtained as described earlier.® The intensities
were corrected for Lorentz, polarization and, for
II, absorption effects. Crystal data and condi-
tions for data collection are summarized in Table
1.

Structure determination

1. According to the systematically absent reflex-
ions possible space groups are P2/c and Pc.Since
Z = 4 and the IR-spectrum indicated mononu-
clear anions,?> P2/c was tried first. The structure
was solved by Patterson and electron density cal-
culations. Full-matrix least-squares refinement of
a scale factor and positional and anisotropic ther-
mal parameters reduced the R-value to 0.054.

Table 1. Crystal data and conditions for data collection (room temperature).

Ka[VO1 +x(02)1 —x(0204)2] -

KJ[V02(0204)2] -3H,0

*(3—y)H,0 - yH,0,,x=0.2,y=0.1

F.w. 399.68 430.32
Crystal system Monoclinic Triclinic
Space group P2/c (No. 13) Pi (No. 2)
a (A 11.724(3) 11.604(3)
b A 7.508(2) 7.854(3)
c A 13.199(2) 7.794(2)
a (° 90 110.01(2)
B 94.75(2) 94.17(2)
y (2 90 91.34(2)
Vv (A% 1158.0(5) 664.9(3)
V4 4 2
D, (g cm™) 2.293 2.149
wMoKa) (mm™') 2.02 1.78
Crystal size (mm) 0.09x0.13x0.18 0.31x0.34x0.42
Colour Bright dark-red Yellow
Data collection
Collection method w-20 ®-20
Scan speed (° min~7) 1.8-12.0 8.0-29.3
20 range (°) 3.5-60 3.5-70
Number of independent

reflexions collected 3414 5803
Number of observed independent

reflexions (/=3a(/)) 2330 5261
R (=Z||F,|-|F|I/Z|F.]) 0.044 0.043
Ry 0.050 0.050
Diff. Four. max. (e A-?) 0.77 0.56
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Table 2. Atomic fractional coordinates and B,, (B, for Op and H) for K,[VO,.,(0.,),_(C,0,),] - (3 —y)H,0 - yH,0,,
x=0.2, y=0.1 (I). Ow denotes the oxygen atom in a water molecule and Op one in a hydrogen peroxide
molecule. All atoms occupy the general four-fold site 4g in space group P2/c except Ow, which occupies the
special two-fold site 2f. The occupation numbers are 0.60(2) for O1 and 02, 0.80(2) for 06, 0.20(2) for O18,
02B and Op, 0.40(2) for O6B, 0.80(2) for Ow and H and 1 for all other atoms.

B, = %?%Bijai -a;

Atom x y z B,/A?
v 0.21474(6) 0.12822(9) 0.39431(5) 1.87(1)
K1 0.06067(9) 0.1698(1) 0.62641(7) 2.70(2)
K2 0.64155(8) 0.2843(1) 0.67894(7) 2.56(2)
K3 0.26789(9) 0.2961(2) 0.12631(8) 2.99(2)
o1 0.2489(6) 0.0311(9) 0.2689(5) 2.4(1)
02 0.1298(6) 0.0686(8) 0.2728(4) 2.8(1)
03 0.0578(3) 0.2245(4) 0.4160(2) 2.59(7)
04 0.2584(3) 0.2782(5) 0.5305(2) 2.68(7)
05 0.3874(3) 0.1459(5) 0.4005(2) 2.82(8)
06 0.2001(6) ~0.0471(8) 0.4643(4) 3.1(1)
07 0.2233(2) 0.3927(4) 0.3347(2) 2.30(7)
08 0.4065(3) 0.3825(5) 0.6300(2) 2.90(8)
09 0.5454(3) 0.2477(6) 0.4849(3) 3.45(9)
010 0.1228(3) 0.6444(4) 0.3199(3) 2.83(8)
011 ~0.0598(3) 0.4564(5) 0.3907(3) 2.93(8)
ci 0.3642(3) 0.3040(6) 0.5539(3) 2.08(8)
c2 0.4424(3) 0.2280(6) 0.4751(3) 2.22(9)
c3 0.1333(3) 0.4871(5) 0.3421(3) 1.94(8)
c4 0.0330(3) 0.3852(6) 0.3861(3) 2.14(8)
018 0.261(2) ~0.062(3) 0.468(2) 3.2(5)
02 B 0.145(2) ~0.033(3) 0.472(2) 2.8(5)
06 B 0.1971(9) 0.045(1) 0.2776(7) 2.3(2)
ow 3 ~0.018(1) 1 6.9(4)
Op 0.448(3) 0.024(4) 0.220(3) 5.0(6)
H 0.545(9) 0.07(1) 0.198(8) 5.00

For a few relatively weak reflexions with low 6-
values F, differed considerably from F,. More-
over, the electron density difference map showed
residual maxima (Ag < 1.4 ¢ A~) near the per-
oxo oxygen atoms O1 and O2, the oxo oxygen
atom O6 and the water oxygen atom Ow. These
oxygen atoms also had significantly higher B-val-
ues, and the distance between the peroxo oxygen
atoms was only 1.27 A with the model at this
stage. Refinement in space group Pc led to the
same result. The above evidence indicates disor-
der and, possibly, non-stoichiometry.®'* The re-
sidual maxima were therefore taken to be partial
oxygen atoms. Introduction of these atoms, as
well as occupation numbers for them and O1,
02, 06 and Ow, in the refinement led to a fur-
ther reduction of R to 0.044. Weights were ap-
plied according to w = (a + |F,| + c|F,]> +
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d|F,]’)," with a =
0.00002.

Due to the observed disorder and non-stoi-
chiometry, full data sets were collected for an-
other two crystals, obtained in different prepara-
tions. These led to the same results within the ex-
perimental errors.

II. The close agreement between the cell data
obtained in the present investigation and those
obtained by Draw et al.,' indicates that the
compounds might be almost identical. A struc-
ture factor calculation was, therefore, under-
taken with the parameters given in Ref. 1. This
led to an R-value of 0.35, due to, as became evi-
dent, a sign error in x, in Table 1.! Refinement
was performed as above. Absorption correction
was applied according to Walker and Stuart.'

60, ¢ = 0.003 and d =
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Table 3. Atomic fractional coordinates and B,, (B, for H) for Kj[VO,(C,0,).] - 3H.O (il). All atoms occupy the
general, two-fold site 2/ of space group P1. Ow denotes a water oxygen atom. Labelling according to Ref. 1, if

different, is given in parenthesis. B,, = 3?%55;& -a,

Atom x y z B,/A?
v 0.29262(3) —0.18585(4) 0.15474(4) 1.824(7)
K1 0.47937(4) —0.72509(7) 0.57118(7) 2.88(1)
K2 0.22804(4) —0.73135(6) 0.15926(6) 2.42(1)
K3 0.17270(4) 0.03270(7) 0.58814(6) 2.76(1)
012 (01) 0.3519(1) —0.0068(2) 0.3167(2) 2.79(4)
03 (04) 0.4297(1) —0.2954(2) 0.0205(2) 2.45(4)
04 (05) 0.1805(1) -0.3679(2) -0.0873(2) 2.57(3)
05 (03) 0.1366(1) -0.0857(2) 0.1927(2) 2.22(3)
06 (02) 0.2860(1) ~0.3413(2) 0.2515(2) 2.89(4)
07 (06) 0.3017(1) ~0.0600(2) ~0.0517(2) 2.51(4)
08 (09) ~0.0036(1) ~0.4003(2) ~0.2069(2) 3.05(4)
09 (07) —0.0526(1) -0.1287(3) 0.1107(2) 3.14(4)
010 0.3769(2) —0.0983(3) -0.3173(3) 3.97(6)
011 (08) 0.5240(1) —0.3410(2) —0.2296(3) 2.91(4)
C1 (C3) 0.0756(2) -0.3282(2) —0.0863(2) 2.03(4)
c2 (C1) 0.0475(2) —0.1683(3) 0.0855(2) 2.03(4)
Cc3 (C4) 0.3702(2) ~0.1288(3) -0.1732(3) 2.11(4)
ca (C2) 0.4501(2) -0.2669(2) -0.1285(3) 2.08(4)
ow1 0.3196(2) -0.6810(2) -0.1557(3) 3.11(4)
Oow2 0.2648(2) -0.5194(3) 0.5270(3) 3.88(5)
ow3 ~0.0024(2) —0.7460(3) 0.5136(3) 3.85(5)
H11 0.377(4) —0.646(7) —0.094(7) 4.2(11)
H12 0.286(4) —0.592(6) —0.136(5) 2.4(8)
H21 0.224(4) —0.486(7) 0.627(7) 4.8(11)
H22 0.265(4) —0.414(7) 0.478(7) 4.8(12)
H31 0.004(4) ~0.717(6) 0.420(6) 3.5(9)
H32 —0.005(4) —0.655(6) 0.605(6) 3.009)

The above-mentioned weighting scheme was
used with a = 15, ¢ = 0.008 and d = 0.0004.

The highest peaks in the final electron density
difference maps appeared at about 1 A from van-
adium in both I and II.

The atomic scattering factors for K, V, O, C
and H were taken from Ref. 17. Calculations
were carried out on an IBM 3033 computer,
using the crystallographic programmes described
in Refs. 18 and 19. Lists of structure factors and
anisotropic thermal parameters are available
from the author on request.

Results and discussion

Atomic positional parameters and equivalent iso-
tropic thermal parameters, B,,, are given in Table
2 for I and in Table 3 for II, bond distances within
the anions in Table 4, other bond distances in Ta-

ble 5 and bond angles in I in Table 6. Fig. 1 shows
a stereoscopic view of the unit cell of I and Fig. 2
the anion in I and the atomic labelling in it. The
unit cell content of II is shown in Fig. 1 in Ref. 1.
The atomic labelling in the anion in II is the same
as in I (Fig. 2) except for the oxo oxygen atom
which was replaced by the peroxo group 01/02;
this is denoted O12 in II.

Crystals of K;[VO,,,(0,),_(C,0,),]- G-y)-
H,0-yH,0,, x = 0.2, y = 0.1 (I) consist of po-
tassium ions, bis(oxalato)oxoperoxovanadate(V)
ions, water of crystallization, and, to a small ex-
tent, bis(oxalato)dioxovanadate(V) ions and hy-
drogen peroxide of crystallization. Vanadium is
seven-coordinated in the pentagonal-bipyramidal
way, first observed for [CrO(O,),(C,,H;N,)],*
with a double-bonded oxygen atom, 06, and an
oxalato oxygen atom, O7, at the apices. The
equatorial plane is defined by the peroxo oxygen
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atoms, a second oxygen atom from the above-
mentioned oxalato group and two oxygen atoms
from the other oxalato group. The maximum de-
viation from this plane is 0.064 A (the r.m.s. de-
viation is 0.049 A), and the vanadium atom is dis-
placed 0.247 A from the equatorial plane towards
the double-bonded oxygen atom. This coordi-
nation geometry has been met with in other oxa-
latooxoperoxometallates,?>* as well as in other
pentagonal-bipyramidal mononuclear oxoperox-
ovanadates (see, e.g., the discussion in Ref. 3
and references therein).

The brightly coloured yellow crystals of
K;[VO,(C,0,),]-3H,0 (II) consisted of potas-
sium ions, bis(oxalato)dioxovanadate(V) ions
with distorted octahedral geometry, and water of
crystallization. The present investigation has
shown that the structure of II is identical with
that of the bright red compound in Ref. 1. (The
average discrepancy between bond distances is
1.4 o and the maximum deviation in positional
parameters is less than 5 o). The difference in
colour is probably due to traces of peroxide in the
red compound, since this was obtained in the
presence of hydrogen peroxide in an attempt to
prepare I.! A similar difference in colour has
been observed for K,VO,F,.”

The present investigation has shown that if hy-
drogen peroxide is added to a solution from
which crystals of K;[VO,(C,0,),] - 3H,O are suit-
ably obtainable upon evaporation, the corre-
sponding monoperoxo complex is formed. In this
case one of the two oxo oxygen atoms in the
bis(oxalato)dioxovanadate(V) ion has been re-
placed by a peroxo group. This substitution may
be incomplete and in the present case 20 % of the
anions are unsubstituted. Incomplete substitution
of oxo oxygen atoms by peroxo groups have been
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Fig. 1. Stereoscopic view of
the unit cell of
KJVO(O,)(C;0,).]- 1H,O.
The disorder is not shown.

observed in other peroxometallates, too, espe-
cially bulky ones with few oxygen positions to be
replaced.”'** Some of the water molecules have
also been replaced by hydrogen peroxide mole-
cules. This is not uncommon among peroxovana-
dates.* The extreme case is K,[VO(O,),
(C,0,)] - H,0,,” in which all water molecules in
K,[VO(0,),(C,0,)] - H,O0® have been replaced.
The crystals of I are disordered. 20 % of the
anions have a different orientation from the rest,
and this is obtained by turning the anion about
the vanadium atom so that the oxo oxygen atom
06 and the peroxo group O1/02 on one hand
and the oxalato groups on the other change
places. Only O1, O2 and O6 could be resolved in
the two orientations, all other atoms being indis-
tinguishably superimposed in pairs. From the
standpoint of packing conditions of bulky anions
this difference is rather small inasmuch as the
centre of the peroxo group O1/02 in one orienta-
tion almost coincides (within 0.13 A) with that of

Fig. 2. The anion [VO(O,)(C,0,),*".



Table 4. Bond distances (A) within the anions in | and II.
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V=01 1.882(6)

V=02 1.871(6)

V-012 1.631(2)
V=03 2.019(3) 2.014(2)
V-04 2.147(3) 2.238(2)
V-05 2.024(3) 1.993(2)
V-06 1.625(6) 1.643(2)
V-07 2.142(3) 2.165(2)
01-02 1.430(10)

C1-04 1.267(5) 1.264(2)

c1-08 1.233(5) 1.239(2)
c1-C2 1.551(6) 1.552(3)
C2-05 1.289(5) 1.289(2)
C2-09 1.212(5) 1.222(3)
c3-07 1.281(5) 1.265(2)
C3-010 1.221(5) 1.233(3)
C3-C4 1.555(6) 1.554(3)
C4-03 1.295(5) 1.292(3)
c4-011 1.218(5) 1.226(3)

the oxo oxygen atom O6 in the other. The pres-
ence of the hydrogen peroxide molecules may in-
fluence the disorder. If the anions have their
main orientation the consequence would be a
rather short distance, 2.48(3) A, between Op and
O1. When the anions have the other orientation
the shortest distance, between Op and OS5, is
2.70(3) A, and this is a normal hydrogen bond
distance. In the presence of the peroxo-free
anion there is enough space for the hydrogen per-
oxide molecule.

The anions in I and II show great similarities.
A striking feature is the structural trans effect,
first observed among peroxometallates for
[CrO(0,),(CsH,N)].7# The effect is a substantial
weakening of a bond trans to an oxo oxygen
atom. In the extreme case, uncommon among
peroxometallates, an atom trans to the oxo oxy-
gen atom is completely missing, examples being
the above-mentioned peroxochromate.”?

M,[VFO(O,),] (M=K, Cs)12 and
NH,[VO(0,),(NH;)].” (NH,),[VFO(O,),] pres-
ent an intermediate example; the V-O bond
trans to V=0 is 2.505(1) A.* The anions in I and

Table 5. Other bond distances (A) in I and Il.

Ow-H 1.12(10) Owl-H11 0.78(5)
Op-Op  1.39(6) Owi-H12 0.78(4)
V-01B  1.78(2) Ow2-H21 0.90(5)
V-02B  1.83(2) Ow2-H22  1.02(5)
V-06B  1.66(1) Ow3-H31 0.84(5)
01B-02B 1.38(3) Ow3-H32 0.82(4)

II belong to the group of examples in which the
bond elongation goes no further than about 0.2
A. When a peroxo group replaces one of the oxo
oxygen atoms in II an increased strength of the
bond trans to the peroxo group is observed.
Disregarding the peroxo group in I and the
corresponding oxo oxygen atom in II and the ef-
fect of these atoms on the V-O bonds trans to
them, the bond lengths in I and II show great
similarities (Table 4) as well as with those in the
anion in (NH,),[VO,(C,0,),].* The effect of the
weakening of a bond from vanadium to an oxa-
lato oxygen atom is accompanied by an increased

Table 6. Bond angles (°) in .

01-V-02  44.8(3) 06-V-07  166.0(2)
01-vV-03 121.7(2) V-01-02  67.2(3)
01-V-04 152.4(2) V-02-O1  68.0(4)
01-v-05  77.0(2) V-03-C4  118.3(3)
01-vV-06 103.1(3) V-04-C1  116.4(3)
01-V-07  90.9(2) V-05-C2  119.8(3)
02-V-03 77.3(2) V-07-C3  114.9(2)
02-V-04 156.4(2) 03-C4-011 124.9(4)
02-V-05 120.7(2) 03-C4-C3  114.5(3)
02-V-06 102.7(3) 04-C1-08  126.2(4)
02-V-07  86.8(2) 04-C1-C2  113.7(3)
03-V-04  81.4(1) 05-C2-09 124.8(4)
03-V-05 153.0(1) 05-C2-C1  113.7(3)
03-V-06  94.0(2) 07-C3-010 125.7(4)
03-V-07  77.9(1) 07-C3-C4 114.2(3)
04-V-05  76.3(1) 08-C1-C2  120.1(4)
04-V-06 88.7(2) 09-C2-C1  121.5(4)
04-V-07  78.8(1) 010-C3-C4 120.1(4)
05-V-06 100.6(3) 011-C4-C3  120.6(4)
05-V-07  82.9(1) H-Ow-H  106(11)
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Table 7. C-O and C—C bond lengths (A) in some complex oxalates and, for comparison, in an uncoordinated
oxalate ion. Abbreviations: ox = oxalate, en = ethylenediamine, mal = malonate, ¢ = coordinated, u =

uncoordinated.

Compound C-0, CO, C-0, c-C Ref.
(long (normal
M-0) M-0)
Ki[VO, .(O,)'X0ox),] - (3-y)H,0 - yH,0, 1.267 (5) 1.233 (5) 1.551 (6) This work
1.281 (5) 1.221 (5) 1.555 (6)
1.289 (5) 1.212 (5)
1.295 (5) 1.218 (5)
K,[VO,(0x),] - 3H,0 1.264 (2) 1.239 (2) 1.552 (3) This work
1.265 (2) 1.233 (3) 1.554 (3)
1.289 (2) 1.222 (3)
1.292 (3) 1.226 (3)
Ko[VO,(0x),] - 3H,0 1.257 (3) 1.240 (3) 1.550 (3) 1
1.263 (3) 1.224 (4) 1.551 (4)
1.287 (3) 1.220 (3)
1.290 (4) 1.221 (3)
(NH,),[VO,(0x),] - 2H,0 1.263 (3) 1.239 (3) 1.531 (4) 31
1.262 (4) 1.241 (4) 1.544 (4)
1.280 (4) 1.234 (4)
1.291 (3) 1.221 (3)
K,[VO(O,),(0x)] - H,0 1.258 (7) 1.241 (7) 1.550 (8) 22
1.282 (7) 1.219 (7)
K;[MoO(0,),(ox)] 1.266 (20) 1.2183 (23) 1.561 (25) 21
1.287 (23)  1.207 (25)
K [WO(O,),(ox)] 1.281 (11) 1.217 (13) 1.540 (13) 24
1.295 (11)  1.207 (12)
Na;[VFO(ox),] - 6H,0 1.280 (5) 1.239 (5) 1.556 (7) 33
1.293 (5) 1.235 (5) 1.541 (6)
1.287 (6) 1.235 (6)
1.291 (6) 1.230 (6)
(NH,),[VO(0x),(H,0)] - H,O 1.259 (4) 1.237 (5) 1.542 (6) 34
1.283 (4) 1.226 (5) 1.549 (6)
1.284 (6) 1.217 (6)
1.275 (5) 1.217 (6)
[Co(ox)(en),J[Co(CN),(mal)(NH,),] - 3H,0 1.276 (5) 1.222 (6) 1.556 (6) 35
1.282 (5) 1.239 (6)
Na,ox 1.253 (3) 1.568 (4) 36
1.265 (3)

strength of the corresponding C-O bond. Among
the peroxometallates this effect was first ob-
served for K,[M00O(0,),(C,0,)]. The bonds be-
tween the carbon atoms and the uncoordinated
oxygen atoms are even stronger. This is a general
effect observed in other oxalato complexes as
well as the correlation between the C-O, and C-
O,bond lengths; the longer the C-O_ bond length
the shorter is the C-O, length (see Table 7 and,
e.g., the compilation of C-O and C-C bond
lengths in simple oxalates in Refs. 21 and 32).
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The V=0 bond lengths are close to the aver-
age value, 1.609(7) A (r.m.s. deviation is given in
parenthesis), calculated from data for 11 per-
oxovanadates(V) (see Table 3 in Ref. 37 and
Table 4 in Ref. 38). These values show that the
V=0 bond is best described as a double bond.
The V-O,,,,, bond lengths are close to those re-
ported for cis V-O,,,,, bond lengths in d‘i{)er-
oxovanadates, e.g. 1.874(2) and 1.880(2) A in
(NH,),[VFO(0O,),],* and 1.890(2) and 1.887(2) A
in (NH,),[VF,0(0,),],® and to 1.887(5) and




1.862(5) A observed in the monoperoxovanadate
[VO(O,)(C;HNCOO)(C, H,N,)] - H,0.*  See
also Table 3 in Ref. 37 and Table 4 in Ref. 4. The
peroxo group is thus symmetrically coordinated;
in several other peroxovanadates a small asym-
metry has been found. The V-O,,,, bonds and
two of the V-O,,., bonds have bond orders
close to unity, while the remaining V-O bonds
are considerably weaker (vide supra). The (O-
O),erore bONd is rather short but not significantly
different from those reported for other mon(Eer-
oxovanadates. For example, it is 1.424(7) A in
[VO(OZ)(C5H4NCOO)(C10HSN2)] -H,0,”
1.4413) A in NH,[VO(O,)(H,0){C.H,N-
(C0O0),}]-xH,0,” and 1.435(3) A in [VO(O,)
(C;HNCOO)(H,0),].* Due to the disorder in I
the bond distances observed with the anion in the
less populated position are rather uncertain but
do not differ significantly from other observa-
tions.

The planar CO, groups in the two oxalato
groups are twisted in both I and II. In I the twist
angles about the C-C bonds are 2.4 and 5.8° and
in IT 3.6 and 7.9°, respectively. This non-planar-
ity of the oxalato groups as well as the above-
mentioned slight non-planarity in the bis(oxala-
to)oxoperoxovanadate ion, consistent with the
non-rigidity of seven-coordination, seem to be
due to packing conditions.

There is plenty of room for the water mole-
cule, reflected by the rather high thermal motion
of Ow and the possibility to replace it by the
larger hydrogen peroxide molecule. It is hydro-
gen bonded only to O5 (2.764(5) A; the angle
Ow-H...0O5 is almost linear, being 161(9)°), like
the hydrogen peroxide molecule (Op...O5 is
2.70(3) A). The potassium ions K1 and K3 have
six nearest neighbours and K2 seven at distances
less than 3.0 A in both I and II. Their coordi-
nation polyhedra are highly irregular.

Acknowledgement. 1 wish to express my gratitude
to Mrs. Solveig Olson for her technical assis-
tance.

References

1. Drew, R.E., Einstein, F. W.B. and Gransden,
S.E. Can. J. Chem. 52 (1974) 2184.

2. Schwendt, P., Petrovi¢, P. and Uskert, D. Zeitschr.
Anorg. Allgem. Chem. 466 (1980) 232.

3. Stomberg, R. Acta Chem. Scand. A 40 (1986). In
press.

12 Acta Chemica Scandinavica A40 (1986)

5

N=JEe BN oY

11.
12.

13.
14.
15.
16.
17.

18.

19.

20.
. Stomberg, R. Acta Chem. Scand. 24 (1970) 2024.
22.

23.

24.
25.
26.
27.
. Stomberg, R. Arkiv Kemi 22 (1964) 29.
29.
30.
31.

32

STRUCTURES OF TWO OXALATOVANADATES

. Schwendt, P. Personal communication.
. Lehmann, M. S. and Larsen, F. K. Acta Crystal-

logr. A 30 (1974) 580.

. Stomberg, R. Acta Chem. Scand. A 35 (1981) 489.
. Stomberg, R. Acta Chem. Scand. A 36 (1982) 101.
. Stomberg, R. Acta Chem. Scand. A 37 (1983) 523.
. Szentivanyi, H. and Stomberg, R. Acta Chem.

Scand. A 38 (1984) 101.

. Stomberg, R. and Szentivanyi, H. Acta Chem.

Scand. A 38 (1984) 121.

Stomberg, R. Acta Chem. Scand. A 38 (1984) 223.
Stomberg, R. and Olson, S. Acta Chem. Scand. A
38 (1984) 821.

Persdotter, 1., Trysberg, L. and Stomberg, R. Acta
Chem. Scand. A 40 (1986). In press.

Persdotter, I., Trysberg, L. and Stomberg, R. Acta
Chem. Scand. A 40 (1986). In press.
Cruickshank, D.W.J. Crystallographic Comput-
ing, Munksgaard, Copenhagen 1970, p. 195.
Walker, N. and Stuart, D. Acta Crystallogr. A 39
(1983) 158.

International Tables for X-ray Crystallography, Ky-
noch Press, Birmingham 1974, Vol. 1V, p.72.
Lindgren, O. An Integrated Set of Crystallographic
Programs. In: On the Oxygen Coordination of Ce-
rium in Some Sulfates and Chromates, Diss., Chal-
mers University of Technology and University of
Goteborg, Goéteborg 1977.

Andersen, L. An Integrated Set of Crystallographic
Programs. In: Structure Determination of Some
Symmetrical Oxoanions of Sulfur(IV), Selenium-
(1V) and Tellurium(IV) and Implementation of a
General Set of Programs for Crystallographic Com-
puting, Diss., Chalmers University of Technology
and University of Goteborg, Goteborg 1985.
Stomberg, R. Arkiv Kemi 24 (1965) 111.

Begin, D., Einstein, F. W. B. and Field, J. Inorg.
Chem. 14 (1975) 1785.

Campbell, N.J., Capparelli, M. V., Griffith, W.P.
and Skapski, A. C. Inorg. Chim. Acta 77 (1983) L
215.

Stomberg, R. and Olson, S. Acta Chem. Scand. A
39 (1985) 79.

Stomberg, R. Acta Chem. Scand. A 40 (1986). In
press.

Larking, I. and Stomberg, R. Acta Chem. Scand.
26 (1972) 3708.

Stomberg, R. Nature 196 (1962) 570.

Drew, R.E. and Einstein, EW.B. Inorg. Chem.
11 (1972) 1079.

Stomberg, R. and Olson, S. Acta Chem. Scand. A
38 (1984) 801.

Scheidt, W. R., Tsai, C-c. and Hoard, J.L. J. Am.
Chem. Soc. 93 (1971) 3867.

Kiippers, H. Acta Cryst. B 29 (1973) 318.

175



STOMBERG

33.
34,
35.
36.

37.

176

Rieskamp, H. and Mattes, R. Z. Naturforsch. 31b
(1976) 537.

Oughtred, R.E., Raper, E.S. and Schearer,
H.M.M. Acta Crystallogr. B 32 (1976) 82.
Toriumi, K., Sato, S. and Saito, Y. Acta Crys-
tallogr. B 33 (1977) 1378.

Reed, D. A. and Olmstead, M. M. Acta Crystal-
logr. B 37 (1981) 938.

Szentivanyi, H. and Stomberg, R. Acta Chem.
Scand. A 37 (1983) 709.

38.
39.

40.

Stomberg, R. Acta Chem. Scand. A 38 (1984) 541.
Drew, R.E. and Einstein, EW.B. Inorg. Chem.
12 (1973) 829.

Mimoun, H., Saussine, L., Daire, E., Postel, M.,
Fischer, J. and Weiss, R.J. Am. Chem. Soc. 105
(1983) 3101.

Received September 2, 1985




