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The crystal structure of cesium hexahydroperoxostannate Cs,Sn-
(OOH)q is presented. The compound was characterized by single
crystal and by powder X-ray diffraction, FTIR, '°Sn MAS NMR,
and TG-DTA. Cs,Sn(OOH)s crystallizes in the trigonal space group
P3, a=7.5575(4), c=5.1050(6) A, V=252.51(4) A%, Z=1, R, =
0.0120 (/> 20(l)), wR, = 0.0293 (all data), and comprises cesium
cations and slightly distorted octahedral [Sn(OOH)g]*~ anions
lying on the threefold axis. The [Sn(OOH)g]*~ unit forms 12 inter-
anion hydrogen bonds resulting in anionic chains spread along the
c-axis. All six hydroperoxo ligands are crystallographically equiva-
lent; O—O distances are 1.482(2), only slightly longer than the
0—0 distance in hydrogen peroxide. FTIR and ''°Sn MAS NMR
reveal the similarity between all alkali hydroperoxostannates.

Hydrogen peroxide is a friendly oxidation agent which also
plays a significant role in life science. However, it is a stable
nucleophile and its activation usually goes through coordina-
tion to a metal center, similar to its biocatalytic activation by
a heme center.' Many transition metal—dioxygen complexes
have been reported, but the crystalline structures of only a
few of them were determined. Most of this data pertains to
peroxo complexes, and only 14> hydroperoxo—transition
metal complexes were reported. Nontransition element—
dioxygen complexes are much less researched, despite their
importance as reagents and catalysts. Borate catalyzes sulfide
oxidations by hydrogen peroxide through hydroperoxo and
peroxoborate intermediates.’ It was suggested that alumi-
num catalysis of the epoxidation process with hydrogen
peroxide goes through the AI-OOH site, an intermediate
responsible for the activation of the hydrogen peroxide and
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oxygen transfer.* Sn(IV) catalyzes the Baeyer— Villiger oxi-
dation with hydrogen peroxide.” Despite that, to date only
about 20 of the peroxo-bridged nontransition element crystal-
line structures have been reported in addition to peroxodi-
carbonates, peroxodisulphates, and peroxodiphosphates.
Peroxocompounds of boron,’silicon,’ gallium,8 germanium,

tin,'° antimony“ tellurium,' and bismuth'® were character-
ized by X-ray diffraction. Only one crystalline structure of
the nontransition element hydroperoxo compound Rb,Sn-
(OOH)4 was reported.'* The H-atoms were not localized in
this crystalline structure, and thus the hydrogen bonding
which is responsible for structure formation remained un-
clear. In recent articles'>'® we have described ''”Sn NMR
studies that showed that hexahydroperoxostannate anion,
[Sn(OOH)¢]*", is formed by gradual substitution of the
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Figure 1. Structure of [Sn(OOH)¢]> . Displacement ellipsoids are
drawn at 50% probability level.

hydroxo ligands of hydroxostannate precursor by reaction
with hydrogen peroxide. Sodium, potassium, and rubidium
hydroperoxostannates were obtained by this route and char-
acterized by Raman, IR, EXAFS, Mossbauer, and 119g
NMR spectroscopies.'” ' As far as we know, hexahydro-
peroxostannates are the only examples of homoligand hydro-
peroxo complexes known today.

Cesium hydroperoxostannate Cs,Sn(OOH), (1) was ob-
tained by reaction of cesium hydroxostannate with concen-
trated hydrogen peroxide.”” Cesium hydroxostannate was
synthesized from SnCl, by a grocedure that was described for
potassium hydroxostannate.*! The structure® of 1 consists of
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Figure 2. Hydrogen-bonded anionic chains in the structure of 1.

cesium cations and [Sn(OOH)g]*~ anions lying on a 3-fold
axis. The [Sn(OOH)s]*~ octahedron is slightly distorted
with cis-O—Sn—O angles varying within 87.77(6)—92.23-
(6)° (Figure 1). In the anion, all six hydroperoxo ligands
are crystallographically equivalent. The Sn—O distance
(2.075(1) A) is somewhat longer than that in alkali metal
hexahydroxo stannates M,Sn(OH), (2.060(1) A2 and
2.068(1) A for K, 2.074(4) A" for Na, 2.039(2)—2.055(2) A*
and 2.053(1)=2.075(1) A* for Li). The peroxide O(1)—O(2)
bond length is 1.482(2). This value is ~0.02 A greater than
those previously observed in the accurately determined
structures of crystalhne HZOZ (1.461(3) A) 2 urea perhydrate
(1.4573(8) A),”" and serine perhydrate (1.461(2) A). 2 How-
ever, the O—O distance in anion 1 is noticeably shorter than
the O—O bond lengths (1.50(1)—1.54(1) A) in uncharged u»-
peroxo complexes of tin {[(S1M€3)2X 280} (1-05) ,(Ur-0)r
(X = CH,N; y = 1,2)."° The Sn—0(2)—O(1)—H fragment
adopts a skewed conformatlon with the value of the torsion
angle equal to 96(2)°. No intra-anion hydrogen bonds were
observed in 1.

In the crystal, [Sn(OOH)¢]*~ anion forms three acceptor
(O(2)- - -H—0(1)) and three donor (O(1)—H- - - O(2)) hydro-
gen bonds with both neighboring (along c-axis) hexahydro-
peroxostannate anions (Figure 2). This type of interanion
interaction motif may be called “sixfold hydroperoxo em-
braces” (1n andlogy to “sixfold phenyl embraces” for interca-
tion PhyP" - - - PhyP " interactions™). The separation between
the closest anion centers is equal to the ¢ unit cell dimension
(5.1050(6) A) Thus, all hydrogen dtoms are involved in
hydrogen bonding, and every Sn(OOH)s>~ anion forms 12
strong intermolecular hydrogen bonds resulting in formation
of anionic chains spread along the threefold axis.

Cesium cations occupy the space between anionic chains
(Figure 3). Cs atoms are 7°- bonded to three hydroperoxo
ligands (3.052(2) and 3.214(2) A) F urthermore Cs cations
are linked with nine OOH units in 5'-mode (3.169(2),
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Figure 3. Arrangement of Cs cations (green circles) between anion
chains (view along c-axis) in the structure of 1.

3.427(2), and 3.671(2) A) resulting in a total coordination
number of 15.

Despite the resemblance of the unit cell dimensions of 1
with those of the poorly determined structure of Rb,Sn-
(OOH)s'* (2), these compounds are not isomorphous. How-
ever, the packing motif in 2 is similar to that found for 1:
hexahydroperoxostannate anions form anionic chains with
Sn- - -Sn separation equal to 5.033(2) A.

The FTIR spectrum of 1 (Figure 4) is similar to those for
sodium, potassium, and rubidium hydroperoxo stannates'>!”
and exhibits two broad and intensive bands in the wavenum-
ber range 4000—1800 cm ™' with absorbance maxima at 3030
and 2780 cm™ . The 3030 cm™' band with shoulders at 3100
and 2960 cm ™' is attributed to O—H stretching of the OOH
group in 1. The band with maximum at 2780 cm ™" is typical
for hydrogen peroxide and its species and corresponds to the
combination mode v, + v of hydroperoxo groups.* A broad
weak band with absorbance at about 1630 cm™' might be
assigned to 6(H—O—H) vibrations of water produced by
decomposition of the hydroperoxostannate sample. An inten-
sive maximum at 1440 cm ™' is attributed to the 6(O—O—H) of
hydroperoxo groups in 1. The small absorbance maximum at
934 cm ™! probably represents a partial decomposition of the
sample and can be assigned to the 6 (Sn—O—H) vibrations,
although there is no noticeable absorbance at 3400 cm™'. A
weak sharp band at 856 cm ™' corresponding to O—O stretch-
ing appears in the FTIR spectrum due to the slight distortion
of the [SnO¢] octahedron. This peak maximum is shifted
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Figure 4. FTIR spectrum of 1.
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Figure 5. ''?Sn MAS NMR spectrum of 1. Asterisks denote spinning
side bands.

compared to solvated and free hydrogen peroxide (880 cm™").*
An intensive band at 800 cm™~' can be attributed to the
d(Sn—0—0) vibrations of anion [Sn(OOH)¢]*~. The absor-
bance in this FTIR area is typical for other alkali metal
hydroperoxostannates.'>'” The bands at 450—700 cm ™!
correspond to the different modes of the Sn—O stretching.

The '"”Sn MAS NMR study of 1 (Figure 5) corroborates
the previously obtained ''”Sn NMR results for solid and liquid
systems of rubidium and potassium peroxostannates.'!® The
9Sn MAS NMR spectrum of crystalline Cs,Sn(OOH); is
very similar to that for K,Sn(OOH)4"> and shows the most
intensive signal with chemical shift —681 ppm corresponding
to the [Sn(OOH)¢]*™ in 1. The small signal at & = —651 ppm
and broad signal with maximum at 0 = —615 ppm are
attributed to the decomposition products formed by the high
rate spinning during the MAS NMR measurements.
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