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Four-Connected Borate Layers and InO4 Octahedra
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H,InB;044, a new hydrated indium pentaborate, was pre-
pared by the boric acid flux method and characterized by IR,
solid-state !B MAS NMR and 'H CRAMPS NMR spec-
troscopy. Its structure was determined by powder X-ray dif-
fraction and refined by Rietveld analysis. H,InBsO;( crys-
tallizes in the monoclinic space group C2. The structure fea-
tures a new 2D tetrahedrally four-connected borate network

constructed from a new pentaborate fundamental building
block, BsOy4. The 2D borate network is formed by two 63
borate layers linked by additional BO, groups in a spiro-5
mode and then combines with InOg octahedra to give rise to
the 3D structure of H,;InBsO;,. The strong hydrogen bonds
that cross-link oxygen atoms of additional BO, groups be-
tween the borate layers help to stabilize the borate network.

Introduction

Borates have been one of the active topics in materials
science for decades, because of their excellent performances
as nonlinear optical (NLO) and luminescent materials.[!~#
The synthesis of borates with a new type of structure, and
as a consequence with interesting properties, has attracted
considerable attention.>?1 The structures of borates are
complicated and diverse, since the B atom can form tri-
angular BO5 and tetrahedral BO, units with oxygen atoms.
These two groups can form large boron—oxygen anions by
sharing oxygen atoms, so that complicated ring, chain, sheet
or 3D networks result. In the known borates, boron-rich
compounds, i.e. polyborates, however, are relatively rare, es-
pecially for high-valent metal borates.'®!?1 The small size
and high valence imply high local charge accumulation in
anhydrous polyborates, which may cause the instability of
the structure at high temperature;!'3! therefore, it is difficult
to synthesize high-valent metal polyborates by conventional
solid-state reactions. Recently, remarkable progress has
been made in the synthesis of new polyborates by applying
improved synthetic routes, such as hydrothermal synthe-
sisl!%!"T and boric acid flux methods.['>!* For example, in
the Ln,O3-B,O; (Ln = rare earth) system,[!>! only three
kinds of borates, i.e. oxyborate,'®!7 orthoborate!!%!°! and
metaborate,[*%! are obtained by traditional solid-state reac-
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tions. By using the boric acid flux method, hydrous po-
lyborates, such as rare earth pentaborate, octaborate and
nonaborate, have been obtained.?!:??1 The dehydration of
the hydrous polyborates at certain temperatures give rise
to the corresponding anhydrous polyborates with intriguing
structures, for instance, those of a- and B-LnBs0,.21-2%

The performance of In3* is similar to that of rare earth
cations (Ln3*) in many compounds, as they have the same
charge and a comparable radius size. As an efficient catho-
doluminescent material, InBO; is the only known binary
indium borate.??>4 It has a calcite-type structure, is iso-
structural to LuBO3 and only contains isolated BO3 groups.
Here, we report a new hydrous indium pentaborate,
H,InBs0,,, which was obtained by the boric acid flux
method. H,InBsO,, crystallizes in the monoclinic space
group C2 and comprises alternatively stacked isolated InOg
octahedra layers and 2D sandwiched double borate layers
formed exclusively by BO, tetrahedra. The interesting struc-
tural feature is the existence of a new fundamental building
block, B50,4, which adopts an unusual spiro-5 connection
model?> 271 and comprises corner-sharing double three-
membered borate rings. This new hydrous indium pentabo-
rate transforms to a new anhydrous indium pentaborate
InBsOq after dehydration.

Results and Discussions

Structure Determination

The powder diffraction data of H,InB5O,, can readily be
indexed by a monoclinic lattice with constants a = 4.377, b
=7.861, ¢ = 8.592 A and S = 104.23° by using the program
PowderX.I?® According to the systematic absence of the re-
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flections, the space groups are limited to C2, Cm and C2/
m. The structure model was then established in the space
group of C2, which led to a chemically reasonable solution.
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Figure 1. Observed, calculated and difference plots for Rietveld
analysis of H,InBsO,. The circles represent the observed data and
the solid line is the calculated profile; the difference curve is shown
below the diffraction profile, and the bars at the bottom are the
Bragg reflection positions.

Table 1. Atomic coordinates and isotropic thermal displacement
parameters of H,InBsOq.

Atom  Wyckoff site x y z U, ! A2 BVS
In 2a 0 0.3691 0 0.002(1) 2.78
Bl 4e 0.895(5  0.025(3) 0.7833) 0010Q2) 3.16
B2 4e 03935  0.198(3) 0.7703)  0.010Q2) 2.89
B3 2b 0 0.626(2) 0.5 0.0102) 2.96
o1 4e 03552)  0225(1) 0.604(1)  0.010@) 1.71
o2 4e 0.7452)  0.168(1) 0.847(1)  0.0104) 1.85
03 4e 0317809) 03653) 0.8454(5) 0.0104) 198
04 4c 0.223(2) 0.053(1) 0.821(1)  0.010(4) 2.03
05 4c 0.751(1) 0.013(1) 0.604(1)  0.010(4) 1.48
Table 2. Selected distances [A] and angles [°] for HoInBsO.
In-03(x2) 2.147¢4) 02In03 8615 02In04 84805
m02(x2) 218(1) 02In03 9285 O3 In04 9625
O4(x2) 2241) 02In02 87005 O4In04 99.505)
02In03 9285 02In04 8684)
02In03 8615 0304 9625)
02In04 8684) O3 InO4 8485
Bl-O4 1412)  O3-BI-O4 111.5(16) O2-BI-O5 108.6(12)
Bl-O3 1.444)  O2-BI-O3 110.7(19) O3-BI-O5 104.X(15)
B1-02 1.48(3) 02-B1-O4 108.4(16) O4-B1-O5 113.4(16)
B1-0O5 1.51(3)
B2-0O1 1.41(3) O1-B2-0O4 118.1(17) 0O2-B2-O3 104.1(11)
B2-04 1.493) 02-B2-04 106.1(15) O3-B2-0O4 110.8(13)
B2-02 1.54(2) O1-B2-02 108.6(17) O1-B2-O3 108.2(16)
B2-03 1.54(3)
B3 OI(x2) 144609 OI-B3Ol 1152(7) O5-B3-05 108.3(6)
B3-05(x2) 1.524(7) OIl-B3-O5 108.3(4) OI-B3-O5 108.3(4)
O1-B3-O5 108.3(4) OI1-B3-O5 1083 (4)
B1-O2-B2 116.4(11) B1-O5-B3  128.2(11)
B1-O3-B2 119.6(13) B2-O1-B3  125.8(11)
B1-O4-B2  127.1(13)
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The positions of all non-hydrogen atoms can be determined
by the direct method with the program EXPO.?*:3% The
structure was then refined by Rietveld analysis with the pro-
gram TOPAS.BU Soft restraints were applied to the thermal
displacement parameters of the atoms. For the final refine-
ment by the Rietveld method with TOPAS, the convergence
values obtained for R, and Ry, were 0.072 and 0.098,
respectively, as shown in Figure 1. The atomic coordinates
and selected bond lengths and angles are listed in Tables 1
and 2, respectively.

Crystal Structure of H,InB50,,

There are nine crystallographically independent non-
hydrogen atoms, one In, three B and five O atoms. The In
and B3 atoms are located in a twofold axis (2« and 2b sites,
respectively), and others are located in general positions.
The indium atom is coordinated by six oxygen atoms in
an octahedral environment with regular bond lengths and
angles, and all the boron atoms are coordinated by four
oxygen atoms in regular tetrahedral environments. The tet-
rahedral coordination of the boron atoms is confirmed by
the solid-state ''B MAS NMR result. As shown in Figure 2,
the single peak at 0.5 ppm is related to the fourfold coordi-
nated boron atoms.3>33!

0.5

40 2|0 6 —2|O -4:0
Chemical shift / ppm

Figure 2. Solid-state ''"B MAS NMR spectrum of H,InBsO,.

In borates, the fundamental building blocks (FBBs) con-
cept is widely applied in describing the features of borate
polyanions.[?*#!1 In H,InBsO,, the FBB in the borate net
is a pentaborate anion BsO;4, which can be expressed as
5:[(5:5T)], as shown in Figure 3a. This pentaborate anion
is formed by five BO, tetrahedra in a spiro-5 connection
mode,>>271 which is different from the three known penta-
borate FBBs, 5:[(5:4A + T)], 5:[(5:3A + 2T)] and 5:[(5:2A +
3T)],[4%411 as shown in Figure 3b. The known pentaborate
FBBs contain both triangular BO3; and tetrahedral BOy4
groups in the form of a double three-ring (here, a six-mem-
bered ring made up of alternating boron and oxygen atoms,
and the ring number only counts boron atoms) linked by a
tetrahedral boron atom. From a structural view, trigonal
BO; groups favour the formation of the three-ring, but BO4
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group may cause deformation of the ring. In FBB 5:[(5:2A
+ 3T)] (Figure 3b), for instance, the other two BO,4 groups
are located on two sides to form two identical three-rings
in the form of (A + 2T), instead of B;Os (2A + T) and
Bs0y (3T). It is well known that the tetrahedral borates are
structurally similar to silicates that are built up on the basis
of sharing oxygen atoms of tetrahedral SiO, groups. How-
ever, silicon seldom forms a three-ring with oxygen atoms
alone because of the short Si-O bond length (=1.61 A) and
large Si—O-Si angle (=145°). Generally, the longer T-O (T
is the centre atom in a tetrahedral environment) distance
and relatively smaller T-O-T angle are necessary for the
formation of three-ring (here T305-ring). It has been found
that the incorporation of lower valent cations such as AI’*,
Be?*, Zn?" and even Li* can provide the necessary flexibil-
ity to stabilize the three-rings in tetrahedral frame-
works.[25-27421 The typical B-O bond length in tetrahedral
borate groups is quite short (approximately 1.40-1.54 A),
which indicates that it should hinder formation of the three-
ring. However, the lower charge of boron cation (+3) offsets
this disadvantage. The weaker repulsion between two neigh-
bouring B atoms enables the formation of the smaller B—
O-B angle (with an approximate average value of 123°),
which is advantageous to the formation of small rings, such
as the three-ring. Three-ring B;Og units have been observed
in borates and borophosphates, for instance, GdBO; (low-
temperature phase, LT phase),*¥! Ba;BsOo(OH)** and
BaBPO;.[* In the structure of LT-GdBOs, the three-ring
B30y unit is isolated. In Ba;BsOy(OH),, B3Oy rings connect
with each other to form a helix chain (Figure Sla), with a
hexaborate FBB unit, 6:[(5:5T) + (1:T)].4 The three-ring
chain in the structure of BaBPO5 (Figure S1b) is similar to
that of Ba;BsO9(OH)s, where half of the BO, groups are
substituted by PO, groups.[*’ To the best of our knowledge,
5:[(5:5T)] in H,InBsO is the first pentaborate FBB that is
constructed solely by BO, tetrahedra.

The pentaborate FBBs in H,InBsO;, are connected to
each other by sharing oxygen atoms, which form a two-
dimensional sandwiched double layer, as shown in Fig-
ure 4a. The B-O-B angles within the FBB are marked in
Figure 3a, and the other B-O-B angles in the borate layer
are 116.4°, 119.6° and 127.1°, which are consistent with the
data of known borates.*”) We can interpret the borate net-
work in an alternative way. To focus on the monolayer of
borates, it is clear that the BO, tetrahedra (B104 and B20y,)
share three corners (02, O3 and O4) to form a 6 net paral-
lel to the ab plane, as shown in Figure 4b, and two 6° borate
layers are linked by additional BO4 (B30,) groups in a
spiro-5 mode by sharing the fourth corners (Ol and OS5
atoms) of B104 and B20O,, as shown in Figure 4a. The hex-
agonal arrangement of SiO, tetrahedra in a 6° net, with
a composition of [Si,Os]*>", is very common in silicates or
aluminosilicates, such as Li,Si,Os, CaAl,Si,Og, talc, kaolin-
ite etc.[*! In the single layer, each silicon atom is three-con-
nected, leaving the fourth oxygen atom as a suspending
group. The single layers can be linked together by cations,
as in the structure of Li,Si,Os, or combine with other struc-
ture blocks such as Mg(OH), to form composite structures,
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Figure 3. (a) Fundamental building block (FBB) in H,InBsO.
Symmetry transformations used to generate equivalent atoms:
a _x, y, -z; % x + 1/2, y + 1/2, z; (b) three known pentaborate
FBBs, 5:[(5:4A + T)]; 5:[(5:3A + 2T)]; 5:[(5:2A + 3T)]. Small and
large spheres represent B and O, respectively.

as in talc Mg;(OH)5(Si,05),.[40 If the unshared vertices of
all tetrahedra in a plane layer point to the same side of the
layer, two layers can be combined to form a double layer
by sharing the fourth vertexes, which means that the silicon
atoms are all 4-connected. In this case, there must be partial
replacement of Si by Al, such as [Si,Al,Og]*, since other-
wise the layer, which has the composition of SiO,, would
be neutral. In these structures, the double layer
[Si,Al,Og]?> is formed by directly sharing O atoms of two
6° layers. In the present study, the monolayer in H,InBsO,
is the same as that in silicates, but the further connection
of the layers into a double layer occurs in a different way.
There is an array of additional BO4 groups between the two
monolayers, and these BO,4 groups link the two layers in
spiro-5 modes to form a sandwiched double layer, as shown
in Figure 4a. This 4-connected 2D network of the polybor-
ate anion, with the formula [BsO,]>, is not only unique in
borates, but is also the first to be observed in 4-connected
networks.

The sandwiched double layers are further linked by In**
in InOg¢ octahedra, as shown in Figure 5. The two layers of
the oxygen atoms (02, O3 and O4) distribute in a distorted
close packing manner, and the In** atoms locate in the oc-
tahedral holes formed by the oxygen atoms; the InOg4 block
is related to CdI,-type layer, but only 1/3 of the octahedral
positions are occupied, as shown in Figure 5a. The occupa-
tion of In®* cations can be elucidated by the structure of
Al(OH);. In AI(OH);, the AI** ions occupy 2/3 of the octa-
hedral positions and distribute in a honeycomb lattice. The
1705
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Figure 4. (a) 2D tetrahedrally 4-conneted sandwiched double bor-
ate layer in H,InBsOyy; (b) 63 borate network parallel to the ab
plane. The six-ring borate is highlighted.

distribution of In** in H,InBsO,, can be described as oppo-
site to that of AI(OH)s;, where 1/3 of the empty octahedral
positions in the structure of AI(OH); are occupied by
In**and the other 2/3 positions are empty. This results in
the formation of isolated InOg octahedra in the structure.
Since the radius of In3* is quite large (0.81 A), the occupa-
tion of In* ions in the octahedral positions swells the octa-
hedral hole formed by the six oxygen atoms, and the dis-
tances between the oxygen atoms in the octahedron are
much longer than those in octahedra without In* inside.
Here, each oxygen atom connects to two BO, tetrahedra,
which means that one InOg links to 12 BO, tetrahedra. The
alternative stacking of the sandwiched double layer and
In3* ions gives rise to a 3D structure of the compound. A
similar combination of metal-centred octahedra and sand-
wiched double borate layers was reported in Bigoe-
Al, 37B40,,,7 as shown in Figure S2. However, in Bigge-
Al, 37B40,, the two monolayers are linked by disorderedly
distributed AlOs units, where the AI’* positions are half
occupied, and additional oxygen atoms lie in the same layer
as the AI’* atoms.

If only non-hydrogen atoms are considered, the chemical
formula of the structure can be written as [InBsOo]*". Ap-
parently two hydrogen atoms are needed to compensate for
the negative charges. It is difficult to identify the positions
of the hydrogen atoms directly in the structure determi-
nation from powder X-ray diffraction data, but the summa-
rization of bond valance for each oxygen atom is helpful
for the location of the hydrogen atoms. The oxygen atoms
in the structure can be classed into two groups: one includes
02, 03 and 04 atoms and the other includes O1 and O5
atoms. In the former group, each oxygen atom is connected
to two B atoms and one In atom, and in the latter each
oxygen atom is only connected to two B atoms. The BVS
(bond valance sum) calculation reveals significantly low val-
1706
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Figure 5. (a) Arrangement of the InO4 octahedra in H,InBsO,,
with an opposite AI(OH)s-type structure; (b) structural view of
H,InBs0,, along the [100] direction, and the hypothetical position
of the hydrogen atom is at the midpoint between Ol and OS5
(0.3030, 0.3688, 0.6041).

ues for Ol and OS5 (Table 2), which indicates the possible
presence of protons attached to them. The distance between
01 and O5 is very short (2.31 A), which reflects a very
strong hydrogen bonding between them. According to a
structurally reasonable analysis, we could locate a hydrogen
atom in the position (0.3030, 0.3688, 0.6041), which is the
midpoint between the Ol and OS5 atoms, as shown in Fig-
ure 5b. The hydrogen bonding can further stabilize the 2D
sandwiched double layer polyborate network. The solid-
state 'H CRAMPS NMR spectrum®®! of H,InBs0,, shows
a sharp peak at 6 = 17.3 ppm (Figure 6a), which provides
strong evidence for the existence of the very strong hydro-
gen bond.[*>3% Generally, the absorption band of the disen-
gaged O—H stretching vibration is at about 3600 cm™! in the
IR spectrum. With the formation of hydrogen bonds, the
absorption band shifts to lower wavenumbers and is ac-
companied by the broadening of the peak and weakening
of the intensity.’'~33 The IR spectrum of H,InBsO,, shows
no absorption at about 3600 cm™!, since the hydrogen bond
in this compound is very strong (Figure 6b). One can sup-
pose that the stretching vibration of O-H is “locked” by
the very strong hydrogen bonds. There is a moderate broad
absorption band at about 1200-1800 cm™!, which might be
related to the O-H vibration. The main peak at about
1500 cm™! may be attributed to the bending vibration mode
of the O-H group, and the shoulder peak at about
1700 cm™! may be related to the stretching vibration of the
O-H group in the strong hydrogen bond.’'33 The vi-
bration bands at about 1100 cm™! are generally assigned to
the vibration of the BO, groups.5*3°!

Eur. J. Inorg. Chem. 2010, 17031709
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Figure 6. (a) Solid-state '"H CRAMPS NMR spectrum and (b) IR
spectrum of H>InBsOy,.

Thermal Behaviour of H,InBsO

The TGA-DSC curves of H,InBsO,, are shown in Fig-
ure 7a. There are two endothermal peaks at about 570 °C
and 685 °C in the DSC curve, and continuous weight loss
(5.56 wt.-%) occurs between 400 and 700 °C in the TGA
curve, which corresponds to the removal of one water mole-
cule from the compound (caled. 5.44 wt.-%). The thermal
stability of the as-synthesized compound was also investi-
gated by treating the sample at different temperatures. The
powder X-ray diffraction profiles (Figure 7b) show that the
structure is retained until 400 °C. At about 450 °C, it starts
to dehydrate and this is accompanied by the appearance of
a set of new reflections in the profile. These peaks can be
assigned to the coexistence of H,InBsO,, with its dehy-
dration product InBsOy. The dehydration process is ac-
companied by an endothermal effect, which corresponds to
the first peak in the DSC curve. With the increase in the
temperature, the reflections for H,InBsO;, disappear com-
pletely (520 °C and 580 °C), and the new profile corre-
sponds to the dehydrated product:

H,InBs0,, ¥%%S14B.0O, + H,0

The indexation of the new pattern gives a C-centred mo-
noclinic lattice with a = 4.454(2), b = 7.680(4), ¢ =
8.717(3) A, = 99.33(3)° and ¥ = 1070.14 A3. In compari-
son with the lattice of the parent compound (a = 4.377, b
=7.861, ¢ = 8.592 A, f = 104.23°nd ¥ = 1084.90 A3), one
can find that they have a close relationship, and the main
framework may be maintained after dehydration. As shown
in Figure 7b, the first peak (001) shifts to a lower angle in
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Figure 7. (a) TGA-DSC curves of H,InBsO; (b) X-ray diffraction
patterns of the as-synthesized sample (25 °C) and its calcined prod-
ucts at different temperatures.

the dehydrated samples, which indicates an extension of the
¢ axis, while the lengths of ¢ and b both slightly shrink. The
dehydration of H,InBsO, is accompanied by the removal
of one oxygen atom, Ol or OS5, which may result in a de-
crease in the coordination number of the related boron
atoms and gives rise to BO3 groups with a BO5/BO, ratio
of 2/3 in InBsOy. From the IR spectrum of InBsOy, we can
identify that the absorption band of the BO5 groups appear
next to that of the BO,4 groups and that the intensity ratio
of BO4/BOs is approximately consistent with the hypotheti-
cal value (Figure S3). However, a detailed characterisation
of the structure of InBsOq has not yet been carried out be-
cause of the poor crystallization of the anhydrous product.
An increase in the temperature leads to further decomposi-
tion. InB5s0y and InBOj; coexist at 650 °C, and InBsOq dis-
appears completely at 700 °C (Figure 7b). This is ac-
companied by an endothermal effect, which corresponds to
the second peak in the DSC curve (Figure 7a). According
to the experimental results, it can be concluded that
H,InBs0,, starts to dehydrate at about 450 °C to form the
anhydrous indium pentaborate InBsOy, which, as a medium
phase, finally decomposes to InBO; and B,O; at about
650 °C.

Conclusions

A new hydrated indium pentaborate H,InBsO,, was syn-
thesized by the boric acid flux method, and the structure
was solved by powder X-ray diffraction. The structure of
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H,InBs0, is constructed by the alternate stacking of 2D
sandwiched double borate layers and InOg4 octahedra layers.
The 2D borate network, which is formed solely by BO, tet-
rahedra, can be described as two monolayers with a 63 net
interconnected by additional BO,4 in a spiro-5 manner. A
new type of pentaborate fundamental building block
(FBB), B50,4, was identified. This FBB, which consists of
two corner-sharing double three-ring borates built by five
BO, tetrahedra, is exactly the spiro-5 unit. The solid-state
"B MAS NMR spectrum confirms the exclusive existence
of the BO, tetrahedra in the structure. In the borate layer,
there are hydrogen bonds that cross-link oxygen atoms of
additional BO4 groups, which help to stabilize the 2D bo-
rate network. The very strong hydrogen bonds are further
confirmed by 'H CRAMPS NMR spectroscopy.
H,InBs0,, transforms to its anhydrous pentaborate InBsOq
after dehydration at about 450 °C, and InBs;O9 decomposes
to InBO5 and B,O; at 650 °C.

Experimental Section

The starting materials, H;BO3 and In,Os, were of analytical grade
and were used as purchased without further purification. Typically,
2.5 mmol In,O5; and H3;BO; with In/B ratios varying from 1:20 to
1:100 were charged into a 50-mL Teflon autoclave, which was then
sealed in a steel vessel. The mixture was heated at 220-240 °C for
7-15 d and was then cooled to room temperature. The product was
fully washed with hot water (80 °C) until the residual boric acid
was completely removed. The title compound was obtained as a
white powder, with a rough yield of 90 %.

The chemical analysis of indium and boron was conducted by the
ICP method on an ESCALAB2000 analyzer with a result of In/B
=~ 1:4.97, well consistent with the proposed formula. The thermal
stability of H,InBsO;, was analyzed by using combined thermo-
gravimetric analysis (TGA) and differential scanning Calorimetry
(DSC) on a Q600SDT Thermogravimetric Analyzer: the heating
rate was 10 °C/min from 30 to 1000 °C under a nitrogen atmo-
sphere. IR spectroscopy was measured on a NICOLET iN10 MX
instrument. Solid-state "B MAS NMR and '"H CRAMAP NMR
spectroscopic data were recorded on a Varian Unity Plus-400
instrument with a 20-kHz spinning rate, with BF;-OEt, and
Si(CH3), as standards, respectively.

Powder X-ray diffraction was performed on a Bruker D8 Advance
diffractometer with monochromized Cu-K,; radiation (1 =

Table 3. Crystallographic data and Rietveld analysis results for
HzInBsolo.

Formula H,InBs0;,

Formula weight / gmol ! 330.89

Crystal system monoclinic

Space group 2

al A 4.37733(5)

bl A 7.86095(8)

cl A 8.5920(1)

pl° 104.2330(6)

VA3 286.575(5)

zZ 2

Pealcg. / gem 3 3.836
1.540596

R, 0.072

Ry, 0.098
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1.540596 A), and the data were collected by a PSD with open angle
260 = 4° at room temperature in the 20 range 8-120°, a step of
0.0144°, and a keeping time of 40 s for every step. The crystallo-
graphic data and the results of the Rietveld analysis are given in
Table 3.

Further details on the crystal structure investigations may be ob-
tained from the Fachinformationszentrum Karlsruhe, 76344
Eggenstein-Leopoldshafen, Germany [Fax: (+49)7247-808-666;
E-mail: crysdata@fiz-karlsruhe.de], on quoting the depository
number CSD-421149.

Supporting Information (see footnote on the first page of this arti-
cle): Borate chains in Ba;B4sO9(OH)s and BaBPOs, the structure of
Big.o6Al> 37B401; and the IR spectrum of InBsOy are presented.
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