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The Crystal Structure of Strontium Diborate, SrO-2B,0,

J. KROGH-MOE

Svenska Silikatforskningsinstitutet, Goteborg, Sweden

Strontium diborate, Sr0-2B;0,, crystallizes in the space group
Pmn2, with unit cell dimensions: & = 10.711 4 0.005 A, b = 4.427 +
0.002 A, ¢ = 4.235 + 0.002 A and two formula units in the cell, corre-
sponding to a calculated density of 4.02 g/em?®. The crystal structure
has been solved with two-dimensional Patterson and three-dimensional
Fourier syntheses and refined with the method of least squares.
A reliability index B = 0.126 was obtained for data from 189 three-
dimensional reciprocal lattice points. The structure consists of a
three-dimensional network of BO,-tetrahedra. Some of the oxygens
in the structure are bonded to three borons.

As part of a general survey of anhydrous polyborate structures, the crystal

structure of strontium diborate has been determined. The preceding paper
in this series is concerned with the structure of silver tetraborate.! This com-
pound obeyed the rule that the number of borons in four-fold coordination
is equal to the number of foreign cation charges. The same coordination behav-
iour of boron was previously observed in a series of alkali borates with a high
boron oxide content. Considering the small energy requirement for a coordi-
nation change of boron,? it cannot be assumed that the rule is of general valid-
ity, especially if other cations than alkali atoms are introduced. The present
investigation has revealed a new case where the rule breaks down. Here we
have a type of anomalous coordination behaviour related to that discovered
by Clark ¥ in the hydrated borate mineral, tunnellite, SrO.3B,0,-4H,0.

Recently X-ray data for strontium diborate have been published by Stewart
and Rindone?, and by Block, Perloff and Weir.® The unit cell dimensions given
by the latter authors agree reasonably well with those reported here.

EXPERIMENTAL

Strontium diborate was crystallized around 900°C from a melt with a slight excess
of boron oxide.

The following unit cell dimensions were determined with a least squares fit of powder
diffraction data from a Hégg— Guinier camera, using lead nitrate asinternalstandard:

a = 10.711 + 0.005 A
b= 4.427 + 0.002 A
c= 4.235 + 0.002 A
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With 2 formula units of Sr0:2B,0; in the cell, the calculated density becomes 4.02 g/cm?.
This is a relatively large value. However, by floating the sample in Clericis solution it
was verified that the density was above 3.9 g/em?® and close to 4.0 g/em.?

Single crystal integrated Weissenberg exposures were obtained with CuKa-radiation
around the two shortest axes for the zeroth to second layer. Systematic extinction were
observed for the ROl reflections when h -4 I = 2n + 1, indicating one of the space
groups Pmn2, and Pmmn.

The crystal, which was rotated around the b-axis, had a quadratic cross-section
0.005 X 0.005 cm perpendicular to the axis of rotation and the crystal rotated around
the c-axis had a corresponding cross-section 0.007 X 0.0085 cm. The linear absorption
coefficient is 200 cm™ for CuKa-radiation, so that the absorption effects are notentirely
negligible. No corrections for absorption were made, but a rough estimate of the effect
will be given in the next paragraph.

Intensities were estimated visually from triple film packs by comparing the Weissen-
berg spots with a calibrated strip. After the Lorentz-polarization corrections, the inten-
sities from the various layers around the two axes were adjusted so as to bring all the
values on a common scale. For reciprocal lattice points, where two measurements
were available, those from the smaller crystal were given a higher weight.

THE STRUCTURE DETERMINATION

The Patterson projections revealed a strontium—strontium vector in-
compatible with the special two-fold positions in the space group Pmmn.
It was therefore concluded that the correct space group is Pmn2,. Based on
information from the Patterson functions about the strontium position, a
three-dimensional electron density distribution was calculated. The summation
contained a false symmetry (since phases were obtained only from strontium
positions) but peaks due to the false symmetry could be eliminated by consid-
ering interatomic distances. The structure thus obtained was refined to a
reliability index of 12.6 9/, with the method of least squares, using the program
written by Asbrink and Briandén for the Facit computer. Absolute values of
the calculated structure factors are given in Table 1 and the final atomic para-
meters are reported in Table 2. The atoms Sr and O, occupy special two-fold
positions in the space group. The origin along the z-axis is arbitrarily fixed
on the strontium atom.

From the two last columns given in Table 2, the strontium atom appears
to have a significant negative temperature factor parameter B = —0.67. This
is largely accounted for by absorption errors, however. If the crystal with
cross-section 0.005 X 0.005 cm (respectively 0.007 x 0.0085 cm ) had been
a cylinder with the same cross-sectional area, the absorption correction for
the equatorial layer would, well within the accuracy of the intensity reading,
correspond to multiplying the intensities with an artificial temperature factor
with parameter value 2B = 0.4 (respectively 2B = 0.6)... Somewhat larger
corrections are valid for the upper layers, and larger corrections also apply
for certain planes in the equatorial layer of the quadratic or rectangular crys-
tals. It is therefore reasonable to blame the absorption errors for the fact that
the temperature factor parameter for strontium becomes negative in the least
squares refinement.
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Table 1. Observed and calculated structure factors, multiplied by 10.
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hkl F, |F Rkl F, |F{ hkl F, |Fy
041 484 362 741 360 312 642 33¢ 248
141 437 337 042 210 183 050 293 345
241 522 433 142 437 373 150 81 83
341 155 101 242 396 282 250 340 433
441 428 349 342 407 366 051 193 229
541 246 202 442 413 414 151 387 401
641 516 470 542 360 321 251 22 151

Table 2. Atomic position parameters (with standard deviations) as fractions, multiplied
by 1000, of the unit cell edge. The last two columns give the parameter B (together
with its standard deviation) of the temperature factor exp[—B(sin ©/A)%].

Atom zja Gxfa y/b oylb zlc Osle B (in A2) oy
Sr 0 289 1 0 —0.67 0.07
0, 0 728 12 454 20 1.1 1.1
O, 359 2 857 7 064 8 —0.6 0.5
O, 221 3 631 8 335 9 0.0 0.6
O, 365 4 226 9 335 12 0.6 0.8
B, 379 4 174 9 976 20 —0.6 0.7
B, 246 5 671 11 963 19 0.1 0.9

DESCRIPTION AND DISCUSSION OF THE STRUCTURE

A projection of the structure along the a-axis is shown in Fig. 1. The
structure consists of a three-dimensional network of BO,-tetrahedra. The

Fig. 1. Projection along the a-axis. Filled
circles represent boron, open circles rep-
resent oxygen, large dashed circles rep-
resent strontium. The unit cell is indicated
with dashed lines. Oxygens closest to
strontium in projection form bridges with
layers below or above, which are mirror
images of the layer shown.

layer of BO,-tetrahedra, shown in the figure, is connected with its own mirror
image exactly above or below through the atom O,. The O, atom, seen closest
to strontium in the projection, will thus appear in this projection as if it were
bonded to only one boron. (O, atoms with z-parameters 0.454 connect with
layers above, those with z-parameters 0.954 connect with layers below).
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Table 3. Boron—oxygen bond distances and shortest strontium—oxygen distances,
with standard deviations. Each of the tabulated distances from strontium to O,, O,
and O, occurs twice, so that strontium has 9 oxygen neighbours below 3 A.

B,— 0, 1.37 4+ 0.04 A Sr — 0, 2.73 £ 0.07 A
B; — O, 1.47 + 0.05 3.02 + 0.07
B, — O, 1.50 + 0.06 3.14 + 0.07
B, — O, 1.55 + 0.09 3.39 + 0.07
B, — O, 1.53 &+ 0.06 Sr — 0, 2.47 + 0.03
B, — O, 1.48 + 0.06 2.90 + 0.03
B, — 0’; 1.61 + 0.09
B, — O, 1.38 £ 0.06 Sr — 0, 3.09 + 0.03
3.15 + 0.03
Sr — O, 2.68 + 0.04
2.79 + 0.04

It is also seen from Fig. 1 that the structure contains six-membered boron-
oxygen rings. Such rings are a very common feature in a wide variety of borate
structures. The present structure may even be described as chains along the
c-axis formed by these six-membered rings sharing edges. The chains are
crosslinked with neighbouring chains at regular intervals.

The boron-oxygen bond lengths are given in Table 3. The average value of
these bond lenghts, 1.49 A, is slightly larger than the average value of 1.47
A found for BO,-tetrahedra in several structures. The spread of the individual
bond lengths about the average value cannot be considered significant (per-
haps with the exception of the B,—0, distance). It is not unlikely, however,
that the BO,-tetrahedra could be somewhat distorted.

The atom O, is remarkable inasmuch as it is bonded to three boron atoms.
This situation is not quite unique, however. Structures with oxygens three-
fold coordinated by boron have been reported for hexagonal boron oxide by
Berger ¢ and recently for the mineral tunellite, SrO-3B,0,-4H,0, by Clark.?
Three-bonding oxygens with two bonds to boron and a third to hydrogen
are known from some metaboric acids.” In the present structure the average
of the three bond distances to Oy (1.53 A) seems to be somewhat larger than
the average of the remaining boron-oxygen distances (1.46 A). The available
data are not sufficiently accurate to establish this lengthening with certainty,
but a similar lengthening of the boron-oxygen bond for three-fold coordinated
oxygen has been indicated by the study of tunellite.®

The coordination of strontinum by oxygen is definitely irregular. An irreg-
ular cation coordination has previously been observed in other anhydrous
borates.! It is therefore difficult to establish a meaningful value for the coor-
dination number of the cation in these phases. Table 3 lists values for the 16
shortest strontium-oxygen distances ranging upwards from 2.74 A to 3.39 A.
The sum of the ionic radii of strontium and oxygen is 2.35 A. Setting an arbi-
trary limit at 2.90 A for the first coordination sphere of strontium, a coordina-
tion number of 9 follows. It is interesting to note that the three-fold coordi-
nated oxygen is comparatively far removed (3.09 A or more) from strontium.
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The structure reported here demonstrates the precarious balance of boron
between the coordination numbers three and four. This circumstance has
previously been emphasized by the author, e.g. it has been proposed that the
comparatively low viscosity of molten boron oxide is due to the low energy
required for activating states with four-fold coordinated boron and three-
fold coordinated oxygen.®
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