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The Crystal Structure of Ezcurrite
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Abstract

The crystal structure of ezcurrite, a hydrous borate with chemical formula 2NazO'5BrOa.7HzO,
has been solved by using direct methods. Three dimensional Weissenberg data (1974 r-eflections)
gaveafinalRfactorof0.050.Thelatt iceparameters areia:8.598,6 :9.57O,c:6.576A, each +
0.ffi2; a : lO2'45', F : lO7"3O',t : 71"31'o each * 3'. Space group Pl. The crystal structure of
ezcurrite contains [BsOz(OH)a]2- polyanions linked together to form chains along c, The polyanion is
formed by two six-membered boron-oxygen rings, one consisting of two tetrahedra and one triangle,
the other of two triangles and one tetrahedron. Therefore, the structural formula of ezcurrite is
[NazBsO{OH)i.2H"O. The chains are linked together by the Na-polyhedra and by a network of
hydrogen bonds.

Introduction

This investigation of the crystal structure of ezcur-
rite, 2NasO.5B2Os.7H2O, is part of a systematic
study of hydrated borate minerals (Dal Negro er a/.,
1969,l97l). Ezcurrite was described as a new min-
eral by Muessig and Allen (1957) and restudied by
Hurlbut and Aristarain n 1967 . Christ ( 1960) pro-
posed for ezcurnte a [BrOe(OH)r1- polyanion
formed by two tetrahedra and three triangles. The
occurrence and the chemical and physical properties
of this mineral were fully described by Hurlbut and
Aristarain; neither chemical analysis nor redetermi-
nation of the unit cell parameters were made on the
sample used for this work.

Experirnental

A colorless 0.11 X 0.26 X 0.64 mm fragment of ezcurrite
from Tincalayu Mine, Salta, Argentina, elongated along [001]
was studied. Relevant crystallographic data taken from Hurlbut
and Aristarain (1967) are: Pit a : 8.598, 6 : 9.570, c - 6.576
A (each :t 0.002); a : l02o45', A : 1O7"3O,, .y : 71"31,
(each + 3,); V : a8a.7 fp;cell content NaalBrOr(OH) zlz.4H2O;
specific gravity 2.O49 (calc), 2.053 (meas).

Integrated Weissenberg photographs were taken using CuKa
radiation and multiple film packs as the crystal was rotated
about its c axis. Lorentz-polarization and araz spot doubling
corrections were applied to the photometrically measured
intensities but no correction for absorption (p : 25.5 cm-l) was
made. Within the CuKa limiting sphere, 1974 independent
reflections or about 90 percent of the 2198 present were collected.
Of these, 893 were too weak to be accurately measured and were
considered as unobserved.

Structure Analysis

The structure was solved by the use of direct ing anisotropic thermal parameters for all non-
methods. Sign determination was undertaken by ap hydrogen atoms; hydrogens were included in the

plying the Sayre relationships to 374 reflections with
normalized structure factors lEl > 1.30. The whole
process was performed using a computer program
written by R. E. Long (1965). On the Fo-map
computed with the phases derived from the set with
the highest consistency index, it was possible to find
a number of maxima corresponding to the sodium
and oxygen atoms. Successive three-dimensional
Fourier syntheses, computed on the basis of these
coordinates, gave the coordinates of all non-hydro-
gen atoms in the asymmetric unit. An R factor of
0.19 was calculated from these coordinates. This
reduced to 0.095 after three least-squares cycles car-
ried out with the Busing, Martin and I.evy (1962)
computer program oRFLs, using the f-curves for
neutral atoms of Na, O and B given by Hanson
et al. (1964) and isotropic thermal parameters. At
this stage isotropic convergence was attained and
anisotropic thermal parameters were introduced.
After two cycles the R factor was reduced to 0.06.

A three-dimensional difference Fourier synthesis
was computed, giving certain maxima which could
be reasonably assigned to hydrogen atoms; however,
the number of these peaks was greater than the
number of hydrogens present in the unit cell, indi-
cating that some peaks were spurious. Unfortunately
it was possible to locate only five hydrogens out of
seven because the difference map showed a smear-
ing of the electron density around the two water
molecules.

Another cycle of least-squares was undertaken us-
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FIc. 1. Projection of the unit B;O.(OH)' on the
plane.

nected to form chains along c,' two equivalent chains
are present in a single unit cell (Fig. 2). The

[BbO?(OH)3]'?- group is formed by two six-mem-
beted boron-oxygen rings joined through a common
tetrahedral boron. One of the rings consists of two
triangles BO3 and BOr(OH) in addition to the cen-
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structure factor calculation with isotropic tempera-
ture factors equal to 3.0 for those belonging to the
hydroxyls and 5.0 for the hydrogens belonging to
the water molecules. This reduced the R factor to
0.05 for the observed reflections. All the observed
structure-factors were weighted equally during the
refinement.

The final position parameters are listed in Table
1 and the observed and calculated structure factors
are compared in Table 2.'

Description and Discussion of the Structure

The main feature of the crystal structure of ezcur-

rite is the [B5O7(OH)g]'- unit first found in this

structure (Fig. 1). These structural units are con-

'To obtain a copy of Table 2, order NAPS Document
01978 from Microfiche Publications, Division of Microfiche
Systems Corporation, 305 East 46th Street, New York,
N. Y. 10017. Please remit in advance $1.50 for microfiche
or $5.00 for photocopies. Check the most recent issue of
this journal for the current address and prices.

Fro. 2. Clinographic projection
of ezcurrite; the polyanions link

along c.

of the crystal structure
together to form chains
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tral tetrahedron, while the other is formed by one
tetrahedron BO3(OH) and one triangle BOr(OH)
in addition to the central tetrahedron.

According to the fourth rule of Christ (1960), the
borate chain in ezcurrite may be considered as the
first polymerization product of the still unknown isG
lated unit [BbO6(OH)b]2-, whereas the well-known
[BsO8(OH)]'- sheets found in Kz[B5O8(O]DI.2H2O
(Marezio, 1969) in veatchite (Clark and Christ,
1971) and in gowerite (Konnert et aI., 1972) rep-
resent the second step in the polymeruation process.

The ezcurrite polyanion and the [B5O8(OH)],-
unit are similar, both being built of the same two
six-membered rings. In ezcurrite, the mean planes
of the two boron-oxygen rings are almost perpendic-
ular, with an angle between the planes of 82.3o.
Within the two six-membered rings, the internal B-B
distances are nearly equal (2.472 A is the mean
value for the ring 1 and 2.473 A for the ring 2).
The first ring formed by O(7), O(8), O(10) is
practically planar with a mean value for the internal
angle of 119.5", the greatest distance from the plane
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being -0.20 A (Table 3). In comparison, the sec-
ond r ing bui l t  up by O(3),  O(4),  0(6) is less
planar; the mean value for the internal angle is
II7.4" and the greatest deviation from the plane is
+0.95 A. The polyanions link together to form
chains with an angle B(5)-O(1)-B(I)  of  127.5'
and a separat ion B(5)-B(1) of 2.515 A. The B-O
distances in the ezcurrite polyanion (Table 4) are
in good agreement with those found in the literature
for other borates. The mean B-O bond length is
1.475 A for the tetrahedral boron and 1.362 Afor
triangular coordination. However, appreciable devia-
tions from the average indicate that the B-O poly-
hedra are somewhat distorted. The O-B-O angles
fall within the expected range (Table 4), as do the
O-O distances (Table 5).

There are two independent sodium atoms in the
ezcurrite structure (Fig.3), one being six-coordinated
and the other seven. The sodium cations bond to the
oxygen anions in two different centrosymmetrically
related borate chains. Moreover, each Na-polyhedron
shares an edge with another Na-polyhedron
and the centrosymmetric pairs so formed link to-
gether through the vertex O(12) to form Na-O
chains running along [111].

The two water molecules in the asymmetric unit

Frc. 3. Details of the projection on the
showing the Na-O chains.
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are bonded only to the sodium atoms. In particular
the water molecule O(11) is linked to Na(2) while
O(I2) connects the two independent Na-O poly-
hedra. The Na-O bond lengths range fuom 2.281
to 2.858 A (Table 6). It has been possible to single
out the hydrogens belonging to three hydroxyls (but

Flc. 4. Projection on the (001) plane showing the hydro-
gen bonds.

(,001) plane
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of hydrogen bonds which provides the connections

among the polyanions and, through the water mol-

ecules, among polyanions and Na-polyhedra. The

O-O distances involved in hydrogen-bonding and

the O-H bond lengths are listed in Table 7.

Analysis of the anisotropic thermal parameters

(Table 8) reveals that the thermal anisotropy of the

atoms in ezcurrite is not large except for Na(2)

and the water molecules. Taking into account the

great anisotropy of Na(2) with respect to Na(l),

the strong thermal motion of the O(12) water mol-

ecule can probably be explained as interaction be-

tween O(12) and Na(2), the major axis of the

ellipsoid of thermal vibration for both atoms being

localized along the bond direction.
Considering electrostatic balance, values ranging

from 1.90 to 2.lO valence units are found for each

oxygen atom on the basis of the correlations be-

tween bond length and bond strength given by

Zachariasen (1963) for B-O and O-H . . . O bonds.

Strengths of 1,/7 = 0.142 and I/6 = 0.166 valence

units have been assigned to each oxygen atom co-

ordinated to Na(l) and Na(2), respectively. One
proton for each water molecule does not appear to

form any hydrogen bonds, and for this reason a

1.0 valence was assigned to it.
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