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Structure of Barium Bromate Monohydrate

BY LIESELOTTE K. TEMPLETON AND DAVID H. TEMPLETON
Department of Chemistry, University of California, Berkeley, CA 94720, USA

(Received 20 August 1988; accepted 31 October 1988)

Abstract. Ba(BrO,),.H,0, M,=411-17, monoclinic,
2/e, a=9-069(10), b=7-8952(9), c=
9-6295(8)A, £=93-26(1)°, V=688-4(2)A3, Z=4,
D, =3-950, D,=3-966(1)gem™>, MoKa, A=
0-70930 A, z=172-5 cm™}, F(000) = 736, T = 298 K,
R =0-016, wR =0-020 for 576 independent reflec-
tions with I> o(I). Each Ba atom has eleven O
neighbors at distances 2-702 (6) to 3.057 (2) A; the
average Br—O bond length is 1-652(6)A, or
1.661 (5) A if corrected for thermal motion; O-..-O
=2.832 (4) A in a hydrogen bond.

Experimental. Crystals were prepared by mixing hot
aqueous solutions of barium nitrate and sodium
bromate and allowing the mixture to cool. The
measured density is quoted from Heydweiller (1920). A
crystal 0-043 x 0-055 x 0-25 mm (9 faces, elongated
on ¢) was glued to a glass fiber and mounted on an
Enraf—~Nonius CAD-4 diffractometer equipped with a
graphite monochromator. Cell dimensions were derived
from 24 reflections in the range 12-8 < €< 28-0°.
Intensities were measured for & up to 25° at two
azimuthal angles [# 0to 10, k —9to 0,/ —11 to 11] and
at one azimuth [h —10to —1, k—9 to 2, /—11 to 11].
Of 2047 reflections permitted by the space group, 119
were rejected as too weak to measure. After analytical
*correction for absorption (2:11 < 4 < 12-1) reflections
which were equivalent were averaged giving 582 unique
ones with F2> o(F?; Ry, =0-031. Measurements of
standard reflections (800, 006, 020) every 3600s of
X-ray exposure were constant within about 1%; no
correction was made. Refinement by least squares (on
F) with weights w=[o(F)]~2, derived from o(F?)
= {[o.(F)I? + (0-03F2)? + 412}12, was started with
coordinates of Kartha (1953). Anisotropic thermal
parameters were assigned to 6 atoms. The H-atom
coordinates and isotropic thermal parameter were
refined; the starting position in the hydrogen bond
between O2 and O4 was calculated. The 3 strongest
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reflections (reduced in intensity ca 25% by extinction)
and 3 others which agreed poorly with the calculated
values for unknown reasons were rejected. An empirical
isotropic correction for extinction increased the largest
remaining F by 12%. The maximum final shift was
0-030; extremes of AF synthesis were +0-56 and
—0-58 ¢ A—% GOF = 1-10. Atomic scattering factors,
including dispersion terms, for Ba%*, Br, O (for 04),
03~ (for Ol, 02, O3) and H were taken from
International Tables for X-ray Crystallography (1974).
Calculations were made with unpublished local pro-
grams. Atomic parameters are listed in Table 1 and

Table 1. Fractional atomic coordinates and isotropic
thermal parameters (A?) with e.s.d.’s in parentheses

B.,=2(B,atata,.a)/3.

X y z B/BY,
Ba 0 0:39194 (3)  0-250 1.03*
04 0 0-0497 (7) 0-250 3.73¢
Br 0-25101 (3) 0-27704(5) 0-55741(3) 1-11*
(o) 0-07699 (27) 0-3401 () 0-56027 (25) 1-64*
02 0-2566 (3) 0-0980 (3) 0-64701 (28) 1-87*
03 0-2629 (3) 0-2181-(3) 0:39456 (25) 1-94*
H 0-051 (6) 0-011 (7) 0-215 (5) 2:2(11)

Table 2. Interatomic distances (A) and bond angles (°)

Ba—01, 01! 3.057 (2) Ba—03, 03! 3-022 (3)
-01v,01" 2:906 (6) —03,03v 2.767 (6)
021, o2 2.874 (6) —04 2.702 (6)

Br-0O1 1.657 (2), 1:663* O1—-Br—02 104-4 (1)
-02 1.655 (3), 1:664* O1-Br—03 102-4 (1)
-03 1.645 (2), 1-655* 02—Br—-03 104-7 (1)

0O4-H, H' 0:67 (5) H—-O4—H! 125 (9)

04---021, 02 2.832 (4) H—04...02'1 12 (5)

Symmetry code: (i) —x, y, 4—z; (i) —4+x, 4+y, —4+2; (iii) §—x,
14y, 1=z; (V) —x, 1=y, 1=z; (V) x, 1=y, —d+z; (i) 4—x, -y,
4—z; (vii) =4 +x, —, z; (viii) x, =y, =4 +z; (ix) —x, —p, 1—z.

* Corrected for thermal motion by riding model.
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LIESELOTTE K. TEMPLETON AND DAVID H. TEMPLETON

Fig. 1. Projection of part of the structure down [100]. Broken lines
indicate hydrogen bonds.

interatomic distances and angles in Table 2.* Fig. |
shows a view of the structure (Johnson, 1976).

Related literature. The bromate ion exhibits X-ray
birefringence and novel diffraction effects near the Br X
absorption edge (Templeton & Templeton, 1985, 1987).
Crystals of barium bromate monohydrate were pre-
pared to study these phenomena in another space-group

* Lists of anisotropic thermal parameters and structure factors
have been deposited with the British Library Document Supply
Centre as Supplementary Publication No. SUP 51555 (4 pp.).
Copies may be obtained through The Executive Secretary,
International Union of Crystallography, 5 Abbey Square, Chester
CHI1 2HU, England.
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symmetry. Kartha (1953) determined this crystal
structure from photographic data (R =0-20). It was
redetermined because analysis of the planned experi-
ments requires more accurate structural parameters.
Kartha (1952) showed that Ba(ClO,;),.H,O has the
same structure. Other salt monohydrates which are
isomorphous include lead chlorate, lead bromate,
strontium bromate and barium iodate (Groth, 1908).
Structures of NaBrO, and KBrO,; (Abrahams &
Bernstein, 1977; Templeton & Templeton, 1985) show
bromate-ion dimensions similar to those reported here,
other than the O1—Br—O3 angle. That angle may be
smaller as a result of the bidentate coordination to Ba.

This research was supported by National Science
Foundation Grant CHE-8515298. It used facilities of
the Lawrence Berkeley Laboratory, supported by
Department of Energy Contract DE-AC03-76-
SF00098, and the UC Berkeley X-ray Crystal-
lographic Facility (CHEXRAY).
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Structure of KMoP,0,, a Molybdenum Pyrophosphate Containing Isolated Mo®* Cations
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Abstract. Molybdenum potassium pyrophosphate,
KMoP,0,, M,= 308-985, monoclinic, P2,/c, a=
7-376 (1), b=10-355(1), ¢=28-350(4) /kx, B=

* To whom correspondence should be addressed.
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106-83 (3)°, V=610-44 A3, Z=4, D, =
3-362gcm™3, Mo Ka, A=0-7093 A, yz=3-28 mm,
F(000) = 588, T=296 K, R =0-020 and wR = 0-025
for 1363 reflections with I > 2.506(I). The compound,
which forms a tunnel structure along the ¢ axis, is
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