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The structure of K;BaCo(NQO;)s has been determined
at 233°K; the crystals, which are cubic at room tem-
perature, are orthorhombic, space group Fmmm, at
233°K with a=-10.51(3) A, b=10.68(3) A, and c=
10.51(3) A. The hexanitrocobaltate(II) ion, which ap-
pears to be octahedral with a cobalt-nitrogen distance
of 1.98(2) A at room temperature, is elongated along
one axis to give cobalt-nitrogen distances of 1.90(2) A,
1.94(6) A, and 2.10(2) A. The results are indicative
of a dynamic Jahn-Teller distortion at room temperatu-
re and a static Jahn-Teller distortion at 233°K; the
elongation along one axis is the type of distortion ob-
served for most complexes of copper(1l).

Introduction

In a recent paper,! we reported the structure of
K;BaCo(NO,); although a Jahn-Teller distortion’ was
expected for the low-spin d’ complex, Co(NQO;)¢*-, the
structure study gave no evidence of such a distortion.
The nitrite groups along the x, y, and z axes of the
complex were related by a three-fold axis of the cubic
space group (Fm3) and, thus, no static distortion was
possible. Although a dynamic Jahn-Teller effect could
not be ruled out, the temperature parameters did not
seem unusual when compared to. values from other
structure; however, an adequate comparison could not
be made since values were not available for similar
compounds which would not be subject to a Jahn-Teller
distortion. Similar results from a neutron diffraction
study’ have been reported for K;PbCu(NQ,), which
should also show a Jahn-Teller distortion.

ESR and X-ray diffraction studies* of powdered sam-
ples of K;PbCu(NO:), have -provided evidence for a
static Jahn-Teller effect at 235°K. The ESR spectrum
changed from isotropic at room temperature to aniso-
tropic at the lower temperature; the x-ray data indicat-
ed a transition from cubic to tetragonal. ESR data’
have indicated a similar change in K;BaCo(NO;).

In order to obtain more information about the Jahn-
Teller distortion in K;BaCo(NQO,)s, we have determin-
ed the crystal structure at 233°K.
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Experimental Section

An octahedral-shaped crystal of K;BaCo(NQ,)s, ca.
0.1 mm from apex-to-apex, was mounted on a preces-
sion camera equipped with a Cryo-Tip refrigeration
system.® An x-ray diffraction photograph of the hkO
zone was obtained at room temperature; the crystal
was then cooled and additional photographs were ob-
tained at 10° intervals. At 263°K, a teransition occurr-
ed; the hkO zone still showed mm symmetry and the
same systematic absences (h+k=2n+1 absent) but
the two axes were no longer equal (a=10.51(3) A,
b=10.86(3) A). The Okl zone at 263°K also show-
ed mm symmetry with ¢=10.51(3) A. Although two
axes were found to be of equal length and the powder
diffraction pattern of the crystal could thus be indexed
as tetragonal, the intensities of reflections in the two
zones were not consistent with the four-fold symmetry
necessary for a tetragonal cell. The diffraction sym-
metry and the systematic extinction of hké reflections
with odd values of (h+k), (k+ &), or (h+¥¢) indicat-
ed a face-centered orthorhombic lattice. - Since remo-
val of the three-fold axis of the cubic space group,
Fm3, found at room temperature would give orthor-
hombic space group Fmmm, that space group was as-
sumed; the successful refinement of the structure con-
firms that choice.

Photographs taken below the transition temperature
always showed a second lattice of lower intensity; the
second lattice was identical to the first but was elongat-
ed along a rather than along # and was rotated ca 5°
with respect to the first. On warming the crystal to
room temperature, the diffraction photographs again
showed only one cubic lattice; the same result was
obtained repeatedly with several different crystals.

Intensity data were collected with the precession
camera, using Zr-filtered Mo Ka radiation, and estimat-
ed visually; although there were two lattices, the re-
flections of the two were sufficiently separated to allow
estimation of the intensities of the more intense lattice.
A total of 244 independent, non-zero reflections from
the hk€ (¢=0-3) and Ak € (h=0-3) levels were collected;
the intensities were corrected for Lorentz and polariz-
ation effects but no absorption corrections were made

Computations were carried out on a Burroughs B-
5500 computer and on a Univac 1108 computer; pro-
grams employed included modified versions of the
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Busing-Martin-Levy ORFLS and ORFFE least-squares Table IlI.
and function and error programs and various locally Atoms This Work Reference 1
written programs. In structure factor calculations,
the scattering factors tabulated by Ibers’ were em- ggg; ;?gg;A
ployed for all atoms. Co.N3 191(2)
All atoms were assigned coordinates from the room Co-N(Avg) 1.98(8) 1.98(2)A
temperature cubic structure; because of the lower sym- N1-01 1.25(4)
metry the nitrogen and oxygen atoms along each cry- E’;’g'g’ i;ég;
stallographic axis were no longer equivalent and could NO( Avg) 1.2703) 123(2)
be varied independently. Least-squares refinement Ba-01 2.84(2)
using isotropic temperature factors and with all reflect- Ba-02 2.89(2)
jons weighted at unity converged to a conventional R ga'gg Avg) gg?}gg; 2870)
. a-0(Av, . .

value (R=Z || Fol—[F:|| / £|F.|) of 0.09. Final OLNLOE 130y
coordinates and thermal parameters are listed in Table 02-N2-02° 118(3)
I; final F, and F. values are listed in Table II. 03-N3-03 115(2)

0-N-0'(Avg) 115(3) 114(2)°
Table 1. Final positional and thermal parameters for
KzBaCO(NOz)s . . .

Three possible explanations* for the lack of distort-
2 . . . .

Atom x y z B(A?) ion in the hexanitrocobaltate(Il) ion at room tempera-
K 14 14 14 2.4(1) ture have been given: (1) the environment of each ion
Ba 1% 0 0 1.1(1) is tetragonal with the unique axis in one of three mu-
Co g 0 0084 gg(;) tually perpendicular directions, the distribution of
E; 0 0(1’93(2) 'é (6) 1'154; these directions throughout the lattice being random;
N3 0.181(2) K 0 0.3(4) (2) the ion environments are undergoing a dynamic te-
01 0.099%(1) 0 0.249(3) 2.5(3) tragonal distortion in three perpendicular directions
02 34 ) 0.235(2) 0.107(3) ’;’-l(g) in the lattice; (3) the statically distorted hexanitroco-
03 0.246(2) 0.098(1) 0 33 baltate(II) anions are undergoing free rotation in the
Table ll. Observed and calculated structure factors (electrons) for K.BaCo(NO;)s
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Discussion lattice. The third possibility is not consistent with

The only change in the hexanitrocobaltate(II) ion
in going from room temperature to 233°K is in the
lengths of the cobalt-nitrogen bonds. At room tempe-
rature, all of the cobalt-nitrogen bonds are equivalent
and 1.98(2) A in length; below the transition point
the three independent cobalt-nitrogen bond lengths are
1.94(6) A, 2.10(2) A, and 1.90(2) A along the x, y,
and z axes, respectively. Although the standard devi-
ation of the bond along x is extremely high, the com-
plex appears to be elongated along one axis in the same
way as most copper(I1) complexes. The magnitude of
the distortion agrees well with theoretical predictions.®
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the observation of discrete nitrogen and oxygen posit-
ions at room temperature and the first possibility is not
consistent with a transition to an ordered structure
as the temperature is lowered; thus, only the second
possibility—a dynamic tetragonal distortion-—is con-
sistent with all of the observations.
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