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Introduction

Various attempts have been made to
determine the configuration of a complex
anion, [Co(NH;),(NO.))]I-, because such a di-
substituted complex should be capable of
existing in two geometrically isomeric forms
on the octahedral theory. In 1936, Wells®
determined the crystal structure of the silver
salt, Ag[Co(NH;),(NO,),], and found that the
two ammonia groups were co-ordinated to the
central cobalt atom in #rans-positions with
respect to each other. On the other hand,
in 1949 Kuroya and Yamasaki*® examined
very closely the oxalato-dinitrodiammine com-
plex derived from the NH,-salt or “Erdmann’s
salt”. Namely they repeated fractional cry-
stallizations and attempted to resolve each
fraction into optical isomers. Finally they
came to the conclusion that in the aqueous
solution of the Erdmann’s salt at room tem-
peratures the cis- and #frans-isomers should
possibly coexist as an equilibrium mixture.
It would be of interest to determine the
configuration of the complex anion in the
crystals of the Erdmann's salt itself,
NH,[Co(NH;).(NO,),] and also the potassium
salt. Since these two salts are isomorphous,
their structures have been determined at the
same time. In this paper the crystal struc-
ture of the potassium salt will be given;
that of the Erdmann’s salt will be treated
in the next paper.

1) Y. Shibata and T. Maruki, J. Chem. Soc. Japan,
37, 1142 (1916); E.H. Riesenfeld and R. Klement, Z.
anorg. Chem., 124, 1 (1922). W. Thomas, J.C.S., 123,
617 (1923); L.E. Knaggs, J. C. 5. 121, 2074 (1922);
B.C. Ray, J. Indian Chem. Soc., 440 (1937); H. Sueda,
J. Chem. Soc. Japan, 57, 406 (1936); E.A. Gilinskaya,
Ser. Fiz-Mat. i Estestven. Nauk, 3, 133 (1953).

2) A.F. Wells, Z. Krist., (A)., 95. 74 (1936).

3) Read at the annual meeting of Chem. Soc. Japan,
(1949).

Experimental

Potassium tetranitro-diammine-cobaltiate (III)-
was prepared according to the method described.
by Joérgensen®) and was recrystallized from water
not exceeding 60°C. They belong to the ortho-
rhombic bipyramidal class and are usually thin
needles elongated along the ¢-crystal axis. Three
crystal rods less than 0.2 mm. in diameter parallel
to each principal axis were prepared. All the
equatorial reflections were recorded by using Fe
K« radiation (4=1.937 A). Usual multiple film
technique was employed and the intensity of re-
flections were visually estimated by comparison
with a standard scale. The wusual correction
factors were applied by means of the chart given
by Cochran®. No correction for absorption was.
applied. A temperature factor and a scale factor
for converting the observed values of |Fyu| ap-
proximately to the absolute scale were calculated
by Wilson’s methods>. The unit cell dimensions.
were obtained from high order reflections of the
equatorial lines of the oscillation photographs.

The results are: ¢=11.38+0.02 A, 5=12.95+
0.02 A and ¢=6.76+0.01 A, giving the axial ratio
a: b: ¢=0.879: 1: 0.522, in agreement with those
obtained morphologically, i.e., 0.8783: 1: 0.5192.
From the density 2.107 g./cc. measured by the
pyknometer method at 25.0°C, it was found that
the unit cell contains four formula units of
K[Co(NH;)2(NOg)4], the calculated value being 2.106.

g.jcc. The space group is Di-P 2,2,2,. All the

atoms are on the general positions: =, y, z; 3—1,
3+y, 3—z; d+w, 2~y 2 %, 7, ¥+2.

Determination of the Structure

Firstly the Patterson projections P(X, Y)
P(Y, Z) and P(X, Z) were evaluated.

Comparing these results with the corres-
ponding Patterson maps of the Erdmann’s
salt, whose analysis has been carried out at

4) S.M. Jorgensen, Z. anorg. Chem., 17, 477 (1898).
5) W. Cochran, J. Sci., I'nst., 25, 253 (1949).
6) A.J.C. Wilson, Acta Cryst., 2, 318 (1949)»
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the same time, it was confirmed that these
two crystals are isomorphous as expected,
and moreover it was possible to identify Co-
Co, K-K and K-Co vectors on each projec-
tion. Hence the positions of cobalt and po-
tassium were fixed at once.

Preliminary Fourier projections of electron
density upon the planes perpendicular to
each principal axis were synthesized using
observed F-values, whose sign was calculated
from the parameter values of cobalt and po-
tassium. From these projections it was pos-
sible to assign approximate parameters for
nitrogen atoms which are co-ordinated nearly
octahedrally around each cobalt atom. These
were in good accord with the conclusion drawn
from each Patterson projection. Though the
Fourier prejections showed faint outlines of
oxygen atoms they could not be located un-
equivocally. The c¢-crystal axis is as short
as 6.76 A, and it should be possible to obtain
a clear projection of the whole structure in
this direction, as any interleaving of the
complex anion within this periodicity is
probably ruled out. An attempt was made
to determine the signs of F(kkQ) directly by
taking the difference of the corresponding
F-values observed for the ammonium and
potassium salt, since both are isomorphous
and the positions of potassium atoms are
already known. The signs of 46 out of 120
observed reflections could be determined
successfully. The projection thus obtained
showed the outlines of the oxygen atoms
more clearly than the previous one. A
vector convergence map’ was also made
for this projection, by using the positions of
cobalt atoms. Closer examination of this
projection and vector convergence map en-
abled one to deduce the x- and y-parameters
of all the atoms in the unit cell. F(kEO)
were then calculated. The agreement was
reasonably good and enabled a start to be
made with the process of refinement by means
of Fourier syntheses. At this stage, all the
z-parameter values of oxygen atoms were
assumed using the data of interatomic dis-
tances and bond angles. Calculation of F(0kI)
and F(hO0l) values eliminated at once the
possibility of the cis-configuration. Finally
only one set of parameter values correspond-
ing to the Zrans-configuration remained which
could account for F(0k) and F(h0[)s. Then
all the projections were refined by successive
approximations as usual. The final parame-
ters are listed in Table I. A final electron

density projection along the c-crystal axis is
shown in Fig. 1.

7) C.A. Beevers and J.H. Robertson, Acta Cryst., 3,
164 (1950).

TABLE I
FINAL PARAMETERS
x/a y/b z/e
Co 0. 1690 0.1915 0. 2500
K 0.117 0.473 0. 695
NH;(1) 0.278 0. 265 0. 064
NH;(2) 0. 062 0.118 0.436
N(1) 0. 250 0. 264 0. 466
N(2) 0. 056 0. 305 0.234
N(3) 0.088 0.119 0.034
N(4) 0.281 0.078 0. 266
O(1) 0. 264 0. 226 0.632
0(2) 0.293 0. 350 0. 442
0(3) 0.040 0. 353 0.083
0(4) —0.003 0.332 0.383
Q(5) —0.018 0.112 0.017
0(6) 0.150 0.072 —0.078
O(7) 0. 257 0. 005 0.376
0(8) 0. 367 0.080 0.163

Fig. 1. Electron densities along the c-axis
of K[Co(NHj3):(NOg)s]. Contours are at
intervals of 2 e. A2

The comparison of the observed structure
factors with those calculated is given in
Table II. The atomic scattering factors used
for the calculation of the structure factors
were those listed in the International Tables.
A temperature factor of the form exp—B

sin @

h‘ -
value 25 A2, The value of B and the scale
factor were estimated by plotting the values.
of log F./F, versus (sin @)? at the final stage.
The reliability factor R=3>1|1Fol — | Fell/
S Fol are 0.165, 0.185 and 0.235 for (AZ0),
(0kI) and (k0l) respectively. The weighted
mean value of R is 0.179, for which only

2
) was used, where B was given the

observed reflections up to —S-!%-a—=0.501 have:

been used.
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0 1 z 3 I 5A.
Fig. 2. Projectcion of the structure upon (001).

Description of the Structure N@...... 8{(2)) ;gé ﬁ" (NHy)(2) O(5) 3.07 A
The structure projected upon a plane nor-  Q(3) o) 2.10A o) o4’y 2.76 A
mal to the ¢-crystal axis is shown in Fig. 2, £ 0(3)N(2)0(4) 116° 0(2) o(6’) 3.09 A
which corresponds to Fig. 1. The structure 0(2) o(7) 2.9 A
is built from potassium ions and complex N@3)...... o) 1.22A 0@ O(7) 3.05A
anions [Co(NH;);(NO;),]-, thus being essenti- o) 1.20A 0@) 0@ 2.72;A
ally ionic. 0(5) 0O(6) 2.08 A
Interatomic distances and bond angles calc- 2. 0(B)N(3)0(6) 118°
ulated on the basis of the atomic parameters N(@4)...... o) 1.234
in Table I are listed in Table III. A perspec- ... 08 1.20 A
tive drawing of the complex anion is shown o(7) 0@B) 2.14 A
in Fig. 3. LO(TN@)O(®) 124°
TABLE III
INTERATOMIC DISTANCES AND INTERBOND
ANGLES
Co..... NHx1) 2.00A K 0(2 3.08A
..... NH3(2) 2.00 A 0@3) 3.17A
..... N1) 1.96A o) 3.114
..... N@  1.96 A 0(3) 2.97A
..... N@3) 1.96 A 0(4) 3.11A
..... N@4) 1.96 A o(7) 3.26 A
o@B) 2.79A
N()...... o) 1.24 A 0(8”) 3.08 A
...... 0(2) 1.23A
o(1) 0(2) 2.08A (NHp(1) O(1)(—)2.97 A Fig. 3. A perspective drawing of a com-
LO(1)N(1)O(2) 115° 0(") 2.87 A plex anion.
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Two ammonia molecules are co-ordinated
to a cobalt atom in #rans-positions with re-
spect to each other at a distance of 2.00 A.
Four nitrogen atoms of the nitro groups
form a square around the cobalt atom with-
in experimental errors, being 1.96 A apart
from it. Thus an octahedral co-ordination is
completed around a cobalt atom. These in-
teratomic distances are in good agreement
with those found in the structures of various
complex compounds of tervalent cobalt®%1%,10,

The size and shape of the nitro groups
are also in agreement with our previous
results.

The planes containing each nitro group are
inclined at angles 58° 56°, 42° and 86° respec-
tively with the plane of four nitrogen atoms
of the nitro groups in the same sense. Hence,
the configuration of the complex anion is
essentially similar to that found in crystals
of the silver salt, Ag[Co(NH;):(NO3)J?.

The distances of approach between N atom
of ammonia molecule and O atom of nitro
group of adjascent complex anion are found
to be 2.87 A, and 297 A. They may be com-
pared with those found in crystals of trinitro-
triammine-cobalt (III). These short distances
suggest hydrogen bonding between them.
By these NH::---: O bonds the complex anions
are held together, forming a network per-
pendicular to the b-crystal axis. Between
these layers exist potassium ions.

A potassium ion is surrounded by eight

8) Y. Tanito, Y. Saito and H. Kuroya, This Bulletin,
25, 188 (1952).

9) Y. Tanito, Y. Saito and H. Kuroya, This Bulletin,
25, 328 (1952).

10) A. Nakahara, Y. Saito and H. Kuroya, This Bul-
letin, 25, 331 (1952).

11) Y. Tanito, Y. Saito and H. Kuroya, This Bulletin,
26, 420 (1953).
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oxygen atoms of the nitro groups with dis-
tances ranging from 2.79 A to 326 A. The
co-ordination polyhedron around a potassium
atom is rather distorted.

Summary

The crystal structure of potassium tetrani-
trodiammine-cobaltiate (III), K[Co(NH,),(NO,).],
prepared according to the method of Jorgen-
sen, has been determined by two-dimensional
Fourier method. The orthorhombic unit cell
has the dimensions ¢=11.38-0.02 A, 5=12.95
+0.02 A and ¢=6.76+0.01 A containing four
formula units in it (Fe K4, A=1.937 A), and

The shape

and size of a complex ion was found to be
similar to the one found in crystals of silver
salt, Ag[Co(NH;)s(NOs);]. Two ammonia mo-
lecules are co-ordinated to the central cobalt
atom in frams-positions, with Co-N distance
2.00 A.

The average dimensions of the nitro groups
were: N-0=1.22 and ~ONO=118°, in
agreement with the results obtained for other
nitro-complex compounds of cobalt. Each po-
tassium atom is surrounded by eight oxygen
atoms of the nitro-groups with distances
ranging from 2.79 A to 3.26 A.

the space group is Dj-P2,2,2,.
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