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Structure Redetermination of Carbonatobis(ethylenediamine)cobalt(III) Chloride 
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Abstract. (OC-6-22)-Carbonato-x20-bis(ethylenedi - 
amine-x2N)cobalt(III) chloride, [Co(CO3)(C2Hs- 
N2)2]C1, Mr=274.59, orthorhombic, Pca21, a = 
10.754(4), b =  11.084(3), c=8 .564(2)A,  V = 
1020.8 (5) A 3, Z = 4, Dx = 1.79 g cm -3, A(Mo Ka) = 
0.71073 A, # = 19.3 cm-l ,  F(000) = 568, T =  293 K, 
final conventional R=0.022 for 1051 observed 
reflections and 184 variables. The structure of the 
title compound and its orientation with respect to the 
polar axis were determined by X-ray diffraction. The 
average Co--N distance is 1.955 (3) A and the aver- 
age Co---O distance is 1.911 (3)A. The O(1)---Co-- 
0(2) bite angle is 69.2(1) ° and the average 
N---Co--N bite angle is 85.9 (3) °. The Co In coordi- 
nation is pseudo-octahedral, consisting of two 
oxygen ligands in cis positions and two adjacent 
ethylenediamine ligands. The two enantiomers, 
showing A and A configurations around the metal 
centre, are in the unit cell. The ethylenediamine 
ligands show a A chelate ring conformation in the A 
enantiometer and a 6 conformation in the d enantio- 
mer, with N---C---C--N torsion angles of 53.2 (5) 
and 51.1 (5) °. The ideal Co(1)---O(1)...O(2) plane 
was found to be 4.9 (1) ° out of the ideal O(1)--- 
C(5)--O(2)...O(3) plane. 

Experimental. Crystals were obtained by slow 
evaporation at room temperature of a dilute (0.05M) 
solution of the title complex in ethanol/water (1:1). A 
red prism-shaped crystal of dimensions 0.26 x 0.19 x 
0.19mm was selected for data measurements. 
Mo Ka radiation, graphite-crystal monochromator, 
Enraf-Nonius CAD-4 single-crystal diffractometer. 
Unit-cell dimensions determined from the angular 
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settings of 25 reflections with 12 < 0 < 25 °. Space 
group Pca21 from systematic absences and structure 
determination. 5452 reflections were collected using 
the w--20 scan technique, with a variable scan rate 
and a maximum scan time of 60 s per reflection, 
within the angular limits 0 < 0 _< 25 ° and the h, k, l 
range - 12, - 13, - 6 to 12, 13, 10. Intensity checked 
throughout data collection by monitoring three 
standard reflections every 60 min, drift corrections 
from 0.91 to 1.11. Profile analysis performed on all 
reflections (Lehmann & Larsen, 1974; Grant & 
Gabe, 1978); empirical absorption correction applied 
using ~ scans (North, Philips & Mathews, 1968), 
resulting in maximum and minimum correction fac- 
tors of 0.98 and 1.00, respectively. Symmetry- 
equivalent reflections averaged, Rin t = 0.036, giving 
1140 unique reflections of which 1051 were observed 
with I > 3o"(1). Lorentz and polarization corrections 
applied and data reduced to IFol values. Structure 
newly solved by Patterson interpretation using the 
program SHELXS86 (Sheldrick, 1985) and Fourier 
synthesis. Isotropic least-squares refinement, using 
SHELX76 (Sheldrick, 1976). Additional empirical 
absorption correction applied at this stage (Walker & 
Stuart, 1983), with correction factors within the 
range 0.90 to 1.12. Further anisotropic refinements 
followed by a difference Fourier synthesis allowed 
the location of all the H atoms. Positional param- 
eters and anisotropic thermal parameters of non-H 
atoms refined. All H atoms refined free, except those 
of C(3) and N(2), which were refined riding on their 
parent atoms. The final conventional agreement fac- 
tors R = 0.022, wR = 0.021 for 184 refined param- 
eters. Function minimized Y.w(Fo - Fc) 2, w = 1/[or2(Fo) 

+ 0.00010Fo 2] with ~r(Fo) from counting statistics. 
Maximum shift to e.s.d, ratio in the last full-matrix 
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Table 1. Fractional positional and thermal parameters 
with e.s.d. 's in parentheses 

Ueq = (Ull + U22 + U33)/3. 

x y z u~(h 2 × l02) 
Co(l) 0.06969 (3) 0.21093 (3) 0.00485 1.93 (i) 
CI(I) 0.23886 (7) 0.54204 (7) 0.5122 (2) 3.66 (3) 
O(1) 0.2360 (2) 0.1882 (2) 0.0767 (3) 2.57 (7) 
0(2) 0.1418 (2) 0.0698 (2) -0.0867 (3) 2.84 (8) 
0(3) 0.3444 (2) 0.0337 (2) -0.0306 (3) 3.5 (1) 
N(1) 0.1298 (3) 0.3090 (3) -0.1693 (4) 2.45 (9) 
N(2) -0.0900 (3) 0.2083 (3) -0.1055 (4) 2.6 (I) 
N(3) 0.0033 (3) 0.1162 (3) 0.1786 (4) 2.5 (1) 
N(4) 0.0314 (3) 0.3528 (3) 0.1304 (4) 2.40 (9) 
C(3) -0.0681 (4) 0.1970 (4) 0.2828 (7) 3.3 (2) 
C(2) -0.0646 (4) 0.2381 (5) -0.2714 (6) 2.9 (1) 
C(5) 0.2471 (3) 0.0923 (3) -0.0154 (5) 2.4 (1) 
C(1) 0.0235 (5) 0.3440 (4) -0.2697 (6) 3.0 (1) 
C(4) 0.0039 (5) 0.3133 (4) 0.2932 (5) 2.9 (1) 

Table 2. Bond lengths (,~), angles (°) and possible 
H-bond parameters with e.s.d. 's in parentheses 

Co(i)--O(l) 1.908 (2) O(3)---C(5) 1.238 (4) 
Co(I)--N(2) 1.960 (3) O(2)--C(5) 1.311 (4) 
Co(1)--C(5) 2.324 (3) N(I)--C(1) 1.482 (5) 
Co(I)--O(2) 1.914 (3) N(2)---C(2) 1.483 (6) 
Co(I)--N(3) 1.956 (3) N(3)--C(3) 1.479 (6) 
Co(I)---N(I) 1.956 (3) N(4)---C(4) 1.491 (5) 
Co(I)--N(4) 1.948 (3) C(2)--C(1) 1.508 (6) 
O(1)--C(5) 1.329 (4) C(3)--C(4) !.506 (6) 

O(2)--Co(1)---O(1) 69.2 (i) N(1)---Co(1)----O(1) 90.5 (1) 
N(I)--Co(I)--O(2) 90.5 (1) N(2)---Co(1)---O(I) 167.1 (1) 
N(2)--Co(1)---O(2) 98.4 (1) N(2)---Co(1)---N(I) 86.0 (1) 
N(3)--Co(I)---O(1) 91.5 (1) N(3)--Co(1)---O(2) 91.2 (1) 
N(3)---Co(1)----N(1) 177.7 (1) N(3)--Co(I)--N(2) 92.2 (1) 
N(4)--Co(1)----O(I) 97.3 (1) N(4)---Co(1)---O(2) 166.2 (1) 
N(4)---Co(1)--N(I) 92.4 (1) N(4)---Co(I)--N(2) 95.3 (1) 
N(a)---Co(I)--N(3) 86.4 (1) C(5)---Co(1)---O(1) 34.9 (1) 
C(5)---Co(!)---O(2) 34.3 (!) C(5)--Co(I)--N(1) 89.2 (1) 
C(5)---Co(1)--N(2) 132.4 (1) C(5)---Co(1)---N(3) 93.0 (1) 
C(5)---Co(1)--N(4) 132.2 (1) C(5)----O(1)---Co(1) 89.9 (2) 
C(5)--O(2)---Co(1) 90.2 (2) C(I)~N(1)---Co(I) 109.4 (3) 
C(2)--N(2)--Co(I) 107.3 (2) C(3)---N(3)---Co(1) 108.8 (3) 
C(4)---N(4)---Co(1) 108.7 (2) C(4)---C(3)---N(3) 106.7 (4) 
C(1)--C(2)--N(2) 106.2 (4) O(1)--C(5)---Co(1) 55.2 (2) 
O(2)---C(5)---Co(1) 55.4 (2) O(2)---C(5)---O(1) 110.5 (3) 
O(3)---C(5)--Co(1) 176.8 (3) O(3)--C(5)--O(1) 123.9 (3) 
O(3)---C(5)---O(2) 125.6 (3) C(2)---C(i)---N(I) 106.6 (4) 
C(3)--C(4)--N(4) 107.3 (4) 

D---H...A D--H H..'A D...A D--H...A 
N(1)--H(I)...O(P) 0.931 (4) 2.06 (4) 2.934 (4) 155 (4) 
N(I)----H(2).-.CI(I') 0.86 (5) 2.49 (5) 3.329 (3) 161 (4) 
N(4)---H(7)...CI(P) 0.91 (4) 2.53 (4) 3.396 (3) 158 (4) 
N(2)--H(3)...CI(P') 1.080 (4) 2.316 (3) 3.352 (3) 160.1 (3) 
N(4)---H(8)...CI(P ~) 0.82 (4) 2.49 (4) 3.291 (3) 164 (4) 
N(2)---H(4)..-O(3 ii~) 1.080 (4) 1.805 (4) 2.847 (4) 160 (4) 
N(3)---H(5)...O(3 ai) 0.89 (4) 2.18 (5) 2.981 (4) 150 (4) 
N(3)--H(6)-..O(3 i') 0.94 (4) 2.24 (4) 3.118 (4) 155 (3) 

Symmetry  code: (i) - x +  ~, + y ,  + z -  ~; (ii) - x ,  - y  + 1, + z -  ~-; 
(iii) + x - ½, - y, + z; (iv) - x + ½, + y, + z + ½. 

least-squares cycle was 0.002 and the final difference 
Fourier map showed no peaks higher than 0.49 or 
deeper than - 0 . 4 l e a  -3. The orientation with 
respect to the polar axis was assigned using a new 
version of the program BIJVOET (Beurskens, 
Noordik & Beurskens, 1980), the Bijvoet coefficient 
(for 150 pairs) was 0.928 (6). Atomic scattering 

factors from International Tables for X-ray Crystal- 
lography (1974, Vol. IV). Final positional and 
thermal parameters are given in Table 1.* Molecular 
geometry data are collected in Table 2. Fig. 1 shows 
the cobalt(III) coordination and the atomic 
numbering scheme for the two enantiomeric config- 
urations. 

The plots in Fig. 1 were made with the PLUTO 
program (Motherwell & Clegg, 1978). Geometrical 
calculations were made with PARST (NardeUi, 
1983). All calculations were made on a MicroVAX- 
3400 at the Scientific Computer Center, University of 
Oviedo. 

Related literature. Since no absolute structure was 
assigned to carbonatobis(ethylenediamine)cobalt(III) 
chloride (Healy, Kennard, Smith & White, 1981) we 
undertook a redetermination of the compound seek- 
ing to improve the reported structural data and 
determine the orientation with respect to the polar 
axis. 

The central Co atom is pseudo-octahedrally 
coordinated by two ethylenediamine ligands and a 
carbonato showing A and A configurations about the 
Co m atom. The N(1)--Co--N(2) bite angle of 
86.0 (1) ° and N(3)--Co--N(4) of 86.4 (1) ° are very 
close to the values of 85.9 (3) and 86.0 (3) ° found by 
Garcia-Grfinda, Calvo-P~rez & G6mez-Beltrfin 
(1992) for (2-butene-l,4-diolato)bis(ethylenedi- 
amine)cobalt(Ill) dichloride dihydrate. The Co--O 
distances are 1.910 (3)A, similar to that found in 
(+)-[bis(ethylenediamine)(oxalato)cobalt] (Kiriyama 
& Igaki, 1988) of 1.93 (4)]~ and in (2-butene-l,4- 
diolato)bis(ethylenediamine)cobalt(III). The atoms 

* Lists of  s tructure factors, anisotropic  thermal  parameters ,  
H-a tom parameters ,  selected tors ion angles, least-squares-plane 
angles and H-a tom geometr ies  have been deposi ted with the 
British Library D o c u m e n t  Supply Centre  as Supplementa ry  
Publicat ion No. S U P  55502 (14 pp.). Copies  may  be obta ined  
th rough  The  Technical  Editor ,  In ternat ional  Un ion  of  Crystal- 
lography,  5 Abbey Square,  Chester  C HI  2HU,  England.  [CIF 
reference: HU0389] 

(a) cb} 
Fig. I. PLUTO (Mother~,ell  & Clegg, 1978) d iagrams o f  bo th  

enant iomers ,  (a) A and  (b) A, o f  the title c o m p o u n d .  The  Co I11 

coord ina t ion  and a tomic  labelling scheme are shown for each. 
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C(5), O(1), O(2), 0(3) lie in a plane. The C(5)--O(1) 
[1.329 (4)/~] and C(5)--O(2) [1.311 (4) A] bonds are 
longer than C(5)--O(3) [1.238 (4)A], which has 
some double-bond character. However, the carbo- 
nate chelation is symmetrical, in contrast to the 
results previously reported for this structure. The 
carbonato plane makes an angle of 4.9 (1) ° with the 
plane formed by Co(I), O(1), 0(2). 

Both ethylenediamine molecules show a similar 
disposition of their chelate rings (A conformation in 
the A enantiomer), with torsion angles N(1)---C(1)-- 
C(2)--N(2) and N(3)--C(3)---C(4)--N(4) of 53.2 (5) 
and 51.1 (5) °, respectively, very close to the value of 
51.6 ° found in the (+)-[Co(en)2C12]C1.H20 complex 
(Matsumoto, Ooi & Kuroya, 1970). In addition, this 
complex shows the same configuration about the 
central atom as that in A (5(5(+)-[Com(en)2C12]C1 
while the other enantiomer is A (5(5. Hydrogen bond- 
ing includes the chloride ion and the O(1) and 0(3) 
atoms of the carbonato ligand, which are hydrogen 
bonded to the H atoms of the amine. Symmetry 
operations and geometrical data for this network are 
collected in Table 2. 
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Abstract. [Ni(C16H20N2S2)(H20)2](C104)2, M r  = 
598.12, monoclinic, P21/n, a = 11.639 (1), b = 
13.216 ~!~ c = 15.698 (2) A, fl = 107.48 (1) °, V =  
2303.2 z = 4, Dx = 1.725 g cm -3, A(Mo Kay) = 
0.70930 A, /z = 13.072 cm-1, F(000) = 1232, T = 
243 K, final R = 0.040 for 34'!4 observed [ I>  3tr(/)] 
reflections. The Ni atom is octahedrally coordinated 
to the two pyridine N atoms in a trans arrangement 
[Ni - -N = 2.104 (2) and 2.106 (2)/It], the two thio- 

* Author to whom correspondence should be addressed. 
t Permanent address: Anorganisch-chemisches Institut der 

Technischen Universit/it Miinchen, Lichtenbergstrasse 4, D-8046 
Garching, Germany. 

ether S atoms with a cis geometry [ N i - - S =  
2.4073 (8) and 2.4038 (8)A] and the two water O 
atoms [Ni--O = 2.130 (2) and 2.105 (2) A]. The 
packing in the crystal results in hydrogen-bond inter- 
actions between the water molecules and the perchlo- 
rate anions. 

Experimental. ~ The title compound was synthe- 
sized by reaction of Ni(C104)2.6H20 with 1,8- 
bis(2-pyridyl)-3,6-dithiaoctane (bpdto) in ethyl alco- 
hol. Recrystallization from ethyl alcohol and slow 
evaporation of the solvent afforded prismatic bluish 
green single crystals. A specimen (0.15 × 0 .25x 
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