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planar [maximum deviation 0.045 (3)~, for C3] and 
the four C atoms assume a typical zigzag planar 
conformation [C 1--C2---C3--C4 178.1 (3) ° ]. The angle 
between the C2/O3/C1/O1/O2 and C3/O4/C4/O5/O6 
planes is 67.2 (2) ° , which is close to the usual value 
of about 60 ° found in tartrates. 
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A b s t r a c t  

Barium L-tartrate, Ba2+.C4H40~ - ,  has been grown in 
silica-gel medium for the first time and its structure 
has been solved. A new coordination of the cation 
with the tartrate anion is observed. The cation exhibits 
ninefold coordination without the presence of water 
molecules and the tartrate groups are linked through 
Ba . . .O  contacts to form a three-dimensional network. 

C o m m e n t  

This work is part of a research project on the inves- 
tigation of the dielectric properties of tartrate salts, as 
related to their crystalline structure. The increased in- 
terest is motivated by a desire to provide an explana- 
tion for the ferroelectric phase transition in the rochelle 
salt (potassium sodium tartrate tetrahydrate) through the 
study of the tartrate anion conformation and the cation 
environment (Solans et al., 1997). 

The structure of barium L-tartrate, (I), has been 
determined (Fig. 1). Bond lengths and angles in the 
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Fig. 1. The molecular structure of the title compound showing the 
atom-numbering scheme and displacement ellipsoids at the 50% 
probability level for non-H atoms. 
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tartrate anion (Table 3) are normal and do not deviate 
significantly from those of other reported tartrates with 
divalent cations, i.e. Ca 2+ (Hawthorne et al., 1982; 
Ambady, 1968), Sr 2+ (Ambady, 1968), Ni 2÷ (Bostelaar 
et al., 1984), Zn 2+ (Templeton et aI., 1985) and Mn 2+ 
(Ruiz-P6rez et al., 1996). The two halves of the 
tartrate ion, each consisting of a carboxylate group, a 
tetrahedral C and a hydroxy O atom, are individually 
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Fig. 2. Packing diagram of the title compound viewed down the c 
axis, showing the nine-coordination sphere of  Ba 2÷. H atoms have 
been omitted for clarity. O atoms are labelled with the following 
symmetry codes: (a) x -  ~, - y +  l ~, - z +  i; (b) x, v. z -  I: (c) 

+ 1 + 1 - 1 3 .  x ~, -3 '  ~, -7. + 1: (d) - x  + I, ¢ + - z  (e) 2 - x. l . ~ ,  + "5". 
l I 3_-~..  l - v . z -  1. 3 "; (]) 2"--x, ~+y, s - z ;  (g) ~ . ~. (h) T-x ,  
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The  mo lecu la r  pack ing  o f  the title c o m p o u n d  is shown  
in Fig. 2. The  Ba 2÷ ion is su r rounded  by six tartrate 
groups  and is l inked  to n ine  O a toms  (Table 1). Six o f  
these  O a toms  are i nvo lved  in the fo rmat ion  o f  five- and 
s i x - m e m b e r e d  chela te  rings. The  average  B a 2 + - - O  dis- 
tance obse rved  in (I) is 2 . 8 1 6 ( 3 ) A ,  wh ich  agrees  wi th  
the values repor ted  in o ther  example s  o f  n ine -coord ina te  
bar ium,  e.g. 2.83 A in BaCsa(PO3)6 (Averbuch -Poucho t  
& Durif ,  1986), 2.831 A in BaAI2On .H20  ( A h m e d  et al., 

1973), 2.90 ,~ in BaA12Ge208 (Calleri  & Gazzoni ,  1977) 
and 2.844,4, in Ba4YbCu309  (Vall ino et al., 1991). The  
tartrate groups  are l inked  th rough  B a . . . O  contacts  to 
fo rm a t h r ee -d imens iona l  ne twork  wh ich  is fur ther  sta- 
b i l i zed  by O - - - H . . . O  in te rmolecu la r  h y d r o g e n  bonds  
(Table 2). Wi th in  this ne twork ,  ad jacent  Ba 2+ ions share 
six O atoms,  f o rming  a h e x a g o n a l - s h a p e d  cavi ty  per- 
pend icu la r  to the c axis. This  a r r angemen t  has not  
been  obse rved  p rev ious ly  in tartrate salts wi th  d iva lent  
cat ions,  w h i c h  usual ly  appear  wi th  var ious  number s  o f  
wate r  mo lecu l e s  in the crystal  packing .  

E x p e r i m e n t a l  

Single crystals of barium L-tartrate were grown in silica-gel 
medium using the techniques described by Henisch (1970). An 
approximate 1 M solution of sodium metasilicate nonahydrate 
was added to 1 M L-tartaric acid (pH 4-5). The mixture was 
introduced into test tubes, covered, and allowed to set for 48 h 
at room temperature. A 1 M solution of barium chloride was 
introduced above the gel and the tubes were stored at 313 K. 
Crystals appeared at the gel interface within about one week, 
and well formed crystals had grown after about two weeks. 

Crystal data 

Ba 2÷ .C4H40~,- 
Mr = 285.41 
Orthorhombic 
P2j2121 
a = 8.181 (2) ,4, 
b = 9.036 (2) ,4, 
c = 8.392 (1) ,4, 
V = 620.4 (2) ,~3 
Z = 4  
Dx = 3.056 Mg m -3 
Dm not measured 

Data collection 

Enraf-Nonius CAD-4 
diffractometer 

w-20 scans 
Absorption correction: 

empirical via azimuthal 
(g,) scans (North et al., 
1968) 
Train = 0.159, Tma~ = 0.384 

2045 measured reflections 
1067 independent reflections 

(plus 746 Friedel-related 
reflections) 

Mo Ka radiation 
A = 0.71069 ,~ 
Cell parameters from 25 

reflections 
0 = 12.03-18.39 ° 
# = 6.379 m m - I  
T = 293 (2) K 
Prism 
0.60 x 0.25 x 0.15 mm 
Pale pink 

1813 reflections with 
I > 2o(/) 

Ri,t = 0.023 
Omax = 30 ° 
h = - l l  ~ l l  
k =  - 4  ---~ 12 
l = --11 --~ 0 
3 standard reflections 

frequency: 120 min 
intensity decay: 1 %  

Refinement 

Refinement on F 2 
R(F) = 0.019 
wR(F 2) = 0.048 
S = 1.210 
1813 reflections 
101 parameters 
H-atom parameters 

constrained 
w = 1/[o.2(Fo 2) + (0.0256P) 2 

+ 1.3377P] 
where P = (Fo 2 + 2F,2)/3 

(A/o.)max = 0.001 

Apmax = 0.761 e ,~-3 
Apmin = -0 .644  e ,~-3 
Extinction correction: 

SHELXL97 
Extinction coefficient: 

0.0022 (5) 
Scattering factors from 

International Tables for  
Crystallography (Vol. C) 

Absolute structure: 
Flack (1983) 

Flack parameter = -0.01 (2) 

Table 1. Se lec ted  bond  dis tances  (A ) 

Ba--OT 2.769 (3) Ba~4 '"  2.809 (3) 
Ba--O5" 2.773 (3) Ba---OI" 2.837 (3) 
Ba--Ol' 2.798 (3) Ba--O4 2.870 (3) 
Ba--O6"' 2.805 (3) Ba--O5' 2.876 t3) 
Ba--O2 2.805 (3) Ba. • .Ba" 4.4590 (5) 

Symmetry codes: ( i )  1 - x ,  ½ + y ,  3 _ z; ( i i )  2 - x ,  ½ + y ,  3 _ z; (iii) 
- x , l - y , z -  ½;(iv) ½+x, ½ - Y , l - z ; ( v )  x -  ½ , ½ - Y , l - z ; ( v i )  
- x , l - y ,  ½+z. 

Table 2. Hydrogen-bond ing  geome t ry  (,4, °) 

D--H. • .A D--H H. • .A D. • .A D--H. • .A 
O3--H30- • .O2' 0.820 2.109 2.697 (4) 128.6 
O4---H40. • .06" 0.820 1.861 2.653 (4) 162.1 
Symmetry codes: (i) 3 _ x, -v,. ½ + z~ (ii) x - ,~,½1 - y, 2 - z .  

Table 3. Average  geome t ry  values (,4, o ) f o r  the tartrate 

l igand 

c----42 1.535 (5) 
c---o (hydroxy) 1.421 (4) 
C---O (carboxyl) 1.255 (5.) 
C--C--C 110.2 (3) 
C~---O (hydroxy) 111.5 (3) 
C--C---O (carboxyl) 116.9 (3) 
O--C--O 126.1 (3) 

The positions of the H atoms were idealized geometrically and 
refined with fixed individual isotropic displacement parameters 
[Uiso = 1.2U~q(C) and 1.5Ueq(hydroxy O)] using a riding 
model with C - - H  distances of 0.98 A and O - - H  distances of 
0.82 ,~. The positions obtained for the hydroxy H atoms were 
consistent with the intermolecular hydrogen bonding. The 
Flack (1983) parameter confirmed the absolute configuration 
of the title molecule, which was synthesized from a substance 
of known chirality. 

Data collection: CAD-4 EXPRESS (Enraf-Nonius, 1994). 
Cell refinement: CAD-4 EXPRESS. Data reduction: XCAD4 
(Harms, 1996). Program(s) used to solve structure: S1R97 
(Giacovazzo et al., 1999). Program(s) used to refine structure: 
SHELXL97 (Sheldrick, 1997). Molecular graphics: PLATON 
(Spek, 1990). Software used to prepare material for publica- 
tion: PARST95 (Nardelli, 1995). 

Supplementary data for this paper are available from the IUCr 
electronic archives (Reference: LNI0697. Services for accessing these 
data are described at the back of the journal. 
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of tris(2-aminoethyl)amine (tren) and pyridinecarbox- 
aldehyde, i.e. [Mn(py3tren)](C104)2 [py3tren is tris- 
(2-pyridylmethyleneaminoethyl)amine, C24H27N7], is a 
seven-coordinate monocapped trigonal antiprism with 
C3 symmetry. 

Comment 
Tripodal metal complexes of transition metals and 
their derivatives have been widely investigated (Riley 
et al., 1991; Sanyal et al., 1995). Many poten- 
tially tripodal heptadentate ligands have been reported; 
most of them are imine-type ligands resulting from 
the condensation of tren, N(CH2CH2NI-I2)3, and var- 
ious aromatic aldehydes or ketones (Kirchner et al., 
1987; Alcock et al., 1980; Sim & Sinn, 1978). 
X-ray crystal structures of the BF4- and PF6- salts 
of [M(py3tren)] 2+ [py3tren is tris(2-pyridylmethylene- 
aminoethyl)amine] demonstrated that the distances be- 
tween the metal atom and the bridgehead N atom are 
longer than the sum of the van der Waals radii (Kirch- 
ner et al., 1987). These are described as a trigonal anti- 
prism distorted towards a trigonal prism. To date, many 
seven-coordinate complexes of tripodal ligands, such 
as [Mn(pyo3tren)] 2+ [pyo3tren is tris(2-pyridyl-N-oxide- 
methyleneaminoethyl)amine; Gou et al. ,  1993] and Mn- 
TPAA [TPAA is tris(2-pyridylmethylaminoethyl)amine; 
Deroche et al., 1996], have been reported. In the course 
of preparing polyamine intermediates for macrocyclic 
condensation reactions, we obtained the title complex, 
(I). 
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Abstract 
The Mn n complex of a tripodal ligand containing one 
tertiary N atom, three pyridine N atoms and three 
Schiff base moieties derived from the condensation 

t On leave from: Department of Chemistry, Xuzhou Medical College, 
Xuzhou 221000, People's Republic of China. 

(1) 

The title complex crystallizes in a trigonal system 
with space group P31c.  The manganese ion is coordi- 
nated by seven N atoms from py3tren, the hemispheric 
coordination being best described as a monocapped trig- 
onal antiprism of [MnNT], in which the bridgehead N 
atom is bonded to the metal atom. The three imine N 
atoms and the three pyridine N atoms form two ideal 
equilateral triangles between which the Mn atom is lo- 
cated. The two triangles, parallel to each other, are stag- 
gered by 48.0 ° , so the geometry is twisted from an ideal 
antitrigon (60 °) by 12 ° towards a trigonal prism. There 
are equal bite angles N2- -Mnl - -N3  of 71.6(2) ° and 
equal bite distances between the chelating imine N2 and 
pyridine N3 atoms (N2...N3) of 2.716 A. The complex 
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