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Abstract 
In the title compound, bis(2,2',2"-nitrilotriethanol- 
N,O,O' ,O" ) strontium (II) bis ( 2, 4- dinitrophenolate ), 
[Sr(C6HlsNO3)2](C6H3N205)2, the coordination num- 
ber around the cation is eight, and it is effectively 
sandwiched by the two tetradentate triethanolamine lig- 
ands, which coordinate through all three hydroxyl O 
atoms and the amine N atom. The Sr--O distances are 
in the range 2.574(7)-2.586 (6),~, and the Sr--N dis- 
tance is 2.777 (7) A. The two 2,4-dinitrophenolate anions 
are charge separated in the lattice. The shortest Sr. .-O 

distance to the 2,4-dinitrophenolate anions is Sr.. .O1 
[4.268 (8) ,4,]. 

Comment 
The role of 'double-action' ligands, such as triethanol- 
amine, is to stabilize the cation by coordination and 
the anion by hydrogen bonding (Poonia & Bajaj, 
1979; Bajaj & Poonia, 1988), which results in a 
reduction in the nucleophilic properties of the latter. 
The title complex, (I), has been studied to investigate 
the role of hydrogen bonding in complexes of the type 

")+ "~+ 

M(DNP)2(TEA),,, where M = Ca- , Sr 2÷ or Ba- , DNP = 
2,4-dinitrophenolate and TEA = triethanolamine. The 
structures of Ca(DNP)2(TEA) and Ba(DNP)2(TEA)2 
have already been reported (Hundal et al., 1995; Kanters 
et al., 1984). It appears that hydrogen bonding is a 
dominant factor in decreasing cation-anion interactions 
in the above series. The Sr 2÷ ion is present on a 
crystallographic centre of symmetry and is eightfold 
coordinated by two TEA molecules. The coordination 
around Sr 2÷ is bicapped trigonal antiprismatic. Both 
of the DNP counter-anions are excluded from the 
coordination cluster, resulting in the formation of a 
charge-separated complex. Important bond distances and 
angles are given in Table 1. The Sr--O distances 
are in the range 2.574 (7)-2.586 (6) ,4,, and the Sr- -  
N1 distance is 2.777 (7)A. The N - - C - - C - - O  torsion 
angles [ -51.3(13)  to -54.6(13)  ° ] are comparable to 
the values of 46.8 (4) and 67.4(4) ° reported earlier 
(Hundal et al., 1995, 1996; Kanters et al., 1984), 
producing nearly gauche conformations of the terminal 
OH groups with respect to the C- -N bonds. There are 
three nearly planar C - - N - - C - - C  fragments with torsion 
angles ranging from 160.2 (9) to 169.5 (8) ° , which are 
comparable to the values found in the literature. 

- 2 +  

o./o/. 

(I) 

I o o/ N~ O 
.2 

o / N ~ o  J 

In the case of (I), the counter-anion does not interact 
with the cation but it is strongly hydrogen bonded to the 
TEA ligands. The phenolic O atom forms two hydro- 
gen bonds with the hydroxyl O atoms; it has an intra- 
molecular hydrogen bond [07-. .O1 2.70(1)A] and is 
also attached to 08 of the centrosymmetrically related 
molecule, forming an intermolecular bond [O1..-O8 
2.65 (I)A].  Thus, the phenolic O atom acts as a double 
hydrogen-bond acceptor towards two hydroxyl groups, 
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Fig. 1. The molecular structure of (I), showing the atom-labelling scheme and the hydrogen bonding in the molecule. Displacement ellipsoids 
are drawn at the 30% probability level. 

forming a bridge between the two groups. The third 
hydroxyl  O atom behaves as a donor towards one 
O atom of  the para-nitro group of  the DNP residue, 
resultingoin an intermolecular  hydrogen bond [ 0 6 - - . O 4  i 
2 . 8 5 ( 1 ) A ;  symmetry code: ( i ) x ,  y, z+  1]. Extensive 
hydrogen bonding between tr iethanolamine and DNP 
has also been observed in the case of  Ba(DNP)z(TEA)2 
and, to a lesser extent, in the case of Ca(DNP)z(TEA). It 
appears that this hydrogen bonding is responsible for the 
formation of  charge-separated complexes. In the Ca 2+ 
complex, only two hydrogen-bonding interactions were 
observed, namely, between two of  the three hydroxyl  
groups and between two phenolic O atoms of  the two 
counter-anions,  whereas in the present case all the 
hydroxyl  groups are involved in the hydrogen bonding 
to DNP, i.e. a total of  six hydrogen-bonding interactions 
are observed. In the Ba 2÷ complex,  seven hydrogen- 
bonding interactions are observed, involving all the 
hydroxyl  groups of  TEA; one group is a double donor. 
In both the latter cases, the respective complexes are 
either completely or partially charge separated. 

In the entire series, the preferences of  the cations 
indicate that as one moves down the group the attraction 
between the cation and counter-anion decreases. The 
attraction is highest for Ca 2+, because of  the high charge 
density of  the cation and also because the anion is highly 
nucleophilic.  Thus, in the case of  Ca 2+, the hydrogen- 
bonding interactions are not sufficient to cause charge 
separation and an ion-paired complex is formed. The 
charge density of  Sr 2÷ is less than that of  Ca2÷; the 
ca t ion-anion  interactions are weakened and the hydro- 
gen-bonding interactions are sufficiently strong to give 
a charge-separated complex. Accordingly,  it is expected 
that Ba(DNP)2(TEA)2 should also be a charge-separated 
complex. However, what is actually observed is a 
partially charge-separated complex, probably because 

Ba 2+, being the largest cation in the series, prefers a 
higher coordination number  in comparison to Ca 2÷ and 
Sr 2+. 

Experimental 
The title complex was prepared by dropwise addition of 
triethanolamine (1:1 ratio) to a warm solution of Sr(DNP)2 
in acetone. Complexation was indicated by a change in colour 
of the solution from yellow to orange. Crystals were obtained 
by slow evaporation of the solution after 30 d. 

Crystal data 

[Sr(C6H jsNO3)2]- 
(C6H3N2Os)2 

Mr = 7 5 2 . 2 1  

Monoclinic 
P21/c 
a = 7.826 (2) ,~ 
b = 17.069 (3) ,~, 
c = 11.578 (2) ,~ 
/3 = 93.09 (3) ° 
V = 1544.4 (5) ,~3 
Z = 2  
Dx = 1.618 Mg m -3 
Dm= 1.625 Mg m -3 
Dm measured by flotation 

Data collection 
Siemens P4 diffractometer 
20/0 scans 
Absorption correction: 

scan (North et al., 
1968) 
Train = 0.577, Tmax = 0.638 

2183 measured reflections 
2011 independent reflections 
1305 reflections with 

I > 2cr(/) 

Mo Ko~ radiation 
A = 0.71073 ,~, 
Cell parameters from 25 

reflections 
0 = 10.0-12.5 ° 
# = 1.831 mm -~ 
T = 293 (2) K 
Prismatic 
0.30 x 0.25 x 0.25 mm 
Orange 

R,nt = 0.087 
0max = 22.49 ° 
h = 0---, 8 
k = 0 ---~ 18 
I = - 12 ~ 12 
3 standard reflections 

every 50 reflections 
intensity decay: none 
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Refinement 

Refinement on F 2 
R[F 2 > 2cr(F2)] = 0.078 
wR(F 2) = 0.279 
S = 1.077 
1770 reflections 
214 parameters 
H atoms not refined 
w = l/[cr2(F 2) + (0.1520P) 2] 

where P = (Fo 2 + 2F~)/3 

(3/Cr)m~,~ = 0.006 
Apmax = 0.421 e ]k-  3 
Apmin = -- 1.190 e A-  
Extinction correction: none 
Scattering factors from 

International Tables for 
Crystallography (Vol. C) 

Table 1. Selected geometric parameters (A, o) 
Sr--O6 2.574 (7) C1~C2 1.440 (12) 
Sr--O7 2.586 (6) C2--C3 1.369 (13) 
Sr--O8 2.583 (6) C3--C4 1.361 (13) 
Sr--N3 2.777 (7) C4~C5 1.417 (13) 
CI--C6 1.422 (13)  C5--C6 1.363 (13) 

O6---Sr--O7 95.7 (2) O6---Sr--N3 63.0 (2) 
O6---Sr---O8 101.4 (2) O7--Sr--N3 63.7 (2) 
O7--Sr--O8 107.2 (2) O8--Sr--N3 63.6 (2) 

C 11--N3--C7--C8 165.3(8) N3--C9---C 10~O7 -54.6(13) 
C9--N3---C7--C8 -72.9 (11) C9--N3---C I I--C12 169.5 (8) 
N3--C7---C8--O6 -51.3 (13) C7--N3--C11---C12 -69.8 (10) 
C11--N3--C9---C10 -78.7(10) N3--CI 1---C 12--O8 -52.6(11) 
C7--N3---C9---C 10 160.2 (9) 

The poor quality of the available crystals limited the reso- 
lution of the data to 22.5 ° , which led in turn to the low 
data/parameter ratio of 8.27. The structure was solved by direct 
methods using SHELXTL/PC (Sheldrick, 1995) and refined 
using full-matrix least-squares methods. Refinement was car- 
fled out on F 2 for all reflections, except for 241 with very 
negative F 2. All H atoms were fixed, except for the three 
hydroxyl group H atoms, which were located in a difference 
Fourier map. The H atoms were not refined and all non-H 
atoms were treated anisotropically. 

Data collection: XSCANS (Siemens, 1994). Cell refinement: 
XSCANS. Data reduction: XSCANS. Program(s) used to solve 
structure: SHELXTL/PC. Program(s) used to refine structure: 
SHELXTL/PC. Molecular graphics: SHELXTL/PC. Software 
used to prepare material for publication: SHELXTL/PC. 

Siemens (1994). XSCANS. X-ray Single Crystal Analysis System. 
Version 2.1. Siemens Analytical X-ray Instruments Inc., Madison, 
Wisconsin, USA. 
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Abstract 

In the title complex, [Ca(CrH2N307)2(C10H2205)], the 
tetraglyme ligand coordinates with Ca 2+ through all five 
O atoms to form an equatorial arrangement around the 
cation. Both the picrate counter-anions chelate through 
their phenolic O atom and one of the O atoms of 
an o-nitro group. The anions are on opposite sides of 
the plane formed by the tetraglyme ligand. The Ca 2+ 
coordination number is nine. The geometry around the 
cation is of the monocapped square antiprism type. 
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Comment 
The structures of complexes of the s-block metal ions, 
[M(anion).~(ligand):(solvent)=], where the ligand is an 
electrically neutral molecule with O- and N-donor 
atoms, appear to depend strongly on whether or not a 
polar or polarizable hydrogen(s) is present on the ligand. 
A ligand such as the glyme molecule, which lacks 
polarizable H atoms, interacts with the cation resulting 
in the formation of ion-paired complexes only (Poonia 
& Bajaj, 1979), whereas ligands carrying polarizable 
hydrogen(s), such as glycols, diamines and ethanol- 
amines, coordinate with the cation and also bond to 
the counter-anion. This latter case usually leads to a 
decrease in the cation-anion interaction, maybe to the 
extent that the cation and one or more counter-anions no 
longer remain within a bonding distance of each other 
(Bajaj & Poonia, 1987; Poonia & Bajaj, 1979; Fenton, 
1987). The title compound, (I), has been investigated in 
order to gain a deeper insight into systems lacking polar 
or polarizable H atoms. 
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