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The structures of complex anions, [Al(edta)]

 

−

 

 and [Ga(edta)]

 

−

 

 (H

 

4

 

edta 

 

=

 

 ethylenediaminetetraacetic acid), were
investigated both in the solid state (X-ray crystallography) and in solution (

 

1

 

H and 

 

13

 

C NMR).  Two complexes,
(NH

 

4

 

)[Al(edta)]

 

•

 

2H

 

2

 

O (

 

1

 

) and (NH

 

4

 

)[Ga(edta)]

 

•

 

2H

 

2

 

O (

 

2

 

), are isostructural in the solid state.  In both metal complexes,
the central metal atoms are coordinated by six donor atoms (N

 

2

 

O

 

4

 

) in distorted octahedral coordination geometries in
which two nitrogen atoms and two oxygen atoms of two acetate groups occupy the equatorial positions, and the axial po-
sitions are occupied by two oxygen atoms of two acetate groups.  The 

 

1

 

H and 

 

13

 

C NMR spectra of 

 

1

 

 and 

 

2

 

 showed that
acetate groups undergo rapid interchanges between the axial and equatorial positions in solution, its rate in D

 

2

 

O being
much faster than that in dimethyl sulfoxide(dmso)-

 

d

 

6

 

 for each complex, and its rate for 

 

1

 

 being slower than that for 

 

2

 

.
Based on the NMR spectra, the structures of complex anions [Al(edta)]

 

−

 

 and [Ga(edta)]

 

−

 

 in solution are concluded to be
the same as those in the solid state.

 

Previous single-crystal X-ray crystallographic studies on
metal ion (except for lanthanide ions) complexes of ethylene-
diaminetetraacetate anion (edta

 

4

 

−

 

) show that there are two
main structural types of 6- and 7-coordinate complexes.  The
6-coordinate complexes are further classified into three types,
as follows.  The first type (structure 

 

Ⅰ

 

) is that central metal ions
are wrapped only by edta

 

4

 

−

 

, i.e., the donor atoms of which are
four carboxylate oxygens atoms and two nitrogen atoms.  The
second one (structure 

 

Ⅱ

 

) is that one of four glycinate rings in
the 6-coordinate complexes breaks open due to the occupation
of unidentate ligands, leaving one acetate group uncoordinat-
ed.

 

1

 

  The third one (structure 

 

Ⅲ

 

) is that one carboxylate is pro-
tonated, and therefore pendant to the central metal complex,
with the vacated site being filled by a solvent molecule.

 

2

 

  The
structure of 7-coordinate complexes is a distorted monocapped
trigonal prism or a pentagonal bipyramid.  One of the com-
plexes with the latter structure is Li[Fe(edta)(OH

 

2

 

)]

 

•

 

2H

 

2

 

O,

 

3

 

where a water molecule occupies a site in the pentagonal plane
as the seventh ligand, together with the sexidentate edta

 

4

 

−

 

.
There always remains doubt regarding [Al(edta)]

 

−

 

 as to
whether the aforementioned structures established in the solid-
state based on X-ray studies are the same as those in solution.
A crystallographic study, in which the detailed geometric pa-
rameters were not described, of the solid K[Al(edta)]

 

•

 

2H

 

2

 

O
was reported

 

4

 

 and showed that the Al atom is coordinated only
by the sexidentate edta

 

4

 

−

 

, and that there is no water molecule
in its inner coordination sphere.  On the other hand, in their
studies concerning the molar heat capacities and volumes,
Hovey and Tremaine

 

5

 

 suggested that  [Al(edta)]

 

−

 

  in an aque-

ous solution exists as a dynamic equilibrium among the 7-co-
ordinate complex with the same structure as [Fe(edta)(OH

 

2

 

)]

 

−

 

 

 

3

 

and 6-coordinate complexes with structures 

 

Ⅰ

 

 and 

 

Ⅱ

 

.  Nemes et
al.

 

6

 

  interpreted their kinetic data based on the formation of the
[Al(edta)F]

 

2

 

−

 

 mixed ligand complex from the reaction be-
tween [Al(edta)]

 

−

 

 and F

 

−

 

 or HF, assuming that one (or two)
water molecule(s) is coordinated to [Al(edta)]

 

−

 

.
The aim of this study was to establish whether or not the

structure of [Al(edta)]

 

−

 

 in solution is the same as that estab-
lished in the solid state by an X-ray study.  The crystal- and so-
lution-structure characteristics of (NH

 

4

 

)[Al(edta)]

 

•

 

2H

 

2

 

O (

 

1

 

)
are described.  In order to determine the solution structure,
NMR spectroscopy was used because if the metal–ligand
bonds in the coordination compound are long-lived compared
to the NMR time scale, considerable information about the so-
lution structure can be obtained.

 

7,8

 

  The crystal- and solution-
structure characteristics for 

 

1

 

 are compared with those for a
gallium analogue of 

 

1

 

.  A crystal-structure study of Na[Ga-
(edta)]

 

•

 

3H

 

2

 

O showed that the Ga(

 

Ⅲ

 

) ion is coordinated only
by the sexidentate edta

 

4

 

−

 

.

 

9

 

Experimental

 

Preparation of (NH

 

4

 

 )[Al(edta)]

 

•

 

2H

 

2

 

O (1).    

 

     A slurry of
freshly prepared Al(OH)

 

3

 

 [obtained by the addition of 1 M aque-
ous ammonia to a solution of Al(NO

 

3

 

)

 

3

 

•

 

9H

 

2

 

O (3.94 g, 10.5 mmol)
in water (100 cm

 

3

 

)] was treated with H

 

4

 

edta (2.92 g, 10 mmol) in
water (100 cm

 

3

 

) and refluxed for 6 h.  A clear solution obtained by
filtering any unreacted H

 

4

 

edta was treated with 1 M aqueous am-
monia (10 mmol) and concentrated to 10 cm

 

3

 

.  Methanol was then
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added with rigorous stirring at room temperature, and the resulting
crude white crystals were filtered off and washed with methanol.
Yield 3.18 g.  Single crystals for X-ray crystallography were ob-
tained by dissolving the crude crystals in water and evaporating
the solvent slowly.

 

Preparation of (NH

 

4

 

)[Ga(edta)]

 

•

 

2H

 

2

 

O (2).    

 

This complex
and single crystals for X-ray crystallography were prepared by the
same procedure as that described for 

 

1

 

, except that
Ga(NO

 

3

 

)

 

3

 

•

 

9H

 

2

 

O was used instead of Al(NO

 

3

 

)

 

3

 

•

 

9H

 

2

 

O.

 

NMR Spectra Measurements.    

 

NMR spectra were recorded
on Bruker DPX-300 (

 

1

 

H, 300 MHz; 

 

13

 

C, 75.48 MHz) and AMX-
500 (

 

1

 

H, 500 MHz) spectrometers.  The values of the 

 

1

 

H and 

 

13

 

C
chemical shifts in D

 

2

 

O and dmso-

 

d

 

6

 

 were relative to sodium 2,2-
dimethyl-2-silapentane-5-sulfonate in D

 

2

 

O and to dmso-

 

d

 

6

 

 (2.49
ppm for 

 

1

 

H, 39.70 ppm for 

 

13

 

C), respectively.

 

X-ray Diffraction Studies.    

 

Single-crystal X-ray data were
collected on an Enraf-Nonius CCD single-crystal X-ray diffracto-
meter at 20 °C using graphite-monochromated Mo 

 

K

 

α

 

 radiation
(

 

λ

 

 

 

=

 

 0.71073 Å).  The structures were solved by direct methods
using SHELXS-97, and were refined against all 

 

F

 

2

 

 data using
SHELXL-97.

 

10

 

  All non-hydrogen atoms were refined with aniso-
tropic thermal parameters.  The hydrogen atoms (HO1, HO2,
HO3, HO4, HN1, HN2, HN3 and HN4) in 

 

1 and 2 were found in a
Fourier map and refined.  The remaining hydrogen atoms were
treated as idealized contributions.  Crystal data and experimental
details of the crystal structure determination are given in Table 1.
The CIF data for two crystals are deposited as Document No.
75030 at the Office of the Editor of Bull. Chem. Soc. Jpn.  Tables
of the non-hydrogen atom coordinates and anisotropic thermal pa-
rameters, coordinates of the hydrogen atoms and bond lengths and
angles have been deposited (Nos. CCDC 161170 and 161171 for 1
and 2, respectively) at the Cambridge Crystallographic Data Cen-
tre, 12 Union Road, Cambridge CB2 1EZ, UK.

Results and Discussion

X-ray Crystal Structures.    The crystal structures of 1 and
2 were isomorphous; an ORTEP drawing of 1 is depicted in

Fig. 1.  The stereochemistry and space group of 1 and 2 are the
same as those of other sexidentate edta4− complexes, such as
(NH4)[Co(edta)]•2H2O11 and K[Mn(edta)]•2H2O.12  As shown
in Fig. 1, the coordination geometry around the metal atom is a
distorted octahedron in which two nitrogen atoms and two ox-
ygen atoms of the two acetate groups occupy the equatorial po-
sitions, and axial positions are occupied by two oxygen atoms
of two acetate groups.  Following the terminology of Hoard,11

the less strained glycinate rings (N1– Al(Ga)–O1 and N2–
Al(Ga)–O5) are called R and the more strained (N1–Al(Ga)–
O3 and N2–Al(Ga)–O7) are called G.  The five-membered ring
containing the two nitrogen atoms, the Al(Ga) atom and the
two methylene carbons is designated as E.  Weakliem and

Table 1.   Crystallographic Data and Experimental Details for 1 and 2

1 2

Empirical formula C10H20AlN3O10 C10H20GaN3O10

Formula weight 369.27 412.01
Crystal system orthorhombic orthorhombic
Space group P212121 P212121

Unit Cell dimensions
a /Å 6.5518(1) 6.5840(1)
b /Å 10.137(1) 10.146(1)
c /Å 23.408(1) 23.402(1)
V /Å3 1554.6(2) 1563.3(2)
Z 4 4
Dcalc/g cm−3 1.578 1.751
θ range /° 1.74 – 27.50 1.74 – 27.57
Crystal size /mm3 0.5 × 0.6 × 1.0 0.5 × 0.4 × 1.0
Unique reflections 3586 3608
Goodness of fit on F2 1.139 1.151
Final R indices [ Ⅰ > 2σ(I)]a) R1 = 0.0299 R1 = 0.0450

wR2 = 0.0711 wR2 = 0.1144
R indices (all data) R1 = 0.0457 R1 = 0.0564

wR2 = 0.1024 wR2 = 0.1314

a) R1 = Σ‖Fo| − |Fc‖/Σ|Fo|.  wR2 = Σ[w(Fo
2 − Fc

2)2/Σ[w(Fo
2)2]]1/2

Fig. 1.   Perspective ORTEP drawing of 1.  Thermal ellipsoids
are drawn at the 50% probability level.  The counter cation,
two water molecules of crystallization and hydrogen atoms
are omitted for clarity.
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Hoard proposed that the sum of the angles of the five-mem-
bered chelate rings could be used as a measure of the strain in
forming the chelate-metal ion bond.11  The idealized angle sum
for the E ring is 527.9°, while the glycinate rings with no strain
would have an angle sum of 538.9°.  The angle sums obtained
from Table 2 in 1 (2) are as follows: E ring, 515.7° (514.4°); R
ring for O1, N1 chelation, 538.2° (537.6°); R ring for O5, N2
chelation, 537.1° (538.5°); G ring for O3, N1 chelation, 526.8°
(524.3°); G ring for O7, N2 chelation, 524.5° (526.6°).  These
values show that the angle sums in both complexes are very
similar to each other, and that the G rings are more strained
than the R rings.  The magnitude of the geminal coupling con-
stants of glycinate protons in the 1H NMR spectra provides a
valuable diagnostic for assigning the R and G rings (vide in-
fra).13

The average Al(Ga)–N, Al(Ga)–OG, and Al(Ga)–OR distanc-
es are 2.062(2.095), 1.858(1.939), and 1.880(1.972) Å, respec-
tively.  Replacing the Al atom with the Ga atom causes the Ga–
N, Ga–OG and Ga–OR  bond distances to increase by 0.033,
0.081 and 0.092 Å, respectively.  These differences for metal-
oxygen bonds are almost the same as that of 0.08 Å between
the effective ionic radii of six-coordinated Al3+ and Ga3+.14

The relatively small difference for the M–N bond distances in-
dicates a stronger bonding of Ga–N than that of Al–N due to
the higher affinity of (softer) Ga3+ for N donors.15  The two
metal–oxygen bond distances of the R rings are equivalent
within the experimental error, while the two metal-oxygen
bond distances of the G rings show a difference of 0.01 Å.  The
Al(Ga)–O bonds of the R rings are longer by ca. 0.02 Å (0.03
Å) than those of the G rings.  The difference is contrary to that
for (NH4)[Co(edta)]•2H2O,11 where the average Co–OR bond
distance is shorter by 0.03 Å than the average Co–OG bond dis-
tance.

The average Al–O and Al–N distances are very comparable
to those found in [Al(nta)(H2O)2] (H3nta = nitrilotriacetic ac-
id) (dav = 1.881 Å for Al–O and d = 2.086 Å for Al–N).16  The

average Ga–O bond distance for 2 is similar to that for the
complex [Ga(Hedta)(OH2)],2 in which one of two oxygen do-
nor atoms in the more strained G rings is protonated and freed
from coordination.  The G-ring opening leads to an increase in
the Ga–N bond distance by 0.073 Å due to a release of the ring
strain, while the other Ga–N bond distances for [Ga(Hed-
ta)(OH2)] are longer by 0.016 Å than that for 2.  The difference
in each Ga–N distance between 2 and [Ga(Hedta)(OH2)] is
very close to that between 1 and [Al(Hedta)(dmso)],17 the crys-
tal structure of the latter complex being the same as that of
[Ga(Hedta)(OH2)].

Considering that the effective ionic radius (0.620 Å) of
Ga(Ⅲ) (d10) is very similar to that (0.645 Å) of high-spin
Fe(Ⅲ) (d5) in six-coordinated complexes,14 and that their
charge distributions are spherically symmetric, it is interesting
that the crystal structure of [Ga(edta)]− is not the same as that
of the Fe(Ⅲ) edta4− analogue, [Fe(edta)(OH2)]−.3  We note that
[Ga(Hedta)(OH2)] and [Fe(Hedta)(OH2)] are isostructural.2

The average of the C–O (ring oxygens) bond lengths for 1
and 2 is 1.29 Å, which is longer than the value of 1.23 Å for
the external CwO distances.  This is consistent with a decrease
in the double-bond character of the C–O bond upon coordina-
tion of the ring oxygens to central metal ions, as shown in oth-
er edta4− complexes, such as [Fe(edta)(OH2)]−,3 [Co(edta)]− 11

and [Mn(edta)]−.12

13C NMR Spectra.    The structures of 1 and 2 in solution
were studied by 1H and 13C NMR spectroscopy.  The 13C NMR
spectra of 1 and 2 dissolved in D2O showed three peaks at
56.00, 62.30 and 176.07 ppm for 1 and 56.05, 61.55 and
175.50 ppm for 2, which are assigned to ethylenic, glycinate
methylene and carboxylate carbons, respectively.  The 13C
NMR spectra of 1 and 2 dissolved in dmso-d6 are displayed in
Fig. 2.  In the spectrum of 1, the peaks of glycinate methylene
and carboxylate carbons are split into two peaks with almost
the same intensities, while in the spectrum of 2 the carboxylate
resonance is one and two glycinate resonances are broader
than those of 1.  The spectrum pattern of Fig. 2(a) was also ob-
served for [Co(edta)]− in D2O,1 indicating that the structure of
[Al(edta)]− in dmso is consistent with that found in the solid
state and the rate of interchange of acetate groups between axi-
al and equatorial positions is slowed by dissolving 1 in dmso.
It is noted that [Co(edta)]− in aqueous solution retains the
same structure Ⅰ as that in the solid state, and that Co(Ⅲ) is in-
ert in the ligand substitution reactions.  For 2, the interchange
averages out two very close peaks of carboxylate carbons and
broadens two relatively separated peaks of glycinate methyl-
ene carbons.  Based on this NMR evidence, it is tenable to sug-
gest that the crystal structure of [Ga(edta)]− is conserved in so-
lution, as in the case for [Al(edta)]−.

The spectrum patterns of edta4− complexes are determined
by the lability of individual metal-ligand bonds.1,7,8  The fact
that only three peaks for 1 and 2 in D2O were observed sug-
gests that acetate groups undergo a rapid interchange between
the axial and equatorial positions, as reported for labile com-
plexes, such as [Pb(edta)]2−, [Zn(edta)]2−, [Cd(edta)]2− and
[Hg(edta)]2−,1 on the NMR time scale.  A comparison between
Figs. 2(a) and (b) reveals that the interchange of the acetate
groups is slower for 1 than for 2.  This is easily explained by
the difference in the lability of the Al3+ and Ga3+ ions, with the

Table 2.   Selected Bond Lengths (Å) and Bond Angles (°) for
1 and 2

1 2

Al–O(1) 1.877(2) Ga–O(1) 1.971(2)
Al–O(3) 1.865(2) Ga–O(3) 1.946(2)
Al–O(5) 1.882(2) Ga–O(5) 1.972(2)
Al–O(7) 1.850(2) Ga–O(7) 1.932(2)
Al–N(1) 2.072(2) Ga–N(1) 2.109(2)
Al–N(2) 2.051(2) Ga–N(2) 2.081(2)

O(1)–Al–O(3) 93.79(7) O(1)–Ga–O(3) 95.53(13)
O(3)–Al–O(5) 87.60(7) O(3)–Ga–O(5) 87.30(13)
O(1)–Al–O(5) 175.61(7) O(1)–Ga–O(5) 176.68(12)
O(1)–Al–O(7) 87.99(7) O(1)–Ga–O(7) 87.52(13)
N(1)–Al–O(1) 83.65(7) N(1)–Ga–O(1) 83.47(12)
N(2)–Al–O(1) 94.04(7) N(2)–Ga–O(1) 93.89(13)
N(1)–Al–O(3) 83.16(7) N(1)–Ga–O(3) 82.84(12)
N(1)–Al–O(5) 92.39(7) N(1)–Ga–O(5) 95.20(12)
N(2)–Al–O(5) 83.68(7) N(2)–Ga–O(5) 82.97(13)
N(2)–Al–O(7) 83.30(7) N(2)–Ga–O(7) 82.43(14)
N(1)–Al–N(2) 84.83(7) N(1)–Ga–N(2) 85.42(13)
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first-order water exchange rate constants for [Al(OH2)6]3+ and
[Ga(OH2)6]3+ being 1.318 and 4.0 × 102 s−1 at 298 K,19 respec-
tively.

The interchange of the acetate groups between the axial and
equatorial positions in [Al(edta)]− and [Ga(edta)]− could take
place by two mechanisms, i.e., bond rupture and twist mecha-
nisms.8  Although our limited experimental results provide no
definitive basis for distinguishing between the mechanisms,
two lines of evidence can cited in support of a bond-rupture
mechanism.  First, if a bond-rupture mechanism is operative,
the interchange is expected to be much faster in D2O than in
dmso-d6 because, in general, the rate of the reaction separating
oppositely charged ions increases with the dielectric constant
of the medium.  Also, the interchange by a twist mechanism
without the rupture of any metal–ligand bonds should show a
slight solvent dependence on its rate.  Second, the interchange
rate is expected to decrease along with an increase in the pH,
and the peak splitting would be observed for [Al(edta)]− at a
high pH.1

Figure 3 shows the 13C NMR spectrum of a mixture of
[Al(edta)−] = 0.30 M and [NaF] = 0.12 M in D2O, in which
the main chemical species would be [Al(edta)]− and [Al-
(edta)F]2− with the mole ratio being 3:2 because of the equi-
librium constant for the reaction [Al(edta)]− + F− = [Al-
(edta)F]2− is 104.8 M−1.20  The spectrum given in Fig. 3 is,
therefore, considered to be a superposition of the spectra of
[Al(edta)]− and [Al(edta)F]2−.  The structure of [Al(edta)F]2−

is expected to be the same as that (structure Ⅱ) of [Co-
(edta)X]2−, where one of four glycinate rings breaks open be-
cause of the occupation of the X− ion, leaving one acetate
group uncoordinated (since the equatorial G rings are more
strained than the axial R rings, they break open more easily in
the presence of the F− ion).1  However, the number of peaks
pertaining to [Al(edta)F]2− is seven, which is less by three than

for [Co(edta)X]2− because [Al(edta)F]2− is not so stereochemi-
cally rigid as [Co(edta)X]2−.  Each peak was tentatively as-
signed as follows: 60.40 and 176.80 ppm, uncoordinated glyci-
nate methylene and carboxylate carbons, respectively; 55.53
and 56.00 ppm, ethylenic carbons; 62.30 and 62.63 ppm, coor-
dinated glycinate methylene carbons; 176.07 ppm, coordinated
carboxylate carbons.  The difference in the chemical shift be-
tween the uncoordinated and coordinated acetate carbons is
relatively larger for [Co(edta)X]2− than for [Al(edta)F]2− due
to the temperature-independent paramagnetic contribution of
the Co(Ⅲ) ion.

If there are one or more water molecules in the inner coordi-
nation sphere of [Al(edta)]−,5 the water molecule(s) will be
substituted by dmso or F−  ion without a change in the struc-
ture.  The observation that the 13C NMR spectrum of 1 dis-
solved in dmso-d6 is very different from that of [Al(edta)F]2−

means that there is no water molecule in the inner coordination
sphere of [Al(edta)]−.  This conclusion is supported by prelim-
inary kinetic studies concerning the substitution reaction be-
tween the [Co(OH2)6]2+ ion and [Al(edta)]− in aqueous solu-
tion.  The kinetic results obtained by spectrophotometry
showed that the rate is accelerated by the addition of F−.  This
is attributed to the formation of the [Al(edta)F]2− ion with an
uncoordinated acetate group, which is easily coordinated to a
hydrated Co(Ⅱ) ion.  If [Al(edta)]− is an 7-coordinate complex
with edta4− being sexidentate, there would be little difference
in the substitution reaction between [Al(edta)]− and [Al-
(edta)F]2−.

1H NMR Spectra.    The 1H NMR spectra of 1 and 2 dis-
solved in D2O showed two peaks, including one broad singlet
and one quartet peak.  The linewidth of the singlet peak as-
signed to ethylenic protons is broader for 1 (66 Hz) than for 2
(14 Hz) because the Al3+ ion is less labile than the Ga3+ ion.
One quartet peak is assigned to glycinate methylene protons.
Because the bonded nitrogen is asymmetric, the methylene
protons are nonequivalent, giving rise to an AB-type spin-spin
splitting pattern.7  The geminal coupling constants for two
complexes were determined to be −17.8 Hz.  No peak corre-
sponding to methylene protons on an uncoordinated acetate
was observed.  If an uncoordinated acetate exists, its AB pat-

Fig. 2.   13C NMR spectra of 1(a) and 2(b) in dmso-d6.

Fig. 3.   13C NMR spectrum of a mixture of [Al(edta)−] =
0.30 M and [NaF] = 0.12 M in D2O.
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tern will be nearly collapsed due to a very small chemical shift
difference between the protons.

Figure 4 shows the 500 MHz 1H NMR spectrum of 1 dis-
solved in dmso-d6, where the interchange of acetate groups be-
tween axial and equatorial positions is much slower than that
in D2O.  The spectrum pattern is very similar to that21 of
[Co(edta)]− in D2O, in that two AB-system quartets and one
AA′BB′-system near-quartet are observed.  This leads to the
conclusion that the structure of [Al(edta)]− in solution is the
same as that of [Co(edta)]− in solution.  Two near-quartet
peaks centered at 2.72 and 3.08 ppm with the same intensity
arise from the protons on the ethylenic backbone of the ligand
edta4−.  Two quartets (δ 3.22, 3.25, 3.42, 3.45; δ 3.22, 3.25,
3.48, 3.52) centered at 3.33 and 3.36 ppm, each having the
geminal coupling constants of −15.3 and −18.2 Hz, are as-
signed to glycinate protons in the G and R rings, respectively.
Note that the peaks at 3.22 and 3.25 ppm are not resolved.  The
assignments of the two quartets are based on the magnitudes of
the geminal coupling constants.  The coupling constants of the
glycinate protons are more negative in the R rings than in the G
rings because the G rings are more strained than the R rings,6

as evidenced in the above-mentioned crystal structure.  In the
spectrum of 2 dissolved in dmso-d6, the splitting patterns are
nearly collapsed and the peaks are broadened because the in-
terchange of acetate groups between the axial and equatorial
positions is faster for the Ga3+ ion than for the Al3+ ion.

Based on the NMR evidence, it is most likely concluded that
the crystal structures of the complex anions [Al(edta)]− and
[Ga(edta)]− remain intact in solution.  The possibility is ruled

out that the six-coordinate complex anions with the ligand sex-
idendate edta4− co-exist in rapid equilibrium with the 7-coor-
dinate species containing one water molecule and the 6-coordi-
nate species with an uncoordinated acetate group.

This research was supported by grant No. R02-2001-00841
from the Basic Research Program of the Korea Science & En-
gineering Foundation.
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Fig. 4.   500 MHz 1H NMR spectrum of 1 in dmso-d6.


