CRYSTALLOCHEMICAL STUDY
ON STRUCTURES OF METAL
COMPLEXES WITH EDTA LIGAND

MERCE FONT-BARDIA, XAVIER SOLANS HUGUET,
MANUEL FONT-ALTABA

Dep. Cristallografia, Mineralogia 1 Diposits Minerals
Facultat de Geologia. Universitat de Barcelona
¢/ Marti Franqués s/m. 08028 Barcelona

INTRODUCTION

A study of the crystal structure with the formula EDTAH XY,
where EDTA = C,, H;, N, Oy, is the ethylencd1ammctctmaumtc has
been carried out, using only the compounds crystallized from aqueous
solution (Table 1).

The structural data have been obtained from the Cambridge Data
Base, from the Department of Crystallography of the University of
Barcelona and from M. A. Porai-Koshits (Sov. Sci., Rev. B. Chem, 10,
1987, 91-214).

Ninety one crystal structures were studied, where 29% were solved
in the Department of Crystallography of University of Barcelona, and
24% correspond to Moscow State Lomonosov University, (figure 1).

The aim of this work was to determine the EDTA ligand behaviour,
when we attempted to obtain metal complexes with this ligands.
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Fig. 1. Cations whose structure was been determined. 29% Dep. Cristal-lografia. U. Barcelo-
na, (Barcelona, SPAIN). 24% State Lomonosov University (Moscou, URSS). 13% Cornell
Univ. (Ithaca, USA).
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Table 1. Structural data.

Metd R Complex NECod Fg MORMOG MOW MN K K& NCCN NMN
[HEDTA] 1 611

A) 050 KAEDTAML0 26 OCT 192 201 28 a® a1l
NHJAEDTA)2H,0Q) 3
RHAIEDTA)2H,0Q) 4

PI) 050 [PHEDTAQ,ISLO0 5 2220 a0 36

Galll) 08 [GaH,OHEDTA)] 6 6420 PB 216 18 1% 206 4 5 &6 09

Colll) 063 [ColenYHEDTA)LZH,0 7 42N OCT 18 22 =2 ®2
[CoenHEDTA)QOLIR0 8
NHCoEDTAYALO 9 6 OCT 192 18 12 004 04 26 809
[CaHEDTAYH,003,0 10 5420 OCT 18 191 18 18 a8 oy 86

Fel) 064 L{FEDTANILO 6 oCT 192 19 29 a7 QX
LiFe(tL,OXEDTA)2H,0 12 64D OPB 201 211 20 22 Q10 031 572 734
[FetLOYHEDTA)] B 620 PB 1B 200 207 22 8 Q9 60 &9
Rb{Fe(t,OXEDTA}H,0 M6H0 PB 19 28 184 20 09 R 54 749
Nae(Fe(H,O(EDTA)RH,0 56420 PB 18 200 23 2R QR 034 52 736
AgFeILOYEDTA)3L0 16 6420 PB 18 20 21 24 Q2 0% M 71
KIF(HLOYEDTAMLO UV ed20 PB 18 22 21 28 a4 0¥ 567 741
TFeH,OXEDTAL0 18 6420 PB 1% 211 211 22 a5 0% %3 738
Ba{Fe(HL,OXEDTA)AH,0 B 6H0 PB 1% 28 28 27 au 031 #®9 77
CHN)F(HLOYEDTA)] 0620 PB 19 20 283 28 Q10 0¥ 1 741
(NGHYJF(ILOEDTAJALO 21 6420 PB 165 200  2M 28 a4 0 |2 7

Mgll) 06 MgHOWYMgHO(EDTARHO 2 6420 PB 2B 28 206 240 40 0 53 41
Na2MgH, OXEDTA)SH,0 B 6420 MIP 227 28 206 28 A9 0 N0 3
Na2MgH, OXEDTA)3HLO M 6420 MIP
MgH,0)JILEDTA] % R0  OCT 207 1800

O(IV) 067 [OSFLOXEDTA) % 6420 MIP 206 206 206 216 010 QU

Q) 09 CA{CQuEDTAMILO z6 OCT 1% 234 220 0% a4 K7 &6
Mn(LO)JCUEDTAJALO B 6 OCT 25 19 24 026 06 I 814
QuitL,OYH,EDTA) ¥ S4P0  OCT 247 1% 198 218 452 03 €3 86
[Ouen)y(H,0) KCuEDTA] 6 OCT 24 1% 200 438 A6 84
[CuHORICUEDTA] 36 OCT 238 1% 200 082 WS 6
K,[QuEDTALRL0 26 OCT 22 17 207 4% Q1 &S

Q) 0# NHJOEDTANALO 2 B 6 OCT
KIC(EDTA)2H,0 ) u6 ocT
RHCOEDTANZL0 ) ¥ 6 oCT
[OH20XHEDTA)] (6) X% 6420 PB

Mn(l) 0% KMnEDTARALO () 36 OCT 191 201 220 Q10 a9 562 8L6

Sn@v) Q71 [Sa(HLOXEDTA)| B 6420 PB 28 28 212 231 a0 0z

) 0% MgHO0LZnEDTA)AL0 6 OCT 212 206 215 007 Q10 546 800
MndLO)Zn(EDTANAL0 @) 4
ZnH,0)Zn(EDTAAL0 @) 4l

RI) Q7 RuH,OXHEDTA) Q© 5420 OCT 28 2@ 210 204 Q0 Q® 566 814

Coll) Q78 CaACol,OEDTAMILO 0 620  MIP 210 247 26 22 07 % 549 73
[CoLOYH,EDTA}ALO 4 6420 MIP 23 20 20 24 QB Q5 52 1
MnLO)JCFDTA)ALO £ 6 OCT 29 207 215 002 B 564 811
[CHOMCAEDTA,0 &) 46 6 OCT 211 206 216 006 010 7 83
MgHOLICAEDTAYALO ) 47 6 OoCT

k, = M-OR - M-N; k, = M-OR - M-N.

[Butll.Soc.Cat.Cien.],Vol. XIII,Num.1,1992




CRISTALLOCHEMICAL STUDY

193

Mad R Complew NE Goord Fg, MOR MOG MOW MN K K NCON NMN

N@) 073  L{NGLOYHEDTA}H,0 8 5420 OCl 22 22 28 210 Q10 a8 W1 83
NGELOYIN(EDTA) L0 (49) ® 6 OcT 26 208 28 -8 w X3 #13
[Ouen)HOANEDTA)ILO D 6 OCT 204 208 206 004 o2 P s
[NLOYHLEDTA)| 51 54120 OCT 216 2B 28 210 QR W7 P9 &S
MgHLOYINGDTAJALO &) 52
[Cuen)(H,ONNEDTA 2,0 3 6 OCT 204 206 208 002 ae 80
[CatLORINEDTAIH,O 54 6 OCT 206 206 207 001 001 816
[Cu(LO)INEDTA] L OCT 204 208 28 004 000 866
N(NIBOINEDTA] 5% 6 OocT 25 208 27 003 001 865

Mn{) 080 LifMndLOYEDTA)AH,0 57 64120 MIP 28 215 2 245 B a0 563 40
Mn(tLO)IMn(LOYHEDTA)AL0 S8 64120 MIP 25 2 23 238 00 w48 ™2
MgHO)IMn(ILOYEDTA)RH,0 % 6410 PB 2% 24 29 22 B w a5
Mn(LO)JMn(LOEDTAMILO 60 6420 MIP 224 216 22 244 OB w 5 ™2
(NH Mn(H,0XEDTA)3H,0 61 64120 PB 2 22 2 2% 00 as B M2
NaMn(LOYEDTA)SH,0 ® 6410 MIP 2% 219 25 240 Qn @ 6 6
Rb,Mn(HLOXEDTA)3HL0 6 6420 PB 25 29 2B 2% M6 a8 47 7l

V) 0% [ZrLO)FEDTANALO 6 6220 22 24 27 28 (169

SuIl) 090 [SHHEDTAAL0 & 6x PB 2% 218 2% 0 I\

TAV) 090  [TdH,0XEDTA) 6 6410 2] 12 18 28 20 06 (k) 739

YoIl) 094  C{YWHOLEDTAALO 61 6220 27 25 23 283 om 1V &7

Nel) 05 aEDTA)] B 61 b ) 258 a5 W 55 NS

LOXHEDTA) ® 1800

E) 0% NHJEHO0MEDTARALO 0 6220 231 28 2R 2% 719

Cd) 097 MgHOKICAHLOEDTALO 71 64120 PB p) VX J 25 240 B w5 63 2
Mn(LO)XCAEDTA)H,0 7 6 B 2 2 2 oo w 55 T4

Holl) 097 NaHaEDTA}SH,0 T 6320 28 2% 45 25 0B 0 &5 &7

Cal) 0%  CaCalLOKFEDTAYTH,0 M4 6220 28 29 246 26 M W 58 610
Ca(ILEDTA3SILO S L++1+2R0 611
CaHLEDTA2H,0 % L+1+1+1+1420 664

Dy(l) 0% NaDyE,ONEDTARSLO T 3R 2% 246 263 &3

TH) L00 NyToH,OREDTANSLO @) B 63RO

Gdl) L2 N{GAHONFDTARSLO®) B 6:3D20 2% 24 25 618

Sml) 104 NeSmILOWEDTANSLO®) 8 6:3D20 2@ 290 26 615

NI 108 KNAILOKEDTARSLO () 81 6320 28 24 2 669

P() 109 NaPrELOKEDTANSLO &) & 6320 % 283 2 610

Sull) 112 SnSn(EDTANALO 8 6x PB 28 2% 4 031 a7 ;2 M43
Sn(HLEDTA) 8 6« MIP 29 22 2 08 as B3 738

La() 115 KILafLORFEDTA)SH,O (80) & 6320

KD 13 KHLEDTA] 8 =860

Ball) L% [BafLONBaILOYEDTANSH,O & 63420 2% 277 38 29 01 Q2 40 I

Rb) 148 RbHEDTARH,0 8 0 1618

Q) 181 (EDTAQAH0 ® m7

k) 216 (HEDTAL2H0 0 1800

) (CH NI EDTA) 91 73
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THE BIMETALLIC COMPLEXES

Usually a metal (inner metal) is coordinated to an EDTA ligand by
means of six bonds: two bonds to nitrogen atoms of ethylenediamine
moiety, and four bonds— to oxygen of carboxylate groups of the same li-
gand. The first question that we wish to solve is about the metal
complexes. When we attempt to introduce two different metals to an
EDTA ligand, does a preferential order to occupy the inner position exist?
(figure 2).

We have compared the solved structures with the Gibbs energy for
the reaction (Table 2):

M** + EDTA = MEDTA**
It is observed that the metals which coordinate with EDTA are those
with less Gibbs energies in this reaction, with the exception of the
(Cu, Ni) complex, but the Gibbs energies for these two metals are very si-

milar (-25.2 and -25.0 Kcal/mol, respectively) (Table 2).

Table 2. G for M** + EDTA™ & MEDTA** + H, O

~33.6 -
-26.2 - Ca,Cu Mn,Cu Cu,Ni

-26.0 - LiNi Mg,Ni Ca,Ni CuNi
-24.3
:g;g -4 Na,Gd
:;g? i Mg,Zn MnZn
-22.1 - Mg,Cd Mn,Cd
-21.9 Mg,Co Ca,Co MnCo Co,Co

-18.6 4 NaMn  LiMn Mg Mn Mn,Mn
-14.3 Ca,Ca
-11.7 { NaMg Ma,Mg

- 2.3 ] Na/Na

T T T T T T T
-23 -38 -11.7 -143 -185 -219 -26.0

— left outer metal — right inner metal

[Butll.Soc.Cat.Cien.,Vol. XIII,Num.1,1992
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Fig. 2. Which is the atom that has the preferential order?

A similar result is obtained if we compare the pK of hydrolysis of the
inner metal. Ions with the lower pK occupy the inner position, so ions
with more facility to loose the hydratation molecules, more easily occupy

the inner position (figure 3).
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Fig. 3. Hydrolysis pK and Gibbs energy for obtaining of MEDTA.

THE PROTONATED COMPLEXES

In acid medium, the EDTA metal complexes are obtained with pro-
tons linked to EDTA ligand. The H,EDTA structure shows four protons,

[Butll.Soc.Cat.Cien.],Vol. XIII,Num.1,1992
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where two are linked to amine groups and the remaining two are linked to
two different carboxylate groups. The protonated complexes can be obtai-
ned by the substitution of one, two, or three protons of amine or carboxy-
late group. (figure 4).

'\.——“'

?

Fig. 4. What groups remain protonated?

The study of the solved crystal structures shows that the hard acid
ions are coordinated to four or five oxygen atoms of different protonated
EDTA ligands, while the protons of amine groups are not substituted.

Softer acid ions are coordinated to two nitrogen atoms of ethylene-
diamine moiety and three or four oxygen atoms of carboxylate groups of
the same EDTA ligand, while the proton of EDTA is linked to a glycine
oxygen atom.

Tae EDTA CONFORMATION

The HLEDTA compound shows a synclinal or cis conformation for
the ethylenediamine moiety. This conformation is observed in 92.4% of
crystal structures of EDTA metal complexes. A semi-open, or peryplanar,
or trans conformation for the ethylenediamine moiety is observed in the
protonated complexes of Rb Na, Mi,(HZO)(,, Cland I, and the nonproto-
nated Cu,EDTA 4 (H,O) (figure 5).

THE ION COORDINATION NUMBER
A single correlation between the coordination number and, for

example, the ionic radii does not xist. Usually, the coordination number
increases with an increase of the ionic radii; but, for similar 1onic radii, the

( Butll.Soc.Cat.Cien. ],an.x I1I,Num.1,1992
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CONVOLUTED, SYNCLYNAL OR CIS SEMI-OPEN, PERYPLANAR OR TRANS

Fig. 5. Different conformations of EDTA ligand.

ion with a higher ionic charge (higher solvation energy or hydrolysis pK)
shows also higher coordination number (figure 6).

The influence of ionic radii can be observed from the distortion of
six-coordination polyhedra. Thus, an increase of ionic radii, causes and
extension of Me-N length and a decrease of the N-Me-N angle. This
decreasing results in an increase of N-Me-OR and makes easier the in-
corporation of a new atom in the opposite site to both nitrogen atoms.
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Fig. 6. Correlation between coordination number and 1onic radii.
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The results obtained from the study of coordination numbers suggest
a mechanism for the coordination of metal ions to an EDTA ligand. In
aqueous solution the metal ion will be solvated and the EDTA must show
the typical convoluted or synclinal conformation as has been observed
from spectroscopic analysis (figure 7). The loss of solvation molecules
depends on the ionic radii, the acidity of the medium, and the acid
character of the metal ion. The metal ion losing more easily the solvation
molecules, will be linked to an EDTA ligand, occupying the inner posi-
tion. It will lose all solvation water molecules or not, according to the
solvation energy. In the second case the water molecule occupies the
opposite site to the EDTA ligand and causes an increase in the coordina-
tion number. For hard acid 1ons the poor ability in loosing the solvation
molecules, makes each metal ion bond to different EDTA ligands, and
yields a semi-open conformation in the EDTA ligand.

Cu(Il) ion shows a large bond length due to the Jahn-Teller effect,
this fact causes a behaviour more similar to that observed for hard acid
ions.

N
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.

Fig. 7. Lost aqueous solvation of the metal.

[Butll.Soc.Cat.Cien.],Vol. XIII,Num.1,1992



CRISTALLOCHEMICAL STUDY 199

ABSTRACT

A crystallochemical study of metal complexes with the ethylenediaminetetraa-
cetic acid ligand has been carried out. The structural data were obtained from the
Cambridge Data Base, University of Barcelona and Lomonosov State University
Moscow. The results obtained indicate that the solvation energy, the ionic radii and
the acid character determine the coordination number of metal complexes and the
conformation of ethylenediaminetetraacetic acid.

[Butll.Soc.Cat.Cien.],Vol.XIII,Num.1,1992
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