This article was downloaded by:

On: 23 January 2011

Access details: Access Details: Free Access
Publisher Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

vomeeunene | Journal of Coordination Chemistry

Journal of ) Publication details, including instructions for authors and subscription information:
COORDINATION http://www.informaworld.com/smpp/title~content=t713455674
CHEMISTRY

Nuclear Magnetic Relaxation Dispersion Measurements of

o | Ethylenediamine-Tetraacetatoiron(IlI) Complexes at High pH and Ionic
D GO S Strength
e ¥ 4 Griselda Hernandez? Jill Rogalskyj®; Robert G. Bryant®
3 ;, a’ "’ a * Department of Chemistry, University of Rochester, Rochester, NY, USA ® Department of Biophysics,
ey e University of Rochester, Rochester, NY, USA
¥ % (1o
[ " L -
4 O

To cite this Article Hernandez, Griselda , Rogalskyj, Jill and Bryant, Robert G.(1991) 'Nuclear Magnetic Relaxation
Dispersion Measurements of Ethylenediamine-Tetraacetatoiron(Il) Complexes at High pH and Ionic Strength', Journal
of Coordination Chemistry, 24: 1, 9 — 13

To link to this Article: DOI: 10.1080/00958979109409730
URL: http://dx.doi.org/10.1080/00958979109409730

PLEASE SCROLL DOWN FOR ARTICLE

Full ternms and conditions of use: http://ww.informworld.confterns-and-conditions-of-access. pdf

This article nay be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, |loan or sub-licensing, systematic supply or
distribution in any formto anyone is expressly forbidden.

The publisher does not give any warranty express or inplied or make any representation that the contents
will be conplete or accurate or up to date. The accuracy of any instructions, formul ae and drug doses
shoul d be independently verified with prinary sources. The publisher shall not be liable for any |oss,
actions, clainms, proceedings, demand or costs or danmges whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.



http://www.informaworld.com/smpp/title~content=t713455674
http://dx.doi.org/10.1080/00958979109409730
http://www.informaworld.com/terms-and-conditions-of-access.pdf

18: 08 23 January 2011

Downl oaded At:

J. Coord. Chem. 1991, Vol. 24. pp. 9-13 © 1991 Gordon and Breach Science Publishers S.A.
Reprints available directly from the publisher Printed in Great Britain
Photocopying permitted by license only

NUCLEAR MAGNETIC RELAXATION DISPERSION
MEASUREMENTS OF ETHYLENEDIAMINE-
TETRAACETATOIRON(II) COMPLEXES AT HIGH
pH AND IONIC STRENGTH

GRISELDA HERNANDEZ,* JILL ROGALSKYJ,* and
ROBERT G. BRYANT**

*Department of Chemistry, and *Department of Biophysics, University of Rochester, Rochester, NY
14642, US.A.

(Received July 9, 1990)

Nuclear magnetic relaxation dispersion measurements are reported for aqueous solutions of iron(III)-
EDTA complexes at high pH and high ionic strength where the dominant species is the p-oxo dimer.
Formation of the dimeric species leaves only the outer coordination sphere contribution to the paramag-
netic relaxation rate of the water protons in solution. The relaxation efficiency is further decreased by the
decrease in the effective magnetic moment due to antiferromagnetic coupling. This result is in distinction
to dimeric species that form with GA(HEDTA) complexes at high pH in which antiferromagnetic coupling

~ has not been observed to decrease the effective magnetic moment.

Keywords: Magnetic relaxation dispersion, iron(1II), antiferromagnetic coupling, p-oxo-dimer, outer-
sphere relaxation

INTRODUCTION

Paramagnetic metal complexes are of current interest as agents that may control
nuclear spin relaxation in aqueous systems and by so doing control the information
content of a magnetic image.! Many complexes studied to date provide a consider-
able diversity of relaxation efficiency that depends on the structural and dynamic
features of the metal complex in complex ways.?* A major difficulty associated with
achieving maximal solvent relaxation rates is the contribution of the electron spin
relaxation times to the effective correlation time for the electron-nuclear coupling
between the metal centre and the solvent protons. If it is sufficiently short, it may
dominate the whole relaxation process.*

Recent investigations of GA(HEDTA) complexes have demonstrated approxi-
mately a factor of two gain in relaxation efficiency when a di-p-dihydroxo dimer is
made at high pH.® This increase presumably arises because each relaxing proton
interacts with two metal centres simultaneously, rather than one.®”-® This obser-
vation depends on the fact that, in the gadolinium complex, the electron relaxation
properties of the individual metal centres do not change very much when the metals
are brought close together in the dimer. Further significant antiferromagnetic
coupling that compromises the magnitude of the effective electron moment is absent.
We report here similar experiments on the well-characterized iron-EDTA system (a
p-oxo dimer that has no first coordination sphere exchangeable protons). The

* Author for correspondence.
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magnetic relaxation in the solvent induced by this complex is outer-sphere; however,
the relaxation efficiency is lost with dimer formation.

Dimeric metal complexes have been studied by several techniques including
electron spin resonance, nuclear magnetic resonance, and magnetic susceptibility
measurements in attempts to understand the details of magnetic coupling.°”° For
the [Fe(EDTA)]™ system, the important equilibria in water at pH values above 7
include (1) and (2).

[Fe(H,0)EDTA]™ = [Fe(OH)EDTA]?~ + H* )
2[Fe(OH)EDTAJ?~ = [(FeEDTA),0]*~ + H,0 Q)

- At low ionic strength and pH values below 7, the aquo species dominates, and

presumably has the 7-coordinate structure observed in the solid.!%!! Reaction (1) is
reported to have a pKa of 7.5,'2'!3 thus making the hydroxo complex the dominant
species at pH values greater than 8.!% Dimerization of the hydroxo complex may be
driven by high ionic strengths and the complex is readily identified spectrophoto-
metrically because of a characteristic Fe-O-Fe stretch!> at 851.2 cm ™! and electronic
absorption that peaks at 475nm with a molar extinction coefficient of
180M~tcm™1.16

~

EXPERIMENTAL

Fe(NO,),, FeCl,, and KNO; were obtained from the J. T. Baker Co., EDTA and
TRIS acid and base from the Sigma Chemical Company, and NaN; from the Aldrich
Chemical Co. Stock solutions were prepared in 50 mM TRIS buffer.

A solution containing 70% dimer, [(FeEDTA),0]*~, was obtained in equilibrium
with the monomer, [Fe(OH)EDTA]?~, at pH 10 and high ionic strength using 1.0 M
potassium nitrate as the supporting electrolyte. The dimer was identified by its
electronic absorption at 475. The azido complex was made by the addition of azide
ion to the [FeEEDTA]™ complex and identified by the absorption peak at 409 nm
which is absent in the [Fe(H,0)EDTA]~ complex.!” The proton nuclear magnetic
relaxation rate, 1/T,, was measured over a range of magnetic field strengths
corresponding to proton Larmor frequencies between 0.01 and 30 MHz at 287K in a
field cycling spectrometer described elsewhere.?

RESULTS AND DISCUSSION

Figure 1 (curve A) shows the relaxation dispersion profile of the iron EDTA complex
over the range of proton Larmor frequencies from 0.01 to 30 MHz at pH 4.4. These
data are consistent with the earlier reports to within the differences in temperature!#
and are consistent with a significant contribution from the first coordination sphere
water molecule. The solid line through the data was computed including an outer
sphere contribution as well as a first coordination sphere contribution. An indepen-
dent means for determining the magnitude of the outer sphere contribution to the
relaxation is to make the azido complex and displace the remaining water. The
optical spectrum reflects the change in the ligand set on the iron,!” and absorbance
obtained using a 1 mm optical cell is shown as a function of azide concentration in
Figure 2. The water proton relaxation profile is shown as curve B in Figure 1. It is



18: 08 23 January 2011

Downl oaded At:

IRON DIMER RELAXATION

11

T

— 6

"

=

E >

~—~"

r

>

5 A

KN ]

o 2r B

=

5 12900 00000 000004, ¢

%

a' O i s s . a3 & aaas s aaal A s 2 aas
0.01 0.1 1.0 10.0 100.0

FREQUENCY (MHz)

~

_FIGURE 1 The water proton nuclear spin-lattice relaxation rate as a function of magnetic field strength

plotted as the proton Larmor frequency for A: [FEEDTA]™ ion at pH 4.4; B: [Fe(N;) (EDTA))?" ion; C:
solution containing 70% of the p-oxo dimer at pH 10 and 1.00 M potassium nitrate at 287K. The solid
lines through the data points are calculated based on the Solomon-Bloembergen and Morgan Equa-
tions!920-2 for (he inner coordination sphere contribution to the relaxation and Freed's*? formulation

for the outer sphere contribution.
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FIGURE 2 The absorbance of iron-EDTA solutions at 409 nm for 2mM iron(Ill)ion and 5mM

EDTA in 50 mM tris buffer as a function of the sodium azide concentration.
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clear that the outer sphere contribution is comparable in magaitude with the first
coordination sphere contribution to the water proton relaxivity.

Data obtained for a solution containing 70% of the dimer in equilibrium with the
monomer complex are shown in Figure 1 as the curve D. The relaxation efficiency
clearly drops considerably, as is consistent with the loss of the exchangeable protons
in the first coordination sphere and a reduction of the magnetic moment from
5.9 BM'2 to 1.9 BM because of antiferromagnetic coupling. The relaxation observed
at high ionic strength may be almost completely accounted for by the remaininng
monomeric hydroxo complex. That is, the relaxation rate at low field for the
monomer is estimated as the outer sphere contribution measured by the azido
complex plus half the contribution from the first coordination sphere aquo complex
or 3.8s 1mM™L. 30% of this rate is 1.1 s™* mM ~1, which accounts for all of the
relaxation rate observed for the high ionic strength solution. Though the tempera-
tures are somewhat different, these estimates are approximately consistent with the
data reported by Bloch and Navon'# for aqueous solutions of [Fe(OH) EDTA}*".
Therefore, the dimer contribution is very small as expected because of the reduced
magnetic moment and the loss of the first coordination sphere contribution. The
relaxation rates are proportional to the square of the magnetic moment. Thus, the
contributions of the dimer should be decreased by a factor of 9.6 on this basis alone.
Estimating the remaining outer sphere contribution using this factor and the result
that the dimer comprises 70% of the composition yields an estimate of 0.3 s~ mM ~*
if one assumes that the electron relaxation rates in the dimer remain unchanged from
those in the monomer. However, that the contribution from the dimer is only of the
order of the experimental error suggests that in addition to the change in the
magnetic moment, the electron spin relaxation time in the dimer is also significantly
shorter than in the monomer.

The dimerization reaction may defeat the efficiency of the electron-nuclear spin
relaxation as anticipated. However, it is clear that several factors, including changes
in the magnetic moment because of antiferromagnetic coupling and changes in the
electron spin relaxation rates, may act in concert to defeat efficient electron-induced
nuclear spin relaxation.
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