
(

"

NUCLEAR MAGNETIC RESONANCE AND MECHANISTIC

STUDIES OF COBALT(III) ~OMPLEXES

BY

STEVE CH'IK FUN AU-YEUNG·

A Thesis

SU9mitted to the School of Graduate'~tudies

in Partial FUlfi}ment of the Requirements •

for thecdegree of

Doctor of Phil osophy

..

•

McMas~er Uhiversity

(£) (July, 1983) .



•

,

•
"If a man does not keep pace with-his companions. perhaps

it is because he hears a different drummer. Let him step to the
'. ,

mus i c he hears. however measured or fa r away".

THOREAU

)

•



'.

-. ,

\J

NUCLEAR MAGNETIC RESONANCE A~D'MECHANISTiC

STUDIES OF COBALT(III) COMPLEXES.

,

"'~'

)

•
{

,



,

To My Brother William, My Family And~

My Best Friend'Inderjit

=

,

J

"'- '.



DOCTOR OF PHILOSOPHY (1983)
(Chemistry)

McMaster University
(Hamilton, Ontario)

•

;

TITLE: Nuclear Hagnetic Resonance and Mechanistic Studies

of Coba1t(III) Como1exes ,

AUTHOR: Steve Chik Fun Au-Yeung, B.Sc. (Simon Fraser University)

SUPERVISOR: Professor D.R. Eaton

NUMBER OF PAGES: xxi, 271

•

, •
'- .... -

-ii-

-

o

...



\ •

•

ABSTRACT
\

This thesis describes a number of closely related studies on aspects

of the chemistry of Co(rrr) complexes,_ Of particular interest are u-reroxy
-;

co(IrI) comple~es fonned by the addition of molecu)ft\" oxygen to Co(II) con~

taining solutions. These compounds have attracted much attention, partly '-, .

because they can serve as models for biological oxygen carrie~s and partly-­

because af their intrinsic chemical interest. A review of some ~~ the

pertinent chemistry is contained in Chapter One. A number of intere~ting

questions which remain unanswered, particularly with'respect to ,the un-
~

expectedlY,rapid rates of ligand exchange reactions and~the mechanisms

of electron transfer reactions will be addressed in the present thesis.

There are also problems with respect to the characterisation of the

complexes in solution particularly ,in cases where there are a number of

'- -isomeric possibilities,. 59Co NMR has not previously been applied to this
• 'i.

~ 'are~ and the -tflifs,"s reports the i ntiti aI resul ts of such a study. Some

necessary NMR theory is reviewed in Chapter Two'. Experimental details for

both the chemical and the NMR studies are contained in Chapter Three.

The application 0; 59Co NMR ~o these di-oxygen comple¥es resulted

in several interesting observations and NMR problems. These topics will
"

be dealt with in Chapters Four, Five, and Six. In Chapter Seven, the

application ora model for assigning 59Co resonances to Co di-oxygen com­

plexes is presented. Finally, in Chapter Eight, some mechanistic studies
...."If••
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on ligand exchange and electron transfer reactions are described. Two

appendices g,ive computer prograimJes and some results on the characteri-

-sation'of Fe compounds produced by oxidation with the Co di-o~ygen,.
complexes.

'.!' ,

In order to achieve better resolution. high field experiments were

performed using superconducting magnet instruments. In the Q9urse of

'. 'these experiments.an anomo'lous field dependence of the linewidths was

observed. The interpretation of this effect is ;he'subject of Chapters

. Four and Fi ve. In the fi rst· of these chapters. 1i newidth measurements on

22 complexes at 3 different fields are reported. Qualitatively, the results
f

are consistent with relaxation due to chemical shielding anisotropy but'

c~lculations show that the observed broadening is two to three orders of

magnitude greater than expected from this source. Several other possible

explanations are ,considered. It is concluded'that the most likely origin

of the ~ffect lies in the contribution of antisymmetric components of·the.

chemical shielding tensor, modulated by an abnormally 10n9 correlation

time whish is associated with the lifetimes of hydrogen bonding interactions.

Although the existence of antisymmetri.c components in the shielding tensor
, -

has been recognised as theoretically possible for some time. there has been

no previous exp~rimental evidence for their importance. This model leads

tp two predictions - that there will be a large solvent dependence of the

field effect and that the very unusual result of Tl less than T2 will be

found if this relaxation mechanism is dominant. Measurements showing Tl
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less than T2 have not previously been reported. Chapter Five reports the

results of experiments designed to check these predictions. The data sup-

port the proposed relaxation mechanism. Nine compounds have been examined
•in a number of different solvents and the results correlated with th~Gutmann

donor numbers of the solvents. The contributions of quadrupolar relaxatio~

a~d scalar relaxation of the second kind to the linewidths are assessed.
I

The measurement of very short Tl's (where Tl becomes comparable with the

instrumental pulse widths) presents some hazards but the .predicted values
.

relative to T2 have been observed. These results suggest a new approach

to the study of short lived hydrogen bonded second sphere intermediates of

kinetic significance in transition metal complex reactions.

'"Chapter Six returns to the problem of assigning 59Co resonances in
I ,

complex mixtures. A model is developed for estimating both the chemical

shift and the lioewidth of an octahedrally coordinated Co(lll) complex with

• any ligand arrangement. This model is tested by application to some 50

known complexes. 59Co data on a number of these complexes have not bee~ re­

ported previously. The relative chemical shifts. particularly for complexes

with similar ligands. can be calculated with some reliability. The a9reement,

•

between calculated and observed linewidths is only qualit~tive but the
. 4 ,

res~lts are nevertheless useful in making isomeric aSSi9n~ents. In Chapter

Seven. this ~odel is applied to Co di-oxygen complexes. Examples involving
....

complex isomeric mixtures are discussed and its use in identifying inter­
~
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mediates produced during the oxygenation of Co(II) solutions containing a-
variety of ligands is demonstrated ..

Finally, in Chapter Eight, some mechanist"tc studies on Co di-oxygen com­• .. .
plexes are'described. The mechanism of ligand exchange reactions involving

bis(salicylaldehyde)ethylenediimine Co(II!) dioxygen complexes has been

i nvesti gated by stopped-flaw spectrophotometry. The i niti a1 step is di s­
I

sociative ligand exchang~. This result is contrasted with literature re-

ports ~n similar reactions involving complexes containing amine ligands for

_which the initial step is ~lectron transfer to the Co. The reasons for the

high lability of this class of complexes are discussed. The reduction of

several amine containing Co di-oxygen compJexes by Fe(II) has been followed

by stopped-ffolLSRectrophoto"inetry and by 5gCo NMR. In t~is case, the mectJa­

nistic results agree with literature reports on'similar cOlfiji1exes but the

interesting observation has been made that the different isomers react at

different rates. The structures of the isomers have been assigned using

59Co NMR.

. ' ,
Some of the results contained in this thesis are reported in the fol-

lowing publications:

i) Steve C.F. Au-Yeung and Donald R. Eaton, "Charp,cterization of
Cobalt-dioxygen complexes by mean~ of High Field 59Co NMR" Inorg.
Chim. Acta. 76.,L141-144 (l983).

ii) "Steve C.F. Au-Yeung and Do'1ald. R. Eaton, "Chemi~l Shift Aniso­
tropy and Second Sphere Hydrogen Bonding in Co(III) Complexes". J.

Magn. Reson., 52(3), 351-365 (1983).
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iii) Steve C.F. Au-Yeung and Donald R. Eaton. "The Solvent and Field

Dependence of 59Co NMR linewidths", J. Hagn. Reson .• 52(3)! 366-373

(1983).. ...,

iv) Steve C.F. AU-Yeung. Richard J. Buist and Donald R. Eaton. "Spin­

Lattice Relaxation of Low Syrrmetry'Co(IIl) Complexes". J. Magn. Reson .•

in press. •

,

v) Steve C.F. AU-Yeung arid Donald R. Eaton. "A Model for Estimating

59Co Chemi~al Shifts and'Linewidths and its application to Cobalt di~
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