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ABSTRACT

The values of the acid dissociation constants (Ku) of the ligand,

1, 4, 8, 1 1-tetrakis(2-hydroxyethyt) -I , 4,8, 1 1 -tetraazacyclotetradecane

(THEC), have been determined at 298.2 (f0.2) K and ionic strength of

1.50 mol dm-3 adjusted with NaNO3, using the potentiometric titration

technique in combination with a pH electrode. The concentration stability

constants for the formation of different complex species of Cu2+' Ni2+'

and CoZ+ with THEC have also been determined under identical

conditions using the same technique.

The kinetics of complexation of metal ions, Ni2+ and Co2+,

with rHEC have been studied ar pH 6.8, z9ï.z (!0.2) K and ionic

strength of 1.50 mol dm-3 NaNO3 in aqueous solution under pseudo first-

order conditions (more than 10 fold excess concentration of metal ions

compared to the concentration of the ligand) using the stopped-flow

spectrophotometric technique. The variation of the observed pseudo first-

order rate constant ko6r.(r-1) against excess metal ion, ¡M2+1"*.' is

consistent with the following equation,

kobs. = k¿ + k" [M2*]"*

where k¿ (s-1) and k" (d-3 mol-l s-1) are the rate constants for

decomplexation and complexation respectively'

The kinetics of complexation of Ni2+ ion with THEC have also been

studied at various pH values, at the same temperature and ionic strength

under pseudo first-order conditions, and the variation of koor.(s-1) against

vu



hydrogen ion concentration, [H*] (mol d.-3), is consistent with the

following equation:

k'ç¡Ka¡Kaz*kt pn*¡KaztH+l + k' ç
frob

Kur, Kur* KuztH+l + [H+]

z*r[H+)2
s 2

where Ku, and Ku2 are the first and second acid dissociation constants

for THEC; and ln,fr/pu+¡, ard fr'g-n 
22+)are 

the first order (s-1) rate

constants for the complexation of Ni2+ with zero-' mono-, and di-

protonated species of THEC respectively. The analyses of the results

indicate that the mono-protonated species of the ligand is the only

reacting species at pH 6.8, and the values of the second order rate

constant, &{rr*, (d-3 mol-1 ,-1¡, fo, the complexation of Ni2+ and Co2+

ions with the mono-protonated species of THEC have been evaluated'

The kinetics of acid catalysed decomplexation of the Cu2+-'

Ni2+-, and Co2+- complexes of THEC have been studied at various

temperatures and at a constant ionic strength of 1.50 mol dm-3 NaNO3 in

aqueous solution under pseudo first-order conditions (more than 10 fold

excess of acid concentration compared to ttre total concentration complex

species) using the same stopped-flow spectrophotometric technique' The

variation of the observed rate constant, ko'r.(r-1), against excess acid

concentration, [H+]e^.(mol d--3), can be represented by a general

relationship of the form:

ko* k7 Kt III+] ex. * k'2Ky K2 (tIr+l 
"*.)2

| + Kr [H+]"* . + Kr Kz ([H+].*.)
t, _ruobs.-
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where ko,kt and k2are the first-order rate constants (s-1) characterising

the decomplexation of zero-, mono-' and di- protonated species of metal

complexes of THEC (tM(THECHn)l(n+2)+¡ respectively, and K1 and K2

are the corïesponding protonation constants (d*3 mol-l)'

The activation parameters, AH# (enthalpy of activation ) and

AS# (entropy of activation), for the kinetic parameter, t1(s-1), have been

evaluated for all the metal-THEC systems studied'

The mechanistic implications of the observed rate laws have

been discussed, and the values of the resolved kinetic parameters have

been compared with related macrocyclic systems published in the

literature. A mechanism for the complexation of metal ions with the

mono-protonated species of the ligand, THECH+, has been proposed on

the basis of observed rate laws.
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Glossary of Abbreviations for Ligands, Solvents etc.

12aneN4

13aneN4

14aneN4

15aneN4

16aneN4

l4aneNSNS

l4aneNSSN

14aneN2S2

cyclam

DMF

DMSO

Ka

cyclen

Et2-2,3,2-tet

E

Es

1,4,7,10 -tetraazacy clodo decane

L,4,7,L0 -tetr aazacyclotride c ane

1,4, 8, 1 I -te$aazacyclotetradecane

L,4,8,12-tetr aazacyclo penta de c ane

1,5,9, 1 3 -t etraazacyclohexadecane

1,8-dithio -4,11 -diazacyclotetradecane

1, 1 1 -dithio-4,8 -dia zacy clotetradecane

1,4-dithio-8, 1 1 -diazacyclotetradecane

1,4, 8, 1 L -tetr aazacyclo tetrade cane

I,4,7,10 -tetraazacy clo do decane

N,N - dimethylformamide

dimethylsulphoxide

observed potential

standard electrode Potential

3,6, 1 0, 1 3 -tetraazaqentadecane

Faraday's constant (9.6485 x 104 C mot-1)

Planck's constant (6.62618 x 10-34 J s)

Kelvin (absolute l"erttpet'ature scale)

acid dissociation constant (d-3 moll)

Boltzmann's constant (1.3806 6 x 10-23 J K-1)

F

h

K

kB
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KJ

Kw

log

ln

kilo Joule

ionisation constant for water (d-3 mot-l)

logarithm to base 10

logarithm to base e

| -(2,2' -blpyridyl-6yl-methyl) - 1,4,8, 1 1 -

teú aazacyclotetrade c ane

methyl moietY, -CH¡

1 -methyl- 1 ,4,8, 1 l-tetraazacyclotetradecane

1, 5 - dimethyl- 1, 5, 8, 1 2 -tetraazacyclo tetra de c ane

1,4,8,1 1-tetramethyl- 1,4,8,1 1-

tetraazacYclotetradecane

1, 1, 1 0, 1 O-tetrameth yl- 1,4,7,10 -tett aazad ec ane

I ,l ,4,7 ,lO, lO-hexamethyl- 1 ,4 ,7 ,L}-tetraazadecane

monohydrate sodium salt of

[Piperazine-N,N' -bis-(2-ethane-sulphonic acid]

negative logarithm (to base 10) of
hyãrogen iõn concentration 1-tog16[H+ì)

negative logarithm (to base 10) of
hyãroxide ion concentration (-log10[OH-])

negative logarithm (to base 10) of

acid dissociation constant (-loglgKu)

negative logarithm (to base 10) of

ionisation constant for water (-1og1gK*)

gas constant (8.3l44l J K-1 mol-1;

Me

MBPC

Me-cyclam

Me2-cyclam

Me4-cyclam

Me4trien

Me6trien

PIPES

poH

PKa

PKw

pH

R

xlu



T absolute temPerature (Kelvin)

1,4,8, 1 I - tetrakis(2-cyanoethyl)- 1,4,8, I 1 -

tetr aazacy clo te trade c ane

1,4, 8, 1 | -@r¡ aazacyclotetradecane- 1,4, 8, 1 1 -

tetraacetate

TCEC

TETA

2,3,Z-tet 1,4,8, 1 I -ietr aazaundecane

THEC

meso-5,7,7,I2,14,14-hexamethyl- 1,4,8, 1 1 -

tetr aazacyclo tetra d e c ane

racemic-5,7,J,12,14, 1 4 -hexamethyl- 1,4,8, 1 1 -

tetraazacYclotetradecane

I,4,7,10 -tetrakis (2-hy droxyethyt) - 1,4,'7'10 -

tetr aazacy clo do de c ane

1,4,8, 1 1 -tetrakis(2-hydroxyethyt) - 1,4,8' 1 1 -

tetr aazacYclo tetra d e c ane

mono-protonated form of THEC

di-protonated form of THEC

TT{ECH+

tet-a

tet-b

THBC-12

TTIECH22+

TT{ECH33+ tri-protonated form of THEC

TTIECH44+ tetra-protonated form of THEC

THEC-H- mono-deprotonated form of THEC

THtsC-H]- di-deprotonared form of THEC

TMC 1,4,8,1 1 -tclratnethYl- 1,4,8, 1 1 -

teû aazacyc I o tetra d e c ane

1,4,7,10 -tetraazadecanetnen
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