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ABSTRACT

A stopped-flow  k in e t ic  an a lys is  o f the decomplexation o f a copper- 

ionophore complex by the su rfa c ta n t sodium b is -(2 -e th y lh e x y lJ  su lfo s u c - 

c in a te  was conducted. Copper c h lo r id e  s o lu b il iz e d  by

1 ,10 -d ith ia -18 -crow n-6  in  carbon te tra c h lo r id e  was mixed w ith  equivolume

q u a n tit ie s  o f  AOT reversed m ice lle s  in  the stopped-flow  apparatus. The 

ra te  was found to  be independent o f  AOT concen tra tion  over the con­

c e n tra tio n  range 1.05 x 10- 2 M to  0.079 x 10~3 m, but dependent on the 

water content o f the h y d ro p h ilic  core o f the reversed m ice lle s . A l l  

measurements were taken a t 425 nm w ith  an i n i t i a l  e x t in c t io n  c o e f f ic ie n t  

(e) o f 4578 M_J-cm-1 fo r  the copper-ionophore complex. A complete d im in ish -

ment o f  e was found a t high AOT concen tra tion .
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INTRODUCTION

An ongoing area o f research is  th a t o f  ionophore fa c i l i ta te d  tra n ­

spo rt o f metals across l iq u id  membranes. Ionophores such as crown 

e thers can e x tra c t a lk a l i  metals from aqueous media and s ta b il iz e  

them in  a nonpolar so lve n t. This is  accomplished by the dual nature o f 

crown e the rs . The metals bind w ith  ether oxygens (o r other base s ite s  

S, N. . . )  in  the center o f the crown w h ile  the carbon e x te r io r  is  

hydrophobic in  na ture .

Energy
I

- -

hydrated
ca tion

naked ca tion

cation/crown
complex

t

/ , N

membrane

H2 O hydrophobic ' H2 O

The heat o f hyd ra tion  o f a metal ca tion  o fte n  p ro h ib its  the passage 

o f  a metal across a hydrophobic in te r fa c e . As depicted in  the above 

diagram ionophores compete w ith  water fo r b inding to  the m etal. This 

reduces the energy needed to  break the water-m eta l bonds and transpo rt 

can be accomplished.

T ra n s itio n  metals bind to  water in  a cova lent nature such tha t a 

h igher heat o f  hyd ra tion  must be overcome than fo r  a lk a l i  m etals.

Copper has been shown to  bind more t ig h t ly  to  water in  preference to  a 

v a r ie ty  o f crown e thers . This fa c t poses a dilemma as to  the study o f 

C u (I l)  tra n sp o rt across a l iq u id  membrane.

1
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2

One possib le  means o f  s tudying the crown mediated tra n sp o rt o f 

C u (II)  is  to  in v e s tig a te  the flow  o f copper ions out o f a crown s ta b i­

l iz e d  hydrophobic region in to  the h y d ro p h ilic  core o f reversed m ice lles  

a lso  s o lu b iliz e d  in  a nonpolar so lve n t.

Reversed m ice lles  are composed o f monomer u n its  th a t conta in io n ic  or 

very po la r headgroups and long a lk y l chains. These monomer u n its  spon­

taneously se lf-aggregate  in  nonpolar so lvents such th a t the io n ic  

headgroups form an in te rn a l core and the a lk y l chains extend in to  the 

so lven t. Io n ic  species such as C u (II)  can be s o lu b iliz e d  by the in te rn a l 

h y d ro p h ilic  reg ion .

Follow ing a review o f reversed m ice lle s , the func tions  o f  copper in  

human physio logy, and crown e thers , th is  th e s is  w i l l  re p o rt an in v e s t i­

gation o f  the tra n sp o rt k in e t ic s  o f CuCl2  as complexed by

l,1 0 -d ith ia -1 8 -c ro w n -6  in to  the core o f sodium b is - (2 -e th y lh e x y l)  s u lfo ­

succinate (AOT) reversed m ic e lle s . The e ffe c t o f added water to the in te rn a l 

core is  a lso considered.
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SURFACTANTS

S urfactan ts  are am phipathetic molecules th a t have the a b i l i t y  to  

concentrate a t in te rfa ce s  and to  a l te r  (u su a lly  decrease) the surface 

tension o f w a te r.2 While detergents are a lso  c la s s if ie d  as su rfa c ta n ts  

since they too contain hydrophobic and h y d ro p h ilic  groups, detergent is  

a more s p e c if ic  term re fe r r in g  to  one o f  th ree types:

i )  an ion ic  molecules; o fte n  con ta in in g  a carboxyl func tion  jo in e d  

v ia  an e ther linkage to  a hydrophobic p o rtio n  which may con­

s is t  o f  a satu ra ted hydrocarbon as in  fa t ty  acids or an aro­

m atic hydro carbon as in  naphthenic acids and ro s in s ,

i i )  c a tio n ic  m olecules; such as an amino or quaternary ammonium 

group o ften  este r lin ke d  w ith  a hydrocarbon,

i i i )  n e u tra l molecules; which may conta in  h ig h ly  po lar groups such 

as am inosu lfon ic o r am inocarboxylic func tions  in  asso c ia tion  

w ith  hydrocarbon re s id u e s .2

M ic e ll iz a t io n  occurs due to  the su rfa c ta n t molecule hydrophobe 

being "squeezed" out o f  the bu lk water phase and forming a c lu s te r  pro­

tected from water by an ou ter la ye r o f hyd ro p h iles . As monomer con­

cen tra tio n  is  increased from zero, the i n i t i a l  observation o f m ice lles  

occurs over a narrow concentra tion  range, the c r i t i c a l  m ice lle  con­

ce n tra tio n . The form ation o f m ice lle s  is  a dynamic process w ith  monomer 

u n its  in  e q u ilib riu m  w ith  m ic e lla r aggregates.3 These "n o rm a l" m ice lle s  

which have a bu lk phase o f  water have been researched ex te n s ive ly . 2-6

3
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4

M ice lle s  have received much in te re s t  due to  th e ir  a b i l i t y  to  

enhance or re ta rd  some organic and in o rga n ic  re ac tion s  o fte n  to  an 

extent p a ra lle l in g  the ra te  e ffe c ts  and c a ta ly t ic  a c t iv i t y  o f  enzymes. 

The ir c a ta ly t ic  ro le  is  produced by a f fe c t in g  a change in  the free  

energy o f  a c t iv a t io n  fo r  the o v e ra ll process. This is  accomplished by 

s o lu b il iz in g  the reactan ts  in  the m ic e lla r  environment.

Much more im pressive have been the c a ta ly t ic  a ffe c ts  observed w ith 

reversed m ice lle s . Reversed or inversed m ice lle s  are s u rfa c ta n t aggre­

gates s o lu b iliz e d  by nonpolar so lvents such th a t the core is  composed o f 

the h y d ro p h ilic  headgroups and the hydrophobic a lk y l chains extend 

out in to  the bu lk nonpolar so lve n t. The la rg e r ra te  enhancements or 

re ta rd a tio n s  demonstrated by reversed m ice lle s  o fte n  re s u lt  from th e ir  

greate r capacity  to  lo c a liz e  a substra te  w ith in  the core. In  a d d itio n , 

reversed m ice lles  have proven to  be very substra te  s p e c i f ic .6

On th is  basis reversed m ice lle s , as opposed to  normal m ice lle s , 

provide a much b e tte r model fo r  understanding enzymes. Much research is  

now dedicated to  a b e tte r understanding o f  the phys ica l chemical nature 

o f  su rfac tan ts  s o lu b iliz e d  in  nonpolar so lven ts .

Reversed M ice lle s  

L i t t l e  conclusive evidence e x is ts  on the nature o f  su rfa c ta n t 

aggregation in to  a reversed m ice lle  (RM). O r ig in a lly ,  i t  was assumed 

th a t above a c e r ta in  c r i t i c a l  m ice lle  concentra tion  (concen tra tion  o f 

the su rfac ta n t a t which m ic e ll iz a t io n  occu rs), the concentra tion  o f the 

monomer species was constant and in  e q u ilib r iu m  w ith  the m ice lle s . 7 

Recently, th is  model has been q u e s t io n e d .7-12 C u rre n tly , there e x is ts
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5

th is  s in g le -e q u ilib r iu m  model and a m u lt ip le -e q u ilib r iu m  model:

1) monomer *  m ice lle

2) monomer *  dimer *  tr im e r *  • • • *  n-mer

The s in g le -e q u ilib r iu m  model C l) is  supported by l ig h t -s c a t te r in g

and e le c tron  microscopy10 re s u lts  as w e ll as by p o s itro n  a n n ih ila t io n  s tu ­

d ie s .11* 12 According to  th is  model, as the concen tra tion  o f su rfa c ta n t 

is  varied , a break or jump in  a phys ica l q u a n tity  would be expected to  

occur a t the c r i t i c a l  m ice lle  concentra tion  (cm c). This phenomenon is  

observed using these d if fe re n t  experim ental techniques and i t  has been 

shown th a t the cmc decreases w ith  the p o la r ity  o f  the nonpolar s o lv e n t.10* 11

However, aggregation is  a ffe c te d  by both the so lve n t and so lu te .

Table I  shows the e ffe c ts  o f temperature and so lven t on the aggregation 

number o f AOT. Figure 1 shows the in flu en ce  o f s u rfa c ta n t concentra tion  

on the apparent aggregation number. The dependence o f the aggregation

number on the counterion is  i l lu s t r a te d  fo r  a few ammonium s a lts  in

Figure 2. The in fluence  o f so lvent is  fu rth e r seen in  s tud ies  examining 

the cmc values o f  alkylammonium propionates which decrease w ith 

increasing a lk y l chain length in  benzene but remains nearly  the same in  

carbon te tra c h lo r id e 6 (Table I I ) .

The existence o f sharp breaks in  data, as w e ll as the assumption 

th a t a smooth t ra n s it io n  between e q u i l ib r ia  should occur i f  (2) were the 

true  model have led to  the conclusion by some th a t the cmc is  a v a lid  

concept and th a t a s in g le -e q u ilib r iu m  model is  the most s u ita b le  exp la­

nation o f the d a ta .10* 11
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