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UNUSUAL ELECTROCHEMICAL BEHAVIOUR OF AN 

UNUSUAL COPPER(II) MACROCYCLIC COMPLEX 

M.F. C a b r a l ^ , J.O. C a b r a l ( a ) and S.M. N e l s o n ^ 

(a) Laboratório F e r r e i r a da Silva,Faculdade de Ciências, 4000 PORTO 

PORTUGAL 

(b) Department of Chemistry, The Queen's Uni v e r s i t y of B e l f a s t , 

B e l f a s t BT9 5AG, U.K. 

Green solutions of [CuL(H90) ] [ClO^] 2 .H20 (L=C 3 [ )H 2 4N 6; structure be­

low) i n a c e t o n i t r i l e slowly become red. The process can be followed 

by c y c l i c voltammetry and d i f f e r e n t i a l pulse polarography. An 

i n i t i a l r e v e r s i b l e one-electron redox process vanishes with time; 

concurrently another appears, at more negative p o t e n t i a l s . This be­

haviour w i l l be described and discussed. 

KEYWORDS: colour change i n s o l u t i o n ; c y c l i c voltammetry; d i f f e r e n ­

t i a l pulse polarography 

INTRODUCTION 

Years ago the synthesis' of a macrocyclic ligand by a "2 + 2" 

condensation of 2,6-diacetylpyridine with o-phenylenediamine was 

described 1, both i n the absence and i n the presence of Cu(II). Two 
1 2 

copper(II) complexes were also reported, a di-copper(II) n i t r a t e ' 
and a mono-copper(II) pefchlorate complex . 

3 
I t was l a t e r shown that the product of d i r e c t condensation had 

1 7 

quite a d i f f e r e n t structure from that previously proposed ' 
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and that the formation of the mononuclear copper(II) perchlorate 

complex involved ah o x i d a t i v e dehydrogenation of the o r i g i n a l 

(7+12+7) inner r i n g system i n t o a macrocycle w i t h a (15+6+3) inner 
4 

r i n g system, w i t h l o s s of two hydrogen atoms . Their s t r u c t u r e s , as 

determined by x-ray a n a l y s i s , are shown i n the f i g u r e below. 

This o x i d a t i v e dehydrogenation would probably involve a 

C u ^ •*• Cu* Co^ redox c y c l e , a hypothesis which could f i n d some 

support from the redox properties of the complex. We now report our 

f i n d i n g s on the very unusual electrochemical behaviour of the no l e s s 
4 

unusual complex, [CuL(H 20)][CiO^] 2 .H20, p r e v i o u s l y described . 

EXPERIMENTAL 
2 4 

The complex was'preparej according to the published method 1 . 

A l l chemicals were reagent grade and used without f u r t h e r p u r i f i ­

c a t i o n . Dry a c e t r o n i t r i l e was kept over molecular sieves and f i l ­

t e r e d immediately before use. 

Electrochemical experiments were c a r r i e d out at 25.0-0.1°C under 

a blanket of dry, oxygen-free N-,, i n a Metrohm (model EA 876/5) 

polarographic c e l l . A P.A.R. model 174A polarographic analyzer and a 

P.A.R. model 175 u n i v e r s a l programmer were used; current-voltage 
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curves were recorded on a Houston Omnigraphic 2000 X-Y recorder. 

A three-electrode system was used: platinum bead, hanging 

mercury drop, or dropping mercury as working electrodes; a platinum 

s p i r a l , as counter-electrode; a Metrohm EA 441/1 saturated calomel 

electrode (S.C.E.), as reference electrode. This reference electrode 

was separated from the bulk s o l u t i o n v i a a Vycor-tipped bridge con­

t a i n i n g 0.1 M aqueous sodium n i t r a t e . 

Solutions were e i t h e r 0.1 M or 0.05 M in.tetraethylammonium per­

chlorate and 10"^ - 10"^ M i n complex. 

Dry, oxygen-free N 2 was used fo r degassing the s o l u t i o n s . To 

avoid loss of solvent by evaporation, the i n e r t gas was presatu-

rated with the appropriate s o l u t i o n of supporting e l e c t r o l y t e i n 

a c e t o n i t r i l e . 

A l l p o t e n t i a l s are reported vs. S.C.E., and are uncorrected f o r 

l i q u i d j unction p o t e n t i a l s . The p o t e n t i a l range was checked by run­

ning a supporting e l e c t r o l y t e blank p r i o r to every scan. 

Currents are expressed i n a r b i t r a r y units (centimeters of peak 

heights), d i r e c t l y proportional to e l e c t r i c a l u n i t s . 

RESULTS AND DISCUSSION 

C y c l i c voltammograms (hanging mercury drop and platinum bead 

electrodes) and d i f f e r e n t i a l pulse polarograms (dropping mercury 

electrode) were obtained f o r [CuLOL/O) ] [CZO.] 2-H 20 i n a c e t o n i t r i l e . 

I t was observed that the colour of the s o l u t i o n slowly changed 

with time, both i n daylight and i n the dark, with or without applied 

potential,although the change was f a s t e r i n the f i r s t case. I n i t i a l l y 
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the s o l u t i o n was green, becoming red a f t e r a few hours. 

This change i n colour of the so l u t i o n had i t s counterpart i n the 

electrochemical behaviour, as c l e a r l y shown by successive c y c l i c 

voltammograms and d i f f e r e n t i a l pulse polarograms. 

C y c l i c voltammograms of green, f r e s h l y prepared a c e t o n i t r i l e 

s o l u t i o n s , e i t h e r with a hanging mercury drop or a platinum bead 

electrode, are characterized by the presence of three redox processes 

i n the range +0.350V to -1.200V: one at ca. +0.15V, a second at ca. 

-0.40V, and a t h i r d at ca. -0.95V. This t h i r d process has no anodic 

peak d i r e c t l y associated with i t , and probably corresponds to an 

i r r e v e r s i b l e reduction to copper(O), because a deposit of copper on 

to the platinum bead was observed a f t e r a few c y c l e s . In Figure 1 a 

t y p i c a l c y c l i c voltammogram i s shown. 

F i g . 1. C y c l i c voltammogram of a f r e s h l y prepared green s o l u t i o n of 

[CuL(H 20)] [C£0 4] 2.H 20, 1.60x10"4M i n complex and 0.05 M i n 

tetraethylammonium perchlorate. Hanging mercury drop; E vs. 

SCE; 100 mV.s"1. 
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With a hanging mercury drop electrode the f i r s t wave behaves as 

i n a r e v e r s i b l e , one-electron redox process. Within experimental 

e r r o r , peak p o t e n t i a l s , peak separations, half-wave p o t e n t i a l s and 

the r a t i o s of peak currents were independent of scan rates from 50 

to 500 mV.s-^; peak separations were of the order of 70-80 mV, and 

the r a t i o s of peak currents very close to 1. 

TABLE I.' Cha r a c t e r i s t i c s of the F i r s t Wave 

(hanging mercury drop electrode) 

v(mV.s b 50 100 200 500 

Ep,a (mV) ^190 + 190 + 190 + 195 

E 
p,c (mV) + 120 + 120 + 120 + 115 

A E p (mV) 70 70 70 80 

EX/2 (mV) + 155 + 155 + 155 + 155 

xp,a (cm) 2.6 3.2 4.5 6.5 

p,c (cm) 2.4 3.3 4.6 6.3 

*P>a/. 1 1 p,c 
1.08 0.97 0.98 1.03 
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Moreover, the peaks currents were proportinal to v 3^ 2
 t as shown i n 

Figure 2. 

J ; I I I 1 L 
7 10 14 22 

F i g . 2 . P l o t of i a and i c vs. v""7^ (hanging mercury drop 

electrode) 

With'a platinum bead electrode, under the same experimental con­

d i t i o n s , the f i r s t wave behaves as i n a q u a s i - r e v e r s i b l e , one-elec­

tron redox process. As can be seen from Table I I , with increasing 

scan rate the cathodic peak p o t e n t i a l became s l i g h t l y l e s s p o s i t i v e , 

and the anodic s l i g h t l y more p o s i t i v e , thus g i v i n g peak separations, 

increasing from 85 mV, at 100 mV.s"1, to 125 mV, at 500 mV.s"1! How­

ever the half-wave p o t e n t i a l appeared to be p r a c t i c a l l y independent 

of the scan r a t e , and not very d i f f e r e n t from the value obtained with 
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TABLE I I . C h a r a c t e r i s t i c s of the F i r s t Wave 

(platinum bead electrode) 

v (mV.s 1) 100 200 500 

E 
p,a (mVj + 190 + 195 +200 

E 
p,c (mVj + 85 + 80 + 75 

A E p (mV) 105 115 125 

E x /2 (mV) + 138 + 138 + 138 

p,a (cm) 6.4 8.3 10.5 

Xp,c (cm) 7.0 8.7 10.9 

p,c 
0.91 0.95 0.96 

a hanging mercury drop electrode. Also the r a t i o of peak-currents 

with the platinum bead electrode were not as close to one as those 

with the hanging mercury drop electrode. 

As shown i n Figure 3, the cathodic peak currents were propor­

t i o n a l to v 1 ^ , but the anodic were not, thus suggesting that the 

o r i g i n of the i r r e v e r s i b i l i t y l i e s mainly on the anodic h a l f of the 

cycle. 
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1 1 i . 1 
7 10 14 22 

F i g . 3. P l o t of i and i vs. v^2 (platinum bead 6 p,a p,c 
electrode) 

Several new features appeared i n c y c l i c voltammograms of 

v i s i b l y red s o l u t i o n s , as exemplified i n Figure 4 ( c f . Figure 1). 

From l e f t to r i g h t : the f i r s t wave reproduced the wave of f r e s h l y 

prepared green s o l u t i o n s ; the second wave became much b e t t e r defined; 

several i l l - d e f i n e d reduction peaks appeared i n the region of the 

t h i r d redox process. 

This second wave corresponds to a q u a s i - r e v e r s i b l e , one-elec­

tr o n redox process, The peak separation i s 105 mV, at 100 mV.s" , 

and the r a t i o of anodic to cathodic peak currents i s 1, w i t h i n e x p e r i ­

mental error. From t h i s wave, the half-wave p o t e n t i a l can be estimated 

at -0.390 V. 

F i g . 4. C y c l i c voltammograms of a red s o l u t i o n ; 1,83x10" M 

i n complex, 0.05 M i n tetraethylammonium perchlorate; 

hanging mercury drop electrode; 100 mV.s"; (1) from 

+ 400mV to -1200 mV, (2) from +350 mV to -50mV, (3) 

from -200 mV to -600 mV. 

The change i n colour of the s o l u t i o n was also studied using 

d i f f e r e n t i a l pulse polarography over a period of time. In the range 

+300 mV to -500 mV, a f r e s h l y made green s o l u t i o n only showed one peak 

at +0.095 V; i n the course of time, a second peak appeared at -0.425V. 

The i n t e n s i t y of the f i r s t peak decreased with time, becoming almost 

immeasurable a f t e r 24 hours. Simultaneously the second peak increased 

i n i n t e n s i t y . The experimental r e s u l t s are shown i n Table I I I . 
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TABLE I I I . Change of Peak Currents with Time 

TIME 
(hours) 

FIRST PEAK 
( +0.095V) 

SECOND PEAK 
( -0.425 V) 

0 10.4 -

2 10.1 0.9 

4 7.6 2.5 

24 0.5 (?) 9.2 

Figure 5 i l l u s t r a t e s these observations f o r three periods of 

time. 

• ED D -SO -MO 

Fig. 5. D i f f e r e n t i a l pulse polarograms of a s o l u t i o n 1.44x10 - 3M 

i n complex and 0.1 M i n tetraethylammonium Perchlorate. 

DME: 1 drop per second. Pulse width: 50 mV. Scan rate: 

2 mV.s"1. Polarograms: fresh so l u t i o n (time 0) ; 

a f t e r 4 hours, ; a f t e r 24 hours, 
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Both peak widths at h a l f height are of the order of 100 mV, not 

f a r from the t h e o r e t i c a l value of 90.4 mV f o r a one-electron re­

v e r s i b l e reaction^. Taking i n t o the account the pulse width, h a l f -

wave p o t e n t i a l s of +0.120 V and -0.400 V vs. S.C.E. can be estimated, 

i n quite good agreement with those obtained from c y c l i c voltammetry, 

+0.155 V and -0.390 V, respectively. 

These experiments c l e a r l y show the unusual behaviour of 

[CuL(rL,0)] [C£0^]^.rL/O when dissolved i n a c e t o n i t r i l e . A redox poten­

t i a l of 0.120 - 0.155 V vs. S.C.E. supports the idea of the involve-

II I I I 

ment of a Cu •*• Cu Cu cycle i n the synthesis of the complex. 

The nature of the red product, or products, remains unknown. I f 

i t were a "spontaneous" reduction to Cu"", as previously suggested^, an 

i r r e v e r s i b l e wave would be expected dn the region of -0.40 V vs. S.C. 

E., but such a wave was only observed at ca. -0.95 V. Unfortunately, 

a l l attempts at i s o l a t i n g the red species were unsuccessful, but 

everything points to copper(II) species derived from the o r i g i n a l 

complex. 
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DIRECT POLAROGRAPHIC DETERMINATION OF EDTA IN OPHTHALMIC 
PRODUCTS BASED ON THE ANODIC OXIDATION OF THE DROPPING MERCURY 

ELECTRODE 

J.Hernândez Méndez, M.Delgado Zamarreno, M.Presmanes Garcia and 

ASânchez Pérez. 

Department of Analyt ica l Chemistry. Faculty of Chemistry. University 

of 5alamanca (Spain). 

SUMMARY 

A direct polarographic method for EDTA determination based on the 
measurement of the anodic wave (DCP) or peak height (DPP) observed at 
+0.100 V,vs SCE, in the oxidation of the dropping mercury electrode in the 
presence of EDTA at pH=6.0 is described. The conditions for a s imple and 
reproducible method using the standard additions technique for the analysis 
of this chelating agent in ophthalmic products are studied. Final ly, the 
d i f ferent ia l pulse polarographic method is applied to the analysis of EDTA in 
eye drops and contact lens wett ing and cleaning solutions. 

INTRODUCTION 

The pronounced ab i l i ty of aminopolycarboxylic acids, mainly 
ethylenediaminetetraacetic acid (EDTA), as chelating agent of cations is 
used in many pract ica l applications. The masking of metal ion impurit ies by 
EDTA improves the s tab i l i t y of foods, pharmaceutical and personal care 
products, etc.( 1 ).EDTA is often added to ophthalmic products in order to 
avoid precipitates and to maintain c lar i ty ; i t is also added because it 
prevents the development of resistence to many common ant ibacter ia l 
agents by removing calc ium and magnesium ions from the outer ce l l wa l l of 
the bacteria, part icular ly Pseudomonas (2). 

The oxidation of the dropping mercury electrode in the presence of 

EDTA has been studied by several authors. GOFFARD et al.(3) ascribe the 

observed anodic wave to a polarographic process controlled by the dif fus ion 

of EDTA towards the mercury electrode w i th the formation of H g Y 2 - NIKI et 

al.(4) using alternating current polarography describe the adsorption onto 

the electrode surface of the HgY 2 " complex. JACKSON and OSTERYOUNG (5) 

Portugaliae Electrochimica Acta, 3 (1985) 341-349 


