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ABSTRACT 

D i f f e r e n t i a l p u l s e polarography and anodic s t r i p p i n g voltammetry 

can be used d i r e c t l y i n suspensions without p r e - f i l t r a t i o n ; heavy metals 

l i k e c o p p e r ( I I ) and l e a d ( I I ) adsorbed on hydrous oxides such as s i l i c a 

and ct-goethite are not being r e l e a s e d d u r i n g the time s c a l e of the 

techniques and are thus not sensed by these techniques. 

In samples w i t h c o l l o i d s and organics such as EDTA and NTA i n the 

presence of heavy m e t a l s , when the complexes are n o n - l a b i l e but e l e c t r o -

c h e m i c a l l y r e d u c i b l e at a more negative p o t e n t i a l , one can determine 

the l i g a n d c o n c e n t r a t i o n and the b i n d i n g c a p a c i t y of the c o l l o i d from 

the voltammetric measurements of i n d i v i d u a l batches w i t h d i f f e r e n t 

amounts of c a t i o n s l i k e c o p p e r ( I I ) and l e a d ( I I ) . 

From the d i f f e r e n t i a l p u lse measurements of s o l u t i o n s w i t h heavy 

metals and the o r g a n i c l i g a n d s EDTA and NTA, i t i s p o s s i b l e to know 

d i r e c t l y the amount of metal bound to each one of the l i g a n d s and the 

free c a t i o n . T h i s can a l s o be determined by anodic s t r i p p i n g voltam­

metry at d i f f e r e n t d e p o s i t i o n p o t e n t i a l s . 

Portugaliae Electrochimica Acta, 5 (1987) 15-32 
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These c o n c l u s i o n s can be used f o r s p e c i a t i o n s t u d i e s i n n a t u r a l 

waters without u s i n g f i l t r a t i o n ; morework has to be done wi t h other 

types of organic l i g a n d s and c o l l o i d s and p o s s i b l e e f f e c t s of adsorp­

t i o n need to be i n v e s t i g a t e d . 

1. INTRODUCTION 

As i t i s w e l l known, s p e c i a t i o n i s important i n terms of chemical 

r e a c t i v i t y , b i o a v a i l a b i l i t y and t o x i c i t y . The heavy metals can e x i s t i n 

s o l u t i o n as d i f f e r e n t s p e c i e s . Some of the metal complexes may, from an 

e l e c t r o c h e m i c a l p o i n t of view, be n o n - l a b i l e , which means that they are 

non d i s s o c i a b l e d u ring the time s c a l e of the technique, i . e . , the meas­

urement. In n a t u r a l waters metal ions can a l s o be i n c o r p o r a t e d or 

adsorbed on p a r t i c l e s or c o l l o i d s . This i s a very important f r a c t i o n 

s i n c e more than 95% of heavy metals that are tr a n s p o r t e d from land to 

sea are i n p a r t i c u l a t e form 1 which, i n p r i n c i p l e , can be separated from 

the s o l u b l e f r a c t i o n u s i n g f i l t r a t i o n techniques. 

In t h i s work we used voltammetric methods d i r e c t l y i n the presence 
2 

of the suspension of p a r t i c l e s or c o l l o i d s without p r e - f i l t r a t i o n . In 

these systems of metals, l i g a n d s and c o l l o i d s , as they may occur i n 

n a t u r a l waters, we attempted to i n t e r p r e t the co n c e n t r a t i o n s of the 

va r i o u s s p e c i e s that could be measured e l e c t r o c h e m i c a l l y . So, we avoid 

f i l t r a t i o n that i s an o p e r a t i o n a l technique s i n c e i t d i v i d e s the 

species mainly a c c o r d i n g to t h e i r s i z e (normally 0.45 u) and have some 

l i m i t a t i o n s such as contamination problems, a d s o r p t i o n l o s s , changes 

of c o n c e n t r a t i o n d u r i n g the o p e r a t i o n and f i n a l l y e l e c t r o s t a t i c e f f e c t s , 

when the f i l t e r s or the c o l l o i d s to be removed are e l e c t r i c a l l y 

charged. 
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2. EXPERIMENTAL 

_2 

An i o n i c s t r e n g t h of 10 M KN0 3 has been used. A l l s o l u t i o n s were 

5 x 10~ 4M i n TRIS b u f f e r . The temperature was 25 + 2°C; i n the presence 

of c o l l o i d s we always made a n a l y t i c a l d e t e r m i n a t i o n s of i n d i v i d u a l 

batches w a i t i n g between 1 and 2 hours f o r attainment of e q u i l i b r i u m . 

This has been checked s i n c e we had the same r e s u l t s 24 hours l a t e r . 

D i f f e r e n t voltammetric techniques were used, such as d i f f e r e n t i a l 

pulse polarography (DPP) and anodic s t r i p p i n g voltammetry i n d.c. (ASV) 

or d i f f e r e n t i a l p u l s e mode (DPASV) w i t h hanging mercury drop e l e c t r o d e 

(HMDE), the d e p o s i t i o n time being always 2 minutes and r e s t time 30 s. 

The counter and r e f e r e n c e e l e c t r o d e s were always Pt and Ag/AgCl, r e ­

s p e c t i v e l y . The equipment was Methrom E506 or PAR-174A polar o g r a p h s . 

The c o l l o i d s used were S i 0 2 > the commercial product A e r o s i l 200 
2 

(Degussa) w i t h a s p e c i f i c s u r f a c e area of 200 m /g and a-FeOOH 
3 • • 

(g o e t h i t e ) prepared a c c o r d i n g to A t k i n s o n et a l , w i t h a s p e c i f i c area 
2 

of 14.7 m /g. The c o n c e n t r a t i o n s used i n the a d s o r p t i o n experiments 3 3 were r e s p e c t i v e l y 16 mg/dm Si02 and 80 mg/dm FeOOH. 

The suspensions w i t h NTA or EDTA and c o l l o i d s were kept i n the 

dark 1 or 2 hours before the measurements. 

The heavy metals used were c o p p e r ( I I ) and l e a d ( I I ) i n the form of 

n i t r a t e s . The c o n c e n t r a t i o n of the l a b i l e f r a c t i o n of the heavy metals 

determined i n suspension by voltammetric methods was always estimated 

from the c a l i b r a t i o n p l o t s obtained f o r each technique i n the absence 

of c o l l o i d s . In the anodic s t r i p p i n g voltammetry experiments two d e p o s i ­

t i o n p o t e n t i a l s were used ( a c c o r d i n g to DPP peaks or the pseudopolaro-

grams), i n one case only the f r e e or/and hydrolysed species h a v i n g been 

reduced, and i n the other these species plus the complexed forms. 
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3. RESULTS AND DISCUSSION 

T h e o r e t i c a l l y one could a n t i c i p a t e that heavy metals adsorbed on 

c o l l o i d s should be p h y s i c a l l y n o n - l a b i l e , s i n c e according to the 

S t o k e s - E i n s t e i n e q u a t i o n , the d i f f u s i o n c o e f f i c i e n t of a p a r t i c l e of 

100A r a d i u s i s 100 times s m a l l e r than that of an i n o r g a n i c complex 

w i t h 1A r a d i u s . T h i s means that f o r the heavy metal adsorbed on a 

p a r t i c l e of that s i z e the c u r r e n t obtained by DPP should at best ( i . e . , 

i f the m e t a l - p a r t i c l e complex were f u l l y l a b i l e ) be ten times s m a l l e r . 

I f the p a r t i c l e s are l a r g e r the c u r r e n t should be even s m a l l e r . Prob­

ably the su r f a c e complexes are a l s o c h e m i c a l l y non l a b i l e , which means 

that the c a t i o n s are not r e l e a s e d from the surfa c e f a s t enough to be­

come a v a i l a b l e to the e l e c t r o d e . 

In order to check e x p e r i m e n t a l l y the n o n - l a b i l e behaviour of the 

surface complexes, suspensions w i t h pure c o l l o i d s , and heavy metals 

have been used and two approaches have been considered. 

1) the c a l c u l a t i o n of c o n d i t i o n a l s u r f a c e complex formation con­

s t a n t s assuming that the heavy metal measured by voltammetric 

method i s only the s o l u b l e f r a c t i o n . 

2) Comparison of the r e s u l t s obtained by d i f f e r e n t time s c a l e 

techniques. 

In the f i r s t approach we have determined the c o n d i t i o n a l s u r f a c e 

formation constants of P b + + and C u + + w i t h some hydrous oxides (Table I) 

fo r a f i x e d pH v a l u e , d i f f e r e n t metal c o n c e n t r a t i o n s and d i f f e r e n t 

time s c a l e techniques such as d i f f e r e n t i a l pulse polarography (time 

s c a l e of about 50 ms) and anodic s t r i p p i n g voltammetry (time s c a l e of 

about 1 s ) . 
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TABLE I 

Conditional Surface Complex Formation Constants of Pt>2+ and Cu 
with Hydrous Oxides 

Col 1oid C p b(M) C C u ( H ) pH p k a a l a2 
log k\ log P2 

Goethi te 

1.5 x 10-sr-l 

2 x 10-& 

to 
10-5 

-
7.25 

± 0.05 

6.45 9.25 -2.0 ± 0.2 

(DPASV) 

-1.8 i 0.2 
(DPP) 

-1.8 ± 0-2 
(ASV) 

1.0 x 10"5M 4xl0- s 

to 
1.5x10-5 

7.13 

± 0.05 

-1.6 i 0.1 

(DPP) 

Si 1i ca 

2.6 x 10~5M 

2 x 10"6 

to 
10-5 

7.23 
± 0.02 

7.36 - -4.4+0.1 
(DPP) 

1.5 x 10 _ 5M 
2xl0" 6 

to 
2x10-5 

6.56 
t 0.06 

-3.2+0.2 
(DPP) 
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The s t a b i l i t y constants of Table I correspond to the s u r f a c e 

e q u i l i b r i a : 

= M-OH* «-> = M-OH + H + k S
n 2 a l 

= M-OH = M-0~ + H + k S
0 

a2 
= MOH + M' 2 + <-> = M-OM' + H + 

2 = MOH + M' 2 + <-> (5 MO) 2 M' + 2H + 8^ 

and have been determined from the mass law equations assuming that 

there i s no d i s s o c i a t i o n of the s u r f a c e complex during the time s c a l e 

of the technique. The c o n c e n t r a t i o n of the surf a c e groups can be e s t i ­

mated from the d i f f e r e n c e between the c a l i b r a t i o n p l o t and the p a r a l l e l 

s t r a i g h t l i n e obtained i n the presence of the c o l l o i d s w i t h the heavy 

metal i n excess ( F i g s . 1,2,3,4). 

From the r e s u l t s obtained w i t h d i f f e r e n t techniques one can see 

that the values of the s t a b i l i t y constants agree w i t h i n the e x p e r i ­

mental e r r o r s and are of the same order of magnitude as the l i t e r a t u r e 

values^'''. These are c o n d i t i o n a l constants f o r a c e r t a i n i o n i c s t r e n g t h 

and pH; they have not been e x t r a p o l a t e d f o r zero charge and zero cov­

erage, and so they are not i n t r i n s i c constants c o r r e c t e d f o r e l e c t r o ¬

s S 
s t a t i c i n t e r a c t i o n s : K ( i n t r . ) = K exp(-F¥„/RT), 'P_ being the i n n e r a. a. S S l l 

p o t e n t i a l of the s u r f a c e . We have assumed the species presented i n the 

t a b l e and the hypothesis i s checked from the constancy of the v a l u e s of 

the f o r m a t i o n constants f o r each p o i n t . 

C o n s i d e r i n g the second approach to check the non l a b i l i t y of the 

su r f a c e complexes we can see from F i g . 1 that when, f o r example, P b ( I I ) 

has been added to g o e t h i t e i n i n d i v i d u a l batches and the r e s i d u a l lead 

has been determined, a f t e r attainment of e q u i l i b r i u m , the same con­

c e n t r a t i o n l e v e l s are obtained w i t l i techniques of d i f f e r e n t time s c a l e : 
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Po(II) added 

-3 
F i g . 1 - "Lead determined" i n a g o e t h i t e suspension of 80 mg dm 

at pH = 7.25 + 0.05 versus " l e a d added". The r e s i d u a l 
P b ( I I ) c o n c e n t r a t i o n s i n s o l u t i o n were measured by d i f ­
f e r e n t voltammetric techniques. As shown by the s m a l l 
f i g u r e on the top, the data can a l s o be p l o t t e d as a 
Langmuir type of a d s o r p t i o n isotherm. 

d i f f e r e n t i a l p u l s e polarography and anodic s t r i p p i n g voltammetry. This 

i s w e l l i l l u s t r a t e d i n t h i s f i g u r e s i n c e we can f i t the p o i n t s obtained 

w i t h d i f f e r e n t techniques to the same curve. 

On the ot h e r hand, the peak p o t e n t i a l (E ) and h a l f w i d t h (w^y^) 

have not been i n f l u e n c e d by the presence of the c o l l o i d and the b i n d -
-4 

ing c a p a c i t y of g o e t h i t e i s -1.9 x 10 mol/g, which i s i n good agree-
5 -4 . • . + ment w i t h a c a p a c i t y of 2 x 10 mol/g determined by a d s o r p t i o n of H 

and F . 

Thus, one may i n f e r there i s no d i s s o c i a t i o n of the heavy metal 
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adsorbed on the c o l l o i d d u r i n g the measurement, si n c e otherwise the 

f r a c t i o n would c e r t a i n l y be d i f f e r e n t f o r the s e v e r a l time s c a l e t e c h ­

niques. This has been n o t i c e d f o r g o e t h i t e and f o r s i l i c a w i t h the 

c a t i o n P b ( I I ) and w i t h C u ( I I ) . 

Thus, we conclude that voltammetric methods can be used i n the 

presence of c o l l o i d s and are expedient f o r : 

1) E v a l u a t i n g the p a r t i t i o n between p a r t i c l e s and s o l u t i o n 

2) Determining s u r f a c e c o o r d i n a t i o n e q u i l i b r i u m constants. 

However, s i n c e i n n a t u r a l waters the p a r t i c l e s o f t e n c o e x i s t t o ­

gether w i t h organic l i g a n d s , mixtures of c o l l o i d s and w e l l - d e f i n e d o r -

ganics such as NTA and EDTA were analysed. D i f f e r e n t amounts of P b ( I I ) 

or Cu(II) were added to i n d i v i d u a l batches and a f t e r the e q u i l i b r i u m 

was a t t a i n e d i n the dark d u r i n g 1-2 hours (which has been checked by 

the s i m i l a r i t y of r e s u l t s obtained f o r 2 or 3 days) the voltamograms 

obtained by DPP or ASV were recorded. 

The DPP behaviour of the d i f f e r e n t species i s presented i n 

Table I I and we have n o t i c e d that PbNTA, CuNTA and CuEDTA, although 

not l a b i l e at the r e d u c t i o n p o t e n t i a l f o r Cu^ + during the time s c a l e 

of the technique, can be d i r e c t l y reduced on the el e c t r o d e at more 

negative p o t e n t i a l s than the aqueous metal i o n . The PbEDTA complex i s 

a l s o non l a b i l e , but cannot be reduced d i r e c t l y on the e l e c t r o d e , prob­

ably due to i t s high i r r e v e r s i b i l i t y , which means that f o r the reduc­

t i o n i t would be necessary to use very negative p o t e n t i a l s and before 

these the r e d u c t i o n of hydrogen i o n takes p l a c e . A l l the surf a c e com­

plexes are not r e d u c i b l e at more negative p o t e n t i a l s , because the 

i n t e r a c t i o n of the c o l l o i d s w i t h the e l e c t r o d e i s d i f f i c u l t and t h e i r 

d e p o s i t i o n i s slow compared w i t h the time s c a l e of the technique. 

Table I I _ 2 

DPP Behaviour of the D i f f e r e n t Species. Ionic medium 10 M KNO^ 

Species E (mV) 
P 

P b 2 + - 348 60 + 2 
C u 2 + + 50 6 0 + 2 
PbNTA - 816 75 + 2 
CuNTA - 120 . 7 0 + 2 
CuEDTA - 300 78 + 2 

The same values have been obtained i n the presence and absence 
of the c o l l o i d s . 

In terras of ASV the complexes PbNTA, CuNTA and CuEDTA are no 

l a b i l e i n the d e p o s i t i o n s t e p , but d i r e c t l y r e d u c i b l e at more ne g a t i v e 

p o t e n t i a l s . During the s t r i p p i n g step the complexes are not l a b i l e and 

so only the peak of the f r e e metal has been obtained. The complex w i t h 

PbEDTA i s non l a b i l e i n the d e p o s i t i o n step and not r e d u c i b l e at more 

negativ e p o t e n t i a l s as a l s o happened i n DPP. 

This means that i n terms of ASV, two d i f f e r e n t d e p o s i t i o n poten­

t i a l s , a c cording to DPP peak p o t e n t i a l s , or according to a pseudo-

polarogram, can be chosen, i n such a way that at one value only the 

f r e e metal can be deposited and at the second value both the f r e e metal 

and the complex can be reduced. Thus, one can determine the percentage 

of the heavy metal and that of the l i g a n d . This can be seen i n F i g . 2 

f o r the system NTA + P.b(II) at PH = 7.15 analysed by ASV at two d e p o s i ­

t i o n p o t e n t i a l s . So, at Erf = -1.20 V, both the l a b i l e and not l a b i l e 

species are being reduced and at E d = -0.60 V only the l a b i l e s p e c i e s 

are being d e p o s i t e d . However, f o r P b ( I I ) c o n c e n t r a t i o n higher than NTA 

c o n c e n t r a t i o n , the s t r a i g h t l i n e obtained at E , = -1.20 V does not f i t 
d 

e x a c t l y the c a l i b r a t i o n p l o t without l i g a n d , which i s due to the d i f -
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ip(/jAI 
ASV 

pH 7.15 

2.0 

1.8 

N TA 

1.6 // | 4— t.15X10"5M NTA 

1.4 -
1.2 

/ • Ed = .1.2V 

/ • Ed_.0-6V 

1 .0 

0.8 

0.6 

0.4 

0.2 

•4»- j i 1 1 1 
° - 0 1 0 2.0 3.0 4.0 5.0 

X 1 0 - 5 M P b IIII 

F i g . 2 - P b ( I I ) to NTA s o l u t i o n s at constant pH (pH = 7.15) 
fol l o w e d by ASV at two d i f f e r e n t d e p o s i t i o n p o t e n t i a l s . 
At E = -1.2 V P b + + and NTA + P b + + complex are being 
reduced, c o n t r a r i l y to E^ = -0.6 V where only P b + + i s 
reduced. The c a l i b r a t i o n p l o t w i t h i n NTA i s a l s o 
i n c l u d e d . 

ference of the d i f f u s i o n c o e f f i c i e n t of PbNTA and f r e e P b ( I I ) . From t h i s 
—6 2 — 1 

d i f f e r e n c e , a va l u e of D = 1.2 x 10 cm s has been c a l c u l a t e d f o r 
g 

PbNTA, c o n s i d e r i n g (according to B u f f l e ) that the d i f f u s i o n c o e f f i c i e n t 
— 6 2—1 

of the lead i s D = 8.28 x 10 cm s . With t h i s value and from the d i f -
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f e r e n t slopes of the c a l i b r a t i o n p l o t s of P b ( I I ) and Cu(II) i n the 

medium s t u d i e d , the d i f f u s i o n c o e f f i c i e n t of f r e e copper D = 7.56 x 

x 10 ^cm 2 s 1 has been determined, which has been used to determine the 
-6 2 - 1 

d i f f u s i o n c o e f f i c i e n t of CuEDTA complex, D = 5.94 x 10 cm s , from 

the r e s u l t s of ASV, i n the same way as has been done f o r l e a d . 
A f t e r c o n s i d e r i n g the behaviour of the organic complexes i n terms 

++ 

of ASV which has been e x e m p l i f i e d i n d e t a i l f o r the mixtures Pb /NTA 

( F i g . 2 ) , the same systems have been s t u d i e d i n the presence of a c o l ­

l o i d . A g a i n , the suspension was analysed v o l t a m m e t r i c a l l y without p r e -

f i l t r a t i o n . This has been s t u d i e d f o r P b ( I I ) and Cu ( I I ) i n the presence 

of NTA or EDTA w i t h Si02 or g o e t h i t e and i s i l l u s t r a t e d w i t h the system 

EDTA + g o e t h i t e + Cu(II) ( F i g . 3). From a p l o t of the peak c u r r e n t 

versus the added Cu(II) at E, = -0.50 V (where the CuEDTA complex and 
d 

the f r e e copper i s being reduced), the b i n d i n g c a p a c i t y of the c o l l o i d 

0. 85 x 10 was determined, i . e . , copper bound to g o e t h i t e . However, 

from the same type of p l o t but E^ = -0.20 V, where only the f r e e copper 

1, s being d e p o s i t e d , the c o n c e n t r a t i o n of EDTA can be determined and a 

value of 0.75 x 10 ~M was estimated which agrees w i t h the added con­

c e n t r a t i o n . 

However, i f one uses DPP to analyse a mixture of a c o l l o i d and an 

org a n i c l i g a n d w i t h a heavy metal, the behaviour of the p l o t i versus 

M + + added i s d i f f e r e n t from that obtained by ASV. Indeed, when the 

heavy metal i s i n a lower c o n c e n t r a t i o n than that of the l i g a n d , only 

the peak of the complex i s obtained, but f o r higher c o n c e n t r a t i o n s of 

the heavy metal the p e a l of the complex i s constant and the peak of the 

f r e e metal i n c r e a s e s i n the same way as i n the c a l i b r a t i o n p l o t without 

o r g a n i c l i g a n d and c o l l o i d . From the curve obtained w i t h the peak cur­

rent of the complex the l i g a n d c o n c e n t r a t i o n can be known (1.05 x 10 M) 
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x 10
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 M Cu(II) added 

F i g . 3 - Cu(II) a d d i t i o n to a suspension w i t h EDTA and g o e t h i t e 
-3 

(80 mg dm ) at constant pH (pH = 6.8) followed by ASV at 
two d i f f e r e n t d e p o s i t i o n p o t e n t i a l s . At E = -0.5 V C u + + 

, *f* "f* d 

and Cu + EDTA complex are being reduced, c o n t r a r i l y to 
4-4-

E
d
 = -0.2 V when only Cu i s reduced. The c a l i b r a t i o n 

p l o t w i t h o u t EDTA and g o e t h i t e i s al s o i n c l u d e d . 

and from the peak c u r r e n t of the f r e e metal the c o n c e n t r a t i o n of the 

bi n d i n g groups of the c o l l o i d p l u s the organic l i g a n d can be determined 

using the d i f f e r e n c e of the c a l i b r a t i o n p l o t and the p a r a l l e l through 

the l a s t three experimental p o i n t s (1.80 x 10 5M) as shown i n the sys­

tems NTA + S i 0 2 and Pb( I I ) ( F i g . 4 ) . 

From the r e s u l t s obtained f o r the l i g a n d c o n c e n t r a t i o n s that agree 

with the c o n c e n t r a t i o n s of the organics added, one can conclude that 

NTA and EDTA were not adsorbed on the surface of s i l i c a or g o e t h i t e 

2.0 DPP 

p l / ^ A l . p H « 7.25 

(x 10 1 
1.8 NTA+SiO, 

1.6 
1 1.80X1CT5M / 

1.6 
NTA+S.O, W 

1.4 

J • Ep = - 3 4 8 mV 
1.2 / • Ep=-816 mV 

1.0 

0.B 

/ 1.05X 10
-

0.6 — / NTA 

/ V— 
/ ' 

L • • * m / V— 
/ ' 

0.4 - j 1
 1 /* 1 
'* 1 

0.2 
if 

i i i 1 1 

0.0 1.0 2.0 3.0 4.0 5.0 6.0 

x10~ 5 M P b l l l l a d d e d 

F i g . 4 - Pb ( I I ) a d d i t i o n to a suspension w i t h NTA and s i l i c a at con­
sta n t pH (pH = 7.25) followed by DPP. The r e d u c t i o n peak of 
the f r e e lead (Ep = -0.35 V and the r e d u c t i o n peak of the 
complex (Ep = 0.8 V are being considered. The c a l i b r a t i o n 
p l o t without NTA and s i l i c a i s a l s o i n c l u d e d . 

under these c o n d i t i o n s , s i n c e the heavy metal bound to the o r g a n i c 

l i g a n d adsorbed on the c o l l o i d should be i n e r t . 

So one can conclude t h a t , i n p r i n c i p l e , voltammetric techniques 

can be used to analyse suspensions w i t h p a r t i c l e s such as hydrous 

oxides i n the presence of organic l i g a n d s such as EDTA and NTA, t o ­

gether w i t h l a b i l e s p e c ies i n s o l u t i o n . 

As an example, F i g . 5 shows the voltammogram of a s o l u t i o n w i t h 



— 28 — 

CuEDTA and CuNTA complexes together w i t h f r e e and hydrolysed copper 

where a l l the three peaks are w e l l d e f i n e d , from which the concentra-

t i o n of the r e s p e c t i v e species i n s o l u t i o n can be determined. 

pl/iAl 
1x10) 

D P P 

PH=680 

^ N T A ^ O X l O M 

C
E D T A r 2 0 x l Ô M 

Cil NTA 

1.0 
C
C u ; 4 . 4 x l Ô

5
M 

8.0 -
\ C M EDTA 

6.0 

4.0 C i l " / 

2.0 

1 1 1 1 1 
0.0 -0.1 -0.2 -0.3 -0.4 

E ( V I 

F i g . 5 - DPP polarogram obtained at pH = 6.80 f o r a s o l u t i o n 
W i t h SlTA = 2 , 0 X 1 0 _ 5 t 1 ' CFDTA = 2-° x 1 0 _ 5 M and 

= 4.4 x 10 M i n KN0 3 10 _ 2M bu f f e r e d w i t h TRIS. 

From the s e v e r a l experiments we have t r i e d , one can conclude that 

i n c o n d i t i o n s where on l y ASV can be used - and not DPP due to the lower 

d e t e c t i o n l i m i t of the. f i r s t technique - NTA can be determined w i t h a 

t i t r a t i o n adding P b ( I I ) , but not i n a t i t r a t i o n w i t h C u ( I I ) ; t h i s i s 

due to the h i g h e r i r r e v e r s i b i l i t y of the PbNTA complex. Indeed the peak 

p o t e n t i a l s of f r e e copper and of CuNTA complex are so c l o s e to one 

another (AE < 0.2 V) that i t i s d i f f i c u l t to use two d i f f e r e n t d e p o s i -P p 

t i o n p o t e n t i a l s to q u a n t i t a t i v e l y separate the r e d u c t i o n of the two 

spec i e s . On the other hand, EDTA can be determined adding Cu(II) and 

not P b ( I I ) , s i n c e the PbEDTA complex i s not r e d u c i b l e d i r e c t l y on the 
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mercury before the r e d u c t i o n of hydrogen i o n . 

I f DPP can be used, NTA can be determined by t i t r a t i o n w i t h Cu(II) 

or P b ( I I ) , because t h i s technique gives a higher r e s o l u t i o n than that 

of ASV. However, EDTA can only be determined w i t h Cu(II) but not w i t h 

P b ( I I ) , f o r the same reason as pointed out before f o r ASV. 

Although NTA and EDTA can e x i s t i n n a t u r a l waters due to p o l l u t i o n , 

s p e c i a l l y because they are added i n some c o u n t r i e s to the detergent 

powders, they are not i n general the dominant organics. In no n - p o l l u t e d 

waters the main o r g a n i c l i g a n d s are the humic and f u l v i c a c i d s , r e s u l t ­

i n g from the d e g r a d a t i o n of v e g e t a t i o n . These are mixtures of polymers 

where the dominant c h e l a t i n g groups are c a r b o x y l i c and p h e n o l i c groups, 

but w i t h n i t r o g e n and s u l f u r i n minor q u a n t i t i e s . These l i g a n d s form 

complexes w i t h heavy metals l i k e Cu(II) and Pb ( I I ) that have d i f f e r e n t 

degrees of l a b i l i t y and s t a b i l i t y c o n s t a n t s , according to the r a t i o 

C /C , where CT and C w are the t o t a l c o n c e n t r a t i o n of the l i g a n d and die L M L M 
metal i o n . A d s o r p t i o n problems on mercury are important and can be 

• 8 

avoided i n the p o l a r o g r a p h i c method e x t r a p o l a t i n g to zero drop time . 

More s t u d i e s need, t h e r e f o r e , be done before a p p l y i n g these 

r e s u l t s d i r e c t l y to n a t u r a l waters. However, p o s s i b l e s p e c i a t i o n 

schemes f o r d i f f e r e n t types of n a t u r a l waters can be a n t i c i p a t e d as f o l ­

lows. 

For i n t e r s t i t i a l waters w i t h h i g h l e v e l s of organics and heavy 

metals DPP can o f t e n be used d i r e c t l y i n the sample without f i l t r a t i o n ; 

a t i t r a t i o n i n batch s o l u t i o n can be done d i r e c t l y w i t h d i f f e r e n t heavy 

metals such as Cu ( I I ) or P b ( I I ) , the l a b i l e species and the d i f f e r e n t 

non l a b i l e complexes, i n c l u d i n g the su r f a c e complexes,being determined 

s e p a r a t e l y . The non l a b i l e complexes i n s o l u t i o n and su r f a c e complexes 
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can be d i f f e r e n t i a t e d i f the organic complexes w i t h the heavy metals 

can be reduced d i r e c t l y on the e l e c t r o d e at more negative p o t e n t i a l s . 

The p o s s i b i l i t y of a d s o r p t i o n problems on mercury can always e x i s t 

i n n a t u r a l waters, but t h i s can be checked from the shape of the peak 

or u s i n g , f o r example, d i f f e r e n t drop times i n DPP technique. I f ad­

s o r p t i o n e x i s t s there i s , i n p r i n c i p l e , the p o s s i b i l i t y of t r y i n g to 

minimize the problems by us i n g normal pulse polarography w i t h a conven­

i e n t i n i t i a l p o t e n t i a l and d u r a t i o n of the p u l s e 1 ^ . 

In water that c o n t a i n s lower c o n c e n t r a t i o n s of metal i o n s , ASV can 

be used d i r e c t l y i n the presence of the suspension, but d i f f e r e n t depo­

s i t i o n p o t e n t i a l s should be used f o r d i f f e r e n t heavy metals. However, 

i n order to choose the adequate values of the d e p o s i t i o n p o t e n t i a l s , a 

pseudopolarogram needs to be e s t a b l i s h e d ; t h i s i s a time consuming tech­

nique, and due to the presence of l a b i l e species i n ' s o l u t i o n a s u r f a c e 

e f f e c t can occur which d i s t o r t s the p l o t of i versus added metal 1'''. So, 
P 

o f t e n ASV could o n l y be used i n such a way that the medium i s exchanged 

•subsequent to the d e p o s i t i o n step or w i t h values e x t r a p o l a t e d to zero 

d e p o s i t i o n times, to avoid the s u r f a c e e f f e c t that can lead to errone­

ous r e s u l t s . The p l o t s of peak p o t e n t i a l versus d e p o s i t i o n time can 
12 

a l s o give an i d e a i f there i s a d s o r p t i o n 

For t h i s reason DPP i s , i n p r i n c i p l e , a more adequate technique 

than ASV f o r doing s p e c i a t i o n s t u d i e s i n n a t u r a l waters, but due to the 

higher d e t e c t i o n l i m i t of DPP, i t can probably be used only i n some 

types of n a t u r a l waters, l i k e i n t e r s t i t i a l waters. In t h i s s i t u a t i o n a 

DPP polarogram of the type of F i g . 5 should be u s e f u l . 

S t i l l w i t h i n the a n a l y t i c a l scheme that i n c l u d e s the d i r e c t 

a n a l y s i s of the natural, waters without f i l t r a t i o n , i t i s u s e f u l to 
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determine the t o t a l metal c o n c e n t r a t i o n a f t e r d e s t r u c t i o n of the organ­

i c matter. The t o t a l metal c o n c e n t r a t i o n could be determined by voltam-

m e t r i c methods, or atomic a b s o r p t i o n , which i s probably more convenient 

due to the s m a l l e r i n f l u e n c e of t r a c e s of organic matter. 
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SUMMARY 

The synthesis and the d i f f e r e n t i a l pulse polarographic analysis 

of ten 6-acyl-2(3)-benzoxazolone derivatives are presented. pH 3.00 

Britton-Robinson buffer was found to be.the best supporting e l e c t r o l y t e . 

The electrochemical determination is based on the reduction of carbonyl 

group present in a l l molecules. Linear response was observed from 0.2-2 

to 25-65 mg.L ^ depending on the molecules. 

Key Words: Benzoxazolone derivatives, synthesis, analysis, d i f f e r e n t i a l 

pulse polarography. 

INTRODUCTION 

Benzoxazolinones have been associated with various type of biological 

properties. Lespagnol and his co-workers (1,2) prepared and tested a number 

of derivatives of benzoxazolin-2-ones for their analgesic (3,4), 

antipyretic (3,4), anticonvulsive and hypnotic effects (1). Analgesic 

and antipyretic a c t i v i t y have been described in 6-acyl-benzoxazolin-2-

ones (4,5) and in 3-aminoalkylbenzoxazolin-2-ones (6,7). Antibacterial 

(8,9) and fungicidal (10) a c t i v i t i e s have also been reported for benzoxa­

zol in-2-ones . The pronounced biological a c t i v i t y of many 2-benzoxazol inone 

derivatives (4) and medicinal value of 5-chloro-2-benzoxazolinone (11) 

prompted the investigation of 3-substituted-2-benzoxazolinones. 
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