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MEMBRANE ELECTRODES OF HERBICIDAL AND PHARMACEUTICAL 
I N T E R E S T ( A ) 

F . N . A s s u b a i e , G.J.Moody, R.K.Owusu*, and J.D.R.Thomas 
Department o f A p p l i e d C h e m i s t r y , Redwood B u i l d i n g , 
UWIST, PO Box 13, C a r d i f f CF1 3XF, Wales 

R e s e a r c h e s on PVC m a t r i x membrane e l e c t r o d e s based on 
crown e t h e r s a r e r e v i e w e d f o r d i q u a t , p a r a q u a t and 
g u a n i d i n i u m . The crown e t h e r s f o r d i q u a t and p a r a q u a t 
c o n s i s t o f d i b e n z o - 3 0 - c r o w n - 1 0 (DB30C10), b i s - m e t a -
p h e n y l e n e - 3 2 - c r o w n - 1 0 (BMP32C10), b i s - m e t a p h e n y l e n e -
38-crown-12 (BMP38C12), b i s - p a r a p h e n y l e n e - 3 4 - c r o w n - 1 0 
(BPP34C10), b i s - p a r a p h e n y l e n e - 3 7 - c r o w n - 1 1 (BPP37C11), 
and d i n a p h t h a l e n e - 3 6 - c r o w n - 1 0 (DN36C10). The d a t a a r e 
d i s c u s s e d i n terms o f the q u a l i t y o f p o t e n t i o m e t r i c 
r e s p o n s e r e l a t e d t o c o n f o r m a t i o n a l phenomena o f the 
crown e t h e r s i n t h e i r c o m p l e x a t i o n w i t h the two d i c a t -
i o n s and w i t h the r e l a t e d 4 , 4 ' - d i p y r i d i n i u m . The b e s t 
e l e c t r o d e s f o r d i q u a t and p a r a q u a t are based on 
DB30C10 and DQT.2TPB w i t h 2 - n i t r o p h e n y l p h e n y l e t h e r , 
w h i l e good p a r a q u a t e l e c t r o d e s are based on PQT.2TPB 
w i t h e i t h e r 2 - n i t r o p h e n y l p h e n y l e t h e r o r 2 - n i t r o ­
p h e n y l o c t y l e t h e r . 

The r e m a i n i n g crown e t h e r s g i v e good 4 , 4 1 - d i p y r i d i n -
ium e l e c t r o d e s w i t h d i b u t y l p h t h a l a t e as s o l v e n t 
m e d i a t o r . The a n t i c i p a t e d good p a r a q u a t e l e c t r o d e d i d 
not m a t e r i a l i z e f o r BPP34C10 as s e n s o r , p r o b a b l y 
b ecause o f i n a d e q u a t e s t a b i l i t y o f the complex w i t h 
p a r a q u a t because o f weaker e l e c t r o s t a t i c e f f e c t s t h a n 
a r e a v a i l a b l e f o r 4 , 4 1 - d i p y r i d i n i u m . 

G u a n i d i n i u m e l e c t r o d e s are d i s c u s s e d i n terms o f the 
b e s t b e i n g based on d i b e n z o - 2 7 - c r o w n - 9 i n PVC mem­
br a n e s p l a s t i c i z e d w i t h d i b u t y l p h t h a l a t e . The 
p r e s e n c e o f t e t r a p h e n y l b o r a t e l e a d s to l e s s s e n s i t i v e 
and more s l u g g i s h e l e c t r o d e r e s p o n s e . 

A l s o r e v i e w e d i s work on p r o s p e c t s f o r o t h e r a n i o n 
e x c l u d e r s i n ISE membranes i n s t e a d o f t e t r a p h e n y l b o r ­
a t e . The b e s t p r o s p e c t i s f o r t e t r a k i s - 4 - c h l o r o -
p h e n y l b o r a t e b e i n g b e t t e r t h an t e t r a p h e n y l b o r a t e , 
w h i l e p i c r a t e i s not s u f f i c i e n t l y l i p o p h i l i c . F i v e 
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C o l l e g e , Gower S t r e e t , London. 
(a) P l e n a r y l e c t u r e p r e s e n t e d by JDRT at the 3rd M e e t i n g 
o f P o r t u g u e s e E l e c t r o c h e m i c a l S o c i e t y , F a r o , Oct.1987 
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o t h e r systems are t o t a l l y u n s u i t a b l e . The a n a l o g y 
between ISE f u n c t i o n and i o n - p a i r e x t r a c t i o n i n t o an 
o r g a n i c phase i s a l s o d i s c u s s e d f o r t h e s e systems w i t h 
some c o r r e l a t i o n b e i n g e v i d e n t . 

1. INTRODUCTION 

2. ISEs FOR DIQUAT AND PARAQUAT BASED ON DIBENZO-30-
CROWN-10 
2.1 D i q u a t E l e c t r o d e s 
2.2 P a r a q u a t E l e c t r o d e s 

3. DICATION (DIQUAT, PARAQUAT AND 4,4'-DIPYRIDINIUM) 
SENSING WITH A RANGE OF CROWN ETHERS 
3.1 D i q u a t and P a r a q u a t E l e c t r o d e s 

3.2 4 , 4 1 - D i p y r i d i n i u m E l e c t r o d e s 

4. ELECTRODES FOR GUANIDINIUM [ ( H 2 N ) 3 C ] + 

5. ELECTRODES FOR DICATIONS BASED ON ION-PAIRING AGENTS 
5.1 I n t e r a c t i o n w i t h I o n - p a i r i n g A g e n t s 
5.2 ISE F u n c t i o n and I o n - p a i r E x t r a c t i o n i n t o 

O r g a n i c Phase 

6. CONCLUSION 

7. REFERENCES 

KEYWORDS: Crown e t h e r i o n s e n s o r s , i o n - s e l e c t i v e 
e l e c t r o d e s , d i q u a t , p a r a q u a t , 4 , 4 * - d i -
p y r i d i n i u m , g u a n i d i n i u m , d i c a t i o n e l e c ­
t r o d e s , i o n - p a i r e x t r a c t i o n . 

1. INTRODUCTION 
I o n - s e l e c t i v e e l e c t r o d e s ( I S E s ) based on n e u t r a l c a r r i e r 
l i g a n d s are now w e l l e s t a b l i s h e d 1 f o l l o w i n g the use o f 
v a l i n o m y c i n and o t h e r n a t u r a l l y o c c u r r i n g a n t i b i o t i c 
compounds, e.g., m a c r o t e t r o l i d e s , f o r p o t a s s i u m and 
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ammonium I S E s . , S y n t h e t i c n e u t r a l c a r r i e r s , such as 
the c y c l i c p o l y e t h e r s (crown e t h e r s ) 4 have s i n c e been 
p r o d u c e d . Of t h e s e , d o d e c y l m e t h y l - 1 4 - c r o w n - 4 has 
y i e l d e d an i n t e r e s t i n g l i t h i u m I S E , 5 and b i s ( c r o w n 
e t h e r ) d e r i v a t i v e s o f 15-crown-5 and 18-crown-6 have 
y i e l d e d p o t a s s i u m and caesium I S E s . 

The s e l e c t i o n o f s u i t a b l e n e u t r a l c a r r i e r s f o r i o n -
s e n s i n g can be h e l p e d by s t r u c t u r a l s t u d i e s on i n t e r a c ­
t i o n s between c a r r i e r s and i o n s . In t h i s r e s p e c t , 
S t o d d a r t and c o - w o r k e r s have shown ( f o r a l i s t o f the 
r e l e v a n t r e f e r e n c e s , see R e f e r e n c e 7 o f t h i s p a p e r ) 
i n t e r e s t i n g f e a t u r e s on the i n t e r a c t i o n s between macro-
c y c l i c p o l y e t h e r s and m o l e c u l e s and c a t i o n s . The bond­
i n g was c l a s s i f i e d under t h r e e main h e a d i n g s : 

( i ) c o o r d i n a t i o n v i a [N-H • • *0 ] hydrogen bands as i n 
c o m p l e x a t i o n between p o l y e t h e r and p r i m a r y 
alkylammonium i o n s 8 , 9 

( i i ) c o o r d i n a t i o n t h r o u g h [C-H • • *0 ] l i n k a g e s t o the 
d i q u a t (DWT) d i c a t i o n , 1 0 e t c . , and 

( i i i ) m e t a l i o n c o o r d i n a t i o n t o oxygen atoms o f the 
crown e t h e r compound. 

There i s c o n s i d e r a b l e i n c e n t i v e f o r u s i n g the s t r u c ­
t u r a l i n f o r m a t i o n o b t a i n e d by S t o d d a r t and c o - w o r k e r s , 
e s p e c i a l l y i n r e s p e c t o f t h a t d i r e c t e d to d i q u a t (DQT) 
and p a r a q u a t (PQT) d i c a t i o n s . The use o f t h e s e as 
c o n t a c t h e r b i c i d e s l e n d s p r i o r i t y t o methods f o r t h e i r 
d e t e r m i n a t i o n , and the s t r u c t u r a l s t u d i e s r e l a t i n g t o 
t h e i r c o m p l e x a t i o n w i t h DB30C10 s u g g e s t e d the use o f the 
crown e t h e r as an ISE s e n s o r . 7 The s t r u c t u r a l d a t a were 
based on X - r a y c r y s t a l l o g r a p h i c s t r u c t u r e d e t e r m i n a t i o n 
o f the complex between the DQT 2 + d i c a t i o n and DB30C10 
where the g r o s s h o s t - g u e s t s t r u c t u r a l f e a t u r e s a r e o f 
the above c a t e g o r y ( i i ) type o f hydrogen b o n d i n g and 
c h a r g e t r a n s f e r t o g i v e s t a b l e and o r d e r e d 1:1 s o l u t i o n 
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complexes between DB30C10 and DQT b i s ( h e x a f l u o r o p h o s -
p h a t e ) . 1 0 

The maximum s t a b i l i t y f o r DB3nCn complexes w i t h DQT 
o c c u r s when n = 1 0 l l - l l + ( T a b l e 1) w h i l e the X-ray s t r u c ­
t u r e shows the p l a n e o f the DQT m o l e c u l e t o be e n c l o s e d 
i n a U-shaped c a v i t y formed by D B 3 0 C 1 0 1 0 , 1 1 as c o n f i r m e d 
by nmr s t u d i e s f o r the complex i n s o l u t i o n . 1 2 , 1 3 The 
c o m p l e x a t i o n i n v o l v e s t h r e e DB30C10(host)-DQT(guest) 
i n t e r a c t i o n s : -

( i ) DB30C10 c a t e c h o l - o x y g e n e l e c t r o s t a t i c i n t e r a c ­
t i o n w i t h the p o s i t i v e l y c h a r g e d n i t r o g e n atoms 
i n DQT. For t h i s , the crown e t h e r c a t e c h o l 0-0 
s e p a r a t i o n (2.6 A) and N-N s e p a r a t i o n i n DQT 
(2.8A) a r e s i m i l a r so t h a t the form e r a r e n e a r ­
l y d i r e c t l y above and below t he l a t t e r i n the 
[DQT.DB30C10 ] 2 + complex, 

( i i ) DB30C10 benzene r i n g i r - e l e c t r o n charge t r a n s f e r 
t o the e l e c t r o n d e f i c i e n t DQT +. 

( i i i ) Hydrogen b o n d i n g between H 6 and H 6' ( F i g . 1 ) 
w i t h oxygen atoms i n the DB30C10 framework, and 
as p r e v i o u s l y mentioned above. 

T a b l e 1. S t a b i l i t y c o n s t a n t s (Kg) and f r e e e n e r g i e s 
o f f o r m a t i o n (AGf) of [DQT.DB3nCrown-n ] 
complexes i n acetone 3.. (From Ref.15) 

Crown e t h e r K a ( M " M AG f/kJ mol~ 1 

DB27C9 4.1 x 1 0 2 15.0 
DB30C10 1 .8 x 10 4 24.3 
DB33C11 1 . 1 X 101* 23 . 1 
DB36C12 2.0 x 10 3 18.9 
DB30C10(-OCH 2)2Ph - 31 .0 

a Data from R e f s . 11, 12 and 14 

( a ) ( b ) ( c ) 

F i g . 1 C h e m i c a l s t r u c t u r e s o f (a) 4 , 4 1 - d i p y r i d i n i u m , 
(b) p a r a q u a t , and (c) d i q u a t , showing some 
d i m e n s i o n s and more a c i d hydrogen atoms ( f r o m 
Ref.15) 

The g u a n i d i n i u m c a t i o n s , [ ( H 2 N ) 3 C ] + , can complex 
w i t h crown e t h e r s o f between 18 and 33 r i n g atoms. 1 6 - 1 8 

Crown e t h e r s o f 27 members a r e the most s e l e c t i v e t o 
g u a n i d i n i u m , and the p o s s i b i l i t y o f g u a n i d i n i u m e l e c ­
t r o d e s i s o f i n t e r e s t i n v i e w o f the i m p o r t a n c e o f 
g u a n i d i n e i n the b i o l o g i c a l and m e d i c a l f i e l d s . 

T h i s paper r e v i e w s s t u d i e s on ISEs f o r DQT, PQT and 
g u a n i d i n i u m . The d i c a t i o n e l e c t r o d e s are a l s o compared 
w i t h systems f o r t h e i r 4 , 4 1 - d i p y r i d i n i u m a n a l o g u e , when 
a t t e n t i o n i s p a i d t o the r o l e o f a n i o n e x c l u d e r s i n ISE 
membranes and o f the ISE f u n c t i o n o f t h e s e on t h e i r own. 

2. ISEs FOR DIQUAT AND PARAQUAT BASED ON DIBENZO-30-
CROWN-10 

PVC m a t r i x membrane ISE t y p e s were assembled a c c o r d -
19 • 1 

i n g t o e s t a b l i s h e d p r a c t i c e w i t h membrane c o m p o s i t i o n 
a c c o r d i n g t o T a b l e 2. The emfs o f the v a r i o u s ISEs were 
measured w i t h r e s p e c t t o a s a t u r a t e d c a l o m e l e l e c t r o d e . 7 
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The t h r e e t y p e s o f e l e c t r o d e s were a s s e s s e d f o r d i f f e r -
7 

ent s o l v e n t m e d i a t o r s and the main r e s p o n s e f e a t u r e s 
are summarized i n T a b l e 3 o f which the p a r a m e t e r s r e l a t e 
to the l i n e a r r e g r e s s i o n l i n e 

AE(mV) = S l o g a + C (1) 
where S, a_ and C, r e s p e c t i v e l y , are the e l e c t r o d e c a l i ­
b r a t i o n s l o p e (mV/log a ) , the a c t i v i t y of the sensed i o n 
(mol d m - 3 ) , r e p r e s e n t e d by M and the r e s p o n s e i n t e r c e p t 
(mV) . 

T a b l e 2 C o m p o s i t i o n o f PVC m a t r i x membrane t y p e s used 
f o r e l e c t r o d e c o n s t r u c t i o n (from Ref.7) 

Membrane 
Membrane C o m p o s i t i o n , % mass r a t i o 

Membrane 
S o l v e n t PVC DB30C10 DQT.2TPB or 
med i a t o r PQT.2TPB 

1 67 .0 31 .6 1 .4 -
2 62 . 3 29 .4 1 . 3 7.0 
3 63 .0 30.0 • - 7.0 

Most o f the e l e c t r o d e s gave a dynamic 95% s t e a d y -
s t a t e r e s p o n s e w i t h i n 30 s, w h i l e e l e c t r o d e s t r a n s f e r r e d 
from t e s t s o l u t i o n s t o water q u i c k l y a t t a i n e d "back­
ground" p o t e n t i a l . 7 The n o t a b l e e x c e p t i o n was the 
DOPP-based e l e c t r o d e s w i t h a s t e a d y - s t a t e r e s p o n s e o f 
about 5 min at sample a c t i v i t i e s o f <5 x 10" 5M. A l l the 
ISEs had a u s e f u l pH r a n g e 7 o f about 1.2 t o 8.5. Gener­
a l l y , between pH 9.0 and 9.5 (and at h i g h e r pHs) t h e r e 
was a sudden change i n c o l o u r o f the DQT s o l u t i o n from 
l i g h t y e l l o w t o r e d . 7 T h i s was f o l l o w e d by an i n c r e a s e 
i n e l e c t r o d e r e s p o n s e w i t h t i m e , but normal r e s p o n s e was 
r e s t o r e d on immersion i n s o l u t i o n s of pH between 4.5 and 
6.0. 
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2.1 D i q u a t E l e c t r o d e s 
7 Type 1 e l e c t r o d e s tended t o be more u n s t a b l e . 

S e l e c t i v i t y f o r DQT o v e r o t h e r c a t i o n s i s g r e a t l y 
improved a f t e r a d d i t i o n o f DQT.2TPB t o the membrane t o 
y i e l d t y p e 2 e l e c t r o d e s . E l e c t r o d e s based e n t i r e l y on 

7 

DQT.2TPB ( t y p e 3) a l s o gave v e r y good c h a r a c t e r i s t i c s 
w i t h a p p r o p r i a t e s o l v e n t m e d i a t o r s , and f u r t h e r s t u d i e s 
on t h e s e and s i m i l a r systems are d i s c u s s e d below. 
However, f o r both type 2 and type 3 e l e c t r o d e s , the b e s t 
s o l v e n t m e d i a t o r s 7 a r e e i t h e r 2 - n i t r o p h e n y l p h e n y l e t h e r 
(NPPE) or 2 - n i t r o p h e n y l o c t y l e t h e r (NPOE). 

S e l e c t i v i t y c o e f f i c i e n t d a t a ( B ) were d e t e r ­
m i n e d 7 f o r B = L i , Na, K, Mg, Ca, Ba, ammonium, d i e t h y l -
ammonium, a n i l i n i u m , and g u a n i d i n i u m . A l t h o u g h the 
s e l e c t i v i t y c o e f f i c i e n t s f r e q u e n t l y exceed u n i t y f o r 
s i n g l y c h a r g e d B s p e c i e s , the m o d i f y i n g e f f e c t o f the 
sq u a r e power term i n the s e l e c t i v i t y r e l a t i o n enhances 
the p r a c t i c a l s e l e c t i v i t y towards DQT. 7 F i g . 2 summar­
i z e s s e l e c t i v i t y d a t a f o r (a) type 2 and (b) type 3 DQT 
I S E s . The r e a s o n s f a v o u r i n g NPPE and NPOE as recommen­
ded s o l v e n t m e d i a t o r s are c l e a r l y e v i d e n t . 

2.2 P a r a q u a t E l e c t r o d e s 
A g a i n , t y p e 1 e l e c t r o d e s were of poor q u a l i t y . The 

r e s p o n s e s o f typ e 2 and type 3 e l e c t r o d e s are summarized 
i n T a b l e 4, w h i l e F i g . 3 summarizes the s e l e c t i v i t y 
c h a r a c t e r i s t i c s f o r t y p e s 2 and 3 e l e c t r o d e s based on 

7 

t h e f a v o u r e d NPPE and NPOE s o l v e n t m e d i a t o r s . I t can 
be seen t h a t the s e l e c t i v i t y f e a t u r e s a r e q u i t e d i f f e r ­
e n t ( c f . F i g . 2 ) . The g r e a t e r i n t e r f e r e n c e o f PQT e l e c ­
t r o d e s can a r i s e from the e l o n g a t e d shape and l o n g e r 
P Q T 2 + i o n compared w i t h DQT 2 + ( F i g . 1 ) , and a s s o c i a t e d 
d i f f e r e n c e s i n e l e c t r o n d i s t r i b u t i o n r e s u l t i n g from t he 
w i d e r s e p a r a t i o n o f the charged n i t r o g e n s i t e s . R e l a t e d 

« g . 2 E f f e c t o f ZJl B a - U N 8 " N » < " ^ T i ^ 

• S E S D B p K e i ' t , i ° ^ ^ f DNPi^and • i v e D „ B
t

P - m e d
L i a

n S r ? 0 1 ? ^ n ^ ? - ) - - 3 c i the s a m e 

t o t h e s e e f f e c t s are the f a c t t h a t type 3 PQT e l e c t r o d e s 
a r e o f b e t t e r q u a i i t y t h a n t n o s e o f t y

P
p e 2 

F i g 4 c o m p a r e s c a l i b r a t . o n s 

t r o d e s , based on NPPE , „ i „ „ t j . , s o l v e n t mediator, w i t h the c o r r e , p o n d i n g DQT o n e s . 7 c o r r e s -
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a « f o r n = 4 spre a d o v e r 48 h (from R e f . 7 ) 

E l e c t r o d e type and 
s o l v e n t m e d i a t o r 

Parameter 
E l e c t r o d e type and 
s o l v e n t m e d i a t o r S/mV C/mV a • /10- bM min' 

r 

m u n p 9• NPOE 19.0 82 3.4 0 . 999 
(0.8) (2.2) (4) n o 1 

NPPE 27 .1 140 9 0 y o i 
(5.0) (30) (6) 

m „ n p T • NPOE 30.1 181 1 .2 0 .991 
(1.1) (18) (0.8) Q O Q 

NPPE 27 .2 155 7 0 . y o y 
(4.0) (38) ( 12) 

' POT D Q T Mg tr-£r-tr^r^ 
B 

F i g . 3 S e l e c t i v i t y o f ISEs f o r PQT a c c o r d i n g t o type and 
9 s o l v e n t m e d i a t o r s . (From, •.£..7) Key 

and o, NPPE f o r type 2 e l e c t r o d e s , - , 
a, NPPE f o r type 3 e l e c t r o d e s . 

3 . nTCATION (PIQUAT, PARAQUAT, AND 4 ,4 \ DI P_YRIDINIUM) 
SENSING WITH A RANGE OF CROWN ETHERS 

3 1 p j q u a t and P a r a q u a t E l e c t r o d e s 
' Dibenzo-30-crown-IO changes i t s shape d r a m a t i c a l l y t o 

accommodate i t s g u e s t m o l e c u l e s . 2 0 On the o t h e r hand, 
b i s - p a r a p h e n y l e n e - 3 4 - c r o w n - 1 0 h a r d l y changes i t s shape 
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-Log(|al/M) 

F i g . 4 Responses o f DQT and PQT e l e c t r o d e s (NPPE s o l v e n t 
m e d i a t o r ) towards DQT d i b r o m i d e ( f o r DQT) and PQT 
s u l p h a t e ( f o r PQT). Key: o, type 2 (DQT); • , 
type 3 (DQT); •, type 2 (PQT); • , type 3 (PQT) 
( from Ref . 7 ) . 

when i t e n g u l f s PQT. Hence, i n o r d e r t o d e t e r m i n e 
whether t h i s f e a t u r e c o u l d promote ISE f u n c t i o n f o r PQT, 
a w i d e r range o f crown e t h e r s has been s t u d i e d 1 5 f o r 
p o s s i b l e r o l e s as ISE s e n s o r s f o r PQT and DQT. A l s o , 
t h e s t r u c t u r a l a n a l o g u e , 4,4'-DPy ( F i g . 1 ) has been 
i n c l u d e d as a n a l y t e i n o r d e r to complete the s t u d y . 1 5 

The s i x crown e t h e r s s e l e c t e d f o r s t u d y 1 5 were 
d i b e n z o - 3 0 - c r o w n - 1 0 (DB30C10), b i s - m e t a p h e n y l e n e - 3 2 -
crown-10 (BMP32C10), b i s - m e t a p h e n y l e n e - 3 8 - c r o w n - 1 2 
(BMP38C12) , b i s - p a r a p h e n y l e n e - 3 4 - c r o w n - 1 0 (BPP34C10), 
b i s - p a r a p h e n y l e n e - 3 7 - c r o w n - 1 1 (BPP37C11), and d i n a p h t h a -
l e n e - 3 6 - c r o w n - 1 0 (DN36C10). D i b u t y l p h t h a l a t e (DBP) and 
2 - n i t r o p h e n y l o c t y l e t h e r (NPOE) were s t u d i e d f o r t h e i r 
q u a l i t i e s as the a s s o c i a t e d s o l v e n t m e d i a t o r . 

I t was not p o s s i b l e t o d i s c r i m i n a t e between t h e 
d i f f e r e n t crown e t h e r s f o r e l e c t r o d e s based on NPOE 
s o l v e n t m e d i a t o r and t r e a t e d w i t h PQT d i c h l o r i d e , s i n c e 
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even e l e c t r o d e s w i t h PVC membranes c o n t a i n i n g NPOE a l o n e 
responded s t r o n g l y t o PQT. 2 0 A l s o , DBP-based e l e c t r o d e s 

2 0 

gave r e l a t i v e l y low PQT r e s p o n s e s . These s t u d i e s 
s u g g e s t weak PQT c o m p l e x a t i o n by the crown e t h e r s . T h i s 
i s a t t r i b u t a b l e to two e f f e c t s . The f i r s t c o n c e r n s the 
N-N s e p a r a t i o n i n PQT (7.OA) b e i n g d i s s i m i l a r t o the 
s e p a r a t i o n s between the oxygens l i n k e d t o a r o m a t i c r i n g s 
( u n l i k e the case o f DQT d i s c u s s e d above f o r DB30C10), 
w h i l e the second weakening i n c o m p l e x a t i o n can a r i s e 
from the red u c e d p o s s i b i l i t y f o r hydrogen b o n d i n g 
t h r o u g h the CH 3 g r o u p s a t t a c h e d to the PQT n i t r o g e n s 
compared w i t h , s a y , 4,4'-DPy f o r which t h e r e i s good ISE 
f u n c t i o n . 1 5 

The weakness o f the crown ether:PQT s t a b i l i t y 
c o n s t a n t s compared w i t h t h a t f o r (DB30C10.DQT) 2 + ( K a = 
1.8 x '\0k M _ 1 , as g i v e n i n Table 1) i s n o t a b l e . Thus, 
the K a d a t a f o r (BMP32C10.PQT) 2 + and (BPP34C10.PQT) 2+ 
are j u s t 760 NT 1 and 730 M~ 1, r e s p e c t i v e l y , and p o i n t to 
i n s u f f i c i e n t a f f i n i t y by the crown e t h e r s to e n s u r e 
adequate ISE s e n s i n g . 1 5 

A g a i n , comparing K a d a t a f o r (BMP3210.PQT) 2 + (760 
M - 1) and (BMP32C10.DQT) 2+ (390 M"1) p o i n t s to r e l a t i v e l y 
poor ISE f u n c t i o n f o r DQT. Indeed, i n th e s e s t u d i e s , 1 5 

the system based on DB30C10 was c o n f i r m e d to be the b e s t 
f o r DQT. 

3.2 4 , 4 ' - D i p y r i d i n i u m E l e c t r o d e s 
The g e n e r a l l y good ISE r e s p o n s e 1 5 towards 4,4'-DPy 

i n d i c a t e s t h a t t h i s may be a more f a v o u r e d g u e s t towards 
the crown e t h e r s than i s PQT. F u r t h e r m o r e , the l a s t 
f ive-named crown e t h e r s are more s e l e c t i v e towards 
4,4'-DPy than an e l e c t r o d e based on DB30C10 (see T a b l e 
5 ) . Compared w i t h PQT, r e p l a c e m e n t o f the two 
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1,1'-methyl groups w i t h hydrogen ( F i g . 1 ) s h o u l d p r o v i d e 
b e t t e r h y d r o g e n - b o n d i n g s i t e s . A l s o , hydrogen atoms are 
l e s s b u l k y , and the a r o m a t i c r i n g s i n 4,4 1-DPy s h o u l d be 
more e l e c t r o n d e f i c i e n t , a g a i n f a v o u r i n g s t r o n g e r i n t e r ­
a c t i o n w i t h the crown e t h e r s under c o n s i d e r a t i o n t o g i v e 
good p o t e n t i o m e t r i c r e s p o n s e . 1 5 

Except f o r the DB30C10-based e l e c t r o d e , the s e l e c -
t i v i t i e s o f e l e c t r o d e s f o r 4,4'-DPy based on crown 
e t h e r s 1 5 are s u p e r i o r to the e l e c t r o d e s 2 1 based on a 
s i m p l e i o n - p a i r o f 4,4'-DPy w i t h TPB ( d i s c u s s e d b e l o w ) . 
T h i s l e n d s s u p p o r t to s t r o n g c o m p l e x a t i o n between 4,4'-
DPy and BMP32C10, BMP38C12, BPP34C10, BPP37C11 and 
DN36C10. 

4. ELECTRODES FOR GUANIDINIUM [ H ? N ) ^ C ] + 

The g u a n i d i n i u m c a t i o n [Gu ] i s e m i n e n t l y s u i t a b l e 
f o r c o m p l e x i n g w i t h crown e t h e r s t h r o u g h hydrogen 
b o n d s 1 6 - 1 8 and, as mentioned above, crown e t h e r s of 27 
members are the most s e l e c t i v e to g u a n i d i n i u m . The 
s t a b i l i t y t r e n d f o r the complexes w i t h v a r i o u s i o n s i s 
K > Gu > alkylammonium > m e t a l i o n s . An e l e c t r o d e 
system based on DB27C9 u s i n g d i b u t y l p h t h a l a t e p l a s t i c i -
z e r i n P V C 2 2 has been s t u d i e d a t g r e a t e r l e n g t h and 
compared w i t h e l e c t r o d e s based on t e t r a p h e n y l b o r a t e 
( T P B ) . 2 3 

E l e c t r o d e s i n v o l v i n g DB27C9 s e n s o r w i t h v a r i o u s 
p l a s t i c i z i n g s o l v e n t m e d i a t o r s were b e s t when the 
s o l v e n t m e d i a t o r was d i b u t y l p h t h a l a t e , d i o c t y l a d i p a t e 
or d i o c t y l s e b a c a t e , w i t h the p h t h a l a t e b e i n g p r e f e r ­
r e d . 2 3 Those based on 2 - n i t r o p h e n y l p h e n y l e t h e r and 
2 - n i t r o p h e n y l o c t y l e t h e r were r a t h e r s l o w e r i n r e s ­
ponse, w h i l e DOPP-based e l e c t r o d e s were n o i s y w i t h poor 
r e s p o n s e . 2 3 The a d d i t i o n o f GuTPB (TPB i s an a n i o n 

— 117 — 

e x c l u d e r ) does not improve s e n s i t i v i t y b u t , i n s t e a d , 
worsens b o t h l i n e a r range and d e t e c t i o n range compared 
w i t h e l e c t r o d e s from PVC membranes c o n t a i n i n g p l a s t i c i -
z e r and DB27C9 a l o n e ( T a b l e 6 ) . 2 3 However, s e l e c t i v i t y 
o f Gu o v e r p o t a s s i u m i s b e s t f o r e l e c t r o d e s w i t h added 
GuTPB ( T a b l e 7 ) . 

T a b l e 6 Response c h a r a c t e r i s t i c s o f f i v e t y p e s (see 
f o o t n o t e ) o f g u a n i d i n i u m e l e c t r o d e s based on 
DB27C9 and GuTPB. (From Ref.23) 

E l e c ­ Slope/mV L i n e a r D e t e c t i o n Re s i s t - C o r r e l a t i o n 
t r o d e d e c a d e - range 1 i m i t ance c o e f f i c i e n t 
t y p e - (n=3) /mM / M M /Mfi r 

1 58( ±0.5) 0.1-100 30 25 0.998 
2 52(+1 ) 0.6-100 160 3 0.985 
3 53(±1) 0.5-100 100 3 0.981 
4 55(±0.5) 0.1-100 50 5 0.991 
5 60(±0.5) 0.05-100 1 0 0.1 0.998 

a C o m p o s i t i o n o f PVC (150 mg) membranes of e l e c t r o d e s 
1 t o 5 c o n t a i n i n g 300 mg d i b u t y l p h t h a l a t e ( e x c e p t 
f o r membrane 5 w i t h 360 mg o f d i o c t y l p h e n y l 
p h o s p h o n a t e ) : 
Membrane No. 1 2 3 4 5 
DB27C9/mg 5 5 5 - -
GuTPB/mg - 5 10 10 4 0 

E l e c t r o d e s based on GuTPB a l o n e w i t h DBP as p l a s t i ­
c i z i n g s o l v e n t m e d i a t o r gave good r e s p o n s e s and good 
s e l e c t i v i t y towards Gu o v e r m e t a l i o n s , but t h e r e was 
b e t t e r a l l - r o u n d s e l e c t i v i t y 2 3 when d i o c t y l p h e n y l phos­
phonate was used as a s o l v e n t m e d i a t o r . However, the 
TPB-based e l e c t r o d e s were more s l u g g i s h i n r e s p o n s e . 2 3 
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T a b l e 8 E s t i m a t e s o f K s
_ 1 ( i n v e r s e s o l u b i l i t y 

p r o d u c t ) f o r TPB p r e c i p i t a t e s w i t h a range of 
c a t i o n s (from Ref.21) 

Ion K- 1 * K- 1 * Ion s s 
NH + 5.6(4.3) x 1 0 6 1 . 2 x 10 7 

2 x 10 7 K+ 2.8(1.3) x 1 0 7 4. 
2 x 10 7 

2 x 10 7 

R b + 1.2(0.43) x 1 0 8 5 to 20 x 1 0 8 

Cs + 1.1(1.1) x 1 0 7 1 . 2 x 10 9 

3.3 x 1 0 9 

6(1.8) x 10 i U 

1 . 5 x 10 1 1 +£'d 
4(4.5) x 10 1 T 

2.4 x 1 0 1 3 £ 

4,4-DPy 2 + 
3.3 x 1 0 9 

6(1.8) x 10 i U 

1 . 5 x 10 1 1 +£'d 
4(4.5) x 10 1 T 

2.4 x 1 0 1 3 £ 

-4,4-DPy 2 + 
3.3 x 1 0 9 

6(1.8) x 10 i U 

1 . 5 x 10 1 1 +£'d 
4(4.5) x 10 1 T 

2.4 x 1 0 1 3 £ 
DQT 2 + 

3.3 x 1 0 9 

6(1.8) x 10 i U 

1 . 5 x 10 1 1 +£'d 
4(4.5) x 10 1 T 

2.4 x 1 0 1 3 £ 
-

3.3 x 1 0 9 

6(1.8) x 10 i U 

1 . 5 x 10 1 1 +£'d 
4(4.5) x 10 1 T 

2.4 x 1 0 1 3 £ 

PQT 2 + 
1.1(0.36) x 10j 5É 
1.1(1.7) x 1 0 1 2 

3.2 x 1 0 i d £ 
PQT 2 + 

1.1(0.36) x 10j 5É 
1.1(1.7) x 1 0 1 2 

3.2 x 1 0 i d £ 
-

1.1(0.36) x 10j 5É 
1.1(1.7) x 1 0 1 2 

3.2 x 1 0 i d £ 
7.7(9.2) x 1 0 1 b £ 

a Observed v a l u e s , means of 3-8 e x p e r i m e n t s . S t a n d a r d 
~~ d e v i a t i o n s are g i v e n i n p a r e n t h e s e s . 
b L i t e r a t u r e v a l u e s o f K~ 1. , 
— i s 
c L a r g e s t K v a l u e s o b s e r v e d . 
d V a l u e s d e t e r m i n e d i n 0.2M sodium c h l o r i d e s o l u t i o n . 

f o r PQT t r a n s f e r a t a w a t e r - n i t r o b e n z e n e i n t e r f a c e . 
The f r e e energy t e r m , AGt > i s t h e combined f r e e - e n e r g y 
change f o r the t r a n s f e r o f i o n p a i r s . The l a s t column 
i n T a b l e 9 e s t i m a t e s the a(min) f o r DQT(TBP) 2/ P Q T ( T P B ) 2 

and 4,4'-DPy from the e q u a t i o n 

a(min) = (0.25/K 2) * 3 (4) 

i n a s i m i l a r way to the c a l c u l a t i o n o f [ B a 2 + ] , from 
(0.25 K s ) 1 / 3 , e x i s t i n g i n e q u i l i b r i u m w i t h a 2:1 s a l t 
as i n barium i o d a t e . 2 1 These d a t a ( l a s t column o f T a b l e 
9) were then c o m p a r e d 2 1 w i t h e x p e r i m e n t a l • v a l u e s i n 
T a b l e 10 which summarizes the response c h a r a c t e r i s t i c s 
of ISEs f o r DQT, PQT and 4,4'-DPy, and the agreement i s 
r e a s o n a b l e . 

P i c , however, i s not s u f f i c i e n t l y l i p o p h i l i c t o form 
the b a s i s o f a f u n c t i o n a l ISE f o r the d i c a t i o n s . 2 1 ISEs 

2 1 

w i t h T4C1PB as the s e n s o r show the b e s t s e n s i t i v i t y 

f o r DQT (30 nM) o r PQT (200 nM) . These compare w i t h a 
minimum o f 200 nM f o r PQT d e t e r m i n e d by i o n - p a i r 
e x t r a c t i o n - s p e c t r o p h o t o m e t r y . 2 1 However, the same 
improvement does not ex t e n d t o 4,4 1-DPy I S E s . 

T a b l e 9 C a l c u l a t i o n o f TPB i o n - p a i r e x t r a c t i o n 
c o n s t a n t s ( K 2 ) f o r a range of i o n s ( f o r f u l l 
d e t a i l s see Ref.21) 

Ion AG i I AG! K K 2 a ( m i n ) / 1 0 " 6 M AG i I AG! 
ex t 

NH+ 26.8 - 9 . 1 253 1 . 4 x 1 0 9 27 
K+ 23.9 -12 1 28 3 . 6 x 1 0 9 16 6 
Rb+ 19.4 -16.5 785 1 .8x10 1 2 0 7 
Cs+ 15.4 -20. 5 3950 1 .3x10 1 3 0 3 
DQT 2 + 49 -22. 8 1x10^ 4x10 1 6 1 8 

PQT 2 + 

( 1 . 1x10 1 9 ) (0 3) 
PQT 2 + 49 -22. 8 1 x 1 0 4 1 .1x10 1 6 

( 8x 10 2 0 ) 
2 8 .1x10 1 6 

( 8x 10 2 0 ) (0 07 ) 
PQT 2 + 49 13.1 5x10 3 9x10 8 652 
4,4-DPy 2+ 53.5 -18.3 1 624 9 . 7 x 1 0 ; 3 

.4x10 1 ) 
1 4 

(2 
. 7 x 1 0 ; 3 

.4x10 1 ) ( 1 « 0) 

T a b l e 10 Response c h a r a c t e r i s t i c s o f ISEs f o r DQT, PQT 
and 4,4'-DPy. Mean w i t h S.D. i n p a r e n t h e s e s : 
1 t o 9 c a l i b r a t i o n s f o r 24-72 h o l d e l e c t r o d e s 
based on NPOE s o l v e n t m e d i a t o r (from Ref.21) 

I o n - p a i r E l e c t r o d e parameter 
m o l e c u l e s 

S/mV/log a C/mV a ( m i n ) / 1 0 " 6 M r * 

D Q T ( P F 6 ) 2 27 ( 1 . 4) 151(11) 4(3) 0 .999 
DQT(TPB) 2 2 8 ( 0 . 6) 161 (2.3) 1.6(0. 8) 0 .999 
P Q T ( T P B ) 2 28(2) 154( 16) 1.2(0. 6) 0 999 
4,4'-DPy(TPB) 2 29(4) 150(18) 7(1 ) 0 996 
DQT(T4C1PB) 2 32( 1 . 5) 244(13) 0.03(0.006) 0 997 
PQT(T4C1PB) 2 29(0. 1 ) 196(3) 0.2(0. 05) 0 999 
4 , 4 ' - D P y ( T 4 C l P B ) 2 46( 4) 238{17) 11(10) 0, 988 

C o r r e l a t i o n c o e f f i c i e n t 
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6. CONCLUSION 

Good PVC m a t r i x membrane ISEs can be m o d e l l e d on 
crown e t h e r s e n s o r s f o r the h e r b i c i d a l d i q u a t and p a r a ­
q uat d i c a t i o n s and the p h a r m a c e u t i c a l l y i m p o r t a n t 
g u a n i d i n i u m c a t i o n . G e n e r a l l y , t h e r e i s some agreement 
between s t a b i l i t y ( a s s o c i a t i o n ) c o n s t a n t d a t a and 
q u a l i t y o f i o n - s e n s o r , and i t i s emphasized t h a t the 
a s s o c i a t i o n i s s u f f i c i e n t l y s t r o n g (but not too s t r o n g ) 
f o r the s e n s i n g t o o c c u r . The r o l e o f the a n i o n 
e x c l u d e r s t i l l demands f u r t h e r a t t e n t i o n s i n c e , i n t h i s 
c a s e , as i n o t h e r s , the e x c l u d e r i t s e l f i s e l e c t r o . c h e m i -
c a l l y a c t i v e . N e v e r t h e l e s s , t h e r e a r e i n t e r e s t i n g 
t r e n d s between e l e c t r o d e f u n c t i o n and i o n - p a i r e x t r a c ­
t i o n . 
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MECHANISM OF THE REDUCTION OF NKIU-ALCOHOLAMINE COMPLEXES 

ON THE DROPPING MERCURY ELECTRODE 

F. Rey*, J.M. Antelo, F. Arce and J.M. Lopez Fonseca 

Departamento de Química Fisica.Universidad. 
15706 Santiago de Compostela. Spain 

ABSTRACT 

The Polarographie character i s t i c s of the NKI I) ion in presence of the 

four aminoalcohols monoethanolamine, N-methylethanolamine, 

N-ethylethanolamine and N,N-dimethylethanolamine are reported. In 

general, ha l f -wave potent ia ls for the complexes are more pos i t ive 

than for the aquo-ion, and sh i f t towards more negative values as the 

concentration of ligand increases. Transfer coef f i c ient s , <*c , 

electrode reactions rates and act ivat ion energies were determined 

for the reduction of the complexes. Differences between the 

reduction mechanism of the various NKI I)- aminoalcohol complexes 

are pointed out. 

INTRODUCTION 

The unusual e lectrochemical behaviour exhibited at the dropping 

mercury electrode by complexes of NKI I) w i t h nitrogen bearing 

ligands, which has long been known, has recently been the subject of 

a number of a r t i c l e s (1-4). As far as we know, however, there has 

been only one study (5) of the e lectrochemical behaviour of 

NKID-alcoholamine complexes, and only a qual i tat ive descr ipt ion 

was given. The present a r t i c l e reports quantitat ive e lectrochemica l 
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