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SUMMARY 

The large and systematic change in cell potential( A E ) 

resulting from the addition of 0-l%m/m acetic acid to a mixture 
of ethyl or methyl acetates -20%v/v ethanol, or methanol,cont¬
aining 1x10 -13 tetraethylammonium fluoride (TEAP) as background 
electrolyte, using fluoride electrode and calomel reference elec­
trode f i l l e d with lithium chloride .provides a new graphical met­
hod for the rapid determination of acetic acid in ethyl or met­
hyl acetates. Reading obtained by direct potentiometry show good 
reproducibility. The method is characterised by accuracy and sim-
p i l i c i t y of operation and compares favourably with the gas chro­
matographic method. 
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INTRODUCTION 

In c e l l s having i o n - s e l e c t i v e electrodes, many aqueous 
solvent mixtures show a systematic change i n c e l l p o t e n t i a l 
with v a r i a t i o n i n the concentration of organic solvent under 

1 2 

ion. isoconcentration conditions ' . The use of t h i s e f f e c t f o r 
the determination of solvents i n binary solvent-water mixture, 
f i r s t reported i n 1975 1, has been applied to the d i r e c t potent-

p 

iometry of methanol-water mixtures . Ethanol was determined i n 
s p i r i t s by the f l u o r i d e isoconcentration technique(FICT) using 
a f l u o r i d e electrode and a reference electrode^. A study of b i n ­
ary a c e t i c acid-water and a c e t i c acid-methanol mixture under 
FICT, undertaken by Kakabadse and Ake, revealed a h y p e r s e n s i t i ­
v i t y of the f l u o r i d e electrode towards small changes i n the ace­
t i c acid concentration at high methanol concentrations^. They 
proposed the use of the f l u o r i d e electrode f o r monitoring the 
production of vinegar from ethanol by FICT . Recently,Karim r e ­
ported the standard a d d i t i o n method under FICT fo r the determin¬
a t i o n of trace amounts of a c e t i c a c i d i n ethanol . In the present 
work, the a d d i t i o n method based on FICT was applied to the dete­
rmination of trace amounts of a c e t i c a c i d i n ethyl and methyl 
acetates which i s a l o g i c a l impurity i n these solvents due to 

7 
t h e i r hydrolysis . 

EXPERIMENTAL  

Reagents 
The organic solvents were obtained from Fluka and p u r i -

- 7 -

f i e d as described elsewhere . A stock s o l u t i o n of 5xlO~'?M t e t -
raethylammonium f l u o r i d e (TEAF) i n methanol, or ethanol, was 
prepared. 

Apparatus 

Measurements were made on magnetically s t i r r e d s o l u t i o n s 
at 25+0.1°C using a p h i l i p s Pv7 9409 d i g i t a l pH meter with a po­
t e n t i a l range of +1000mV and a d i s c r i m i n a t i o n of +0.1mV.A Hewlett 
Packard 9862A c a l c u l a t o r - p l o t t e r was used and P h i l i p s model 
IS 550-F - f l u o r i d e electrode and Radiometer calomel(K 701) or 
s i l v e r - s i l v e r c hloride K 801 reference electrodes were used. A 
Schott Gerate TR 156 automatic t i t r a t o r was employed f o r the add­
i t i o n of a c e t i c a c i d . For comparison,Pye Unicam model 28852GCD 
chromatograph (column packing porapak Q) was a l s o used f o r the 
determination of a c e t i c a c i d i n e t h y l and methyl acetates using 
nitrogen as a c a r r i e r gas at a flow rate of 50ml.min~^. 

Preparation Of C a l i b r a t i o n Graphs 

The c e l l consisted of a 100ml,three neck,round bottom 
f l a s k f i t t e d with a rubber stopper i n which holes were bored 
f o r the i n s e r t i o n of the electrodes and the t i t r a t o r t i p . The 
c e l l was charged with 50ml of a mixture c o n s i s t i n g of 40ml of 
e t h y l or methyl acetates and 10ml ethanol or methanol,respec­
t i v e l y , containing 5 x l 0 ~ % TEAF^. Known increments(0-0.5ml)of 
a c e t i c a c i d were added using the automatic t i t r a t o r and poten­
t i a l s were measured immediately a f t e r each a d d i t i o n . P o t e n t i a l s 
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were p l o t t e d against percentage of a c e t i c a c i d ( F i g . l ) . For the 
determination of a c e t i c a c i d i n ethyl or methyl acetates, 10ml 
of 5x10 M TEAF i n ethanol or methanol were pipetted i n t o a 50ml 
volumetric f l a s k and the s o l u t i o n was d i l u t e d to the mark with 
40ml of the sample. The p o t e n t i a l of t h i s s o l u t i o n was measured 
a f t e r washing the surface of the electrode with e t h a n o l 6 . The 
percentage of a c e t i c a c i d i n the sample was then obtained d i r e c t l y 
from the c a l i b r a t i o n graphs. 

•140 -230 -320 

Potential / m? 

F i g . l C a l i b r a t i o n graphs showing the v a r i a t i o n i n p o t e n t i a l 
with the a d d i t i o n of 0-l%m/m a c e t i c a c i d to (A) et h y l 
acetate+20%w/v ethanol and (B) methyl acetate*-20v/v 
methanol,mixtures containing lxl0" 3mol.dm~ 3 t e t r a e t h y l 
ammonium f l u o r i d e , P h i l i p s f l u o r i d e electrode and calomel 
( L i C l ) reference electrode were used. 
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RESULTS AND DISCUSSION 

There might be several reasons f o r the large and syste­
matic change i n c e l l p o t e n t i a l with the a d d i t i o n of 0-l%m/m 
ac e t i c a c i d to a mixture of et h y l or methyl acetates and 20%v/v 

_3 
ethanol or methanol,respectively, i n the presence of 1x10 
TEAF as background e l e c t r o l y t e ' ^ ( F i g . l ) . Such reasons might 
include the change i n the a c t i v i t y of the f l u o r i d e ions,the 

9 
formation HFg on the surface f i l m of the electrode and l i q u i d 

2 
junct i o n p o t e n t i a l changes at the reference electrode . 

The f o l l o w i n g requirements must be met i f the solvent e f f e c t on 
the c e l l p o t e n t i a l i s to be us e f u l a n a l y t i c a l l y : a large change 
of p o t e n t i a l ( £>E) f o r a given change i n the a c e t i c a c i d concen­
t r a t i o n ; a systematic and reproducible change i n a p o t e n t i a l , 

3 
which must be stable , and a rap i d electrode response .The r e l e ­
vant experimental parameters i n t h i s work are the nature of solvent, 
nature of background e l e c t r o l y t e and i t s concentration and type 
of reference electrode. 
E f f e c t Of Solvent 

P o t e n t i a l measurements were unstable i n pure e t h y l or 
methyl acetates and i n et h y l or methyl acetates+10%v/v eth-

_3 
anol or methanol m i x t u r e s , a l l being 1x10 -Tiff i n TEAF. This may be 
due to incomplete d i s s o c i a t i o n of t h i s s a l t i n the above solvents 
or to both having low permitivity(6.02 and 6.68, re s p e c t i v e l y ) . 
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H o w e v e r s t a b l e p o t e n t i a l s w e r e o b t a i n e d when e t h y l a n d m e t h y l 

a c e t a t e s w e r e a d d e d 20%v/v e t h a n o l o r m e t h a n o l , b o t h m i x t u r e s 

c o n t a i n i n g 1x10 TEAF. I t c a n be s e e n f r o m T a b l e 1 t h a t £>1 

v a l u e s f o r t h e a d d i t i o n o f o-l%m/m a c e t i c a c i d i n t o e t h y l a c e t a ­

t e +20%v/v e t h a n o l m i x t u r e s w e r e h i g h e r t h a n t h o s e f o r t h e 

m e t h y l a c e t a t e + 2 0 % v / v m e t h a n o l m i x t u r e ; t h o s e v a l u e s d e c r e a s e d 

when t h e p e r c e n t a g e o f e t h a n o l o r m e t h a n o l i n c r e a s e d i n e i t h e r 

o f t h e s o l v e n t s ( e t h y l o r m e t h y l a c e t a t e s , r e s p e c t i v e l y ) . 

E f f e c t Of F l u o r i d e I o n s 

P o t a s s i u m , a m m o n i u m , a n d TEA f l u o r i d e s (1x10""%) i n e t h y l 

a n d m e t h y l a c e t a t e s + 2 0 % v / v e t h a n o l a n d m e t h a n o l m i x t u r e s , 

w e r e e x a m i n e d . P o t e n t i a l s w e r e n o t r e p r o d u c i b l e when p o t a s s i u m 

a n d ammonium f l u o r i d e s , w e r e u s e d , b u t p o t e n t i a l s w e r e v e r y s t a b l e 

when l x l O " 3 M TEAF was u s e d ( T a b l e 1 ) 6 ' 9 . P o t e n t i a l s w e r e more 

r e p r o d u c i b l e a t t h e h i g h e r a c e t i c a c i d c o n c e n t r a t i o n s . T h i s may 

be due t o t h e i o n i s i n g p o w e r o f a c e t i c a c i d i n e t h y l o r m e t h y l 

a c e t a t e s - a l c o h o l m i x t u r e s ' * " 0 . 

E f f e c t Of R e f e r e n c e E l e c t r o d e 

C a l o m e l r e f e r e n c e e l e c t r o d e s w i t h s a t u r a t e d l i t h i u m o r 

p o t a s s i u m c h l o r i d e a s t h e f i l l i n g e l e c t r o l y t e w e r e u s e d i n t h e 

p r e s e n t w o r k . W h i t e c r y s t a l s w e r e f o r m e d i n t h e g r o u n d g l a s s 

j u n c t i o n a n d i n t h e e l e c t r o d e f i l l i n g s o l u t i o n when p o t a s s i u m 

c h l o r i d e was u s e d ; a l s o t h e p o t e n t i a l m e a s u r e m e n t s w e r e l e s s 
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r e p r o d u c i b l e w i t h p o t a s s i u m c h l o r i d e t h a n w i t h l i t h i u m c h l o r i d e 

( T a b l e 1) . 

- A c c u r a c y Of A c e t i c A c i d D e t e r m i n a t i o n 

The r e s u l t s o b t a i n e d f o r s a m p l e s o f a c e t i c a c i d i n e t h y l 

o r m e t h y l a c e t a t e s - m i x e d w i t h 20%v/v e t h a n o l o r m e t h a n o l ( p r e ­

p a r e d b y a c c u r a t e w e i g h i n g ) a r e shown i n t a b l e 2. I n g e n e r a l , 

a c c u r a c y i s s a t i s f a c t o r y a n d comp a r e s f a v o u r a b l y w i t h t h a t a c h ­

i e v e d b y t h e g a s c h r o m a t o g r a p h y .The i n t e r f e r e n c e o f w a t e r i n t h e 

a c e t i c a c i d d e t e r m i n a t i o n (0-2%m/m w a t e r ) was s t u d i e d b y a d d i n g 

0 . 5 o r 1ml o f w a t e r t o 50ml o f e t h y l o r m e t h y l a c e t a t e s + 2 0 % v / v 

e t h a n o l o r m e t h a n o l m i x t u r e s , i n t h e p r e s e n c e 1x10 M TEAF. No 

s i g n i f i c a n t c h a n g e i n c e l l p o t e n t i a l was o b s e r v e d ( i t was l e s s 

t h a n 0.5mV,which i s w i t h i n t h e r a n g e o f r e p r o d u c i b i l i t y f o r p o t e ­

n t i a l m e a s u r e m e n t s ) . 

L i m i t Of D e t e c t i o n Of The M e t h o d ( m g . K g - 1 ) . 

The s e n s i t i v i t y o f t h e f l u o r i d e e l e c t r o d e t o w a r d s c h a ­

n g e s i n t h e a c e t i c a c i d c o n c e n t r a t i o n i n e t h y l o r m e t h y l a c e -

tates+205'jv/v e t h a n o l o r m e t h a n o l m i x t u r e s d e p e n d s o n t h e 

amount o f r e s i d u a l a c e t i c a c i d p r e s e n t i n t h e a b o v e m i x t u r e s 

a n d t y p e o f o r g a n i c s o l v e n t ( T a b l e 3 ) . The l i m i t o f d e t e c t i o n 

o f a c e t i c a c i d i s t h e amount o f a c e t i c a c i d ( m g . K g - 1 ) a d d e d t o 

e t h y l o r m e t h y l a c e t a t e s - 2 0 % v / v e t h a n o l o r m e t h a n o l , r e s p e c t i ­

v e l y , i n t h e p r e s e n c e o f l x l O ~ 3 M T E A F , w h i c h p r o d u c e s a c h a n g e i n 
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Table 1: Change i n c e l l p o t e n t i a l , s t a n d a r d deviation and c o e f f i c i e n t 
of v a r i a t i o n , w i t h addition of 0-l%m/m acetic a c i d to ethyl or 
methyl acetates-ethanol or methanol mixtures,respectively,cont­
aining d i f f e r e n t concentrations of tetraethylammonium f l u o r i d e , 
using P h i l i p s f l u o r i d e electrode and calomel reference electrode. 

Organic solvent Reference 
electrode 

[ F " ] Mean 
AE/mV 

o-ymv* Acetic acid 
%m/m i 

Ethyl Acetate+ Calomel 1x10 -2 100.6 0.67 1.00 1.11 20%v/v ethanol ( L i C l ) 0.89 0.05 
1.11 

Ethyl acetate+ Calomel 1x10' -3 110.5 0.72 1.00 l.Olg 20%v/v ethanol ( L i C l ) 0.86 0.05 
l.Olg 

Ethyl acetate+ Calomel 1x10' -4 108.2 1.20 1.00 2.40 20%v/v ethanol ( L i C l ) 2.30 0.05 
2.40 

Ethyl acetate+ Calomel 1x10" -3 102.2 0.75 1.00 1.10 30%v/v ethanol ( L i C l ) 0.84 0.05 
1.10 

Ethyl acetate+ Calomel 1x10" -3 lo6.2 0.97 1.00 1.45 20%v/v ethanol (KC1) 1.20 0.05 
1.45 

Methyl acetate+ Calomel 1x10" 3 95.2 0.75 1.00 1.21 20%v/v methanol ( L i C l ) 0.88 0.05 
1.21 

Methyl acetate+ Calomel 1x10" 3 97.1 0.68 1.00 1.35 30%v/v methanol ( L i C l ) 0.82 0.05 
1.35 

Methyl acetate+ Calomel 1x10" 3 90.6 0.85 1.00 1.42 20%v/v methanol (KC1) 0.97 0.05 
1.42 

= Standard deviation f o r seven measurements of p o t e n t i a l . 
£ = 100V^| + o|/A E 

<y~l and are the standard deviation (square root of sum square 
deviation divided by number of measurements minus one)for seven(n=7) 

measurements of p o t e n t i a l i n s o l u t i o n containing 1% and 0.05%m/m ac e t i c 
a c i d ; r e s p e c t i v e l y . 
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Table 2: Accuracy expressed by the r e l a t i v e error of the determination 
of a c e t i c acid by d i r e c t potentiometry through the addi t i o n of 
0-l%m/m a c e t i c acid to ethyl or methyl acetates-207«v/v i n 

_3 
ethanol or methanol mixtures,in the presence of 1x10 M T Ea F . 

P h i l i p s f l u o r i d e electrode and calomel ( L i C l ) reference elec­
trode were used. 

Solvent Acetic acid,m/m Relative e r r o r % 
Prepared by Pound by standard Standard Gas 
accurate standard deviation a d d i t i o n chr orna t ography 
weighing add i t i o n f o r 7 technique 

determin­
a t i o n . 

E t h y l 0.90 0.92 0.05 +2.22 +1.20 
acetate 0.64 0.66 0.06 +3.12 +2.83 

0.24 0.23 0.03 -4.17 -3.21 
0.10 0.10 0.02 0.00 +1.32 

Methyl 0.93 0.94 0.04 +1.07 +1.80 
acetate 0.57 0.56 0.04 -1.75 -2.31 

0.20 0.21 0.03 +5.00 +5.10 
0.08 0.08 0.02 0.00 +3.20 

* Relative error i s defined as the percentage of the accepted value 
D „ x i ~ x t X 100 

x.= observed value & x.= accepted value 
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Table 3: L i m i t of d e t e c t i o n of a c e t i c a c i d i n e t h y l o r methyl a c e t a t e s 

+20%v/v i n e t h a n o l o r methanol m i x t u r e s , c o n t a i n i n g l x l O ~ ^ M 

- tetraethylammonium f l u o r i d e , u s i n g P h i l i p s f l u o r i d e e l e c t r o d e 

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

r i d e as the f i l l i n g s o l u t i o n . 

S o l v e n t A c e t i c a c i d S e n s i t i v i t y 
p r e s e n t mg.Kg~1.2mV' 

E t h y l a c e t a t e 0.0 30 

0.5 64 
1.0 90 

M e t h y l a c e t a t e 0.0 38 

0.5 70 

1.0 95 
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the c e l l p o t e n t i a l of 2mV,corresponding to twice the value of 
the standard deviation . 

Conclusion 

The proposed method can be used f o r the determination 
of a c e t i c a c i d i n ethyl or methyl acetates. I t i s simple and 
has adequate accuracy and p r e c i s i o n . Work i s i n progress f o r 
achieving continuous monitoring of a c e t i c a c i d i n et h y l or methyl 
acetates . 
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THE ELECTRODE/ELECTROLYTE IHTERFACE IIT BOIT— AQUEOUS 
SOLVENTS: GLASSY CARBOHV TETRABUTYLAMMDHT UM ELECTROLYTE 

Iff ff,ff-DIMETHYLFORXAMIDE 
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ABSTRACT 

The i n t e r f a c i a l r e g i o n between a g l a s s y c a r b o n e l e c t r o d e and 
tetrabutylammonium e l e c t r o l y t e s ( h a l i d e , p e r c h l o r a t e and t e t r a f l u o r o -
b o r a t e ) i n N,N-dimethylformamide has been s t u d i e d u s i n g impedance 
t e c h n i q u e s a t v a r y i n g e l e c t r o l y t e c o n c e n t r a t i o n (0.01M -í 0.20M) i n the 
p o t e n t i a l range 0.0 -> -2.0V vs. SCE. The s p e c t r a c an be d i v i d e d i n t o a 
c o n c e n t r a t i o n independent low freq u e n c y p a r t «100Hz) w h i c h i s the same 
f o r a l l these e l e c t r o l y t e s and a h i g h f r e q u e n c y p a r t depending on 
e l e c t r o l y t e and i t s c o n c e n t r a t i o n but not dc p o t e n t i a l . Comparison i s 
made w i t h s p e c t r a o b t a i n e d i n aqueous s o l u t i o n . The r e s u l t s a r e 
d i s c u s s e d i n terms of the p h y s i c a l p r o p e r t i e s o f t h e s o l v e n t , e l e c t r o l y t e , 
g l a s s y c a r b o n , and the s t r u c t u r e o f the i n t e r f a c i a l r e g i o n . The low 
frequ e n c y f e a t u r e i s a s c r i b e d t o e l e c t r o l y t e / e l e c t r o d e i n t e r a c t i o n s and 
e l e c t r o d e p o r o s i t y , and the h i g h frequency f e a t u r e t o p r o c e s s e s i n v o l v i n g 
the e l e c t r o l y t e a n i o n . 

KEYVORDS: g l a s s y c a r b o n e l e c t r o d e , e l e c t r o d e / e l e c t r o l y t e i n t e r f a c e , DMF, 

impedance, tetrabutylammonium s a l t s . 

IITRODÜCTIOI 

Many e l e c t r o d e r e a c t i o n s i n non-aqueous media a r e c a r r i e d out u s i n g 
alkylammonium s a l t s as s u p p o r t i n g e l e c t r o l y t e s [11. The l a r g e n e g a t i v e 
p o t e n t i a l range on mercury e l e c t r o d e s can be i n c r e a s e d i n the p o s i t i v e 
d i r e c t i o n by t he use o f s o l i d e l e c t r o d e s s u c h as g l a s s y carbon. As i n 
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