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SUMMARY

The large and systematic change in cell potential(E)
resulting from the addition of 0-1%m/m acetic acid to a mixture
of ethyl or methyl acetates -20%v/v ethanol, or methanol,cont-
aining lxlO"BM tetraethylammonium‘fluoride (TEAF) as background
electrolyte, using fluoride electrode and calomel reference elec-
trode filled with lithium chlorfde ,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 charactefised by accuracy and sim-
pilicity of operation and compares favourably with the gas chro-

matographic method.
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INTRODUCTION

In cells having ion-selective electrodes, many aqueous
solvent mixtures show a systematic change in cell potential
with variation in the concentration of organic solvent under
ion, isoconcentration éonditionsl’z. The use of this effect for
the determination of solvents in binary solvent-water mixture,
first reported in 19751, has been applied to the direct potent-
iometry of methanol-water mixturesz. Hthanol was determined in
spirits by the fluoride isoconcentration technique(FICT) using
a fluoride electrode and a reference electrodeB. A study of bin-
ary acetic acid-water and acetic acid-methanol mixture under
PICT, undertaken by Kakabadse and Ake, revealed a hypersensiti-
vity of the fluoride electrode towards small changes in the ace-
tic acid concentration at high methanol concentrations4. They
proposed the use of the fluoride electrode for monitoring the
production of vinegar from ethanol by FICT5. Recently,Karim re-
ported the standard addition method under FICT for the determin-
6

ation of trace amounts of acetic acid in ethanol®, In the present
work, the addition method based on FICT was applied to the dete-
rmination of trace amounts of acetic acid in ethyl and methyl
acetates which is a logical impurity in these solvents due to

their hydrolysis7.

BEXPERIMENTAL

Reagents

The organic solvents were obtained from Fluka and puri-

fied as described elsewheres. A stock solution of 5x10_3M tet-
raethylammonium fluoride (TEAF) in methanol, or ethanol, wes

prepared.

Apparatus

Measurements were made on magnetically stirred solutions
at 25i0.l°C using a philips P¥ 9409 digital PH meter with a po-
tential range of +1000mV and a discrimination of +0.1mV.A Hewlett
Packard 9862A calculator-plotter was used and Philips model
1S 550-F fluoride electrode and Radiometer calomel(K 701) or
silver-silver chloride K 801 reference electrodes were used. A
Schott Gerate TR 156 automatic titrator was employed for the add-
ition of acetic acid. For comparison,Pye Unicam model 28852GCD
chromatograph (column packing porapak Q) was also used for the
determination of acetic acid in ethyl and methyl acetates using

nitrogen as a carrier gas at a flow rate of 50m1.min71.

Preparation Of Calibration Graphs

The cell consisted of a 100ml,three neck,round bottom
flagk fitted with a rubber stopper in which holes were bored
for the insertion of the electrodes and the titrator tip. The
cell was charged with 50ml of a mixture consisting of 40ml of
ethyl or methyl acetates and 10ml ethanol or methanol,respec-
tively,containing 5x10—3M TEAFg. Known increments(0-0,5ml)of
acetic acid were added using the automatic titrator and poten-

tials were measured immediately after each addition.Potentials
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were plotted against percentage of acetic acid (Fig.l). For the RESULTS AND DISCUSSION
determination of acetic acid in ethyl or methyl acetates, 10ml
of 5x107°M TEAF in ethanol or methanol were pipetted into a 50ml There might be several reasons for the large and syste-
volumetric flask and the solution was diluted to the mark with matic change in cell potential with the addition of 0-1%m/m
40ml of the sample. The potential of this solution was measured acetic acid to a mixture of ethyl or methyl acetates and 20%v/v
after washing the surface of the electrode with ethanole. The ethanol or methanol,respectively, in the presence of 1x10"3M
percentage of acetic acid in the sample was then obtained directly TEAF as background electrolyte6’9(Fig.l). Such reasons might
from the calibration graphs, include the change in the activity of the fluoride ioms,the
formation HF; on the surface film of.the electrode9 and liquid
% junction potential changes at the reference electrodez.
1 1 » .
a 1 The following requirements must be met if the solvent effect on
; ‘ the cell potential is to be useful analytically: a large change
{; % % of potential(DE) for a given change in the acetic acid concen-
ﬁd% L ‘ A ; tration; a systematic and reproducible change in a potential,
:§O i k which must be stable , and a rapid electrode responseB.The rele-
ﬁ \\ \\ . ‘vant experimental parameters in this work are the nature of solvent,
§ K\\ ‘\\ nature of background electrolyte and its concentration and type
§ \\n \\\‘ of reference electrode.
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Potential / my Lffect Of Solvent
Fig.l Calibration graphs showing the variation in potential Potential measurements were unstable in pure ethyl or
g i i . K
:i:ta::i2ggijil::h:ios :ﬁ:/?B?c;:i;in::e::téﬁ;ojjiyl methyl acetates and in ethyl or methyl acetates+l0%v/v eth-
methanol,mixtures containing 1x10_3mol.dm_3 tetraethyl anol or methanol mixtures,all being lxlO-BM in TEAF. This may be
ammonium fluoride,Philips fluoride electrode and calomel due to incomplete dissociation of this salt in the above solvents
(LiCl) reference electrode were used.

or to both having low permitivity(6.02 and 6.68, respectively)s.
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However stable potentials were obtained when ethyl and methyl
acetates were added 20%v/v ethanol or methanol,both mixtures
containing lxlO_BM TEAF. It can be seen from Table 1 that O3
values for the addition of o-1%m/m acetic acid into ethyl aceta-
te +20%v/v ethanol mixtures were higher than those for the
methyl acetate+20%v/v methanol mixture; those values decreased

when the percentage of ethanol or methanol increased in either

of the solvents(ethyl or methyl acetates,respectively) .

Effect Of Fluoride Ions

Potagsium,ammonium,and TEA fluorides(lxlO_BM) in ‘ethyl
and methyl acetates+20%v/v ethanol and methanol mixtures,
were examined. Potentials were not reproducible when potassium
and ammonium fluorides were used, but potentials were very stable
when 1x107°M TEAP was used (Table 1)6’9.Potentials were more
reproducible at the higher acetic acid concentrations. This may
be due to the ionising power of acetic acid in ethyl or methyl

acetates-alcohol mixtureslo 8

Effect Of Reference Electrode

Calomel reference electrodes with saturated lithium or
potassium chloride as the filling electrolyte were used in the
present work, White crystals were formed in the ground glass
junction and in the electrode filling solution when potassium

chloride was used;also the potential measurements were less

1
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reproducible with potassium chloride than with lithium chloride

(Table 1) .

isccuracy Of Acetic Acid Determination

The results obtained for samples of acetic acid in ethyl
or methyl acétates-mixed with 20%v/v ethanol or methanol(pre-
pared by accurate weighing)are shown in table 2. In general,
accuracy is satisfactory and comp ares favourably with that ach-
ieved by the gas chromatography .The-interference of water in the
acetic acid determination (0-2%m/m water) was studied by adding

0.5 or lml of water to 50ml of ethyl or methyl acetates+20%v/v
ethanol or methanol mixtures,in the presence lxlO—BM TEAF. No
significant change in cell potential was observed (it was less
than 0.5mV,which is within the range of reproducibility for pote-

ntial measurements) .

Limit Of Detection Of The Method(mg.Kg 1).

The sensitivity of the fluoride electrode towards cha-
nges in the acetic acid concentration in ethyl or methyl ace-
tates+20%v/v ethanol or methanol mixtures depends on the
amount of residual acetic acid present in the above mixtures
and type of organic solvent (Table 3). The limit of detection
of acetic acid is the amount of acetic acid(mg.Kg'l) added to

ethyl or methyl acetates-20%v/v ethanol or methanol,respecti-

vely,in the presence of lxlO_BM TEAF,which produces a change in



Table 1: Change in cell potential, AE,standard deviation and coefficient

of variation,with addition of 0-1%m/m acetic acid to ethyl or

methyl acetates-ethanol or methanol mixtures,respectively,cont-

aining different concentrations of tetraethylammonium fluoride,

using Philips fluoride electrode and calomel reference electrode.

Organic solvent Reference

(]

Mean Gﬁ/mV*

Acetic acid

§
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*
Table 2: Accuracy expressed by the relative error of the determination

of acetic acid by direct potentiometry through the addition of
0-1%m/m acetic acid to ethyl or methyl acetates-20%v/v in
ethanol or methanol mixtures,in the presence of 1x10—3M TEAF.

Philips fluoride electrode and calomel (LiCl) reference elec-

trode were used.

electrode AE/mV %m/m
Ethyl Acetate+ Calomel 1x10™°  100.6 0.67 1.00
20%v/v ethanol (Lic1) 0.89 0.05 et
Ethyl acetate+ Calomel 1x1072  110.5 0.72 1.00
20%v/v ethanol (1ic1) 0.86 0.05 1015
Ethyl acetate+ Calomel 1x107%  108.2 1.20 1.00
20%v/v ethanol (Lic1) 2.30 0.05 2-40
Ethyl acetate+ Calomel 1x10™>  102.2 0.75 1.00
30%v/v ethanol (Lic1) 0.84 0.05 o
Ethyl acetate+ Calomel 1x1072  106.2 0.97 1.00
20%v/v ethanol (kC1) 1.20 0,05 1e4o
Methyl acetate+ Calomel 1x107 95,2  0.75 1.00
20%v/v methanol (1Lic1) 0.88 0.05 L2t
Methyl acetate+  Calomel 1x10™3 97.1  0.68 1.00
30%v/v methanol  (LiCl) 0.82 0.05 s
Methyl acetate+  Calomel 1x10~3 90.6  0.85 1.00
20%v/v methanol  (KC1) 0.97 0.05 142
G~ = Standard deviation for seven measurements of potential.
$ = 100V6% + o5/5E
x1 and &, are the standard deviation (square root of sum square

deviation divided by number of measurements minus one)for seven(n=7)

measurements of potential in solution containing 1% and 0.05%m/m acetic

acid, respectively .

Acetic acid,m/m Relative error%

Solvent
Prepared by Found by standard Standard Gas
accurate standard deviation addition chromatography
weighing addition for 7 technique
determin-
ation.
Ethyl 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 is defined as the percentage of the accepted value
*i*¢ x 100
Xt

x;= observed value & Xy = accepted value

R.B. =
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fable:3¢ Giuit of detestiom of asstic aeld iu ethyl or methyl acetatss the cell potential of 2mV,corresponding to twice the value of
+20%v/v in ethanol or methanol mixt ind -3 o
- NSRS BESEIRE S T the standard dev1at10n6.

- tetraethylammonium fluoride,using Philips fluoride electrode
and calomel reference electrode with saturated lithium chlo-

ride as the filling solution. Conclusion

The proposed method can be used for the determination

of acetic acid in ethyl or methyl acetates. It is simple and

Solvent Acetic acid i Sensitivity
present mg,Kg‘l,zmv‘l has adequate accuracy and precision, Work is in progress for
achieving continuous monitoring of acetic acid in ethyl or methyl
Ethyl acetate 0.0 30 acetates
0.5 64
1.0 90
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ABSTRACT

The interfacial region between a glassy carbon electrode and
tetrabutylammonium electrolytes (halide, perchlorate and tetrafluoro-
borate) in N,N-dimethylformamide has been studied using impedance
techniques at varying electrolyte concentration (0.0l - 0.20M) in the
potential range 0.0 » -2.0V vs. SCE. The spectra can be divided into a
concentration independent low frequency part ({100Hz) which is the same
for all these electrolytes and a high frequency part depending on
electrolyte and its concentration but not dc potential. Comparison is
made with spectra obtained in aqueous solution. The results are
discussed in terms of the physical properties of the solvent, electrolyte,
glassy carbon, and the structure of the interfacial region. The low
frequency feature is ascribed to electrolyte/electrode interactions and
electrode porosity, and the high frequency feature to processes involving

the electrolyte anion.

KEYVORDS: glassy carbon electrode, electrode/electrolyte interface, DNF,

impedance, tetrabutylammonium salts.
INTRODUCT ION

Many electrode reactions in non-aqueous media are carried out using
alkylammonium salts as supporting electrolytes [1]. The large negative

potential range on mercury electrodes can be increased in the positive

direction by the use of solid electrodes such as glassy carbon. As in
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