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ABSTRACT

Six different ways for preparing a standard titration solution of sulphuric acid and as many again
for a standard solution of sodium hydroxide are proposed. Forced by the dectric field applied the
differently charged ions are directed toward the opposite charged electrodes. lons are moved through
ion-exchange membranes from one compartment to another and in some electrodialyzer compartment
a standard solution is created. The standard solutions are also achieved using the electrochemical
reactions on the el ectrodes by which hydrogen and hydroxide ions are obtained.
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INTRODUCTION

Electrodialysis is an electro-membrane process
in which ions are transported through ion
permeable membranes from one solution to
another under the influence of a potentid
gradient. Electrodidysis is normally used for
desalination and concentration of salt solutions

1. Electrodiaysis passage of reagents through
ion exchange membranes is recently used for
titrations to move automaticaly the titrant
towards the solution to be titrated. 2. In the
present work electrodialysis is applied to be
obtained sandard solutions for acid-base
titrations.

Acid-base titrimetric anaysis is the most
commonly used method of titration. Standard
solutions of hydrochloric acid and sodium
hydroxide are often used for these titrations.
Preparation of both standard solutions is tedious
and time-consuming work. Solutions of both
reagents with afair approach to accuracy are first
prepared. The exact concentration of the each
reagent is then determined by an acid-based
titration. For this purpose solutions of a base
(sodium tetraborate or sodium carbonate) and an
acid (oxaic acid) with a precise concentration
are directly prepared by exact weighing of the
solid reagents. The following operations are
included in a procedure for a standard solution
preparation:

precise weighing of the solid reagent

transferring the reagent from a glass
weighing bottle to a volumetric flask

dissolving the reagent in some water and
precise diluting the solution to agiven volume

pipetting a sample from the solution

titrating this sample with the solution to be
determined

All these operations with an exception of the

final one are performed manually. Electrodiaysis
gives an opportunity for instrumenta
arrangements of these standard solutions and
automation as well.

THEORY

Solutions of sulphuric acid and sodium
hydroxide are prepared through eectrodialysis
performed with appropriate appliances under
experimentally found conditions. In different
compartments of the electrodialyzer (Fig.1) are
placed solutions (see Table 1), that consist of
ions belonging to the reagents under preparation,
such as H" , SO, , Na” and OH™ . The
compartments are separated with membranes
permitting selective passage of either anions or
cations. When electrodes are connected to the
source of direct current the electric current is
carried through the solution by the ions. lons
tended to migrate to the eectrode with the
opposite charge passing through membranes
from one compartment to another. When a
suitable composition of the solutions and the
kind of membranes are chosen, and also ion



movement  directions are taken into
consideration, it is become possible in a given
electrodialyzer compartment to be collected
sulphuric acid or sodium hydroxide. This way of
solution preparation in the work is called Method
1.By the time of eectrodialysis hydrogen and
hydroxyl ions are collected in the solutions
surrounding positive charged electrode (anode)
and negative charged electrode (cathode)
respectively according to the electrochemica
reactions asfollow:

2Hzo —4e= 4H+ + Og (1)
2H,0 + 2e=20H +H, (2
If right solutions and membranes are employed,
Na" and SO, can be transferred to the electrode
compartments and solutions of sulphuric acid
and sodium hydroxide to be formed. This
approach is named Method 2. Method 2 gives an
opportunity to create both solutions of sulphuric
acid and sodium hydroxide at the same time. The
ion transfer is realized by the current. Hence the
current (current charges) itself can be a measure
for the quantity of ions transferred i.e. for the
standard solution concentration.

EXPERIMENTAL
Solutions

Anadytica-reagent grade chemicals and
digtilled water were used for the preparation of
the solutions. The concentration of sulphuric acid
and sodium hydroxide solutions prepared by
means of electrodidysis were checked by
titrating a standard solution of sodium tetraborate
decahydrate and a standard solution of oxalic
acid dihydrate respectively. The both standard
solutions were prepared directly by weighing the
solid reagents.

Membranes

Use was made of cation exchange membrane
MK 40 (Russia) and anion exchange membrane
MA 40 (Russid). The ion exchange membranes
were soaked for 24h in the solutions that passed
through the membranes by the time of
performing the electrodiaysis.

Apparatus

The eectrodialysis preparation of standard
solutions is performed with a laboratory-build
system shown in Figl. It includes an
electrodialyzer equipped with a current
generating unit. The electrodiadyzer consists of
three compartments. two electrode cells and a
glass vessel separated by two ion exchange

membranes. The electrode cells are made of
glass. Their lower ends are sealed by epoxy glue
to the pieces of tubings taken from the screw-
capped polyethylene bottles. The ion exchange
membranes are stuck to the edge of the
polyethylene tubings by the caps in which holes
are drilled to expose a membrane area of about
12.6 cm® An electromagnetic stirrer is applied
for stirring the solution in the glass vessel. The
current generating unit consists of a voltage
transformer, a current rectifier, two decade
resistors (of 1-9 and 0.1-0.9 k  respectively) in
series, milliammeter, voltmeter and two gauze
platinum el ectrodes placed in the electrode cells.
By making an appropriate voltage change to the
transformer or a change to the resistance of the
resistor, the voltage applied to the electrodes is
selected and then checked by the voltmeter. For
some examples of standard solution preparations
(see Table 1) an electrodidyzer is used as
described above in which one of the two
electrode cells together with the membrane
attached are removed.
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Fig 1. Schematic diagram of the set up for
electrodialysis preparation of standard titration
solutions

Electrodialysis procedure

Electrodidysis system is constituted as
follows, membranes, solutions and €lectrode
polarity are selected in accordance with the data
shown in Table 1 and necessary voltage is
adjusted. The volume of solutions in the
electrode cellsis 50 cm® and in the glass vessel is
100 cm®. The volume of a solution (medium) in
which a standard solution is collected has to be
measured accurately (for example by pipetting).
The glass vessd then is lifted to such an extent



that the glass vessd solution to cover membranes
in order to switch on the electrodiaysis process.
The current is measured by the time of
performing the electrodialysis process. Current
charges are then found as the current-time graph
isintegrated by weighing the graph paper or by a
computer program. The concentration of the
solution to be electrodiaysis prepared, C,
(moleg/dm®) is computed according to Faraday’s
law:

C,=Q/FV 3
where Q isthe current charges ( C), F=96 486.4

( Clequiv ) is the Faraday constant, and V is the
volume ((dm?).

RESULTSAND DISCUSSION

Hydrochloric acid is the most frequently used
titrant for acidimetric analysis. In the present
work sulphuric acid is prepared instead. The
reason is that chloride ions take part in an
electrochemical reaction a the anode where
hydrogen ions are occurring according to Eq.1.

Table 1. Necessary datafor electrodiaysis preparation of standard solutions

Exa  Solution Concen- Method Electrode polarity ~ Supporting solution Kind of
m- to be tration membrane
ple prepared (moleg/ Electrode Electrode Cell1 Cell 2 Glass Membran
No dm®) 1 2 Vessel e
1 2
1 H,SO, 0.0050 Methodl Anode Cathode 0.25M 0.25M *H,0 MK  MA
H,SO, H,SO, -40 -40
2 H,SO, 0.012 Methodl  Anode Cathode 0.25M 0.25M *0.25M MK MA
H,SO, H,SO, NaSO, -40 -40
2%* H,SO, 0.086 Methodl Anode Cathode 0.25M 0.25M *0.256M MK MA
HZSO4 HzSOA, Nazs()4 '40 '40
3 NaOH 0.021 Methodl Anode Cathode 0.5M 0.5M *H,0 MK  MA
NaOH NaOH -40 -40
4 NaOH 0.013 Methodl Anode Cathode 0.5M 0.5M *0.256M MK MA
NaOH NaOH Na,SO, -40 -40
4 NaOH 0.079 Methodl  Anode Cathode 0.5M 0.5M *0.25M MK MA
NaOH NaOH Na,SO, -40 -40
5 H,SO, 0.013 Method2 Cathode Anode 0.25M *H,0 MA -
H,SO, -40
6 H,SO, 0.016 Method2 Cathode Anode Buffer *0.25M MA -
pH=7 Na,SO, -40
7 NaOH 0.0042 Method2 Anode Cathode Buffer *H,0 MK ---
pH=7 -40
8 NaOH 0.019 Method2 Anode Cathode Buffer *0.25M MK -
pH=7 Na,SO, -40
9 H,SO,+ 0.069 Method2 Anode Cathode *H,0 *H,0 0.25M MA MK
NaOH Na,SO, -40 -40
10 H,SO,+ 0.011 Method2 Anode Cathode 0.25M 0.25M 0.25M MA MK
NaOH NaSO, NaSO, NaSO, -40 -40
10**  H,SO4+ 0.10 Method 2 Anode Cathode 0.25M 0.25M 0.25M MA MK
NaOH NaSO, NaSO, NaSO, -40 -40

*The solution (medium) where the standard solution is collected.

**The same method and reagent but for another concentration.

This is an essential interference for some
methods of acid preparation noted down in Table
1 as Examples 6, 10 and 10". This is avoided
using a solution of sodium sulphate instead of

sodium chloride. There are not interferences for
the rest examples of acid or base preparations
nevertheless sodium sulphate is aso used for
those exampl es.



Hydroxide ions formed in cathode cell interfere
the sulphuric acid preparation as well as
hydrogen ions collected in anode cell interfere
sodium hydroxide obtained. Those interferences
are eliminated using a membrane impermeable
for interfering ions. Another approach for this
problem is to fill up the electrode cell with a
solution that neutraizes the interfering ions.
Solutions of 0.25 M H,SO, and 0.5 M NaOH are
implemented in the work. Buffer solution (pH=7)
isaso use for the same purpose.

The standard solutions of sulphuric acid and
sodium hydroxide are collected in a medium of
water or in asolution of sodium sulphate as well.
It isuseful the standard solution of the acid or the
base to be prepared by eectrodialyss in water.
Pure solution of the reagent is obtained in this
way. However the current in the beginning of the
electrodialysis process is limited by the low
conductivity of the water. Electrodidysis lasts
for a longer time (see Fig.2 and Fig.3).In these
instance concentrations as high as 0.01
moleg/dm® can be achieved for an acceptable
time. Concentrations more than 0.01 moleg/dm?
would be prepared if the solution volume is less
and the membrane areais bigger. In a solution of
sodium sulphate the current is higher and the
time is shorter. In this case the standard solution
contains an indifferent salt but it does not
influence the standard solution properties. In this
case the standard solution contains an indifferent
sat but it does not influence the standard
solution properties.

Fig.2. Typica current-time curves for
different examples of sulphuric acid preparation.
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Digits on the graph mark the example numbers
asthey aregivenin Tables 1 and 2.

Fig.3. Typica current-time curves for
different examples of sodium hydroxide
preparation. Digits on the graph mark the
example numbers as they are given in Tables 1
and 2.

Method 1 is carried out with equipment which
consists of two ion selective membranes. The
overal resistance in current circuit is bigger than
that for some examples of Method 2 where one
membrane is used. (see curves 1 and 5 on Fig.2
and curves 3 and 7 on Fig.3). Hence for Method
1 the current is lower and the time is longer than
the current and the time for those examples of
Method 2. For some examples of Method 2 with
numbers 6, 8, 10 and 10~ is quite easier to
determine current charges (by multiplying the
current value which is constant with the time of
the electrodialyss). For al the rest examples the
current charges have to be determined by
integration.

For examples numbered: 6, 8, 10 and 10™ the
concentration of the reagent to be prepared by
electrodialysis is calculated by Eq.3. For al the
other examples it was experimentally found that
when electrodialysis is carried out for a short
period of time, the concentration C, determined
by titrating is bigger than the concentration C,
that is calculated from EQ.3. It is the opposite for
a long period of time, when C,<C,. Therefore
proper conditions should exist for which C;=C,.
Two ways to find those conditions are suggested
in the work: by finding a proper time for



electrodialysis when the voltage applied has a
constant value, and determining a proper voltage
value when the time is constant. Fig.4 and Fig.5
show the proportion value p=C,/C, as a function
of both: time for electrodiaysis and the voltage
applied between electrodes. For the vaue of p=1
it follows that C.=C,; and the concentration of
the standard solution can be determined by Eq.3.
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Fig4. Search for proper experimenta
conditions through leading electrodialysis

process at constant voltage applied and atering
the time. Example 1. Voltage applied 60 V.
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Fig.5. Search for proper experimenta
conditions through leading eectrodialysis

process at constant time and atering voltage
applied. Example 7. Duration of eectrodialysis
40 min.

It can be seen from Table 2 that satisfactory
results concerning accuracy and precision are
achieved for all examples under investigation.
For a practical point of view the different
methods can be put in order: Method 2 in
presence of sodium sulphate, followed by
Method 2 in medium of water, Method 1 in
presence of sodium sulphate, and the lagt is
Method 1 in medium of water.

Table 2. Resultsfor electrodialysis preparation of standard solutions of sulphuric acid
and sodium hydroxide

Example Standard solution Concentration to be Recovery
No prepared (moleq dm®)  r #tS/ On( %)
1 H,SO, 0.0050 100.4 0.6
2 H,SO, 0.012 100.2 04
2> H,SO, 0.086 100.2 04
3 NaOH 0.021 100.2 0.6
4 NaOH 0.013 100.3 04
4+ NaOH 0.079 1000 0.2
5 H,SO, 0.013 1004 0.7
6 H,SO, 0.016 100.0 04
7 NaOH 0.0042 100.1 0.2
8 NaOH 0.019 100.2 05
%a H,SO, 0.069 100.3 0.7
% NaOH 0.069 100.0 04
10a H,SO, 0.011 996 0.2
10b NaOH 0.011 999 0.2
10a** H,SO, 0.10 100.2 0.8
10b** NaOH 0.10 100.3 0.7

Number of determination n, 5; t, Students t-value a 95% probability; S, standard deviation.
" The same method and reagent but for another concentration.
aisfor H,SO, and b is for NaOH when H,SO, and NaOH are prepared at the same time.

11



CONCLUSION REFERENCES

In conclusion, the methods offered in the 1. Wilson JR., Demineralization by Electro-
work are readily applied and quite simple dialysis, Butterworths Scientific Publications,
installations are needed. Two parameters are set London, 1960.

(voltage applied and duration of electrodialysis 2. Dakashev A.D. and Dimitrova V. T., Talanta,
process) and one is measured (current or current 58 (2002) 247.

charges). Commercial current integrators are

available therefore the process seems to be easy 25.09. 2006 .
for automation.

12



