An Improved Method for the Measurement of
Donnan Potentials in Textile
Polymer—-Aqueous Electrolyte Solution

Systems

S R Sivaraja lyer and R G Dhavale

Department of Chemical Technology
University of Bombay

Matunga

Bombay 400 019

India

Animproved methad for measuring Donnan potentials in
textile polymer—aqueous electrolyte solution systems has
been developed. Contrary to previous methads, the
measured potentials remain constant over a period of
hours and can be applied to textile polymers both in film
form and as fibre bundles. The method can also be used
as a new technique for studying adsorption and
desorption kinetics for ionic dye-textile polymer systems.

INTRODUCTION

Donnan potentials play a very important role in the adsorp-
tion of ionic dyes on ionic fibres in the presence of aqueous
electrolytes [1-5]. The direct measurement of Donnan
potentials in textile polymers has been carried out mainly
on cellulose films in the form of cellophane by the use of
Neale and Saha's three-beaker system {6]. In this method
the celiophane strip during the measurement is exposed in
asuitable atmosphere and the resulting rapid drying out of
the strip causes considerable fluctuations and non-steady
potentials within a few minutes. However, this method is
not suitable for fibres since a wicking action causes prob-
lems during the measurement of the Donnan potentials. In
woo! fibre—aqueous dye soiution systems the Donnan dis-
tribution of the various ionic species has only been studied
guantitatively by measuring equilibrium ionic concentra-
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tions in the swollen-fibre network and bulk-solution
phases, and then applying suitable equations for calculat-
ing the Donnan distribution coefficients and Donnan poten-
tials [7). A direct method which can be universally used for
all textile polymers, either in the form of a film or a fibre
bundle, is therefore highly desirable. The work reported in
this paper describes such a method, which also avoids the
difficulties associated with the method of Neale and Saha.
Using the new method, steady Donnan potentials can be
measured over long periods of time both for films and
fibres. In addition, it is possible to monitor changes in
patential as a function of time during dye adsorption or
desarption processes.

EXPERIMENTAL

The experimental set-up used in the present work is similar
to the three-beaker system used by Neale and Saha [6] and
Sivaraja lyer and Jayaram [8]. In this new system the
polymer fibre bundle or film is suspended vertically in a
stoppered 250 mi conical fiask, the lower end of the blank or
dyed polymer film or fibre strip being immersed in about
150 ml of the experimental electrolyte solution. Electrical
connection to the measuring voltmeter is made by a sait
bridge. One end of the bridge dips into an open side-arm in
the flask, while the other end is immersed in a saturated
solution of the electrolyte placed in a 100 -ml beaker also
containing a saturated calomel electrode connected to one
terminal of the voltmeter. The upper end of the film strip/
fibre bundle is suspended by a split neoprene stopper
which closes the mouth of the conical flask. The use of a
suitable thick moist filter-paper pad, saturated with the
electrolyte solution that encloses this end of the polymer
strip/fibre bundle, ensures that a good electrical contact via
one end of a salt bridge can be made to the measuring
voltmeter. The other end of the salt bridge dipsinto another
100 ml beaker containing a saturated solution of the
experimental electrolyte solution and a saturated calomel
electrode connected to the other terminal of the voltmeter,
thus completing the circuit. To increase surface insulation
the beakers and the flask are mounted on paraffin blocks.

Salt bridge

Saturated
calomel electrode

The agar gel used in the salt bridge was prepared in the
same saturated solution of electrolyte as used in the
experimental solution. The voltmeter used for measuring
the potentials was a Leeds and Northrup 9829 linear amp-
lifier (USA), with a suitable attachment for recording varia-
tions in the measured Donnan potential as a function of
time. All experimental details of the preparation of film
strips, electrolyte solutions, etc. are identical to those
reported previously for the three-beaker system [6,8]. Cel-
lophane was used for the preparation of blank and dyed
film strips. Procion Brilliant Red M-5B (Atic, C.l. Reactive
Red 2) was used for dyeing cellophane to a known concen-
tration of ionised bound dye. For comparative purposes,
measurements of the Donnan potential have been carried
out an the film strips by both the present method and the
three-beaker system. The present method was used to give
some preliminary measurements of potentials for cotton,
viscose, wool and nylon fibres to establish the feasibility of
the method for fibres. Fibre bundles in the form of wicks of
sufficient length were prepared from combed and paraliel-
ised fibres weighing a few milligrams. Other fibres were
treated prior to measurement of the potential in the same
way as the film strips. Figures 1 and 2 are diagrammatic
representations of the new method and the old three-
beaker system respectively.

RESULTS AND DISCUSSION

The measured potential, £y, includes the two Donnan
potentials s, and ys,, the liquid junction potential, £,, and the
diffusion potential , across the membrane. As discussed
by Neale and Saha [6], and Sivaraja lyer and Jayaram [8]:

Ey =, +EDT, (1)
where i, is the Donnan potential in the dilute electrolyte

solution of concentration C,, ¢, being taken as zero to a
close approximation in the highly concentrated solutionC,.
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Figure 1 — New method for measuring Donnan potentials
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Figure 2 — Three-beaker method for measuring Donnan potentials

£ and Y, were calcuiated as described previously [6,8],
using the relevant transport numbers of the various electro-
lyte cations and anions, and the charge densities of the
negatively charged ionised films. Tables 1 and 2 contain
values of ¢, obtained from the measured E\ values using
both methods. The 1:1 electrolytes used have different
cations and a common anion (Cl7). The two charge
densities in the film corresponding to the data in Tables 1
and 2 are those of blank and dyed cellophane respectively.
Table 3 contains a preliminary set of values of £, for differ-
entfibres at a singie electrolyte concentration of 0.05 mol/I|
KCI. As mentioned eartier, these data are reported mainly to
indicate the applicability of the new method for fibres
where the three-beaker system cannot be used.

An examination of the data for cellophane given in Tables
1 and 2 clearly indicates the equivalence of both methods,
almostidentical values of y, being obtained in all the exper-
iments under the same conditions of electrolyte concentra-
tion and surface charge density. The values of y, can be
seen to be independent of the nature of the efectrolyte
cation for all the electrolytes shown in these tables. Meas-
urements by the new method for some other 1:1 electro-
lytes, namely ethylamine and propylamine hydrochloride,
tetramethyl and tetraethylamine hydrochloride (not shown
here) also support the above conclusion. However,

although almost identical values of y, are obtained in all
cases, there is a very important difference between the
measurements of potential using the present method and
the three-beaker system. This is clearly brought out by the
representative recorder traces shown in Figure 3. The pres-
ent method gives very steady constant values of the meas-
ured potential over long periods of time, well over 1 h.
Although Figure 3 shows a trace for 15 min only for the
present method, the full trace indicates a constant potential
in all cases for 3 h or more. The corresponding recorder
trace using the three-beaker system indicates fluctuations
in £y, values and rapid changes in the measured potential
even within a few minutes. The values of £, reported in
Table 3 for different fibres are aiso found to remain con-
stant over long periods of time.

Since the new method gives measured potentials that
remain steady over a long period of time, it can also be
applied to studies on the kinetics of hydrolysis of cellulose
films or fibres dyed with reactive dyes. It can also be used to
study sorption or desorption processes in ionic dye—fibre
systems in known aqueous electrolyte solutions and/or at a
given pH of the external solution. The variations in potential
as a function of time can be obtained using a recorder or by
graphical plotting. As the measured potential varies with
time it can, after being converted to W, values, be correlated

TABLE 1
Measured Donnan Potentials {mV) for Blank Cellophane (Charge Density =0.018 mol/kg) in Various Electrolyte Solutions
at 26°C
0.02 mol/I 0.05 mol/l 0.01 mol/i
New cell Three-beaker New cell Three-beaker New cell Three-beaker

Electrolyte ¥, W, b, W, v, %, o
Lithium chloride 14.0 13.8 5.6 4.4 3.6 3.4
Sodium chioride 14.5 14.2 6.2 8.0 33 3.2
Potassium chloride 13.6 13.4 5.7 5.5 2.6 2.6
Rubidium chloride 13.5 13.3 6.2 5.9 36 3.6
Caesium chioride 13.2 13.0 5.8 5.6 3.9 3.8
Guanidium hydrochloride 14.1 14.2 6.2 6.2 4.1 4.0
Methylamine hydrochloride 14.9 14.5 6.0 6.1 32 3.2
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TABLE 2

Measured Donnan Potentials {mV) for Reactive-dyed Cellophane {Charge Density=0.057 mol/kg) in Various Electrolyte

Solutions at 26°C

0.02 mol/t 0.05 mol/I 0.1 mol/I
New cell Three-beaker New cell Three-beaker New cell Three-beaker
Electro Iyte U, ¥, v, v, W, v,
Lithium chloride 37.6 37.3 229 22.7 15.1 14.9
Sodium chloride 36.8 36.4 25.8 258 15.9 15.6
Potassium chloride 371 371 24.6 24.6 16.6 16.6
Rubidium chioride 35.2 35.0 24.8 256 15.2 15.1
Caesium chloride 34.8 34.5 24.9 24,6 15.7 15.5
Guanidium hydrochloride 349 34.7 25.5 248 15.6 15.9
Methylamine hydrochloride 35.6 354 24.6 24.3 14.7 145
TABLE 3 with changes in surface charge density of the dyed textile

Measured £y Values for Various Fibres using the New
Method at 26°C

Fibre Electrolyte pH EpimV}
Cotton 0.05 mol/l KCI 2.8
Viscose rayon 0.05 mol/I KCI 4.1
Wool 3.0 12.9
Nylon 3.0 2.8

New Cell Three-beaker
system

Dyed cellophane {Procion Brilliant Red M-5B)

Dyed cellophane (Blue dye, Sky Blue FF)

Ve

15 min

Potential, mV——»

Undyed cellophane

15 min

e

|
|
j
|
|
|
|
15 min I‘
|
|
|
|
|
|
|
L

Time ——»

Figure 3 — Recorder traces of measured potentials Ey as a
function of time, using the new and three-beaker methods

film or fibre, since changes in surface charge density arise
due to changes in the concentration of the dye which
remains adsorbed in the textile polymer matrix. Some
experiments on the hydrolysis kinetics of reactive dyes
bound to cellulose fibres at different pH values and at dif-
ferent ionic strengths in the aqueous solution phase have
also shown the new method to be useful, as have studies of
the diffusion kinetics [9] of a directdye into cellophane film.
These studies will form the subject matter of a subsequent
paper.
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