227 . .
*’ ScienceDirect
Mendeleev Commun., 2016, 26, 505-507

Available online at www.sciencedirect.com

Mendeleev
Communications

Effect of the treatment of MF-4SC membranes on the
cross sensitivity of Donnan potential sensors to cations
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Methods of directional variation of properties of perflu-
orinated sulfo cation-exchange membranes were proposed
based on the use of the effect of ‘memory’ to changes in
their structure under the influence of external factors (heat
treatment at various humidity or mechanical effect). The
relationship between water uptake, transport properties of
M F-4SC membranes, and sendtivity of Donnan potential (DP)
sensors to the determined organic cations and interferent
hydronium ionswas established. L owering sensitivity of DP-
sensors to the interferent hydronium ions at a decrease in
diffusion permeability and increase in conductivity of the
membranes was reached.
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lon-exchange polymer membranes, particularly, Nafion per-
fluorinated sulfo cation-exchange membranes (MF-4SC, Dow,
Aquivion), are widely used due to their unique mechanical and
transport properties.=3 Multifold possibilities for the analysis
of water-organic environments allow one to use cross sensitive
Donnan potential (DP) sensors based on such membranes. The
reactions of ion exchange and protolysis are potential-deter-
mining reactions in the potentiometric determination of the
ions of organic ampholytes in water solutions. The possibility
of determining the ionic forms of organic ampholytes at various
pH values has been scarcely discussed in the literature. A major
problem is a decrease in the accuracy of potentiometric deter-
minations of organic ions at pH < 7 due to the influence of
hydronium ions on the response of sensors.* Therefore, a search
for the ways of decreasing the sensitivity of DP-sensors to
hydronium ions in water-organic solutions is of considerable
current interest. The use of Nafion and MF-4SC hybrid mem-
branes containing different dopants was proposed for the direc-
tional variation of the properties of DP-sensorsin the solutions of
organic ampholytes (amino acids and pharmaceutical substances).*>
The other possible way to change the properties of the Nafion
type membranes is treatment at various temperatures and relative
humidities (RHs) and also the mechanical deformation.6-1°
A change in the membrane properties as the result of such
treatment opens possihilities for varying the concentration of
organic and inorganic ions in membrane pores and, therefore,
the sensitivities of DP-sensors to them.

The aim of this work was to relate the water uptake and
transport properties of MF-4SC membranes and the sensitivity
of DP-sensorsto the determined and interfering ionsin solutions
of organic ampholytes. Membranes were treated thermally and
mechanically deformed at various RHs for varying the mem-
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branes properties and the sensitivity of sensors. The water uptake,
ion conductivity and diffusion permeability of membranes were
measured.”

The characteristics of DP-sensors based on pretreated MF-4SC
membranes (ion exchange capacity, 0.75 mmol g; thickness,
140410 pm in a hydrated state) in the K* form were determined
in the solutions of histidine hydrochloride (HisHCI) with con-
centrations from 1.0x 10 to 1.0x101 M (pH 3.63-5.02), in which
the amino acid predominantly occurred as monovalent cations, at
room temperature according to a published procedure.® It was
found that the sensitivity of DP-sensors to the interfering H,O*
ions decreased by a factor of ten with the use of the membrane
held at 90°C and RH = 95%, in comparison with the initial one
(Table 1). It is associated with a change in the size of pores and

T The thermal analysis of samples was carried out using a Netzsch-TG
209 F1 thermobalance under argon in platinum cruciblesin atemperature
range of 25-150°C (heating rate, 10 K min-t). For standardization, all
membranes were first removed from water and equilibrated at RH = 95%.
The ionic conductivity was measured at 30°C in contact with deionized
water. The measurements were carried out using a Z1500J (Elins) impedance
meter (frequency range, from 10 Hz to 2 MHz) and carbon/membrane/
carbon symmetric cells with an active surface area of ~1 cm?. The membrane
diffusion permeability for a 0.1 M KCI solution was measured in the fol-
lowing way. The sample was placed in a cell consisting of two chambers
separated by the membrane. The volume of each chamber was 32 cm?.
A solution of KCI was placed at the one side of the membrane, while the
other chamber was filled with deionized water. During the experiment,
the change in the specific conductivity of the solution was measured by
an Expert-002 conductometer (Econix-Expert) in a chamber filled with
deionized water. The membrane diffusion permeability was found as
P = (dC/dt)VI/(SAC), where V is the solution volume, cm3; | is the
membrane thickness, cm; AC is the concentration gradient, mol cm,
and tistime, s (error in the determination of P islessthan 1%).
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Table 1 Water uptake, ionic conductivity (o), and diffusion permeability (P)
of MF-4SC membranes and sensitivity of DP-sensors on their basisto the (b;)
HisH* and (b,) H3O" ions (membranesin K* form, treated in ahydrated state).

Table 2 Water uptake and ionic conductivity (o) of MF-4SC membranes
and sensitivity of DP-sensors on their basis to the (b,) HisH* and (b,) H;O*
ions (membranesin K* form, treated in adry state).

Membrane K\é?‘aire o(@30°C)/ POIMKCON b/ byl
conditions (%) 1030 em? 108cm?s?t mV pCt mV pH-
90°C, 31 1.66 0.0067 354 32.7+1.5
RH = 60%

90°C, 60  3.49 1.32 50+3 1.2¢1.1
RH = 95%

Without 6.5 53 5.62 58+2 17.3+0.7
treatment

@ =100°C 9.8 7.91 9.13 59+2 28.8+0.9
t,=120°C 104  7.69 162 64+2 454409
t,=140°C 105 7.82 27 612  455:0.9

aty is the hydrothermal treatment temperature.

transport channels of the membrane and in the volume of free
solution —electrically neutral solution in membrane pores, which
is not included into the area of double layer near the charged
pore wall and is similar in composition to the external solution.
These microstructure parameters determine the possibility of
transition of large volume organic cations into the membrane.
A part of water molecules |eft the membrane pores during thermal
treatment at lower humidity (RH < 100%) of the membranes
in a hydrated state (Table 1). We expected that the diameter of
transport channels, which connect membrane pores, decreased
during such a treatment, and it resulted in ionic transport dif-
ficulty. In particular, thisis evidenced by a significant decrease
in the water uptake and diffusion permeability (by afactor of 4)
asaresult of the membrane treatment at 90°C and RH = 95%in
comparison with the initial one (Table 1). High sensitivity of the
DP-sensor based on the membrane trested at 90°C and RH = 95%,
to the HisH* ions (50 mV pCY) allows usto consider that water
molecules are capable of moving into the membrane phase in
contact with the test solution. Apparently, the interaction of bulk
amino acid ions with fixed membrane groups at a small volume
of intrapore space excludes a part of protons from ion exchange
and levels their influence on the sensor response.

A decrease in relative humidity down to 60% during the treat-
ment of the membranes results in a decrease in the volume of
pores. This is confirmed by a sharp reduction in water uptake
(by afactor of 2), conductivity (by a factor of 3), and diffusion
permeability (by about 3 orders of magnitude) as compared with
theinitial values (Table 1). At the same time, the sensitivity of the
DP-sensor based on the membranetreated at 90 °C and RH = 95%
to the HisH* ions diminished, and that to the H;O* ions greatly
increased in comparison with the initial values (Table 1). This
validates the difficulty of bulk HisH* cations transfer into the
membrane, while the hydronium ions enter the membrane without
restriction.

In the case of the treatment of membranes under hydrothermal
conditions, changes in the transport properties of samples and
the sensitivity of DP-sensors based on them correlate well with
changes in the water uptake (Table 1). Treatment of the mem-
branes under a pressure of water vapor above one atmosphere
contributes to the sorption of an additional amount of water
molecules, which leads to an increase in the volume of poresand
transport channels. An increase in diffusion permeability with
hydrothermal treatment temperature was observed (Table 1)
because the anion transport through the free solution located
in the center of the membrane pore became easier. The ion
conductivity of the membranes treated in this way grew by a
factor of 1.5 in comparison with the initial conductivity, and it
weakly depended on the treatment temperature (Table 1). It is
associated with the fact that the cation transfer is carried out

Membrane trestment ~ Water o (a30°C)/ by b,/

conditions uptake (%) 1023 Qtcm? mV pCl mV pH?
80°C, ambient RH 53 3.65 51+2 1.6+0.9
80% deformation 59 411 57+2 19.3+0.9

(at room temperature),

80°C, ambient RH

80% deformation 58 4.39
(at room temperature),

100°C, ambient RH

47+3 5.9+1.0

within the narrow Debye layer along the membrane pore walls,
which is formed by functional groups, and the rate-determining
stage is cation transfer through the narrow transport channels.

An increase in the water uptake of membranes was accom-
panied by a small rise in the sensitivity of DP-sensors to HisH*
ions and even by amore sharp increase in the sensitivity to H;O"
ions (Table 1). Amino acid and hydronium ions are transferred
into the membrane phase according to both exchangeable and
non-exchangeable mechanisms under such conditions, and amino
acid cations do not disturb interactions between protons and
membrane sulfonic-acid groups at a high water uptake. The study
of the membrane samples treated at various temperatures and
relative humidity suggests that a decrease in water uptake and an
increase in the selectivity of membranes alows us to level the
influence of interfering H;O" ions on the response of DP-sensors
in the solutions of organic ampholytes.

Thermal treatment and mechanical deformation of the mem-
branesin adry state with the following hydration have an impact
on the sensitivity of DP-sensors and on a ratio between the
sensitivities to HisH* and H;O* ions (Table 2). Such a treatment
was accompanied by irreversible dehydration and led to a more
rarefied arrangement of pores in the membranes in comparison
with the initial sample, which was retained even after the sub-
sequent hydration. Thiswas confirmed by asignificant decreasein
the water uptake and conductivity of such membranes (Table 2).
Note that similar values of the conductivity of membranes and the
sensitivity of DP-sensorsto the HisH* and H;O* ionswerereached
for two samples: a membrane treated at 90°C and RH = 95%
(Table 1) and amembrane treated at 80°C in adry state (Table 2).
Sensitivity of DP-sensors to the interfering H;O* ions based on
datafor these samples decreased by factors of 14 and 11, respec-
tively, as compared with the initial sample.

In summary, note that the sensitivity of DP-sensors to the
HisH* ions monotonically increased with the water uptake of
membranes (Figure 1). Thisis due to an increase in the membrane
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Figure 1 Sensitivity coefficients of DP-sensors to the HisH* and H;0O* ions
depending on the water uptake of the MF-4SC membranesin a concentration
range of 1.0x10-1.0x10 M at room temperature.
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pore space availability to bulky organicionswith rising the water
uptake. At the same time, the dependence of the sensitivity of DP-
sensorsto H;O" ions on the water uptake of MF-4SC membranes
has an extreme character (Figure 1). A decrease in the water
uptake of membranes at first diminishes the sensitivity of DP-
sensorsto H;O* ions owing to their exclusion fromionic exchange
caused by the interaction of high volume organic ions with fixed
membrane groups at the small volume of intrapore space. A
further decrease in the water uptake of the membranes makes
difficult the transition of organic cations into the membrane
phase and the sensitivity to the H;O* ions entering the membrane
without encumbrance increases.

Thus, the memory effect of ion-exchange membranes, which
includesirreversible changesin the system of pores and transport
channels under the influence of treatments at various relative
humidities and temperatures and as a result of mechanical action,
can be used for reducing the impact of interfering hydroniumions
on the response of potentiometric DP-sensors in the solutions of
organic ampholytes. Differences in the sensitivity of DP-sensors
to the amino acid cations and H;0* ions depend on the transfer
of organic cations into the membrane and the intrapore space
volume.

This work was supported by the Russian Science Foundation
(project no. 15-13-10036).
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