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We describe the design and preparation of a novel pH-memorizable charged membrane whose charge density 

has two values when it is immersed into low-pH and high-pH solutions. The membrane can memorize the 

values even after immersing it into a salt solution of intermediate pH. The membrane was prepared from an 

aqueous solution of poly(vinyl alcohol) which contains 1 mol% of itaconic acid groups as copolymer 

component. The membrane potential after treating the membrane with HCl solution of pH 1 has more than 8 

m V higher value than that after treating it with NaOH solution of pH 13 for more than 400h even in a salt 

solution of pH=5.5. The permeability of er ion after the low-pH treatment is about 20 times larger than that 

after the high-pH treatment. The membrane maintaines the high-permeability of anions even in the solution of 

pH=5.5. This indicates that the membrane can memorize pH states of solutions. 
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1. INTRODUCTION 

There are many potential applications of 'intelligent' 

hydrogel systems in many fields. Many of the hydrogels 

undergo abrupt changes in volume in response to 

external stimuli such as pH [1-4], temperature [5-13] 

electric fields [14-16] and light [17-19], so that the 

permeability of certain solutes through the gels can be 

controlled by these stimuli. For some applications, it 

would be very useful to have a charged membrane whose 

charge density has two values when it is immersed into 

low-pH and high-pH solutions, and can retain the values 

for long time period after immersing it into a salt solution 

of pH=5.5 as shown in Fig.1. Here we report such a novel 

pH-memorizable charged membrane. 

2. EXPERIMENTAL 

2.1 Sample preparation 

A pH-memorizable charged membrane was prepared 

by casting an aqueous solution of IT-1 polymer [Kuraray 

CO. Ltd.] which contains 1 mol% of itaconic acid as 

copolymer component as shown in Fig.2, and by 

crosslinking it in a glutaraldehyde solution. 
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Fig.l Schematic diagram of membrane potential 
changes of a novel pH-memorizable charged membrane. 
After immersing the sample membrane into treatment 
solutions with different pH, the membrane has different 
values of the membrane potential, and retains the values 
for long time period even in a salt solution of pH=5.5. 
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Fig. 2 Chemical structure of IT-1 polymer. Mole 
fraction of itaconic acid groups to vinyl alcohol groups 
is 1 mol%. 
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Fig. 3 Apparatus for membrane potential measurement. 
The membrane potential was measured using KC! 
solutions ofpH=5.5. 
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Fig. 4 Apparatus for permeation experiment. The volume of 

the chambers at the cells I and II were 100cm3 and 400 cm3, 

respectively. The effective membrane area of the cell is 

7.04cttr. 

2.2 pH treatments 

Before measuring the membrane potential and the 

permeation of ions and urea, the membrane was treated 

with the two solutions of different pH: a NaOH solution 

of pH=13 (high-pH treatment), and a HCl solution of 

pH=l (low-pH treatment). 

2.3 Membrane potential measurement 

The membrane potential of the pH-memorizable 

charged membrane was measured at 25°C using an 

acrylic plastic cell of two parts separated by the 

membrane as shown in Fig.3. One chamber of the cell 

was filled with KCl solutions of various concentrations 

of pH=5.5. The other chamber was filled with KCl 

solutions whose concentrations were 5 times higher than 

those in the first chamber. 

2.4 Permeation measurement 

Permeation of ions and urea through the membrane 

at 25°C was measured in a dialysis system consisting of 

the membrane and two cells: cell I and cell II which 

contain O.OlN CaC}z and O.OlN Ca(N03)z, respectively. 

The concentration change of er ion and urea in cell I 

was measured by an ion selective electrode and HPLC, 

respectively. 

3. RESULTS AND DISCUSSION 
3.1 Membrane potenfiills after the pH treatments 

Fig. 5 shows the membrane potential through the 

membrane as a function of immersing time, t. When 

t=48h, the potential after the high-pH and the low-pH 

treatments are 28mV and 4.0mV, respectively. 

Although the potential difference between the two 

treatments decreases with time, the difference is still 

more than 8m V when t>400h. This indicates that the 

pH-memorizable charged membrane can memorize pH 

states of the treatment solutions for long time period. The 

Teorell-Meyer-Sievers theory shows that the higher 

values of the membrane potential a membrane has, the 
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Fig. 5 Membrane potential, 1:::. 4> , of membrane 

M-1 vs. immersing time, t. The membrane was 

immersed in KC! solution of pH=5.5 during the 

measurements. The open and solid circles are the data 

after the high-pH and low-pH treatment, respectively. 
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Fig. 6 The formation of lactone rings in the polymer 

chain. 
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higher charge density it has. Hence, the membrane after 

the high-pH treatment has higher charge density than that 

after the low-pH treatment. 

Fig. 7 The o- ion concentration change with time in 

mixed KO and KN03 solutions of pH=5.5. Open 

and solid circles are the data after the high- and the 

low-pH treatments, respectively 

The mechanism of the pH memory effect will be 

explained as follows: After the high-pH treatment, the 

carboxyl groups in the membrane dissociate; hence, the 

membrane has higher charge density as shown in Fig. 6. 

After the low-pH treatment, sodium ions in the 

membrane are exchanged for hydrogen ions in the 

solution. And then hydroxyl groups and carboxyl groups 

forms lactone rings. Therefore, the charge density 

decreases. The lactone rings will exist quasi-stably 

even in a salt solution of intermediate pH. 

Table 1 Permeability coefficient of er ions and urea after the 

low-pH and high-pH treatments, P(L) and P(H), 
respectively and the ratio of the permeability coefficients r ' p. 

solutes P(L) l) P(H) 1
) r 2) 

Cl- 19 0.83 23 

Urea 4.0 2.5 1.6 

1) [X 10"8m2 s"1
]. Immersing time=24h. 

2) rP s P(L)! P(H) 

3.2 Ionic permeation change through the 

pH-memorizable charged membrane after the pH 
treatments 

It is wen known that ionic permeability through a 

charged membrane depends on its charge density [20-23]. 

We measured ionic permeation in a dialysis system 

consisting of the membrane and mixed KCl and KN03 

solutions ofpH=5.5 after the two different pH treatments. 

Fig. 7 shows the time-concentration curves of er ion at 

the cell I of the system shown in Fig.4. The permeability 

coefficient of er ion was calculated from the slope of the 

time-concentration curves and listed in Table 1. The 

permeability coefficient of urea was also calculated from 

the slope of its time-concentration curves, whose data are 

not shown here. The permeability of o- ion after the 

low-pH treatment is about 20 times larger than that after 

the high-pH treatment while that of urea has almost same 

values between the treatments [24]. The reason why the 

permeability difference of the anion between the two 

treatments occurs even in the permeation experiment 

using salt solutions of pH=5.5 is that: after the high-pH 

treatment, the membrane has high values of the charge 

density as a negatively-charged membrane so that the 

permeation of anions through the membrane is low. The 

value of the charge density dose not change even in a salt 

solution of pH=5.5. Therefore, the membrane maintained 

the low permeability state for anions. After the low-pH 

treatment, the charge density decreases; hence, the 

permeation of anions through the membrane has a high 

value. The permeation of non-charged solutes does not 

depend on the pH treatments because its permeation is 

independent of the value of membrane charge density; 

hence, the ratio of permeability coefficient of urea is 

almost equal to unity. These results show that the 

pH-memorizable charged membrane can control the 

permeability of only anions in response to the pH of the 

treatment solutions and maintain the state of the 

permeability for long time period even in a salt solution 

ofpH=5.5. 
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4. CONCLUSIONS 

We prepared a novel pH-memorizable charged 

membrane by casting an aqueous solution of poly( vinyl 

alcohol) which contains 1 mol% of itaconic acid groups 

as copolymer component, and by crosslinking it in a 

glutaraldehyde solution. The charge density of the 

membrane has two values when it is immersed into 

low-pH and high-pH solutions, and can retain the values 

even after immersing it into a salt solution of pH=5.5. 

The change of the charge density affects on membrane 

transport properties of ions: the permeability coefficient 

of er ion after low-pH treatment is more than 20 times 

higher than that after high-pH treatment. This function of 

the membrane will be applied to ionic devices such as 

chemical valves in chemical chips. 
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