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 The aim of the study was to produce a Polyvinyl chloride-based 
membrane containing a polymer imprinted with a valproic acid molecule 
which was directly coated on a graphite electrode to determine the 
amount of valproic acid in aqueous samples. With the dispersion of 
molecularly imprinted polymer particles in dioctyl phthalate plasticizer 
as a solvent mediator, this potentiometric sensor was designed and after 
that it was embedded in a polyvinyl chloride matrix. The designed 
electrode showed a near-Nernstian slope of 54.1 ± 1 mV decade-1 in the 
concentration range of 10-6-10-2 M and a detection limit of 10-6 M with a 
response time of about 40 seconds for valproic acid and can be used for 2 
months without divergence changing the potential. The fabricated 
electrode, in the pH range among 3.5-8.5, indicates the good sensitivity to 
valproic acid relative to the other ions. Finally, this electrode can be used 
as an indicator electrode in determining the concentration of valproic 
acid in valproic acid tablets. 
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Introduction 

Valproic acid (VPA) (epilepsy, anticonvulsant, and 

mood stabilizer drug) is a fatty acid with a short-

chain which is a good histone deacetylase (HDAC) 

inhibitor [1,2]. Due to the minimally cytotoxic and 

biological relevance of VPA, monitoring drug 

levels in various matrices is valuable (particularly 

in epilepsy) for the management of therapeutic 

drug efficiency [3]. There are several methods for 

VPA determination including High-performance 

liquid chromatography (HPLC) with ultraviolet 

(UV) detection [4], fluorescence detection [5] or 

coupled with mass spectrometry (MS) [6], 

capillary electrophoresis (CE) [7], and gas 

chromatography (GC) [8]. VPA analysis in 

biological samples is difficult due to the 

complicated matrix (presence of organic 

compounds, proteins, and salts). Hence, sample 

preparation (analyte pre-concentration and 

sample cleanup) is crucial in drug analysis [9]. The 

most important problems in using 

chromatographic methods are the need for 

derivatization and time-consuming methods. 

Because the use of techniques requires precision 

tools and operating costs, the development of 

faster, simpler, and less costly but still sensitive 

electrochemical techniques can be an interesting 

option. 

Molecularly imprinted polymers (MIPs) are 

synthetic materials which have a large number of 

diagnostic cavities that are complementary to the 

target molecule (i.e., template molecule) in size, 

shape, and functional group. Therefore, MIPs 

demonstrated high detection power and excellent 

binding affinity for the target molecules and are 

known as synthetic antibodies [10,11]. Recently, 

MIPs have been used as selective solid adsorbents 

in various fields such as separation, catalysis, 

manufacturing of sensors, preconcentration, 

chromatography stationary phases, 

immunoassay, and others [12,13]. 

There are only a few research reported valproic 

acid as a template in the field of HDAC inhibitor 

molecularly imprinted polymers [14], and also, 

few sources are concerned directly with valproic 

acid in the field of electrochemical methods [15, 

16].  

This study aims to construct a potentiometric 

sensor using a MIP-based membrane and its usage 

in the determination of valproic acid in aqueous 

solutions. Due to their improved mechanics, the 

use of ion-selective electrodes has been widely 

common in the production of potentiometric 

sensors [17]. The advantage of potentiometry 

over other methods of analysis is its economic cost 

which is fairly cheap. Potentiometric sensors, 

compared to the other decomposition methods, 

only slightly perturb the sample and do not 

require pre-preparation methods and application 

of agents [18]. In this work, a MIP-based ion-

selective electrode for valproic acid in tablets by 

the casting of membranes after dispersion 

prepared imprinted polymer in dioctyl phthalate 

(DOP) and embedded in polyvinyl chloride (PVC) 

matrix. 

Materials and methods 

All reagents were analytically equivalent and for 

preparing the solutions, double-distilled water 

was used. The valproic acid tablet was prepared 

from a local pharmacy in Ilam, Iran (Abidi. Co). 

Valproic acid powder, 3-aminopropyl 

triethoxysilane (APS), silica gel, tetra ethoxy silane 

(TEOS), acetic acid, methanol, hydrochloric acid, 

salts of all cations used, and sodium chloride 

(Merck), Sodium tetraphenylborate, dioctyl 

phthalate (DOP), dibutyl phthalate (DBP), 

polyvinyl chloride (PVC), and oleic acid (OA) 

(Fluka) were used. A Philips saturated calomel 

reference electrode (SCE) vs. a digital Hioki 3200 

multimeter were measured potentials (Lab 

Junction Potentiometer with Stirrer (Digital), 

Model: LJ-118/S). FTIR spectra were recorded by 

the FTIR spectrometer (Shimadzu, F8400, Japan) 

with the pharmacopeia method [19]. A pH meter 

(Metrohm Swiss-made, 211) was used for pH 

adjustments.  

Valproic acid imprinted silica gel adsorbent 

preparation  

The synthesis procedure for MIP was as follows: 

Briefly, the activation of silica gel surfaces was 

done by reflux with HCL under stirring, then 

filtered and washed by distilled water several 

times and dried, as well [20]. Next by dissolving 

valproic acid in methanol (0.5 ml,10–2 M) and 
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adding APS (2.5 ml), TEOS (5 ml,10 min stirring), 

and then acetic acid (1.5 ml, 1 M), imprinted silica 

gel adsorbent was prepared. After washing and 

drying the powder, it was stirred with methanol 

and HCL solution for 3 h, and finally to neutralize 

the precipitate, it was washed 5-6 times with 

sodium hydroxide [21,22]. 

Electrode Preparation 

The PVC membrane preparation was carried out 

according to the reported procedure [23,24]. First, 

PVC (60 mg) was dissolved in THF (2.5 ml). Then, 

MIP (100 mg) was dispersed in DOP (0.45 ml, as 

solvent) which was added to the solution and 

homogenized. Next, 1g of sodium 

tetraphenylborate was added as an additive. 

Graphite electrodes (10 mm long and 3 mm 

diameter, Rotring HB) were prepared and the 

electrode was polished with sandpaper, boiled in 

nitric acid, then after washed with distilled water, 

and dried in the oven. They were then immersed 

in a solution of tetrahydrofuran (THF) and heated 

under a hood until THF completely evaporated. 

The ends of the graphites dipped into the 

membrane solution several times to form a 1 mm 

thick membrane. The membrane is immersed in 

the prepared solutions of valproic acid (10-4 M) for 

20 hours. 

A measurement model and EMF Measurements for 

the performance of the membrane  

After preparing the membrane, drawing a 

calibration curve to convert the obtained potential 

values to the concentration of valproic acid in 

various experiments is necessary. For this 

purpose, six solutions with different 

concentrations of 10-2, 10-3, 10-4, 10-5, 10-6, 10-7M 

were prepared and their potentials were read. The 

calibration curve is presented using Excel 

diagrams. 

The cells’ assemble which have been used to 

measure all EMFs were as follows: 

Graphite electrode|MIP-based membrane|Sample 

solution||SCE 

The prepared MIP electrode (as measuring 

electrode) was used along with the SCE and from 

the Debye-Huckel equation, the activity 

coefficients were calculated:  

log 𝛾 =
−0.51𝑧2√𝜇

1 + √𝜇
 

In which, γ, μ, and z are the activity coefficient, 

solution ionic strength, and charge of the ions, 

respectively. 

Results and Discussion 

Preparation and characterization of MIP 

Surface molecularly imprinted polymers are 

synthesized in rigid matrices through the process 

of combining template molecules and have less 

functional monomers than acrylic-based 

polymers. In these structures, both APS and TEOS 

are mainly used and the advantages of sol-gel 

MIPs are mild reaction conditions, easier 

operation, and use of their high surface area 

[25,26]. 

It should be noted that in many non-covalent sol-

gel MIPs preparations, the pattern of the template: 

monomer: cross-linker with a molar ratio of 1: 6: 

1, has led to their proper performance [27]. So, in 

this work, the same ratio was used for the 

synthesis of valproic acid-surfaced MIP. One of the 

most common functional monomers is 3-

aminopropyl triethoxysilane (APS), which in 

addition to its strong ionic bonding property can 

interact with acidic groups [28]. Since the 

morphology and chemical environment of the MIP 

are greatly influenced by the choice of cross-

linking monomer, careful selection is important. 

TEOS, as a cross-linker, determines the thickness 

of the MIP layer [29]. To use solvents following 

green chemistry and to prevent the use of 

halogenated solvents, acetic acid was selected as 

the solvent, which prevents the formation of 

hydrogen bonds between valproic acid and the 

functional monomer and also leads to easier 

valproic acid removal [30]. Accordingly, for the 

synthesis of surfaced MIP, APS, TEOS, and acetic 

acid were used as functional monomers, cross-

linker, and solvent, respectively. The obtained 

surfaced-MIP was characterized by FT-IR. 

FT-IR spectra were obtained from non-imprinted 

and valproic acid-imprinted silica gel adsorbents 

(Figure 1) which provided enough evidence for 

the successful MIPs preparation. As displayed in 

the following Figure, VPA is an aliphatic carboxylic 

acid having a strong absorption peak in the 
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carbonyl group in the 1700-1710 cm -1 and a broad 

hydroxide absorption peak in the 2400-3400      

cm- 1. 

 
Figure 1: FT-IR spectra of silica gel before and after imprinting

Optimization of membrane composition  

In chemical and biosensor sensors, the analyte 

binds to the diagnostic elements and produces a 

physical or chemical signal. A processor then 

converts the signals into measurable ones. If MIP 

is used instead of the biological molecule as the 

recognition element, the same general principle is 

still applied [31]. Successful production of 

selective electrodes with MIPs for multiple drugs 
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and herbicides opened new horizons for sensor 

technology [32-35]. Since MIPs have binding sites 

which complement the template molecule in 

shape and size, it can be mentioned that the 

polymer has a molecular memory for analyte 

reselection. In this research, the optimization of 

conditions has been investigated for better 

valproic acid-selective electrodes based on MIP 

membrane performance. It has been indicated 

that the sensitivity and selectivity of ion-selective 

electrodes are significantly affected by important 

properties of PVC membranes such as solvent 

(plasticizer), nature, and amount of ion 

recognizing material, and in particular, the 

additives nature [36,37]. Thus, different 

parameters influenced on the synthesized 

imprinted polymer membrane were optimized 

and the results are summarized in Table 1. 

 

Table 1: Membrane Composition Effect on the MIP-Based valproic acid Electrode Response 

Membrane Composition (%) 

No. MIP (mg) PVC o-NPOE DBP (mL) BA NaTPB OA 
Slope 

(mV/decade) 

1 20 50  0.09    19.4 

2 50 50  0.22    27.9 

3 80 50  0.36    41.3 

4 100 50  0.45    46.6 

5 120 50  0.54    39.6 

6 100 50  0.45    44.4 

7 100 50   0.45   31.2 

8 100 50 0.45     13.1 

9 100 50  0.45   1 28.5 

10 b 100 50  0.45  1  44.4 

11 100 50  0.45  1  44.4 

12 100 50  0.45  3  unstable 

13 100 50  0.45  5  28.5 

a Concentration range = 1.0 × 10-6-1.0 × 10-2 M; pH of solutions = 5.5. b Optimized composition 

 

As depicted in Table 1, the potential slope 

maximized with increasing MIP from 20 to 100 

mg, indicating an increase in membrane efficiency. 

However, with increasing the amount of polymer 

to 120 mg, the potential slope is reduced, which 

illustrates a decrease in membrane efficiency. It is 

obvious that increasing the amount of polymer 

due to the increase of active adsorption sites 

increases the efficiency of the membrane, 

however increasing the amount of polymer due to 

the imbalance of the ratio of polymer and 

emollient, reduces sensitivity and efficiency [38]. 

By changing the type of plasticizer to dibutyl 

phthalate DOP, the potential slope has increased, 

which indicates the increase in membrane 

efficiency. The plasticizer or solvent nature of the 

membrane, due to its high weight percentage in 

the membrane composition, strongly influences 

its electrochemical properties, which include 

potentiometric sensitivity, and is generally 

expected to be similar to the membrane dielectric 

constant similar to the liquid softener dielectric 

constant. Among the three different plasticizers 

used, the membrane prepared with DOP had the 

best performance and the best response. DOP has 

a dielectric constant of 6.4, which is higher than 

the dielectric constant of benzyl acetate (BA), 

which is 1.5, which increases the slope of its 

potential line, but ortho-nitrophenylectyl ether (o-

NPOE) reduces the slope of the reduction 

potential. This compound has more polarity than 

DOP (23.9), but both are equally lipophilic. DOP 

seems to perform better due to its polarity-lipid 

balance. The best detection limit was obtained 

when these characteristics reached the mean 

value [39].  

By changing the additive type from oleic acid to 

sodium tetraphenylborate, a potential slope has 

been raised which indicates an increase in 

membrane efficiency. Adding cationic or anionic 
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additives to the membrane increases both the 

strength especially in high voltage applications 

[40] and the charge carrying capacity of the ion-

selective electrodes, and this is consistent with 

finding natural carriers for the electrode. 

Electrodes with no-charge sites respond to 

cationic additives because the polyvinyl chloride 

on the market contains some anionic impurities 

which act as anionic sites. The sensitivity of 

polyvinyl chloride membranes is very low in the 

absence of lipophilic cationic additives. However, 

the presence of the additive increases the 

sensitivity and decreases the involvement of the 

sample anions, and changes the membrane 

behavior, as well. As depicted in Table 1, under the 

same conditions, the sodium tetraphenylborate 

additive performed much better than the oleic 

acid additive. Studies have revealed that under 

similar conditions, a 10% increase in oleic acid has 

similar results to a 2% w/w increase in sodium 

tetraphenylborate [39, 41].  

By increasing the amount of additive from 1 mg to 

3 and 5 mg of sodium tetraphenylborate, the 

potential slope was reduced, which indicated a 

decrease in membrane efficiency. It can be due to 

its undesirable load transfer mechanism or 

disturbance of the weight-weight ratio of 

membrane components and its deviation from the 

Nernstian behavior. Likewise, increasing the 

amount of additive not only does not have a 

favorable effect on the electrode response but also 

makes the potential very unstable [42]. 

Conditioning Solution Concentration  

The membrane electrode was investigated with 

different concentrations of conditioning solution 

from 1.0× 10-2 M to 1.0 × 10-7 M. As illustrated in 

potential-log C valproic acid plots, the slope in the 

solution of 10-4 M of valproic acid has the highest 

value compared to the solutions of 10-3 M and 10-5 

M, which indicates the high efficiency of the 

membrane. The low efficiency of the membrane 

prepared with the prepared solution of 10 -5M is 

since the concentration of the drug is very low and 

it is not able to provide the necessary material to 

fill the existing cavities. Concentration is very high 

in 10-3 M solution and causes saturation of 

detection cavities. But 10-4 M solution shows the 

best performance. The low efficiency of 

membranes in 10-3 M and 10 -5M solutions can be 

due to the membrane surface losing its sensitivity 

due to the interference of disturbing ions or 

surface damage due to mechanical friction [43]. 

 
Figure 2: Investigation of the effect of conditioning solutions on membrane performance using potential-log C 

valproic acid plots; E1: the potential related to valproic acid concentration of 10-3 M; E2: the potential related to 

valproic acid concentration of 10-4 M; E3: the potential related to valproic acid concentration of 10-5 M 

 

Response Time and Reversibility 

Electrode response time is a prominent factor in 

analytical applications. The practical or mean 

response time (required time to reach 90% of the 

maximum potential) was obtained by immersing 

the sensor in valproic acid solutions with a 

concentration difference of 10-fold. (Figure 3; two 

isolated jumps in concentration, 5.0 × 10-6 M to 5.0 
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× 10-5 M and 5.0 × 10-5 M to 5.0 × 10-4 M). As 

depicted in the following Figure, the response time 

of a stable membrane electrode is found to be 

about 40 seconds. It is reported that the use of 

electrodes containing solids is often limited due to 

the poor response time and low stability [44], the 

response time of this electrode is fast and the 

lifetime is reasonable to be at least 3 months. 

 
Figure 3: Response time of the valproic acid selective electrode with two isolated jumps in concentration; (1) 5.0 

× 10-6 M to 5.0 × 10-5 M, (2) 5.0 × 10-5 M to 5.0 × 10-4 M 

 

Effect of pH 

The membrane sensor dependence to pH was 

investigated in concentrations of 10-4 and 10-5M 

valproic acid in the range of 2 to 10 (Figure 4). The 

pH of the solutions was adjusted by adding small 

amounts of sodium hydroxide and hydrochloric 

acid. As displayed in the following Figure, the 

potential in the range of 3.5-8.5 at concentrations 

of 10-4 and 10-5M M is a pH-independent sample. 

As the pH of the electrode increases further, it acts 

irregularly, which may be due to the formation of 

some hydroxy complexes or deposits from the 

base of the compound which reduces the potential 

of the electrode. It seems that at pHs less than 3, 

the electrode responds to the hydronium ions 

present in the sample solution, which increases 

the electrode potential [44]. 

 
Figure 4: Effect of solution pH on the potential response of the valproic acid selective sensor at (1) 1.0 × 10-4 M 

and (2) 1.0 × 10-5 M 
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Evaluation of sensor detection limit by calibration 

curve 

After optimizing the membrane composition, the 

calibration curve in the concentration range of 10-

2 M to 10-7 M was investigated and the results are 

depicted in Figure 5. 

 
Figure 5: Investigation of the detection limit for the designed membrane using a potential curve in terms of 

concentration logarithm

As can be visible from the Figure, the electrode has 

a slope of 0.058 in the range of 10-6M to 4*10-2 M, 

which is completely compatible with the Nernst 

slope. The detection limit for this electrode using 

the standard calibration curve was about 10-6M, 

which is much lower than the detection limit for 

membranes based on potentiometric sensors [44]. 

Potentiometric Selectivity 

The selectivity coefficient describes the effect of 

interfering ions on the response behavior of ion-

selective membrane electrodes. The reaction 

between small molecules or ions with large 

molecules of biological systems and with special 

acceptors on the surface of the structure of super 

molecules is one of the most significant factors in 

biochemical and biophysical studies. This includes 

a wide range of important biological factors such 

as binding to small cations, especially metal ions, 

proteins, and nucleic acids [45]. This coefficient is 

obtained from different equations [46,47]. 

As depicted in Table 2, the electrode was selective 

to valproic acid compared to the other cations 

tested, and the selectivity coefficients are about 

10-3 or less, indicating that these cations have little 

effect. They have valproic acid on the sensor 

function. Potential diagrams - concentration 

logarithms for valproic acid and disturbing ions 

are obtained separately using the target electrode 

system. Then, using a pair of values (aA) which is 

the initial concentration and (aB) as disturbing 

concentration, so that the electrodes have the 

same potential values in separate solutions and 

the equation  

= Ln aA/Ab(2/z) KA,B Pot 

In which, z ion-ion charge is disturbing, the 

selectivity coefficient was measured. The data 

presented in Table 2 showed that in many cases 

the selectivity coefficient obtained for the 

graphite-coated electrode is very low. Graphite 

thin layers have been considered in electronic 

applications due to their porous structure and 

high ion transfer rate [48]. Based on the results, 

the high selectivity of the designed membrane to 

valproic acid compared to other metal ions is due 

to its lipophilicity and high molecular hardness. As 

expected, the electrode acts well as a receptor for 

valproic acid [45]. 

Table 2: Membrane electrode potential designed to different concentrations of disturbing ions 

7E 
Urea 

6E 

Glucose 
5E 
2+Ca 

4E 
2+Mg 

3E 
+K 

2E 
+Na 

1E 
Valproic acid 

Log C 

0.125 0.507 0.125 0.086 0.119 0.156 0.315 -6 

0.137 0.546 0.137 0.081 0.128 0.151 0.382 -5 

0.174 0.549 0.174 0.078 0.13 0.172 0.463 4- 
0.214 0.555 0.214 0.086 0.134 0.197 0.542 3- 
0.227 0.567 0.227 0.114 0.146 0.23 0.59 2- 
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Preliminary applications 

Determination of valproic acid in tablet 

The designed membrane electrode can be used to 

directly measure valproic acid in the tablet. For 

this, 10 tablets of valproic acid (containing 145 mg 

of valproic acid, 333 mg of sodium valproate, and 

the other substances including silica and calcium 

chloride) were weighed and powdered. An exact 

weight ratio of powder equivalent to 5 mg of active 

ingredient was dissolved in 5 ml of sodium 

hydroxide solution. The solution was completely 

homogenized and filtered. Then before 

measurement, the prepared solutions were 

properly diluted for measurement in the linear 

range. The membranes are then placed in 

prepared solutions of 10-4 M valproic acid for 24 

hours. Then at specified time intervals, the 

potential of 10-7-10-2 M solutions of the drug-using 

prepared membranes was measured.

Table 3: Investigation of sensor application in existing tablet samples 

Log C E1(Tablet) E2 (Standard solution) 

-6 0.311 0.315 

-5 0.337 0.382 

-4 0.407 0.463 

-3 0.467 0.542 

-2 0.521 0.59 

The selectivity coefficient describes the effect of 

interfering ions on the response behavior of ion-

selective membrane electrodes. The reaction 

between small molecules or ions with large 

molecules of biological systems and with special 

acceptors on the surface of the structure of super 

molecules is one of the most significant factors in 

biochemical and biophysical studies. This includes 

a wide range of important biological factors such 

as binding to small cations, especially metal ions, 

proteins, and nucleic acids [45]. This coefficient is 

obtained from different equations [46,47]. 

Conclusion 

This study proposes a new method for 

constructing a potentiometric sensor for selective, 

rapid, and direct detection of valproic acid, which 

involves dispersing the polymer particles 

imprinted by valproic acid in dioctyl phthalate, 

separating the mixture from the silica gel base, 

and pouring the final composite. The resulting 

membrane electrode, in a wide concentration 

range of valproic acid, indicated a close response 

to Nernst in a short time, and in the presence of 

different metal ions, it acts selectively relative to 

valproic acid. Reusability, stability, and the 

dynamic response time are similar to 

conventional chemical sensors. The application of 

the designed sensor was investigated by 

determining valproic acid in the tablets. 
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