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Abstract: A new optical pH sensor based on Polysulfone (PSU) and Polyaniline (PANI)
was developed. The transparent and flexible PSU membrane was employed as a support.
The electrically conductive and pH-responsive PANI was deposited onto the membrane
surface by in situ chemical oxidative polymerization (COP). The absorption spectra of the
PANI-coated PSU membranes exhibited sensitivity to pH changes in the range of 4-12,
which allowed for designing dual wavelength pH optical sensor. The performance and
durability of the membranes were assessed by measuring their response starting from high
pH and going down to low pH, and vice versa. The effect of synthesis conditions and film
thickness were investigated. The effect of the membrane's storage conditions on the
reproducibility of the results was also investigated.
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1. Introduction

Polymeric membranes have been widely utilized as immobilization matrices for various types of
sensors including optical chemical sensors [1, 2], biosensors [3, 4] potentiometric sensors [5-7], and
amperometric sensors [8, 9]. Solid polymeric membrane supports offers advantages such as fast
response time, minimal calibration requirement, flexibility, low cost and possibility for deposition into
various types of substrates [10]. The performance of polymeric membranes can be enhanced by surface



functionalization/ grafting with hydrophilic/ hydrophobic sites for obtaining maximum interaction with
specific analyte [6, 11].

Optical sensors have been employed commercially for determination of pH, heavy metal ions, CO2
and Oz gases and clinical parameters such as glucose and bacteria in blood [12]. Optical pH sensors are
used for measurement and control of pH for applications in chemistry [11], biochemistry [13], clinical
chemistry [14, 15] and environmental sciences [16]. In this paper, we report a novel, simple and cost
effective method for preparation of optical pH sensor based on polyaniline-coated polysulfone (PANI-
coated PSU) membranes with a well-defined pH response and reproducibility in the pH range of 4-12.

2. Experimental Section

Polysulfone membranes were casted from chloroform with different concentrations. The in situ
chemical oxidative polymerization was carried out by placing PSU membranes into various
concentrations of aniline/1M HCI solutions, followed by addition of APS/1 M HCI solutions (Table 1).
After a certain period of reaction time, the resulted PANI-coated PSU membranes were removed and
washed repeatedly with methanol and 1M HCI to insure the removal of unreacted monomer, oligomer
and initiator species. The spectra for PANI-coated PSU membranes were recorded in the range of 400-
1000 nm with different standard pH solutions using Cintra 2020 spectrometer.

3. Results and Discussion
3.1 Optimization of the reaction conditions

Polysulfone membranes were coated with polyaniline by in situ COP of aniline monomer in the
presence of ammonium persulfate (APS) as redox initiator. After the coating process, the transparent
PSU membranes turned into green due to precipitation of conductive polyaniline on the surface of PSU
membranes. In order to obtain a maximum absorbance response of the coated membranes, the reaction
conditions were optimized by variation of the reaction time, Table 1.

Table 1 Reaction conditions during the OCP. (Aniline: APS) molar ratio was fixed to
(1:1.25). All reactions were carried out at room temperature using 1 M HCI as solvent.

Membrane Monomer Concentration Reaction time Absorbance at pH 4
Code (mole/L) (min) (.= 825 nm)
Ml 0.05 10 0.63
M2 0.05 20 1.08
M3 0.05 180 2.60

3.2 Performance of PANI-coated PSU Membranes as Optical pH Chemical Sensor

The prepared membranes were tested as optical pH chemical sensor in the visible and Near Infra-
Red (NIR) regions, in the range of 400-1000 nm. As shown in Fig. 1, PANI-coated PSU membrane
exhibits well-defined pH sensitivity in the pH range of 4-12. The experiments were conducted from pH
4 to 12, with 1 pH unit increment. After each experiment, the coated membrane was rinsed twice with
distilled water, placed in the new pH buffer solution and the corresponding spectrum was recorded



immediately without further delay or additional equilibration time. The response of the membrane to
the newly added buffer solution occurred within a period of less than 10 s. As can be inferred from
Fig.1, increasing the pH from 1 to 12 leads to the shift of absorption maxima of coated PANI from 825
nm (at pH 4) to 600 nm (at pH 12). The protonated form of polyaniline Emeraldine Salt (ES) have
green color in acidic solutions, which turns into blue colored deprotonated polyaniline Emeraldine
Base (EB) in basic solutions via doping/dedoping process [17, 18].
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Figure 1. Absorption spectra of the PANI-coated PSU membranes at different pH.
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Figure 2. The absorbance change of PANI-coated PSU membranes vs. pH at 600 and 825 nm.

The dual wavelength calibration curve was constructed by plotting the pH dependence of the
absorptions at 600 and 825 nm, Fig. 2. The apparent pKa. value of the PANI coating is 7.35,
representing the pH value where the two sigmoidals intersect (concentration of ES is approximately
equal with the concentration of EB). A sigmoidal curve with similar trend was obtained for polyaniline
films coated in the inner walls of polystyrene cuvettes, at 600 and 840 nm, with apparent pKa value of
7.38 [19]. Florea et al. [20] reported the absorbance vs. pH dependence curve with similar sigmoidals



pattern for the PANI-coated optical pH sensor integrated into microfluidic device, with apparent pKa
value of = 5. In a different behavior, the curves obtained for polyaniline-polyvinyl alcohol (PANI-
PVA) composite membrane did not exhibit similar sigmoidal pattern, with an observed intersection
point at approximately pH 4 [21].

3.2 Effect of the PSU membranes thickness

PSU membranes with different thicknesses in the range of 40-400 um were coated with polyaniline
and tested for its optical pH sensitivity. The effect of the membrane thickness on the optical response
was found to be insignificant, even at thickness of 400 wm. This result is important for the feasibility
of the practical applications that require tough membranes with superior mechanical properties.

3.3 Storage, stability and reproducibility of PANI-coated PSU membrane

All membranes were stored in 1 M HCI solution for more than 6 months without any observed
mechanical disintegration/ deterioration of the stored membranes. The response of the tested
membranes after one month storage period in 1M HCI solution was found to be consistent with < 0.02
change in the recorded absorbance values.

4. Conclusions/Outlook

The above obtained results are promising for the development of novel, reliable and free standing
optical pH sensor based on polyaniline-coated PSU membranes. The obtained membranes are flexible
and exhibit a well-defined and fast pH response in the pH range of 4-12. The optical pH sensor
membranes can be stored in 1 M HCI solution for long periods without performance deterioration and
with consistent reproducibility behavior.

Acknowledgments

The authors would like to acknowledge Jubail Industrial College for facilitating this work by using
the general facilities of the chemical and process engineering technology department.

Conflicts of Interest
The authors declare no conflict of interest.
References

1. McDonagh, C.; Burke, C. S.; MacCraith, B. D., Optical chemical sensors. Chemical reviews 2008,
108, (2), 400-422.

2. Qazi, H. H.; Mohammad, A. B. b.; Akram, M., Recent progress in optical chemical sensors.
Sensors 2012, 12, (12), 16522-16556.

3. Wang, X.; Kim, Y.-G.; Drew, C.; Ku, B.-C.; Kumar, J.; Samuelson, L. A., Electrostatic assembly
of conjugated polymer thin layers on electrospun nanofibrous membranes for biosensors. Nano
Letters 2004, 4, (2), 331-334.



10.

1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Borisov, S. M.; Wolfbeis, O. S., Optical biosensors. Chemical reviews 2008, 108, (2), 423-461.
Yim, H.-S.; Kibbey, C. E.; Ma, S.-C.; Kliza, D. M.; Liu, D.; Park, S.-B.; Torre, C. E.; Meyerhoff,
M. E., Polymer membrane-based ion-, gas-and bio-selective potentiometric sensors. Biosensors
and Bioelectronics 1993, 8, (1), 1-38.

Liang, R.; Chen, L.; Qin, W., Potentiometric detection of chemical vapors using molecularly
imprinted polymers as receptors. Scientific reports 2015, 5.

Lan, W.-J.; Zou, X. U.; Hamedi, M. M.; Hu, J.; Parolo, C.; Maxwell, E. J.; Bithlmann, P.;
Whitesides, G. M., Paper-Based Potentiometric lon Sensing. Analytical chemistry 2014, 86, (19),
9548-9553.

Malitesta, C.; Palmisano, F.; Torsi, L.; Zambonin, P. G., Glucose fast-response amperometric
sensor based on glucose oxidase immobilized in an electropolymerized poly (o-
phenylenediamine) film. Analytical chemistry 1990, 62, (24), 2735-2740.

Kros, A.; Nolte, R. J.; Sommerdijk, N., Conducting polymers with confined dimensions: Track-
etch membranes for amperometric biosensor applications. Advanced Materials 2002, 14, (23),
1779-1782.

Heng, L. Y.; Fang, T. H.; Chern, L. H.; Ahmad, M., Influence of methacrylic-acrylic copolymer
composition on plasticiser-free optode films for pH sensors. Sensors 2003, 3, (4), 83-90.
Korostynska, O.; Arshak, K.; Gill, E.; Arshak, A., Review on State-of-the-art in Polymer Based
pH Sensors. Sensors 2007, 7, (12), 3027-3042.

Woltbeis, O., Optical Technology until the Year 2000: An Historical Overview. In Optical
Sensors, Springer Berlin Heidelberg: 2004; Vol. 1, pp 1-34.

Clark, H. A.; Kopelman, R.; Tjalkens, R.; Philbert, M. A., Optical nanosensors for chemical
analysis inside single living cells. 2. Sensors for pH and calcium and the intracellular application
of PEBBLE sensors. Analytical chemistry 1999, 71, (21), 4837-4843.

Davies, M.; Hamilton, C.; Murphy, S.; Tighe, B., Polymer membranes in clinical sensor
applications: I. An overview of membrane function. Biomaterials 1992, 13, (14), 971-978.
Leonard, P.; Hearty, S.; Brennan, J.; Dunne, L.; Quinn, J.; Chakraborty, T.; O’Kennedy, R.,
Advances in biosensors for detection of pathogens in food and water. Enzyme and Microbial
Technology 2003, 32, (1), 3-13.

Lin, J., Recent development and applications of optical and fiber-optic pH sensors. 7rAC Trends
in Analytical Chemistry 2000, 19, (9), 541-552.

Zhang, X.; Goux, W. J.; Manohar, S. K., Synthesis of polyaniline nanofibers by “nanofiber
seeding”. Journal of the American Chemical Society 2004, 126, (14), 4502-4503.

Huang, J.; Virji, S.; Weiller, B. H.; Kaner, R. B., Polyaniline nanofibers: facile synthesis and
chemical sensors. Journal of the American Chemical Society 2003, 125, (2), 314-315.

Pringsheim, E.; Terpetschnig, E.; Wolfbeis, O. S., Optical sensing of pH using thin films of
substituted polyanilines. Analytica chimica acta 1997, 357, (3), 247-252.

Florea, L.; Fay, C.; Lahiff, E.; Phelan, T.; O'Connor, N. E.; Corcoran, B.; Diamond, D.; Benito-
Lopez, F., Dynamic pH mapping in microfluidic devices by integrating adaptive coatings based
on polyaniline with colorimetric imaging techniques. Lab on a Chip 2013, 13, (6), 1079-1085.
Mihai, I.; Addiego, F.; Ruch, D.; Ball, V., Composite and free standing PANI-PVA membranes as
flexible and stable optical pH sensors. Sensors and Actuators B: Chemical 2014, 192, 769-775.



© 2015 by the authors; licensee MDPI, Basel, Switzerland. This article is an open access article
distributed under the terms and conditions of the Creative Commons Attribution license
(http://creativecommons.org/licenses/by/4.0/).



