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Graphical abstract 

Abstract 

Composite polymer consisting polyaniline (PANI) and zinc oxide (ZnO) were synthesized via oxidative 
polymerization of aniline. The composite PANI thin films were characterized by FTIR spectroscopy 
and their optical properties towards hydrogen gas were investigated using UV-vis spectroscopy. The 
FTIR spectra obtained verified the synthesis PANI/ZnO composite. From the experimental results, it 
was found that with increasing zinc oxide content in the composite cause the transmittance to 
decrease. The transmittance of the thin films slightly increased after exposed to hydrogen gas. PANI-
ZnO (10%w.t.) exhibited best response compared to other composition with the highest transmittance 
peak difference of 11.4%.  
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INTRODUCTION 

Hydrogen gas as one of the cleanest source of energy has attracted 

attentions from all over the world though there are still many safety 

concerns, especially associated with the probable linkage risk (Chen et 

al., 2014).  Wherever hydrogen is used, and wherever it can mix with 

air and ignite, monitoring for leaks is necessary to avoid catastrophes. 

Hydrogens also are known to have excellent combustible and explosive 

properties but also have a high tendency to leak through container or 

pipe lines due to its small molecular size (Kumar et al., 2010). Large 

quantities of hydrogen are safely used in industry today, but it is hard 

to contain and difficult to detect leaks.  This is because of the natural 

characteristics of hydrogen gas which is colourless, odourless, has high 

propensity to leak, low ignition energy, invisible flame, high energy 

content and it is a highly explosive gas.  When consumption and 

demand of hydrogen are growing, they will lead to the development of 

massive infrastructures composed of hydrogen energy system, such as 

large-scale storage tanks, liquid hydrogen tankers, electrolysis plants, 

long pipelines and fuel cell power.  Therefore, a sensitive hydrogen gas 

sensor with low limit detectability, reliable and low cost is extremely 

required to sense the leakage over a wide area as fast as possible. 

Mechanisms for detection of hydrogen are dependent on the type 

of sensors which are based on the detectable change of physical or 

chemical property of sensing element.  Example of detectable changes 

such as resistance, electric current, temperature, capacitance, voltage, 

reflectance, bending and frequency (Hubert et al., 2011).  Therefore, 

hydrogen sensors can be classified into several types such as thermal, 

catalytic, electrochemical, resistive, mechanical, acoustic and optical. 

Electrochemical hydrogen sensor is based on the changes of 

electrical properties caused by an electrochemical reaction at the 

electrode.  Low concentration (ppm level) of hydrogen gas can be 

sensed using this type of sensor and does not require heating (Li et al., 

2015).  Resistive hydrogen gas sensor is based on the change of 

resistance of semiconductors.  This change is due to the increase of 

surface electrons by oxygen adsorption which will later react with 

hydrogen gas. 

PANI is one of many conducting polymers that had gained attention 

for various applications such batteries, electrochromic glasses and 

actuators (Boeva et al., 2014) due to its high environmental stability 

and easy synthesis process. One of the unique attribute of PANI is the 

doping process. It can exist in three different states of oxidation. 

Leucoemeraldine being the most reduced form and pernigraniline the 

most oxidized form are poor conductors and not environmentally 

stable. Common use of PANI exists in the form of emeraldine, the 

halfly oxidized form. In this form, emeraldine can undergo easy 

acid/base doping which can interchange the PANI in conducting form 

which is the emeraldine salt and insulating form which is the 

emeraldine base. The properties of PANI can be tuned by adding dopant 

such as metals to improve selectivity (Athawale et al., 2006) and acid 

to induce greater solubility (Cao et al., 1992)  

Due to the easy processibility of PANI which made it suitable to be 

fabricated as thin film  (Kang et al., 1998) allows zinc oxide to be 

incorporated into PANI which acts as the gas sensing reaction site due 

to its high surface area while ZnO linked the polymer chain to increase 

the stability of the composite (Shukla et al., 2013). PANI-ZnO had been 

reported to be used as ammonia gas sensor that showed room 

temperature operation and fast response (Talwar et al., 2014). In this 

work, composite PANI-ZnO were synthesized by oxidative 

polymerization of aniline by ammonium persulfate with different 

weight percentage of zinc oxide. The selectivity toward hydrogen gas 

is assisted by addition of palladium. The resulting composite polymer 

is fabricated into thin films to be tested as hydrogen gas sensing 

material.  
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EXPERIMENTAL 

Materials 
Aniline (ACS reagent 99.5%), 1-methyl-2-pyrrolidinone (NMP, 

99.5%), ammonium persulfate (APS, 98%) were purchased from 

Sigma-Aldrich. Palladium (II) chloride (59%) was purchased from 

Merck Sdn. Bhd. Zinc oxide (AR Grade) was obtained from QREC. 

Sodium hydroxide (ACS reagent) was purchased from R&M 

Chemicals. Hydrochloric acid (37%) was obtained from RCI Labscan 

Limited.  

Synthesis of PANI-ZnO  
Zinc oxide powder of 5%, 10%, 20% and 30%wt to aniline were 

added into 400mL of 0.1M aniline in 1M HCl.  Each sample were 

labelled according to the weight percentage of added zinc oxide into the 

monomer which are Z5 (5%wt), Z10 (10%wt), Z20 (20%wt) and Z30 

(30%wt).  APS in 1M HCl was added in dropwise for 30 minutes while 

stirring vigorously and the molar ratio of monomer to oxidant was 

maintained at 2:1. The stirring was continued for 8 hours before the 

solution was left to settle overnight. The precipitate was filtered and 

washed with distilled water and methanol for the second wash. The 

precipitate was left to dry in air for 24 hours. The obtained powder was 

subjected to 1M sodium hydroxide treatment to convert to emeraldine 

base form.  

Fabrication of thin film 
The composite polymer powder was mixed with palladium chloride 

at 1:1 ratio. The mixture was dissolved in NMP to create 1% polymer 

solution. The solution was drop casted onto the glass slides before set 

to dry in an oven of 50°C until the solvent evaporated completely. 

Testing rig 
The fabricated thin films were tested inside a small glass chamber 

which allow hydrogen to pass through directly onto the surface of the 

thin films. The rig was as shown in Fig. 1.  

Fig. 1 Experimental rig of hydrogen sensing 

RESULTS AND DISCUSSION 

FTIR Analysis of Polyaniline-Zinc Oxide composite 
FTIR spectra of PANI-ZnO composite were observed for each 

sample in the range of 500–4000 cm−1 to confirm the polymerization 

of polyaniline.  Spectra in Fig. 2 for 5wt% of ZnO in PANI-zinc oxide 

composite were taken as base to observe functional groups present in 

the composite.  FTIR spectra of PANI-ZnO exhibit characteristic bands 

at 3200-3300, 2115, 1637, 1583, 1489, 1289, 1160 and 825 cm-1.  The 

band at 3200-3300 cm-1 is due to the N-H stretching of PANI in PANI-

ZnO.  Peak at 1637 is assigned as NH2 bending vibration. The 

appearance of peaks at 1583 and 1489 cm-1 is attributed to the C=C 

stretching of quinoid and benzenoid rings, respectively.  The band at 

1289 cm-1 is assigned to the emeraldine base structure.  Furthermore, 

the band at 1160 cm-1 is due to N=Q=N, where Q represents the 

quinoid ring present in the PANI-ZnO nanocomposite (Alvi F. et al.,

2010). The peak at 825 is attributed to para disubtituted benzene. 

Similar spectra of different compositions of PANI-ZnO are shown Fig. 

3.  

Fig. 2  FTIR spectra for 5wt% of ZnO in PANI-zinc oxide composite. 

Fig. 3 FTIR spectra for different composition of PANI-ZnO 

Fig. 4 Chemical structure of PANI-ZnO 
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Evaluation of hydrogen sensing    
Based on the results, it was found that increasing amount of zinc 

oxide in the composite will cause the transmittance to decrease as 

shown in Figu. 5.  Fig. 6 shows UV-vis spectrum of PANI-ZnO thin 

film after exposure to hydrogen gas. Samples showed strong peaks at 

about 580nm which attributed to transition between benzoid and 

quinoid ring. The peaks slightly shifted to lower wavelength as the 

metal oxide content increases. 

Fig. 5 (A) Wide UV-vis spectrum before H2 exposure; (B) Zoomed in 
spectrum before H2 exposure 

Fig. 7 shows the difference in terms of transmittance for before and 

after the samples were passed through hydrogen gas.  It can be seen that 

Z10 has the highest difference up to 11.4 % compared to other 

composition. The findings obtained is the same with the ones 

researched by (Ameen S. et al., 2011), where peak intensity gradually 

decreases with the increasing weight percent ratio of ZnO which 

indicates that the generations of singlet excitons are reduced due to the 

presence of the ZnO and might interact with the inter-chain of PANI 

species. 

The response of thin film when exposed to hydrogen gas maybe due 

to the doping of PANI. When hydrogen gas comes into contact with 

palladium, it dissociates into hydrogen atom which then adsorbed into 

the matrix of PANI-ZnO. These atoms may induced protonation of 

PANI. From the results, the response of each samples is not yet viable 

to be used. This may due to the reduction of palladium chloride by 

emeraldine base while simultaneously changed to emeraldine salt 

(Khanna et al., 2008). Clear observation was made when the casting 

solution changed colour from blue (emeraldine base) to green 

(emeraldine salt) after a few days. This means the thin films of 

emeraldine base were already partially protonated by itself before the 

exposure. Since the detection depends on the initial oxidation state of 

PANI (Lange et al., 2008), further study is needed to investigate the 

sensing mechanism of this composite polymer. 

Fig. 6 (A) WideUV-vis spectrum after H2 exposure; (B) Zoomed in 
spectrum after H2 exposure 

Fig. 7 Transmittance difference 
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CONCLUSION 

PANI-ZnO with different weight percentage of zinc oxide were 

successfully synthesized and tested for hydrogen gas sensing. The FTIR 

spectra verfied the functional groups of polyaniline while the UV-vis 

spectrum is used to measure the response of PANI-ZnO thin film 

towards exposure to hydrogen gas. It was concluded that PANI-ZnO 

(10% w.t) showed the best response compared to other composition. 

This composite showed the potential of being used as hydrogen gas 

sensing material with further optimization of material and fabrication 

process.  

ACKNOWLEDGEMENT 

This work was financially supported by Ministry of Higher 

Education Malaysia and Universiti Teknologi Malaysia under the 

Research University Grants QJ130000.2544.06H81. 

REFERENCES 

Alvi, F., Ram, M. K., Gomez, H., Joshi, R. K., Kumar, A. 2010. Evaluating the 

chemio-physio properties of novel zinc oxide–polyaniline nanocomposite 
polymer films. Polymer Journal. 42(12), 935-940. 

Ameen, S., Akhtar, M. S., Kim, Y. S., Yang, O. B., Shin, H. S. 2011. An 

effective nanocomposite of polyaniline and ZnO: Preparation, 
characterizations, and its photocatalytic activity. Colloid and Polymer 

Science. 289(4), 415-421. 

Athawale, A. A., Bhagwat, S. V., Katre, P. P. 2006. Nanocomposite of Pd–
polyaniline as a selective methanol sensor. Sensors and Actuators B: 

Chemical. 114(1), 263-267. 

Boeva, Z. A., Sergeyev, V. G. 2014. Polyaniline: Synthesis, properties, and 
application. Polymer Science Series C. 56(1), 144-153. 

Cao, Y., Smith, P., Heeger, A. J. 1992. Counter-ion induced processibility of 

conducting polyaniline and of conducting polyblends of polyaniline in 
bulk polymers. Synthetic Metals. 48(1), 91-97. 

Chen, R., Ruan, X., Liu, W., Stefanini, C. 2015. A reliable and fast hydrogen 

gas leakage detector based on irreversible cracking of decorated palladium 
nanolayer upon aligned polymer fibers. International Journal of Hydrogen 

Energy. 40(1), 746–751. 

Hübert, T., Boon-Brett, L., Black, G., Banach, U. 2011. Hydrogen sensors - A 
review. Sensors and Actuators, B: Chemical. 157(2), 329–352. 

Kang, E. T., Neoh, K. G., Tan, K. L. 1998. Polyaniline: a polymer with many 

interesting intrinsic redox states. Progress in Polymer Science. 23(2), 277-
324. 

Khanna, P. K., Kulkarni, D. 2008. Reduction of PdCl2 by Emeraldine base; 

synthesis of palladium nano-particles. Synthesis and Reactivity in 
Inorganic, Metal-Organic  and Nano-Metal Chemistry. 38(5), 459-463. 

Kumar, A., Zhang, P., Vincent, A., McCormack, R., Kalyanaraman, R., Cho, H. 

J., Seal, S. 2011. Hydrogen selective gas sensor in humid environment 
based on polymer coated nanostructured-doped tin oxide. Sensors and 

Actuators, B: Chemical. 155(2), 884–892. 

Lange, U., Roznyatovskaya, N. V., Mirsky, V. M. 2008. Conducting polymers 

in chemical sensors and arrays. Analytica Chimica Acta. 614(1), 1-26. 

Li, Z., Yang, M., Dai, J., Wang, G., Huang, C., Tang, J., Huang, P. 2015. Optical 
fiber hydrogen sensor based on evaporated Pt/WO3 film. Sensors and 

Actuators B: Chemical. 206, 564–569. 

Shuklaa, S. K., Singhb, N. B., Rastogic, R. P. 2013. Efficient ammonia sensing 
over zinc oxide/polyaniline nanocomposite. Indian Journal of Engineering 

& Materials Sciences. 20, 319-324. 

Talwar, V., Singh, O., Singh, R. C. 2014. ZnO assisted polyaniline nanofibers 
and its application as ammonia gas sensor. Sensors and Actuators B: 

Chemical. 191, 276-282. 

http://www.foxitsoftware.com/shopping

