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Introduction
Thiocyanate (SCN-), a metabolite of cyanide detoxification is 
produced endogenously in the liver [1], and it is abundance in 
physiological fluids like saliva, breast milk [2]. However, the 
concentration of thiocyanate in physiological fluids, particularly 
in saliva, depends on the smoking habits [3]. For non-smokers, 
the saliva thiocyanate concentration lies in the range 0.5-2 mm, 
whereas, it could be as high as 6 mm for typical occupational 
smokers [4]. If the content of thiocyanate ion is a little higher in the 
body than normal, the protein dialysis will be affected and it may 
even result in coma. Many methods, such as spectrophotometric 
[5], voltammetric [6], chromatographic [7], potentiometric [8] 
and fluorometric [9] have been developed for the determination 
of SCN-. However, most of them are time consuming or costly 
or require sophisticated instrumentation, which prevent them 
from being used for on-site analyses and field tests. As such, 
development of devices and methods offering various advantages 
such as simplicity, relatively fast response, low cost, wide linear 
dynamic range and ease of preparation and procedures for 
precise determination of thiocyanate is of current research 
interest [10-14], particularly in the context of monitoring the 
cyanide exposure, especially from tobacco smoking. In this paper 
we report the possibility of using ionic polymer metal composites 

(IPMC) towards naked-eye detection of thocyanate in aqueous 
sample based on the formation of a red color Fe-SCN adduct [15]. 

Experimental
Reagents and chemicals
All reagents and chemicals used were of A.R grade and used as 
received. The pH of solutions was adjusted with sodium hydroxide 
or hydrochloric acid solution as appropriate. All other reagents 
used were of analytical reagent grade. Double distilled water 
was used throughout the experiments. A 0.1M stock solution of 
thiocyanate was prepared by dissolving an appropriate, accurate 
amount of KSCN. The standard 0.1 mm to 100 mm solutions of 
thiocyanate were prepared daily by sequential dilution of the 
appropriate stock solution with doubly distilled water.

Fabrication of IPMC based sensor
A piece of Nafion117 membrane (2″ x 2″) of 0.2 mm thickness was 
subjected for pretreatment processes in 3% hydrogen peroxide 
(H2O2) for elimination of organic impurities. Subsequently, this 
piece was further treated in 1.0 M sulfuric acid (H2SO4) at 80ºC 
for removal of metallic impurities. Then this pretreated polymer 
membrane sample was immersed in a solution of FeCl3 (0.02 M) 
at room temperature for 24 h to allow Fe3+ to diffuse through the 
ion-exchange process, and then washed several times with multi-
distilled water. 
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Results and discussion
Development of bio-mimetic smart devices using ionic polymer-
metal composites (IPMCs) has gained current importance [16]. 
IPMCs consist of a ion exchange electroactive polymer membrane 
and thin conductive metal electrodes chemically deposited on 
both sides of the membrane. Although many ion-exchanged 
polymers have been studied, NafionTM, a fluorocarbon polymer 
with linear backbone shown in Figure 1 with no cross linking and 
attached with fixed ionic groups (-SO3

- for cation exchange), has 
been shown to be a viable material [1]. The noble metals such as 
gold or platinum can be electrode materials to improve surface 
conductivity (Figure 1). We have been engaged in developing 
actuators and sensors using IPMCs [17,18]. Very recently we 
have reported results of the actuation and sensing studies of a 
five-fingered miniaturized robotic hand fabricated by using IPMC 
[18]. In the present work we explored the possibility of using 
IPMC strip as a device for detection of thiocyanate (SCN-). The 
Fe3+-exchanged IPMC strip prepared by exchanging Fe3+ ions 
was applied to detect thiocyanate ions in pure water solution. 
The rational strategy as shown schematically in Scheme 1 for the 
naked-eye detection of thiocyanate in aqueous sample without 
any spectroscopic instrumentation is based on the formation 
of a red coloured Fe-SCN species on to the surface of the IPMC 
strip (Scheme 1). Addition of 10 µL (using micro-pipette) of the 
aqueous test solution of SCN- onto the surface of Fe3+-exchanged 
IPMC strip immediately resulted in the formation of red spot 
on to the yellowish strip. One the spots got dried (within few 
seconds) photograph of the strips were taken using a Canon 
Camera, and Microsoft Paint software was used as a imaging 
treatment program. In Figure 2 shown is the pictorial change in 
the intensity of the color with the change in the concentration of 
SCN- in solution (Figure 2). Clearly, the IPMC based device allow 
naked-eye detection SCN- in aqueous solution at a low limit of 

0.5 mM, thus provides a practical means to inspect thiocyanate 
anion concentrations in the wilderness.	  

Conclusion
In conclusion, results of our studies show that the Fe3+-exchanged 
IPMC strip could be able to detect thiocyanate anion in aqueous 
solution at a low limit of 0.5 mM. This method may offer a new 
cost-effective, rapid and simple solution to the inspection of SCN- 
ion in saliva and environmental aqueous samples. The obvious 
color change induced by thiocyanate can be easily observed 
by the naked eye, suggesting excellent applicability as a good 
probe to distinguish between smokers and non-smokers in the 
undeveloped regions.
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Figure 1 Pictorial representation of fluorocarbon polymer with linear 
backbone. 

 

(CF2CF2) CFO(CF2-CFO) CF2-CF2-

CF2
CF3

SO3n m Na+

Figure 2 Visible change in the red coloured spot developed upon 
addition of SCN -(at different concentration) on to the 
surface of the IPMC strip due to the formation of surface 
bound FeIII-SCN adduct.
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Scheme 1 Interaction of SCN- with Fe3+ surface exchanged IPMC.
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