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Abstract 

This research paper presents the synthesis of polyimidazole deoxynucleic acid, templated 

(Plm/DNA) nanowires through a simple wet chemical method and measuring their potentials for 

volatile organic compounds (VOCs) sensing at room temperature. Conductive polymers (CP) like 

imidazole and their derivatives have continuously been used as active layers in chemical gas 

sensors. Even though lots of researches have been conducted on the potential application of CP 

as gas sensor, more investigations needs to be carried out in order to explore many of their 

suitable properties for application in gas sensing Templating CP with DNA have proving to be a 

method of improving their electrical capabilities and subsequent application in nanosensor. The 

sensor response shows a linear relationship with VOCs gas concentration.  Chloroform and 

hexane take the longest time (105 s) to respond and the least response time of 73 Secs and faster 

recovery (49 Secs) were observed for methanol while ethanol (89 Secs) has the longest recovery 

time among the analytes. Generally, all the analytes have a response ratio in the range of 0.72 – 

1.02, which is an indication of good response/repeatability. Methanol (0.99) has a low but 

consistent baseline for the Plm/DNA nanowires. The highest baseline drift value (>1) was 

observed in acetone, chloroform and ethanol. The remaining analytes have lower values that are 

lower than 50. The observed VOCs gas-sensing response to Plm/DNA nanocomposite sensor 

have shown higher repeatability, selectivity, long-term stability, and fast response-recovery 

characteristics which is a step forward toward their applicability in environmental monitoring 

sensor and nanoelectronics industry.implications for the field. 

Keywords: Sensor, Polymer, Polyimidazole, Sensitivity, Repeatability. 

 

 

Introduction 

Polymer sensors play an important role in environmental surveillance and are important 

components of the current sensor devices. There are two main polymer materials that have 

a major impact on nanosensors devices. Artificial polymer vesicles or polymersomes are the 

first type which are based on the self-assembly of polymers. Wrapping up of components 

as well as the functionalisation of the vesicle membrane are possible because of their 

characteristic structure. (Nawrot and Malecha, 2020; Gualandi, et al., 2021); Fink, 2016; 

Wolfbeis, 2003) Their major advantage lies in their great tunability accessible through the 

structure of the polymers. Planar polymer membranes are the second class of polymer 

material that can be formed from different types of polymers: nanoporous, conducting or 

block- copolymer. They serve as an excellent alternative to study biological membranes. 

(Wessling and Volk. 1986; Das et al., 2019) 
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CP (CPs) are polyconjugated compounds with conventional organic polymer electronic 

properties and at the same time retaining those similar to metals . Since the success in 

changing the electrical properties of some CP to remarkably high electrical conductivity via 

halogenation, several other conjugated polymers have been converted from an insulator 

into an extremely conductive condition. (Idrissi et al., 2018; Wei, et al., 2019)  

Chain conformational changes, redox reactions, ion adsorption/desorption, volume/weight 

changes or charge transfer/screening are among the sensing mechanisms in CP, like 

Imidazole. The above features, along with chemical sensitivity, room temperature 

operation, and tunable charge transport characteristics, have initiated CP as a great class 

of chemical transducers. Additionally, their synthetic routes are compatible with several 

functionalization schemes, including covalent bonding to the monomer, entrapment 

during synthesis, and surface chemistries, which can transmit a high degree of selectivity 

and are conducive to several sensor procedures. They  have the advantage  in  achieving  

high  sensitivity  and selectivity  by  virtue  of  their  chemical  and  structural  diversity. They 

also have low-temperature synthesis/processing, large area manufacture, flexibility, and 

cost effectiveness. As a result, they are suitable for sensor application. (Schlechter  (2003; 

Lin et al., 2022)  

The DNA molecule has special potential in template materials  used for the assembly of 

functional materials and the sedimentation of substances due to the intrinsic properties; 

advantages of recognition and self-assembly potential, outstanding programmability and 

rich chemical functions. With the evolution of structural DNA nanoscience, specifically 

designing DNA nanostructures and using them as templates to deposit substances makes 

shapes of nanomaterials converted from DNA nanostructures possible. Straight DNA 

nanostructures have long been favourable materials for bottom-up manufacture of 

nanoscale conducting wires. Several construction strategies, including tile-and scaffold-

based assemblies, for 1D linear structures have been outlined to date. The proposal of DNA 

polymerisation overcomes the intrinsic low conductivity of DNA and allows conductive 

wires to be constructed in nanoscale which have shown significant beneficial application in 

sensing, nanoelectronics, bioimaging, catalysis and other fields owing to their size, 

composition, and morphology-related physicochemical characteristics. (Wei et al., 2019; 

Anindya, 2020; Svetlov and Nudler, 2018)  

Monitoring of VOCs environmental levels is of utmost importance in many application areas 

such as indoor air quality, industrial safety, environmental monitoring, fire detection, health 

applications among others due to strict environmental regulations and increasing health 

perturbation. (Yuan et al., 2022) This motivated our research that synthesised 

polyimidazole DNA-templated nanowires through low cost chemical method (by oxidising 

imidazole polymer with iron oxide and mixing it with DNA to form their hybrid 

nanocomposite) and measuring their potentials for VOCs sensing. 
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Materials and Methods 
PIm/DNA nanowires Synthesis 

Plm/DNA nanowires were synthesised as explained in our previous work (Yahaya. 2020) . 

Typically, 5μL of freshly prepared imidazole (solution (3mM) was added to 20μL of λ-DNA 

(500 ng μL−1) in the presence of 5μL of MgCl2 (0.5mM), then 5μL of FeCl3 (1mM) was added 

dropwise into this solution. The solution was thoroughly mixed and allowed to react for at 

least 2 h at room temperature. 

 

Sensor Set up and Testing 

Polyimidazole DNA-templated nanowire films gas sensing test experiments were 

carried out by depositing 5 μL of the nanocomposite between Platinum nanoelectrodes. 

The dry and wet air flow was controlled by Brooks’s mass flow instrument at room 

temperature. The gas characteristics of the Plm/DNA nanowire was analysed by recording 

their electrical responses when exposed to different gas mixtures (dry air and vapour of the 

VOCs) that were passed at different flow rate. Amperometric detection with Palmsens.com 

software was used to acquire the sensing data. The schematic diagram is described in 

figure1. 

 
Figure 1: The schematic diagram of the gas sensing measurement system (Reprinted with 

permission from. Karaduman et al., (2019) 

 

Results and Discussion 
The gas characteristics of the Plm/DNA nanowires were investigated by recording their 

electrical responses when exposed to different gas mixture that were passed at different 

flow rate.  

The response of the sensor was defined as: 
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∆𝑅

𝑅0
% =  

(𝑅𝑒𝑥𝑝𝑜𝑠𝑢𝑟𝑒 −𝑅𝑂
)

𝑅0
× 100%                             (1) 

where ΔR is the change in resistance of the device before exposure to the analyte for long 

enough that R (resistance) has reached a steady-state and Ro (reference) value of the 

sensor. In the case where a steady-state resistance is not reached, it is usual to choose the 

value for ΔR to be equal to that after a particular time of exposure. (Yang, 2022). 

 

Concentration Dependence of VOCs Gas Sensing 

Data displayed in Figure 2 shows the response/signal output in relation to the concentration 

of the DNA-templated polymer nanomaterials, the chart has a linear relationship - as the 

concentration of the bulk nanowires increases the output also increases. Chemical sensors 

convert the concentrations of analytes to other detectable physical signals, such as 

absorbance currents. The active sensing material of the sensor interacts with the analyte 

when exposed to the vapour of the analyte, which causes the physical property changes of 

the sensing material. The interactions between the analytes and sensing materials are 

multiform, according to different analytes and different active materials. 

 
Figure 2: Current as a function Plm/DNA concentration charts in mmol/dm-3 at 290 K: a) 

four cycles of acetone sensing (b) five cycles of methanol sensing (c) four cycles of propanol 

sensing and (d) three cycles of acetone sensing. 

 

The linear relationship in our work is similar to a study by Bissell et al., when they attempt 

to relate analyte volatility across a wide range of compounds to resistance changes in a 

series of polymers. It has been demonstrated that, for analyte functional classes, the 

electrical resistance changes of various conducting polymer sensors conform to a linear 

relationship with vapour concentration, producing a fixed amplitude of sensor response at 

an analyte-saturated vapour pressure. (Sperlich and Toroń. 2019) 
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The relationship can be due to the basic driving force for signal in amperometric gas sensors 

that were based upon an analyte concentration gradient across a gas barrier between the 

bulk matrix and the sensing electrode. This mechanism justifies the linear dependence 

between sensor signal and vapour concentration since a diffusion-limited current is 

formed under steady-state conditions. The driving force for the analyte diffusing across the 

barrier was described as the actual partial pressure gradient. (Bissell et al., 2002; Landolt, 

2001). 

 

Response and Recovery Time 

Figure 3 displayed the representation graph of response-recovery time. The response 

time is defined as the time it takes for conductance/resistance of the gas sensor to increase 

to 90% of the maximum conductance/resistance when a specific amount gas was 

introduced into the sensor test chamber (written as tr90). 

 
Figure 3: Representation graph of response-recovery time 

The recovery time (td90) is the time required for a ninety (90%) reduction in conductance 

when the gas is turned off and air pumped into the chamber (i.e., the time to reach 10% 

conductance/resistance in volatile organic compounds vapour)  The repeatability as 

described in figure 3 of the Plm/DNA nanowires film sensor based on response and recovery 

times (t90) were studied, after their exposure to the different analyte vapour. (Hong and 

Hoang 2021). 

Figure 4 displayed the response and recovery time for the Plm/DNA nanomaterials towards 

the different VOCs tested, from the chart chloroform and when exposed to the Plm/DNA 

bulk nanowires hexane tooks the most prolong time (105 s) to respond then ethanol (104 s). 

Propanol and acetone responded at 96 and 91 seconds respectively. The least response 

time of 73 s was observed for methanol vapour when it was exposed to Plm/DNA nanowires.  
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Figure 4: Response and Recovery times for Plm/DNA nanomaterials: 

In the same figure 4, the recovery time for the different analytes when they were exposed 

to bulk polymer nanowires were displayed. Methanol (49s) recovered faster than all the 

other analytes while ethanol (89s) had the longest recovery time among the analytes. 

Chloroform (87s), hexane (85s) and propanol (78s) followed in descending order.  Acetone 

was recovered in less than one and a half minutes (75s). Overall, recovery time is very fast 

in comparison with the response time. The expeditious and straightforward recovery makes 

the Plm/DNA nanostructures suitable for practical applications in VOCs sensing. 

The performance of 1-D nanostructured sensors depends greatly on the chemical 

composition, sensor fabrication method, surface morphology, operating 

temperature/humidity, microstructure, processing approach and crystallinity. The results 

of the response and recovery can be explained in terms of the conductive polymer 

configuration which have been used to measure shifts in work function caused by the 

adsorption of a range of VOCs. The response of a conductive polymer film is determined by 

the electrochemical deposition conditions and, in particular, the electrolyte/solvent system 

used. (Shi, et al., 2021) 

Measurements of the change in optical absorption spectra on exposure to organic vapours 

and the work-function switch, reveal a little but reversible charge transfer when a gas is 

adsorbed at the surface of the polymer. Partial electron transfer may increase or reduce the 

concentration of the charge carriers in the polymer backbone and, hence, polymer 

conductivity; the direction is determined by the relative magnitude of the electronegativity 

of the vapour and the work function of the polymer. Li, et al., 2001; Janata and Josowicz,. 

2003). 

 

Repeatability and Sensitivity  ` 

Figure 5 illustrates the general typical current transients of Plm/DNA nanowire device, 

sensing sensitivity and repeatability at a constant biassed voltage. In due course of time, 

the current is turn on in the presence of VOCs vapour and turn off to baseline current when  



 

 

AJASTR 

September 2022, Vol. 6, No. 1   African Journal of Advanced Sciences & Technology Research          30 

www.afropolitanjournals.com 

the vapour is turn off in the presence of air.  

 

 
Figure 5: Representation graph of sensitivity and repeatability of Plm/DNA nanowires-array 

based gas sensor towards different volatile organic compounds vapour at different Kelvin 

temperatures. 

To check the repeatability of the nanowires sensing test for the different analytes, the 

response and baseline ratios of the different volatile compounds were calculated and 

presented in figure 6. The response ratio (change in current in the presence of the analyte 

vapour) was calculated using the formula in equation 2 below: 

𝑅𝑒𝑠𝑝𝑜𝑛𝑠𝑒 𝑟𝑎𝑡𝑖𝑜 =  
∆𝐼𝑛

∆𝐼1
     (2) 

Where,  

In is the change in current of the last cycle response for the sensing test for an analyte and 

I1 is the initial change in current for the first cycle response. A ratio value of close to 1 

indicates a good response or repeatability, which is a desirable sensor characteristic. The 

response ratio was calculated for four (n = 4) sensing cycles for all the analytes. Generally, 

all the analytes have a response ration in the range of 0.72 – 1.02, which is an indication of 

good response/repeatability. 

 
Figure 6: Current response and baseline ratios chart for the VOCs sensing with Plm/DNA  
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nanowire. 

In same figure 6, the baseline consistency during the sensing test at different cycles for the 

analytes vapour were analysed using the background ratio formula in equation 3: 

   

𝐵𝑎𝑐𝑘𝑔𝑟𝑜𝑢𝑛𝑑 𝑟𝑎𝑡𝑖𝑜 =  
𝐵𝑛

𝐵1
      (3) 

 

Where, Bn is the baseline value in the last response/recovery cycle for the sensing test for 

an analyte and B1 is the initial baseline value. Methanol (0.99) has a low but consistent 

baseline for the Plm/DNA nanowires from the chart. The highest baseline drift value (>1) 

was observed in acetone, chloroform and ethanol. Generally, the baseline is stable for all 

the VOCs sensed. 

Sensitivity is the ratio of the incremental change in the sensor’s output (Δy) to the 

incremental change of the measure input (Δx). The slope of the calibration curve, y = f(x), 

can be used for calculation of sensitivity. (Soleja et al., 2020) Figure 7 display the slopes of 

the calibration curve of the Plm/DNA nanowires towards different VOCs sensed. The 

responses most likely are due to adsorption of the molecules on the composite and then 

changes in the polymer conformation. 

 
Figure 7: Slope of the calibration curves for the different VOCs illustrating the sensing 

behaviour of the prepared Plm/DNA nanowires samples under different analyte gas 

environments at room temperature. The change in electrical resistance of the prepared 

samples with the analyte gas exposure is converted into the sensitivity (S) by the formula S 

= ΔR/Ro. 

From the chart in figure 7, methanol and ethanol have the highest values respectively. The 

remaining analytes have lower values that are lower than 50. Sensitivity may be due to 

physical interactions between the analytes gases and the sensing Plm/DNA nanowires 

films, involving it adsorption or swelling. Even though these interactions do not change the 

oxidation levels of the conducting polymers, it can influence the properties of the sensing 
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materials. (Krawczyk et al., 2021; Qu et al., 2019). The results reveal good repeatability and 

sensitivity of the Plm/DNA sensor towards VOCs.  

 

Sensing Mechanism 

Chemical sensors change the concentrations of analytes to other detectable physical 

signals, like absorbance, currents, acoustic or mass variables. Upon exposure to the vapour 

of an analyte, the active sensing material of the sensor will be combined with the analyte, 

which brings about the physical property variation of the sensing material. The reactions 

between the analytes and sensing materials are multiplexed, according to different 

analytes and different active materials. (Wang, et al., 2021; Narducci, 2022) 

Absorbing of the analyte molecules on the surface of sensing film is widely used in 

explaining gas sensing. In reality, absorption is the first step in all the sensing methods. The 

absorption of organic gases on CP has been studied by several scientists. Bartlett’s group 

presented a basic model for polymer gas sensors which consists of a thin uniform polymer 

film lying on the top of a pair of coplanar electrodes supported by an insulating substrate. 

They assumed that the absorption process is described by the Langmuir adsorption 

isotherm. (Farbod and Norouzi 2021; Bai and Shi 2007)  

The mechanism of CP nanowires sensing can be explained in terms of the interactions 

between gas molecules and CP films. Firstly, chemical reactions between analytes and 

conducting polymers were used to explain the mechanism. The physical properties of 

conducting polymers strongly depend on their doping levels, which can be change by 

chemical reactions with many analytes. For instance, the sensing mechanism in acetone 

can be described due to hydrogen bonding and dipole-dipole interactions, beside the 

chemical reaction and weak interactions. (Tun and Chen, 2021) 

A model of a dielectric effect on electron hopping has been proposed to explain the 

conductive polymer sensing mechanism, in which polymer conductivity is determined by 

electron hopping between polymer chains or over intrachain defects and the hopping rate 

is altered by the dielectric property of the vapour. Other models have reported physical 

effects on conductivity as a result of polymer swelling by the organic vapours. It has also 

been recognized that variation in the extent of sorption of different vapours by the polymer 

may lead to significant differences in sensor performance. (Lee, 2007; Charlesworth et al., 

1993) In our studies we believed that the mechanism of Plm/DNA sensing is by absorption 

of the analyte molecules on the surface of sensing film. 

 

Conclusions 
A polyimidazole DNA templated composite VOCs sensor has been developed by a simple 

oxidative wet chemical polymerization method that employed DNA as a template. The 

developed sensor showed good repeatability, selectivity, fast response/recovery, and long-

term stability on exposure of VOCs at room temperature. In addition, sensor response also 

showed a linear relationship with VOCs concentration. The obtained results are in good 
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agreement with reported work with enhanced gas sensor response properties and is a way 

forward towards sensor application in indoor monitoring and nanoelectronics industry. 
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