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Abstract 
In recent years, conducting polymers is playing a significant role in the field of display devices, 

transistors, solar cells, sensors and electrochromic windows due to their outstanding 

optoelectronic and semiconducting properties due to their conjugated backbone. One potential 

application that is not as widely explored using these materials is biosensing, where advantage 

is taken of the porosity that can be generated by polymerization of a three-dimensional network. 

There are various approaches for producing conjugated microporous polymers using 

trifunctional or multifunctional monomers synthesised via chemical or electrochemical 

methods. In this work, we have used electropolymerization to synthesize conjugated polymer 

films on a working electrode of Flexible Indium Tin Oxide (FITO) using a trifunctional 

conjugated monomer 1, 3, 5-tri(furan-2-yl) benzene (TFB). There are several parameters which 

influences the formation of a porous polymer film and the most critical ones are substrate 

conductivity, roughness, method of electropolymerization and choice of electrolyte. These 

porous electropolymerized films were characterised using UV-Vis spectroscopy (UV-Vis), X-

ray Photoelectron Spectroscopy (XPS), surface profilometry, four-point probe conductivity 

measurements, Scanning Electron Microscopy (SEM). The polymer films that were 

electropolymerized using chronoamperometry rather than repetitive potential cycling 
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demonstrated a more suitable morphology to trap DNA/RNA analytes for biosensing 

applications. 

 

1. Introduction 

In the last few decades, conducting polymers have gained significant attention from the organic 

electronics community due to their interesting optoelectronic and semiconducting properties 

arising from their conjugated backbone.1 These conjugated polymers can be used as an active 

thin film material in various electronic devices such as organic light emitting diodes (OLEDs), 

organic field effect transistors (OFETs), organic photovoltaics (OPVs), logic circuits as well 

as chemical and biochemical sensors.2  Among the various classes of conjugated polymers, 

conjugated microporous polymers (CMP’s) are predominant classes of materials  and were first 

reported by Cooper in 2007. 3-4 CMP’s are a class of conjugated polymer that vary slightly 

compared to regular conjugated polymers due to the π-conjugation in their backbone that are 

linked in the form of three-dimensional (3D) networks. This unique feature produces a porous 

conjugated skeleton network which makes them different to more conventional conjugated 

polymer systems that form compact thin films.4  

Microporous polymer films have recently gained importance due to their porosity and 

therefore inherently larger surface area. The formation of a microporous conjugated backbone 

with various functional groups attached to the backbone has resulted in many applications 

beyond organic electronic devices like energy storage,5 gas capturing molecules,6-8 drug 

delivery,9-10 catalysis11-13 and sensors.14-16 In general, conjugated monomers that contain rigid 

backbone planar molecules without long alkyl chains are difficult to solubilise, which is why 

designing monomers in a non-planar fashion requires attaching functional groups such as furan, 

thiophene, melanoic acid, carboxylic acid and solubilising groups (such as alkyl chains) to 

enhance their solubility in common organic solvents. The Monomer solubility is essential for 

the formation of good quality polymer films using the electropolymerization technique.  

Conventional chemical techniques for polymer synthesis such as Suzuki-Miyura 

coupling,17 Stille coupling,18 Sono-Gashira-Hagihara cross-coupling,19-20 Yamamoto 

coupling,21-22 oxidative coupling,23 heat treatment24 or direct arylation25   can have some 

drawbacks. The common ones are these techniques needs high-cost catalysts such as nickel or 

palladium in combination along with ligands such as triphenyl phosphine, 

dibenzylideneacetone and bis(cyclooctadiene). During the chemical polymerization, a huge 

amount of polymer can be synthesized for various applications, however, batch to batch 

https://en.wikipedia.org/wiki/I
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molecular weight variation can affect optoelectronic properties. Another critical challenge is 

the synthesis of monomers which require suitable chemical functional groups such as di-halo, 

bis-boronic, bis-stannyl, bis-acetylene for successful polymerization which adds more 

synthesis steps making the production of these types of monomers time consuming and 

expensive. In order to resolve these issues, an alternative method known as 

electropolymerziation can be used where the polymer film can be  deposited directly on a 

conducting substrate if a suitable oxididation site is available on the electron rich (donor) 

monomer. In the case of electropolymerization, the film thickness and the dimensions of the 

cross-linked polymer network can be tuned by changing the concentration of the monomer and 

the applied potential or sweep rate during potential cycling deposition 26 which also influence 

the homogenity of the polymer film.27-28 

There are very few reports detailing the electropolymerization of CMP’s that can be 

used for analyzing bioanalytes for biosensor applications. In 2015, that carbazole based 

microporous polymer networks (MPNs) deposited on a working electrode was reported by 

Palma-Cando et al. shows a response to nitro based explosive analytes.29  The obtained polymer 

film on a glassy carbon electrode (GC) was used as an electrochemical sensing platform to 

detect the nitroaromatic analyte 1,3,5-trinitrobenzene (TNB). The sensitivity of MPN to the 

analyte was achieved by the interaction between the electron deficient nitroaromatic analyte 

and the electron-rich MPN surface.30 The same group also studied the MPN’s on various 

electrotrode surfaces to study the response to nitroaromatic analytes in comparison to plain 

GC.31 In 2018, Bai et al. electropolymerized 3,5-tri(thiophen-2-yl)benzene (TTB) on a GC 

electrode using chronoamperometry and cyclic voltammetric techniques to produce polymer 

films. They electropolymerized three monomers with a thiophene functional group on a GC 

electrode. The polymer films were then tested for the detection of metronidazole. The obtained 

results showed the elevation in the current response for the surface modified electrode with 

respect to the plain GC electrode.32 Recently, Hao et al. reported a multifunctional luminescent 

network polymer film, using triphenylethene groups with an anthracene core (TCzDPAn) 

which is an active blue emitting molecule for the detection of 2,4,6-trinitrophenol (TNP) in 

both vapour phase and solution using fluorescence resonance energy transfer (FRET) and 

photo-induced electron transfer (PET) techniques. The electropolymerised films were used as 

both a flourescent sensor as well as an OLED material. The electroluminescent device made 

using the electropolymerized film displayed a luminance of 923 cd/m2 and 0.28 cd/A  of 

maximum luminance efficiency. This demonstrates the potential for future electroluminescent 

devices based on electropolymerized thin films.33 Ma et al. also reported poly (3,4-

https://www.sciencedirect.com/topics/chemistry/luminiscence-type
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ethylenedixythiophene) grafted with polyglycerol (PEDOT-HPG) using an electrochemical 

approach on a GC electrode. This was used to detect human cervical carcinoma cells via 

conjugation of alpha-fetaprotein (AFP) antibodies to the polymer film surface. The film 

showed a sensitivity level of 0.035pg/mL with significant antifouling performance in complex 

biological media.34 

MicroRNAs have shown a great promise as disease specific biomarkers owing to their 

ubquitous regulatory role in almost all cellular processes. Moreover, as disease specific 

miRNAs are found in all bodily fluids either as free circulating molecules or enclosed in 

exosomes, they are particularly useful for development of minimally invasive liquid biopsy 

based disease diagnostic platforms. Molecular biology based miRNA detection methods such 

as RT-qPCR and next generation sequencing though are very sensitive, they are mostly 

expensive and not ideally suited for near-patient or resource limited settings. In recent years 

much attention has been paid to the development of electrochemical biosensors targeting 

various biomarkers including miRNAs for disease diagnostic applications. However, major 

drawback of most of these electrochemical biosensors is that they involve complicated sensor 

fabrication steps or in cases where redox reporters are used for signal amplification, loss of 

dynamic range is obesreved. Direct affinity interaction of biomolecules with electrode 

materials is one of the ways to circumvent these limitations of electrochemical biosensors and 

gold-DNA/RNA and graphen-DNA/RNA interaction has been exploited in a range of 

biosensing applications including miRNAs We have also previously demonstrated the potential 

applicability of thin films of positively charged poly(O-DPPN) electropolymerised on glassy 

carbon electrodes as miRNA sensing platform. 

In this work, we have studied a new trifunctional conjugated monomer system of 1,3,5-

tri(furan-2-yl) benzene with three electron rich furan moieties attached at the 1, 3 and 5 

positions of the central benzene ring. The trifunctional monomer was electropolymerized using 

chronoamperometry and cyclic voltammetry where a comparison between both methods is 

reported for its influence on the morphology of the electropolymerized films.  Here, a three-

dimensional mesoporous conjugated  network was employed on the flexible indium tin oxide 

(FITO) electrode. The obtained CMP’s on FITO were further characterized using various 

techniques such as, X-ray photoelectron spectroscopy (XPS), scanning electron microscopy 

(SEM) and  UV-vis spectroscopy and finally the conjugated CMP porous network was further 

utilized for detecting miRNA from the novel overian cancer cell. 

 

2. Experimental  
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2.1. Materials 

The rationally designed monomer 1,3,5-tri(furan-2-yl) benzene was purchased from VBR 

molecules, India. Silver with a purity of  99.9%  and Platinum Wire (A&E Metals, Australia) 

were used as reference electrodes and counter respectively. An flexible ITO (ITO deposited on 

a flexible polyethylene terephthalate (PET)) substrate with dimensions of 8 mm × 20 mm was 

purchased from Yan Technology LTD Hong Kong, whereas aluminium tape was purchased 

from TechninstroTM. An electrochemical cell with slots for the working electrode, counter and 

reference electrodes were used for this experiment. Ferrocene (Sigma Aldrich, Australia) was 

used as an internal standard for electrochemical experiments and all potentials are quoted to 

the Fc/Fc+ redox couple. Anhydrous dichloromethane (DCM) and Tetrabutylammonium 

phosphate (TBAP), are from Sigma Aldrich, Australia. The entire study was conducted on 

analytical grade and has been used directly for the experiments. Electropolymerization was 

conducted in the DCM medium with 0.1 M TBAP as a supporting electrolyte. A twenty minutes 

purging under Argon was conducted before of every electrochemical experiment. 

 

 

2.2. Instrumentation and Characterization 

XPS measurements were done with a Kratos Axis ULTRA X-ray Photoelectron Spectrometer 

incorporating a 165 mm hemispherical electron energy analyser. The incident radiation was 

monochromatized Al Kα X-rays (1486.6 eV) at 150 W (15 kV, 15 mA). Survey (wide) scans 

were taken at an analyser pass energy of 160 eV and high-resolution scans at 20 eV. Survey 

scans were carried out over a binding energy range from 1200 to 0 eV with 1.0 eV steps and a 

dwell time of 100 ms.  Narrow high-resolution scans were run with 0.05 eV steps and 250 ms 

dwell time. Base pressure in the analysis chamber was 1.0×10-9 Torr and during sample 

analysis was 1.0×10-8 torr. Atomic concentrations were calculated using the CasaXPS version 

2.3.14 software and a Shirley background with Kratos library Relative Sensitivity Factors 

(RSFs). Peak fitting of the high-resolution data was also carried out using the CasaXPS 

software. UV-Vis absorption spectra were recorded using a Cary 50 probe UV-Vis 

spectrometer. 

SEM images were acquired with a Zeiss Sigma FE SEM, typically using accelerating voltages 

of ~3.0 kV.  Images were collected using both the secondary electron and the in-lens detectors, 
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which have different contrast mechanisms that helped to elucidate image features.  Results are 

presented here from only the secondary electron detector. Images were processed and analysed 

using ImageJ software.35 The false-colour in Figure 4 has been mapped to the polymer film. 

The corresponding unprocessed images are presented in the supporting information as Figures 

S2 and S3. 

A four-point probe multimeter was used to measure the conductivity of the polymer films and 

the film thickness was measured by while a Brukers Dektak® XT Stylus Profiler instrument. 

The electrochemistry experiments were conducted using an Autolab PGSTAT204 potentiostat. 

A customised three-point electrode cell was in which the FITO was used as the working 

electrode. A DCM was used as a conducting medium with a supporting electrolyte of 0.1 M 

TBAP and a monomer concentration of 5 mM. 

All solutions for miRNA purification were prepared in UltraPure™ DNase/RNase-Free 

Distilled Water (Invitrogen). Known concentrations of synthetic miRNA of 22bp length were 

magnetically purified as described earlier with slight modifications. Briefly, target miRNA was 

hybridised to complementary capture probe (CP) by mixing 20 μL of specific miRNA 

concentration with 30µL of 10μM biotinylated CP and 20 µL 5X SSC buffer (pH 4) followed 

by one hour incubation at room temperature. 20 µL of streptavidin-labeled Dynabeads 

MyOne™ Streptavidin C1 (Invitrogen, Australia) were washed as per manufacturer’s 

directions (2 times 1x binding and wash (B&W) buffer, 2 times with solution A (0.1 M NaOH, 

0.05 M NaCl) for 2 minutes, and once with solution B (0.1 M NaCl)) and resuspended in 70 

μL of solution B. Washed beads were subsequently mixed with target-probe mixture and 

incubated on a thermomixer for 30 mins at room temperature. Magnetic beads with attached 

miRNA targets were magnetically separated and washed twice before being finally 

resuspended in 20 μL 5x SSC buffer. Beads were subsequently heated at 95°C for 5 minutes to 

release captured miRNA targets. Supernatant containing released miRNA was separated 

magnetically from the beads. Released target miRNAs were further diluted to 200 µL total 

volume with 5x SSC.  

A CHI650 electrochemical workstation (CH instrument, USA) was used to carry out 

electrochemical sensing experiments. Immobilisation of miRNAs on the polymer surface was 

monitored as previously described with slight modifications. 36 50 µL of purified miRNA was 

smeared onto the polymer coated electrodes and incubated at room temperature for 20 minutes. 

Differential pulse voltammetry (DPV) measurements were conducted in the presence of 50 µM 

ruthenium hexaammine(III) chloride ([Ru(NH3)6]3+, RuHex) solution in 40 mM Tris-buffer, 
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before and after incubation with purified miRNA. Post-incubation with miRNA solution, 

electrodes were dipped in RuHex solution for 5 minutes prior to DPV measurements. DPV 

signals were recorded −0.7 to 0.05 V with a width of 50mV and a pulse amplitude of 50 mV. 

Each miRNA concentration was run in triplicate. 

  
3. Results and Discussion 

 

3.1 Electropolymerization Studies  

 

There are several reports on CMP’s with a thiophene moiety that form a three-dimensional 

conjugated polymer network when synthesised either  chemically4, 37 or electrochemically. 31 

However, there are a very few reports on electropolymerizing furan substituted monomers. 

Furan has a similar electropositive nature as thiophene and is also known as one of the most 

important biological degradable green conjugated building blocks.38 There are far fewer reports 

on furan based organic semiconductors in the literature and therefore this promising moiety 

was explored in this electropolymerization study.  

 

 We investigated the electropolymerization of a furan substituted trifunctional monomer 

namely, 1,3,5-tri(furan-2-yl) benzene (TFB), under various conditions to obtain conjugated 

polymer films on a FITO electrode. The electrochemical cell employed in this work is shown 

in Figure 1. Electropolymerization of TFB was investigated in a potential range of -1.5 to +2.0 

V using cyclic voltammetry at a scan rate of 20 mV/s. Ferrocene was used as an internal 

standard. The response for the TFB monomer at the FITO electrode shows a prominent 

oxidation peak and two reduction peaks at 1.00 V and 0.18 and -0.25 V respectively (Figure 

2A). The thoroughly washed electropolymerized film poly(TFB) was then characterised in 

background electrolyte only and exhibited a similar voltametric profile with an oxidation peak 

at 0.98 V and two reduction peaks at 0.72 and 0.04 V, respectively (Figure 2B). Several films 

were made where the number of potential cycles were varied and consisted of 1, 3 and 5 cycles.  

It is noticed that, the oxidation peak potential of the monomer is higher than its corresponding 

conjugated microporous polymers, as is the current passing via electropolymerized film is 

highly insulating than its corresponding monomer.39 The 1st cycle of TFB on FITO for the 

monomer and subsequent polymer film are shown in Figure 2 while more cycles are shown in 

Figure S2. We also employed chronoamperometry to electropolymerize TFB on FITO to see 
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if the method of electrodeposition would affect the electrochemical properties of the film. The 

working electrode potential was set to +2 V and was applied for different time periods of 5, 10, 

25, 50 and 75 seconds at a FITO electrode using 5 mM TFB in 0.1M TBAPF6/DCM (Figure 

3). The sharp increase in current is due to capacitive charging followed by a gradual decrease 

in current due to formation of polymer on the surface of the electrode. The resultant poly(TFB) 

film fabricated using 5 seconds of deposition exhibits an oxidation peak and reduction peaks 

at 0.67 V and 0.04 V. When the deposition time was increased to 10 seconds, an oxidative peak 

was seen at 0.73 V as well as a reduction peak at -0.25 V. Further increasing the time to 25 

seconds resulted in two prominent oxidation peaks at 0.76 V and 1.62 V and a sharp reduction 

peak at -0.11 V. With an increase in deposition time to 50 seconds, the oxidation peak shifts 

slightly to 0.79 V and the reduction peak occurs at 0.12 V. By increasing the time to 75 seconds 

very broad polymer oxidation and reduction peaks are observed at 0.93 and 0.03 V respectively. 

The electropolymerized films on FITO was confirmed by XPS analysis, SEM, UV-Vis. 

 
 
Figure 1: Electrochemical cell set up and chronoamperometry graphs for 

electropolymerization of poly(TFB) at 25 s and 50 s on FITO with the monomer concentration 

of 5 mmol dm-3 in dichloromethane containing 0.1 M TBAP as supporting electrolyte.  
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Figure 2: Cyclic voltammograms showing the 1st cycle for the TFB monomer at a FITO 

electrode (A) and the response for poly(TFB) on FITO (B) in 0.1 M TBAP in DCM as a 

supporting electrolyte containing a monomer concentration of 5 mmol dm-3, and a  scan rate of 

20 mV/s. 

 

 

Figure 3: Chronoamperometry curves for the electropolymerization of TFB (A) held at 2.0 V 

for 5, 10, 25, 50, 75 seconds and (B) corresponding cyclic voltammograms of poly(TFB) in in 

0.1 M TBAP in DCM as a supporting electrolyte containing a monomer concentration of 5 

mmol dm-3, and a  scan rate of 20 mV/s. 

 

3.2 Surface Morphology 

Scanning Electron Microscopy (SEM) Analysis 
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The surface morphology of the electropolymerized films produced using chronoamperometry 

for time periods of 25 and 50 seconds was observed by SEM. Figure 4 depicts the false-colour 

SEM images of these films.  The polymer film obtained after 25 s contains a high density of 

small pores with an average size ~1.8 µm2, whereas the polymer poly (TFB) film after 50 s 

exhibits fewer but larger pores, ca. 10-50 µm2. The diameter of the pore size significantly 

changed with deposition time from 5 to 75 s, as given in the Figure S3. The pore size is 

relatively small at 5 seconds, whereas at 75 s the electrode surface is completely covered with 

a polymer film. This correlates with the conductivity value of the polymer films which is 

obtained from four-point probe instrument, where the polymer layer at 5 seconds is 

semiconducting with a conductivity value of 1.84×103 Siemens/cm whereas at 75 s the film 

was found to be insulating. Polymer films were also produced using a repetitive potential 

cycling approach over the potential range shown in Figure 2A. In these films, the pore size also 

increased in number and size with additional deposition cycles (Figure S4), however the pores 

were not as well as defined as seen for constant potential deposition (Figure 4).   

 

 

 
 

Figure 4: SEM images of poly (TFB) electropolymerized by chronoamperometry for 5 seconds 

(A) and 50 seconds (B) on a FITO electrode. 

 

The surface thickness values of the poly(TFB) films on FITO for various deposition cycles and 

time are listed in Table S1 (see Supporting Information). The Supporting Information Table S2 

provides the conductivity measurements of the polymer film. In our previous work, we 

electropolymerized a naphthalene flanked DPP monomer which clearly demonstrated how 

substrate conductivity and surface roughness of the electrode play an important role in polymer 
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thin film forming properties.36 The surface roughness of FITO is 20 nm whereas in our previous 

work, glassy carbon (GC)  and rigid ITO electrodes exhibited surface roughness values of ca. 

40-50 nm and 1 nm respectively. Similarly, the conductivity of the substrates differs where 

FITO has a resistance of less than 6 Ω, whereas rigid ITO was reported to be less than 10 Ω, 

and GC is higher at 45 Ω. Thus, it can be inferred that FITO provides more sites for nucleation 

and growth with good conductivity and may serve as a better electrode when compared to rigid 

ITO and GC for number of nucleation sites and electrode conductivity, respectively. It was 

found that the poly(TFB) films formed on FITO at a constant potential for 25 and 50 seconds 

are stable and form three-dimensional structures which in principle may be highly suitable for 

biosensor applications.2 

 

3.3 Optical Characterization of the Polymers 

A comparative study of the monomer and the electropolymerized polymer films was performed 

using UV-visible spectroscopy (Figure 5).  The TFB monomer was spin coated onto a cleaned 

FITO substrate to generate a thin film which shows a relatively small absorption peak in the 

ultraviolet (UV) region  from 300-450 nm . The absorption in this region may be associated 

with σ bonds of the carbon rings of the monomer. There is a long tail extending from 450 to 

700 nm indicating absorption corresponding to the π to π* transition due to the double bond in 

the ring of the molecule.40 In UV -Vis region, the poly(TFB) film shows strong absorption as 

well as at higher wavelength in the visible region, indicating polymer formation. Poly(TFB) on 

FITO has two peaks: a strong peak at 350 nm indicating strong absorption from the σ to σ* 

transition of the core repeating units of the polymer and a broad peak in the visible region due 

to π to π* transitions between alternate units of the polymer. As the thickness of the polymer 

increases with deposition time from 5 to 75 s, so does the relative absorption which clearly 

indicates the growth of multiple layers of the polymer as a function of time.  
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Figure 5: UV-Visible absorption spectra of poly(TBF) on FITO electropolymerized by 

chronoamperometry at various time intervals such as 5, 10, 25, 50,75 seconds in DCM 

containing 0.1 M TBAP as supporting electrolyte.  

 

 

 

 

 

3.4 X-ray Photoelectron Spectroscopy  

Figures 6A, 6B and 6C shows the XP spectra of the polymer film on FITO, the monomer on 

FITO and plain FITO. The XPS wide spectrum of the polymer did not show any peaks of 

indium and tin compared to the spin-coated monomer which substantiates the formation of a 

uniform layer of polymer on the substrate after electropolymerization. The XPS results clearly 

exhibit peaks of carbon and oxygen, which constitutes the elements of the polymer. For both 

polymers, the elemental composition measured by XPS is in acquiescence with the expected 

stoichiometries. Residual quantities of nitrogen and chlorine arising from the electrolyte used 

were detected, which is due to ions from the electrolyte trapped in the polymer backbone. The 

C1s spectrum can be deconvolved into three components, showing the presence of at least three 



13 
 

types of carbon bonds that is, sp2 carbons in the conjugated core (~284.3 eV) and sp3 carbons 

in the substituents (∼284.8 eV) and furan ring (C-O-C) and positively charged carbon at 

(~285.8 eV).41-43 The difference in full width at half maxima (FWHM) of sp2 and sp3 de-

convoluted peak indicates either that sp2 on the surface of polymer has reacted with oxygen 

and/or localised differential charging of the charge state on the surface of polymer thin film. 

The O1s spectrum can be deconvolved into two peaks with a major peak at ~531.5 eV 

corresponding to the furan ring (C-O-C) and a small peak at ~530 eV which can be attributed 

to the presence of metal oxides, in this case from the ITO substrate. The raster scan of XPS has 

dimensions in micrometre, so effect of substrate is evident, because of micro porous nature of 

thin film. 

   

 

Figure 6: (A) XPS spectra of Plain FITO, (B) Monomer TFB on FITO and poly(TBF) on FITO 

and (C) poly(TFB) electropolymerized by chronoamperometry in the solution of 0.1 M TBAP 

as supporting electrolyte in  DCM . 

 

 

 

3.5 Application of the Electrochemically deposited poly(TFB) Thin Film 

We have previously demonstrated the application of novel electropolymerized thin films on 

glassy carbon electrodes to genosensing.36 The mesoporous nature of the poly(TFB) thin film 

electropolymerised on FITO may be a more sensitive genosensing platform due to the high 

surface area of this sensing layer. In order to test the applicability of the electropolymerized 

thin film on FITO, the sample produced by chronamperometry for 25 s (Figure 4A) was used 

due to its high stability and mesoporous structure. We challenged poly(TFB) coated FITO 
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electrodes with clinically relevant concentrations of a novel ovarian cancer biomarker miRNA 

(1 nM and 100 pM starting concentrations). The known concentration of target miRNA was 

magnetically purified using biotinylated probe and streptavidin coated Dynabeads (Figure 7). 

Use of complemenatry probes specific for the target miRNA ensures the specificity of the 

assay. We employed the electrostatic interaction of cationic redox molecule, RuHex, to monitor 

the possible immobilization of miRNA on the polymer coated electrodes44-46. In addition to the 

polymer coated FITO electrodes, DPV measurements for unmodified FITO electrodes were 

also conducted. Figure 8 shows typical DPV measurements before and after deposition of 

miRNA on modified FITO electrodes as well as electrochemical response of RuHex on 

unmodified FITO electrodes. A substantial increase in the current was noticed after incubation 

with miRNA suggesting possible immobilization of miRNA on the polymer coated electrode 

surface which in turn leads to electrostatic accumulation of RuHex with the miRNA phosphate 

backbone which ultimately increased the current response. We tested two different starting 

concentrations of synthetic miRNA (1 nM and 100 pM). Our data showed direct correlation 

between the change in current response and the miRNA concentration (Figure 8).  Moreover, 

good reproducibility was observed between the replicates (RSD values <5%). As can be seen 

in Figure 8, slightly higher current response was obtained for unmodified FITOs which is in 

line with the conductivity/resitance measurements carried out for polymers modified and plain 

FITOs (Table S2). Although these preliminary results have demonstrated that this novel 

genosensing platform may be capable of detecting sample nucleic acids concentraions as low 

as 100 pM (further diluted 1:10 post-purification), better control of electrode surface area as 

well as surface morphology of electropolymerized thin film may be needed to determine the 

dynamic range of the assay.  
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Figure 7:  Schematic representation of biosensing assay. Traget miRNA was captured by using 

complementary biotinylated probes immobilized on Streptavidin-coated magnetic beads. The 

target miRNA were subsequently purified magnetically before being released from capture 

probes via heating. The isolated and purified targets were then directly adsobed onto a polymer-

coated FITO electrode. An increase in Faradaic current proportional to the concentration of 

miRNA was observed due to commensurate accumulation of [Ru(NH3)6]3+ ions on to the 

electrode surface post-miRNA adsorption, thus enabling quantitative miRNA detection. 
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Figure 8: Effect of deposition of two purified miRNA concentrations on polymer coated FITO 

electrodes: DPV responses obtained before and after incubation with known miRNA 

concentrations. 

 

Conclusion 

A furan based conjugated microporous polymer poly (TFB) was synthesized using a one-step 

electrochemical method for the first time. The electropolymerized thin films achieved via 

constant potential deposition were further characterized by scanning electron microscopy, X-

ray photoelectron spectroscopy and UV-vis spectroscopy, confirming the formation of CMP 

films which showed a porous morphology whereby the pore size distribution depends on the 

deposition time. In addition, poly (TFB) films obtained by repetitive potential cycling did not 

exhibit a mesoporous structure indicating the importance of the electrochemical method used 

to produce these polymer films.  The mesoporous poly (TFB) film on FITO proved to be a 

highly sensitive genosensing platform capable of detecting clinically relevant miRNA 

concentrations under point-of-testing related sample handling conditions. This approach could 
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be applicable to other trifunctional monomers to produce conjugated porous polymers and 

could possibly be used for sensing applications.  
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