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Abstract: 

With their high charge carrier mobility and easy solution processability, 

diketopyrrolopyrrole (DPP) copolymers are considered as very promising active 

organic semiconducting materials for a wide range of organic electronic devices. 

These classes of materials have already successfully demonstrated a very high 

mobility in organic thin film transistors (OFETs) and impressive performance in 

organic photovoltaic (OPV) devices. Apart from OFET and OPV, there are very 

limited reports about these materials for other organic electronic devices such as 

chemical sensors. In the present work, we have used these high mobility DPP 

copolymers as active semiconductors in OFET device based chemical sensors for 

sensing of volatile organic compounds (VOCs) in air. Combined with pattern 

recognition algorithm and sensor data obtained from an array of DPP copolymer 

OFETs, VOCs with similar structure can be discriminated from each other. This 

opens up a novel opportunity to use promising DPP based polymers as active 

semiconductors for chemical sensors. 
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Highlights: 

 Semiconducting diketopyrrolopyrrole (DPP) copolymers based OFETs are 

fabricated for sensing volatile organic compounds (VOCs) in air. 

 Sensing mechanism is studied by both experimental VOC adsorption 

measurements and molecular modeling.  

 Discrimination of VOCs with similar chemical structure is achieved by 

combining DPP copolymer sensor array and pattern recognition algorithm.  

Keywords: semiconducting polymer, diketopyrrolopyrrole, organic field effect 

transistor, sensor, volatile organic compound 

1. Introduction 

Aliphatic and aromatic volatile organic compounds (VOCs) such as volatile alkanes 

and benzene derivatives are widely used in fuels and solvents. However, their vapors 

are harmful to human health and cause various diseases.[1] In addition to their 

adverse effect on human health, these VOCs can react easily in atmosphere with 

nitrogen oxides (NOx) and carbon monoxide (CO) in presence of sunlight and can 

form hazardous ground level ozone in the environment.[2] Therefore, detection of 

VOCs in the atmosphere is extremely important from the perspectives of 

environmental monitoring and public health.  

Recently, conjugated organic semiconducting polymers have been considered 

as promising sensing materials because they: (i) can be processed into flexible devices 

of low-cost and large-area using solution based fabrication technology; (ii) can self-

assemble into nano- or micro- structures with various morphological features; and (iii) 

can serve as both the framework and the sensing antenna of sensors.[3-5] Organic 

semiconducting polymers based chemiresistors and organic field effect transistors 

(OFETs) have been successfully applied in the sensing of VOCs,[6-12]	  ammonia,[13-

16] vapors of explosives,[17, 18] and nerve agents.[19, 20] However, developing 

organic semiconducting polymers based sensors with high sensitivity and selectivity 

to meet the practical application is still a challenge.  

Due to their merits of high charge carrier mobilities, ease of synthesis, tailor-

made optoelectronic property control and solution processibility, semiconducting 

copolymers incorporating diketopyrrolopyrrole (DPP) units are promising materials in 
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the application of unipolar/ambipolar OFETs and solar cells.[21-31] There are several 

reports on DPP based polymers for OFET and OPV devices but so far, there are very 

few reports about using DPP copolymers for sensing applications.[32-34] 

Additionally, most of reported sensing results are measured in N2 atmosphere, the 

sensing performance of DPP copolymer sensors in the atmosphere of air, which is 

more close to their practical application, is rare reported. In the present work, we 

report the sensing of VOCs, including aliphatic alkanes and aromatic benzene 

derivatives, in air, using DPP copolymers based OFET, as well as quartz crystal 

microbalance sensing platform. Combined with a pattern recognition algorithm and 

sensor data obtained from an array of DPP copolymer based OFETs, VOCs with 

similar chemical structures can be distinguished. The polymers selected for OFET 

chemical sensor applications are PDPP-TNT, PDPP-FAF and PDPP-TBT. Their 

chemical structures are given below (Scheme 1). 

 

 

 

Scheme 1. Structure of DPP copolymers used in this study: PDPP-TNT, PDPP-FAF and 

PDPP-TBT. 

 

2. Experimental Section 

2.1 Fabrication of DPP Polymer based OFET 
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We have chosen two p-type copolymers, namely, PDPP-TNT and PDPP-FAF 

comprised of electron accepting DPP with electron donating naphthalene and 

anthracene in the backbone, whereas the third polymer is an ambipolar copolymer 

PDPP-TBT constituted using DPP and benzothidiazole acceptor in the main chain. 

The idea behind using both p-type and ambipolar copolymers for OFET sensors is to 

demonstrate the versatility of these classes of donor-acceptor polymers for chemical 

sensor devices. All three copolymers were synthesized via Suzuki-coupling 

polymerization and reported previously.[23, 26, 35]	 The OFETs were prepared on a 

silicon (100) wafer capped with 300 nm SiO2. The Ti/Au (10/200 nm) bottom gate 

electrode was deposited by electron beam evaporation. 49 pairs of interdigitated 

concentric ring source and drain Ti/Au (30/200 nm) electrodes with a 25 μm gap 

between two adjacent electrodes were prepared using photolithography and electron 

beam evaporation, respectively (Figure. 1a). The silicon wafers were treated in an 

oxygen plasma for 5 min followed by immersing in octyltrichlorosilane (OTS) in 

toluene (40 mM, 20mL) for 10 h in a N2 glove-box for self-assembled monolayer 

(SAM) treatment. The thin films of PDPP-FAF, PDPP-TNT, and PDPP-TBT 

polymers were deposited on the OTS treated Si/SiO2 substrates by spin coating using 

a polymer solution in chloroform (8 mg/mL). Finally, polymer OFETs were annealed 

at 135 °C for 30 min in N2 glove-box. A scanning electron microscopy (Zeiss Ultra-

Plus FEG-SEM) was applied to measure the morphology of DPP copolymer films on 

OFETs. 

2.2 OFET Sensor Characterization 

Two groups of VOCs: aliphatic alkanes (hexane, octane, and decane) and aromatic 

benzene derivatives (benzene, toluene, and p-xylene) were used as analytes in this 

study. These chemicals are widely used in fuels and solvents. However, their vapors 

are harmful to human health and are considered as major source of urban air pollution. 

The vapors of VOCs were generated by a computer-controlled bubbler system. Oil-

free purified dry air was used as the carrier gas for the analytes as well as the 

reference gas. In this study, three concentrations of vapor in air, Pa/Po = 0.05, 0.1, and 

0.2 were used, where Pa stands for the partial pressure of the analytes and Po is the 

saturated vapor pressure. OFET sensors were loaded into a stainless steel chamber 

with ~170 cm3 volume and measured with a Keithley 2636A system SourceMater and 

a Keithley 3706 system Switch/Multimeter under a 5 L/min constant flow. All OFET 
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devices were measured under the hole accumulation mode. During the OFET 

measurement, the source-drain voltage (Vds) was kept at 20 V, and the gate voltage 

(Vg) was swept between 0 and -70 V with 200 mV steps.  

2.3 Data Analysis 

Relative changes of the source-drain current (Ids) at Vg = -70 V and relative changes in 

hole mobility, were used as sensing signals of DPP copolymer based OFET sensors. 

Principle component analysis (PCA) was performed using the JMP 10 software. 	

2.4 Quartz Crystal Microbalance (QCM) – Polymer Hybrid Sensor 

In addition to the OFET devices, we also fabricated quartz crystal microbalance 

devices using PDPP-FAF, PDPP-TBT, and PDPP-TNT polymers. The polymer 

solutions of all three copolymers in chloroform (8 g/mL) were spin coated on the gold 

plated QCM resonators and then annealed in a N2 glove-box at 135°C for 30 min 

using identical annealing conditions which to those used for OFET devices to 

compare the chemical sensor response and performance. QCM sensors were tested by 

a LibraNose system (Technobiochip, Italy) under a 0.4 L/min constant flow. Sensing 

signals of QCM sensors were collected for 15 min under dry air flow, followed by 15 

min under VOC vapor flow. Changes of mass upon exposure to VOCs were 

calculated by the shift of sensor resonant frequency. 

2.5 Ab Initio Calculations 

Calculations were performed using the Density Functional Theory (DFT) method[36, 

37] and Gaussian 09 software.[38] The range-separated and dispersion-corrected 

functional B97XD was used.[39, 40] The basis set was 6-31g(d,p). In view of the 

weak interactions considered here, we also tested 6-31g+(d,p) with diffuse functions. 

Although the addition of the diffuse basis functions lowered total energies and the 

energies of frontier orbitals by tenths of an eV, the interaction energies are within 0.1 

eV from those with 6-31g(d,p) while the convergence could not be achieved for some 

systems with 6-31g+(d,p). We therefore report data obtained with 6-31g(d,p). 

Calculations were performed in vacuum which was appropriate for the purpose of 

confirming the mechanism of intermolecular interactions.  

 

3. Results and Discussions 

3.1 Characterization of DPP copolymers based OFET sensors 
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In this study, three polymers, PDPP-TNT, PDPP-FAF, and PDPP-TBT, which have 

the thiophene and furan flanked DPP segment with naphthalene, anthracene and 

benzothiadiazole comonomer units were selected as the active sensing materials for 

the detection and classification of aliphatic and aromatic VOCs (Scheme 1). These 

polymers are easily solution processable and can be dissolved in common organic 

solvents due to the long branched alkyl chain substituted on the lactam nitrogen atom 

of DPP unit. It was also anticipated that the branched alkyl side chains have a high 

affinity towards the alkane analytes whereas the main chain conjugated backbone is 

favorable for the adsorption of aromatic analytes.  

These DPP copolymers involve fused aromatic rings with extended donor and 

acceptor comonomers such as naphthalene, anthracene or benzothiadiazole in the 

backbone. Such donor-acceptor copolymers with a large overlapping area have a 

strong tendency to form π-π stacks and assemble to interconnected network of 

nanofibers on the solid phase. We have analyzed these copolymers by Scanning 

Electron Microscopy (SEM) and as per shown SEM images (Figure 1b-d), each fiber 

is about 10-30 nm in width. The nanofiber networks of these polymer films not only 

form highly efficient charge transport conducting pathways for charge-carrier 

mobility enhancement, but also provide a larger surface area like any other 

nanomaterials, which facilitates the adsorption of VOCs on polymer film surface. 
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Figure 1. (a) Scanning electron microscopy (SEM) image of a typical OFET surface (white 

lines are segments of the interdigitated concentric ring electrodes). SEM images of (b) PDPP-

TNT, (c) PDPP-FAF, and (d) PDPP-TBT thin films after annealing at 135 °C on Si wafer 

surface. 

 

Further, we integrated these semiconducting polymers into OFET devices and 

studied changes in their electrical properties upon exposure of various vapors of 

alkanes and aromatic compounds. During the OFET sensing measurements, a series 

of Ids vs Vg electrical characteristics were collected. Figure 2a shows a group of Ids vs 

Vg curves of PDPP-TNT OFET sensors upon exposure to different concentrations of 

benzene. For Vg values between about -55 and -70 V, the Ids gradually decreased as 

the benzene concentration increases from Pa/Po = 0 (absence of benzene) to 0.2. Two 

sensing parameters were extracted: (i) the change in Ids current at Vg = -70 V; and (ii) 

hole mobility (μ), which is extracted from the linear part of Ids vs Vg curve. Note that 

more sensing parameters, such as Ids at different Vg, can be extracted from Ids vs Vg 
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curves. Here we only consider two parameters most closely relevant to the typical 

sensing response of polymer OFET sensors.  

3.2 Sensing Responses of DPP Copolymer Based OFET Sensors Towards 

Analytes 

Figure 2b-c represents the normalized response, Δμ/μ0 and ΔI/I0 of DPP 

copolymer OFETs to the successive concentrations of benzene. μ0 and I0 are the 

baseline mobility and current of sensor in dry air; Δμ and ΔI are the mobility and 

current change upon analyte exposure. Upon expose to benzene, Δμ/μ0 and ΔI/I0 

decreased and their amplitudes were dependent on the benzene concentration. When 

the flow changed to dry air, Δμ/μ0 can nearly revert to the original value. However, 

the ΔI/I0 has a small drift after the benzene exposure. This suggests that the two 

sensing parameters are independent on each other.   
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Figure 2. (a) Linear and logarithmic scale (inset) Ids-Vg curves of a PDPP-TNT OFET at 

different benzene concentrations. Time dependent response of a PDPP-TNT OFET upon 

expose to different concentrations of benzene as expressed by: (b) Δμ/μ0 and (c) ΔI/I0. 
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Figure 3. Image plots of changes in (a) Δμ/μ0 and (b) ΔI/I0 of three DPP copolymer OFET 

sensors upon exposure to various VOCs at different concentrations. 

 

The sensing responses of DPP copolymer OFET sensors towards different 

concentrations of VOCs are summarized in Figure 3. All the sensors show negative 

response in Δμ/μ0 and ΔI/I0 upon expose to VOCs. Sensing responses in mobility and 

current are increased with VOC concentration for all the test sensors. Upon exposure 

to alkanes, the PDPP-TNT OFET shows the largest response in mobility and current 

in most cases, followed by the PDPP-TBT OFET. The PDPP-FAF OFET shows the 

weakest response to alkane VOCs. The exceptional case is the sensing response in 

current toward hexane, where the PDPP-TBT OFET shows the largest sensing 
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response. Upon exposure to aromatic VOCs, the PDPP-TNT OFET shows the largest 

response in mobility and current, followed by the PDPP-FAF OFET, then the PDPP-

TBT OFET. Interestingly, the sensing responses in current of all the test sensors 

towards aromatic VOCs are increased with VOC molecular weight at higher VOC 

concentrations (Pa/Po = 0.1 and 0.2, Figure 3a). However, there is no clear VOC 

molecular weight dependent trend for the sensing responses of polymer OFET sensors 

towards alkanes. For all the polymer OFET sensors, the responses in Δμ/μ0 and ΔI/I0 

to aromatic compounds are always larger than that to alkanes with the same carbon 

number (for example, Hexane vs Benzene). Such a strong response to aromatic 

compounds is due to the aromatic conjugated backbone present in the polymer 

structure which may have high affinity towards aromatic analytes. 

3.3 DPP Copolymer OFETs for VOC Discrimination 

Selective detection of analytes with smaller chemical structure is highly 

demanded in many areas of sensor application. Generally, selectivity can be achieved 

by the so called “lock-and-key” approach, where a specific and strong interaction 

between the target analyte and the sensor surface, such as antibody-antigen 

combination, is required.[41] An alternative approach is using arrays of non-specific 

and cross-reactive sensors, followed by data processing of sensing signals using a 

pattern recognition algorithm to achieve selective sensing of target analytes.[42] This 

approach mimics the human olfaction system, therefore it is also called “electronic 

nose”. The electronic nose does not require specific interactions between the analyte 

and the sensor surface, therefore, it can simplify the sensor design.                    

We tested discriminative abilities of a DPP copolymer OFET array, by 

exposing three OFETs simultaneously to hexane, octane, decane, benzene, toluene, 

and p-xylene at a concentration of Pa/Po = 0.1. For a given VOC, the three DPP 

copolymer OFET sensors generate six sensing features that form a fingerprint for 

identification of such VOC. Figure 4a presents the principle component analysis 

(PCA) of the sensing response of the polymer OFET array upon analyte exposure. All 

tested VOCs produced distinctive signal response patterns by forming well-separated 

clusters in the principle component space. Furthermore, the results showed that the 

values of principal component 1 (PC1) for alkanes were all negative and PC1 values 

for aromatic compounds were all positive. In each group, individual analyte species 

were perfectly discriminated as well.  
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Figure 4. Principle component score plot of an array of (a) 3 DPP copolymer OFETs and (b-d) 

2 DPP copolymer OFETs upon exposure to VOCs (Pa/Po = 0.1). Every data point corresponds 

to the group of sensing signals of selected sensors to a specific analyte. 

 

Increasing the number of sensors in a sensor array is believed to enhance the 

discrimination power for a set of analytes. However, it also increases the cost and 

complexes the sensor design.[43, 44] To minimize the sensor array and preserve the 

discrimination power, we applied the PCA analysis to an OFET sensor array that 

utilized two sensors. The results show that an array of only two DPP copolymer 

OFETs discriminates quite well between (i) the alkanes and aromatic compounds, (ii) 

between different alkanes, and even (iii) between different aromatic compounds (the 

case in PDPP-FAF and PDPP-TNT on the basis of their best performance), i.e. has a 

discriminating ability similar to that obtained with three sensors (Figure 4b-d). The 

different combination of sensors has different discrimination power towards the tested 

VOCs. Specifically, the sensor array with PDPP-TNT and PDPP-FAF OFETs kept 

near the same power to discriminate all of the tested VOC spices. However, the 

sensor array with PDPP-TBT and PDPP-FAF can only discriminate between alkanes 
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and aromatic compounds but failed to discriminate between VOC species. Thus, the 

data of sensor array discrimination power can be further used to screen high 

performance sensors and optimize sensor arrays to enhance the selectivity to target 

VOCs.  

3.4 Sensing Mechanism of DPP Copolymer Based OFET Sensors 

To study the interaction between VOCs and DPP copolymers, QCM sensors 

coated with polymer thin films were prepared. The mass change (Δm) of QCM sensor 

after VOC exposure is calculated by the Sauerbrey equation 

m  C f Af             (1) 

where Cf is the mass sensitivity (= 1.104 ng cm-2 Hz-1), A is the active area of 

the QCM resonator (= 0.2 cm2), and Δf is the change in frequency of quartz crystal 

resonator. As an example, Figure 5a presents Δm (the mass change upon VOC 

exposure, where dry air exposure step is the baseline) of a bare QCM (without 

polymer coating) and polymer QCM hybrid sensors to successive concentrations of 

benzene. As shown in the Figure, the bare QCM sensor produced a weak change in 

the Δm upon exposure to benzene, whereas DPP copolymer thin film deposited 

samples exhibit a dramatic enhancement in Δm value and the response in Δm 

increases as benzene concentration increases. The Δm returns back to near the 

baseline after a flow of air, which suggests that the tested VOCs are mainly physically 

adsorbed on the polymer film surface. The Δm responses of all QCM-polymer hybrid 

sensors to different concentrations of alkanes and aromatic compounds are 

summarized in Figure 5b. The sensing responses are concentration dependent, 

namely, the absorbed VOC mass increased on the QCM-polymer hybrid sensors 

surface as the VOC concentration increased. For all the tested VOCs, the PDPP-FAF 

sensor has the largest response in mass change; while the PDPP-TNT sensor shows 

the weakest response. At the same concentration, the response to aromatic compounds 

is larger than that to alkanes.  

The applied polymers have the same DPP unit with branched alkyl chain, but 

differ in their comonomer units. The difference in intermolecular interactions of 

different DPP copolymers induces different polymer molecule packing. Among the 

applied DPP copolymers, PDPP-FAF has the largest π-π stacking distance (4.41 Å, 

Table 1), indicting less packed polymer chains. The less packed polymer chains 

facilitates the diffusion and adsorption of VOCs in the free space inside the polymer 



	

14	
	

nanofibers. In addition, PDPP-FAF forms nanofibers of smaller size, which offer a 

larger surface area for VOC adsorption (Figure 1). Therefore, PDPP-FAF has the 

strongest VOC adsorption ability among the applied polymers, as revealed in the 

QCM experiment results (Figure 5). Though the PDPP-FAF has the strongest 

adsorption ability towards VOCs, its OFET sensor shows the weakest response to the 

tested VOCs in most cases. It seems that the OFET sensor responses are more 

dependent on the hole mobility of the polymers (Table1). PDPP-TNT has the largest 

hole mobility and its OFET sensor shows the strongest responses for most VOCs. 

While PDPP-FAF has the lowest hole mobility value and its OFETs shows the 

weakest responses for most VOCs. DPP copolymers have stronger affinity to 

conjugate aromatic VOCs than non-conjugate aliphatic VOCs because of the 

conjugate nature of DPP copolymers. Therefore, DPP copolymers can adsorb more 

amounts of aromatic VOCs than aliphatic VOCs, resulting stronger sensing responses 

in change of mass and electric properties (Figure 3 and Figure 5b).  
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Figure 5 (a) Changes in Δm of PDPP-TNT, PDPP-TBT, and PDPP-FAF/QCM hybrid 

sensors, as well as bare QCM sensor, upon exposure to different concentrations of benzene. 

(b) Changes in Δm of three DPP copolymer/QCM hybrid sensors upon exposure to various 

VOCs at different concentrations. 

 

Table 1. Physical properties of applied DPP copolymers[23, 26, 35] 

Polymers Mn (g mol-1)
Hole mobility 

(cm2V-1s-1) 

Interlayer 

d-spacing 

distance 

(Å) 

π-π 

stacking 

distance 

(Å) 
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PDPP-TNT 63750 0.65 20.05 3.82 

PDPP-TBT 42400 0.22 21.5 3.73 

PDPP-FAF 20584 0.07 19.7 4.41 

 

After the VOC adsorption, DPP copolymer films will be swollen. The polymer 

film swelling will lead to a less tight contact between polymer nanofibers, resulting in 

an increase of contact resistance of the polymer film. In addition, the diffused VOCs 

inside the polymer nanofibers will also lead to a decrease in the order of polymer 

chain packing, resulting in a decrease in hole mobility. Therefore, hole mobility and 

current will decrease after VOC exposure, as was indeed seen in the polymer OFET 

exposure experiments (Figure 2). Since the tested VOCs are nonpolar or weakly polar 

molecules, which have no strong charge transfer to DPP copolymers, the sensing 

responses are mainly from the swelling of the polymer films.  

3.5 Molecular Modeling 

DFT simulations were used to further study the interactions between DPP 

copolymers and analytes. We chose one representative monomer, PDPP-TNT, and for 

analytes, one representative aromatic compound, benzene, and one representative 

alkane, hexane. Adsorption geometries and energies were computed by optimizing 

analyte-momoner complexes where initially the analytes were placed near the alkyl 

chains and near the aromatic moieties (naphthalene, thiophene as well as DPP). The 

resulting optimized configurations are shown in Figure S1 and Figure S2 (see 

Supporting Information), and the resulting adsorption energies are given in Table 2. 

Table 2 also lists highest occupied molecular orbital (HOMO) and lowest unoccupied 

molecular orbital (LUMO) energy levels of individual molecules as well as 

complexes. Mulliken charges on molecules were analyzed but did not show any 

intermolecular charge transfer. 

Table 2. Interaction Energies (Eint) and Frontier Energy Levels 

Molecule/complex Eint (eV) HOMO (eV) LUMO (eV) 

Benzene n/a -8.80 2.01 
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Hexane n/a -10.42 4.71 

PDPP-TNT n/a -6.92 -0.84 

Benzene on thiophene 0.28 -6.89 -0.83 

Benzene on naphthalene 0.40 -6.89 -0.82 

Benzene on DPP 0.52 -6.85 -0.78 

Benzene on alkyl chain 0.34 -6.91 -0.83 

hexane on thiophene 0.34 -6.94 -0.85 

hexane on naphthalene 0.52 -6.92 -0.89 

Hexane on DPP 0.67 -6.99 -0.93 

hexane on alkyl chain 0.40 -6.93 -0.86 
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The following conclusions can be drawn from Table 2. Firstly, all complexes 

represent physisorption. This is evidenced by a relatively weak magnitude of Eint (0.3-

0.7 eV), the absence of charge donation between the interacting molecules, and the 

negligible perturbations to HOMO and LUMO levels in most cases. The only cases 

with any noticeable effect on the frontier orbitals is the adsorption of hexane on the 

DPP where both HOMO and LUMO are stabilized by about 0.08 eV and benzene 

over DPP where both HOMO and LUMO are destabilized by about 0.06 eV. Even in 

these cases there is no charge donation between the molecule and no effect on the 

nodal structures of HOMO and LUMO. They can therefore still be characterized as 

physisorption. The HOMO and LUMO isosurfaces are shown in Figure 6 for pure 

PDPP-TNT and for the case of benzene adsorption on the naphthalene unit. They are 

visually similar for other cases and show negligible effect of the analyte on the shape 

of the frontier orbitals. Next, for both benzene and hexane, the adsorption is strongest 

on the DPP followed by on the fused ring, followed by the alkyl chain followed by 

thiophene. In the case of hexane coordinated to the DPP, the hexane is also interacting 

with the alkyl chain (Figure 6) which must contribute substantially to its Eint. A 

similar situation is observed with benzene over the fused ring which also interacts 

with an alkyl chain of the monomer. These simulations therefore do not show the 

selectivity of aromatic moieties of the monomers to aromatic analytes and of alkyl 

chains for alkanes.  This, however, could be due to the neglect by the model of crystal 

packing which can have a severe effect on interaction energies.[45, 46] 
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Figure 6. The HOMO (left) and LUMO (right) isosurfaces for pure PDPP-TNT (top) and for 

the case of benzene adsorption on the naphthalene unit of PDPP-TNT (bottom). 

 

3.6 Limit of Detection 

Limit of detection (LOD), which is generally accepted as the analyte 

concentration corresponding to a signal-to-noise (S/N) of three, is the lower operating 

concentration of a sensor. In the practical application, sensors are required to be able 

to detect VOCs below the health permissible exposure limit (PEL). Therefore, a 

qualified sensor towards a VOC should have a LOD less than the PEL value. To 

evaluate their potential in practical application, LODs of OFET and QCM-polymer 

hybrid sensors towards VOCs were calculated and summarized in Table 3. The 

details of LOD calculation are described in supporting information. As well, US 

National Institute for Occupational Safety and Health (NIOSH) recommended PEL of 

VOCs were list in Table 3. The LOD value less than PEL were bold marked. As 

shown in the table, the LODs of DPP polymer/QCM hybrid sensors are less than PEL 

for most VOCs, except benzene. However, for most VOCs, the estimated LOD of 

polymer OFETs are larger than PEL. For the same OFET device, LOD value 

estimated by ΔI/I0 is always less than that estimated by Δμ/μ0, suggesting that ΔI/I0 

has wider operating concentration range than Δμ/μ0. Interestingly, among the applied 
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polymers, PDPP-FAF/QCM hybrid sensor has the lowest LOD for most VOCs, while 

the OFET based on PDPP-FAF has the highest LOD for most VOCs. It suggests that 

combining with different sensing technology may develop a better understanding of 

prosperities of sensing materials and screen out suitable technique towards a specific 

sensing application. 

 

Table 3. Estimated Limit of Detection (LOD) of polymer OFET and QCM 

sensors, and health permissible exposure limit (PEL) to VOCs in ppm 

VOC PEL PDPP-FAF PDPP-TNT PDPP-TBT 

LOD 
(Δμ/μ0) 

LOD 
(ΔI/I0) 

LOD 
(Δm) 

 LOD 
(Δμ/μ0) 

 LOD 
(ΔI/I0) 

LOD 
(Δm) 

LOD 
(Δμ/μ0) 

LOD 
(ΔI/I0) 

LOD 
(Δm) 

Hexane 500 10251 10077 142 3597 3011 288 3493 979 179 

Ooctane 500 1628 451 44 301 478 56 447 101 34 

Decane 500 354 179 2 102 83 16 142 40 9 

Benzene 1 4992 2115 243 832 784 93 1108 470 56 

Toluene 200 1245 905 65 361 201 81 481 138 88 

p-xylene 100 498 404 39 178 62 39 182 162 47 

 

 

4. Conclusions 

 

In summary, we have successfully demonstrated the feasibility of DPP based donor-

acceptor p-type and ambipolar copolymer thin films as a potential class of active 

materials for the sensing of aliphatic alkanes and aromatic benzene derivatives via 

OFET based chemical sensors. The unique chemical structure and assembled 

nanofiber geometry of DPP based copolymers provide high affinity and large 
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adsorption surface to the various alkanes and aromatic compounds, resulting in high 

sensitivity to these VOCs. In addition, DPP copolymer OFETs can form a sensor 

array, which possesses an excellent discriminative power between the aliphatic 

alkanes and aromatic compounds, as well as between different chemical species. 

These sensing platforms provide a good opportunity to study both the polymer 

nanostructure morphology and analyte vapor interaction (physisoprtion) and charge 

transport behavior change upon analyte exposure.  
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