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Abstract  

 

Curating and analyzing centralized data repositories is a valuable approach in resolving the issue 

of reproducibility, gaining new insights and guiding future experiments, especially in the field of 

nano-materials research. In this work, a dataset containing processing information and mobility 

values of 115 DPP-DTT-based Organic Field Effect Transistors (OFET) was constructed from 

15 publications. A customized classification algorithm was applied to the dataset to help identify 

a reduced design region for polymer solution concentration that would be more likely to result in 

improved hole mobility. Experiments performed to confirm the insights from the data curation 

exercise revealed a strong influence of solution concentration on the polymer chain excitonic 

interactions and electronic performance. Devices fabricated at the critical chain overlap 

concentration of 5 g/L in chlorobenzene resulted in improved hole mobility, and were in good 

agreement with the insights provided by the classification algorithm. 
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Semiconducting polymeric materials have demonstrated great potential in the production 

of light-weight, low-cost devices such as organic photovoltaics (OPVs),1 OFETs,2 organic light 

emitting diodes (OLEDs),3 and biomedical sensors.4 The application of these materials in 

electronic devices relies on their ability to efficiently transport charges within the pi-

conjugated network. Many polymer semiconductors are believed to be comprised of ordered 

and disordered regions,5 whereby charges move between ordered structures by travelling 

along bridging tie chains. The charge transport mechanism has been extensively studied in 

conjugated semi-crystalline homopolymers such as poly[3-hexylthiophene-2,5-diyl] (P3HT) 

and        poly[2,5-bis(3-tetradecylthiophen-2-yl)thieno[3,2-b]thiophene] (PBTTT), which possess a 

significant volume fraction of extended crystalline regions and typically exhibit mobilities in 

the range of 0.05 – 1 cm2/Vs.6 Suggested design guidelines to achieve high mobility in 

homopolymers include the need for a crystalline lamellar structure with long-range order 

and extended π-π overlap oriented parallel to the substrate.7-9 Previous work on these 

materials indicates that apart from the polymer intrinsic properties, solution processing and thin-

film deposition conditions also impact the morphology, microstructure, and electrical 

performance of the final thin-film device.10-16 There is thus a vast and complex design space that 

is inefficient to explore via an Edisonian approach.17 Additionally, the lack of standardized 

reporting of processing conditions hinders experimental reproducibility and consequently 

hampers research progress.18 

 

Curating accurate and interpretable process-property datasets helps promote reproducibility and 

transparency in several fields of research, and enables development of experimental design 

algorithms for process optimization.19, 20 Analysis of these datasets can confirm existing 

hypotheses and guide future experimental studies. In a previous study, Persson et al.19 compiled 

a database containing process-property information of over 200 P3HT-based OFET devices 

curated from 19 publications. Despite the conjugated polymer remaining consistent across all 

devices, reported values for the charge carrier mobility varied by over six orders of magnitude 

(10-6 to 10-1 cm2.Vs), indicating the strong influence of intrinsic material properties and 

processing conditions on charge carrier mobility. Basic analysis on the dataset confirmed well-

known trends such as the effect of polymer molecular weight, transistor channel length, and 

deposition method on hole mobility. Subsequently, McBride et al20. applied a customized 

classification approach on the continuous design variables and identified the necessary 

processing parameters required to confine the high-performing points to a reduced design region 

(RDR), which can be used to guide future experiments. 

 

More recently discovered push-pull copolymers, commonly referred to as donor-acceptor 

(D-A) polymers, with a polymer backbone consisting of alternating electron-deficient 

(acceptor) and electron-rich (donor) units, have exhibited far higher mobilities compared to the 

semicrystalline homopolymers,15, 21 even though their microstructure is typically more disordered 

with smaller crystalline aggregates.6 The high mobility observed in D-A polymers has been 

attributed to the rigid, planar backbone conformation with minimal steric hinderance between the 

donor and acceptor units. Unlike homopolymers, significant knowledge gaps exist in the process-

structure-property relationships of D-A copolymers creating opportunities to optimize OFET 

performance still further. In this work, we compile a process-property dataset derived from 115 

published OFET devices fabricated using the commercially available D-A polymer, poly[2,5-(2- 

octyldodecyl)-3,6-diketopyrrolopyrrole-alt-5,5-(2,5-di(thien-2-yl)thieno-[3,2-b]-thiophene)] 
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(DPP-DTT). The classification approach developed by McBride et al. was extended to this 

system to gain new insights and guide experimental studies. Interestingly, the algorithm 

identified polymer solution concentration as a key factor in device performance and 

recommended a reduced design range for this processing variable expected to result in high 

performing devices. Whereby to the best of our knowledge, polymer concentration has not been 

identified as a key metric linked to macroscale device performance. Experimental results 

correlated very well with the insights gained from the data curation and analysis exercise. 

Viscosity measurements of the solutions at increasing concentrations revealed a two-regime 

behavior that is likely attributed to the overlap of polymer chains in solution state. Additionally, 

UV-vis absorption spectra of the solid thin-films suggested a likely decrease in intrachain 

interactions (J-aggregate behavior) and increase in interchain interactions (H-aggregate behavior) 

with increasing solution concentration. Lastly, OFETs fabricated from DPP-DTT solutions at the 

concentration range recommended by the classification algorithm exhibited improved hole-

mobility, highlighting the advantage of integrating materials informatics approaches into the 

existing polymer electronics paradigm.  

 

In this work, a dataset comprising processing information and performance metrics 

associated with 115 DPP-DTT based OFET devices from 15 publications was curated and 

analyzed. The list of publications utilized for curating this dataset is provided in the supporting 

information. The classification algorithm developed by McBride et al.20, 22 was applied to the 

curated dataset to identify the most impactful processing variables from a list of 21 numerical 

variables that confine the devices with a “high” field effect transistor (FET) hole mobility ( > 1 

cm2/V.s) to a reduced design space The advantage of this algorithm is that it selects the key 

processing parameters from a long list of variables—thus preventing the need to investigate all 

the processing variables individually, which can be tedious and time-consuming. The full 

classification approach is discussed in detail in the Supporting Information (SI) (Figure S1-S3) 

along with the corresponding code. The best features selected by the algorithm were plotted as a 

function of the hole mobility to confirm the existing hypothesis, gain new insights and guide 

future experiments.  
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Figure 1.FET hole mobility versus (a) groups of weight average molecular weight (kg/mol), (b) solution concentration(g/L) and 

(c) weight average molecular weight (kg/mol) and solution concentration(g/L) as a three-dimensional plot. (d) Two-dimensional 

reduced design spaces containing all devices with hole mobility values above and below the cutoff of 1 cm2/V.s for easier 

visualization. Blue squares are “High” data points above the cutoff(> 1 cm2/V.s), red x markers represent “Low” data  points 

below the cutoff(<= 1 cm2/V.s),  and the green dashed-lines represents the boundary of the reduced design region in the 2D 

spaces containing all the “high” points and some “low” points. Figure 1c and d contain a total of 16 “high” points and 76 ” 

low” points, with some of the points overlapping each other.  

The key processing parameters identified by the algorithm based on user-defined specifications 

(i.e. those that were able to best confine the “high” performing devices to a reduced design 

space) include weight average molecular weight (Mw), number average molecular weight (Mn), 

solution concentration (g/L), polydispersity and dielectric capacitance (nF/cm2) (See Figure S3 in 

SI). The FET hole mobility increasing as a function of Mw, is shown in Figure 1a. This trend 

agrees with findings from existing studies on conjugated polymers whereby higher polymer Mw 

typically results in longer polymer chains that can connect ordered crystalline domains and offer 

enhanced charge transport performance.15, 21 Perhaps more interesting and as can be discerned 

from Figure 1b, higher mobilities were obtained for devices prepared from solutions having a 

concentration between 4 and 5 g/L. 10 out of the 16 “high” performing devices used a 

concentration of 5 g/L with chlorobenzene (CB) as the solvent. Additional detail comparing the 

processing conditions for the “high” performing devices is provided in the supporting 

information. Conceivably, the majority of studies selected a solution concentration in this range 

to stay consistent with literature reports. The exact influence of this processing parameter on 

charge carrier mobility of push-pull polymers has not been widely investigated and provides an 

(a)

(b)

(c)

(d)
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opportunity for further studies. Analysis of the other three key processing parameters can be 

obtained from the code available in the supporting information. This insight highlights the 

advantage of the data curation exercise to uncover knowledge gaps. Finally, subsets of the best 

features can be analyzed simultaneously, and a RDR bounded by high-performing points can be 

evaluated to guide future experiments. Results from Figure 1c indicate that choosing a value of 

Mw between 200-500 kg/mol and solution concentration between 2-5 g/L would be more likely 

to result in a high-performing OFET device.  

 

As recommended by the RDR algorithm, DPP-DTT (Figure 2a), with a Mw of 290 kg/mol, in 

chlorobenzene was used as an initial system of interest. Solution concentrations ranging from 1– 

8 g/L were prepared from a stock of 10 g/L. Note, the solution-state of conjugated polymers is 

typically neglected and needs to be studied to establish clear relationships between solution-state 

structures, solid-state morphology and charge transport properties.23 Viscosity measurements of 

the solutions at different concentrations were conducted to explore the influence of solution 

concentration on the behavior of polymer chains in the solution state.  

 

 
Figure 2. (a) Schematic of molecular structure of DPP-DTT. (b) Viscosity measurement of DPP-DTT dissolved in chlorobenzene 

solutions at 56 °C.  The error bars represent the standard deviation of the specific viscosity (open triangles). The schematic 

illustrates the extended, isolated polymer chains in dilute solutions and kinky, intertwined polymer chains in semi-dilute 

solutions.(c) Linear absorption spectra of DPP-DTT thin films prepared from solution concentrations ranging from 2 to 8 g/L. 

(d) A1/A2 ratio (open circle) and exciton bandwidth (filled circle) acquired from Franck Condon simulations as a function of 

concentration. 

 

We discerned an expected increase in the specific viscosity with increasing solution 

concentration as seen in Figure 2b. An interesting observation was the presence of a two-regime 

behavior, with the cross-over occurring ~ 5 g/L, which can be attributed to the critical chain 

overlap point C*.24, 25 This behavior suggests that the polymer chains or aggregates are more 

extended and isolated at dilute concentrations (< C* g/L), then start to overlap when the 

concentration surpasses C* and finally become entangled as displayed in Figure 2b. The 

solution-state absorption spectra of 2 and 8 g/L polymer solutions as shown in Figure S14 in 
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SI, display a more dominant J-like character compared to the corresponding solid-state 

films, indicating that polymer chains in solution are more isolated than solidified thin films 

even in semi-dilute regime.  

 

To transfer the chain overlap effect from the solution state to the solid film state, a series of 

wire-bar coated films were prepared from polymer-CB solutions ranging in concentration 

from 2 to 8 g/L, with the substrate and solution temperatures being maintained at 56 °C. To 

probe the influence of solution concentration on the polymer excitonic chain interactions, 

the photophysical features of the solid thin films were examined using steady-state UV-vis 

absorption spectroscopy as presented in Figure 2c. Here, we focus on the low energy band 

where localized excitation on the DPP unit is dominant.26 Analogous to P3HT, the coupling 

between the electronic excitation and aromatic ring stretching mode could still lead to 

pronounced vibronic progressions.27 The ratio of the vibronic progressions of A1 and A2 peaks 

are provided in Figure 2d and is observed to be consistently higher than 1, which might be due  

to the J-type nature of strong intrachain charge-transfer character as investigated recently 

by Qarai et al.27 A decreasing trend for the A1/A2 with increasing solution concentration 

indicates that films coated from semi-dilute solutions (> C*) may adopt more H-aggregate 

configurations than films prepared from dilute solutions (< C*). Additionally, the modified 

Franck Condon (FC) analysis (assuming a Huang-Rhys factor of 1) was performed within the 

exciton resonance region from 1.4 to 1.8 eV to extract the effective exciton bandwidth (W), 

which quantifies the effective interchain coupling constant.28 The complete set of FC  fits for 

the absorption spectra of each concentration along with the parameters obtained for the same 

is presented in Figure S4 in the SI. The magnitude of W decreases with increasing 

concentration, corresponding to a smaller coupling constant, indicating an increasing H-type 

interchain interaction (Figure 2d).29, 30 Moreover, with increasing H-type coupling, the A1 

peaks are observed to blue-shift slightly which is consistent with the H-aggregate model.28, 31 

It is worth pointing out, the different electronegativity between donor and acceptor units 

also modifies the Kasha model which assumes no wavefunction overlap.29, 32 Nevertheless, 

the intrachain charge-transfer character/Frenkel exciton mixing as well as interchain 

Coulombic interactions would give rise to similar Kasha spectral features27, 29 and the 

modified FC progression takes into account the contribution from excitonic dispersion in the 

weak coupling limit. The exciton bandwidth and coupling constant could be understood as 

an effective term. Moreover, the spectral features and the magnitude of exciton bandwidths 

reproduced by the HJ aggregate model are mostly consistent with situations seen in 

semicrystalline P3HT within the weakly-coupled limit.28, 33 Thus, we suggest that as both the 

A1/A2 and W trends exhibit two regime behavior, analogous to the viscosity results, the chain 

entanglements inherent in polymer solutions may be preserved in the solidified films. 

Transient absorption measurements are expected to provide further insight regarding the 

impact of chain entanglement on the photoinduced absorption line shape. The surface 

microstructure of thin films at different concentrations were also investigated using atomic 

force microscopy (AFM) and cross-polarized optical microscopy (CPOM), and the images  

are presented in Figure S9 and S10 respectively in the SI.  
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Figure 3. Transfer Characteristics (VDS = -80V) and OFET parameters of interest for DPP-DTT thin films as a function of 

solution concentration. (a) Forward and backward sweep ID – VG curves at concentrations of 3, 5 and 8 g/L exhibiting 

hysteresis. (b) and (c) Backward sweep transfer characteristics (VDS = -80V) as a function of solution concentration. (d) and (e) 

FET hole mobility and threshold voltage extracted from the backward sweep transfer curve (ID
1/2

  - VG) as a function of solution 

concentration. (f) Ion/Ioff obtained from the backward sweep transfer curve (ID – VG) as a function of solution concentration. The 

error bars here represent 95% confidence intervals averaged over 8-12 OFET devices. 

The electronic performance of the films at different concentrations was investigated by 

fabricating OFETs using bottom-gate bottom-contact Si/SiO2 substrates. The respective 

transfer and output characteristics are shown in Figure 3 and Figure S4, respectively. 

Rationale for the observed deviation from ideal behavior (hysteresis and different slope 

regions) is provided in the SI. The hole mobility, threshold voltage and Ion/Ioff as a function 

of solution concentration  extracted from the backward sweep, are presented in Figure 

3d, e and f, respectively. Figure 3b indicates a clear increase in hole mobility as the dilute 

concentrations increase to C* (5 g/L) followed by a decrease in the average mobility. 

Although, the mobility value at 5 g/L does not cross the threshold (1 cm2/V.s) set during the 

analysis of the curated OFET dataset, the results in general are in good agreement with the 

insights from the classification algorithm. It is important to note that device measurements 

in general can be challenging to compare across the literature due to the different setup 

conditions19, 20 and extraction of performance metrics from different curve regimes.34, 35 The 

maximum FET hole mobility of 0.56 cm2/Vs was obtained at the critical chain overlap 

concentration, C*, of 5 g/L and the polymer chain overlap in the solution state appears to 

contribute to improved charge transport in the solid state. This behavior may be analogous 

to the tie molecules in high molecular weight P3HT that connect crystalline domains 

together and improve charge transport.6, 36-38 A similar trend was observed for hole 

mobilities extracted from the forward sweep as shown in Figure S12 in the SI. Additionally, 

for concentrations greater than 5 g/L, we observe greater variations in the hole 

(a)

(b)

(c)

(d)

(e)

(f)
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mobilities across different     OFET devices as represented by the larger error bars. At these 

concentrations, it is possible that excessive chain entanglement in the solid state leads to 

spatial defects or charge traps in the thin films. Also, the high viscosity may negatively 

impact process control during film fabrication, leading to less uniformity. Note that the 

average threshold voltage increases from 5V to 18V while Ion/Ioff decreases by a factor of 10 

with increasing solution concentration, indicating a possible higher density of charge traps. 

To confirm if this new insight on the key role of solution concentration is potentially general, the 

previously curated P3HT dataset19, 20 was revisited to investigate if the data curation approach 

yields a similar dependance of mobility on concentration. Unlike the DPP-DTT dataset, the 

algorithm provided a wider range of concentrations to investigate for the P3HT dataset as shown 

in Figure S15. Concentrations of 5 and 10 g/L suggested by the algorithm do fall in critical chain 

overlap concentration ranges determined by previous work.36, 39 It is important to note that the 

P3HT dataset contains a broader range of Mw’s and solvents compared to the DPP-DTT dataset, 

both of which have been shown to shift the critical overlap concentration.36 To the best of our 

knowledge, the influence of solution concentration on FET hole mobility has not been 

investigated for semicrystalline homopolymers like P3HT, making it difficult to confirm the 

chain overlap hypothesis suggested by the DPP-DTT exercise. This finding further highlights the 

need to perform more experiments, not only for D-A polymers like DPP-DTT, but also with 

semicrystalline homopolymers to investigate the influence of solution concentration on device 

performance and further strengthen our findings. 

 

In conclusion, we demonstrated that by integrating a data science approach into the existing 

polymer electronics paradigm, we can gain new insights and guide future experiments to 

accelerate learning and optimization. The customized classification algorithm when applied to 

the curated dataset revealed that the polymer solution concentration is an impactful feature that is 

able to confine “high” performing OFET devices to a reduced design region. Based on the design 

guidelines suggested by the classification approach, experiments were performed to investigate 

the influence of solution concentration on the optoelectronic properties of DPP-DTT and 

confirmed the insights from the data curation exercise.  Viscosity measurements of the solutions 

at different concentrations identified the critical polymer chain overlap concentration occurs at ~ 

5 g/L; a result that can be interrogated through future small angle neutron scattering 

experiments.23, 39 Application of the weakly-coupled H-J aggregate model to the linear UV-vis 

absorption spectra revealed that polymer films deposited from semi dilute solutions exhibited a 

stronger H-type interaction as compared to films prepared from dilute solutions. To gain further 

insights on the influence of the solution concentration induced chain entanglement on the 

absorption line shape, transient absorption measurements will be performed to investigate the 

energetic landscape. Lastly, the electronic performance of the semiconducting thin films 

prepared from different concentrations was characterized using OFETs. The experimental device 

results were in good agreement with the design range suggested by the classification algorithm.  

An increase in the FET hole mobility was observed as the polymer solution concentration 

approached C*, suggesting that the effective chain overlap is a critical design parameter that 

impacts charge carrier transport in D-A semiconducting polymers. Our findings highlight the 

importance of polymer solution concentration as a parameter that must be optimized for the 

fabrication of conjugated polymer based devices and the critical need to further investigate the 

impact of this processing parameter to gain a thorough understanding of the process-structure-

property relationship.  
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Experimental Methods: 

 

Database Curation and Classification Analysis : Detailed explanation of the data curation 

process and application of the classification algorithm to the dataset along with a github link for 

the code and dataset is provided in the SI. 

 

Sample Preparation. DPP-DTT (Mw= 290,000 g mol−1, PDI = 2) was purchased from 

Ossila Limited. For sample preparation, a stock solution of 10 g/L DPP-DTT in 

chlorobenzene (anhydrous, Sigma-Aldrich) was prepared by heating at 100 ◦C for around 4 

hours, followed by heating at 56 ◦C overnight. Solutions with lower concentrations were 

prepared by diluting the stock solutions. The DPP- DTT thin films are prepared by wire-bar 

coating the solutions of different concentrations on fused-silica substrates at 56 ◦C followed by 

annealing for 10 min. A shearing speed of 80 mm/s was used to deposit the films.  

 

Viscosity Measurement. The viscosity of the DPP-DTT-Chlorobenzene solutions was 

measured using a microVISC viscometer (RheoSense, Inc). The solutions can be heated up 

to 56 ◦C. 

 

Steady-State Linear Absorption Spectroscopy. The steady-state linear absorption 

measurements were performed using a Cary 5000 UV-Vis-NIR spectrometer on the 

films deposited on glass substrates. 

 

OFET Fabrication and Characterization. A detailed explanation of the OFET 

fabrication and characterization process is provided in the SI and for the most part was 

consistent with existing literature procedures.  
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