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Conjugated polymers may be used as thermoelectric materials 

due to their low thermal conductivity and have the 

advantageous characteristics of conventional polymers, such 

as  low weight, non-toxicity and low cost. Here, a detailed 

investigation into the thermoelectric properties of PCDTBT 

films is reported. Moreover, in order to improve the 

thermoelectric properties of this polymer, FeCl3 is used as a 

doping agent. For the most optimally doped film reported in 

this work, a power factor value of 24 µW m-1 K-2 is obtained at 

150 °C. The different films were characterized by Wide-angle 

X-ray scattering (WAXS) experiments at different 

temperatures. In order to see the temperature effect, the 

thermoelectric power factor is measured as a function of 

temperature from (from RT to 150 °C). Thermal conductivity at 

room temperature is calculated with two independent 

methods which give values in agreement within the margin of 

uncertainty. The results obtained show promise and give 

insight to motivate future investigation into these types of 

carbazole derivates. 

Introduction 

In recent years, much effort has been invested in improving 

energy transport, especially in thermoelectric materials.1 One 

of the most impactful applications of thermoelectricity is 

energy harvesting, wherein wasted heat is recovered to 

generate electricity, thus improving the overall efficiency of an 

energy cycle, or utilizing random ambient energy.2, 3  The 

efficiency of thermoelectric devices is commonly reported as a 

dimensionless figure of merit, zT, which is expressed by: zT = 

σ·S
2·T/κ [Eq.1], where T is the absolute temperature, σ is 

electrical conductivity, S is the Seebeck coefficient, and κ is 

thermal conductivity. The Seebeck coefficient is a 

measurement of the amount of potential induced per 

difference in temperature and mathematically, it is defined as 

ΔS = ΔV/ΔT [Eq.2].  

The terms σ·S
2 are commonly grouped together and are known 

as the power factor. Since inorganic materials such as several 

alloys and intermetallics based on Bi, Te, Sb, Pb, etc., normally 
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have high σ, extensive research has been done on such 

materials.2 Attempting to suppress thermal conductivity 

without sacrificing the electrical conductivity has been one of 

the main strategies to enhance zT values of inorganic 

thermoelectric materials.4-7 On another hand, organic 

materials, such as semiconductor polymers, exhibit low κ, 

which could compensate for the decrease in zT caused by their 

low σ.  Moreover, organic materials are abundant, light-

weight, flexible, solution-processable and in most cases low-

cost. Nowadays, the highest zT values obtained are starting to 

get higher than 1.5 in some families of inorganic materials. 

However, the real fact is that, while zT in inorganic materials 

has increased by a factor of 3 or 4 in the last years, mostly via 

nanostructuration. In the case of organic materials the 

increase in zT has been of several orders of magnitude. A few 

years ago the figure of merit of most conducting polymers 

were of the order of 10-4, nowadays the best values are 

reaching 0.5. 

Recently, it has been demonstrated that the p-type material 

poly(3,4-ethylenedioxythiophene) (PEDOT) exhibits a high zT 

value of 0.42 at room temperature,3 which is the highest 

reported value of zT among organic materials to date. On the 

other hand, in inorganic materials the thermoelectric materials 

most used at temperatures close to the room one (˂ 450 K), 

are Bi2Te3 y Sb2Te3, with zT >1. 

Some of the most commonly studied polymers have been: 

polyaniline (PANI),8-10 polyalkyl thiophenes,11, 12 poly(3,4-

ethylenedioxythiophene) (PEDOT),3, 13-18 polypyrrole (PPy)10, 19 

and poly(2,7-carbazolyenevinylene).20, 21 One way to improve 

electrical conductivity in conjugated polymers is to introduce 

extra charge carriers, such as polarons and bipolarons, by 

electrochemical or chemical doping. These carriers favor 

charge transfer along the polymer chains by hopping. 

However, doping may have an adverse effect on the Seebeck 

coefficient by driving the Fermi level closer to the conduction 

band.13, 20, 22, 23 For this reason, optimization of both 

parameters should be performed to obtain the maximum 

thermoelectric efficiency. 

Here, we investigate the thermoelectric properties of iron-

doped poly [N-9’-heptadecanyl-2,7carbazole-alt-5,5-(4’,7’-di-2-

thienyl-2’,1’,3-benzothiadizole)] (PCDTBT) films. The dopant is 

introduced as iron trichloride (FeCl3), which is optimal for 

doping due to its oxidizing properties.20 During the oxidation 

process the resulting positive charges on the polymer chains 

are balanced by the presence of FeCl4
- counter-ions.21, 24 Each 

of σ, κ, and S are measured to find the zT of the PCDTBT films 

under different doping conditions.  

 

Experimental 

Fabrication of non-doped PCDTBT films.  

The non-doped films of PCDTBT were prepared via drop 

casting on glass substrates. The glass substrates were cleaned 

in an ultrasonic acetone bath for 5 min. Then, poly [N-9’-

heptadecanyl-2,7carbazole-alt-5,5-(4’,7’-di-2-thienyl-2’,1’,3-

benzothiadizole)] (PCDTBT) supplied by Solaris Chem Inc., with 

weight-average molecular weight (Mw) of 53000 g mol-1 and a 

polydispersity index of 1.5, was dissolved in chloroform at 

room temperature to produce a 50 mg mL-1 solution. 

Afterwards, the polymer solution was drop-casted on a glass 

substrate and the chloroform solvent was allowed to 

evaporate at room temperature for 24 h. A film of PCDTBT was 

formed with a thickness around 3 µm and roughness of around 

90 nm (measured by Veeco Dektak profilometer). 
 

Fabrication of doped PCDTBT films.  

The PCDTBT films were doped using the doping agent FeCl3. 

Similarly to the non-doped film, pure PCDTBT/chloroform 

solutions were prepared and afterwards we dropped wise it 

into different concentrations of FeCl3/chloroform solutions. 

Using the same drop-casting procedure as for the non-doped 

case, polymer films with 0.5, 1, 1.5 and 2 monomer units per 

FeCl4
- doping levels on glass substrates were obtained. The 

thicknesses of these films were ranging between 3 µm and 5 

µm and roughness of around 400 nm were found (measured 

by Veeco Dektak profilometer). 

 

Structural characterization 

Bulk PCDTBT was evaluated via Thermogravimetric analysis 

(TGA) performed on a Q500 TA Instruments TGA system, using 

air stream as the purge gas, at a heating rate of 10 °C/min in 

the range of 0-900 °C. Calorimetric measurement of bulk 

PCDTBT sample was conducted in a Perkin-Elmer 8500 

differential scanning calorimeter to measure temperature 

transitions in the heating and cooling mode from the room 

temperature at 20 °C min-1. The structural characterization was 

carried out in Wide-angle X-ray scattering (WAXS) experiments 

in a geometry in which the wave vector, Q, was parallel to the 

long axis of sample in reflection geometry using a Philips X'Pert 

diffractometer. Moreover, WAXS experiments were also 

carried out in transmission geometry with the X-ray beam 

traveling along the direction perpendicular to the sample 

surface using a Bruker AXS Nanostar X-ray scattering 

instruments, so that Q was nearly perpendicular to the long 

axis of the sample. In the scheme 1 a schematic representation 

of the set-ups can be observed in order to interpret the 

experiments performed. 

 

Physical properties characterization 

The hole mobility of the best doped sample was measured by 

Hall effect measurement system (commercial ECOPIA set-up) 

in order to compare with that result gave by Sigma Aldrich for 

the raw PCDTBT. 

a) Power factor measurements.  

The electrical conductivity of the doped films was measured by 

the four probe Van der Pauw (VdP) method.25 The four probes 

are positioned at each corner of the sample while measuring 

the voltage and current respectively between sets of them.25 

To measure the Seebeck coefficient, a controlled temperature 

gradient was applied along the sample while measuring the 

resulting voltage drop.26 

Moreover, for doped PCDTBT films, the electrical conductivity 

and the Seebeck coefficient were cross-checked with LSR-3 

LINSEIS commercial equipment. These measurements were 
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performed from room temperature (RT) to 150 °C. The PCDTBT 

non-doped film was not able to be measured by this method, 

as the high electrical resistance was over the measurement 

limit of the system.  

b) Thermal properties. 

Thermal conductivity measurements were performed by two 

independent methods: the photoacustic technique27 and the 

3ω-SThM (Scanning Thermal Microscopy)28 method based on 

Scanning Probe Joule heating based thermal microscopy.  

The 3ω-SThM has been used to determine the thermal 

conductivity of organic and inorganic nanostructures, such as 

films29 or nanowires.28, 30 This technique uses a thermo-

resistive probe that is heated by Joule effect when passing an 

electrical current through it.  

When approaching the sample surface, a heat flux is 

exchanged between the probe and the surface of the sample. 

As a consequence, the temperature of the probe changes and 

so does its electrical resistance. 

The third harmonic, 3ω, of the electrical response of the probe 

can be then expressed as a function of the thermal 

conductivity of the sample under study.31, 32 In this work, the 

setup is identical to the one showed in reference [32]. A 

Wollaston probe33 and an Atomic Force Microsocope (AFM) 

from Nanotec® were used to carefully position the probe on 

the surface of the films. An external UHF lock-in amplifier from 

Zurich instruments was used to record the 3ω voltage. 

The thermal conductivity at room temperature in the cross-

plane direction was also measured by a system based on the 

photoacoustic technique, as a crosscheck. An incident 

modulated radiation from a fiber-couple laser diode of 980 nm 

with an optical power of 260 mW periodically heats the 

sample.  

Acoustic waves are created as the air in contact with the 

surface expands and contracts, similar to a thermal piston. A 

microphone is used to detect the acoustic waves in such a way 

that the thermal properties of the sample can be obtained by 

comparing the incident modulated signal from the laser with 

the recorded signal and fitting the signal to a multilayer model 

developed by Hu et al.34 The sample was metallized by an 80 

nm titanium layer via electron-beam evaporation in order to 

absorb the laser beam. 

 

 

 
Scheme 1. Schematic representations of WAXS experiments 

(a) in reflection geometry and (b) experiment in transmission 

geometry.  

 

 

Results and discussion 

Structural characterization. 

Before the film preparation step, the bulk polymer thermal 

stability is evaluated by TGA. The PCDTBT shows a good 

thermal stability.35 In the first heating run, a weight loss is 

observed at 315 °C, which is attributed to the decomposition 

of the lateral alkyl chains that are positioned in the carbazole 

group [Figure 1 (a)]. At higher temperature the thermogram 

shows two different peaks, at 383 °C and 506 °C. The first peak 

corresponds to the carbazole group and the second one to the 

thiophene and benzothiadiazole groups. DSC experiments 

were carried out in order to observe the thermal behavior of 

the PCDTBT samples [Figure 1 (b)].  

The observed temperatures (Tm = 120 °C and Tm = 277 °C) are 

used as a reference when the electrical conductivities are 

studied, as shown below. Both of these melting temperatures 

are like order-disorder transitions for each monomer; no 

crystallization peaks were observed during the cooling process 

(not shown here, heating and cooling sweeps were 

performed). 

 

 

Figure 1. (a) Thermogravimetric analysis (TGA) of PCDTBT bulk 
sample and (b) heat flow vs temperature during non-isothermal 
sweep of bulk PCDTBT sample and at 20 °C min-1. 
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Several studies have demonstrated that structural parameters 

can influence the charge transport properties in conjugated 

polymers.36-39 For instance, orientation and structural 

organization of the polymers may play a crucial role.40-42 In 

order to see what kind of process takes place in the PCDTBT 

complex structure, WAXS experiments were carried out (Figure 

2). Moreover, in order to clarify the order-disorder peaks 

observed by DSC, the WAXS patterns were collected at 

temperatures just before and after the endothermic processes 

observed, up to 280 °C. 

X-ray data suggest a lamellar packing for the undoped and the 

1:1 doped PCDTBT films. The peak around q = 0.31 A-1 

corresponds to a layering distance of d = 19.6 Å between 

sheets of each one of polymer chains that are packed in the 

plane, perpendicular to their longitudinal axes.  

The second broader peak, near q = 1.53 A-1, corresponds to a 

d-spacing of 4 Å, and could be attributed to the distance 

between the polymer chains within the layered planes.21, 43 

This distance has been attributed to the π-π stacking in 

PCDTBT43 induced by the benzothiadiazole unit. The first 

(sharpest) peak can be observed both in the undoped and in 

the doped film, as well in both parallel and perpendicular 

configurations [Figure 2(a) and (b)]. There is a slight difference 

between undoped and doped samples, where the peaks in the 

doped films are slightly displaced to higher angles, namely to 

lower d-spacing, indicating that doping produces a more 

compact packing of the layers.  

 

 

Figure 2. WAXS diffractograms of (a) PCDTBT thin film and (b) 

doped PCDTBT thin film in which the wave vector, q, was 

parallel (║) and perpendicular (├) to sample surface. WAXS 

patterns at different temperatures of (c) PCDTBT thin film in 

which the wave vector, q, was perpendicular to the surface, 

five diffractograms in the temperature range 80-280 °C were 

taken and (d) doped PCDTBT thin film in which the wave 

vector, q, was perpendicular to the surface, five diffractograms 

in the temperature range 80-280 °C were taken. 

 

Apparently, an isotropic behavior is observed in all the samples 

prepared. The fact that on the transmission experiments, the 

broad [010] peak associated to the π-π stacking is not 

observed is a clear indication of the configuration of the 

polymer chains parallel to the surface, even in these 

macroscopic films, similar to what is observed in thin films by 

grazing incidence.43 Figure 2 (c) and (d) show the evolution 

with temperature of the diffraction pattern in transmission 

geometry for the undoped and doped samples, respectively. In 

the undoped sample, besides the main peak at q = 0.31 A-1, a 

weak peak is observed around q = 0.62 A-1, that can be 

attributed to a second order of the main peak, indicating a 

well-defined layer structure. The second order disappears at T 

> 140 °C, and the main peak becomes sharper. When 

comparing with the DSC trace [Figure 1 (b)], the disappearance 

of the second order corresponds to temperatures above the 

endothermic peak at T = 120 °C in the DSC, and that some 

authors have attributed to the glass transition of PCDTBT.44 

After the second endothermic peak (T = 277 °C), due to a 

recombination of the polymer chains, the second order 

appears again indicating a well-defined layer structure. In the 

doped samples, although features are somehow hidden by the 

strong scattering coming from residual Fe ions, the main peak 

is shifted at higher q values (around q = 0.39 A-1) angles when 

compared with the undoped sample. This observation 

indicates that FeCl3 induces a more compact layer structure of 

PCDTBT, and this can be corroborated from the position of the 

second order peak, located around q = 0.80 A-1. WAXS 

experiments allow to conclude that the layer spacing shifts 

from d = 20 Å in the undoped sample to d = 16 Å in the doped 

samples.  

As we expect, there is not a simple melting process observed, 

however an order-disorder process of the crystals can be 

intuited due to the increase and the decrease of the peak 

intensities. 

 
Thermoelectric properties. 

Figure 3 (a) and (b) show the results obtained for the Seebeck 

coefficient, electrical conductivity and the power factor at 

room temperature for the PCDTBT films with and without 

doping. As can be seen in Figure 3 (a) the highest electrical 

conductivity is obtained from the doped PCDTBT film with one 

monomer unit per FeCl3 molecule. Positive values of the 

Seebeck coefficient are obtained for all doped films, indicating 

a p-type conduction (hole conduction). Moreover, the 

electrical conductivity increases up to nine orders of 

magnitude with the addition of the doping agent from 1.10-7 S 

cm-1 for the undoped PCDTBT film to 63 S cm-1 for the 1:1 

doped PCDTBT film. Figure 3 (b) shows the doping dependence 

of the power factor. The best balance between the electrical 

conductivity and Seebeck coefficient led to a power factor of 9 

µW m-1 K-2 for one monomer unit per FeCl3 doping level. 

The electrical conductivity dependence with the doping level 

can be explained in terms of trapping. According to Bubnova et 

al
45, when the doping level is low the extra introduced carriers 

into the polymer chains remain localized into the traps created 
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by the counter-ions, and the mobility is not sharply increased. 

When the doping is increased, and hence, the counter-ions are 

also increased, the Coulomb traps start to overlap and the 

energy barriers between them decrease. Then, an energy 

disorder decrease would take place so that both mobility and 

Seebeck coefficient would increase. 

However, if the doping level is further increased, the 

electrostatic forces between counter-ions increase, and so 

does their distance and therefore the charge hopping is not 

facilitated. The Seebeck coefficient decreases as the doping 

level is decreased probably due to an increase in the carrier 

density as Snyder et al. explained.46  

Moreover, the electrical conductivity and Seebeck coefficient 

were measured between 40 °C to 140 °C only for the PCDTBT 

doped films. That can be explained in terms of the low charge 

carrier density, which is characteristic of conjugated polymers 

(< 1014 |�|	cm-3)45 since electrical conductivity is given by the 

expression �	 = �	|�|	� [Eq.3] where n is the charge carrier 

density, |�| is the elementary charge and � is the mobility of 

the charge carriers. 

As shown in Figure 4 (a) and (b), the conductivity and Seebeck 

coefficient are thermally activated in all doped samples, which 

the system must overcome an energy barrier in order for the 

process to go forward. Moreover, the electrical conductivity 

increases when the temperature is increased which is the 

typical semiconductor behavior, reaching a value as high as 

110 S cm-1 for the 1:1 doped sample at 150 °C. As a 

consequence, the power factor increases when the 

temperature also increases, as it is observed in figure 4 (c). For 

the best doped film (one monomer unit per FeCl4
-) values up 

to 24 µW m-1 K-2 are obtained at 150 °C. This sample presents a 

Seebeck coefficient of 47 µV K-1, but it is worthy to note that a 

great enhancement of the Seebeck coefficient is reached for 

doping levels ≥ 1.5:1 of given a value of 60-70 µV K-1 which is 

compensated in the final power factor by a reduction in the 

electrical conductivity in comparison with the 1:1 sample. This 

polymer can be used up to 120 °C, where the first order-

disorder transition is observed indicating a not well defined 

layer structure as we observed in the WAXS diffractograms. 

The electrical conductivity is observed to behave as σ = σ0 e
-

Ea/kT [Eq.4]. With increasing disorder the activation energy Ea 

rises while the pre-exponential factor σ0 decreases.12 As 

plotted in Figure 5 the activation energy is related to the 

doping level: 40 meV, 9 meV, 72 meV, and 84 meV for 0.5, 1, 

1.5 and 2 monomer units per FeCl3 molecule, respectively. The 

activation energy is reduced when decreasing the doping level 

from 2:1 to 1:1, i.e., when the samples are more doped, since 

the carrier density is increased. Finally, the activation energy 

increases again when the lowest doping level is reached, 0.5:1, 

since the electrostatic forces between counter-ions increase 

which make the electronic transport more difficult. As shown 

before, all doped samples are thermally activated and as a 

consequence the electrical conductivity increases when the 

activation energy decreases. 

 
Figure 3. (a) Electrical conductivity (black line) and Seebeck 

coefficient (red line) for undoped and doped PCDTBT films as a 

function of the doping level. (b) Power factor for the doped 

PCDTBT films as a function of the doping level at room 

temperature. 

The temperature dependence of the Seebeck coefficient could 

be used as an indicator of the charge transport mechanism in 

semiconductor materials. The Seebeck coefficient of organic 

semiconductors can present different temperature 

dependences45. As seen in Figure 4 (b) the Seebeck coefficient 

is thermally activated, showing an increase in its magnitude as 

increasing the temperature for all the doped samples. In the 

case of the conventional semiconductors, i.e., inorganic 

semiconductors, the transport mechanism is described in 

terms of energy bands and the 1/T dependence of the Seebeck 

coefficient is the typical behavior. 

In the case of the organic semiconductor where no band 

structure is present and this temperature dependence occurs, 

another kind of transport phenomena is taking place. It is 

called nearest-neighbor hopping thermopower which follows 

the expression:47 

 

S=- [(EA
’)/qT]+A                                    Eq. 5  

 

An analysis of the Seebeck coefficient as a function of the 1/T 

allows one to obtain a linear trend whose slope corresponds to 

the activation energy, EA
’, and the intercept, A, corresponds to 

a temperature independent kinetic term.         

 

 

Figure 4. Temperature dependence of (a) electrical conductivity, (b) 
Seebeck coefficient and (c) power factor for the different doping 
levels in the PCDTBT films. 
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Figure 5. Evolution of the electrical conductivity and the activation 
energy Ea versus doping level. 

 

As seen in Figure 6, the activation energy increases as the 

doping level is increased. On the other hand, the temperature 

independent term undergoes a sharp change when doping is 

varied as seen in doped P3HT. Both magnitudes show the 

same dependence with the doping level as the trend found by 

Xuan et al for P3HT doped with NOPF6.12  

The raw PCDTBT exhibits a hole mobility of 6x10-5 cm2 V-1 s-1. 

Depending on the doping level, the hole mobility can vary 

between 5-10 orders of magnitude.  In this work, we have 

measured the hole mobility by the Hall effect measurement 

system to be 1.5x102 cm2 V-1 s-1 for the best doped sample (1 

monomer unit per FeCl4
-). 

Figure 7 shows the dependence of the thermal conductivity 

with the doping level.  Two different techniques were used to 

measure the undoped PCDTBT film (PA and 3ω-SThM) 

observing good agreement between them, within the error 

bar. After this double-checks in the undoped PCDTBT samples, 

the doped samples were measured by the 3ω-SThM system. 

The value for the undoped film is 0.25±0.04 W m-1 K-1, which 

agrees well with a cross-check measurement taken by PA 

(0.20±0.03 W m-1 K-1). In the undoped polymer, its thermal 

conductivity is mainly dominated by phonons, � ≈ �
���
�� , 

and it is expected to be that low because of the typical 

characteristics of the polymers. However, when doping the 

PCDTBT with FeCl3, not only the lattice, but also the electronic 

terms contribute to the total thermal conductivity, � =

��
������
� + �
���
�� .  Similarly to what happened with the 

electrical conductivity (Figure 5) the 1:1 doping shows the 

maximum thermal conductivity, 1 W m
-1

 K
-1. 

Figure 6.  The evolution of the Seebeck coefficient (EA
’) and its 1/T = 

0 intercept (A) with doping concentration. 

 

This can be related to the lower energy barriers observed in 

this case, which increase the mobility of electrons and so 

increase the electronic thermal conductivity. However, 

although the trend in the total thermal conductivity for other 

doped levels becomes slightly smaller than for the 1:1 doped 

level, it is not that drastically reduced as the electrical 

conductivity case. In reference [48], the transport properties of 

PEDOT polymers were determined for different polymerization 

processes.48 The influence of the electronic contribution to the 

total thermal conductivity was studied and compared with the 

Wiedemann-Franz law.48 In these measurements, variations of 

�  from tens to several hundred S cm-1 showed a general 

dependence of � with	�. Despite this trend, one must note 

that the variation in k is smaller than the variation in σ. Taking 

this into account, in our measurements much smaller 

Figure 7. Evolution of thermal conductivity versus doping level 
measured by 3ω-SThM technique (black dots and line). Measured 
thermal conductivity for undoped PCDTBT film by photoacustic 
system (red dot).  
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variations of  � with the doping were obtained, which make 

the thermal conductivity trend less clear, but similar within the 

error, because of possibly similar influence of the electronic 

thermal conductivity term in the different doped samples.   

Our results show that for the FeCl3 levels of doping used in 

PCDTBT samples, we can vary the electrical conductivity 

without modifying much the total thermal conductivity of the 

samples. From the point of view of thermoelectricity, these are 

good news as we can keep a relatively low value of the thermal 

conductivity while improving the power factor of the polymer. 

Other doping elements, thermal treatments or different ways 

of growing the polymer films could be used in order to try to 

achieve higher values of the power factor with relatively low 

thermal conductivities.   

Figure  8 shows the figure of merit for each sample prepared.  

Figure 8. Thermoelectric Figure of Merit versus doping level. 

 

It is interesting to see that the best doping sample reaches up 

to (2.6±0.6).10-3 in zT value at room temperature. The best 

reported values12 for these types of carbazoles were around 

8.10-5, so there is an enhancement of two orders of magnitude 

in the Figure of Merit for this carbazole derivate.  

 

 

 

 

 

 

Conclusions 

In summary, PCDTBT polymer films prepared by drop-casting 

(both undoped and doped with FeCl3) were studied. The doped 

film, which exhibited the highest thermoelectric efficiency had 

one monomer per one doping molecule. For this sample, a 

relatively high value of electrical conductivity for this type of 

material was observed. Additionally, the value of Seebeck 

coefficient was found to be close to that for materials of 

similar composition as Leclerc et al. reported. Moreover, the 

electrical conductivity increases when the temperature is 

increased which is the typical semiconductor behavior, 

reaching a value as high as 110 S cm-1 for the 1:1 doped 

sample at 150 °C. The thermal conductivity also was measured 

in this work by two different techniques observing good 

agreement between them for the undoped films. For the 

doped films, thermal conductivity was observed to increase up 

to a plateau value of 1 W m
-1

 K
-1. Our results show that for the 

FeCl3 levels of doping used in PCDTBT samples, we can vary the 

electrical conductivity without greatly modifying the value of 

thermal conductivity of the samples. 
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