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Abstract  

The effect of isotropic strain on the band structures and thermoelectric properties of 2,7-dioctyl[1]benzothieno[3,2-
b][1]benzothiophene (C8-BTBT) modified with hydroxyl (–OH), amino (–NH2), and methyl (–CH3) groups at room temperature 
have been investigated by first-principles calculations. We found that isotropic strain modified the Fermi levels and bandgaps 
of the C8-BTBT-based organic semiconductors. The variations of the dimensionless figure of merit (zT) values of the N-type 
semiconductors are greater than those of the P-type semiconductors. The thermoelectric properties were calculated using 
the BoltzTraP code. The results show that there is an optimal carrier concentration (N) to give the maximum zT value of the 
C8-BTBT-based organic semiconductor. The maximum zT value of the N-type semiconductor is 0.41 for OH-modified C8-BTBT. 
For the P-type semiconductor, the maximum zT value is 0.36 for CH3-modified C8-BTBT. We also found that NH2-modified C8-
BTBT has poor thermoelectric properties, which means that the –NH2 group may not be the optimal choice for C8-BTBT in 
thermoelectric applications. 
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1. Introduction 

Owing to their promising energy conversion and utilization, 

thermoelectric materials have been widely studied in recent 

years.[1-5] Thermoelectric devices have the advantages of small 

size, lightweight and modular design, which can be used in 

personalized cooling instead of centralized cooling.[6-9] For 

example, in portable refrigerators,[10-14] air conditioners,[15-18] 

and electrical microdevices.[19-27] The most important index to 

evaluate the performance of thermoelectric materials is the 

dimensionless figure of merit: zT = S2σT/κ, where S is the 

Seebeck coefficient, σ is the electrical conductivity, κ is the 

thermal conductivity, and T is the absolute temperature. To  

obtain a good figure of merit, a high Seebeck coefficient, high  

electrical conductivity and low thermal conductivity are 

required. 

Compared with inorganic block materials, which contain 

some toxic components (e.g., Pb and As) and are not flexible, 

organic materials are advantageous due to their low cost, 

lightweight, good flexibility, and abundant resources.[28-32] 

Typical organic materials have low thermal conductivities 

which are suitable for thermoelectric, however, their 

thermoelectric properties are generally inferior to those of 

inorganic materials mainly due to their low electrical 

conductivity.[33-40] [1]Benzothieno[3,2-b]benzothiophene 

(BTBT) has high carrier mobility and shows excellent stability 

at room temperature.[41,42] For example, a mobility of up to 43 

cm2 V−1 s−1 was obtained in a blended film of 2,7-

dioctyl[1]benzothieno[3,2-b][1]benzothiophene (C8-BTBT) 

and polystyrene.[43,44] 

Many studies have attempted to optimize the material 

properties by changing the geometric configuration of the 

material or the relative positions of the atoms, such as the 

reasonable design of the material shape and control of the 

composition. As a processing technique for semiconductor
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materials, strain engineering can improve the material 

performance through mechanical tension or compression, for 

example, by adjusting the band structures and affecting the 

electron mobilities.[45,46] In recent years, many researchers have 

calculated the transport properties of thermoelectric materials 

under strain. Larson et.al.[47] studied the effects of external 

stress on the electronic structure and thermoelectric properties 

of Sb2Te3 by first-principles calculations, and they explained 

the enhancement of the thermoelectric properties caused by an 

electronic topological transition, which increased both the 

band degeneracy and electron effective masses under uniaxial 

pressure. Li et.al.[48] calculated the thermoelectric properties of 

CoSb3 under external strain, and the results showed that the 

electrical conductivity decreases and the Seebeck coefficient 

increases with increasing pressure from 0 to 10 GPa. Balout 

et.al.[49] calculated the electronic structure and thermoelectric 

properties of Mg2Si under biaxial strain by first-principles 

calculation and Boltzmann transport theory. The results 

showed that the band degeneracy changes at the top of the 

valence band and the bottom of the conduction band under 

strain, and the electrical conductivity of Mg2Si significantly 

increases under the biaxial strain. The strain affects the 

electron structure, thereby regulating the band structure of the 

crystal, which is expected to be an effective way to optimize 

the thermoelectric properties of materials. 

In this work, we theoretically investigated the original C8-

BTBT structure and a series of C8-BTBT-based structures with 

different end groups (–OH, –NH2, and –CH3 groups), and we 

discussed their thermoelectric properties. The thermoelectric 

properties were investigated by first-principles calculations 

combined with semi-classical Boltzmann theory. We 

evaluated the behavior of the thermoelectric properties under 

isotropic compressive and tensile strains and demonstrated 

that strain modulation could be an effective method to improve 

the thermoelectric properties. 

 

2. Methods 

The optimization and electronic structure calculations were 

performed with the Vienna Ab-initio Simulation Package 

(VASP) code using the projector augmented wave (PAW) 

method with the Perdew–Burke–Ernzerhof (PBE) exchange 

and correlation functional. The cutoff energy was set to 600 

eV and a 1 × 4 × 4 grid was chosen as the k-mesh for structural 

optimization. The energy convergence criterion for electronic 

iteration was set to 10−4 eV. The structures were relaxed until 

the force on each atom was less than 10−3 eV/Å. Boltzmann 

transport theory, implemented by the BoltzTraP code, was 

used to calculate the thermoelectric transport properties.[50] 

C8-BTBT has a monoclinic crystal structure with the P21/c 

space group, and it exhibits a lamella-like structure with alkyl 

layers (Fig. 1(a)). The lattice constants of C8-BTBT are a = 

29.527 Å, b = 7.88 Å, c = 5.852 Å, α = γ = 90°, and β = 99.126°. 

In the bc plane (Fig. 1(b)), the herringbone arrangement of the 

BTBT cores is beneficial for two-dimensional charge transport.  

 
Fig. 1 Crystal structure of C8-BTBT: (a) side view and (b) top view. Side views (ab plane) of (c) C8-BTBT, (d) C8-BTBT-OH, (e) C8-

BTBT-NH2, and (f) C8-BTBT-CH3.
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The hydrogen atoms of the methyl groups at both ends of the 

chain were replaced by hydroxyl (–OH) groups, amino (–NH2) 

groups, or methyl (–CH3) groups to produce modified C8-

BTBT structures. Side views of the C8-BTBT, C8-BTBT with 

hydroxyl (C8-BTBT-OH), C8-BTBT with amino (C8-BTBT-

NH2) and C8-BTBT with methyl (C8-BTBT-CH3) structures 

are shown in Figs. 1(c)–(f). 

 

3. Results and Discussion 

3.1 Electronic band structure and density of states 

The transport properties of thermoelectric materials are 

closely related to the electronic band structure. The effect of 

strain on the thermoelectric properties of C8-BTBT with 

different end groups can be understood by analyzing the 

electronic band structure and density of states (DOS). The 

band structures of C8-BTBT, C8-BTBT-OH, C8-BTBT-NH2, 

and C8-BTBT-CH3 under 3% compressive strain (−3%) and  

3% tensile strain (3%) is shown in Fig. 2. 

In solid materials, the compression tends to cause the 

overall electron level to increase, and the highest energy level 

occupied by electrons will tend to increase with the overall 

electron level. Thus, the Fermi level increases as the 

compressive strain increases. We investigated the band 

structures with –OH, –NH2 and –CH3 groups. Significantly, 

the first and the second conduction bands above the Fermi 

level on both sides of the Z point of the band structures with –

OH, –NH2 and –CH3 groups exhibit a band reduction. This 

phenomenon is also observed under −3% and 3% strain. When 

C8-BTBT is modified with –OH and –NH2, the lowest 

conduction band approaches the second-lowest conduction 

band in energy between the Y to Z and Z to Γ points. When     

–CH3 is attached to the end of the chains, the second-lowest 

conduction band becomes equivalent in energy to the lowest 

conduction band between the Y to Z and Z to Γ points. Despite 

these changes, the lowest point of the conduction band never 

changes, which still lies in the Γ points. 

The conduction bands also undergo notable shifts in energy 

under different strains for these structures. For example, the 

energies of the lowest and second lowest conduction bands 

increase overall for C8-BTBT (Figs. 2(a), (e) and (i)), from 3% 

compressive strain to 3% tensile strain, which results in 

bandgap broadening under tensile strain and bandgap 

narrowing under compressive strain. It is observed for all of 

these structures. The band gap values are given in Table 1. For 

C8-BTBT, C8-BTBT-OH, C8-BTBT-NH2 and C8-BTBT-CH3, 

from 3% to −3% strain, the bandgaps narrow down by 0.1558, 

0.1545, 0.2281 and 0.3540 eV, respectively. More importantly, 

the amounts of the conduction bands below 3 eV gradually 

increase. This downward movement of the conduction bands 

in the full Brillouin zone remarkably increases the number of 

available states near the Fermi level. Most likely, it improves 

the N-type conductivity of these structures under compressive 

strain due to the dominance of electron carriers in the 

conduction bands. To illustrate the characteristics of the band  

 

Fig. 2 Band structures of C8-BTBT, C8-BTBT-OH, C8-BTBT-NH2, and C8-BTBT-CH3 under 3% compressive strain (−3%) and 3% 

tensile strain (3%). The reciprocal coordinates of the high-symmetry points are Γ = (0, 0, 0), Y = (0, 0.5, 0), Z = (0, 0, 0.5), and X = 

(0.5, 0, 0). The highest valence band and lowest conduction band are highlighted in red and the second lowest conduction band is 

highlighted in blue. 
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Table 1. Bandgaps of C8-BTBT, C8-BTBT-OH, C8-BTBT-NH2, and C8-BTBT-CH3 under strain of −3%, 0%, and 3% at T = 300 K. 

Strains (%) Bandgap (eV) 

C8-BTBT C8-BTBT-OH C8-BTBT-NH2 C8-BTBT-CH3 

-3 2.2284 2.2326 2.1946 2.0530 

0 2.3213 2.3280 2.3425 2.2630 

3 2.3842 2.3871 2.4227 2.4070 

 

structures, we investigated the partial density of states (PDOS) 

near the conduction band minimum (CBM) and valence band 

maximum (VBM) for these structures. The calculated results 

are shown in Fig. 3. The top of the valence band is mostly 

formed by C 2p and S 3p, and the bottom of the conduction 

band is dominated by C 2p, including a small contribution 

from the S 3p state. Similar results were also obtained for the 

other groups. Furthermore, we found that the C 2p and S 3p 

orbitals are strongly hybridized at the top of the valence band. 

By comparing the PDOS under strain, compressive strain 

leads to a decline in the CBM. The influence of strain on the 

bottom of the conduction band is also greater than that on the 

top of the valence band, which corresponds to the band 

structure in Fig. 2. From the PDOS, the C 2p and S 3p state at 

the bottom of the conduction band upward shift under tensile 

strain, which results in broadening of the bandgaps for all of 

these structures. 

 

3.2 Transport properties 

Analysis of the transport coefficients of C8-BTBT gives a 

direction to optimize zT in practical applications. According to 

the literature,[51] the relaxation time of C8-BTBT is 19.9 fs, and 

the following thermoelectric transport coefficients were 

obtained based on the experimental relaxation time. To ensure 

that the simulations corresponded to realizable materials, we 

restricted the carrier concentrations (both electron and hole) to 

lie in the range of less than 3.5 × 1020 cm−3. In the following 

sections, we report the thermoelectric transport characteristics 

of C8-BTBT at room temperature (300 K) and reveal the 

relationships among the thermoelectric parameters and the 

carrier concentration under isotropic strain. 

One of the important parameters related to the electronic 

structure of thermoelectric materials is the Seebeck coefficient, 

which is the internal voltage response to the temperature 

gradient (S = ΔU/ΔT). When a temperature difference is 

applied to a thermoelectric material, the carriers at the heated 

end migrate from the hot end to the cold end, forming an 

electric current owing to the directional movement. The 

magnitude of the Seebeck coefficient decreases as a function 

of both the hole and electron carrier concentrations (Figs. 

4(a)–(d)). The Seebeck coefficient is positive for P-type 

materials and negative for N-type materials, which both show 

a power-law dependence on the carrier concentration. 

 
Fig. 3 PDOS of C8-BTBT, C8-BTBT-OH, C8-BTBT-NH2, and C8-BTBT-CH3 under 3% compressive strain (−3%) and 3% tensile 

strain (3%). 
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Fig. 4 Seebeck coefficient of (a) C8-BTBT, (b) C8-BTBT-OH, (c) C8-BTBT-NH2, and (d) C8-BTBT-CH3 as a function of the carrier 

concentration at 300 K. The insets show the strain dependence of the Seebeck coefficients. 

 

We fixed the carrier concentrations close to the optimal 

values (−2 × 1020 cm−3 for N-type and 0.46 × 1020 cm−3 for P-

type), which is illustrated in the following part, and 

investigated the strain dependence of the transport coefficients. 

The results are shown in the insets of Figs. 4(a)–(d). The 

average value of the Seebeck coefficient for N-type C8-BTBT 

(203 μV K−1) is slightly larger than that for P-type C8-BTBT 

(189 μV K−1) (Fig. 4(a)). For both N-type and P-type C8-BTBT, 

the Seebeck coefficients barely change with the strain. For the 

P-type semiconductor, the Seebeck coefficient undergoes a 

maximum 25 μV K−1 decrease over the studied strain range (a 

12% overall reduction), while the Seebeck coefficient of the 

N-type semiconductor changes even less, exhibiting a 

maximum decrease of 8 μV K−1 over the same range (<4% 

reduction). These results demonstrate that the Seebeck 

coefficient has a negligible effect on the change of zT observed 

upon straining C8-BTBT. The Seebeck coefficients of C8-

BTBT-OH, P-type C8-BTBT-NH2, and C8-BTBT-CH3 are 

generally stable (insets of Figs. 4(b) and (c)), which is similar 

to C8-BTBT. However, the absolute values of the Seebeck 

coefficients of N-type C8-BTBT-NH2 and C8-BTBT-CH3 

distinctly decrease with increasing compressive strain. 

The carrier concentration dependence of σ for the four 

structures is shown in Figs. 5(a)–(d). At a fixed carrier 

concentration, σ of the P-type semiconductor is almost three 

orders of magnitude larger than that of the N-type 

semiconductor. The insets of Figs. 5(a)–(d) indicate that σ for 

both types of semiconductors shows an upward trend with 

increasing compressive strain and a downward trend with 

increasing tensile strain. The changes in the gradients relative 

to the original states are given in Table 2 (N-type) and Table 3 

(P-type). The σ values for the N-type semiconductors under 

compressive strain show the greatest improvement: 33.5%, 

116.2%, 45.6% and 273.2% for C8-BTBT, C8-BTBT-OH, C8-

BTBT-NH2 and C8-BTBT-CH3, respectively. 

Both electric thermal conductivity (including electrons and 

holes) and lattice thermal conductivity (the phonon 

contribution) contribute to thermal conductivity. The results of 

BoltzTraP are only for the electric thermal conductivity, thus, 

it will underestimate the thermal conductivity of the material. 

Compared with inorganic materials, organic materials have 

lower thermal conductivity, which is usually within the range 

of 0.1–1.0 W m−1 K−1. Shi et.al.[51] studied that the in-plane 

anisotropy of phonon transport is small for Cn-BTBTs. When 

the carrier mobility increases to 10 cm2 V−1 S−1, the lattice 

thermal conductivity can be reduced to 0.2 W m−1 K−1. The 

extremely low lattice thermal conductivity is conducive to the 

improvement of the thermoelectric performance of materials. 

Here, we used the lattice thermal conductivity of 0.2 W m−1 

K−1 and investigated the dependence of the thermal 

conductivity on the carrier concentration and strain. 
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Fig. 5 Electrical conductivity of (a) C8-BTBT, (b) C8-BTBT-OH, (c) C8-BTBT-NH2, and (d) C8-BTBT-CH3 as a function of the carrier 

concentration at 300 K. The insets show the strain dependence of the electrical conductivity.

The thermal conductivity of C8-BTBT, C8-BTBT-OH, C8-

BTBT-NH2, and C8-BTBT-CH3 as a function of the carrier 

concentration at 300 K is shown in Figs. 6(a)–(d), respectively. 

The thermal conductivity increases with the increase of carrier 

concentration, as same with the electrical conductivity (Fig. 5). 

At the same carrier concentration, the thermal conductivity of 

the P-type semiconductor is almost twice higher as that of the 

N-type semiconductor. For comparison, we also show the 

strain dependence of κ in the insets of Fig. 6 and list the 

changes in the gradients relative to the original states in Table 

2 and Table 3. 

Table 2. Relative changes and percentages of the thermoelectric transport coefficients of N-type C8-BTBT, C8-BTBT-OH, C8-BTBT-

NH2, and C8-BTBT-CH3 under strain. 

  N-type 

|S| 

(μV K-1) 

σ 

(102 Ω-1 cm-1) 

κ 

(10-3 W cm-1 K) 

PF 

(10-6 W cm-1 K-2) 

zT 

C8-BTBT -5% 3.04 0.31 0.56 1.41 0.06 

-1.5% 33.5% 16.9% 37.6% 17.7% 

5% -0.93 -0.22 -0.31 -0.93 -0.06 

0.5% -24% -9.2% -24.8% -17.1% 

C8-BTBT-OH -5% 4.18 0.70 1.54 3.33 0.13 

-2.0% 116.2% 54.9% 124.9% 45.2% 

5% 0.01 -0.05 0.03 -0.21 -0.02 

-0.005% -7.9% 0.9% -7.9% -8.7% 

C8-BTBT-NH2 -3% 9.95 0.36 1.04 1.91 0.06 

-0.05% 45.6% 34.7% 60.4% 19.1% 

3% -2.49 -0.09 -0.09 -0.42 -0.03 

1.2% -11.1% -3.2% -13.3% -10.5% 

C8-BTBT-CH3 -5% -86.75 2.81 1.46 -0.13 -0.09 

49.3% 273.2% 41.8% -4.1% -32.4% 

5% 24.62 -0.58 -0.85 -1.37 -0.07 

-14.0%   -56.0% -24.3% -42.9% -24.6% 
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Fig. 6 Thermal conductivity of (a) C8-BTBT, (b) C8-BTBT-OH, (c) C8-BTBT-NH2, and (d) C8-BTBT-CH3 as a function of the carrier 

concentration at 300 K. The insets show the strain dependence of the thermal conductivity. 

 

Table 3. Relative changes and percentages of the thermoelectric transport coefficients of P-type C8-BTBT, C8-BTBT-OH, C8-BTBT-

NH2, and C8-BTBT-CH3 under strain. 

  P-type 

|S| 

(μV K-1) 

σ 

(102 Ω-1 cm-1) 

κ 

(10-3 W cm-1 K) 

PF 

(10-6 W cm-1 K-2) 

zT 

C8-BTBT -5% -8.64 0.14 0.17 0.08 -0.01 

-4.6% 12.3% 4.8% 2.1% -2.5% 

5% 15.8 -0.20 -0.20 -0.14 0.01 

8.4% -17.9% -5.3% -3.5% 2.0% 

C8-BTBT-OH -5% 1.92 0.11 0.19 0.46 0.02 

1.1% 9.2% 5.1% 11.5% 6.1% 

5% 16.7 -0.24 -0.22 -0.18 0.01 

9.1% -19.9% -5.9% -4.6% 1.4% 

C8-BTBT-NH2 -3% -2.47 0.12 0.16 0.32 0.01 

-1.3% 10.6% 4.4% 7.8% 3.3% 

3% 7.44 -0.12 -0.14 -0.15 -8E-5 

3.9% -10.6% -3.5% -3.6% -0.02% 

C8-BTBT-CH3 -5% -2.28 0.17 0.27 0.48 0.01 

-1.2% 14.0% 7.1% 11.4% 4.0% 

5% 9.44 -0.17 -0.20 -0.24 -0.001 

5.0% -14.6% -5.3% -5.7% -0.4% 
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As a preliminary assessment of the material promise, the 

power factor (PF = S2σ) plays an important role in describing 

the transport performance of thermoelectric materials. 

Although the variations of the Seebeck coefficient, σ and κ are 

monotonous with the increasing of carrier concentration, the 

PF of N-type (P-type) C8-BTBT has a peak value at around Ne 

≈ 2 × 1020 cm−3 (Nh ≈ 0.46 × 1020 cm−3) (Figs. 7(a)–(d)). We 

took this concentration as the optimal carrier concentration 

and further investigated the strain dependence of the 

thermoelectric transport coefficient for this concentration. The 

strain dependence of the PF at the optimal carrier 

concentration is shown in the inset of Fig. 7. The changes of 

the PF for the N-type semiconductors are more dramatic than 

those for the P-type semiconductors under strain. For C8-

BTBT-NH2 (inset of Fig. 7(c)), the PF decreases sharply when 

the compressive strain exceeds 3%, which can be attributed to 

the existence of structural mutation under these strains. In the 

inset of Fig. 7(d), there are two peaks in the PF on either side 

of C8-BTBT-CH3 under 0% strain, which means that both 

compression and tension can improve the PF of C8-BTBT-

CH3. 

Combining the thermal conductivity and PF, we 

investigated the dependence of the dimensionless figure of 

merit (zT = PF/κ) on the carrier concentration. The zT values 

also show peak values (zTmax) for the N-type and P-type 

semiconductors (Fig. 8). However, their variation with strain 

(Fig. 9) is not the same as that of the PF (inset of Fig. 7). The 

distinction is demonstrated in Table 3. For example, the PF 

and zT values of P-type C8-BTBT show opposite tendencies 

under strain, which can be attributed to the predominating 

effect of κ on zT for this case. A similar characteristic also 

arises in P-type C8-BTBT-OH under a 5% tensile strain. The 

zTmax values of these structures are 0.41 for N-type and 0.36 

for P-type, which appear in the C8-BTBT-OH and C8-BTBT-

CH3 under a 5% compressive strain, and their carrier 

concentrations are 2 × 1020 cm3 and 0.36 × 1020 cm3, 

 
Fig. 7 PF of (a) C8-BTBT, (b) C8-BTBT-OH, (c) C8-BTBT-NH2, and (d) C8-BTBT-CH3 as a function of the carrier concentration at 

300 K. The insets show the strain dependence of the power factor. 
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Fig. 8 zT of (a) C8-BTBT, (b) C8-BTBT-OH, (c) C8-BTBT-NH2, and (d) C8-BTBT-CH3 as a function of the carrier concentration at 

300 K. 

 

respectively. From Fig. 9, the changes of zT for the N-type 

semiconductors are greater than those for the P-type 

semiconductors. This can be attributed to the strain effect on 

PDOS at the bottom of the conduction band, which is occupied 

by electrons, being greater than that at the top of the valence 

band (Fig. 3). 

We also separately compared the effects of two types of 

strains on the thermoelectric transport coefficients. The data 

obtained relative to the states without strain and the relative 

change values and percentages are given in Table 2 and Table 

3. The largest increment and increasing percentage of zT 

appear in C8-BTBT-OH under a 5% compressive strain, which 

is 0.13 (45.2%) for N-type and 0.02 (6.1%) for P-type. From 

the changes of the transport coefficients under strains in Table 

2 and Table 3, we found that the variation of electronic 

transport properties is much more significant than that of 

thermal transport properties, which means the isotropic strain 

has a more obvious effect on the modification of the electrical 

conductivity of C8-BTBT-based organic semiconductors. 

Furthermore, we calculated the uniaxial thermoelectric 

parameters in Fig. S1 to study the anisotropic thermoelectric 

parameters and we also provided the chemical potential 

dependence of thermoelectric parameters in Fig. S2. 

 

2. Conclusion 

We have investigated the effect of strain on the 

thermoelectrical properties of C8-BTBT which was modified 

with various atomic groups (–OH, –NH2, and –CH3) by first-

principles simulations combined with BoltzTraP calculations. 

We find that the Fermi level rises and the bandgap narrows 

under compressive strain, however, the Fermi level declines 

and the bandgap broadens under tensile strain. The variations 

of zT values for the N-type semiconductors are greater than 

those for the P-type semiconductors under strain. It is also 

reflected by the strain effect on the PDOS at the bottom of the 

conduction band is greater than that at the top of the valence 

band. The numerical results show that the introduction of 

atomic groups improves the thermoelectric properties of C8- 
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Fig. 9 zTmax of (a) C8-BTBT, (b) C8-BTBT-OH, (c) C8-BTBT-NH2, and (d) C8-BTBT-CH3 as a function of strain at 300 K. 

 

BTBT-based organics compared with that of C8-BTBT. The zT 

peak value of the N-type semiconductor reaches 0.41 at an 

optimal carrier concentration of 2 × 1020 cm3, which is 

obtained for OH-modified C8-BTBT under a 5% compressive 

strain. The zT peak value of the P-type semiconductor reaches 

0.36 at an optimal carrier concentration of 0.37 × 1020 cm3, 

which is obtained for CH3-modified C8-BTBT under a 5% 

compressive strain. The largest increment and increasing 

percentage of zT value both appear under a 5% compressive 

strain: 0.13 (45.2%) for N-type C8-BTBT-OH and 0.02 (6.1%) 

for P-type C8-BTBT-OH. This study demonstrates that strain 

engineering is a viable pathway to modify the band structures 

and transport coefficients of a novel class of C8-BTBT organic 

semiconductors, which is vital for realizing improved 

thermoelectric materials. 
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