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Recently, polymers with fluorinated building block have recently attracted great interest 

because high power conversion efficiencies (PCEs) over 7% have been achieved by 

fluorination of A unit. In this work, we synthesized two kinds of D A polymers with each 

being fluorinated on A and D unit, where quaterthiophene and benzothiadiazole are used as D 

and A unit, respectively, in order to investigate the effects of fluorination position on 

photophysical properties of polymers and their device performances of polymer solar cells. 

Although the fluorination on either D or A unit effectively enhances intermolecular 

interaction, exhibiting strong vibronic shoulder in UV Visible absorption spectra, and lowers 

energy levels, retaining a low bandgap of 1.58 eV, the polymer with fluorinated D unit 

exhibits a PCE of 7.10%, while the polymer with fluorinated A unit exhibits a PCE of 6.75%. 

Therefore it can be concluded that the fluorination on D unit in D A polymer is a very 

promising method for achieving high performance solar cells.



Synthesis scheme

Conclusions

HF based solar cell shows a power conversion efficiency of 7.10% at the 1:1
weight ratio of polymer and PC71BM.

Objectives

Results

Introduction
Fluorine atom substitution for high performance solar cells

To synthesize two types of fluorinated polymer, HF with fluorination

on electron donating unit and FH with fluorination on electron

accepting unit

To clarify the effect of fluorination position on D A type conjugated

polymer on photophysical and photovoltaic properties

Characterization of polymers

Highest electronegativity

Photovoltaic properties of the polymers

Polymer Mn [kg/mol] PDI Eg,opta) [eV] HOMO [eV] LUMOb) [eV]

HH 42 1.45 1.58 5.31 3.73

HF 58 1.92 1.58 5.42 3.84

FH 54 1.69 1.58 5.38 3.80

Absorption spectra and cyclic voltammogram

a) Determined from the onset of UV Vis absorption spectra.
b) Eg,opt+HOMO.
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FF
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PCE
[%]

HH 1:1 90 5.24 10 4 0.73 4.15 54 1.64

HF 1:1 100 1.26 10 3 0.78 14.0 65 7.10

FH 1:1 90 1.16 10 3 0.72 14.6 61 6.41

Morphologies of active layers in solar cells

Fluorinated polymers also exhibit enhanced molecular ordering as evidenced by
vibronic shoulder in UV–Vis spectra, scattering in GIWAXS and well
developed fibril structure in TEM.

Fluorinated polymers exhibit deeper HOMO energy level than non fluorinated
ones, leading to higher VOC in organic solar cells.

GIWAXS
TEM images (scale bar: 200 nm)
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Feature of fluorine atom

Small size

Effect of fluorine
atom substitution

Enhanced molecular ordering

Fast charge separation

Strong dipole
C F H (hydrogen bonding)

No deleterious steric effect
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Polymer
g [D] ex [D] ge

a) [D]

HH 3.26 22.5 19.7

HF 2.97 22.5 24.3

FH 2.82 23.5 26.3

a) ge = [( gx ex ( gy ey ( gz ez ]1/2

Torsion angles and energy levels of repeating units calculated by DFT

Polymer 1
[Deg]

2
[Deg]

3
[Deg]

HOMO
[eV]

LUMO
[eV]

HH 3.93 12.4 0.86 4.79 2.57

HF 2.08 8.99 0.48 4.85 2.63

FH 0.21 14.88 2.70 4.88 2.68

J V curves EQE spectra SCLC hole mobilities


