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Abstract

In this study we synthesized a series of solutimec@ssable
small molecules comprising 2,20-bithiophene(BThgrthtiophene
(TTh), and thiobarbituric acid (TB) units as thental core,
p-conjugated spacer, and acceptor end-capping iemieespectively,
but with alkyl side-chains of different lengths geated from their
central BTh units (TBTThBTh-H, TBTThBTh-C4, TBTThBICS,
TBTThBTh-C12). We then investigated the structurepprty
relationships of these compounds in terms of thaaking behaviors
and bulk heterojunction (BHJ) photovoltaic propestiAnd we found
that the packing of these molecules in neat filmas critically
dependent of their side-chain lengths, as evidebgethe variations
in their lamellar structures determined with grgzincidence
wide-angle X-ray scattering (GIWAXS). The power veersion
efficiencies (PCEs) of the photovoltaic BHJ devicesprising these
small molecules and PC61BM exhibited zigzag-shapadations
with respect to the alkyl side-chain lengths, wilie PCE of devices
incorporating TBTThBTh-H and TBTThBTh-C8 being heghthan
those of devices incorporating TBTThBTh-C4 and TBBTh-C12.
Using GIWAXS to probe the molecular packing in tBelJ active
layers, we found that the alkyl chain lengths a #mall molecules
had a large impact on the formation of crystallireshe BHJ films;
the molecules with more uniform and shorter alkgieschain lengths
provide stronger intermolecular interactions, benmgye favorable for
the crystallization of these molecules.
Keywords: alkyl chain length, crystalline conjughtanall molecules,

small molecule solar cells, GIWAXS
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Phase transition temperature

Solubility

Molecule T [°C] T.FC) in CHCI13
(mg mL™)
TBTThBTh-H 227 174 6.3
TBTThBTh-C4 182, 203, 208 157, 169 10.2
TBTThBTh-C8 181 149,163 12.5
TBTThBTh-C12 119,163 139 14.6
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Optical Properties
Energy leveld”

Solution Film
Molecule

Amax Aonset ES M HOMO  LUMO
lmax [n m] [C]
[nm] [nm] [eV] [eV] [eV]
TB3tBT-HM 447,565 483,620781 1.54 -5.12 -3.59
TB3tBT-C4 445,565 476,620 779 1.59 -5.15 -3.63
TB3tBT-C8 455,565 474,616 768 1.61 —5.20 —3.54

TB3tBT-C12 445,565 468,606 765 1.62 -5.20 -3.62
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d-spacing (A) of (100)  d-spacing (A) of (010)

Peak | Peak I Peak I11 Peak IV
TBTThBTh-H 26.2 20.9 4.7 3.7
TBTThBTh-C4 23.3 18.0 4.6 3.7
TBTThBTh-C8 25.1 18.0 4.6 3.8
TBTThBTh-C12 26.2 20.9 4.5 3.7

k=: %/ 4-Fxd-spacing
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Annealing Voc Jsc (mA FF PCE
Small molecule Fullerene _
(temp., time) (V) cm?) (%) (%)
PGs:BM 0.89 8.3 50 3.7
TBTThBTh-H 150 °C, 15 min
PGC;1BM 0.89 9.4 51 43
TBTThBTh-C4 PGBM 120 °C, 10 min 0.83 6.3 45 2.4
TBTThBTh-C8 PG,BM 120 °C, 10 min 0.95 7.0 48 3.2
TBTThBTh-C12 PG:BM 100 °C, 10 min 0.81 5.1 33 14
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Normalized Photovoltaic Parameters
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Molecules FWHM(nm™*) CCL (nm)
TBTThBTh-H 0.47 12.03
TBTThBTh-C4 0.66 8.44
TBTThBTh-C8 0.54 10.56

TBTThBTh-C12 0.80 7.01
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