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[Simulation of molecular conformation and opto-electronic properties of synthetic materials in

solar cell applications (in collaboration with Prof. L. Wang research group)]|

The thiophene end-groups in the IMs apparently improve the mutual compatibility of P3HT and
TiO2. Incorporating a strong electron-withdrawing —CN moiety adjacent to the —-COOH anchoring
group in the molecular structure of the IMs induces a molecular dipole, and enhances the electron
affinity of the molecules, simultaneously increasing the JSC and VOC of the device.

Conjugated solar cell molecules with™===2 various lowest unoccupied molecular orbital
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TDDFT energy level diagrams values measured by time dependant density functional theory
matched and evidence the Exp. (experimental) results.

> Effect of side Chain Architecture on the Optical and Crystalline Properties of Two-

Dimensional Polythiophenes

The basic electronic structures of the monomers were also studied by TD-DFT calculation with
B3LYP/6-31+g (d) function to realize the structure-optoelectronics relationship.



Solar cell material molecular conformational variations and Photo-physical impacts
TD-DFT calculation with B3LYP/6-31+g for calculation of monomer energy levels,

Compared with the experimental results
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The terthiophene side chain with different conformations conjugated to the polythiophene main
chain via vinyl linkage provided the ability to control the molecular organization and further impacted
the photo-physical and electrochemical properties. Both the experimental and calculated results
indicated the HOMO and LUMO have strong dependence on side chain architectures.




UV-Vis study of M1-M2
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»  Simulation Study of various synthetic solar cell materials; Structural variations and
consequent opto-electrical properties
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All atom-molecular dynamics calculations and finding out KBP01 molecular conformations’
dynamics and the system optimized dynamic energy.

KBPOL1 type Il energy calculation exhibits a much more stability in compare to the other two
systems (type I-type II).



KBPO1-Type lll

KBPO1 Optimized geometry calculations,
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KBPO01 most optimized molecular arrangements, n-n stackings, laminar interchange spacing,

backbone chain length and persistence length.
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The persistence length is 3.7 which is close to a tetramer. The molecular dynamics also shows a
wave-like behavior which also corresponds to this fact that the system space vectors varies along the
system. Existence of side chain thiophens and the calculated pai-pai stackings, exhibit a strong



interaction not only can be observed on the main chain but also at the side chains which could enhance
the solar cell material conductive performance.

KBPO01 optimized conformations and torsion angle distributions
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UV.Vis Simulation of KBP01 polymers, by TD-DFT method.
Measuring KBP01 Monomers and oligomers and comparison with the experimentally

calculated results.

KBPO01 UV.Vis quantum calculations for monomer and oligomers (n= 1- 4).
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Experimentally measured KBP01 Double peaks could corresponds to both tetramer and



monomer which could indicate a distribution of persistence lengths through the system which varies
from one to four in the real system. Absorption at 355 nm correlate to the persistence length of a
monomer and at 564 nm closely corresponds to the tetramer.
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[ACS Nano, DOI: 10.1021/ nn304915 (2013)2 2 J. Phys. Chem. C, 114, 10932-10936 (2010)]
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