Electronic Supplementary Material (ESI) for Sustainable Energy & Fuels.
This journal is © The Royal Society of Chemistry 2017

Supporting Information

A Detailed Evaluation of Charge Recombination Dynamics in Dye Solar Cells

Based on Starburst Triphenylamine Dyes

Manikkedath V. Vinayak,® Muhammed Yoosuf, 2 Sourava C. Pradhan,® Thyagarajan M.

Lakshmykanth,®P Suraj Soman,>?<* and Karical R. Gopidas 2b<*

aPhotosciences and Photonics Section, Chemical Sciences and Technology Division, CSIR-National
Institute for Interdisciplinary Science and Technology, Thiruvananthapuram 695019, Kerala, India.
bAcademy of Scientific and Innovative Research (AcSIR), New Delhi 110001, India. °CSIR-Network of
Institutes for Solar Energy (CSIR-NISE), India.

E-mail: suraj@niist.res.in; suraj.csir@gmail.com; gopidaskr@niist.res.in

o o,
O cN = ke cN
o

COO0H

COQH
TPAAL TPAAZ

Figure S1. Structure of TPAA1 and TPAA2.
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Figure S2. Differential scanning calorimetry analysis (a) TPAA4 and (b) TPAAS.
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Figure S3. Negative solvatochromism exhibited by the dyes (a) TPAA4 and (b) TPAAS.
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Figure S4. Absorption spectra at different concentrations in chloroform by the dyes (a) TPAA4
and (b) TPAAS.
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Figure SS. Solid state absorption spectra of the dyes with and without CDCA for (a) TPAA4 and
(b) TPAAS.
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Figure S6. Solid state fluorescence spectra of the dyes with and without CDCA for (a) TPAA4
and (b) TPAAS.

-2.04- —TPAA4 —TPAA5
-2.0p -
i '4-0|-|' i-4.0p-
b= o
el c 740
E 2 -6.0p+
O =
-6.0p- (a) (6] (b)
374 743 -8.011 >
0 500 1000 0 500 1000
Potential, mV vs Ag/AgCl Potential, mV vs Ag/AgClI

Figure S7. Differential pulse voltammograms for (a) TPAA4 and (b) TPAAS in acetonitrile
solvent with (n-Bu)4NPFg as supporting electrolyte and Ag/AgCl as the reference electrode.
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Figure S8. Different modes of binding of carboxylic acids on TiO, surface.
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Figure S9. Electron distributions in various orbitals of TPAA4 calculated by Density Functional

Theory with the Gaussian 09W program package at the B3LYP/6-31G*(d) level.
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Figure S10. Electron distributions in various orbitals of TPAAS5 calculated by Density
Functional Theory with the Gaussian 09W program package at the B3LYP/6-31G*(d) level.
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Figure S11. Dark J-V plot of TPAA4 and TPAAS.
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Figure S12. Nyquist spectra of TPAA4 at direct applied potentials ranging from 0.65 V to
0.85V.



-Phase (deg)

LI O B R % RN AR LI SRR AL | LI TR L) | LI 3 B 200 | LT
0.1 1 10 100 1000 10000 100000
Frequency (Hz)

Figure S13. Bode phase spectra of TPAA4 at direct applied potentials ranging from 0.65 V to
0.85V.
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Figure S14. Nyquist spectra of TPAAS at direct applied potentials ranging from 0.65 V to
0.85V.
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Figure S15. Bode phase spectra of TPAAS at direct applied potentials ranging from 0.65 V to
0.85V.
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Figure S16. Complete equivalent circuit used for fitting impedance spectrums at various applied

bias.
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Figure S17. Efficiency variation of DSCs based on TPAA4 and TPAAS up to 500 h.

Table S1. Photovoltaic data for TPAA1 and TPAA2.!

Dye CDCA Jsc (mMAcm?)  Voc (V) FF n (%)
TPAAI No 9.96 0.69 0.73 5.05
TPAA2 No 8.36 0.69 0.72 4.14
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