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TH, 3C NMR and 2D NMR spectra of CAD4
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Figure S 1 'H NMR spectrum of CAD4 (DMSO, 300 MHz).
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Figure S 2 'H NMR spectrum of CAD4 (DMSO, 300 MHz), expansion of the aromatic region.
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Figure S 3 13C NMR spectrum of CAD4 (DMSO, 700 MHz).
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Figure S 4 COSY NMR spectrum of CAD4 (DMSO, 700 MHz).
| l
/| A |
[ M l"'l‘l‘ \M L“’I | Jl ‘ll '”' rﬁl‘“ | I|N|\
i I | Wi VUl P i ||‘ M
by W‘IMW W W’ \“"‘ W it
6.4
6.6
6.8
—_— = 7.0
j’ 7.2
— = e
} 7.4
- o @ e
£
P y G 2 t28 &
é: @ = o= ]
—_— @ @ - @;@ r8.0

M

|LI
@
g

T T T T T T T T T T T T T T T T T T T T
8.8 8.7 8.6 8.5 8.4 8.3 8.2 8.1 8.0 79 78 77 76 75 74 73 72 7.1 70 6.9
Chemical Shift (ppm)

Figure S 5 COSY NMR spectrum of CAD4 (DMSO, 700 MHz), expansion of the aromatic region.



UV-visible absorption and emission spectra of CAD3 and CAD4
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Figure S 6 Normalised absorption spectra of CAD3 dissolved in CH,Cl, (black line) and MeCN

(red line).
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Figure S 7 Normalised absorption spectra of CAD4 dissolved in CH,Cl, (black line) and MeCN
(red line).
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Figure S 8 Normalised absorbance and emission spectra of CAD4 inCH,CI,



Infrared spectra of CAD3, CAD4 and their precursors
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Figure S 9 Ground state infrared spectra of CAD3 and CAD4 and their precursors. All spectra

were run on solid samples using attenuated total reflectance (ATR).
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Figure S 10 Ground state FT-IR spectra of CAD4 as a solid (top), adsorbed on NiO (middle) and
undyed NiO (bottom). All samples were measured as solids in KBr discs.

Molecular modelling
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Figure S 11 The absorption spectra of CAD4 in dichloromethane. The calculated electronic
transitions have been overlaid for comparison. The isodensity plots of the orbitals involved in these

transitions are shown to the right. These isodensity plots show significant overlap in electron

The calculated electronic transitions and corresponding orbitals for CAD4 are summarised in Table
S 1. From the isodensity plots a shift in electron density from anchor donor unit to the cationic
acceptor corresponding to the HOMO - LUMO transition is observed. The LUMO of the dye
extends throughout the molecule with the exception of the pyrrole-2,3-dicaboxylic acid. The two
carboxylic acids on the pyrrole donor have substantial electron withdrawing properties. The shift of
electron density away from these demonstrates the strong electron withdrawing nature of the cationic
indolium and should facilitate charge transfer away from the NiO surface and towards the electrolyte.
B3LYP is known to underestimate the energy of ‘charge transfer like’ electronic transitions.!? The

error observed between the A« predicted by TDDFT and the A,,,,, determined experimentally is much
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density between the HOMO and LUMO.

smaller for CAD4 (+ 19 nm) than those for CAD1-3 (73-115 nm).

Dye Molecular Orbital | Energy (eV)

CAD4 | LUMO +1 -1.96
LUMO -3.60
HOMO -5.93
HOMO -1 -6.64

Table S I The calculated electronic transitions for CADA4.

Electrochemical studies

Cyclic voltammetry and differential pulse voltammetry (DPV) were carried out using an I[IVIUM

Compactstat potentiostat. The experiments were carried out under an atmosphere of argon using a

8



three-electrode arrangement in a single compartment cell. A glassy carbon working electrode, a Pt
wire secondary electrode and a Ag/AgNO;(0.01 M AgNOj; in CH,Cl,) reference electrode, were used
in the cell. The CH,Cl, solutions were 10 M in test compound and 0.5 M in [NBuy][ClO,4] as
supporting electrolyte. Redox potentials are quoted versus the ferrocenium-ferrocene couple used as

an external reference. Compensation for internal resistance was not applied.
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Figure S 12 Differential pulse voltammogram of CADA4.

Solar cell measurements
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Figure S 13 Jsc/dye loading vs. film thickness of p-DSCs sensitised with CAD3.
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Figure S 14 Photocurrent density vs. voltage curves and dark current (inset) curves for p-DSCs

sensitised by CAD3 (blue line) and CAD4 (red line).
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Figure S 15 IPCE spectra for p-DSCs sensitised by CAD3 (blue line) and CAD4 (red line).
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Figure S 16 Charge lifetime vs. extracted charge density plots for p-DSCs sensitised with CAD1
(purple), CAD?2 (blue) and CAD3 (cyan).
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Figure S 17 Charge lifetime vs. photovoltage/extracted charge density and extracted charge density
vs. photovoltage (inset) plots for p-DSCs sensitised with CAD3 (blue) and CAD4 (red).
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Figure S 18 Extracted charge density vs. photovoltage for p-DSCs sensitised with CADI (purple),
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Figure S 19 Extracted charge density vs. photovoltage plot for CAD3 (blue) and CAD4 (red).



Spectroelectrochemistry
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Figure S 20 UV-Visible spectrum of CAD3 immobilised on TiO,/FTO working electrode upon
reduction, with 0.1M TBACIO, supporting electrolyte, a platinum counter electrode and a
Ag/AgNQOj reference electrode.
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Figure S 21 UV-Visible spectrum of CAD4 immobilised on TiO»/FTO working electrode upon
reduction, with 0.1M TBACIO, supporting electrolyte, a platinum counter electrode and a
Ag/AgNOj; reference electrode.
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Figure S 22 Transient absorption spectrum of CAD3 in CH,Cl,, at various delay times after

excitation at 532 nm.

Wavelength (nm) | Peak T; (ps)
354 Bleach |52+2
387 Peak 57+3
425 Bleach | 73+2
485 Peak 55+4
575 Peak 90 +7
635 Bleach |48+ 1
701 Peak 63+3
Average lifetime T =63 + 3

Table S 2 Kinetic data from transient absorption measurements for CAD3 in CH,Cl,.
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Figure S 23 Transient absorption spectra for CAD3|NiO at various delay times after excitation at

532 nm.
Weighted
Wavelength T Yo s
Peak Ay T, (ps) A, T3 (ns) Aj average
P g
(nm) (ps) (%)
(ns)
268 +
428 Bleach | 7+3 | 55% o4 45 % 0 0.12
120 + 4.5+
485 Peak | 5+1 |37 % 34 % 26 % 3 1.21
25 1.0
12+ 181 + 7.3+
610 Bleach 38 % 40 % 22 % 4 1.68
2 33 1.6

Table S 3 Kinetic data from transient absorption measurements for CAD3|NiO. The amplitude
weighted average lifetime here is based on t for comparison with the amplitude weighted lifetime

based on logt provided in the main text.
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Figure S 24 Transient absorption spectrum for CAD3|NiO in the presence of I'/l5, taken at various

delay times after excitation at 532 nm.

Wavelength Yo Weighted
Peak T, (ps) A T,(ns) | Ay | 13(ns) | Az

(nm) (%) | average (ns)
435 Bleach | 150+50 | 42% | 22+6 | 58% 0 12.8

9.1+ 311+ 933
485 Peak 24+ 4 30% 35% 29% | 6

1.8 84

0.76 + 15.4
615 Bleach 18+3 32% 013 34% | 54+10 | 28% | 7
720 Peak 16 +7 0.016

Table S 4 Kinetic data from transient absorption measurements of CAD3|NiO|I'/I5. The amplitude

weighted average lifetime here is based on t for comparison with the amplitude weighted lifetime

16

based on logt provided in the main text.




0.03 + #
0.02

0014 ¢

Ooom

. A = A\ — S
< ] % 7 @f
< ——-1ps
-0.01 5
1| —25 ?
0024 | ——60 4
1| ——100
——— 400
00391 1000
10 000
-0.04 . . : — fr

T T T T T T T T T
350 400 450 500 600 650 700 750
Wavelength (nm)

Figure S 25 Transient absorption spectra of CAD4 in CH,CI, solution at various delay times after

excitation at 532 nm.

Weighted
Wavelength
(am) Peak | 1y (ps) A4 T, (ps) A, yo (%) | average
nm
(ps)

4+ 113
389 Peak 04 39% | 253+55 44 % 17
518 Bleach | 9+2 | 35% | 195+24 50 % 15 101
627 Peak [43+£8| 50% | 240+50 47 % 3 134
702 Bleach | 5+3 | 32% | 59+10 68 % 0 42

Table S 5 Kinetic data from transient absorption measurements of CAD4 in CH,Cl,. The amplitude
weighted average lifetime here is based on t for comparison with the amplitude weighted lifetime

based on logt provided in the main text.
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Figure S 26 Transient absorption data for CAD4|NiO at various delay times after excitation at 532

nm.
Weighted
Wavelength Yo
Peak | 1 (ps) Ay T (ps) | Az average
(nm) (%)
(ps)
500 Bleach | 3+0.3 73 % 43+6 (27 % 0 14
640 Peak | 2+0.1 79 % 3546 |21 % 0 9
Overall weighted average, 1= 12 ps

Table S 6 Kinetic data from transient absorption measurements for CAD4|NiO. The amplitude
weighted average lifetime here is based on t for comparison with the amplitude weighted lifetime

based on logt provided in the main text.
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Figure S 27 Transient absorption spectrum for CAD4|NiO in the presence of I'/I5, taken at various

delay times after excitation at 532 nm.

Wavelength yo | Weighted
Peak | 11 (ps) | A1 | (ps) | Az 73 (ns) A;

(nm) (%) | average (ps)
495 Bleach | 3+0.1 | 59% | 33+9 | 25% 1404 | 18% | O 262
625 Peak | 3+£0.1 | 64% | 28+4 | 25% | 0.74+£0.18 | 11% | O 90

0.8+ 143
696 Peak 03 66% | 20+8 | 15% 1.0£04 | 14% | 5

105 + 1250

704 Peak 3+1 | 45% 47 26% | 6.1+£3.1 |20% | 9

Table S 7 Kinetic data from the transient absorption measurements for CAD4|NiO in the presence
of I'/I5. The amplitude weighted average lifetime here is based on t for comparison with the

amplitude weighted lifetime based on logt provided in the main text.
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