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General Methods. All chemicals and reagents were purchased from the commercial sources.
The solvents were distilled before use. 'H-NMR and 3C-NMR spectra were recorded by using
deuterated solvents (CDCl; or DMSO-d6) on a Jeol AV-I11400 (L) spectrometer operating at 400
MHz and 100 MHz, respectively, with TMS as reference. Absorption and photoluminescence
spectra were recorded with Shimadzu UV-1800 and Shimadzu RF-5301PC, respectively. Mass
spectra were collected by Turbo Ion spray (ESI), SynaptG2, Waters instrument. ATR-IR spectra
were recorded by using Bruker ALPHA eco-ATRIR on ZnSe crystal. Cyclic voltammetry (CV)
measurements for the dyes were collected using an Ag/AgNO; as reference electrode, glassy
carbon as working electrode and Pt wire as counter electrode in tetrabutylammonium
hexafluorophosphate (TBAPF¢) as electrolyte solution (0.1 M) in acetonitrile with CHI660D
potentiostat CH instrument. Theoretical calculations were done with Gaussian 09 program using
B3LYP (Becke’s 43 three parameters hybrid functional and Lee, Yang, and Parr’s) correlational
functional and 6-31G(d, p) basis set.

Solar Cell Fabrication and Characterization

The working electrodes (FTO, TEC 15Q/Sq cm, GreatCell Solar) were cleaned subsequently
with detergent, deionized water, acetone and isopropyl alcohol, with an ultrasonic bath. Then, the

cleaned working electrodes were heated to 500 °C, and UV-Ozone treated for 15 min. Later, the
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substrates were immersed into 40 mM TiCl, and then kept at 70 °C for 30 min, then washed with
deionized water and ethanol subsequently. The doctor-blading technique was used to get TiO,
(GreatCell Solar) layer the substrates were then placed for a ramp heating (325 °C for 15 min,
375 °C for 15 min, 450 °C for 15 min and 500 °C for 30 min). Then it was allowed to cool down
to room temperature. The coated TiO, electrodes were soaked for 15 hours in respective dye
solutions (0.3 mM) in acetonitrile. Pt paste (GreatCell Solar) over counter electrodes was coated

and annealed at 380 °C for 20 min. 25 um thick surlyn spacer was used to assemble the

electrodes and standard 1~ /'3 electrolyte was filled through drilled holes and then holes were

sealed using cover glass.

The current density versus voltage (J-V) curve of the fabricated DSSCs were measured under
AM 1.5 irradiation (100 mWem2) using Newport class AAA simulator (Oriel Sol3A- 94023A)
at room temperature. The incident-photon-to-current conversion efficiency (IPCE) spectra was
measured in DC mode (Newport, 350W Xenon lamp). Electrochemical impedance spectroscopy,
charge extraction (CE) and intensity modulated photo-current spectroscopy (IMPS)
measurements were carried out using electrochemical workstation (Autolab PGSTAT302N) with
reference to reported methods.!-® The photo-current response was measured in warm-white LED,

from 0.1 Hz to 10 kHz frequency range using a 10% DC light perturbation.
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Figure S1: 1H-NMR and 13C-NMR of compound 2
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Figure S2: 1H-NMR and 13C-NMR of compound 3
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Figure S3: IH-NMR and 13C-NMR of compound 4



h=d = o o L
'y wi o8 o S = &
o L] by |8 Y %
-] [ S o o~ — O
1
I

1

I
]
1
J J I

ol YA — o gt bt
= (it L [ (= [ (2]
= Ecidukes = — Sl ~3
[ ~Andegh \Th w rs ) - — 'y

8.50 §00 7.50 700 6.50 6.00 5.50 500 450 400 350 3.00 250 200 1.5 1.00
ppm (t1)

L5 S 2HREIZTEgR DK B o o + T oN e 2
i - -
TN e S WA S SO W S M e = el L I B e
L PR R LB I B T B T = R o = - e N D W
B~ T e L - ) [P = B = Bt I I T (= =

NI

S

22

. L:Lui.'ll"lhi e N JJHH

g Y |

180 _11‘?‘8 160 150 140 130 120 110 100 90 30 T0 60 0 40 30 20 10 0
ppm (£1)

Ln

Figure S4: lH-NMR and 13C-NMR of TPCTh



NS N =2 S - o e No
RGF@mg =S g g i M & 08 &
N R - = N e e O

I
!

|
1

Ll " ]

I
l | l h I
Yig W g T = Yooy e
= | o= ans - A N N®E W
In | Stentiln Ly = = = =
= | G ral =25 S & a am =
|||||||l||||||||l|I||||I||||I||||I||||||||||||||||||||||||||||l|||||I||\|I|||||||||I||||I

850 800 7350 700 650 600 550 3500 450 400 350 300 250 200 150 100 0.50

ppm (t1)

IRn B e B AR BRAERA R Sone v vren B0

icE e -2 T9 8 F I Mo YTl n ~RUITR GANE §Q

D e O i T LT T O Ot I I [ e T~ W " Sl

L= S L L L - S A S i o S i R S S 1 e e - O - R

S

)i

200 190 130 170 160 150 140 130 120 110 100 90
gpm (£1)

30

0 B0 50

Figure SS5: 1H-NMR and 13C-NMR of TPCRh
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Figure S6: Mass spectrum of compound 2
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Figure S7: Mass spectrum of compound 3
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Figure S9: Mass spectrum of TPCTh
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Figure S11: Solvatochromism of TPCTh
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Figure S12: Solvatochromism of TPCRh
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Figure S13: Aggregation study of TPCTh
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Figure S14: Aggregation of TPCRh
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Figure S15: Absorption spectra of dyes in presence TEA.

Table S1: Cartesian coordinates for the optimized geometry of TPCTh

Energy: -1721661.3463998
C -5.32740 0.15623 -0.04325
C -4.97806  -1.01978  -0.73519
C -4.32795 0.80278 0.71019
C -3.03971 0.29017 0.76227
C -2.69029  -0.89591 0.09141
C -3.69290  -1.53663  -0.65780
C -1.30747  -1.41218 0.16140
C -0.22629  -0.51815 0.09624
C 1.08573  -0.99106 0.15833
N 1.37305  -2.30778 0.27540
C 0.36948  -3.16375 0.34118
C -1.00143  -2.78528 0.29852
C 2.23836  -0.09981 0.08808
C -1.99275  -3.80018 0.45032
C 2.29382 1.27627  -0.02500
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Table S2: Cartesian coordinates for the optimized geometry of TPCRh

Energy: -2317467.9254681
-5.93997  -0.96129  -0.01491
-6.32177 0.11472 0.80972
-4.79416  -0.80434  -0.81947
-4.06744 0.37693 -0.79160
-4.45526 1.46286 0.01453
-5.60122 1.30044 0.81290
-3.65250 2.70302 0.02823
-2.25010 2.62489  -0.00218
-1.47238 3.78366 0.00731
-2.02235 5.02014 0.05738
-3.33817 5.11209 0.08762
-4.22107 3.99548 0.06510
-0.01111 3.75067  -0.02302
-5.62644 4.23872 0.02696
0.84292 4.83392 0.02146
2.20890 448116  -0.02122
2.42539 3.11624  -0.10482
0.89759 2.25922  -0.13701
3.69408 2.42963 -0.17136
4.92997 297858  -0.48888
5.98615 2.05059  -0.4649%4
5.59012 0.75969  -0.13343
3.85793 0.72633 0.16894
6.32980  -0.45706  -0.00779
7.66087  -0.67828  -0.17477
-6.68133  -2.15601 -0.03767
-6.04443  -3.40153  -0.31992
-8.08748  -2.15013 0.20889
-4.86702  -3.77281 0.34432
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3.01704 5.20099 0.03222

5.05571 4.02125 -0.75411

7.00886 232036  -0.69670

-4.43487  -3.10284 1.08053

-3.34782  -5.26386 0.59495

-6.44409  -6.18776  -2.23038
-7.51570  -4.01296  -1.76741
-8.02127  -3.82617 1.55911
-10.45501 -3.84889 1.96424
-10.92149  -0.47697  -0.65073
-8.49676  -0.47256  -1.08251
-3.43757  -7.10571 -2.01808
-3.55150  -7.56844  -0.31965
-4.85912  -7.97554  -1.44119
12.89169  -2.71773 0.10709
12.62228 -2.70229 1.85120
12.78526  -1.17998 0.96311
9.71340  -4.06318 -0.17029
11.20870  -3.24254  -0.72476
11.94363 -4.80075 0.86208
-2.41216 7.47123 1.00866
-2.45015 7.50095 -0.76989
-3.74151 8.32600 0.16175
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Table S3: Lifetime measured for CCTh, TPCTh and TPCRh as sensitizers.

Dye Frequency Max Lifetime
(Hz) S)

CCTh 83.77 1.90 x 1073

TPCTh 119.38 1.33x 1073

TPCRh 492.39 3.23x 10*
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Figure S16. Bode plots of DSSCs fabricated with CCTh, TPCTh and TPCRAh as sensitizers at -
0.60 V under forward bias in dark.
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Table S4: DSSC device parameters of TPCTh fabricated with CDCA.

Voc (mV) Jsc (mAcm2) FF (%) Efficiency (%)
w.o CDCA 609 8.1 60.78 2.99
2mM CDCA 598 10.67 64.56 4.12
SmM CDCA 614 9.81 67.11 4.04
10mM CDCA 611 10.55 64.67 4.17
15mM CDCA 599 10.25 65.4 4.02
20mM CDCA 607 11.14 64.56 4.36

Table S5: Dye loading.

Dye Dye-loading
(X10-7) Mol ¢m2
CCTh 1.92
TPCTh 0.92
TPCRh 0.96
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