Electronic Supplementary Material (ESI) for Journal of Materials Chemistry A.
This journal is © The Royal Society of Chemistry 2017

Supporting Information

New Branched Alkyl Tetrathienothiophene (TTAR)-Based Organic
Sensitizers with Power Conversion Efficiency up to 11%

Yamuna Ezhumalai,*’ Byunghong Lee, "' Miao-Syuan Fan,* Boris Harutyunyan,®’
Kumaresan Prabakaran,*¢* Chuan-Pei Lee,© Sheng Hsiung Chang/ Jen-Shyang Ni,$
Sureshraju Vegiraju,” Pragya Priyanka,® Ya-Wen Wu,* Chia-Wei Liu," Shuehlin Yau,*
Jiann T. Lin,$ Chun-Guey Wu,*' Michael J. Bedzyk, *¢" Robert P.H. Chang,*® Ming-Chou
Chen, ** Kuo-Chuan Ho *, Tobins J. Marks ™

1. Synthetic routes
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Scheme S1. Synthetic route for the dibrominated tetrathienoacene 5 (a-c).

Reaction conditions: (i) a) n-BuLi, THF, -78 °C, b) RCOCI; (ii) HS-CH,-COOC,Hs,
K,CO3, DMF, 60 °C; (iii) 10% NaOH, THF/MeOH, reflux; (iv) Cu, quinoline, 250 °C; (v)
NBS, CH,CIl,/DMF, rt, under dark; (vi) NBS, NMP.
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Scheme S2. Synthetic route for the sensitizer TPA-TTAR-T-A (1-3).



Reaction conditions: (i) (4-(diphenylamino)phenyl)boronic acid, Pd(PPh;),, 2M K,COs,
toluene, reflux; (ii) a) (5-(1,3-dioxolan-2-yl)thiophen-2-yl)tributylstannane, Pd(PPh;),,
toluene, reflux, b) dil. HCI; (iii) NC-CH,-COOH, piperidine, CHCl;, 70 °C.

2. TH-NMR and 3C-NMR spectra details
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TH-NMR of compound 8a

Current Data Parameters

HNAME TPA-b-TTAR-Br (H)
EXPNO 1
PROCNOQ i

F2 - Acquisition Parameter
Date 20150621
Time 17.39
INSTRUM spect
PROEBHD 5 mm PABEQO BB-
POLFROG zg30
TD 16384
SOLVENT cpcl3
NS 20
Ds 0
SWH 7507.507 Hz
FIDRES 0.458222 Hz
20 1.0912244 =e
RG 114
oW 66.600 us
DE 14.00 us
TE 298.6 K
0l 1.50000000 se
MCREST 0.00000000 se
MCWRE 0.01500000 se
======== CHANNEL £l ======
NUC1 1H

Pl 9.50 ua
PL1 -4.00 dB
SFO1 500.1332508 MH
F2 - Processing parameters
51 16384
5F 500.13000%6 MH
WDwW EM
55B 0
LB 0.10 H=z
GH a

PC 1.00
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I3C-NMR of compound 8a

[ Elemental Composition ] Page: 1
Data : 1040319-003 Date : 19-Mar-2015 10:29

Sample: TPA-b-TTAR-Br

Note : HRFAB-797.1853

Inlet : Direct Ion Mode : FAB+
RT : 2.56 min Scan#: 16
Elements : C 44/0, H 110/0, Br 1/0(79Br 1/0, 81Br 1/0), N 1/0, S 4/0
Mass Tolerance : 10ppm, 10mmu if m/z < 1000, 20mmu if m/z > 2000
Unsaturation (U.S.) : -0.5 - 200.0
Observed m/z Int%  Err[ppm / mmu) U.S. Composition
797.1848 80.8 -0.6 / -0.5 25.0 C 44 H 48 79Br N S 4
799.1827 100.0 -0.7 / -0.6 25.0 C 44 H 48 81Br N S 4

Mass spectrum of compound 8a



20130508 TPA-TTARZ-Br (C9)
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Current Data Farameters

HAME 20134508

EXFNO 1

I PROCHD 1

F2 - Aoguisition Parameters
Cate 20134508
Tima™ 18.20
INSTRUM spect
PROBHD 5 mm PAEBO BR-
FULPROG zg30
TO 16384
SOLVENT cocld
HE 16
D 1]
aWH 48076592 Hz
FIDRES 0.292438 Hz
A0 1.7039860 sec
RG 36

| oW 104.000 usec
DE 6.00 usec
TE 0.0 K
DL 2.00000000 sec
OO 1
mmmmmm—— CHEWHEL {1 ===s=z==
HUCL 1H
Bl 11.70 usees
PLL 0.00 dB
sF01 3001801012 MHz

FZ = Processing parameters
51 16364

sF 303_1?53059 HHz
W EM
558 a
LB Q.40 Hz
GB L]
BC 1.00
I T T T T I T T T T T T T 1
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TH-NMR of compound 8¢




20130510 TPA-TTARZ2-Br (C9)
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130510
1

L,
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\‘] [ F2 - hequisition Parameters
Date_ 2030810
Time -]
Py b @ a a0 BIERG 75 SRS INSTRUM spect
firlerd o o g i Ol ek e PROBHD 5 mm PARBO BB-
55 3 & b BR  ERSER 5 & ana e it
| soLvewT Coel3
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| i o
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FIDRES 0544057 Hz
B 0.9175540 ses
EG 456
] 29,000 usec
DE 5.00 usec
TE 300.0
o1 200000000 sec
a1 003000000 sec
DELTA 1. 3955%%5%98 sec
00 1
ssmsmzzz CHANWEL £l ======ww
HUCL C
Pl #.8% usec
L1 D00 <R
l l 'l sFo1 75, 4664982 Mz
I — -
ssssusss CHANNEL f2 ===—====
T T -r T T T T T T T T T 3. T T T CFDPRE2 waltzlf
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FCPD2 a0.00 vsac
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PLLZ 20.70 e
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FZ - Processing parameters
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[ Elemental Composition ] Page: 1

Data : 1030120-003
Sample: TPA-TTACS-Br

Date 20-Jan-2014 10:36

Note : HRFAB-825.2166

Inlet : Direct Ion Mcde : FAB+

RT 3.60 min Scan#: 19

Elements : C 46/0, H 91/0, Br 1/0(79Br 1/0, 81Br 1/0), N 1/0, S 4/0

Mass Tolerance

Unsaturation (U.S.) ; -0.5 - 200.0
Observed m/z Int%

825.2171 78.0

Err [ppm / ] U.85.

+0.6 / +0.5

Composition

Mass spectrum of compound 8¢

25.0 C 46 H 52 79Br N S 4

10ppm, 10mmu if m/z < 1000, 20mmu if m/z > 2000
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TH-NMR of compound 9a

[ Elemental Composition ]
Data : 1040319-002
Sample: TPA-b-TTAR-T-CHO
Note : HRFAB-829.2574
Inlet : Direct

RT : 2.10 min

Date : 19-Mar-2015 10:20

Ion Mode : FAB+
Scanit: 32

Elements : C 49/0, H 110/0, N 1/0, O 1/0, S 5/0

Mass Tolerance
Unsaturation (U.S.)

-0.5 -

Observed m/z Int% Err[ppm /
829.2582 23.8 +1.0 /

Mass spectrum of compound 9a

200.0

mmu ]
+0.8

U.S. Composition
30,0 C49 H51 NOSS

Current Data Faramgters

HAME 201S0E15
EXPHC 2
PROCHD 1

FZ = Reguisition Parameters
Date_ 20150615

Tima 16,43
IRETELM Spact
PROBHD 5 mm FABBOD EE-
POLFRIG zg30

T 16364
SOLVENT CDCL13

HE 14

nE a

SWH 4807.692 Hz
FLODHES 0.293438 Hz
AL 1.7039660 sac
B 362

s’} 104.000 usec
DE 6.00 usec
TE 300.0 E

ol 2.00000000 sec
DD 1
---- e CHANNEL ] se——
Hucl i

®1 11.70 usec
PFL1 0.0 &b
SFOL 300.1601012 MHz

F2 - Frocessing parameters

a1 16344

SF 300, 1 TEO0EE MHz

WoW M

52B 0

LE O.10 Hz

GE ]

FC 1.00
Page: 1

10ppm, 1O0mmu if m/z < 1000, 20mmu if m/z > 2000



20130521 TBA-TTARZ-T-CHO (C¢)
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A2 1. 7039860 sec
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DE €. 00 usac
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TR 1

CHANNEL £1
LH
11.70 usec
PLL .00 dB
SFOL 300, 1901012 MH=z
F2 - Processing parametars
58I 3
5F 300.17E0060 MHz
L EH
50 L]
LB 0.10 Hz
Ga a
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- M M\ T
T T T T 153 5 P T T T T T
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TH-NMR of compound 9¢




20130520 TPA-TTARZ-T-CHO (C9)

Mass Tolerance

Unsaturation (U.S.) -0.5 - 200.0

Composition
C51 HS55NOSS5

U.S.

Err [ppm / mmul
30.0

Observed m/z Int%
+0.3 +0.2

857.288%9 8975

Mass spectrum of compound 9¢

10ppm, 10mmu if m/z < 1000, 20mmu if m/z > 2000
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1 \\| F2 Acquisition Parangters
Date_ 20130520
Time 1.1
INSTRUM &
ROBHD 5 mm PﬁBB::F;’;E
BULFREG zqpgld
2] 32768
SOLVENT CDCl3
K5 150
£ L
SWH 17857.143 Hz
FIDRES 0.544957 M=
AQ 0.9175540 sac
R 575
oW Z6. 000 userc
DE 00 usec
TE ELO 4
[28 200000000 sec
dll 0.03000000 sec
DELT, 1.8999999E8 sec
TDO 1
s CHANNEL fl =See—
HUC1 1ic
Pl 945 usec
PL1 Q.00 dB
SFO1 T5.4BR4SET MHz
St T 3 R —
CFDPRGZ waltz1lé
HOC2 1H
PCPDZ 90.00 use
PL1Z 70 48
‘ | PL13 20.70 4B
PL2 0.00 dB
apa2 300, 1792087 MHz
‘ FZ - Processing parameters
51 16364
SF T5.4T9B202 MHz
wWowW e
58B a
| LU 2
Q
o . L BC 1.00
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I3C-NMR of compound 9¢
[ Elemental Composition ] Baghs 1
Data 1030120-002 Date : 20-Jan-2014 10:25
Sample: TPA-TTACS-T-CHO
Note HRFAB-857.2887
Inlet : Direct Ion Mode : FAB+
RT : 2.49 min Scan#f: 14
Elements : C 51/0, H 91/0, N 1/0, O 1/0, 8 5/0



TFA-b-TTAR-TA

oMo
a8
i P e

““%%%VW

805

'.|" 162
? 133
7 124
?0?9
-7.072
6.965
€.961
6.936
B8.933
6.915
6.809
6.806
6.893
6.986

6.872
6.848
708
679
BER
630
620
GOB
2.453
2.422
375
964
931
889
232
223
186
177

Cucrent [et4 Parapacars
WEME 0150130

ml‘-lﬂv‘-ﬂ!§ ExPsa
gggszs = :
(=]

LJLL&JJL_

95 90 &5 80 75 7O 65 60 55 50 45

TH-NMR of compound 1

[ Elemental Composition ]

Data : 1040319-001 Date
Sample: TPA-b-TTAR-TA

Note : HRFAB-896.263

40 365 .0 Q. 5 p-pm

e

Page: 1
: 19-Mar-2015 09:25

Inlet : Direct Ion Mode : FAB+
RT : 2.42 min Scan#: 40

Elements : C 52/0, H 110/0, N 2/0, O 2/0, S 5/0
Mass Tolerance : 10ppm, 10mmu if m/z < 1000, 20mmu if m/z = 2000
Unsaturation (U.S8.) : -0.5 - 200.0
Cbserved m/z Int% Err [ppm / mmu] U.S. Composition
896.2629 20.7 -0.4 / -0.4 33.0 C B2 HSZ2Z N2 025825

Mass spectrum of compound 1



20130528 TPA-TTAR2-T-A (C9)
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OE 6.00 usec
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I o0 1
‘l CHANHEL 1
k_J U HOCL 1
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_,—"l e - I"-— PL1 0.30 d8
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s e e s e
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H-NMR of compound 3
[ Elemental Composition ] Page: 1
Data 1030120-001 Date 20-Jan-2014 10:14

Sample: TPA-TTACS-TA

Ncte HRFAB-924.2945

Inlet : Direct Ion Mode : FAB+

RT 2.77 min Scan#: 15

Elements : C 54/0, H 91/0, N 2/0, O 2/0, 8 5/0

Mass Tolerance 10ppm, 10mmu if m/z < 1000, 20mmu if m/z > 2000
Unsaturation (U.S.) -0.5 - 200.0 :

Cbhserved m/z Int%
924 .,2948 64.9

Exrx [ppm / mmu]
+0.3 / +0.3

Mass spectrum of compound 3

U.S. Composition
33.0 C54 HS5N202S8°5



