Supplementary Materials

1. X-ray of 2-Pyridinecarbonitrile Oxide Dimer, 1,4-bis(2,2'-Bithiophene-5-yl)buta-1,3-Diyne
and 5,5'-Diiodo-2,2'-Bithiophene

1.1. X-ray of 2-Pyridinecarbonitrile Oxide Dimer

Table S1. Crystal data and structure refinement details of 2-pyridinecarbonitrile oxide dimer.

2-pyridinecarbonitrile Oxide Dimer

Empirical formula C12HsN4O»
Formula weight 240.22
Temperature [K] 295.02) K

Crystal system orthorhombic
Space group Fdd2
Unit cell dimensions
a[A] 21.6726(17)
b [A] 12.9433(11)
c [A] 8.0819(8)
90
90
90
Volume [A%] 2267.1(3)
Z 8
Calculated density [Mg/m’] 1.408
Absorption coefficient [mm'] 0.101
F(000) 992
Crystal dimensions [mm] 0.35x0.11 x 0.06
HArange for data collection [°] 3.67 to 25.05
—24<h<25
Index ranges -11<k<15
-9<1<7
Reflections collected 3495
Independent reflections 943 [R(int) = 0.0298]
Data/restraints/parameters 942/1/87
Flack parameter 0.03(5)
Goodness-of-fit on F? 0.945
Final R indices [I > 20(I)] R:=0.0313
wR2 = 0.0654
R indices (all data) R;=0.0399
wR, =0.0679
Largest diff. Peak and hole 0.082 and —0.110
CCDC number 973,854




1.2. X-ray of 1,4-bis(2,2"-Bithiophene-5-yl)buta-1,3-Diyne

S2

Table S2. Crystal data and structure refinement details of 1,4-bis(2,2’-bithiophen-5-yl)-

1,3-butadiyne (6).
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1,4-bis(2,2'-bithiophen-5-yl)-1,3-butadiyne
Empirical formula Ca0H10S4
Formula weight 378.52
Temperature [K] 295.02) K
Crystal system monoclinic
Space group P2i/n
Unit cell dimensions
a[A] 5.6618(5)
b[A] 15.1071(17)
c [A] 10.3902(10)

Volume [A%]
Z
Calculated density [Mg/m’]
Absorption coefficient [mm™']
F(000)
Crystal dimensions [mm]
Orange for data collection [°]

Index ranges

Reflections collected
Independent reflections
Data/restraints/parameters
Goodness-of-fit on F?
Final R indices [I > 20(I)]

R indices (all data)

Largest diff. Peak and hole
CCDC number

90
99.823(8)
90
875.68(15)
2
1.436
0.540
388
0.38 x 0.19 x 0.11
3.35 t0 25.05
~6<h<6
~17<k<17
~10<1<12
4174
1551 [R(ine) = 0.0229]
1551/0/109
1.052
R, = 0.0480
wR; = 0.0835
R, =0.0612
wR; = 0.1145
0.835 and —0.570
922476




1.3. X-ray of 5,5"-diiodo-2,2"-Bithiophene
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Table S3. Crystal data and structure refinement details of 5,5'-diiodo-2,2'-bithiophene.
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5,5'-diiodo-2,2'-bithiophene

Empirical formula
Formula weight
Temperature [K]
Crystal system
Space group
Unit cell dimensions
a[A]
b[A]
c[A]

Volume [A%]
Z
Calculated density [Mg/m’]
Absorption coefficient [mm™']
F(000)
Crystal dimensions [mm]

O range for data collection [°]

Index ranges

Reflections collected
Independent reflections
Data/restraints/parameters
Goodness-of-fit on F?
Final R indices [I > 20(I)]

Goodness-of-fit on F?
R indices (all data)

Largest diff. Peak and hole
CCDC number

CsHslbS,
418.03
295.02) K
orthorhombic
Pccn

23.4532(15)
7.6546(6)
5.9622(4)

90
90
90
1070.36(13)

4

2.594

6.210

760

0.22 x 0.11 x 0.04

3.47 o 25.05

~27<h<27
-8<k<9
—5<1<7

2820
943 [R(ine) = 0.0258]
943/0/55
1.012
R, =0.0280
wR; = 0.0648
1.012
R, = 0.0343
wR, = 0.0671
0.430 and —0.631
922,580




2. 'H and 13C-NMR Spectra
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Figure S1. "H-NMR spectrum of compound (5).
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Figure S2. *C-NMR spectrum of compound (5).
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Figure S3. 'H-NMR spectrum of compound (6).
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Figure S5. "H-NMR spectrum of compound (10).
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Figure S7. 'H-NMR spectrum of compound (7).
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Figure S9. 'H-NMR spectrum of compound (8).
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Figure S10. *C-NMR spectrum of compound (8).
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Figure S12. 3C-NMR spectrum of compound (11).
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Figure S13. 'H-NMR spectrum of compound (12).



S17

10

946t
BE'LT v

20

30

e

b O —
Sk B —

15°05~,

40

50

68'05~"

P WLLIOJ 00| O ' —

60

70

-

80

an
f1 (ppm)

100

110

120

Figure S14. >*C-NMR spectrum of compound (12).

0158~ -
94'58~" L
88 21~ w o
8TELl - o
EEELT 3
68'E2T = L
61T zovz, 1
34517 591 = L
86l EC bl ~
88 22T 5T
#5521 Z —
BEEZT zgsa< - E
' — =%
2y |} vE oz~ .=
B8 E2T BN
A | i
£5RIT LB EE L
e | ) 1
#5 52T i o
mm.mmjr - o=
PE9T~E 15621 — - =
LT — 3 L
mv.mﬁ%
d -
1568t -5
£ 4ET
bLEET—E
122~ i
50 EFT =" "
-1
™M
i
bE ST~
HA e L
m_“_.hﬂ,\ur.. - E
P el 3 =
09 65T~ i | a2
wos S e
ot
L oo
55}
ml i

160 150 140 130

170

o

e

180




S18

_&at

51

a0k
L0k
A0k
G0F

o'k

e
2k

198
19'8
19'8
198
£9'8
£9'8
298
[

6.9

7.0

72

7.3

|

7.0

7.8

8.0

|

8.2
f1 (ppm)
8.0

8.4

8.6

8.8

|

E-BOE

ot

oot

i1
96’0
-56°0
M/..rmm._“_
oot

=

=00t

L0

1.0 0.5 0.0

1.5

6.0 5.3 5.0 4.5 4.0 3.5 3.0 2.3 2.0
f1 (ppm)

7.3 6.5

9.0 8.5

9.5

10.0

Figure S15. "H-NMR spectrum of compound (13).



S19

E9T—

0E' 05—

P-LLLIGY 0O 9T f—

FE98 -

15221
6E EZT W
00 HEI -
e 2l

TEBET \\1
B SET .\1
LR

45 9ET~_
01 =F
b el

o

48 8T~ _
SE BRI~

CE T —

15281 —

BEEL
00PET~
SEPTT~
1B~

FESET—

BRLIT—

129 128 127 126 125 124 123 122
f1 (ppm)

130

170 160 150 140 130 120 110 100 an a0 70 60 50 40 30 20 10
f1 (ppm})

180

Figure S16. >*C-NMR spectrum of compound (13).



S20

ST~ o
1 ) O

Nz
18€
g€

vw_ m% f--|- \/S
PEE] -

oge
(8¢’

655~ .
1557

E89'eg)

E66'55

G850
=62'56
A1eE0

0666

T — 10

7.5

1.0 05 00

15

65 60 55 50 45 40 35 30 25 2.0
f1 (ppm)

7.0

9.0 8.5 8.0

9.5

Figure S17. 'H-NMR spectrum of compound (18).



S21

e LY LT
+ F R T L Ll 1 | - o
=R Mg Sk o m en= i b
& AR el R R ™ [ o e
- = A L A -] | & =

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
180 170 160 150 140 130 120 110 100 90 80 70 50 =0 a0 0 0 10 0
fl (ppm)

Figure S18. >*C-NMR spectrum of compound (18).



S22

UL

Fze'10

F 889

= £8Y

Foom

e

)

90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 0.0
fi (ppm)

9.5

Figure S19. 'H-NMR spectrum of compound (14).



S23

OELT —

TS —

[T By

g

09—

CEETL
DEETT
GIHTT
k- T kA |
LAHTT
E5'STT
Er9z1
EHLTT
Tz -
L&' dHT1 UW
THETT
p5ac]
HF£LE1 V
EEET =
T

ES 1wl ..Mu

BT'9S5T —

50 40 a0 20 10

G0

170 160 150 140 130 120 110 100 a0 &0
fl {ppm}

180

Figure S20. 3C-NMR spectrum of compound (14).



S24

|L_

I

e0c—

69—

T — % 07 -

7.5

4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

4.5
f1 (ppm)

6.5 6.0 55 5.0

7.0

9.0 8.5 8.0

9.5

Figure S21. 'H-NMR spectrum of compound (16).



= MBS e y

i CEmoRTmaRma S =] Wt

- e = ame ]
w0 LR LR = [

- L S el L e | - PP ]

cl
Me
/
Cl "|“-u\ \5 |

T T T T T T T v T T T T T T T T T T T T T T T T T T T T T T T T T - T T T
180 170 160 150 140 130 120 110 100 90 80 K] &0 50 40 el 20 10 o}
f1 (ppm}

Figure S22. >*C-NMR spectrum of compound (16).

S25



S26

ST — o

7.05

S04 7
507 o
a4
a0y
any
a0
E
20
£0E
8 ﬁ
]
s M
pE'e =8
9z
a4
9z 4
e
HEV
fraf u
L
Te's o
2
Tkf
b'd o Lbe N L
e kL = ./J - 56
THL i

L — I
By - oo |~

f.15 710

.20

7.5
f1 {ppm}

Ee'i

61

= 'k
2l

o0l

7.30

7.35

740

7.45

9.0 8.5 B0 75 7.0 5.5 6.0 55 5.0 4.5 4.0 35 3.0 25 2.0 15 10 0.5
fi {ppm])
Figure S23. 'H-NMR spectrum of compound (17).

95

0.o



S27

29E—

bIN L
BELL
HI' L

i
15421
LLn
10521
65'52T
PEET]
25421
EOrETL
£0IT1
EH8T]
PIAETL

AL
SE9E] UY
LHGE]
PP

E'asT —

170 160 150 140 130 120 110 100 an a0 0 &0 50 40 30 20 10
f1 {ppm)

180

Figure S24. >*C-NMR spectrum of compound (17).



S28

ﬁm.m:
2591
85'91
0991
b9
SL'97
6891
0691
0691
1691
69
S6'97
5697
s69¢
80¢ZAF
604~
mo.lﬂ
o1z

% |
1€
1€
eet
8eL
s
Ob'L-
Ob'L-
v
2L
£bL
bbL
cLe
st

69 68 67 6.6 65

77 76 75 74 73 72 71 70
f1 (ppm)

7.8

-2 -3

-1

6
f1 (ppm)

7

15 14 13 12 11 10

16

Figure S25. "H-NMR spectrum of compound (19).



S29

64221
126211
18€211
PEETT
TTLCTH
291217
0LLTTY
(8121
(5821
ar'ezt
06621
SZ'0ET
b EET
68T
€151
1LLET
o8€1]
86'LET
S9'8ET

~~\

!

L

-

[

66651
pEET?

64221~
TCECT~
18'€CT

vw_mmﬁv

AVTAEN
29LTI~,
0L L1217
sz’
L5'S2T

PP EET —
68'€ET —

EToET—

TLLET~
B|LET-T
8_5“
G9'8ET

6p'65T—
p6ET"

126

132

134

140

122

124

128

130

f1 (ppm)

136

138

%0 80

210 200 190 180

-10

60 50 40 30 20 10

70

f1 (ppm)

120 110 100

160 150 140 130

170

Figure S26. >*C-NMR spectrum of compound (19).



S30

659
0991
1991
1991
2891
€891
8891
6891
6891
5691
9691
9691
1691
8691
6691
6691
001
001
001
2021
20
€01
114

A

|

T4
2L
21t
L
81
611
611
ozt
624
1€
€€
e
o€
g€ ]
v
v
v
b1
e
b2
851
0921
0921
1921
291
91
b9 1
5971
L9
€417
SLL

f1 (ppm)

L

79 78 77 76 75 74 73 72 7.1 7.0 6.9 6.8 6.7 6.6

'l
S6'0
€6'1
01
p0'C
€01
2460
83'1
ST'T
60’1
83t
10's
00'¢

6
f1 (ppm)

7

15 14 13 12 11 10
Figure S27. 'H-NMR spectrum of compound (20).

16




S31

96 TH~—
P b
bE'Z2T
£0°E2T
$5EZT
Z9EFT
£o'EzT
2T HET
o1 21
06 bZ1—=
85421
L6421
03 2714
seeztd
—
£9'geT
==
b6 #ET
o0 e
10'6ET
o7 65T
$E BET

06 'TE6—
PP PE—

FET 22T
EONEZTA
FSEZT
2UETT
58'E2T
EARTAR
9T #ET
06 $ZT
8321
L6ETAE
0@ 8zt ﬁ
LLTBETA
BE'ZET J/
£O0'EET J_,K
oT'9ET
6 _thr
o0 BET A
S.mmHM
OT'6ET k\w
FETBET

L

135 130 125 120 115 110 105 1a0 a5 an
1 {ppm)

140

-10

200 190 180 170 160 150 140 130 120 110 100 =l 80 70 &0 S0 40 a0 20 10
f1 {ppm)

210

Figure S28. >*C-NMR spectrum of compound (20).



S32

£4'9
84'9
96'9
£6'9
£6'9
26'9
66'9
00
oré
ore 249
e -
e 29"
6E¢

6EL

ob'e

e

<160
=07
o

|

6.8

6.9

96'9

6 / -
169 .
86'9-F e o
66'9 .\. ~
002
ore
AN

e /

e

7.2

7.3

AN
Wi N

e

7.4

6
f1 (ppm)

7

007

14 13 12 11 10
Figure S29. 'H-NMR spectrum of compound (21).

15

16




S33

E i s B N R T R R e ']
OQNnnOo oG @O
[ e Ty B B R T R R
Mo mmm oo e
R e T e e I T e e B I e |
e s
= o0 o o u o =
oo [ Pyl — fus] L [l
a2 499 o o o o
YA | |

—

1 I I 1 1 1 1 I I L] ]
140 132 136 134 132 130 128 126 124 122 120
f1 fpr)

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 130 140 130 120 110 100 =] a0 70 60 S0 40 a0 20 10 ] -10
f1 {ppm)

Figure S30. 'H-NMR spectrum of compound (21).



S34

~
n
\
\
[9p]
NS
480
880 ;
&0 _
8zl N/,
ET ©
ZET (@)
ET =

J|a|I.
L T
89y —_—
0T
ZeT ==
BET
9s7

—

54T
mm.mv
6T

£
507
90¢
80« J
60 =
6LE
nze G
(e
(e
Eoy
" =
G ~
s0LaL f ——— e
9ri-— \
80 i—F = W -
e B
BT i = Lo
07— \ = LU
& E
iz Y =% 90 45
o [~
L
vl
-
~
75}
~
[¥=]
[

ggre— Y :h‘.\JEJ oo

= tvI'E

(]
fL (ppm)

7

15 14 13 12 11 10

16

Figure S31. 'H-NMR spectrum of compound (22).



S35

ﬁ u:iu:iv'ocil.riv:r‘icﬁ% ZIYRAERNRE F
X LR nRISIEE 3
SNIESSEEAY LR 2200
Ne M N __s
S \_/
|
I
i |
|
|
I
|
e s e
210 200 190 180 170 160 150 140 130 120 110 100 a0 80 70 60 30 40 30 20 10 0 -10

f1 (ppm)

Figure S32. 3C-NMR spectrum of compound (22).



S36

e . g
aos
Ts
s
oo
ore
e

mﬁau
0z

7z
e
E7H
N

e
B
ot
g5

A1
Bre)

7.5 74 7.3 72 7.1 7.0
f1 (ppm)

7.6

=00 |

ot
a0
[N g
one
Te't
#vm.m
96'0

6
f1 (ppm)

7

15 14 13 12 1L 10

16

Figure S33. 'H-NMR spectrum of compound (23).
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Figure S41. 'H-NMR spectrum of compound (27).



S45

£5'89—

88601 —
el
96 £
b.vﬁW
b bl
BELET—
55 0ET
ﬁ.aﬂmu
sorerdl
TTPED
nsser

EGZET 4

Fooar—

8860l —

CESTI—

ZFELT 3

pligra)
FAN A
2l

88 LT
S55'0ET
940ET

rerd
LUTED
:.vﬂg&h
n5SEr ‘_mﬁ

EGLET

Foroar—

110

120

130

140

150

160

f1 (ppm})

-10

200 190 180 170 160 150 140 130 120 110 100 an 80 70 6l a0 40 30 20 10
f1 (ppm)

210

Figure S42. >*C-NMR spectrum of compound (27).



S46

£
Sk
FA S
'l
g9
TEYD
£9'9
£89
28,9
689
a9
69
]
69
G0
oré
LS
ap's
9L
B
05¢
£5&
ES'L
58'¢
508
Pl 1]
ET'a

o e e Vo

0go
:mmv.rf

8s9

BRI
EG%.
Th9—E—,
vm.mmﬂrf_
569

oa.hﬂnff
e

m_wwff

¥r

LI

9 W
mtv-/
05¢

IS¢

ESY

55¢

SO0 8~
fog=" 5
era—" T

72 70 6.8 6.6 64 62

7.6 74

8.0 7.8

8.2

f1 (ppm}

EEYE

E=ITE

0oz
ME_.N
a0z
PTE
uﬂTqN
e
Blgey
s07
o7

i)
f1 (ppm)

7

15 14 13 12 it 10

16

Figure S43. 'H-NMR spectrum of compound (28).
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3. Cyclic Voltammogramms of Selected Products

| /[uA]

-0.4 -0.2
E (vs. Fc/Fe) | V

Figure S45. Cyclic voltammogramms of 7 obtained in the range of —0.4-0.75 V vs. Fc/Fc¢*
on a platinum electrode; sweep rate v =100 mV/s, 0.2 mM in 0.1 M Bu4NPF6 in CH2Cl..
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Figure S46. Cyclic voltammogramms of 17 obtained in the range of —0.4-0.95 V vs.
Fc/Fc¢' on a platinum electrode; sweep rate v = 100 mV/s, 0.2 mM in 0.1 M Bud4NPF6

in CH2Cl.
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Figure S47. Cyclic voltammogramms of 21 obtained in the range of —0.25-0.75 V vs.
Fc/Fc' on a platinum electrode; sweep rate v = 100 mV/s, 0.2 mM in 0.1 M Bu4NPF6
in CH2Cla.

4. Multistep Electrochromism of poly-7 (Photos)

Photo S1. Multistep electrochromism of pely-7 at: 0 V (top, left); 0.5 V (top, right); —1.9 V
(immediately after oxidation, bottom, left); —1.9 V (bottom, right). Poly-7 on ITO (top) or
Pt (bottom) electrode in 0.1 M Bu4NPF6 in CH2Cl.
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5. Photovoltaic Performances of BHJ Solar Cells

Solar cells were fabricated on an indium tin oxide (ITO)-coated glass substrate with the structure
ITO/PEDOT:PSS/P3HT:PCBM:26 (27)/Al, in air atmosphere. PEDOT:PSS was spin cast (5000 turns
per minute, 25 sec.) from aqueous solution to form a film on the ITO substrate and placed in oven and
annealed at the temperature of 130 °C for 10 min. A solution containing a mixture of P3HT:PCBM:26
(or 27) in chloroform solution with weight ratio 1:0.7:0.09 was then spin cast on top of the
PEDOT:PSS layer. For thermal annealing, the blend films were placed in oven and annealed at the
temperature of 130 °C for 30 min, before the deposition of Al electrode. Then, an aluminum electrode
was deposited by thermal evaporation in a vacuum of about 5 X 107> Torr. Current density—voltage
(J-U) characteristics of the devices were measured using a Solar Symulator Model SS100AAA with
AM 1.5G. For solar cell performance a xenon lamp with an irradiation intensity of 100 mW/cm? was
used. The area of one photovoltaic pixel was about 4.5 mm?.

| Al |

P3HT:PCBM:18b

PEDOT:PSS
0.025 —
ITO
0.020 - 1 glass |
o 0,015
£
2
£ 0010
2,’

-0.2 0|0 .2 0.4 0.6 0.8 1.0
00051 uv)
-0.010 -

Figure S48. J-U curve of solar cell with active layer P3HT:PCBM:(27) under illumination
100 mW/cm? along with architecture and picture of constructed polymer solar cell with (27).

6. Novel 2,2'-Bithiophene Derivatives In Organic Electronics—Preliminary Examination

The series of novel compounds with 1-6 bt moieties was designed to be apply as materials in
organic electronics. It was shown that some of them possess interesting properties. They can be
considered as the precursors of a new conducting polythiophenes and compounds showing attractive
luminescent properties. Thus, electrochemically obtained poly-17 is the first ever reported example of
polythiophene which contains isoxazole ring in conduction band (Figure S46). Obtained polymer
poly-17 was stable in multiple p-doping cycles. It is worth noting, that for (poly-17) the bithienyl
substituents in 1,3 positions to each other did not influence negatively on conductivity as in case of
1,3-disubstituted benzene derivatives. "Cutting of the m-conjugation" phenomena for 1,3-disubstituted
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benzene derivatives, which is described in the literature, results in a significant increase of energy gap
and oxidation potential. In the case of poly-17, this effect was not observed, indicating that the
electrochemical properties of benzene and isoxazole derivatives (generally five- and six-membered
hetero- and carboaromatic rings) cannot be directly compared. The electropolymerization of 7 is
presented and its voltamogramm is shown in SI (Figure S45). The obtained poly-7 is stable during
p- and n-doping. Moreover, it shows a multistep electrochromism giving various colors: dark gold,
blue, yellow and dark green, depending on the applied potential (Photo S1). In addition, compound 21
turned out to be a very interesting monomer as well (Figure S47).

However, the easiness of polymerization and formation of stable polymer during p-doping suggests,
that in the electrochemical term a properties of this molecule are similar to those for 1,4-disubstituted
benzene, like as for 7. Presumably, in this case, a charge is stabilized based on toroidal
delocalization—as it was similarly observed for hexa-substituted benzene derivative containing two
thiophene moieties (in 1,4 or 1,2 positions) and four phenyl substituents in other positions. Moreover,
compounds 26 and 27 were preliminary investigated as an additive in bulk heterojunction (BHJ)
polymer solar cells based on poly(3-hexylthiophene-2,5-diyl) (P3HT) and [6,6]-phenyl Ce1 butyric
acid methyl ester (PCBM). Photovoltaic properties were found for the BHJ devices with the
architecture ITO/PEDOT:PSS/P3HT:PCBM:(27)/Al. The device with the active layer P3BHT:PCBM:
27 showed an open circuit voltage Uoc of 0.24 V, a short circuit current density Jsc of 3.56 mA/cm?,
and a fill factor FF of 0.30, giving a power-conversion efficiency PCE of 0.25%. On the other hand,
BHJ device with compound 14a in active layer did not exhibit PV properties measured under 100 mW/cm?
AM 1.5G solar illumination. Our study showed that chemical structure of additive in an active layer
influence on the performance of polymer solar cells. The presented photovoltaic experiments
suggested that pyrrole with bithiophene and p-decyloxyphenyl moieties 27 are better for the
photovoltaic applications than compound 26 without p-decyloxyphenyl chain. J-U characteristic of the
BHIJ polymer solar cell with 27 along with the described method of fabrication of solar cells and the
image of the constructed device are provided (Figure S48). Taking into consideration the present
trends in the organic solar cells, it is very important and prosperous to apply new small organic
compounds in PV to the control morphology of active layer and to investigate the intermolecular
interactions and miscibility towards increase the performance of PV.



