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SQUARAINE-BASED MOLECULES AS MATERIAL FOR ORGANIC PHOTOELECTRIC
CONVERSION LAYERS IN ORGANIC PHOTODIODES

BACKGROUND
[0001] The field of the DISCLOSURE lies in active materials for organic image sensors.
[0002] The present disclosure relates to squaraine and thiophene-based active materials and
their use in photoelectric conversion layer(s) and/or an organic image sensor and methods for
their synthesis.
[0003] The present disclosure also relates to photoelectric conversion layer(s) comprising an
active material according to the present disclosure, to a device, comprising active material(s)
according to the present disclosure or photoelectric conversion layer(s) according to the
present disclosure.
[0004] Moreover, the present disclosure relates to an organic image sensor comprising

photoelectric conversion layer(s) according to the present disclosure.

DESCRIPTION OF THE RELATED ART

[0005] The “background” description provided herein is for the purpose of generally
presenting the context of the disclosure. Work of the presently named inventors, to the extent
it is described in this background section, as well as aspects of the description which may not
otherwise qualify as prior art at the time of filing, are neither expressly or impliedly admitted
as prior art against the present disclosure.

[0006] Image sensors, which are semiconductor devices for converting an optical image into
an electric signal, include a light-sensing unit for sensing light and a logic circuit unit for
processing the sensed light into an electrical signal to store data.

[0007] In the state of the art, the light-sensing unit includes a color filter and a photoelectric
conversion film, a semiconductor p-n junction, such as silicon. The color filter separates light
according to colors, but reduces the spatial resolution and light collection and utilization
efficiency.

[0008] In order to overcome this problem geometries are reported where photoelectric
conversion units capable of detecting light of different wavelengths are stacked in a
longitudinal direction. In particular such photoelectrical conversion unit is an organic

photoelectric conversion layer based on p-n junction or bulk heterojunction. The photoelectric
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conversion efficiency of such a unit depends strongly on the type of material used in the layer.
With the organic materials available so far, low conversion efficiencies and high dark currents
are reported.

[0009] In another solution, an organic layer is used that is capable to absorb in the IR reagion
but not in the visible reagion, that could be combined with a complementary metal oxide
semiconductor (CMOS) based imager part for the visible range or with an organic based
imager part that could absorb in the visible range. In both cases white ligth is collected and
filter have to be used to get the BGR pixel resolution. In this case, as well as in the case of
color filter, light is separated according to colors but the spatial resolution and light collection

and utilization efficiency is reduced.

SUMMARY

[0010] The present disclosure provides a (squaraine) molecule represented by formula I

Y

@
wherein
A and B are the same or different and are, at each occurrence, independently selected

from
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pyrazole, thiazole, imidazole, indole, quinoline, benzothiophene, benzothiazole,
benzothiadiazole, benzofuran, oxazole, benzoxazole, pyridine, diazine, triazine,
selenophene, naphthalene, anthracene or pyrene, any of which can optionally be

substituted,

Dis SorO;

W is selected from H, alkyl, aryl;

X is selected from the group comprising H, OH, SH, NH,, NHR, NR;, NO,, alkyl,
alkoxy, aryl, aryloxy, halogen, such as F, Cl, Br, I;

Y is selected from O, S, NH, NR, NC._CN , NC._-COOH , HOOC._COOH ,

indanedione, barbituric acid or thiobarbituric acid;

Z. is selected from OH, SH, NH,, NR3;

R, at each occurrence, is independently selected from H or any straight or branched
alkyl chain of general formula —C,Haq+1, OF -COOR!, -OR!, -SR!, -NRY, or F, CL, Br, I, O, N,
NO,, CN, CF3, wherein R! is H or any straight or branched alkyl- chain of general formula —
CuHour1, or any substituted or non-substituted phenyl or biphenyl, heteroaryl, n = 0-12,
preferably 0-6.

[0011] The present disclosure provides a (thiophene-based) molecule represented by a
formula selected from formula II, ITI, IV, V and VI

ey
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wherein

X is selected from the group comprising S, Se, N-R!, SO,, CR',, cyclopentane,
cyclohexane, Sikl,:

R is selected from aryl, alkyl;

R is selected from H, aryl, substituted aryl, alkyl, thiophene, alkyl-substituted
thiophene;

Y is selected from

. CN CN ;i\ N i “’:‘
RWCN -)\CN R/f '\R

carbazole, diarylamine, pyrrole, pyrazole, thieno[3,4-b]pyrazine, imidazole, thiazole,
fluorine, tricyanovinyl, indole, quinolone, benzothiadiazole, indanedione, barbituric

acid or thiobarbituric acid, rhodanine, thiazolinedione derivatives as for example:

= N
0 (0]
d 7

\I / Q0

/ Ou N s ',s | >
] e \Tj’ |
8 Nw 6

O

[0012] The present disclosure provides the use of a molecule according to the present
disclosure in an absorption layer, in a filter and/or in a photoelectric conversion layer and/or

in an organic and/or hybrid module for optoelectronic application.
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[0013] The present disclosure provides a photoelectric conversion layer comprising a
molecule according to the present disclosure. The present disclosure provides an absorption
layer comprising a molecule according to the present disclosure. The present disclosure
provides a filter comprising a molecule according to the present disclosure.

[0014] The present disclosure provides a device comprising molecule(s) according to the
present disclosure or a photoelectric conversion layer(s) according to the present disclosure.
[0015] The present disclosure provides an organic image sensor, comprising an organic
photoelectric conversion unit comprising photoelectric conversion layer(s) according to the
present disclosure.

[0016] The present disclosure provides a hybrid Silicon-organic image sensor, comprising an
organic photoelectric conversion unit comprising photoelectric conversion layer(s) according
to the present disclosure.

[0017] The present disclosure provides a method for synthesis of a (squaraine) molecule
according to the present disclosure.

[0018] The present disclosure provides a method for synthesis of a (thiophene-based)
molecule according to the present disclosure.

[0019] The foregoing paragraphs have been provided by way of general introduction, and are
not intended to limit the scope of the following claims. The described embodiments, together
with further advantages, will be best understood by reference to the following detailed

description taken in conjunction with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
[0020] A more complete appreciation of the disclosure and many of the attendant advantages
thereof will be readily obtained as the same becomes better understood by reference to the
following detailed description when considered in connection with the accompanying
drawings, wherein:
[0021] Figure 1 shows a CMOS image sensor.
[0022] Figure 2 shows a schematic representation of the hybrid silicon-organic image sensor.
[0023] Figure 3 shows a schematic representation of the organic based photoelectrical
conversion unit with the different layers.
[0024] Figure 4 shows the squaraine molecule of Example 1 and its absorption in solution

(left) and in the solid state (right).
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[0025] Figure 5 shows the External Quantum Efficiency (EQE) of a photoelectric conversion
layer wherein the squaraine molecule of Example 1 was used as donor material in
combination with subphthalocyanine fluoride as acceptor.

[0026] Figure 6 shows the thiophene-based molecule of Example 2 and its absorption in
solution (left) and in the solid state (right).

[0027] Figure 7 shows the squaraine molecule of Example 3 and its absorption in solution
(left) and in the solid state (right).

[0028] Figure 8 shows the External Quantum Efficiency (EQE) of a photoelectric conversion
layer wherein the squaraine molecule of Example 3 was used as donor material in
combination with subphthalocyanine chloride as acceptor.

[0029] Figure 9 shows the thiophene-based molecule of Example 4 and its absorption in
solution (left); and the External Quantum Efficiency (EQFE) of a photoelectric conversion
layer wherein the thiophene molecule of Example 4 was used as donor material in
combination with subphthalocyanine chloride as acceptor (right).

[0030] Figure 10 shows the thiophene-based molecule of Example 5 and its absorption in
solution.

[0031] Figure 11 shows the thiophene-based molecule of Example 6 and its absorption in
solution.

[0032] Figure 12 shows the thiophene-based molecule of Example 7 and its absorption in

solution,

DETAILED DESCRIPTION OF THE EMBODIMENTS

[0033] As discussed above, the present disclosure provides a squaraine molecule represented

Y
A&B
|
Z

formula I

by formula I

wherein
A and B are the same or different and are, at each occurrence, independently selected

from
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pyrazole, thiazole, imidazole, indole, quinoline, benzothiophene, benzothiazole,
benzothiadiazole, benzofuran, oxazole, benzoxazole, pyridine, diazine, triazine,
selenophene, naphthalene, anthracene or pyrene, any of which can optionally be

substituted,

DisSorO;

W is selected from H, alkyl, aryl;

X is selected from the group comprising H, OH, SH, NH,, NHR, NR;, NO,, alkyl,
alkoxy, aryl, aryloxy, halogen, such as F, Cl, Br, I;

Y is selected from O, S, NH, NR, No~CN NC_COOH "HOOC. COOH

indanedione, barbituric acid or thiobarbituric acid;

7. is selected from OH, SH, NH,, NRy;

R, at each occurrence, is independently selected from H or any straight or branched
alkyl chain of general formula —C,Hau41, OF -COORY, -OR!, -SR!, -NR!,, or F, Cl, Br, I, O, N,
NO,, CN, CF3, wherein R' is H or any straight or branched alkyl chain of general formula —
ChHone1, or any substituted or non-substituted phenyl or biphenyl, heteroaryl, n = 0-12,
preferably 0-6.

[0034] In one embodiment, the squaraine molecule comprisies a spacer, such as a double

bond, e.g. in an embodiment, where A and/or B is indole).

[0035] Mono-, di-, tri-, tetra- and penta-substitution with X is possible.

[0036] In a preferred embodiment, the squaraine molecule is represented by formula la



WO 2016/120166

PCT/EP2016/051336

wherein X, Y and Z are as defined above.

[0037] In one embodiment, the squaraine molecule is represented by any of structures

OH OHHO
3,5-Dihydroxy-4~-[2-hydroxy-4-0x0-3-(2,4,6-

trihydroxy-phenyl)-cyclobut-2-enylidene]-

cyclohexa-2,5-dienone

OH O HO

o e
OH O HO

2,4-Bis-(2,6-dihydroxy-4-oxo-cyclohexa-2,5-

dienylidene)-cyclobutane-1,3-dione

OH O HQ

OH OHHO

2,4-Bis-(2,6-dihydroxy-4-methoxy-phenyl)-3-hydroxy-
cyclobut-2-enone

OH O HO

OH OHHO
3-Hydroxy-2,4-bis-(2,4,6-trihydroxy-phenyl)-

cyclobut-2-enone

OH O HO

oLy o
OH O HO
4-(2,6-Dihydroxy-4-oxo-cyclohexa-2,5-
dienylidene)-3-0x0-2-(2,4,6-trihydroxy-phenyl)-

cyclobut-1-enol anion

OH O HO

OH OHHO

2,4-Bis-(2,6-dihydroxy-4-methyl-phenyl)-3-hydroxy-
cyclobut-2-enane
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O
o)~
OH

3-Hydroxy-2,4-bis-(4-methoxy-phenyl)-
cyclobut-2-enone

:

\ /

o O O
o oo )
/

O OH O

/ \

3-Hydroxy-2,4-bis-(2,4,6-trimethoxy-
phenyl)-cyclobut-2-enone

OH O HOQ

OH OHHO

2,4-Bis-(2,6-dihydroxy-phenyl)-
3-hydroxy-cyclobut-2-enone

F o F

)
&
J

F OH F

3-Hydroxy-2,4-bis-(2,4,6-triflucro-phenyl)-
cyclobut-2-enone

\ /
Cl S O §

S OH § Cl

we
&
pe

2,4-Bis-(3-chloro-2,6-bis-methylsulfanyl-phenyl)-
3-hydroxy-cyclobut-2-enone

H O HQ

O
P

OH SHHO

2,4-Bis-(2,6-dihydroxy-4-methoxy-phenyl)-
3-mercapto-cyclobut-2-enone

:

O,N_ COOEt

[2,4-Bis-(2,6-dihydroxy-4-methoxy-phenyl)-
3-hydroxy-cyclobut-2-enylidene]-
nitro-acetic acid ethyl ester

PCT/EP2016/051336

3-Hydroxy-2,4-bis-(2,4,6-trimethyl-
phenyl)-cyclobut-2-enone

2,4-Bis-(3,5-di-fert-butyl-2,6-dihydroxy-phenyl)-
3-hydroxy-cyclobut-2-enone

2,4-Bis-(1,3-dihydroxy-naphthalen-2-yl)-
3-hydroxy-cyclobut-2-enone

N\ /

o O QO
M e
O OH Q

/ \

2,4-Bis-(4-fluoro-2,6-dimethoxy-phenyl)-
3-hydroxy-cyclobut-2-enone

SH O HS

Wl

SH OHHS

2,4-Bis-(2,6-dimercapto-phenyl)-3-
hydroxy-cyclobut-2-enone

>7S S OH § S—<
3-Hydroxy-2,4-bis-(2,3,5,6-tetrakis-

isopropylsulfanyl-phenyl)-cyclobut-2-
enone

:

CN
OH N HO

|
/OO/

OH OHHO

2,4-Bis-(2,6-dihydroxy-4-methoxy-phenyl)-
3-hydroxy-cyclobut-2-enylidene-cyanamide

;
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OH O HQ O
N
M Cadl m O
OH OHHO 0
2-(4—Ethyl'—2,G-dihydroxy-phenyl)-3-hydroxy—4— Y
(2,4,6-trihydroxy-phenyl)-cyclobut-2-enone 3-IsOpropoxy-4-(4-methoxy-phenyl)-

2-phenyl-cyclobut-2-enone

[0038] In one embodiment, any of the above depicted substituents attached to the squaraine
core can be used in combination with other substituent(s) in order to form asymmetric

substituted squaraine molecules.

[0039] In a preferred embodiment, the squaraine molecule is represented by any one of
X Y w

X

X

formula Id, formula Je, or

wherein D is S or O,

L33

formula If.

[0040] In one embodiment, the squaraine molecule is represented by any of structures
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0 f Q H
= Q | S
=N N
OH H  OH
2-(4-Ethyl-3,5-dimethy-1H-pyrrol-2-yl)-4-(4-ethyl-3,5- 2,4-Bis-(4-ethyl-3,5-dimethyl-1H-pyrrol-2-y))-
dimethyl-pyrrol-2-ylidene)-3-hydroxy-cy ciobut-2-enone 3-hydroxy-cyclobut-2-enone
9 oy
N
B Q|
N
H  oH
3-Ox0-2-(1,2,5-trimethyl-1H-pyrrol-3-y)-4~(1,2,5-trimethy}- Bic(4-athyl.3 Eodi T 9ul)oa. _
pyrrol-3-ylidene)-cyclobut-1-enol anion 2,4-Bis-(4-ethy! 3’5035%?33 12_1:] SXQOI 2-Yl)-3-hydroxy
N
L \T’N
N
H  oH
3-Hydroxy-2,4-bis-(2H-pyrazol-3-yl)- 3-Hydroxy-2,4-bis-(3H-imidazol-4-
cyclobut-2-enone yl)-cyclobut-2-enone
o]
=N /NH
HN-/ N
OH ‘ OH
3-Hydroxy-2,4-bis-(1H-pyrazol-3-yl)- 3-Hydroxy-2,4-bis-(1H-imidazol-4-
cyclobut-2-enone yl)-cyclobut-2-enone
0 0
S o)
N T N I
| | |
LS*%\ N L \h
OH OH
3-Hydroxy-2,4-bis-thiazol-5- : 3-Hydroxy-2,4-bis-oxazol-5-
yl-cyclobut-2-enone ykcyclobut-2-enane
OH
0 s o
A\
O g <= O g N{}-N
o
OH
. HO OH
3-Hydro>§y—2,4-bxs-(3-hydroxy-
benzo[b]thiophen-2-yl)-cyclobut-2- 3-Hydroxy-2,4-bis-indol-1-yl-cyclobut-2-
enone enone

/

s Q s
—
N N
—
=
S/ OH \S

2,4-Bis-dithieno[3,2-5;2',3'-
d|pyrrol-4-yl-3-hydroxy-
cyclobut-2-enone
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[0041] In one embodiment, any of the above depicted substituents attached to the squaraine
core can be used in combination with other substituent(s) in order to form asymmetric

substituted squaraine molecules.

[0042] In a preferred embodiment, the squaraine molecule is represented by any one of

formula Ig,

« XY X X
— :
(55
xI‘ N f
w oz X X
formula Ii, or formula Ij.

[0043] In one embodiment, the squaraine molecule is represented by any of structures

Q 1% Q 3m
SLI SV

2-(4-Diisobutylamino-2,6-dihydroxy-phenyl)-4-
diphenylamino-3-hydroxy-cyclobut-2-enone

0 HO Q o Ho —{
N&@'N
N—G> N
OHHO
@ O HO “{ 2-(4-Diisobutylamino-2,6-dihydroxy-phenyl)-4-
diphenylamino-3-hydroxy-cyclobut-2-enone
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O HO
o O
OHHO

4-D|phenylam|no-2-(4-dtphenylammo-
2,6-dihydroxy-phenyl)-3-hydroxy-cyciobut-2-enone

OHO

OH HO

4-[B|s-(2—hydroxy-phenyl)—ammo]—z-
(4-diisobutylamino-2,6-dihydroxy-phenyl)-3-hydroxy-cyclobut-2-enone

244, S Ditvpdrony-SHEH 20 sza-dibenroled snloyren2-y v 4+
dirbwnylamina-S-hydrogcyriohd-Zancon

OH HO

gt

4-Dibutylamino-2-(4-diphenylamino-2,6-
dihydroxy-phenyl)-3-hydroxy-cyclobut-2-enone

OHHO

Yo

2-(4-Carbazol- 9-yl -2,6-dihydroxy-phenyl)-4-diphenylamino-3-
hydroxy-cyclobut-2-enone

O HQ

QO

OHHO

2-(4-Diisobutylamino-2,8-dihydroxy-phenyl)-
4-(di-thiophen-2-yl-amino)-3-hydroxy-cyclobut-2-enone

PCT/EP2016/051336

Q O HQ,
o nle
@ OHHO
2-(8,10-Dihydroxy-2,3,6,7-tetrahydro-1H,5H-

pyride[3,2, 1-jjquinolin-8-y1)-4-diphenylamino-
3-hydroxy-cyclobut-2-enone

DAY

4-Carbazol—9-yl-2—(4-d||sobutylammo-
2,6-dihydroxy-phenyl)-3-hydroxy-cyclobut-2-enone

O HQ

QO

OH HO

2-(4-Dusobutylam|no-2,6-d|hydroxy-phenyl)-
3-hydroxy-4-(naphthalen-1-yl-
phenyl-amino)-cyclobut-2-enone

C,Hs0

OHHO
C,H50

4-[Bis-(4-ethoxy-phenyl}-amino]-2-
(4-diisobutylamino-2,6-dihydroxy-phenyl)-
3-hydroxy-cyclobut-2-enone

NC CN
HQ,

2-{4-Di phenylamlno-s-hyd roxy-2-
(2,4,6-trihydroxy-phenyl)-cyclobut-
2-enylidene]-malononitrile

S\ O HO
_ —
N N\ / OH
S,
= OHHO

4-Dithieno[3,2-b;2',3'-d]pyrrol-4-yl-3-hydroxy-2-
(2,4,6-trihydroxy-phenyl)-cyclobut-2-enone
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O HQ

1\ 0 O CsHq1

OHHO

2-(2,8-Dihydroxy-4-pentyl-phenyl)-4-
(4-ethyl-3,5-dimethyl-1H-pyrrol-2-yl}-
3-hydroxy-cyclobut-2-enone

O HO

/N/OH

OHHO

3-Hydroxy-2-(2,4,6-trihydroxy-phenyf)-4-
(1,2,5-trimethyl-1H-pyrrol-3-yl)-cyclobut-2-enone

PCT/EP2016/051336
14

O HOQ

Y L%
Rl

AW

OH HO

4-Diphenylamino-2-(4-dithieno[3,2-5,2',3'-d]pyrrol-4-yl-
2,6-dihydroxy-phenyl)-3-hydroxy-cyclobut-2-enone

[0044] In one embodiment, the squaraine molecule is represented by any of structures

QN o HO —§
ST

2-{3-[1-Hexy|-5-(5-hexyl-thiophen-2-y})-3,3-dimethyl-
1,3-dihydro-indol-2-ytidenemethyl]-2-hydroxy-
4-oxo-cyclobut-2-enylidene}-malononitrile

CaHo

2-(1-Butyl-3,3-dimethyl-1,3-dihydro-indol-2-
ylidenemethyl)-3-hydroxy-4-thiophen-2-yl-
cyclobut-2-enone

NC.__.CN

N |

Lo
o

OH

2-(2-Benzothiazol-2-yl-3-hydroxy-
4-oxo-cyclobut-2-enylidene)-malononitrile

0O HQ

@O

O HO

CaHy

2-[3-(3,3-Dimethyl-1-propyl-1,3-dihydro-
indol-2-ylidenemethy!)-2-hydroxy-4-oxo-
cyclobut-2-enylidene]-malononitrile

HO o
S
I
N N
(|3H CN
2015 NC

2-[2-(1-Ethyl-1 H-quinolin-2-ylidenemethyl)-
3-hydroxy-4-oxo-cyclobut-
2-enylidene]-malononitrile

2-[3-Hydroxy-2-(6-methyl-1H-indazol-3-yl)-4-oxo-
cyclobut-2-enylidene]-malononitrile
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O
@iN CN
\ ———
S CN
OH
2-(3-Benzothiazol-2-yl-2-hydroxy-4-oxo-cyclobut-2-
enylidene)-malononitrile

R P
N\N CN
)) :

HO CN

2-[3-(2-Butyl-2H-pyrazol-3-yl)-2-hydroxy-
4-oxo-cyclobut-2-enylidene]-malononitrile

15

PCT/EP2016/051336

0

N 72
(<>
C4Hy OH K

2-(1-Butyl-1H-indol-2-yl)-4-
(1-ethyl-1H-pyrrol-2-yl)-3-
hydroxy-cyclobut-2-enone

SLAg:
o Z 6N

HO
O
2-[3-Hydroxy-2-(3-isopropyl-3H-benzooxazol-2-
ylidenemethyl)-4-oxo-cyclobut-2-enylidene]-
malononitrile

[0045] In one embodiment, the squaraine molecule is an asymmetrical molecule, with any of

the shown substituents attached to the squaraine core in combination with any other

substituent.

[0046] As discussed above, the present disclosure provides a thiophene-based molecule

represented by a formula selected from formula IT, III, IV, V and VI

formula II

s\

formula V

formula VI

wherein
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X is selected from the group comprising S, Se, N—RI, SO,, CRIZ, cyclopentane,
cyclohexane, SiRlz;

R! is selected from aryl, alkyl;

R is selected from H, aryl, substituted aryl, alkyl, thiophene, alkyl-substituted
thiophene;

Y is selected from

1!“—;*‘“‘”&
- o CN DA
» Az
RA:" "/Cl\} }\QN / \R

carbazole, diarylamine, pyrrole, pyrazole, thieno[3,4-b]pyrazine, imidazole, thiazole,

fluorine, tricyanovinyl, indole, quinolone, benzothiadiazole, indanedione, barbituric

acid or thiobarbituric acid, rhodanine, thiazolinedione derivatives as for example:

R is selected from H, aryl, substituted aryl, alkyl, thiophene, alkyl-substituted
thiophene.

[0047] In a preferred embodiment, the thiophene-based molecule is a spiro-dimer selected

from
R\[S
| 8
Y/ | p R
/I‘Si '
R
S ’/i

or & R
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R is the same as the R defined above.

[0048] In a preferred ambodiment, the thiophene-based molecule is represented by any of

structures

r/

N

CN NG
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2-Cyanc-3-5(2 2dinyanovinyl 4-{2-athybhexyl -4 M dithieno3,.2-62 . 3 dlpyerolb-2-9i)-
acryloitrile
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[0049] A molecule according to the present disclosure preferably exhibits absorption in the
visible wavelength range (about 400 to about 700 nm), preferably in the range from 400 nm to
700 nm, or a sub-range thereof, preferably 400 nm to 500 nm, or 500 nm to 600 nm, or 600
nm to 700 nm.

[0050] A squaraine molecule represented by formula I according to the present invention
preferably exhibits absorption in the visible wavelength range (about 400 to about 700 nm)
and exhibits no absorption in the IR range (above 700 nm).

[0051] A thiophene molecule represented by formula IT, III, IV, V or VI according to the
present invention preferably exhibits absorption in the visible wavelength range (about 400 to

about 700 nm) and, optionally, exhibits also absorption in the IR range (above 700 nm).

[0052] In one embodiment, the molecules of the present disclosure absorb in the blue
absorption range.

[0053] In one embodiment, the molecules of the present disclosure absorb in the green
absorption range.

[0054] In one embodiment, the molecules of the present disclosure absorb in the red
absorption range.

[0055] Preferably, the molecules absorb less than 20% (more preferably less than 5%) of the
maximum absorption outside of their main range of absorption, such as, at wavelengths

shorter than 500 and longer than 600nm when absorption peak is between 500 and 600nm.

[0056] A molecule according to the present disclosure preferably shows an extinction

coefficient of > 10* Lmolem™, more preferably of > 10° Lmol'em™.
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[0057] A molecule according to the present disclosure preferably allows furthermore:
[0058] easy alteration of HOMO and LUMO energies,

[0059] tuning of the absorbion maximum (optical band gap) and shape over a broad range,
[0060] tuning of the molecular packing in films.

[0061] Films prepared from the molecules of the present disclosure preferably show
[0062] high electrons and holes mobilities,

[0063] high exciton diffution efficiencies,

[0064] more preferably up to 99%.

[0065] Preferably those films are homogeneous (on the nm to pm scale) and even more

preferably amorphous.

[0066] A molecule according to the present disclosure preferably exhibits a high
photoelectric conversion efficiency of more than 15%, preferably of more than 50% and more

preferably more than 80%.

[0067] As discussed above, the present disclosure provides the use of a molecule according
to the present disclosure in an absorption layer.

[0068] In this embodiment, when the molecule according to the present invention is used in
an absorption layer, the molecule (encompassing the squaraine molecules represented by
formula I according to the present invention and the thiophene molecules represented by
formula II, IIL, IV, V or VI according to the present invention) preferably exhibits absorption
in the visible wavelength range (about 400 to about 700 nm) and, optionally, exhibits also
absorption in the IR range (above 700 nm).

[0069] As discussed above, the present disclosure provides the use of a molecule according
to the present disclosure in a filter.

[0070] In this embodiment, when the molecule according to the present invention is used
as/in a filter, the molecule (encompassing the squaraine molecules represented by formula I
according to the present invention and the thiophene molecules represented by formula II, II1,
IV, V or VI according to the present invention) preferably exhibits absorption in the visible
wavelength range (about 400 to about 700 nm) and, optionally, exhibits also absorption in the
IR range (above 700 nm).
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[0071] As discussed above, the present disclosure provides the use of a molecule according
to the present disclosure in a photoelectric conversion layer and/or in an organic and/or hybrid
module for optoelectronic application, such as image sensor, photodiode, organic
photovoltaics, comprising organic photoelectric conversion layer(s), OLED and OTFT

organic modules.

[0072] As discussed above, the present disclosure provides a photoelectric conversion layer

comprising at least one molecule according to the present disclosure.

[0073] In the embodiments, where the molecule according to the present invention is used or
comprised in a photoelectric conversion layer,

- when the molecule of the present invention is the squaraine molecule represented by formula
I according to the present invention, the molecule preferably exhibits absorption in the visible
wavelength range (about 400 to about 700 nm) and exhibits no absorption in the IR range
(above 700 nm).

- when the molecule of the present invention is the thiophene molecule represented by
formula IT, ITI, TV, V or VI according to the present invention, the molecule preferably
exhibits absorption in the visible wavelength range (about 400 to about 700 nm) and,
optionally, exhibits also absorption in the IR range (above 700 nm).

Here the application of the molecule(s) of the present disclosure is as active layer/component
of a photoelectric conversion layer.

[0074] In one embodiment, the photoelectric conversion layer comprises further molecule(s).

[0075] As discussed above, the present disclosure provides an absorption layer or filter
comprising at least one molecule according to the present disclosure.

[0076] As discussed above, the present disclosure provides a filter comprising at least one
molecule according to the present disclosure.

[0077] In this embodiment, when the molecule according to the present invention is
comprised in an absorption layer or filter, the molecule (encompassing the squaraine
molecules represented by formula I according to the present invention and the thiophene
molecules represented by formula II, III, IV, V or VI according to the present invention)
preferably exhibits absorption in the visible wavelength range (about 400 to about 700 nm)
and, optionally, exhibits also absorption in the IR range (above 700 nm).
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Here the application of the molecule(s) of the present disclosure is as filter only, i.e. the films
of molecules according to this disclosure are used only to absorb the light in the specific
wavelength region (without to contribute to photoelectric conversion).

[0078] In one embodiment, the absorption layer or filter comprises further molecule(s).
[0079] Absorption layers (or filters) according to the present disclosure preferably exhibits
absorption in the visible wavelength range (about 400 to about 700 nm) and possibly also
absorption in the UV-Vis wavelength range (below 400 nm) and possibly also in the IR

wavelength range (above 700 nm).

[0080] Absorption layers of the present disclosure absorb in the wavelength range of visible
light, preferably in the range from 400 nm to 700 nm, or a sub-range thereof, preferably 400

nm to 500 nm, or 500 nm to 600 nm, or 600nm to 700 nm.

[0081] In one embodiment, the absorption layers of the present disclosure absorb in the blue
absorption range.

[0082] In one embodiment, the absorption layers of the present disclosure absorb in the green
absorption range.

[0083] In one embodiment, the absorption layers of the present disclosure absorb in the red
absorption range.

[0084] Preferably, the the absorption layers absorb less than 20% (more preferably less than
5%) of the maximum absorption outside of their main range of absorption, such as, at
wavelengths shorter than 500 and longer than 600 nm when absorption peak is between 500
and 600 nm.

[0085] In one embodiment, the photoelectric conversion layer comprises further
molecules(s), wherein in one embodiment the molecule according to the present disclosure is
the donor and the further molecule is the acceptor, wherein in another embodiment the
molecule according to the present disclosure is the acceptor and one further molecule is the
acceptor. |

[0086] The photoelectric conversion layer can comprise different components (dyes) and

combinations thereof.
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[0087] In one embodiment, the photoelectric conversion layer and/or the absorption layer
comprises further n and p type materials (molecules) that can be used together with the
thiophene and or squaraine molecules(s) of the present disclosure, such as
phthalocyanine (Pc), subphthalocyanine (SubPc), merocyanine (MC),
diketopyrrolopyrroles (DPP), borondipyrromethene (BODIPY), isoindigo (ID),
perylene diimides (PDI), and quinacridone (QD), fused acenes, such as pentacene and
tetracene and triphenylamine (TPA) as donor;
and/or
fullerenes, rylene diimides, phthalocyanines and subphthalocyanines and

cyanopentacenes as acceptor.

[0088] In a preferred embodiment, said photoelectric (PE) conversion layer exhibits photo
response in the visible absorption range.

[0089] The PE conversion layers according to the present disclosure preferably exhibits
absorption in the visible wavelength range (about 400 to about 700 nm) and possibly also
absorption in the UV-Vis wavelength range (below 400 nm) and in the IR wavelength range
(above 700 nm).

[0090] The PE conversion layers of the present disclosure absorb in the wavelength range of
visible light, preferably in the range from 400 nm to 700 nm, or a sub-range thereof,

preferably 400 nm to 500 nm, or 500 nm to 600 nm, or 600nm to 700 nm.

[0091] In one embodiment, the PE layers of the present disclosure absorb in the blue
absorption range (e.g.400-500nm).

[0092] In one embodiment, the molecules of the present disclosure absorb in the green
absorption range (e.g. 500-600nm).

[0093] In one embodiment, the molecules of the present disclosure absorb in the red
absorption range (e.g. 600-700nm).

[0094] Preferably, the PE layers absorb less than 20% (more preferably less than 5%) of the
maximum absorption outside of their main range of absorption, such as, at wavelengths
shorter than 500 and longer than 600nm when absorption peak is between 500 and 600nm.
[0095]
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[0096] As discussed above, the present disclosure provides a device, comprising molecule(s)
according to the present disclosure or photoelectric conversion layer(s) according to the
present disclosure.

[0097] Said device of the present disclosure can be an organic image sensor, organic
photovoltaics, organic photodiode, organic light-emitting diode (OLED), organic thin-film
transistor (OTFT).

[0098] As discussed above, the present disclosure provides an organic image sensor,

comprising photoelectric conversion layer(s) according to the present disclosure.

[0099] The organic image sensor of the present disclosure preferably comprises

(a) an organic photoconversion unit comprising photoelectric conversion layer(s)
according to the present disclosure,

(b)  at least one electrode,

(c) a substrate,

(d) optionally, a second electrode on top of said photoelectric conversion layer(s).

[00100] In a preferred embodiment, the organic image sensor does not comprise color

filter(s).

[00101] The substrate can be silicon, quartz, glass, polymer, such as PMMA, PC, PS, COP,
COP, PVA, PVP, PES, PET, PEN, mica, or combinations thereof.

[00102] The substrate can also be other photoelectric conversion unit(s) (e.g. blue 400-
500nm and red 600-500nm conversion devices in case the organic conversion layer according
to this disclosure is green 500-600nm conversion device).

[00103] This means, a device of this disclosure can comprise (1) two inorganic units with one
organic unit, (i) one inorganic unit with two organic units, or (iii) three organic units
combined with each other in the organic image sensor. Any of the organic units can contain
molecules/layers/devices according to this disclosure.

[00104] In a preferred embodiment, an organic image sensor consists of three organic
conversion units containing molecules in layers as of this disclosure (in devices, each with
transparent electrodes), combined with each other and operating each in one of the ranges

400nm to 500 nm, 500nm to 600 nm and 600 nm to700nm.
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[00105] Combined units can be realized either by vertical and/or horizontal stacking of the

organic-organic or organic-inorganic units.

[00106] The electrode material can be

- transparent metal oxide, such as indium tin oxide (ITO), fluorine-doped indium oxide (IFO),
tin oxide, fluorine-doped tin oxide (FTO), antimonium-doped tin oxide (ATO), zinc oxide
(including Al, B and Ga doped zinc Oxide), indium oxide-zinc oxide (IZO), TiO,,

- non transparent or semitransparent metal or alloy or conductive polymer, such as Au, Ag,
Cr, Ni, Pd, AlISiCu, or any metal or metal alloy or metal combination with suitable

workfunction; PEDOT/PSS, PANI or PANI/PSS, graphene.

[00107] As discussed above, the present disclosure provides a hybrid Silicon-organic image

sensor or organic image sensor, comprising

(a) an organic photoelectric conversion unit or units comprising
photoelectric conversion layer(s) according to the present disclosure (comprising the
molecule(s) of the present disclosure),

(b) optionally, a Si based photoelectric conversion unit,

(c) metal wiring,

(d) a (CMOS) substrate,

(e) insulating layer(s), preferably oxide.

[00108] In one embodiment, said organic photoelectric conversion unit of the image sensors
of the present disclosure comprises different layers within the organic based photoelectrical
conversion unit(s), such as

- n-type material,

- p-type material,

- n-buffer layer,

- p-buffer layer,

or combinations and/or mixtures (e.g. n material and p material co-deposited in one layer)
thereof.

[00109] For example, the organic image sensor of the present disclosure can have the
structure:

- substrate/first electrode/n-buffer layer/n-material/p-material/p buffer layer/second electrode;
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- substrate/first electrode/n-buffer layer/n-material/mixture of n- and p- material/ p-material/p
buffer layer/second electrode;

- substrate/first electrode/n-buffer layer/n-material/mixture of n- and p- material/ p buffer
layer/second electrode;

- substrate/first electrode/p-buffer layer/p-material/n-material/n buffer layer/second electrode.
- substrate/first electrode/p-buffer layer/p-material/ mixture of n- and p- material /n-material/n
buffer layer/second electrode.

- substrate/first electrode/p-buffer layer/p-material/ mixture of n- and p- material /n buffer

layer/second electrode.

[00110] The organic image sensor of the present disclosure can comprise different layer
structures, in particular regarding the position of the n and p material with respect to the

CMOS part.

[00111] The organic photoconversion unit can be used in combination with a Si based
photoelectrical conversion unit where different layers absorb different color (BGR) in a
hybrid silicon-organic image sensor (see Figure 2) or can be used without Si based
photoelectrical conversion unit. In this case the organic photoconversion unit has the
capability of absorbing different color (BGR) (see Figure 3).

[00112] The BGR ranges are 400-500 nm, 500-600 nm and 600-700nm and the absorption
outside of the range is preferably less than 20%, more preferably less than 10 and 5%.
[00113] As discussed above, the substrate can also be other photoelectric conversion unit(s)
(e.g. blue 400-500nm and red 600-500nm conversion devices in case the organic conversion
layer according to this disclosure is green 500-600nm conversion device).

[00114] As discussed above, a device of this disclosure can comprise (i) two inorganic units
with one organic unit, (i1) one inorganic unit with two organic units, or (iii) three organic units
combined with each other in the organic image sensor. Any of the organic units can contain

molecules/layers/devices according to this disclosure.

[00115] The deposition methods to produce the organic photoelectrical conversion layer are
PVD, CVD, spin coating, dipping coating, casting process, inkjet printing, screen printing,
spray coating, offset printing,

[00116] Different process temperatures for processing the layer are possible, namely from

150 to 245°Celsius.
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[00117] As discussed above, the present disclosure provides a method for synthesis of a
squaraine molecule according to the present disclosure.
[00118] Said method comprises the following step(s) (in embodiments wherein the squaraine
molecule has a symmetric structure):

Attaching the donor group to the core by reacting the appropriate reagent with squaric

acid in a refluxing azeotropic water removal mixture;

[00119] or said method comprises the following step(s) (in embodiments wherein the
squaraine molecule has an asymmetric structure):

Attaching the first donor group to the core by reacting the appropriate reagent with
diethyl squarate in the presence of alkylamine as catalyst, and

After deprotecting the ester with aqueous NaOH, reacting the semiquarate precursor

with the second donor molecule in a refluxing azeotropic water removal mixture.

[00120] As discussed above, the present disclosure provides a method for synthesis of a
thiophene-based molecule according to the present disclosure.

[00121] Said method comprises the following step(s): dithieno thiophenes, dithienopyrroles
and dithienosiloles are reacted by condensation reaction or metal catalyzed with the desired

group.

[00122] Note that the present technology can also be configured as described below.

(1) A (squaraine) molecule represented by formula I

4y
wherein
A and B are the same or different and are, at each occurrence, independently selected

from
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i

pyrazole, thiazole, imidazole, indole, quinoline, benzothiophene, benzothiazole,
benzothiadiazole, benzofuran, oxazole, benzoxazole, pyridine, diazine, triazine,
selenophene, naphthalene, anthracene or pyrene, any of which can optionally be
substituted,

optionally comprising a spacer, such as a double bond (e.g. in an embodiment,

where A and/or B is indole),

DisSorO;

W is selected from H, eﬂkyl, aryl;

X is selected from the group including H, OH, SH, NI, NHR, NR;, NO,, alkyl,
alkoxy, aryl, aryloxy, halogen, such as F, Cl, Br, I;

Y is selected from O, S, NH, NR, NC._CN , NC._-COCH , HOOC._COOH ,

indanedione, barbituric acid or thiobarbituric acid;

Z is selected from OH, SH, NH,, NR3;

R, at each occurrence, is independently selected from H or any straight or branched
alkyl chain of general formula —~C,Hjn1, 01 -COORI, —ORl, —SRl, -NRIZ, orF,ClL, Br, I, O, N,
NO,, CN, CF;, wherein R' is H or any straight or branched alkyl chain of general formula —
CoHont1, or any substituted or non-substituted phenyl or biphenyl, heteroaryl, n = 0-12,
preferably 0-6.
(2)  The molecule according to embodiment (1), wherein the molecule is represented by

formula la
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wherein X, Y and Z are as defined in embodiment (1).

3) The molecule according to embodiment (1) represented by any of structures

OH O HO

|
oo Y
OH OHHO
3,5-Dihydroxy-4-[2-hydroxy-4-0x0-3-(2,4,6-
trihydroxy-phenyl)-cyclobut-2-enylidene]-

cyclohexa-2,5-dienone

OH O HO
2,4-Bis-(2,6-dihydroxy-4-oxo-cyclohexa-2,5-

dienylidene)-cyclobutane-1,3-dione

OH O HO

/
/OM Yl
OH OHHO

2 ,4-Bis-(2,6-dihydroxy-4-methoxy-phenyl)-3-hydroxy-
cyclobut-2-enone

]
\OO\
OH

3-Hydroxy-2,4-bis-(4-methoxy-phenyl)-
cyclobut-2-enone

OH O HOQ

OH OHHO
3-Hydroxy-2,4-bis-(2,4,6-trihydroxy-phenyl)-

cyclobut-2-enone

OH O HQ

o~y Yo
OH O HO
4-(2,6-Dihydroxy-4-oxo-cyclohexa-2,5-
dienylidene)-3-0x0-2-(2,4,6-trihydroxy-phenyl)-

cyclobut-1-enol anion

OH O HQ

OH OHHO

2,4-Bis-(2,6-dihydroxy-4-methyl-phenyl)-3-hydroxy-
cyclobut-2-enone

O
OH
3-Hydroxy-2,4-bis-(2,4,6-trimethyl-
phenyl)-cyclobut-2-enone
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0 OH O
/ \

3-Hydroxy-2,4-bis-(2,4,6-trimethoxy-
phenyl)-cyclobut-2-enone

OH OHHO

2,4-Bis-(2,6-dihydroxy-phenyl)-
3-hydroxy-cyclobut-2-enone

F o F
FF
F OH F

3-Hydroxy-2,4-bis-(2,4,6-trifluoro-phenyl)-
cyclobut-2-enone

2,4-Bis-(3-chioro-2,6-bis-methylsulfanyl-phenyl)-
3-hydroxy-cyclobut-2-enone

OH

OH SHHO

2 ,4-Bis-(2,6-dihydroxy-4-methoxy-phenyf)-
3-mercapto-cyclobut-2-enone

O,N_ COOEt
g l

Ol HO

OH OHHO

[2,4-Bis-(2,6-dihydroxy-4-methoxy-phenyl)-
3-hydroxy-cyclobut-2-enylidene]-
nitro-acetic acid ethy! ester

OH OHHO

2-(4-Ethyl-2,6-dihydroxy-pheny!)-3-hydroxy-4-
(2,4,6-trihydroxy-phenyl)-cyclobut-2-enone

29
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2,4-Bis-(3,5-di-tert-butyl-2,6-dihydroxy-phenyl)-
3-hydroxy-cyciobut-2-enone

2,4-Bis-(1,3-dihydroxy-naphthalen-2-yl)-
3-hydroxy-cyclobut-2-enone

AN /
0O o Q

FF

0O OH O
/ \

2,4-Bis-(4-fluoro-2,6-dimethoxy-phenyl)-
3-hydroxy-cyclobut-2-enone

SH O HS

SH OHHS
2,4-Bis-(2,6-dimercapto-phenyl)-3-

hydroxy-cyclobut-2-enone

§ S 0O § S—<
S S OH § S—<
3-Hydroxy-2,4-bis-(2,3,5,6-tetrakis-

isopropylsulfanyl-phenyl)-cyclobut-2-
enone

CN
° |
/
et tar
) <
OH OHHO

2,4-Bis-(2,6-dihydroxy-4-methoxy-phenyl)-
3-hydroxy-cyclobut-2-enylidene-cyanamide
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\rO
3-Isopropoxy-4-(4-methoxy-phenyl)-

2-phenyl-cyclobut-2-enone

4) The molecule according to embodiment (1), wherein the molecule is represented by

any one of
X Y W
X | No_X
x” "N X
W Z X
formula Ib,
Y
X A D X
| Cl
x” D I X
£ X
formula Id, formula le, or

wherein D is S or O,

X X X X
L
X~ X
x. N N %
XQX z x—%j%x
X X X X
formula If.

(5)  The molecule according to embodiment (3) represented by any of structures

§ N
9 |\ 9

2-(4-Ethyl—3,5-d1methyl—1H-pyrro|—2-yl)—4-(4—ethyl—3,5- 2,4-Bis-(4-ethyl-3,5- dlmethyl-1H-pyrrol-Z—yl)—
dimethyl-pyrrol-2-ylidene)-3-hydroxy-cyclobut-2-enone 3-hydroxy-cyclobut-2-enone
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3-Ox0-2-(1,2,5-trimethyl-1 H-pyrrol-3-y1)-4-(1,2,5-trimethyl-

pyrrol-3-ylidene)-cyclobut-1-enol anion

B W
NN
H OH

3-Hydroxy-2 4-bis-(2H-pyrazol-3-yl)-
cyclobut-2-enone

o
= N-NH
HN- =
OH

3-Hydroxy-2,4-bis-(1H-pyrazol-3-yl)-
cyclobut-2-enone

i
N s
Ls\> ¢/ /\\/WN
OH

3-Hydroxy-2,4-bis-thiazol-5-
yl-cyclobut-2-enone

OH O

N S

> 1)
OH HO

3-Hydroxy-2 4-bis-(3-hydroxy-
benzo[blthiophen-2-yl)-cyclobut-2-

enone
S 9 [ s
—
~
N N
T
—
5 = OH = S

2,4-Bis-dithieno[3,2-b;2",3'-

dipyrrol-4-yl-3-hydroxy-
cyclobut-2-enone

(6) The molecule according to embodiment (1), wherein the molecule is represented by

any one of

PCT/EP2016/051336
9y
N
| Q|
N
H  oH

2,4-Bis-(4-ethyl-3,5-dimethy!-1 H-pyrrol-2-yl)-3-hydroxy-

cyclobut-2-enone

Q@ H
N N
N ,:>—<>—<\ !
H oH

3-Hydroxy-2,4-bis-(3H-imidazol-4-
yl)-cyclobut-2-enone

=N /NH
HN- N
OH

3-Hydroxy-2,4-bis-(1H-imidazol-4-
yl)-cyclobut-2-enone

il h

O »

OH

3-Hydroxy-2,4-bis-oxazal-5-
yl-cyclobut-2-enone

3-Hydroxy-2,4-bis-indol-1-yl-cyclobut-2-
enone
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formula Ig,

formula Ii, or
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formula Ih,

X X
m
=

x

formula Ij.

(7)  The molecule according to embodiment (6) represented by any of structures

O HO
OH HO

2-(4-D|lsobutylamlno-Z,6-d|hydroxy-phenyl)—4-
diphenylamino-3-hydroxy-cyclobut-2-enone

Q 0" HO —§
he a¥e
L8
LG

4-Diphenylamino-2-(4-diphenylamino-
2,6-dihydroxy-phenyl)-3-hydroxy-cyclobut-2-enone

Q/O“o HO —Né
e AT

4-[Bis-(2-hydroxy-phenyl)-amino]-2-

(4-diisobutylamino-2,6-dihydroxy-phenyl)-3-hydroxy-cyclobut-2-enone

243, 3 Dhydrony a H BH ZH 120 aas-disensalod smlmen 39804

diphenylambe-2-hpdroay-oysiphut-Zamons

O HQ

OHHO

2-(4-Diisobutylamino-2,8-dihydroxy-phenyl)-4-
diphenylamino-3-hydroxy-cyclobut-2-enone

Q G HQ
SRTe
@ OHHO
2-(8,10-Dihydroxy-2,3,6,7-tetrahydro-1H,5H-

pyrido[3,2,1-j]quinolin-8-yl)-4-diphenylamino-
3-hydroxy-cyclobut-2-encne

O 0 HO
5 ’?i

4-Carbazol-8-yl-2-(4-diisobutylamino-
2,6-dihydroxy-phenyl)-3-hydroxy-cyclobut-2-enone

O HO —g

2-(4-Diisobutylamino-2,6-dihydroxy-phenyl)-
3-hydroxy-4-(naphthaien-1-yi-
phenyl-amino)-cyclobut-2-enone
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CoHs0
0O HOQO
O HQ
Do §
N o
OHHO O
OHHO
4-Dibutylamino-2-(4-diphenylamino-2,6- C,H50

dihydroxy-pheny!)-3-hydroxy-cyclobut-2-enone
ydroxy-phenyl-3-hydroxy-cy 4-[Bis-(4-ethoxy-phenyl)-amino]-2-
(4-diisabutylamino-2,6-dihydroxy-phenyi)-
3-hydroxy-cyclobut-2-enone

@ om (7 Q”Cfﬁo
Uy I

OHHO OHHO
2-(4-Carbazol-9-yi-2,6-dihydroxy-phenyl)-4-diphenylamino-3- 2-[4-Diphenylamino-3-hydroxy-2-
hydroxy-cyclobut-2-enone (2,4 ,6-trihydroxy-phenyl)-cyclobut-

2-enylidene]-malononitrile

~
Q 0 HO —§ . s Q HQ
S ==
=<4 O o
=== S,
Cs OHHJ 4{ = OHHO
4-Dithieno[3,2-b;2',3'-dJpyrrol-4-yI-3-hydroxy-2-
(2,4,6-trihydroxy-phenyl)-cyclobut-2-enone

2-(4-Diisobutylamino-2,6-dihydroxy-pheny!)-
4-(di-thiophen-2-yl-amino)-3-hydroxy-cyclobut-2-enone

O HO
O HO /S
|N Q 5H11 N N\
H  OHud S
OHHO S

2-(2,6-Dihydroxy-4-pentyl-phenyl)-4-
(4-ethyl-3,5-dimethyl-1 H-pyrrol-2-yl)-

3-hydroxy-cyclobut-2-enone 4-Diphenylamino-2-(4-dithieno[3,2-b;2',3"-d]pyrrol-4-yl-

2,6~dihydroxy-phenyl)-3-hydroxy-cyclobut-2-enone

O HO

N// < O OH
e

OHHO
3-Hydroxy-2-(2,4,6-trihydroxy-phenyl)-4-
(1,2,5-trimethyl-1H-pyrrol-3-yl)-cyclobut-2-enone

(8) The molecule according to embodiment (1) represented by any of structures

%P %t

O HO O HO
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2-{3-[1-Hexyl-5-(5-hexyl-thiophen-2-yl)-3,3-dimethyl- 2-[3~(3,3-Dimethyl-1-propy!-1,3-dihydro-
1,3-dihydro-indol-2-ylidenemethyl]-2-hydroxy- indol-2-ylidenemethyl)-2-hydroxy-4-oxo-
4-oxo-cyclobut-2-enylidene}-malononitrile cyclobut-2-enylidene]-malononitrile

HO o
NS
(I 7
N A\
é H CN
21715 NG

2-[2-(1-Ethyl-1H-quinolin-2-ylidenemethyl)-
3-hydroxy-4-oxo-cyclobut-
2-enylidene}-malononitrile

CaHo

2-(1-Buty!-3,3-dimethyi-1,3-dihydro-indol-2-
ylidenemethy|)-3-hydroxy-4-thiophen-2-yl-
cyclobut-2-enone

NC._ _CN
N \
N o}
c
OH
2

2-(2-Benzothiazoi-2-yl-3-hydroxy-
4-oxo-cyclobut-2-enylidene)-malononitrile

2-[3-Hydroxy-2-{6-methyl-1H-indazol-3-yl)-4-oxo-
cyclobut-2-enylidene]-malononitrile

O o
L~ Cy—<o—¢
S CN N N
OH

C4Hg OH K
2-~(3-Benzothiazol-2-yl-2-hydroxy-4-oxo-cyclobut-2- 2-(1-Butyl-1 H-indol-2-yl)-4-
enylidene)-malononitrile (1-ethyl-1H-pyrrol-2-yl)-3-

hydroxy-cyclobut-2-enone

i 7
HO CN o] =

CN
HO
2-[3-(2-Butyl-2H-pyrazol-3-yl)-2-hydroxy- 0
4-oxo-cyclobut-2-enylidene]-malononitrile 2-[3-Hydroxy-2-(3-isopropyl-3H-benzooxazol-2-
ylidenemethyl)-4-oxo-cyclobut-2-enylidene]-
malononitrile

(9) A (thiophene-based) molecule represented by a formula selected from formula II, III,
IV, Vand VI

Y

Fava

8
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(ID

R

(11)
Y\Cz_

WA

I Sy
s N
V)
(VD)

wherein

X is selected from the group including S, Se, N-R', SO,, CR!,, cyclopentane,
cyclohexane, SiRlz;

R! is selected from aryl, alkyl;

R is selected from H, aryl, substituted aryl, alkyl, thiophene, alkyl-substituted
thiophene;

Y is selected from

R
=

. CN N » N ; “‘t
R}}\"}J\CN Aon RQ t\g

carbazole, diarylamine, pyrrole, pyrazole, thieno[3,4-b]pyrazine, imidazole, thiazole,
fluorine, tricyanovinyl, indole, quinolone, benzothiadiazole, indanedione, barbituric

acid or thiobarbituric acid, rhodanine, thiazolinedione derivatives as for example:

5
N
i
/! O
s ,’”W,NW l
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R is selected from H, aryl, substituted aryl, alkyl, thiophene, alkyl-substituted
thiophene.

(10)  The molecule according to embodiment (9) which is a spiro-dimer selected from
| Yy ) [ S
R—@ 9 R-{\
s |
SN
or

wherein R is the same as the R / as defined in embodiment (9).

(11)  The molecule according to embodiment (9) represented by any of structures
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oM K NG
e A N \ e

S04 Beneyb 842 2 diyano-einylpA g 5&1%@!& 28 Fdperali
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{ = ZLyane-3542 2digyano-vinyltd-{2 A 8- erf-butyt-
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(12)  The molecule according to any one of embodiments (1) to (8), wherein the molecule

- exhibits absorption in the visible wavelength range (about 400 to about 700 nm) and exhibits
no absorption in the IR range (above 700 nm).

(13)  The molecule according to any one of embodiments (9) to (11), wherein the molecule

- exhibits absorption in the visible wavelength range (about 400 to about 700 nm) and

- optionally, exhibits also absorption in the IR range (above 700 nm).

(14)  The molecule according to any one of embodiments (1) to (13), wherein furthermore
the molecule

- absorbs in the blue absorption range or absorbs in the green absorption range or absorbs in
the red absorption range,

- preferably shows an extinction coefficient of > 10* Lmol™em™,

- absorbs less than 20% (more preferably less than 5%) of the maximum absorption outside of
its main range of absorption.

and/or
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- exhibits a high photoelectric conversion efficiency of more than 15%, preferably of more
than 50% and more preferably more than 80%.

(15) Use of a molecule according to any of embodiments (1) to (14) in an absorption layer,
wherein the molecule preferably exhibits absorption in the visible wavelength range (about
400 to about 700 nm) and, optionally, exhibits also absorption in the IR range (above 700
nm).

(16) Use of a molecule according to any of embodiments (1) to (14) in a filter,

wherein the molecule preferably exhibits absorption in the visible wavelength range (about
400 to about 700 nm) and, optionally, exhibits also absorption in the IR range (above 700
nm).

(17)  Use of a molecule according to any of embodiments (1) to (14) in a photoelectric
conversion layer and/or in an organic and/or hybrid module for optoelectronic application,
such as image sensor, photodiode, organic photovoltaics, including organic photoelectric
conversion layer(s), OLED and OTFT organic modules.

(18) A photoelectric conversion layer including a molecule according to any one of
embodiments (1) to (14),

optionally including further molecule(s).

(19)  An absorption layer including a molecule according to any one of embodiments (1) to
(14),

optionally including further molecule(s),

wherein the molecule preferably exhibits absorption in the visible wavelength range (about
400 to about 700 nm) and, optionally, exhibits also absorption in the IR range (above 700
nm).

(20) A filter including a molecule according to any one of embodiments (1) to (14),
optionally including further molecule(s),

wherein the molecule preferably exhibits absorption in the visible wavelength range (about
400 to about 700 nm) and, optionally, exhibits also absorption in the IR range (above 700
nm).

(21) A device, including molecule(s) according to any one of embodiments (1) to (14) or
photoelectric conversion layer(s) according to embodiment (18),

wherein said device is preferably an organic image sensor, an hybrid image sensor,
photodiode, organic photovoltaics, organic light-emitting diode (OLED), organic thin-film
transistor (OTFT).
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(22) The device according to embodiment (21), wherein said photoelectric conversion layer
exhibits photo response in the visible absorption range.
(23) The device according embodiment (21) or (22), including molecule(s) according to
any one of embodiments (1) to (14) or photoelectric conversion layer(s) according to
embodiment (18),
and/or including further molecule(s).
(24)  An organic image sensor, including
(a) an organic photoelectric conversion unit including photoelectric conversion layer(s)
according to embodiment (18),
(b)  at least one electrode,
(c) a substrate,
(d) optionally, a second electrode on top of said photoelectric conversion layer(s),
preferably not including color filter(s).
(25) A hybrid Silicon-organic image sensor or organic image sensor, including
(2) an organic photoelectric conversion unit or units including photoelectric conversion
layer(s) according to embodiment (18),
(b) optionally, a Si based photoelectric conversion unit,
(¢)  metal wiring,
(d) a (CMOS) substrate,
(e) insulating layer(s), preferably oxide.
(26)  The organic image sensor according to embodiment (24) or embodiment (25), wherein
said organic photoelectric conversion unit includes different layers,
such as n-type material, p-type material, n-buffer layer and/or p-buffer layer or combinations
or mixtures thereof.
(27) A method for synthesis of a molecule according to any one of embodiments (1) to (8),
including the following step(s):

Attaching the donor group to the core by reacting the appropriate reagent with squaric

acid in a refluxing azeotropic water removal mixture,

or including the following step(s):

Attaching the first donor group to the core by reacting the appropriate reagent with
diethyl squarate in the presence of alkylamine as catalyst, and

After deprotecting the ester with aqueous NaOH, reacting the semiquarate precursor

with the second donor molecule in a refluxing azeotropic water removal mixture.
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(28) A method for synthesis of a molecule according to any one of embodiments (9) to
(11), including the following step(s):
Reacting dithieno thiophenes, dithienopyrroles and dithienosiloles by condensation

reaction or metal catalyzing with the desired group.

[00123] The term “squaraine molecule” or “squaraine-based molecule”, as used herein, refers
to a molecule having one or several aromatic ring systems attached to a squaraine core, which
aromatic ring systems, if there are several such ring systems, may be identical (symmetric
dye) or different (asymmetric dye).

[00124] The term “thiophene molecule” or “thiophene-based molecule”, as used herein,
refers to a molecule having at least two thiophene molecules directly connected to each other,
and the term “spiro-thiophene molecule”, as used herein, refers to a molecule having at least

three condensate ring in which at least two are thiophene rings

[00125] The term “absorption in the visible wavelength range” or “dye exhibiting absorption
in the visible wavelength range”, as used herein, is meant to refer to a molecule/dye that is
able to absorb light in only one or several parts of the entire range indicated or over the total
range. For example a molecule may only absorb in the range of from 500 — 700 nm, whereas
another molecule may absorb in the range of from 400 — 700 nm or 500 — 600 nm, whereas a
third molecule may absorb over the range of from 400 — 500 nm (or the above described sub-
ranges of preferably 400 nm to 500 nm, or 500 nm to 600 nm, or 600 nm to 700 nm). All
these scenarios are meant to be encompassed by such wording.

[00126] The term “no absorption in the IR range” or “dye exhibiting no absorption in the IR
range”, as used herein, is meant to refer to a molecule/dye that is able to absorb light in
wavelength ranges until but not above 700 nm.

[00127] The term “narrow absorption band”, as used herein, is meant to refer to / means that
the width of the absorption band at 0 intensity is 200 nm , more preferably 150 nm, more
preferably 100 nm.

[00128] The term “intense absorption band”, as used herein, is meant to refer to / means that

the extinction coefficient & > 10* Lmol™em™.

[00129] In accordance with the present disclosure, the term "electrode” refers to an electrical

lead to apply voltage. An electrode may be "interdigitated", meaning that it has a comb-like
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shape with two combs lying opposite each other and the respective figures of the combs
engaging with each other. Alternatively, an electrode may be a non-interdigitated. An
electrode may be transparent or non-transparent. A transparent electrode may, for example, be
formed from indium tin oxide (ITO) or from fluorinated tin oxide (FTO). A non-transparent

electrode may be reflective and may, for example, be formed from silver (Ag) or gold (Au).

[00130] The requirements of a photoelectric conversion layer to be used in image sensors are
demanding and can be summarised as followed:

(i) narrow absorption band;

(i) high extinction coefficient, € > 10* Lmolem™ (for high sensitivity in thin film);

(iii) heat resistant;

(iv) high photoelectric conversion efficiency (EQE);

(v) high-speed responsivity / high charge carrier mobility;

(vi) low dark-current in device;

(vii) thin film by thermal vapour deposition (Tvp < Tdec).

[00131] The present inventors have found novel squaraines and thiophene based dyes /
molecules which are highly suitable as active materials for organic photoelectric conversion
layers with improved conversion efficiency and response speed in organic photodiodes for
vertically-integrated (VI) CMOS image sensors application. The advantages of those
materials with respect to the requirements, the different type of possible molecular structures

and example of molecules for use as photoelectrical conversion layer are reported herein.

[00132] The present disclosure relates to squaraine dyes / molecules and thiophene base dyes
/ molecules with specific molecular formulas that absorb in the visible range (400-700nm) and
their use as active materials for use in bulk heterojunction or PN or PiN junction as

photoelectric conversion layer.

[00133] The squaraine dyes / molecules of the present disclosure can be used as active
materials for the organic photoconversion unit.

[00134] The organic photoconversion unit can be used in combination with a Si based
photoelectrical conversion unit where different layer absorbed different colour (BGR) in a

hybrid Silicon-organic image sensor or can be used without Si based photoelectrical



WO 2016/120166 PCT/EP2016/051336
42

conversion unit. In this case the organic photoconversion unit having the capability of
absorbing different colour (BGR).

[00135] The general structure of the resulting hybrid image sensor device as well as the
details of the organic based photoelectrical conversion unit are schematic represented in the

Figure 2 and 3.

[00136] The squaraine dyes / molecules of the present disclosure have a donor-acceptor-
donor structure, wherein A and B are donor group (electron donating groups), while the

central part (squaraine core) is the acceptor part (electron withdrawing group).

[00137] The main advantages of the squaraine dyes / molecules of the present disclosure for
the application in photoelectrical conversion layers are as follows:
(1) narrow and intense absorption bands (extinction coefficient € > 10° Lmol™em™);
(2) high photoelectric conversion efficiencies (xerographic applications);
(3) processability already proven for organic photovoltaics (OPV), photodetectors and
“organic imager as IR absorber (absorption >700 nm) (for this dye type)

[00138] The absorption and energy levels of the squaraine dyes / molecules of the present
disclosure are tunable by the type of donor attached to the squaric acid/squaraine core.
Moreover, squaraine dyes are known to form aggregates in thin films that cause a broadening
of the absorption peak. The molecular packing and the morphology of the solid state thin film
can be tuned varying the substituent groups X in the donor moieties A and B. This makes the
squaraine dyes / molecules of the present disclosure a very versatile dye / molecule to be used

in the organic photoelectric conversion layer.

[00139] The main advantages of the thiophene-based dyes / molecules of the present
disclosure for the application in photoelectrical conversion layer are as follow:
(1) absorption range in the required wavelength range with intense absorption bands
(extinction coefficient € > 10* Lmol'em™);
(2) excellent charge transport properties;
(3) thermally stable, thermal vapour deposition possible;
(4) processability already proven for application in organic photovoltaics (OPV) (for
this dye type).
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[00140] The absorption, energy levels and morphology of the thiophene-based dyes /
molecules of the present disclosure can be tuned by molecular structure variation. The spiro-
unit narrows the absorption band width by reducing the degree of vibrational freedom in the

thiophene conjugated chain.

[00141] In specific embodiments, different molecular dye / molecule structures, different
components and combination of the photoelectric conversion layer (list of possible electrodes,
list of other possible n and p type materials that could be used together with the thiophene and
or squaraine, list of different n and p type buffer layer), different layer structures (position of
the n and p material with respect to the electrodes) and different process temperature for

processing the layer (from 150 to 245°Celsius) are described herein.

[00142] The dyes / molecules of the present disclosure and their use in photoelectric
conversion layers have the following advantages:

(1) no color filter(s) is/are needed and therefore no moiré and shading;

(2) no color filter(s) is/are needed and therefore higher brightness;

(3) less process steps and therefore cost reduction;

(4) high color reproducibility (less false color);

(5) high sensitivity and pixel resolution;

(6) new IP and thefore less cost reduction;

(7) dyes with high extinction coefficient - less material needed.

EXAMPLES

EXAMPLE 1: Squaraine molecule
[00143] The inventors used a specific asymmetrical N, N-diarylanilino squarylium molecule

(DAASQ) (SQ3) as n-type material, green absorer as part of the organic photoelectric

QN o HO {N
g aae

conversion unit.
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[00144] The absorption of the molecule in solution and in the solid state fits perfectly with
the requirements (see Figure 4).

[00145] Furthermore, no broadening of the absorption peak occurred even after annealing at
higher temperature (130°C for 1h, 180°C for Smin, 245°C for 5 min) , often needed during the
processing of the image sensor device.

[00146] The thermal properties are also in line with the requirements, s T evaporation =
210°C (3*10-7 mbar) < T decomposition = 310°C.

[00147] The squaraine molecule SQ3 was used as donor material in combination with
subphthalocyanine fluoride (SubPcF) as acceptor in the following configuration: ITO / SQ3
30nm / SubPcF 30nm / BPhen 3.5nm / AlSiCu 100nm / LiF 100nm. The layer gave an
External Quantum Efficiency (EQE) of 5.6% at 585nm and at OV (Figure 5).

EXAMPLE 2: Thiophene molecule
[00148] The inventors used of a specific spiro thiophene derivative (Spiro-4T) as p-type
material, green absorer as part of the photoelectric conversion layer in an organic image

sensor module.

[00149] The absorption of the molecule in solution and in the solid state fits perfectly with
the requirements (see Figure 6).

[00150] The absorption in thin film stays constant even after annealing at higher temperature
(130°C for 1h, 180°C for Smin, 245°C for 5 min), often needed during the processing of the
image sensor device.

[00151] The thermal properties are also in line with the requirements T evaporation = 210°C
(3*10-7 mbar) < T decomposition = 350°C.

[00152] The thiophene derivate Spiro-4T was used as donor material in combination with
subphthalocyanine chloride (SubPc-Cl) as acceptor in the following configuration: ITO/10nm
Spiro-4T/Spiro-4T &SubPc-Cl 120nm/10nm SubPc-Cl /AlSiCu 100nm/LiF 100nm. The
device gave an EQE (535nm LED) of 0.5% at OVand 2% at -1V.

EXAMPLE 3: Squaraine molecule
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[00153] A futher squaraine derivative was used, called 4-Diphenylamino-2-(4-
diphenylamino-2,6-dihydroxy-phenyl)-3-hydroxy-cyclobut-2-enone (SQ8).

[00154] The absorption of the dye in solution and in the solid state fits perfectly with the
requirements (see Figure 7).

[00155] The squaraine SQ8 was used as donor material in combination with
subphthalocyanine chloride (SubPc-Cl) as acceptor in the following configuration: ITO /SQ8
50nm/ SubPc-Cl 50nm / NBPhen 3,5 nm /AlSiCu 100 nm /LiF 100nm. The device showed
and EQE of 0.7 % at 0V and 2% at -1V (Figure 8).

EXAMPLE 4: Thiophene molecule
[00156] A further thiophene molecule derivative was used, called N-(di-tert-butylphenyl)-
(tricyanovinyl)-dithienopyrrole (DTP3)

7N/ N\ N

Nne~ CN,

[00157] The absorption of the molecule in solution fits with the requirements (see Figure 9).
[00158] The thiophene molecule derivative was used as donor material in combination with
subphthalocyanine chloride (SubPc-Cl) as acceptor in the following configuration: ITO/5Snm
Mo03/5nm HG01/10nm DTP-3/100nm DTP-3 &SubPc-Cl/10nm SubPc-Cl/3.5nm NBPhen
/100nm AlSiCu /100nm LiF. The device showed and EQE of 6 % at 0V and 12% at -1V
(Figure 9).

EXAMPLE 5: Thiophene molecule
[00159] A further thiophene molecule derivative was used, called N-(di-tert-butylphenyl)-
dithienopyrrole-thiophene indandione (DTP6)
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[00160] The absorption of the molecule in solution fits with the requirements (see Figure 10).

EXAMPLE 6: Thiophene molecule
[00161] A further thiophene molecule derivative was used, called methyl bithieno-
thienothiophene indandione (m-BT-TT)

[00162] The absorption of the molecule in solution fits with the requirements (see Figure 11).

EXAMPLE 7: Thiophene molecule
[00163] A further thiophene molecule derivative was used, called benzodithieno-thiphene —
indandione (Th-1)




WO 2016/120166 PCT/EP2016/051336
47

[00164] The absorption of the molecule in solution fits with the requirements (see Figure 12).

[00165] Thus, the foregoing discussion discloses and describes merely exemplary
embodiments of the present disclosure. As will be understood by those skilled in the art, the
present disclosure may be embodied in other specific forms without departing from the spirit
or essential characteristics thereof. Accordingly, the disclosure of the present disclosure is
intended to be illustrative, but not limiting of the scope of the disclosure, as well as other
claims. The disclosure, including any readily discernible variants of the teachings herein,
define, in part, the scope of the foregoing claim terminology such that no inventive subject

matter is dedicated to the public.
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CLAIMS

1. A (squaraine) molecule represented by formula I

wherein
A and B are the same or different and are, at each occurrence, independently selected

from

pyrazole, thiazole, imidazole, indole, quinoline, benzothiophene, benzothiazole,
benzothiadiazole, benzofuran, oxazole, benzoxazole, pyridine, diazine, triazine,
selenophene, naphthalene, anthracene or pyrene, any of which can optionally be

substituted,

DisSorO;

W is selected from H, alkyl, aryl;

X is selected from the group comprising H, OH, SH, NH,, NHR, NR;, NO,, alkyl,
alkoxy, aryl, aryloxy, halogen, such as F, CI, Br, I;
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Y is selected from O, S, NH, NR,
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NG._CN NC._.COOH HOOC._COOH

indanedione, barbituric acid or thiobarbituric acid;

Z. is selected from OH, SH, NH,, NR;

R, at each occurrence, is independently selected from H or any straight or branched
alkyl chain of general formula —~CyHays1, or -COOR!, -OR/, -SRY, -NRY, or F, CL, Br, L, O, N,
NO,, CN, CF;, wherein R* is H or any straight or branched alkyl chain of general formula —

CnHons1, or any substituted or non-substituted phenyl or biphenyl, heteroaryl, n = 0-12,

preferably 0-6.

2. The molecule according to claim 1, wherein the molecule is represented by formula Ia

wherein X, Y and Z are as defined in claim 1.

3. The molecule according to claim 1 represented by any of structures
OH O HO OH O HO
A Sy e oo
OH OHHO OH OHHO

3,5-Dihydroxy-4-[2-hydroxy-4-0x0-3-(2,4,6-
trihydroxy-phenyl)-cyclobut-2-enylidene]-

cyclohexa-2,5-dienone

2,4-Bis-(2,6-dihydroxy-4-oxo-cyclohexa-2,5-

dienylidene)-cyclobutane-1,3-dione

3-Hydroxy-2,4-bis~(2,4,6-trihydroxy-phenyl)-

cyclobut-2-enone

OH O HO

(T yon
OH O HO
4-(2,6-Dihydroxy-4-oxo-cyclohexa-2,5-
dienylidene)-3-0x0-2-(2,4,6-trihydroxy-phenyl)-

cyclobut-1-enol anion
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OH O HO

OH O™ HO

S

OH O HQ

W

OH OHHO

2,4-Bis-(2,6-dihydroxy-4-methoxy-phenyl)-3-hydroxy-
cyclobut-2-enone

ol

O
o~ )=
OH

3-Hydroxy-2,4-bis-(4-methoxy-phenyi)-
cyclobut-2-enone

\ /

0O O Q
AVaradal
/

O OH Qg

/ \

3-Hydroxy-2,4-bis-(2,4,6-trimethoxy-
phenyl)-cyclobut-2-enone

OH O HQ

OH OHHO

2 4-Bis-(2,6-dihydroxy-phenyl)-
3-hydroxy-cyciobut-2-enone

F O F

g
&
®

F OH F

3-Hydroxy-2,4-bis-(2,4 6-trifluoro-phenyl)-
cyclobut-2-enone

! \S O S/
S OH s Cl
/ \

2,4-Bis-(3-chloro-2,6-bis-methylsulfanyl-phenyl)-
3-hydroxy-cyclobut-2-enone

C

:

50
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OH O HOQ

Warad)

CH OHHO

2,4-Bis-(2,6-dihydroxy-4-methyl-phenyi)-3-hydroxy-

cyclobut-2-enone

O
OH
3-Hydroxy-2,4-bis-(2,4,6-trimethyl-
phenyl)-cyclobut-2-enone

2,4-Bis-(3,5-di-fert-buty[-2,6-dihydroxy-phenyl)-

3-hydroxy-cyclobut-2-enone

2,4-Bis-(1,3-dihydroxy-naphthalen-2-yl)-
3-hydroxy-cyclobut-2-enone

\ /
O O O

B Vel
O OH O
/ \

2,4-Bis-(4-fluoro-2,6-dimethoxy-phenyl)-
3-hydroxy-cyclobut-2-enone

SH O HS

<0<

SH OHHS

2,4-Bis-(2,6-dimercapto-phenyl)-3-
hydroxy-cyclobut-2-enone



4.
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oo s
e Y

OH SHHO >—S S OH § S—<
2,4-Bis~(2,6-dihydroxy-4-methoxy-pheny!)- —< )—
3-mercapto-cyclobut-2-enone

3-Hydroxy-2,4-bis-(2,3,5,6-tetrakis-
isopropylsulfanyl-phenyl)-cyclobut-2-

enone
OﬁN COOEt CN
0 ‘ HQ OH N; HO
/ /
om0
P P =)
OH OHHO OH OHHO
[2,4-Bis-(2,6-dihydroxy-4-methoxy-phenyl)- 2,4-Bis-(2,6-dihydroxy-4-methoxy-phenyl)-
3-hydroxy-cyclobut-2-enylidene]- 3-hydroxy-cyclobut-2-enylidene-cyanamide
nitro-acetic acid ethyl ester
OH O HQ 0
\
MJ O m O
OH OHHO e}
2-(4-Ethyl-2,6-dihydroxy-phenyl)-3-hydroxy-4- \(

(2,4,6-trihydroxy-phenyl)-cyclobut-2-enone 3-Is0propoxy-4-(4-methoxy-phenyl)-

2-phenyl-cyclobut-2-enone

The molecule according to claim 1, wherein the molecule is represented by any one of
X Yy W

X X
X. X
- N T
Lo e
x” X
X X
formula Id, formula Ie, or

wherein D is S or O,
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formula If.

The molecule according to claim 3 represented by any of structures

O o)

H H
= N N N
o =4 | C
N N
OH H OH
2-(4-Ethyl-3,5-dimethyl-1H-pyrrol-2-yl)-4-(4-ethyl-3,5- 2,4-Bis-(4-ethyl-3,5-dimethyl-1H-pyrrol-2-y)-
dimethyl-pyrrol-2-ylidene)-3-hydroxy-cyclobut-2-enone 3-hydroxy-cyclobut-2-enone

? H
N
B Q|
N
H  oH
3-Ox0-2-(1,2,5-trimethyl-1H-pyrrol-3-y[}-4-(1,2,5-trimethyl- 2,4-Bis-(4-ethyl-3,5-dimethyl-1 H-pyrrol-2-y)-3-hydroxy-

pyrrol-3-ylidene)-cyclobut-1-enol anion cyclobut-2-enone

N N
N W L 9!
N- N N N
H  OH H o on
3-Hydroxy-2,4-bis-(2H-pyrazol-3-yl)- 3-Hydroxy-2,4-bis-(3H-imidazol-4-
cyclobut-2-enone yh-cyclobut-2-enone
O (e}
N~ N
= NH = NH
) % i p 74 B
HN~ = HN N
CH OH
3-Hydroxy-2,4-bis-(1H-pyrazol-3-yl)- 3-Hydroxy-2,4-bis-(1H-imidazol-4-
cyclobut-2-enone yh-cyclobut-2-enone
0 o)
S O
N 7 N h
| | l
L NN L5 NN
OH OH
3-Hydroxy-2,4-bis-thiazol-5- 3-Hydroxy-2,4-bis-oxazol-5-

yl-cyclobut-2-encne yl-cyclobut-2-enone
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OH o
\ S i
O S O O TN >N
_
OH HO o
3-Hydroxy-2,4-bis-(3-hydroxy-
benzo[b]thiophen-2-yl)-cyclobut-2- 3-Hydroxy-2,4-bis-indol-1-yl-cyclobut-2-
enone enone
s 1§ s
=
N N
== —
S OH 8

2,4-Bis-dithieno[3,2-b;2',3'-
d]pyrrol-4-yl-3-hydroxy-
cyclobut-2-enone

The molecule according to claim 1, wherein the molecule is represented by any one of

I N

Sy L X X
formula Ih

X Y

X z X X

formula I, or formula Tj.

The molecule according to claim 6 represented by any of structures
o0 o 9 =
o O {H}N
SR

2-(4-Dusobutylam|no-2,6—d|hydroxy—phenyl)-4—
diphenylamino-3-hydroxy-cyclobut-2-enone
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O HO
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O HO
o O
OHHO

4-D|pheny1am|no—2—(4-d|phenylam|no-
2,6-dihydroxy-phenyl)-3-hydroxy-cyclobut-2-enone

303
O\OHOH HO —{

4-[Bis-(2-hydroxy-phenyl)-amino}-2-
(4-diisobutylamino-2,6-dihydroxy-phenyl)-3-hydroxy-cyclobut-2-enone

244, &Qaﬁyﬁmxy «‘H B4 2M 20 mrp-dibenzalod ooy Sadpds
dighanylarmine-Shydromy-cyainbubZ-annns

OHHO

At

4-Dibutylamino-2-(4-diphenylamino-2,6-
dihydroxy-phenyl)-3-hydroxy-cyclobut-2-enone

OHHO

Y

2- (4-Carbazol-9—yl -2,6-dihydroxy-phenyl)-4-diphenylamino-3-
hydroxy-cyclobut-2-enone

PCT/EP2016/051336

O HQ

QO

OHHO

2-(4-Diisobutylamino-2,6-dihydroxy-phenyl)-4-
diphenylamino-3-hydroxy-cyclobut-2-enone

Q O HQ
onle
@ OHHO
2-(8,10-Dihydroxy-2,3,6,7-tetrahydro-1H,5H-

pyrido[3,2,1-jlquinolin-9-yl)-4-diphenylamino-
3-hydroxy-cyclobut-2-enone

B

4-Carbazol-9-y|-2-(4-dnsobutylam ino-
2,6-dihydroxy-phenyl)-3-hydroxy-cyclobut-2-enone

2-(4-Diisobutylamino-2,6-dihydroxy-phenyl)-
3-hydroxy-4-(naphthalen-1-yl-
phenyl-amino)-cyclobut-2-enone

CoH5Q
OHHOC
C,H50

4-[Bis-(4-ethoxy-phenyl)-amino]-2-
{(4-diisobutylamino-2,6-dihydroxy-phenyl)-
3-hydroxy-cyclobut-2-enone

NC CN

HO
Q O OH

OHHO
-[4-D|phenyiammo-3—hydroxy—2—

(2,4,6-trihydroxy-phenyl)-cyclobut-
2-enylidene]-malononitrile
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3 O HQ

~
/ O HO ‘—g S
S =
ania e
— S,

CS OH HG ‘z = OHHO

4-Dithienc[3,2-b;2',3"-dpyrrol-4-yl-3-hydroxy-2-
2-(4-Diisobutylamino-2,6-dihydroxy-phenyl}-

(2,4,6-trihydroxy-phenyl)-cyclobut-2-enone
4-(di-thiophen-2-yl-amino)-3-hydroxy-cyclobut-2-enone

0 HO
0 Ho /S

LY o -
OH HO /s

OH HO ~

2-(2,6-Dihydroxy-4-pentyl-phenyl)-4-
(4-ethyl-3,5-dimethyl-1H-pyrrol-2-yi)-
3-hydroxy-cyclobut-2-enone

4—Diphenylam|no-2-(4-d|th1eno[3,2-b,2',3'—d]pyrrol-4-yl-
2,6-dihydroxy-phenyl)-3-hydroxy-cyclobut-2-enone

3-Hydroxy-2-(2,4,6-trihydroxy-phenyl)-4-
(1,2,5-trimethyl-1H-pyrrol-3-yl)-cyclobut-2-enone

The molecule according to claim 1 represented by any of structures

O HO O HO
@ O @ O
O HO O~ HO

\ \
CeHi3 CaHy
2-{3-[1-Hexy|-5-(5-hexy!-thiophen-2-yI)-3,3-dimethyl- 2-[3-(3,3-Dimethyl-1-propyl-1,3-dihydro-
1,3-dihydro-indol-2-ylidenemethyl}-2-hydroxy- indal-2-ylidenemethyl)-2-hydroxy-4-oxo-
4-oxo-cyclobut-2-enylidene}-malononitrile cyclobut-2-enylidene]-malononitrile

X (@)
CO

N N

éH CN

215 NG

2-[2-(1-Ethyl-1H-quinolin-2-ylidenemethyl)-
3-hydroxy-4-oxo-cyclobut-
2-enylidene]-malononitrile

C4Ho
2-(1-Butyl-3,3-dimethyl-1,3-dihydro-indol-2-
ylidenemethyl)-3-hydroxy-4-thiophen-2-yl-
cyclobut-2-enone
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NC.__.CN
N l
Ly
O
OH
2-(2-Benzothiazol-2-yl-3-hydroxy-
4-oxo-cyclobut-2-enylidene)-malononitrile
2-[3-Hydroxy-2-(6-methy-1H-indazol-3-yl)-4-oxo-
cyclobut-2-enylidene]-malononitrile
o} 0}
N CN
<0~ Oy
S CN N N
OH CsHg OH K
2-(3-Benzothiazol-2-yl-2-hydroxy-4-oxo-cyclobut-2- 2-(1-Butyl-1 H-indol-2-yl)-4-

enylidene)-malononitrile (1-ethyl-1H-pyrrol-2-yl)-3-

hydroxy-cyclobut-2-enone

aWi N
N o ON @[N CN
/,/ HO  ON o P

CN
HO
2-[3-(2-Butyl-2H-pyrazol-3-yl)-2-hydroxy- o
4-oxo-cyclobut-2-enylidene]-malononitrile 2-[3-Hydroxy-2-(3-isopropy|-3H-benzooxazol-2-
ylidenemethy!)-4-oxo-cyclobut-2-enylidenel}-
malononitrile
9. A (thiophene-based) molecule represented by a formula selected from formula II, III,

IV, V and VI

D
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wherein

X is selected from the group comprising S, Se, N-R!, SO,, CRY, cyclopentane,
cyclohexane, SiR'y;

R! is selected from aryl, alkyl;

R is selected from H, aryl, substituted aryl, alkyl, thiophene, alkyl-substituted
thiophene;

Y is selected from

e
- CN CN i SN i \:
RWCN Aen R/ ” '\R

b

carbazole, diarylamine, pyrrole, pyrazole, thieno[3,4-b|pyrazine, imidazole, thiazole,

fluorine, tricyanovinyl, indole, quinolone, benzothiadiazole, indanedione, barbituric

acid or thiobarbituric acid, rhodanine, thiazolinedione derivatives as for example:

10.

11.  The molecule according to claim 9 represented by any of structures
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CeHq3

AP0
A 5

CN Nrf NG

2Lvano-3-[842 2dicyano-vinvli-S.athyh- 4 Hdithianc{d, 2.02' 3 dlpyrrol-2.vil-acryionivile

CN N NG
NC-" %y [N Y 20N
8 & ’
2:0yane-3-[6-(2 2-dicyano-vinyl}-4-{2-elhybhexyl 4 Hdithieno]3 2.2 T-dipyrrol- 241}
aceylonitdle
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oM K NG
NC “{X/@WCN

Sl Benzyl 642 Z-dsvano- ey A deiensl 3 202 Y dpvoral- 2l
Zeyann-avryoninks

o K NG
e W i P
5 §

Flyano-B B2 2doyano-vindjl -2 4 8 s bubd
_ . phenyibaH dithiono] 3,282, 3 dipyrrob 2otlaondonitdie

ocn M K
Mﬂwfym“ﬁ&
3 K]
ZCyane-34542 2dicrano vt b 402, B-disofropd phany 4
dithianold 2-m2" Sdpyrrl-2yilbuotyloniris

12. The molecule according to any one of claims 1 to 8, wherein the molecule
- exhibits absorption in the visible wavelength range (about 400 to about 700 nm) and exhibits

no absorption in the IR range (above 700 nm).

13.  The molecule according to any one of claims 9 to 11, wherein the molecule
- exhibits absorption in the visible wavelength range (about 400 to about 700 nm) and
- optionally, exhibits also absorption in the IR range (above 700 nm).

14.  The molecule according to any one of claims 1 to 13, wherein furthermore the
molecule

- absorbs in the blue absorption range or absorbs in the green absorption range or absorbs in
the red absorption range,

- preferably shows an extinction coefficient of > 10* Lmolem™,

- absorbs less than 20% (more preferably less than 5%) of the maximum absorption outside of
its main range of absorption.

and/or

- exhibits a high photoelectric conversion efficiency of more than 15%, preferably of more

than 50% and more preferably more than 80%.

15.  Use of a molecule according to any of claims 1 to 14 in an absorption layer,
wherein the molecule preferably exhibits absorption in the visible wavelength range (about
400 to about 700 nm) and, optionally, exhibits also absorption in the IR range (above 700

nm).
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16.  Use of a molecule according to any of claims 1 to 14 in a filter,
wherein the molecule preferably exhibits absorption in the visible wavelength range (about
400 to about 700 nm) and, optionally, exhibits also absorption in the IR range (above 700

nm).

17.  Use of a molecule according to any of claims 1 to 14 in a photoelectric conversion
layer and/or in an organic and/or hybrid module for optoelectronic application, such as image
sensor, photodiode, organic photovoltaics, comprising organic photoelectric conversion

layer(s), OLED and OTFT organic modules.

18. A photoelectric conversion layer comprising a molecule according to any one of
claims 1 to 14,

optionally comprising further molecule(s).

19.  An absorption layer comprising a molecule according to any one of claims 1 to 14,
optionally comprising further molecule(s),

wherein the molecule preferably exhibits absorption in the visible wavelength range (about
400 to about 700 nm) and, optionally, exhibits also absorption in the IR range (above 700

nm).

20. A filter comprising a molecule according to any one of claims 1 to 14,

optionally comprising further molecule(s),

wherein the molecule preferably exhibits absorption in the visible wavelength range (about
400 to about 700 nm) and, optionally, exhibits also absorption in the IR range (above 700

nm).

21. A device, comprising molecule(s) according to any one of claims 1 to 14 or

photoelectric conversion layer(s) according to claim 18,

wherein said device is preferably an organic image sensor, an hybrid image sensor,
photodiode, organic photovoltaics, organic light-emiiting diode (OLED), organic thin-film
transistor (OTFT).
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22.  The device according to claim 21, wherein said photoelectric conversion layer exhibits

photo response in the visible absorption range.

23.  The device according claim 21 or 22, comprising molecule(s) according to any one of
claims 1 to 14 or photoelectric conversion layer(s) according to claim 18,

and/or comprising further molecule(s).

24, An organic image sensor, comprising

(a) an organic photoelectric conversion unit comprising photoelectric conversion layer(s)
according to claim 18,

(b) at least one electrode,

(c) a substrate,

(d) optionally, a second electrode on top of said photoelectric conversion layer(s),

preferably not comprising color filter(s).

25. A hybrid Silicon-organic image sensor or organic image sensor, comprising

(a) an organic photoelectric conversion unit or units comprising photoelectric conversion
layer(s) according to claim 18,

(b)  optionally, a Si based photoelectric conversion unit,

(c) metal wiring,

(d) a (CMOS) substrate,

(e) insulating layer(s), preferably oxide.

26.  The organic image sensor according to claim 24 or 25, wherein said organic
photoelectric conversion unit comprises different layers,
such as n-type material, p-type material, n-buffer layer and/or p-buffer layer or combinations

or mixtures thereof.

27. A method for synthesis of a molecule according to any one of claims 1 to 8§,
comprising the following step(s):
Attaching the donor group to the core by reacting the appropriate reagent with squaric

acid in a refluxing azeotropic water removal mixture,

or comprising the following step(s):
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Attaching the first donor group to the core by reacting the appropriate reagent with
diethyl squarate in the presence of alkylamine as catalyst, and
After deprotecting the ester with aqueous NaOH, reacting the semiquarate precursor

with the second donor molecule in a refluxing azeotropic water removal mixture.

28. A method for synthesis of a molecule according to any one of claims 9 to 11,
comprising the following step(s):
Reacting dithieno thiophenes, dithienopyrroles and dithienosiloles by condensation

reaction or metal catalyzing with the desired group.
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Figure 1
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