Electronic Supplementary Material (ESI) for Journal of Materials Chemistry A.
This journal is © The Royal Society of Chemistry 2015

Supplementary material for

Evolutionary de novo design of phenothiazine derivatives for dye-sensitized solar cells

Vishwesh Venkatraman, Marco Foscato, Vidar R. Jensen and Bjorn Kare Alsberg



Table S1: QSPR predictions for the molecules used in the calibration and validation. In the
"Molecule” column, names starting with ”C” indicate the calibration data while those starting with
"T7” are the test data. The "QSPR” column contains the predicted PC'E with calculated uncertain-
ties. h; is the leverage value for each prediction. The last column contains the 6 ADAN categories
D1-Dg (see the main text), where a ”0” indicates no violation and ”1” otherwise.

Molecule Structure PCE QSPR h; ADAN
C01[29] /EW 6.40 5.94£0.53 0.07 0,0,0,0,0,0
\
C02[9] O 240 2.39£0.57 0.04 0,0,0,0,0,0

\

C03[7] & ‘ff{” 580 6.1540.45 0.03 0,0,0,0,0,0

C04[7] 490 5.144+0.44 0.07 0,0,0,0,0,0

|
g~

C05(16] Q_@\/L( 491 5354041 0.04 0,0,0,0,0,0

CO6[16] 731 6.76£1.27 0.09 0,0,0,0,0,0
CO7[18] 6.34 6.08+£0.64 0.03 0,0,0,0,0,0
C08[13] 6.87 7.37+£0.43 0.04 0,0,0,0,0,0
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Molecule Structure PCE QSPR h; ADAN
C09[13] )/z \_\—\_ 8.18 8.08£0.47 0.05 0,0,0,0,0,0
Qoo
C10[13] ))/H/( \_\—¥ 7.57 7.44£0.46 0.06 0,0,0,0,0,0
C11[14] N :\< 6.72 6.86+£0.33 0.02 0,0,0,0,0,0
SO
e
C12[14] YL/@/ 3.98 4.46+£0.48 0.00 0,0,0,0,0,0
N -
Stepid
C13[28] f ’ \—'(OH 1.90 2.00+0.46 0.08 0,0,0,0,0,0
C14[28 1 . 240 1.85+£0.48 0.08 0,0,0,0,0,0
- 99V ~
S
C15[26] \—\_\_\_\_\J 0.70  0.45£0.56 0.13 0,0,0,1,0,0
e Vele
C16[26] ; 1.20  2.01+0.93 0.05 0,0,0,0,0,1
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Molecule Structure PCE QSPR h; ADAN

C17[26] JI/_/JJ Jong 1.80 1.16£0.67 0.12 0,0,0,0,0,0

C18[26] LL\“\J 0.50  0.56£0.79 0.14 1,0,0,1,0,0
GJCE

C19[27] //b/f ; 0.40 0.89+0.82 0.09 0,0,0,1,0,0
M <

C20[36] L 540 5.33+0.28 0.03 0,0,0,0,0,0

\

)

C21[24] /@—}_( 6.53 6.08+£0.58 0.03 0,0,0,0,0,0
/

C22[35] Pava 3.78  3.624+0.43 0.01 0,0,0,0,0,0

C23[37] m “ 460 4.584+0.34 0.03 0,0,0,0,0,0

)
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Molecule Structure PCE QSPR h; ADAN
/
C24[37] k Q 2.04 3.28+£1.12 0.03 0,0,0,0,0,1
AN,
Pl
C25(37] 6.22 5.35£0.64 0.03 0,0,0,0,0,0
C26(37] 4.24  3.20£0.92 0.04 0,0,1,0,0,1
C27[4] 5.84 6.04£0.21 0.02 0,0,0,0,0,0
C28[4] 5.76  5.47£0.30 0.05 0,0,0,0,0,0
C29[5] 5.51  5.72£0.69 0.05 0,0,0,0,0,0
C30[3] 543  5.42+0.33 0.02 0,0,0,0,0,0
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Molecule Structure PCE QSPR h; ADAN

C31[3] jg\;j 544  557+0.25 0.01 0,0,0,0,0,0

C32[3] CIQJY 5.05 4.8940.29 0.07 0,0,0,0,0,0

2’

C33[3] %@Q 6.52  6.17£0.53 0.02 0,0,0,0,0,0
N :Q\:\/\/\

C34[2] *f\@\rﬂf%k( 413 4144046 0.05 0,0,0,0,0,0

C35[2] A%lf 422 4.2040.39 0.05 0,0,0,0,0,0

C36[31] @Q 490  4.9940.37 0.03 0,0,0,0,0,0
& o

C37[31] @Q 6.79 6.4340.52 0.03 0,0,0,0,0,0
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Molecule Structure PCE QSPR h; ADAN
C38[17] »—(QQ 454  5.054+0.40 0.01 0,0,0,0,0,0
0
Wﬁ\ .
C39[12] §~@4\JIKH 787 7.63+0.55 0.04 0,0,0,0,0,0
C40[12] : § 562 6.35+0.51 0.01 0,0,0,0,0,0
FOI(L/C( ® \‘O
s
C41[22] @(2 6.10 6.12+0.20 0.02 0,0,0,0,0,0
C42[33) E Em 1.83 4.14+1.63 0.05 0,0,0,0,1,1
C43[21] :\<’ | 543  4.93+0.54 0.04 0,0,0,0,0,1
a N\
/,// O\/’
C44[19] 6.04 5.9840.66 0.01 0,0,1,0,0,0
C45[34] -Q 6.14 5.4340.71 0.00 0,0,0,0,0,0

(J

\\\\1
¥R
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Molecule Structure PCE QSPR h; ADAN
W
W s
C46(34] H ) 6.49 7.00£0.51 0.08 0,0,0,0,0,0
oas %
)
C47(1] 0.90 0.49+£0.99 0.13 0,0,0,1,0,0
C48[1] 0.90 1.67£1.49 0.10 0,0,0,0,0,0
C49[11] 4.66 4.77+0.40 0.02 0,0,0,0,0,0
C50[11] 5.19 4.81£0.46 0.01 0,0,0,0,0,0
C51[40] 6.00 4.89£0.99 0.02 0,0,0,0,0,0
C52(39] 5.16 4.08+£0.93 0.01 0,0,0,0,0,0
C53(39] 3.26  3.54£0.62 0.02 0,0,0,0,0,0
C54[38] 7.50 7.40£0.93 0.07 0,0,0,0,0,0
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Molecule Structure PCE QSPR h; ADAN
C55(25] 7.00 7.65£0.91 0.19 1,0,0,0,0,0
C56[15] 5.02 5.67£0.55 0.02 0,0,0,0,0,0
C57(23] 5.44  5.16£0.32 0.01 0,0,0,0,0,0
C58(23] 6.80 6.94£0.33 0.06 0,0,0,0,0,0
C59[20] 490 4.3241.17 0.26 1,0,1,0,0,0
T01[37] 5.60 4.40£0.46 0.05 0,0,0,0,0,0
T02[21] 6.02 5.75+£0.44 0.05 0,0,0,0,0,0
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Molecule Structurf: PCE QSPR h; ADAN
T03[1] 0.80 1.68£0.95 0.09 0,0,0,0,0,0
T04[39] 4.56  3.80£0.64 0.03 0,0,0,0,0,0
T05[26] 0.60 0.97£0.56 0.10 0,0,0,0,0,0
T06[16] 6.85 6.27£0.80 0.05 0,0,0,0,0,0
TO7(8] 6.70  5.94+0.48 0.08 0,0,0,0,0,0
TO8[17] 5.73  5.50£0.38 0.01 0,0,0,0,0,0
T09([37] 4.80 3.684+0.77 0.05 0,0,0,0,0,0
T10[19] 7.30 6.63£0.45 0.02 0,0,0,0,0,0

Continued on next page
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Molecule Structure PCE QSPR h; ADAN

T11[2] )\'\/@L/@/(j)\( 3.56 4.2840.46 0.03 0,0,0,0,0,0
| Q»»g

T12[3] & b 7.38  7.47+045 0.04 0,0,0,0,0,0

T13[26] \;3 1.90  2.06£0.64 0.04 0,0,0,0,0,0

\

T14[35] ) 248 4.29+0.43 0.00 0,0,0,0,0,0

T15[18] : 512 5154043 0.01 0,0,0,0,0,0
\/\/\/\/\Q‘_

T16[20] )\'\/er/“fl;( 3.91  4.0140.35 0.03 0,0,0,0,0,0

T17[13] E~ 8.08 7.37+0.41 0.04 0,0,0,0,0,0

11
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Molecule Structure PCE QSPR h; ADAN
T18[34 { 8( 7.13  5.8240.33 0.00 0,0,0,0,0,0
[ ] \/\/\/ O N\‘\k A S A
P
T19[17] A OO 6.32  6.3240.40 0.02 0,0,0,0,0,0
T20[31] %j C Q 4.40  4.4040.96 0.03 0,0,0,0,0,0
T21[16] - N _ 553  5.5240.44 0.02 0,0,0,0,0,0
\Y / N
N ; _’\(_(:r
T22[7] : Cﬁp 6.80 6.2140.49 0.04 0,0,0,0,0,0
Iﬂth
7\ /_/_/
T23[23] e 6.37 6.1240.35 0.01 0,0,0,0,0,0
T24[14] “ 512 4.56+0.32 0.01 0,0,0,0,0,0

12
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Molecule Structure PCE QSPR h; ADAN
T25[27] g A v 6.80 6.06+£0.47 0.01 0,0,0,0,0,0
T26[26] 1.30 1.85+0.52 0.10 0,0,0,0,0,0
~ A 3
Q- LK
)
T27[17] %{Q)@/ 479  5.174+0.46 0.02 0,0,0,0,0,0
g*ﬂw
|
T28[24] \’ng L 7.44  5.32+0.52 0.04 0,0,0,0,0,0
T29[35] 441 5.35+0.52 0.00 0,0,0,0,0,0
T30[12] ; N 8.07 6.884+0.40 0.02 0,0,0,0,0,0
N( N
T31[17] S () j@\)ﬁ( 5.23  5.874+0.53 0.03 0,0,0,0,0,0
?_Q O
T32[4] ' 6.29 6.03+0.31 0.03 0,0,0,0,0,0

13
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Molecule Structure PCE QSPR h; ADAN
& >

T33(31] GO 6.02 5.56+0.38 0.03 0,0,0,0,0,0
0T

T34[27] ] z 5.60 4.9840.36 0.01 0,0,0,0,0,0
\

T35[17] %@Q 453 5444043 0.04 0,0,0,0,0,0
o .

T36[21] //4 9 5.36  5.66+£0.46 0.07 0,0,0,0,0,0
A

T37[12] @—h&\ 798  5.66+£0.37 0.00 0,0,0,0,0,0
o

T38[28] g \\\ 539 6.08+0.34 0.04 0,0,0,0,0,0

T39[23] %Q 3.94  6.40+051 0.04 0,0,1,0,0,0

Q

’ s

14
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Molecule Structure PCE QSPR h; ADAN
T40[9] 3.60 3.44£0.54 0.02 0,0,1,0,0,0
T41([32] 2.10  3.90£0.59 0.03 0,0,0,0,0,1
T42[15] 3.54 4.83£0.35 0.01 0,0,0,0,0,1
T43(38] 6.40 6.14£0.86 0.03 0,0,1,0,0,0
T44[12] 224 5.27£0.38 0.01 0,0,0,0,0,1
T45[18] 6.82 3.86£0.69 0.02 0,0,1,0,0,0
T46(37] 5.22  4.20£0.55 0.03 0,0,1,0,0,0

15
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Molecule Structure PCE QSPR h; ADAN
T47(27] X ? 1.30  0.87+0.66 0.08 0,0,0,1,0,0
A
o S
T48[14] W, ~2 6.13 5.264+0.44 0.02 0,0,0,0,0,1
T49[10] ”HD_\_ 4.07 4.2540.36 0.02 0,0,0,0,0,1
0\_\0_
T50[15] ; ))) HI 4.39  5.41+40.41 0.02 0,0,0,0,0,1
T51[28] f_@_\\_®_>—< 4.80 4.61+0.40 0.03 0,0,0,0,0,1
T52[26] SO LY 0.40 2.67+£0.61 0.07 0,0,1,0,0,0
T53[14] _\_\ﬂm 443  4.4940.37 0.02 0,0,0,0,0,1
T54[1] UW{Q 0.50 1.90+£1.09 0.09 0,0,1,0,0,0

16
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Molecule Structure PCE QSPR h; ADAN
T55(3] YL”C(D 6.44 7.26+£0.74 0.11 1,0,1,0,0,0
T56|6 N E 540 4.49£0.59 0.01 0,0,1,0,0,1
. 2 j\
O -
T57[30] S | 6.72 4.22+0.41 0.03 0,0,0,0,1,1
\
N O\/IO
T58[10] Hom :() 3.88 4.12+0.60 0.04 0,0,0,0,1,1

OH




Table S2: The compatibility matrix for attachment point classes. Each fragment is a small molecule
with explicitly modeled attachment points (AP). Each AP is further annotated with a “class” (R#)
that contains additional information in the form of dummy atoms used for the identification of com-
patible bond types. In addition to the 16 classes derived from BRICS cleavage rules, the class "me”

18 used to refer to the methyl group.

Definition

C (carbonyl from amides/esters)
N (amide)

O (ether/ester)

C (alkyl from amines/(thio)ethers)

N (amine)

C (carbonyl from acylated rings)

C (olefin)

C (alkyl from ring substitutions)

(aromatic)

(lactame)

(sulfur from thioethers/sulfoxides)

(sulfone from sulfonamides)

A QAn®ZE

aliphatic ring C, not next to N/O/S)
¢ (aromatic ring ¢, not next to N/O/S)

(Cactivated’ aliphatic ring C, next to N/O/S)
(Cactivated’ aromatic ring c, next to N/O/S)
C(

18

Class

R1
R2
R3
R4
R5
R6
R7
R8
R9
R10
R11
R12
R13
R14
R15
R16

Compatible Class
R2,R3,R10
R12,R14,R16
R4,R13,R15,R16,me
R5,R11

R13,R15me
R13,R14,R15,R16,me
R7
R9,R10,R13,R14,R15,R16
R13,R14,R15,R16,me
R13,R14,R15,R16,me
R13,R14,R15,R16,me
me

R13,R14,R15,R16
R14,R15,R16
R15,R16

R16



Figure F1: The phenothiazine scaffold to which different fragments are attached as dictated by the

compatibility rules.
?5 Ri6
Rie N
N
\@ m |
Rie6 R

5

Figure F2: A subset of the fragments obtained by applying the BRICS rules to existing dyes. The
R# correspond to the class of the attachment point. Connecting two fragments with compatible
attachment points requires the addition of a single bond (only class R7 has a double bond) between
the participating atoms of the respective fragments.

R7

~r L.

HO
o) Rie Rie6 0
Ry R |
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