Electronic Supplementary Material (ESI) for Physical Chemistry Chemical Physics.
This journal is © the Owner Societies 2015

Can silicon substituted metal—free organic dyes
achieve better efficiency compared to non-silicon

organic dyes? A computational study

Abul Kalam Biswas ' 1, Amitava Das?* and Bishwajit Ganguly! 1*

I Computation and Simulation Unit (Analytical Discipline and Centralized Instrument
Facility), CSIR—Central Salt and Marine Chemicals Research Institute, Bhavnagar—364002,
India.

1 Academy of Scientific and Innovative Research, CSIR—Central Salt and Marine Chemicals
Research Institute, Bhavnagar, Gujarat—-364002, India.

2 Academy of Scientific and Innovative Research, CSIR—National Chemical Laboratory,
Pune—411008, India.

*Email:— ganguly@csmcri.org (BG), Fax: 00-91-278-2567562,

Email:— a.das@ncl.res.in (AD), Fax: 00-91-20-25902629

Supporting Information:


mailto:ganguly@csmcri.org
mailto:a.das@ncl.res.in

Dye 5 Dye 6 Dye 7 Dye 8

E=-2201.69816 a.u. E=-2453.04786 a.u. E=-2094.18825 au. E=-2345.53798 a.u.

Dye 9 Dye 10 Dye 11 Dye 12

E=-2356.93733 a.u.  E=-2608.28040 a.u. E=-2249.42742 an.  E=-2500.77049 a.u.



Dye 13 Dye 14 Dye 15 Dye 16
E=-1928.90406 au.  E=-2180.26975 a.u. E=-1821.39405au. E=-2072.75978 a.u.

Figure S1: Most stable optimized structures of the dyes 5-16 and their corresponding
electronic energies.
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Dye 5/ Dye 6/ Dye 7/ Dye 8/

E=-2201.69793 au. E=-2453.04751 au. E=-2094.18241 a.u. E=-2345.53198 a.u.
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Dye 9/ Dye 10/ Dye 11/ Dye 12/
E=-2356.93709 au.  E=-2608.28009 a.u. E=-2249.42162au. E=-2500.76452 a.t



Dye 13/ Dye 14/ Dye 15/ Dye 16/

E=-1928.90377 a.u. E=-2180.26937 a.u. E=-1821.38815a.u. E=-2072.75375 a.u.

Figure S2: Optimized structures of the least stable dyes 5-16 and their corresponding
electronic energies.

Table S1. Calculated maximum absorption wavelength (A;.x/nm) of the designed systems at

M06-2X/6-31+G* level of theory.

Dyes Amayx (NM)
5 428
6 481
7 488
8 527
9 423
10 455
11 485
12 503
13 413
14 431
15 473
16 481
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Figure S3: Calculated energy levels of HOMO and LUMO for dyes 9-12.

1 7* . _
A x
gk
%.
~— 44 481 4.07 4.54 3.81
5
)
= o5l
23]
5 Y s
Y. s
el
Dye 13 Dye 14 Dye 15 Dye 16

Figure S4: Calculated energy levels of HOMO and LUMO for dyes 13-16.
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Figure SS. Illustration of frontier molecule orbitals of dyes 5-16.
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Phenyl containing dye 5 Phenyl containing dye 8
Figure S7. Phenyl containing dyes 5 and 8.

Table S2. Comparison the electronic properties results of -Bu containing dyes 5 and 8.

DyeS >"max (nm) LHE A(;injection (GV) AGreg (eV) MUnormat (Debye)
5 418 0.979 -1.74 -0.65 12.11
8 501 0.987 -1.81 -0.09 13.99




8-CN...I,

5-CN...I, 6-CN...I, 7-CN...I,

Figure S8. Optimized molecular structure of dye..I, complexes at M06-2X/6-31G*
(LANL2DZ basis set for I atom) level of theory.

o
i e ?
k 2 ?? .‘ ; ‘I - ,f“ ,. ‘
o se . /,.4‘ * ),,é ol
./. A , ./' <o N ./. o . ‘,ﬁ. e
N\ ¥ e o, P $-
° L ° P P ” ¥ o ¢. )
Q/ : ® Mg’ e i/l ‘
@ /. e ad / f - ) e . d} 4
SR SR S %5, ey
9/'-_/, %'-/J 9.&/3“./-J ‘s '/“’
f °



3 J /. ; . 1 7 b4 -9
N . o ® /,*
"f"‘,,. &’ " -f. e : )
s i Py * e
} i 5 ry ; ) " | ! > ° .
» w/’_, J/. /Q*}J -
% /‘ 4 2 ‘ 2
C '/ ° .,;:. ’,,a , o ‘. ‘.‘4,4
o . 7 P 3 ‘ 2 ,. > 2
* . /‘.,. Y * .,;,3’. ‘“ .a/. P g J“JJ & ° - ’-./""
/ 2 9 Vi N o 22 | / 29
N P P R S
4 & @ 4 -
/. . /' & P 9 7
° e = [ S > e . o
o o e’
" / e e « 4 % & : ° o |
<2 \\\‘ ./ 2 ‘)) \\\ ’/7' @ e, .,/ ¥ .\ .///. 2
° o, e o . i S b
.0//.‘ 0 .O/‘ 'CP/) 0‘_'/9, di)O"("
w’ o o ./) ° &
Dye 13 Dye 14 Dye 15 Dye 16

Figure S9: Optimized molecular structure of dye..I, complexes at M06-2X/6-31G*

(LANL2DZ basis set for I atom) level of theory.
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Dye 5@TiO, Dye 6@TiO, Dye 7T@TiO, Dye 8@TiO,
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Dye 9@TiO, Dye 10@TiO, Dye 11@TiO, Dye 12@TiO,



Dye 13@TiO, Dye 14@TiO, Dye 15@TiO, Dye 16@TiO,

Figure S10: Optimized structures of the dyes 5-16@TiO,.



