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Abstract

In this study, theoretically designed D-n-A derivatives containing different t-subunits as linkers
were investigated to enlighten their potential applicability in photovoltaic applications. For this
aim, we first focused on clarifying the effect of tailored n-linker scaffolds on the frontier orbital
energies of the investigated photosensitizers. In the concomitant step, global descriptors, TiO2
adsorption, maximum absorbance wavelength, light-harvesting efficiency (LHE), energy
conversion efficiency (1), short circuit current density (Jsc), open circuit photovoltage (Voc),
fill factor (FF), and reorganization energy (e, An, A1) values, electron density differentiation
maps (EDDM)), transition density matrices (TDM), fragmental contributions on electron-hole
overlap were investigated in detail. Based on the trend of the calculated properties, 2,3-
dimethylthieno[3,4-b]pyrazine (D-£3-0,-A; n=1-3) and 5-isobutyl-10,11-dimethyl-10,11-
dihydro-5H-pyrrolo[3,4-e]thieno[2',3":4,5]pyrrolo[3,2-g]thieno[3,2-b]indole (D-Es-0n-A; n=1-
3) bearing molecules were identified as the best-suited and improved dye candidates for DSSC
applications. Following the prediction of photovoltaic properties for the pristine dye molecules,
our consecutive efforts have contributed to a similar calculation protocol comprising DFT and
subsequent TD-DFT computations for the D-€,-0,-A@TisO10 clusters to elucidate the
interaction of the investigated photosensitizers with the semiconductor layer (T102).

Keywords: bis-N,N-dimethylaniline, Thienothiophene; Dithienothiophene, D-n-A, DSSC;
DFT, TD-DFT.



1. Introduction

Massive usage of fossil fuels as an energy source has increased the accumulation of carbon
dioxide in the atmosphere leading to energy and environmental crisis in human civilization [1-
3]. Therefore, creating clean solar energy has become a common goal of humanity to deal with
increasingly severe global climate change and energy shortages [4,5]. Since the publication of
the development of a p-n junction silicon-based photovoltaic device in 1954, significant
breakthroughs have been made in the science and technology of these precious materials [6—8].
In 1991, a low-cost and environmentally friendly dye-sensitized solar cell was developed by
Gritzel and O'Regan as an alternative to silicon-based solar cells [9]. These novel metal-free
organic dye-sensitized solar cells are sought-after compounds for their comparable power
conversion effect to conventional ruthenium cells and their requirement for economical raw
materials [10,11]. The structural configuration of the donor-z-bridge-acceptor (D-z-A) with an
electron donor group (D), an electron-rich bridge () system, and an electron acceptor (A) (or
anchoring) fragment has generally been embraced by the frequently investigated organic
photosensitizers, displaying various benefits over conventional ruthenium dyes in terms of
significant molar extinction coefficients, low cost of development, and remarkable diversity

[12,13].

Concisely, a representative DSSC device is composed of several parts: the photo-anode
(fluorine-doped tin-oxide, FTO or indium-doped tin-oxide, ITO), redox couple electrolyte
solution (typically I/I3” ion pair) in which oxidized dye is regenerated in the electrolyte,
sensitizer layer (consisted of organic or inorganic photosensitizers) and the counter electrode
(typically, Pt- or C-coated indium-tin-oxide or fluorine tin-oxide-coated glass/PET) [14]. The
sensitizer layer is essential for light harvesting via electron excitation and subsequent injection
of an electron into the semiconductor layer's conduction band. The semiconductor must be
transparent to allow light to enter the dye sensitizers to affect light harvesting. The network
must have an enormous surface area to absorb adequate dye molecules [15-19]. To be more
authentic, a DSSC is constructed from a thin layer of organic or inorganic dye molecule
anchored to a thin layer of TiO, semiconductor [20]. After the absorption of sunlight, the
photosensitizer adsorbed on the TiO; surface absorbs photons and gets excited. Energy is
propagated when an electron released from the valence band of the dye molecule is quickly
inserted into the conduction band of the TiO,. The dye molecule gains electrons from the

electrolyte solution (I/I3"). The electron injection process from the dye molecules to the



semiconductor layer creates a highly rapid interfacial electron transfer operation [5,21-24]. It
is a well-known fact that to obtain a prosperous state of separation of charge and injection of
an electron from dye to the conduction band of the semiconductor, the highest occupied
molecular orbitals (HOMOs) should primarily locate on the part of the donor while the lowest
unoccupied molecular orbitals (LUMOs) are on the acceptor (or preferably anchoring) subunit.
The electron transfer occurs between the HOMO and LUMO of dyes and the conduction band
of TiO7 [18,25,26].

This protocol has two critical proposals for producing an ultrafast interfacial electron transfer
and an efficient photovoltaic response. First of all, the photosensitizer's LUMO energy should
be higher than the conduction band of the TiO» semiconductor (-4.04 vs. in vacuum) [27].
Furthermore, the HOMO energy of the photosensitizer should lie below the oxidation/reduction
potential of the /I3 (-4.85 eV vs. in vacuum) ion pair [28]. The dye molecule is regenerated
quicker in these two primary phases, which prevents the expelled electrons from recombining
back into the photosensitizers [29-31]. In recent years, studies on the theoretical characteristics
of these innovative photosensitizers to construct a practical model of empirically manufactured
DSSCs have grown in popularity [32,33]. These results indicate that an intramolecular charge
transfer (ICT) from the donor fragment to the acceptor fragment occurred after the dyes were
photoexcited, which creates the required electron-hole separation for retro-injection of an
electron into the conduction band of the studied semiconductor. The ICT process usually occurs
in the photoexcited state, where a molecule achieves this when it absorbs light of the required
wavelength. As aresult, organic dyes may be improved by their adjustable redox and absorption
characteristics, allowing for a rational and planned chemical enhancement and the ability to
customize the structural properties of the donor, spacer, and acceptor units [34-36]. Extending
the n-bridge by adding extra electron-donating or electron-withdrawing groups (EDG and
EWG, respectively) is the most extensively used and approved approach for widening the light

absorption wavelength range of specified organic dye molecules [37—41].

In this theoretical study, we focused on twenty newly created photosensitizers to highlight the
link between photoelectric characteristics and molecular structures based on the model dye
validated by Patil et al., in which they manifested the DSSC performance is directly correlated
to the fyp and y values of the sensitizers. They demonstrated that the most efficient
photosensitizer among the four candidate dye molecules is the compound with a bis-

dimethylaniline donor unit connected to the thiophene as a m-bridge, which we used as the
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model dye (D-61-A) [42]. In this context, we have mainly separated our dye molecules into
three series, each of which contains thiophene (81), thieno[3,2-b]thiophene (82), or dithieno[3,2-
b:2',3'-d]thiophene (33) functional groups, tied to the benzo[c][1,2,5]thiadiazole (€1), 5S-methyl-
4H-thieno|[3,4-c]pyrrole-4,6(5H)-dione (&2), 2,3-dimethylthieno[3,4-b]pyrazine (&3), 3a,6a-
dihydrothiazolo[5,4-d]thiazole  (€4), 2-isobutyl-2H-dithieno[3',2":3,4;2",3":5,6]benzo[1,2-
d][1,2,3]triazole (€s) or 5-isobutyl-10,11-dimethyl-10,11-dihydro-5H-pyrrolo[3,4-
e]thieno[2',3":4,5]pyrrolo[3,2-g]thieno[3,2-b]indole (E¢) fragments (Figure 1).
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Figure 1. Structure of the model dye and the chemical scheme of the investigated D-m-A
photosensitizers.

2. Computational Details

All reported quantum chemical calculations were carried out using density functional theory
(DFT) and time-dependent density functional theory (TD-DFT) by Gaussian 09 [43]. To this
aim, investigated photosensitizers were constructed by GaussView (v5.0.8) software [44], and
their initial geometries were predicted with a potential energy surface (PES) scan utilizing the
PM6 method. In the subsequent step, our objective was to identify the most suitable
computational method and basis set for the model dye (D-3i1-A) by considering its
experimentally determined UV-vis absorption data. To achieve this, we evaluated a range of
well-established density functional theory (DFT) methods, including B3LYP, CAM-B3LYP,
LC-wPBE, M0O6L, M06-2X, and PBEPBE, in conjunction with the 6-31G(d,p) basis set (Table
1). These functionals were specifically chosen due to their proven performance in accurately
predicting electronic and optical properties of various molecular systems, particularly those
relevant to photovoltaic applications. Each of the selected functionals possesses distinct

characteristics that influence their accuracy in predicting the properties of interest. For instance,
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B3LYP is a widely used hybrid functional that often provides reliable results for diverse
molecular systems [45], while CAM-B3LYP is a range-separated hybrid functional specifically
designed to improve the description of long-range electron correlation effects [46]. On the other
hand, LC-wPBE 1is a long-range corrected functional that aims to provide an accurate
description of charge-transfer excitations [47]. MO6L is a local functional, M06-2X is a hybrid
functional, and PBEPBE is a generalized gradient approximation functional, all of which are
members of the Minnesota family of functionals and have demonstrated good performance for

a broad range of chemical systems [48—50].

In our study, B3LYP, CAM-B3LYP, MO6L, and PBEPBE functionals were found to
overestimate the absorption energy, while LC-wPBE underestimated it. Despite these
discrepancies, a remarkable agreement was observed between the experimental and theoretical
absorption wavelengths when utilizing the M06-2X/6-31G(d,p) method. This functional has
been widely acknowledged for its superior performance in predicting charge transfer excitations
and optical properties, primarily due to its balanced treatment of both short- and long-range
electron correlation effects [51,52]. By adopting the M06-2X/6-31G(d,p) method, we were able
to achieve a comprehensive understanding of the electronic structure and optical properties of
the investigated D-n-A derivatives, ultimately facilitating the identification of promising

candidates for photovoltaic applications.

Table 1. TD-DFT calculation methods applied to the model dye (D-61-A)

Donor unit

Structure of the model dye (experimental Amax: 469 nm) [42]

. Calculated AAmax
Computational method Aomax (1) (Calc.-Exp.|(nm)

B3LYP /6-31G(d,p) 605 136
CAM-B3LYP /6-31G(d,p) 526 57
LC-wPBE / 6-31G(d,p) 390 79
MO6L / 6-31G(d,p) 622 153
M06-2X / 6-31G(d,p) 481 12

PBEPBE / 6-31G(d,p) 681 212



From these initial outputs, the ground-state geometries of target molecules were predicted in
vacuo with no symmetry constraints at density functional theory (DFT) with M06-2X level of
theory and 6-31g(d,p) as the basis set [53]. After this stage, the local minima were verified, and
required vibrational frequency calculations were executed to identify the convergence to a real
minimum. Consequently, the absence of imaginary values demonstrated that the geometry
optimization processes were completed successfully. As previously indicated, the optimization
and frequency calculations were initially carried out in the gas phase. To reveal the solvent
effect based on these parameters, self-consistent reaction field theory was also integrated using
the conductor-like polarizable continuum model (CPCM) by using the dielectric constant value
of ethyl alcohol (€=24.55). The solvent was selected to be consistent with the experimental
conditions applied to determine the model dye's (D-81-A) UV-vis spectra. The investigations
mentioned above were also applied to the photosensitizer@TisO1o clusters utilizing the same

computational approach.

The localized-orbital locator (LOL) plots of the twenty studied photosensitizers were visualized
by using Multiwfn (v.3.8) software [54] and depicted with their corresponding optimized
geometries in the electronic supplementary information (ESIj; Table S1). Accordingly, the
resultant Cartesian coordinates of the photosensitizers and dye@TisO10 complexes are also
provided in Table SC1-28. Subsequently, the highest occupied molecular orbital (€xomo) and
lowest unoccupied molecular orbital (ELumo) energies, as well as associated bandgap (€gap)
energies, were predicted. Additionally, Koopmans' theorem was used to evaluate a variety of
global descriptors, specifically, ionization potential (I), electron affinity (A), hardness (1),
hyper-hardness (I'), chemical potential (p), electronegativity (), electrophilicity (), electron-
accepting power (o"), and electron-donating power (). The determination of the ionization
potential (IP) and electron affinity (EA) values in this study was also achieved through the
delta-self-consistent field (delta-SCF) calculations [55], and the requisite single-point energy
calculations for both the cationic and anionic species of the studied molecules were carried out
using the same computational methodology and basis set. Furthermore, the optimized
geometries were also calculated for the various charged states (anionic, cationic) to calculate
the corresponding reorganization energies (Ae, An, AT) to enlighten the hole and electron
transport [56]. As indicated before, the present study aimed to elucidate the underlying patterns
of the relative efficiencies of the investigated compounds as dyes in dye-sensitized solar cells
(DSSCs). To achieve this goal, a thorough analysis of the electron and hole contributions, as

well as electron-hole overlaps, was performed for each respective atom and fragment within
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the molecule. The electron density on the anchoring segments was specifically focused on.
Transition density matrices (TDM) were utilized to investigate the extent of charge transfer
(CT) during excitations by providing information about the departure of each electron from its
corresponding hole. In this regard, the charge separation distance (Ar) between the electron and
its corresponding hole, as well as the degree of electron-hole overlap (A), were examined [56]
by using Multiwfn (v.3.8). In the following subsection, the first six vertical excitations were
calculated using the time-dependent DFT (TD-DFT) method. The solvent effect was added at
the CPCM/TD-M06-2X/6-31G(d,p) stage, similar to the geometry optimization studies. We
have also focused on interpreting the properties of the electronic absorption of the investigated
photosensitizers. Consequently, we have predicted the light-harvesting efficiency (LHE), the
maximum wavelength of absorbance (Amax), oscillator strength (f), the lifetime of the excited
state (T), the oxidation potential of the excited dye (&'4e), the driving force (AG™) of the
electron injection, reorganization energy (AG™*") and open-circuit potential (Vo). In addition,
we have established the electron density differentiation maps (EDDMs) to comprehend the
impact of n-bridge scaffolds on the photovoltaic efficiency of the photosensitizer. GaussSum
(v3.0) software [57] was utilized to calculate the partial contributions of subunits on the frontier
molecular orbitals and develop their EDDM maps, which included the UV-vis absorption
values and the accompanying transition characteristics. According to the studies mentioned
above, we identified the best candidate photosensitizer from each &,-0, fragment. The
photovoltaic outputs of these photosensitizers were then investigated using simulations of their
dye@Tis010 clusters using corresponding DFT and TD-DFT calculations, which mimic the

semiconductor layer in contact with the dye layer that has been adsorbed.

3. Results and Discussion
3.1. Structural Properties

The conjugated degree of the investigated sensitizers is a common geometrical component that
substantially impacts charge transport efficiency [58]. To characterize n-linkers and enhance
the harvesting range of the dye molecules, we have maintained the same donor (bis-
dimethylaniline) and the acceptor (cyanoacrylic acid) units, and the bond lengths, bond angles,
and dihedral angle values between these different components were theoretically studied. The
systematic quantification of photosensitizers, including the measurements of carbon-carbon
bonds (di-3) between two neighboring motifs, as well as their bond angle and dihedral angle

values, are shown in the ESI§ (Table S2). It is general knowledge that the above-mentioned
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structural findings have a considerable impact on the photophysical characteristics of the
candidate sensitizers. It is also crucial to state that m-m dye aggregation is a phenomenon
resulting in the quenching of molecular excited states and unfavorable back electron transfer,
which has a significant impact on electron injection efficiency and, as a result, reduces device
efficiency [59]. In this scope, the calculated dihedral angle values demonstrate that a twisted
structure is observed due to the steric effect between the donor and n-bridge fragments. Thus,
the designated candidate sensitizers have a considerable potential to eliminate the above-
mentioned undesirable n-n dye aggregation. On the other hand, the values of bond length (di-3)
between two adjacent fragments are determined as 1.54 A (std. C-C single bond length) > d.
> 1.34 A (std. C=C double bond length), which stands for the bonds that are moderately
conjugated throughout the structure. In this regard, the presented localized-orbital locator (LOL,
1n(r)) plots (Table S1) achieve high values (>0.5) in subunits where the electron density is
dominated by electron localization, revealing the fragments of molecular space where the
probability of finding an electron pair is significant. The overall findings demonstrate that the
geometry of each of the target molecules is suitable for the process of charge transfer from the

donor to the anchoring group.

3.2. Global Reactivity Descriptors (GRD)

In this study, several global reactivity descriptors (GRDs) that are mainly based on Koopmans'
theorem have been evaluated. To this aim, frontier molecular orbitals (FMOs), ionization
potential (I), electron affinity (A), reorganization energies (Ae, An, A1), hardness (n), hyper-
hardness (I'), chemical potential (n), electronegativity (), electrophilicity (®), electron-
accepting power (®'), and electron-donating power (w’) were calculated to propose the
interrelationship between the photovoltaic efficiency and investigated candidate
photosensitizers. In addition, the I and A values derived using the delta-SCF method are also
provided for comparison. In order to achieve clarity, we have included the calculations for
various global reactivity descriptors in the ESI, and as such, Table S4 showcases the resultant

data obtained from these calculations.
3.2.1. Frontier Molecular Orbitals (FMOs)

Investigation of frontier molecular orbitals (FMOs) is pivotal to determining the reactivity
pattern of a compound, including its optical and electrical properties. Furthermore, the capacity
to donate and accept an electron is also described by the HOMO and LUMO characteristics,

respectively. The difference between the LUMO and HOMO energies is defined as bandgap
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energy (E€gap=€Lumo-Enomo), and the gathered Enomo, €Lumo, and Egap values are visualized in
Figure 2. It is particularly significant to underline that smaller bandgap energy is favorable for
DSSCs, and it has several benefits in terms of boosting light-harvesting efficiency. The €gap of
dyes is essential for broadening the absorption range of the dyes, which improves their
photocurrent performance. Furthermore, the chemical and optical polarizability of a compound
is determined by the €gp energy. Simultaneously, a low €gp value helps generate excitations

and improves photoexcitation performance [60,61].
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Figure 2. Computed HOMO, LUMO, and bandgap energies of the D-n-A photosensitizers
[M06-2X/6-31G(d,p) solvent model: CPCM, Eethanol = 24.55].

The operating concept of DSSCs dictates that organic dyes must have adequate energy levels
for electron injection and dye regeneration. As can be seen from the obtained data, compared
to the D-81-A model dye, the inclusion of additional m-linker subunits in the D-En-04-A
backbone has a significant impact on reducing the €Lumo energies. On the other hand, the

presence of &, units particularly increases the enomo energies of D-€3-0,-A and D-E¢-04-A dyes.
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These observations represent the destabilization of HOMO and stabilization of LUMO,
resulting in the observed decrease in the associated €gp values. Furthermore, the Enomo values
of all investigated D-E,-0n-A molecules lie sufficiently below the redox potential of /137 (-4.85
eV vs. in vacuum), indicating that oxidized dye could be restored by getting electrons from the
electrolyte. On a comparable basis, the ELumo values of all the photosensitizers are calculated
above the conduction band energy level of TiO> (-4.04 vs. in vacuum). Hence, electrons can be

injected from the semiconductor layer into the dye.

A representative diagram for the energy levels of HOMO-4 to LUMO+4 orbitals of all studied
photosensitizers is provided in Figure S1, in comparison with the redox potential of the ITO,
TiO2, and I'/I3” ion pairs. Due to the fact that the driving force for dye regeneration can influence
the back electron transfer kinetics between the injected electrons in the conduction band with
the oxidized dye and I7/137, it is essential to have an optimal driving force for dye regeneration
to ensure the efficient operation of DSSC. In general, the narrower the bandgap, the more it
impacts and facilitates electron transport from HOMO to LUMO by absorbing light energy of
a relevant wavelength. Our findings demonstrate lower €gap values for D-E3-0n-A and D-E6-0n-

A series than other investigated systems.

The representative contour plots of molecular orbitals for D-61-A (model dye), D-E3-06,-A, and
D-&6-0n-A are then depicted in Figure 3 (other contour plots are provided in Table S5 for the
sake of clarity). To achieve an effective charge-separated state by photo-absorption, the HOMO
should be localized on the donor moiety and the LUMO on the anchoring group moiety. It could
be seen that in the case of model dye, HOMO's electron density is spread entirely over the
molecule, howbeit for the tailored D-E¢-061-A molecules, HOMO orbitals are mainly localized
on donor and zn-linker parts. On this basis, when LUMO orbitals are investigated, the electron
density lies on the d-linker and is primarily localized on the anchoring (cyanoacrylic acid) unit,
as expected. These observations reveal that the electron separation between the HOMO and
LUMO orbitals is favorable for intramolecular charge transfer (ICT) transitions in target

photosensitizers.

Furthermore, in order to explore the interfacial electronic properties and the band edge shift,
the density of states (DOS) and projected density of states (PDOS) curves of the
photosensitizers were generated using a Gaussian function with a standard deviation (s = 0.50

eV), as described in Table S9.
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3.2.2. Ionization potential (I), electron affinity (A), reorganization energies (Ae, An, A1)

lonization potential (I) and electron affinity (A): The fundamental parameters for determining
the analyzed systems' relative electron injection and hole generation kinetics are dependent on
the I and A values. Generally, dyes with exceptional DSSC performance should have superior
charge transfer and injection capacity. On this basis, the formation of holes is much more
supported in the presence of lower values of I, and the emission of electrons from the excited
dye molecules to the conduction band of semiconductors occurs faster if the A values are higher.
In this study, we applied two divergent methods (vertical excitations using the geometry of the
neutral molecules or adiabatic excitations by using the optimized structure for both the charged
and neutral molecules) to determine the investigated dye molecules' corresponding I and A
values. Firstly, according to Koopmans' theorem, these parameters are preceded by taking the
negative values of the HOMO (I=-enomo) and LUMO (A=-eLumo) energies. Accordingly, the
calculated first vertical ionization potential and electron affinity values are provided in Table
S6. As an alternative methodology, the energy barrier for hole and electron injection, which is
described by the I and, A, were calculated using the following equations (Equation 1), also

known as the delta-SCF method using the adiabatic excitations:
1 = &cation — Eneutral A = Eneutral ~Eanion Equation 1

where €carion, €anion, and €neurral represent the charged (cationic-anionic) and neutral states' SCF
energies of the optimized photosensitizers, respectively. The corresponding ionization potential

and electron affinity values are also compatibly tabulated in Table S6.

It should be emphasized that a similar ascending/descending trend of ionization
potential/electron affinity values was observed in both of the calculation methods. To be clearer,
the ionization potential of D-61-A was found to be 5.267 (6.083-Koopman) eV, whereas
especially for the D-€3-0,-A and D-E¢-0n-A systems, ionization potential values were found
lower than the model dye. This output indicates that the hole generation should be easier for
2,3-dimethylthieno[3,4-b]pyrazine (£3) and especially 5-isobutyl-10,11-dimethyl-10,11-
dihydro-5H-pyrrolo[3,4-e]thieno[2',3":4,5]pyrrolo[3,2-g]thieno[3,2-b]indole (€s) bearing dye
molecules. On the other hand, the electron affinity value of D-61-A was detected as 2.794
(1.918-Koopman) eV. The overall assessment revealed that the tailored dye molecules' electron
affinity values were all higher than the D-8:-A system, which makes them more suitable for

quicker emission of electrons.

13



In order to achieve a qualitative description of the electron-accepting and electron-donating
capabilities of the investigated molecules, a full-electron donor-acceptor map (FEDAM) was
also prepared (Figure 4). According to obtained data, D-£3-0,-A and D-E6-0,-A systems are
found to be positioned in quadrant IV (in the good acceptor-good donor region) (except D-Es-
01-A which belongs to quadrant III howbeit, it is very close to the quadrant IV). Therefore, it
could be concluded that these designated photosensitizers have low I and high A values.
Moreover, the findings were found consistent with the frontier orbitals' energy trends and could

explain the promoted electron-acceptor and hole-creation abilities of these molecules.

Quadrant - 11 Quadrant - 1
Bad acceptor:| Bad donor Good acceptor | Bad donor
5.4
HD-,-5,A
HD-,-5,-A
D-£,-3,-A

53 D-g;-5;-A  HD-g-5,-A

o~
v V¥V pes-

Z B D-6,-A (model dye) DA Do, Deeb-A
= HD-5,-A WD-¢-5,-
= D-g.-6,-A
T 52 : HD-5;-A D-gs-6,-A A
S WD-c-5-A
ol
a Quadrant - IT1 Quadrant - IV
= Bad acceptor | Good donor Good acceptor | Good donor
.%
N 5.1
=
2 B D-¢,-5,-A

5.0

2.75 2.80 2.85 2.90 2.95 3.00 3.05 3.10

Electron affinity (A, eV)

Figure 4. Full-electron-donor-acceptor map of the investigated photosensitizers (I and A values
predicted via delta-SCF method) [M06-2X//6-31G(d,p) solvent model: CPCM, &ethanot = 24.55].

Reorganization energies (e, An, A1): The reorganization energy could influence the kinetics of

electron injection, according to Marcus' theory of electron transfer rate (Equation 2).

K = A.exp(— #} Equation 2

where A is a pre-exponential factor, A is the reorganization energy, ks is the Boltzmann constant,
and T is the absolute temperature. Because the other components in the preceding equation are

constant, the rate constant for charge transfer is mostly determined by A. Consequently, A is
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defined as a measure of the energy cost caused by the alteration of the geometry and the
surrounding medium during the charge transfer step. On this premise, A could be subdivided
into two subparts, namely external (1ex;) and internal (4i,;) reorganization energies. The Aext
indicates the influence of the solvent medium on charge transfer, while ;. is the outcome of
the structural changement between neutral and ionic (cationic/anionic) species. In order to
determine the reorganization energies, we focus solely on i of the isolated organic
photosensitizers and disregard the solvent relaxation for the ab-initio calculation to underline
the charge carrier mobility. As a result, the projected total reorganization energy (4r) should be
identified as the sum of the hole (15) and electron (A.) reorganization energies (Equation 3 and

Equation 4, respectively).
A=A + A, = [ET(dyey) — ET(dye))] + [E®(dye,) — E°(dyey)] Equation 3
Ae = A3 + A, = [E”(dyey) — E~(dye_ )] + [E°(dye_) — E°(dyey)] Equation 4

where E°(dye,) represents the energy of the neutral dye at its ground state, E*(dye,) defines
the energy of the positively or negatively charged dye molecule calculated based on the
optimized geometry of the neutral dye, E¥(dye,) is the energy of the corresponding cationic
or anionic state of dye molecules determined through the optimized geometry of cation/anion
form of the dye, and lastly, E°(dye.) is the energy of the neutral dye calculated at its cationic

or anionic state.

Accordingly, the smaller Ar values would be better for the electron injection from the excited
photosensitizers to the conduction band (CB) of the semiconductor TiO» and hence provide to
gather desirable short-circuit current density (Jsc) values. On this behalf, the calculated
reorganization energy (4., 4, A7) values for all studied molecules are provided in Figure 5. As
could be presumed from the obtained data, the dye series containing €2 and €4 subunits showed
the lowest Ar values varying between 0.643 to 0.742 eV. Interestingly, the shorter n-bridge
possessing dye molecules (D-d,-A) displayed considerably better performance (A7: 0.680-0.773
eV) when compared to the molecules with €3 and €¢ fragments (47: 0.827-0.968 eV). It should
be pointed out that smaller (and ideal) A7 values could be related to the decreased 4, values,
indicating that especially & and &4 fragmentations possessing sensitizers are having better hole

transport ability.
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Figure 5. Calculated reorganization energies (4e, An, A7) [M06-2X//6-31G(d,p)].

3.3. TD-DFT Studies
This study section aims to investigate the excited-state geometries and optical properties of our
model sensitizers, building on the previously described DFT investigations. Table S8 contains

the detailed outputs of predicted electronic transitions.

On this basis, dyes containing the €5 functional group exhibit higher absorption maxima ranging
between 574 (D-E3-02-A) — 593 nm (D-£3-61-A) when compared to the other photosensitizers.

Specifically, the model dye shows an absorption maximum of approximately 481 nm.

Based on the obtained results, the subsequent stage of the study employed the maximum
computed absorption and oscillator strength values to predict the photosensitizer properties of
the investigated dye molecules in more detail. Accordingly, several parameters were calculated,
including the light-harvesting efficiency (LHE, eV), the oxidation potential of the excited dye
(Egye» €V), the driving force of the electron injection (AG inject V), dye regeneration (AG™",
eV), excited-state lifetime (t, ns), and open circuit potential (Voe, €V), in order to gain a
comprehensive understanding of the photosensitizer properties of the dyes. The obtained results

are presented in Table 2.
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Light-harvesting efficiency 1s mathematically related to the oscillator strength (f) of dye

molecules and can be defined by Equation 5.
LHE = 1-107 Equation 5

where f is oscillator strength, as mentioned above. The LHE value of the model dye is
calculated as 0.9420 eV. In order to maximize the response of photocurrent, the LHE values of
the investigated photosensitizers must be as high as possible while ensuring the greatest short
current density (Js¢) values. Several examined photosensitizers had LHE values that were higher
than the model dye and corresponding values varying between 0.8617 (D-€1-61-A) - 0.9970
(D-E6-03-A) eV. It can be concluded that upon analyzing the computed maximum absorption
and oscillator strength values, it is observed that the &6 series exhibited higher light-harvesting
efficiency (LHE) values compared to other investigated dye molecules. The enhanced LHE of
the €6 series could be attributed to the favorable electronic structure of the anchoring unit that

promotes efficient charge transfer from the excited dye to the TiO2 semiconductor.
Charge injection (AG"™*) and dye regeneration (AG"*¢")

To elucidate the influence of the different functional groups on electron injection efficiency and
dye regeneration kinetics, Koopmans' theorem was employed to predict the charge injection
(AG™eY) and dye regeneration (AG™™) values. At first glance, the calculated ground state
oxidation potential energy, represented as €aye, was determined by the negative value of the

€nomo, and subsequently, the €;,,, was computed using Equation 6.

Eriye = dee — Amax Equation 6

The corresponding AG ™t can be described as Equation 7.

AGinect — €iye — Ecs Equation 7

Based on the computed values of €j,,, all of the investigated systems were determined to have
smaller values than the conduction band of titanium oxide (E.5=-4.04 €V vs. in vacuum), which
suggests that electron injection is energetically favorable in all cases. As indicated in Table 2,
the corresponding free energy changes (AG™®t) for each of the dye molecules were
determined to be within the range of -0.282 (D-&3-61-A) to -0.879 (D-&-03-A) eV. Hence,
within the series of investigated molecules, D-E6-83-A exhibited the lowest AG™¢¢t value,

indicating a faster electron injection rate.
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The reorganization energy (AG™#") plays a critical role in the efficiency of DSSC devices and
is defined by Equation 8 as the difference between the excited-state energy of the dye molecule

(Egye) and the redox potential of the iodide/triiodide couple (Sffﬁ‘slx ). To achieve faster electron

transfer, a lower AG™#" value is desirable. The model dye's AG™*" value was determined to be
1.233 eV. The calculated AG™*" values ranged from 0.837 (D-&6-03-A) to 1.300 (D-&2-01-A)
eV. The results indicate that the electron injection rate follows the order of €, > €4 > & > &5>
&3> &, suggesting that the & functional group-containing dye molecules have the potential to

achieve higher electron power conversion efficiency.
AGTe9em = €5, — g?fﬁ;lx Equation 8

Excited-state lifetime (t) is a crucial parameter for assessing the efficacy of charge transfer in
dye-sensitized solar cells (DSSCs). The longer the lifetime of the excited state of a dye, the
more conducive it is to charge transfer. To determine the excited-state lifetimes of the dye
molecules, the optimized geometry of the molecules in the first excited singlet electronic state
was utilized to evaluate the lowest excitation energy (¢) and the corresponding oscillator

strength (f). The lifetime of the excited state in DSSCs can be determined using Equation 9.
t=1.499/(f.&?) Equation 9

The excited-state lifetime (t) values were calculated for the investigated dyes to assess their
potential for facilitating charge transfer. The model dye displayed an excited-state lifetime of
2.809 ns, whereas the € and €3 subgroups showed longer lifetimes ranging from 3.097 (D-&i-
03-A) to 4.616 (D-£1-01-A) ns. In contrast, the excited-state lifetime values of the other dyes
were found to be generally shorter than the model dye, with lifetimes ranging from 1.429 to
2.725 ns. These results suggest that the €; and &3 fragments containing dyes may be more
efficient at facilitating charge transfer than the model dye and the other investigated dyes due

to their longer excited-state lifetimes.

As part of this study, the value of Voc for all compounds was also evaluated. The maximum
open circuit voltage (Voc) of DSSCs can be approximately estimated by the energy difference
between the lower unoccupied molecular orbital (ELumo) of the dye and conduction band (Ecg)
of the semiconductor TiO», taking into account the energy lost during the photo-charge
generation. The obtained values of V. for the investigated molecules were found between 1.782

(D-€5-61-A) — 2.122 (D-81-A, model dye) and sufficient for efficient electron injection.
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Table 2. Calculated electronic properties, including maximum absorption wavelength (A, nm),
oscillator strength (f), light-harvesting efficiency (LHE, eV), the oxidation potential of the
excited dye (eaye, €V), the electron injection driving force (AG™), regeneration of dye
(AG™"), the lifetime of the excited state (1, ns) and open circuit potential (Voc, €V) [MO6-
2X//6-31G(d,p) solvent model: CPCM, Ecthanol = 24.55]

Entry dmax(am) f  LHE *E'ZYV;’ AGHIt AGTeEn T (ns) Voo
D-51-A (model dye) | 481 12366 09420 3.507 -0.533 1233 2.809 2.122
D-E1-81-A 514 0.8593 0.8617 3.689 -0351 1250 4.616 1.819
D-E2-81-A 490  1.1872 09350 3.621 -0.419 1300 3.037 1.802
D-E3-81-A 593 13090 0.9509 3.758 -0.282 0998 4.030 1.782
D-E4-81-A 483 15091 0.9690 3.572 -0.468 1288 2319 1.787
D-Es-51-A 477 1.8022 09842 3367 -0.673 1.117 1.892 1.902
D-E6-61-A 506 1.9699 09893 3261 -0.779 0859 1952 1.970
D-£2-A 486 12972 09496 3482 -0.558 1.185 2725 2.054
D-E2-62-A 533 13165 09517 3704 -0336 1.180 3.236 1.783
D-E2-62-A 474 14327 09631 3522 -0518 1286 2354 1814
D-E3-02-A 574 13448 09548 3.691 -0.349 1.001 3.673 1.839
D-E4-02-A 475 20469 09910 3.517 -0.523 1275 1.656 1.788
D-Es-52-A 471 20336 09907 3317 -0.723 1.099 1.636 1.907
D-E6-02-A 492 23670 09957 3172 -0.868 0.844 1530 1.943
D-83-A 485 15523 0.9720 3428 -0.612 1.137 2269 2.005
D-E1-83-A 505 12361 09419 3.623 -0417 1226 3.097 1.827
D-E2-83-A 486 17473 09821 3.558 -0.482 1257 2.029 1.806
D-E3-63-A 585 1.6048 09752 3.654 -0386 0922 3202 1813
D-E4-83-A 475 20462 09910 3.506 -0.534 1267 1652 1818
D-E5-63-A 466 2.0854 0.9918 3299 -0.741 1.107 1.564 1.889
D-E6-83-A 491 25268 0.9970 3.161 -0.879 0837 1429 1.935

3.4. Electron Density Differentiation Maps (EDDM)

The differentiation of electron densities in the investigated dye molecules before and after
photoexcitation, as well as their electron-donating and electron-accepting properties, were
explored through the execution of required calculations and preparation of electron density
differentiation maps (EDDMs). To this end, each molecule was divided into four independent
fragments, namely D (donor unit), € (first fraction - n-bridge), d (second fraction - n-bridge), A
(acceptor unit), and the corresponding density changes were calculated and provided with
percent contributions information. Detailed data are provided in Table S10. The results indicate
that the electron density values of all donor fragments decreased following photoexcitation,
suggesting their successful electron-donating behaviors. After analyzing the data, it was

observed that the 6;1-containing dyes had the highest percentage contribution change among the
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donor fragments, ranging from 44 to 77%, indicating their efficient electron-donating properties
compared to the other fragments in the studied dye molecules. Primarily, in the case of €3 and
&6 bearing molecules, donor units were found to be less dominant to the electron donating
pattern. The electron density cumulated on the acceptor fragment (anchoring unit) was found
to be primarily influenced by the behavior of the 6 subunits, and this effect was particularly

prominent in the case of D-E¢-0,-A dyes (Table 3).

3.5. Atom- and fragment-based electron-hole analysis

After disassembling each molecule into individual atoms to determine the concentration of
excited electrons in the anchoring groups (see Table S11 and Table S12 for details), a detailed
study was conducted to analyze the contribution of each fragment to electron-hole distribution.
The results obtained from the electron-hole analysis revealed a similar trend to the EDDM
analyses, with the acceptor fragment exhibiting the highest electron contributions. The electron
density distribution analysis revealed that electrons were initially localized on the donor and n-
spacer fragments and then became delocalized towards the acceptor fragments in all of the
investigated compounds. The atom- and fragment-based electron-hole analysis of the model

dye is depicted in Figure 6.
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Figure 6. Atom- and fragment-based electron-hole distribution of model dye (D-61-A)
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Table 3. Electron density differentiation maps (EDDMs) and the corresponding percent contributions of the different fragments on the investigated D-€3-0,-A
and D-E6-0,-A systems [M06-2x/6-31G(d,p) solvent model: CPCM, Echanol = 24.55].

Entr absorption f  change contribution % EDDM BEFORE (where the excited EDDM AFTER (where the excited electron
y Amax g D € ) A electron density is coming from) density is going to)
Before 79 - 15 7 &y, %3,
D-61-A ray
481 1.24 - Ay
(Model Dye) After 18 36 46 P Q\)g @1' 5 LTy 5
Net -61 - 21 39 99e .9, LA ,
Before 57 27 11 5 :,; S,
4: B @ . ‘J“ 4 ' *>
D-E3-81-A 593 130 After 13 37 24 26 ” ‘%, ; ;.. %, ,‘_‘% B
Net -44 10 13 21 P &
Before 59 25 13 3 A 4, A 4
‘i. “ 3 ‘o :
D-E3-62-A 574 134  After 7 29 34 29 < VTN »Bd 9
. Q‘ g)fﬂi: . ‘ ”%gj‘df“,:
Net -52 24 21 26 5] b
Before 52 29 18 2 z"-' 6":
. ol e . .. i e ® @
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-€6-02- . e ':miﬁ 248 BN
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3.6. Transition density and color correlation matrix analyses

The distribution and quantity of charge density in a simulated chemical system indicate the
presence of different constituents. Therefore, employing a heat map to visualize the charge
density is a valuable technique for analyzing the characteristics of various components during
the charge transfer process. Distinct transitions play a crucial role in determining the mechanism
of charge transfer, and the involvement of hydrogen in these transitions is relatively
insignificant. The transition density matrix (TDM) and color correlation matrix of the
investigated dye molecules were evaluated to gain insight into the excitation process. These
matrices provide valuable information about the transitions that occur during the first excitation
and help to elucidate the mechanisms of charge transfer. As can be seen in Figure 7, the studied
dye molecule was segmented into three distinct fragments: the donor (D; fragment no. 1), the
n-linker (fragment no. 2), and the acceptor (A; fragment no. 3). The color correlation matrix

depicted in the central portion of the figure highlights the TDM contribution of each fragment.

D-61-A
(model dye)

00294

I 00885
r0.0235
F0.0206
nov?
0.0147

- D011

00838

0.0050

(1.0029

0000 H.0000

1 4 7 L1018 18 2% 20 43T L0 404684808 55

Figure 7. Atom- and fragment-based transition density and color correlation matrix (where the
y-axis is the originating, and the x-axis is the receiving fragment for the excited electron) of the
model dye [M06-2x/6-31G(d,p) solvent model: CPCM, Ecthanot = 24.55].
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The color correlation matrix comprehensively depicts the TDM fragmental contribution
correlation. This tool facilitates the assessment of the correlation between fragments throughout
the investigated molecule. The observed color patterns in the matrix confirm that the donor unit
(D or fragment no. 1) plays a significant role in the electron density distribution of the studied
system. This is evidenced by the dominant red zone in the matrix. Furthermore, it is evident
that electron density accumulates from the donor fragment toward the acceptor fragment.
Corresponding plots for all studied dye molecules are provided in Table S13. The transition
density matrix (TDM) is also a valuable tool for providing a spatial map that contains
information about the length of charge transfer (Ar index) and the degree of electron—hole
overlap (A) (Table 4). The charge-transfer lengths (Ar) measured by the transition density
matrix (TDM) are significant in determining the distance between the electron and its
corresponding hole. This chemical index is crucial in distinguishing between local excitations
(LE) and charge transfer (CT). Specifically, if the Ar index value is less than or equal to 2 A, it
indicates local excitations, whereas a value greater than or equal to 2 A suggests charge transfer.
In our cases, because all the charge-transfer lengths (Ar) are greater than 2 A, it would suggest
that the excited states being analyzed involve charge transfer rather than local excitations.

Table 4. Calculated length of charge transfer (Ar index) and the degree of electron—hole overlap
(A) for the investigated systems [M06-2x/6-31G(d,p) solvent model: CPCM, Eethanol = 24.55].

Ar index A index
Entry Overall Pred(.)minat_i n'g Overall Pred(.)minat_i n'g
A) Orb.ltal .Palr A) Orb.ltal .Palr

Contribution (A) Contribution (A)
D-01-A (model dye) 4317 117—118 (4.063) 0.566 117—118 (0.500)
D-€1-61-A 6.614 151152 (5.582) 0.446 151152 (0.341)
D-€2-61-A 6.934 159—160 (6.017) 0.479 159—160 (0.331)
D-&3-01-A 4.436 159—160 (4.003) 0.634 159—160 (0.569)
D-€4-01-A 7.923 152—153 (6.729) 0.476 152—153 (0.302)
D-€5-61-A 8.843 1915192 (7.005) 0.451 1915192 (0.236)
D-€6-61-A 10.053 219—5220 (7.734) 0.437 219—220 (0.256)
D-E:-A 5.387 131132 (5.019) 0.536 131132 (0.448)
D-&:-62-A 6.701 165—166 (5.714) 0.514 165—166 (0.395)
D-&2-02-A 7.139 1735174 (6.148) 0.458 1735174 (0.249)
D-€3-62-A 5.561 1735174 (4.837) 0.572 1735174 (0.466)
D-€4-62-A 9.005 166—167 (7.173) 0.476 166—167 (0.248)
D-€5-62-A 9.342 205—206 (7.038) 0.455 205—206 (0.197)
D-&6-02-A 11.587 2335234 (8.508) 0.405 2335234 (0.192)
D-63-A 6.602 145—146 (5.987) 0.507 145—146 (0.388)
D-€1-63-A 8.027 179—180 (6.041) 0.454 179—180 (0.256)
D-€2-63-A 7.912 187—188 (6.393) 0.500 187—188 (0.254)
D-€3-63-A 6.409 187—188 (5.422) 0.593 187—188 (0.460)
D-£4-03-A 8.868 180—181 (6.753) 0.495 180—181 (0.228)
D-&5-63-A 9.797 219—220 (6.666) 0.460 219—220 (0.150)
D-E6-63-A 12.363 247—248 (8.523) 0.406 247—248 (0.174)
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3.7. Electron transfer and dye adsorption efficiency of D-€,-6,-A@TisO1 clusters

This study section focuses on the realistic simulation of the investigated dye molecules to
demonstrate their potential performance on DSSC devices. To achieve this, the optical and
relative electronic properties of the model dye and six (D-E3-0x-A and D-E¢-0n-A) of the best
candidate sensitizers were calculated. The selected sensitizers were chosen based on their
photovoltaic parameters, particularly their bandgap values, global descriptors, and EDDM
studies. The full geometry optimization of D-€3-0,-A@Ti5010 and D-Es-0n-A@Ti5010 clusters
was executed through the already submitted TD-DFT conditions for pristine dye molecules.
The TisO10 cluster was prepared by approximately cutting a TiO; rutile (110) film [62]. Figure

8 illustrates the geometry-optimized structure of the studied clusters.

In order to gain insight into the charge distribution occurring in the D-E30r6-0n-A@Ti5010
systems, the corresponding electrostatic potential (ESP) maps were also generated and
analyzed. As depicted in Figure 9, a similar pattern was observed for the model dye and D-
E30r6-0n-A@Ti5010 clusters, where a homogeneously distributed charge delocalization was
observed through the D-E3or6-0n-A system, with the anchoring groups acting as electron-
acceptors. The charge distribution over their titanium clusters was also found to be in
accordance, indicating the uniform charge delocalization properties of the model dye and

investigated sensitizers bearing the &3 or € fragments.
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Figure 8. Geometry optimized molecular structures of the investigated dye@TisO10 clusters
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Figure 9. ESP maps and total dipole moment vectors of the investigated dye@TisO10 clusters [M06-2X//6-31G(d,p) solvent model: CPCM,
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Representative contour plots of these molecular orbitals are shown in Figure 10, where it is
observed that the HOMOs of the sensitizers are mostly localized on the D-E306-0n fragments.
In contrast, the LUMOs are primarily localized on the TisO1o fragment, as expected. This result
confirms the efficient electron injection from the sensitizers to the semiconductor layer. These
findings support the potential use of these molecules for the development of high-performance

DSSC devices.

The subsequent investigation of the TD-DFT calculated data illustrated that the first six vertical
excitation states of the model dye(@Tis010 and D-E30r6-0n-A@Ti5010 clusters were obtained and
the outcomes are provided in Table 6. The data revealed that the HOMO—LUMO transition
was the major contributor to the entire system's first vertical excitation states. Moreover, a
substantial bathochromic shift of around 20 to 40 nm for all investigated dye@TisO1o clusters,
consistent with the expected behavior. It is noteworthy that all the measured wavelength values
were found to be within the UV-vis region.

Table 6. Computed absorption wavelengths (A, nm), oscillator strengths (f), and the orbitals

involved in the transitions of dye@TisO10 clusters [M06-2X//6-31G(d,p) solvent model:
CPCM, Eethanol :24.55]

Transitions (%)

Entr A
y f (only major contributions are indicated)
521 125 HOMO—LUMO (91%)
D-8;-A@Ti5010 373 036 HOMO-1—LUMO (91%)
316 0.11 HOMO-2—LUMO (83%)
631 153 HOMO—LUMO (90%)
D-&3-0-A@TisOq9 | 430 028 HOMO-1—LUMO (82%)
413 0.16 HOMO-2—LUMO (11%), HOMO—LUMO+1 (74%)
540 2.00 HOMO-1—LUMO (20%), HOMO—LUMO (68%)

D-€6-01-A@TisO19 | 399 036  HOMO-4—LUMO (11%), HOMO-1—LUMO (38%), HOMO—LUMO+3 (30%)
379 0.73 HOMO-1—-LUMO (16%), HOMO—LUMO (22%), HOMO—LUMO+3 (44%)

611 1.6l HOMO—LUMO (83%), HOMO—LUMO+1 (10%)
D-€3-0-A@TisO1 | 439 051  HOMO-2—LUMO (25%), HOMO-1—LUMO (19%), HOMO—LUMO+1 (42%)
407 0.13 HOMO-1-LUMO (44%), HOMO—LUMO+1 (33%)
526 243 HOMO-1—LUMO (19%), HOMO—LUMO (64%)

D-€6-0-A@TisO1 | 402 022 HOMO-4—LUMO (13%), HOMO-1—LUMO (24%), HOMO—LUMO+3 (42%)
387 0.89 HOMO-1—LUMO (21%), HOMO—LUMO (31%), HOMO—LUMO+3 (27%)

608  1.82 HOMO—LUMO (77%), HOMO—LUMO+1 (14%)
D-83-0;-A@TisOyo | 448 024 HOMO-2—LUMO (12%), HOMO—LUMO+1 (71%)

402 024 HOMO-2—LUMO (20%), HOMO-1—>LUMO (51%), HOMO-1—LUMO+1 (15%)

511 249 HOMO-1—LUMO (20%), HOMO—LUMO (60%)

D-83-83-A@TisOq | 400 023 HOMO-4—LUMO (21%), HOMO-1—LUMO (22%), HOMO—LUMO+3 (31%)
388 1.16 HOMO-1—LUMO (11%), HOMO—LUMO (32%), HOMO—LUMO+3 (31%)
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Figure 10. Representative HOMO and LUMO contour plots of the investigated dye@TisO1o clusters. The
threshold of contours is +0.02 au [M06-2X//6-31G(d,p) solvent model: CPCM, &cthanot =24.55].



Table 7. Electron density differentiation maps (EDDMs) of the investigated dye@TisO1o clusters [M06-2X//6-31G(d,p) solvent model: CPCM, gethanot =24.55]

absorption contribution % EDDM BEFORE EDDM AFTER
Entry P f change . (where the excited electron density is (where the excited electron density is
Amax D € o) A TisO10 coming from ) going to )
Before 79 14 7 - 0 - » -
L cij. ‘:’:,:
D-51-A@TisO1o 521 125  After o o0 0 - 100 %i:‘ Te L 0
/ B k' B = a
Net =79 -14 -7 - 100 % Agtes. I N,
Before 58 26 10 5 0 23 ‘ 43
L ] L] L
P .}J‘ e ba P “J 2 g |
D-€3-81-A@TisO10 631 153  After 000 0100 :éa't‘%i’f' 24 2342550 ‘%
@ R+  *
Net  -58 26 -10 -5 100 T o
Before 44 51 3 2 0 oy ] ‘
G‘ i :‘OJ‘ . ¥, 9 “o‘ ° @
D-£-51-A@TisOn s40 200 After 00 0 0 100 PUPLe & Rocrcadds -ﬂ
‘4‘, . . ':‘, a_"l i B
Net 44 51 -3 2 100 2PY 5% Tk
Before 59 25 12 3 0 akads & Ay b
. After O 0 0 0 100 =, .3 T oy,
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? Py A 4 4N
Net -39 =25 -12 -3 100 ) é gt :
Before 42 53 4 1 0 b 9 i
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. After o 0 0 0 100 ¢ 8 s 4 o o e e
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Net 42 =53 4 -1 100 ¥ . b ‘
Before 52 28 17 2 0 ey N oy %
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The electron density cumulation on the TisO10 fragment was highest for all investigated dye
molecules (~100%), as revealed by the corresponding EDDM data in Table 7. This observation
can be attributed to the efficient electron transfer from the excited sensitizers to the
semiconductor layer. Therefore, the investigated dye molecules possess the potential to enhance
electron transfer efficiency, which is a crucial factor in developing high-performance DSSC

devices.

Conclusion

The present study investigated the potential of a series of D-Ex-0n-A as sensitizers in dye-
sensitized solar cells (DSSCs). A range of theoretical methods was utilized to predict the
photophysical properties of investigated dyes and charge transfer efficiency. In this regard, the
structural and electronic properties of the dye molecules were evaluated using density
functional theory (DFT) and time-dependent density functional theory (TD-DFT), respectively.
Furthermore, global reactivity descriptors (GRDs) were employed to provide valuable insights

into the electronic and photovoltaic properties of the candidate sensitizers.

The calculated results for the frontier molecular orbitals (FMOs) of D-Ex-6,-A@Ti5010 clusters
showed that the LUMO energy levels of the target dyes were located in the conduction band of
the TiO2 semiconductor, indicating that these dyes could serve as efficient sensitizers for
DSSCs. The HOMO-LUMO transition was the major contributor to the first six vertical
excitation states of the dye@TisO1o clusters, with a significant bathochromic shift observed for
all the investigated systems. Moreover, various global reactivity descriptors (GRDs) were
calculated to predict the photovoltaic efficiency of the candidate sensitizers. The results show
that the investigated candidate sensitizers exhibit lower chemical hardness values, indicating a
higher resistance to the transfer of intermolecular charge and, therefore, excellent conversion
energy in DSSCs. Additionally, the D-€3-0n-A and D-g6-0n-A series were observed to be more
reactive than the other studied molecules. The calculated dihedral angle values demonstrate that
the designated candidate sensitizers can potentially eliminate undesirable n-m dye aggregation.
The NBO analysis provided detailed information on the charge distribution and delocalization
within the dye molecules. As anticipated, the acceptor units of all the investigated systems
exhibited the highest negative charges. The obtained values indicate that the series of dyes with
the thiophene (81), thieno[3,2-b]thiophene (62) fragments exhibit robust charge separation,
suggesting the impact of the electron-withdrawing properties of the 61 and 6> units, which

promote charge separation in the photosensitizer systems. It is worth noting that all candidates
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demonstrated better charge separation than the model dye molecule. Furthermore, the FMOs
were investigated, and it was found that the inclusion of additional n-linker subunits in the D-
€1-0n-A backbone significantly reduces the LUMO energies. Overall, the gathered results
provide a deeper understanding of the electronic structure and properties of the molecules under

study, thereby shedding light on their potential applications in various chemical reactions.
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Table S1. Optimized geometries and localized-orbital locator (LOL) plots of investigated photosensitizers [M06-2X/6-31G(d,p) solvent model

: CPCM, Eethanol =24.55].

ENTRY

OPTIMIZED GEOMETRY

LOL

D-61-A

¢S
A

—4.33

5.85 Q.00
Length unit: Angstrom

F0.040
- 0.580
F0.480
- 0.400

F0.320

0240
0.160
0080
0.000
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419
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B o7z0
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—4 61 1
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0.800
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Table S1 (cont.). Optimized geometries and localized-orbital locator (LOL) plots of investigated photosensitizers [M06-2X/6-31G(d,p) solvent model: CPCM, €ethanol =24.55].

ENTRY OPTIMIZED GEOMETRY LOL

872 I 0.800
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Length unit: Angstrom




Table S1 (cont.). Optimized geometries and localized-orbital locator (LOL) plots of investigated photosensitizers [M06-2X/6-31G(d,p) solvent model: CPCM, €ethanol =24.55].

ENTRY OPTIMIZED GEOMETRY LoL
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Table S1 (cont.). Optimized geometries and localized-orbital locator (LOL) plots of investigated photosensitizers [M06-2X/6-31G(d,p) solvent model: CPCM, €ethanol =24.55].

ENTRY OPTIMIZED GEOMETRY LoL
0.800
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0.00 0.400
D-&3-81-A s
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Table S1 (cont.). Optimized geometries and localized-orbital locator (LOL) plots of investigated photosensitizers [M06-2X/6-31G(d,p) solvent model: CPCM, €ethanol =24.55].
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OPTIMIZED GEOMETRY
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D-£4-61-A

8.36

4.18

-4.18

-7.31 0.00
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Table S1 (cont.). Optimized geometries and localized-orbital locator (LOL) plots of investigated photosensitizers [M06-2X/6-31G(d,p) solvent model: CPCM, €ethanol =24.55].

ENTRY

OPTIMIZED GEOMETRY
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Table S1 (cont.). Optimized geometries and localized-orbital locator (LOL) plots of investigated photosensitizers [M06-2X/6-31G(d,p) solvent model:

CPCM, Eethanol =24.55] .
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Table S2. Selected bond lengths (dn, A), bond angle (6n, °), and dihedral angle (wn, °) values [M06-2X/6-31G(d,p) solvent model: CPCM, Eethanol =24.55].

—N
0, 0, Jeeea . 05 (o)
)); 6 )\ OH
........ ; CN
— —— ——
d, d, ds
Entry d: d2 ds 0: 0. 03 w1 w2 w3
D-6:-A 1.450 - 1.426 | 127.330 - 134.447 20.779 - 178.424
D-€1-61-A 1.465 1460 1.432 | 127.885 122.451 129.185 -43.181 -165.139 179.515
D-€-61-A 1.443 1.446 1.434 | 128.374 119.291 117.736 -6.101 179.484 -179.780
D-€3-61-A 1439 1434 1.425 | 128.863 121.362 118.054 -4.595 179.163 -179.778
D-€;-61-A 1.449 1.448 1.431 | 128,995 121.146 125.934 7.693 -179.881 -179.949
D-&5-61-A 1.457 1.448 1.432 | 127.307 119.834 118.014 -26.590 174.993 -179.310
D-&6-61-A 1456 1.444 1.424 | 127.882 119.332 126.112 -17.634 -172.159 -179.735
D-62-A 1.453 - 1.423 | 127.666 - 125.456 23.172 - -179.413
D-€1-62-A 1460 1.460 1.428 | 128.310 119.288 125.399 -29.024 -171.764 179.996
D-€;-62-A 1.451 1.449 1.430 | 126.404 119.500 125.237 39.396 178.756 -179.688
D-€3-62-A 1.451 1438 1.424 | 126.694 121.772 125.343 -36.026 178.996 179.968
D-€;-62-A 1.449 1.449 1.434 | 129.176 121.528 117.202 -5.486 -175.865 -179.766
D-E5-62-A 1.456 1.449 1.428 | 127.648 120.020 125.310 22.768 -163.533 -179.239
D-€6-62-A 1.456 1.447 1.431 | 127.641 119400 117.285 -20.478 -159.793 -179.668
D-63-A 1.455 - 1.424 | 127.373 - 125.300 21.730 - 179.817
D-€1-63-A 1.467 1.461 1.431 | 127.924 122.584 117.353 -44.117 -168.447 179.962
D-€2-63-A 1.443 1.447 1.432 | 128.609 119.218 117.188 6.426 179.376 178.977
D-€3-63-A 1.440 1.439 1.429 | 129.193 121.447 117.343 5.101 179.043 179.007
D-€;-63-A 1.450 1.449 1.429 | 128.968 121.353 125.198 -9.800 179.174 -179.890
D-€s-63-A 1.453 1.450 1.432 | 129.213 119.930 117.279 14.405 -159.837 -179.893
D-€6-63-A 1.452 1.448 1.427 | 130.041 119.851 125.267 8.060 166.710 -179.900




Table S3. Computed dipole moment values of investigated sensitizers (in Debye, D) [M06-2X/6-31G(d,p) solvent model: CPCM, Eethanot =24.55].

Entry Hx Hy Hz Mnormal
D-61-A 12.1092 6.2502 -1.5949 13.7201
D-€;-61-A | 9.5308 -0.1578 -2.2545 9.7950
D-E,-61-A | -8.8576 4.3393 -0.5369 9.8780
D-&3-61-A | -10.6170 -1.9116 0.1510 10.7888
D-&:-61-A | 6.7511 -0.5963 0.2316 6.7813
D-&5-61-A | -10.5029 5.7543 -0.3264 11.9803
D-&-61-A | 6.8529 -3.8418 -0.6728 7.8851
D-62-A 9.8246 0.3348 1.6149 9.9621
D-€:-62-A | -10.9463 6.9762 -2.1333 13.1545
D-&,-62-A | -9.0358 2.6390 -0.9151 9.4577
D-&3-62-A | -12.5928 7.0094 -1.1688 14.4595
D-£4-62-A | -8.8604 -0.2884 -0.0099 8.8651
D-&5-62-A | 9.9867 6.4414 -1.1139 11.9359
D-&6-62-A | 9.2890 -4.9729 0.4580 10.5463
D-63-A 9.6782 6.2195 -2.2942 11.7308
D-&:-63-A | 9.9112 -0.3212 -2.3364 10.1879
D-&,-63-A | 8.8597 5.0042 -0.7682 10.2043
D-£3-63-A | -10.4524 1.4421 0.3678 10.5578
D-&-63-A | -6.7371 -1.0126 0.1381 6.8142
D-&-63-A | -7.6122 0.2006 1.4646 7.7544
D-&-63-A | -6.9648 0.9917 -0.1885 7.0376
age o
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S1. Chemical hardness (n), hyper-hardness (I), chemical potential (u), electronegativity (x),
electrophilicity index (w), electron-accepting power (w*), and electron-donating power (w)

The below discussed global reactivity descriptors were all calculated from Koopman’s theory of closed-
shell compounds where | and A values are expressed as the negative values of HOMO and LUMO

energies, respectively.

Chemical hardness (n) is defined as the second derivative of energy with respect to the number of
electrons, according to the Parr-Pearson model, whose general expression is shown below (Equation

S1).
n = (O°E/ON?)un Equation S1

Basically, chemical hardness is an important concept describing the chemical reactivity and chemical
stability of the target molecule. It can be calculated by using Equation S2, where | is the ionization

potential and A is the electron affinity.

n= % (1-A) Equation S2

The higher the value of the chemical hardness stands for the higher the resistance to the transfer of
intermolecular charge. Thus, excellent energy of conversion is obtained by the lower chemical
hardness values, which are desirable in DSSCs. In this scope, the value of chemical hardness of the
model dye was calculated as 2.082 eV, and the investigated values of the chemical hardness of the
candidate sensitizers varied from 1.772 eV (D-g1-61-A) to 2.025 eV (D-g6-05-A). It is noteworthy that all
of the systems under examination display a congruity between their bandgap energies and chemical
hardness values, with the minimum chemical hardness value being correlated with the smallest

bandgap energy.

Hyper-hardness (), a novel global descriptor, is defined as the third derivative of energy with respect
to the total number of electrons in the system under study. The hyper-hardness values obtained from
these calculations, using Equation S3, can be utilized to assess the stability or reactivity of target
molecules. Furthermore, these findings can be associated with the maximum hardness and minimum

polarizability.
I'= Eumo— 2 Enomo + Enomo-1 Equation S3

where € represents the energy of the optimized geometry, a positive value of hyper-hardness (I)
indicates an increase in stability, while a negative value, or a value closer to zero (0), is suggestive of
the instability or reactivity of the dye molecules. Regarding the model dye, the hyper-hardness value

was determined to be 3.684 eV, implying a high degree of stability. In contrast, the investigated



molecules exhibit a range of hyper-hardness values, ranging from 2.721 eV to 3.684 eV. Notably, the

D-g3-0n-A and D-g¢-0n-A series were observed to be more reactive than the other studied molecules.

Chemical potential (1) and electronegativity (x = -n) are comparable, as both descriptors provide
valuable insights into the electronic properties of molecules. Chemical potential (Equation S4)
measures the escape tendency of an electron from a molecule, with higher values indicating a higher
degree of reactivity or instability. In contrast, electronegativity describes a molecule's ability to retain
its electrons and prevent their release, thereby indicating the molecule's tendency towards stability.
Due to these similarities, chemical potential and electronegativity can be considered analogous, and
understanding both is crucial for analyzing chemical reactivity and comprehending the electronic

properties of molecules.
p=-(Enomo + ELumo)/2 Equation S4

Therefore, chemical potential is a descriptor that is closely linked to the availability of electrons in a
given reagent. A reagent with a higher electronic chemical potential has a greater capacity to donate
its electrons to other molecules, making it a proficient electron donor. Conversely, a reagent with a
lower electronic chemical potential has a higher affinity for electrons and can effectively accept
electrons from other molecules, making it a competent electron acceptor. Based on the results
obtained in this study, it was observed that the D-E6-6,-A series was particularly effective in facilitating

electron transfer from the photosensitizer to the TiO, semiconductor.

Electrophilicity index (w), which has been given in the following expression (Equation S5) gauges the
energy stabilization when a system receives an additional electronic charge from the environment. A

lower value of the electrophilicity value indicates enhanced chemical reactivity.

w=— Equation S5

where p is the chemical potential and n is the chemical hardness. In this scope, the value of the
electrophilicity of the model dye was calculated as 3.842 eV. The electrophilicity values of the

investigated sensitizers varied from 3.972 eV to 4.576 eV.

Electron-accepting power (w*) and electron-donating power (w’) The concept of stabilization energy
is a crucial parameter in the study of molecular structures, as it provides valuable information on the
stability and reactivity of molecules. In this context, the value of w is a commonly used descriptor for
quantifying stabilization energies in molecular structures. The w* value, in particular, represents the
electron-accepting ability of a molecule, and a higher value indicates a greater capacity for electron

acceptance. As a result, higher values of both w and w* are desirable, as they indicate increased



stability and reactivity in molecular structures. Given the importance of this parameter, it is crucial to
accurately measure and analyze the values of w and w* in order to gain insights into the electronic
properties of molecules and their potential applications in a variety of chemical reactions (Equation
S6).

_ (1 +34)? o = (31 + A)? Equation S6
T 16(I - A) T 16(1—-A)

+
According to the calculations, € containing molecules (D-E,-6,-A) displayed higher w*values compared
to the D-6,-A type molecules. Furthermore, the calculated values of electron-donating powers (w’) for
both the reference and designed dyes indicate a consistent trend of electrophilicity and electron-

accepting power.



Table S4. Calculated values of global descriptors (all values are in eV) [M06-2X/6-31G(d,p) solvent model: CPCM, Eethanol =24.55].

Entry Enomo ELumo Eg | A n r 11 X w w?* w
D-6:-A -6.083 -1.918 4,165 6.083 1.918 2.082 3.684 -4.000 4.000 3.842 2.102 6.103
D-&:-6:-A -6.100 -2.221 3.879 6.100 2.221 1.940 3.446 -4.160 4.160 4.462 2.624 6.784
D-&:-6:-A -6.150 -2.238 3.911 6.150 2.238 1.956 3.451 -4.194 4,194 4.497 2.644 6.838
D-&:-6:-A -5.848 -2.258 3.589 5.848 2.258 1.795 2.832 -4.053 4.053 4.576 2.774 6.827
D-&:-6:-A -6.138 -2.253 3.885 6.138 2.253 1.942 3.443 -4.196 4.196 4.532 2.677 6.872
D-&-6:-A -5.967 -2.138 3.829 5.967 2.138 1.914 3.232 -4.053 4.053 4.290 2.503 6.555
D-&:-6:-A -5.709 -2.070 3.639 5.709 2.070 1.819 2.885 -3.889 3.889 4,157 2.440 6.329
D-62-A -6.035 -1.986 4.049 6.035 1.986 2.025 3.512 -4.011 4.011 3.972 2.220 6.231
D-&:-6:-A -6.030 -2.257 3.773 6.030 2.257 1.886 3.235 -4.143 4,143 4.550 2.714 6.858
D-&:-6:-A -6.136 -2.226 3.910 6.136 2.226 1.955 3.509 -4.181 4,181 4.471 2.625 6.806
D-&:-6:-A -5.851 -2.201 3.650 5.851 2.201 1.825 2.992 -4.026 4.026 4.442 2.657 6.683
D-&:-6:-A -6.125 -2.252 3.872 6.125 2.252 1.936 3.398 -4.188 4,188 4.530 2.678 6.866
D-&5-6:-A -5.949 -2.133 3.816 5.949 2.133 1.908 3.211 -4.041 4.041 4.279 2.497 6.538
D-&:-62-A -5.694 -2.097 3.597 5.694 2.097 1.798 2.857 -3.896 3.896 4.220 2.497 6.393
D-63-A -5.987 -2.035 3.952 5.987 2.035 1.976 3.370 -4.011 4.011 4.070 2.312 6.322
D-&:-63-A -6.076 -2.213 3.864 6.076 2.213 1.932 3.401 -4.144 4.144 4.446 2.615 6.759
D-£,-65-A -6.107 -2.234 3.873 6.107 2.234 1.936 3.380 -4.171 4,171 4.492 2.648 6.819
D-£3-65-A -5.772 -2.227 3.545 5.772 2.227 1.772 2.721 -4.000 4.000 4,513 2.735 6.734
D-&:-63-A -6.117 -2.222 3.895 6.117 2.222 1.947 3.423 -4.169 4,169 4.464 2.622 6.792
D-&-63-A -5.957 -2.151 3.806 5.957 2.151 1.903 3.191 -4.054 4.054 4.317 2.528 6.582
D-&:-63-A -5.687 -2.105 3.581 5.687 2.105 1.791 2.871 -3.896 3.896 4.238 2.514 6.410

Abbreviations: £.omo (HOMO’ energy), Eumo (LUMO’ energy), € (bandgap energy), | (ionization potential), A (electron affinity), n (chemical hardness), T (hyper-hardness),
U (chemical potential), x (electronegativity), w (electrophilicity index), electron-accepting power (w*), electron-donating power (w’)
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Figure S1. Diagram of the frontier orbital energy levels (from the LUMO+4 to HOMO-4)



Table S5. Frontier orbitals’ contour plots of the investigated dye molecules. The threshold of contours is +0.02 au [M06-2X/6-31G(d,p) solvent model: CPCM, Eethanol =24.55].

ENTRY HOMO LUmMo
<

D-61-A

D-62-A

D-63-A




Table S5 (cont.). Frontier orbitals’ contour plots of the investigated dye molecules. The threshold of contours is +0.02 au [M06-2X/6-31G(d,p) solvent model: CPCM, Eethanol =24.55].

ENTRY HOMO

?

D-£1-61-A

D- €1-62-A

D- €1-63-A




Table S5 (cont.). Frontier orbitals’ contour plots of the investigated dye molecules. The threshold of contours is +0.02 au [M06-2X/6-31G(d,p) solvent model: CPCM, Eethanol =24.55].

ENTRY

D-£2-61-A

D-€2-62-A

D-£2-63-A




Table S5 (cont.). Frontier orbitals’ contour plots of the investigated dye molecules. The threshold of contours is +0.02 au [M06-2X/6-31G(d,p) solvent model: CPCM, Eethanol =24.55].

ENTRY

LUmMmo

D-€3-61-A

D-€3-62-A

D-€3-63-A




Table S5 (cont.). Frontier orbitals’ contour plots of the investigated dye molecules. The threshold of contours is +0.02 au [M06-2X/6-31G(d,p) solvent model: CPCM, Eethanol =24.55].

ENTRY HOMO LUMO
> o
D-£4-61-A j
*
)

D-€4-62-A

D-€4-63-A



Table S5 (cont.). Frontier orbitals’ contour plots of the investigated dye molecules. The threshold of contours is +0.02 au [M06-2X/6-31G(d,p) solvent model: CPCM, Eethanol =24.55].

ENTRY

D-E5-61-A

D-€5-62-A

D-E5-63-A




Table S5 (cont.). Frontier orbitals’ contour plots of the investigated dye molecules. The threshold of contours is +0.02 au [M06-2X/6-31G(d,p) solvent model: CPCM, Eethanol =24.55].

ENTRY

D-€6-61-A

D-€6-62-A

D-€6-63-A




Table S6. DFT-calculated IP and EA values via Koopman’s theorem or delta-SCF method [M06-2X//6-31G(d,p) solvent model: CPCM, €ethanol = 24.55].

. Koopman'’s
Entry SCF Energies (eV) theporem
Neutral Cation Anion | A | A

D-6:-A (model dye) -1718.134 -1717.940 -1718.236 5.267 2.794 6.083 1.918
D-£1-6:-A -2455.511 -2455.316 -2455.622 5.327 3.017 6.100 2.221
D-£,-61-A -2589.915 -2589.720 -2590.028 5.292 3.089 6.150 2.238
D-£3-61-A -2534.122 -2533.936 -2534.235 5.064 3.054 5.848 2.258
D-£4-61-A -2776.297 -2776.102 -2776.411 5.288 3.100 6.138 2.253
D-£5-61-A -3218.572 -3218.381 -3218.682 5.206 2.990 5.967 2.138
D-£6-61-A -3560.190 -3560.007 -3560.298 4.991 2.926 5.709 2.070
D-62-A -2192.485 -2192.292 -2192.590 5.245 2.841 6.035 1.986
D-£1-6:-A -2929.859 -2929.666 -2929.969 5.248 3.003 6.030 2.257
D-£,-6,-A -3064.256 -3064.058 -3064.368 5.371 3.046 6.136 2.226
D-£3-6,-A -3008.463 -3008.275 -3008.572 5.098 2.973 5.851 2.201
D-£4-62-A -3250.638 -3250.444 -3250.751 5.279 3.074 6.125 2.252
D-g5-62-A -3692.918 -3692.727 -3693.026 5.190 2.961 5.949 2.133
D-£6-62-A -4034.532 -4034.349 -4034.640 4.978 2.952 5.694 2.097
D-63-A -2666.828 -2666.637 -2666.934 5.205 2.886 5.987 2.035
D-£1-63-A -3404.199 -3404.003 -3404.309 5.316 2.995 6.076 2.213
D-£5-63-A -3538.602 -3538.408 -3538.713 5.279 3.043 6.107 2.234
D-£3-63-A -3482.808 -3482.624 -3482.918 5.006 2.987 5.772 2.227
D-g4-63-A -3724.984 -3724.789 -3725.095 5.300 3.024 6.117 2.222
D-£5-63-A -4167.261 -4167.070 -4167.371 5.184 2990 5.957 2.151

D-g6-63-A -4508.878 -4508.695 -4508.986 4.978 2.943 5.687 2.105



S2. Electrostatic potential (ESP) map

An electrostatic potential map (ESP) is defined as a color scheme representing the electrostatic potential at the
molecular surface. The charge distribution in a molecule can be visualized using ESP charts. The collected data contains
critical information that may be utilized to analyze the possible electroactive sub-fragments of the target molecules,
and the results can be used to build chemical reactivity patterns. In this scope, the ESP maps of the investigated
photosensitizers are illustrated in Table S7. Based on the provided ESP maps, electron-deficient (positive) regions are
represented by blue, whereas electron-rich regions are symbolized by red color. Green-colored regions may be
considered to have zero electrostatic potentials, and the regions of intermediate electron density are signified by
yellow color. In other words, the brief descriptions of the potential values provided by various colors may be listed in
descending order of red > orange > yellow > green > blue. Our analysis revealed that all the molecules investigated
displayed similar ESP maps with comparable values as electronegative and electropositive poles. Due to the strongly
polarized nitrile and carboxylic acid functional groups, the anchoring (cyanoacrylic acid) group was the most
electroactive domain across the whole system. It is apparent that the electron density moves from the donor to the
conjugation spacer, and finally, to the anchoring group. Based on the ESP maps, it can be inferred that the electron
distribution is favorable for the transfer of electrons from the donor to the anchoring unit.

S3. Dipole Moment (p)

Molecules with a large dipole moment are typically characterized by an asymmetric distribution of electronic charge.
This feature makes these molecules more reactive and susceptible to changes in their electronic structure and
properties under the influence of an external electric field. In the studied conjugated systems, the local dipole moment
(Hnormal) Of the ground state induces polarization upon electron excitation, resulting in differentiated dipole moments.
The W value denotes the degree of charge distribution within the studied molecules, with positive charge tending to
localize on the donor fragment and negative charge tending to localize over the acceptor fragment. The differentiation
between the negative and positive charge following excitation results in a decrease in the binding energy of the D-g,-
6n-A system, thereby facilitating charge transfer. Therefore, it is crucial to explore the reactivity, stability, and charge
transfer properties that reflect the corresponding nonlinear optical (NLO) property of the donor-n-bridge-acceptor
scaffold. In our research, we calculated the pnormal values of the sensitizers using Equation S7.
uz+ub+us

Mnormal = - Equation S7



Table S7. Electrostatic potential (ESP) map representing the corresponding charge density distributions isodensity (0.001e/Bohr?) and calculated dipole moment vector
[M06-2X/6-31G(d,p) solvent model: CPCM, Ecthanor =24.55].
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Table S7 (cont.). Electrostatic potential (ESP) map representing the corresponding charge density distributions isodensity (0.001e/Bohr3) and calculated dipole moment vector [Mo06-2X/6-
31G(d,p) solvent model: CPCM, Eethanol =24.55].
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Table S7 (cont.). Electrostatic potential (ESP) map representing the corresponding charge density distributions isodensity (0.001e/Bohr3) and calculated dipole moment vector [Mo06-2X/6-
31G(d,p) solvent model: CPCM, Eethanol =24.55].

D-83-A

[ I e .
-8.760e-2 +8.760e-2 M:11.731

D-£;-63-A D-£2-63-A
m B | u: 10.188 | - e u: 10.204
-9.368e-2 +9.368e-2 . +9.399e-2 gt
ag” k
‘“& 5, PR [} .-,‘,.
b -*-w""f% o @ B 3 }* >
N . o e e, W A R
] . [ ¥ [
ii?:ﬁ{ J&lﬁﬁh&? ; _,1% ::? e, E 2 e ,bq’iiP [ 3
e 29 ﬂ
A y "‘ j}’
D-£4-63-A
H: 10.558 H: 6.815
+9.167 e-2
.r§ ;:u VY )
y 5 ':R 2 LI ye ':,f'

G.a
-
&
v
*
>’
Fxe
L
s
Loe
o *
(ia
k&
it
“e
»
s
f-ﬁ

B -': ; 4 2 2 2
Exe .37 -
D-£5-83-A D-£5-63-A
[ @ s H:7.754 u: 7.038
-9.486e-2 +9.486e-2 g +9.108e-2 e
29 "ﬁa ‘." am‘
\ L ““ 2@
o et 2. e W b9y
RN & & ;’k“ )J"\:“_‘Jm& ° 1:;'1 qll :’hﬂ‘: f;‘: g JB: 5,‘;
TR ) B ) R S W &> % wiatedye ’ sa
.%!;“*ﬁrig ":’“":;r, R Y 3T S

2 4 b



S4. Natural bond orbital (NBO) analysis

To investigate the charge distribution and electron transfer patterns of the target dye molecules, a Natural Bond
Orbital (NBO) analysis was performed using the optimized geometries of the ground state (SO). This analysis provides
a deeper understanding of the electronic structure and properties of the molecules under study, thereby shedding
light on their potential applications in various chemical reactions. The natural charges calculated on the atoms of the
dye molecules' fragments provide valuable insights into the intramolecular charge delocalization within the molecules.
These natural charge values were determined for different fragments of the molecules, including the donor (g°°""), rt-
bridge (g%, q°), acceptor (g*“***"), and the difference in natural charges between the donor and acceptor fragments
(Ag®™). The obtained results for these natural charges are presented in the below given table providing detailed
information on the charge distribution and delocalization within the dye molecules. As anticipated, the acceptor units
of all the investigated systems exhibited the highest negative charges. The positive charge difference values (Ag®™*)
between the donor and acceptor units provide compelling evidence for successful charge separation, with higher
values indicating more effective charge separation. The obtained values indicate that the series of dyes with the
thiophene (61), thieno[3,2-b]thiophene (6;) fragments exhibit robust charge separation, suggesting the impact of the
electron-withdrawing properties of the &; and &, units, which promote charge separation in the photosensitizer
systems. It is worth noting that all candidates demonstrated better charge separation than the model dye molecule.

Entry qdonor qacceptor Aqd.a

9

D-6:-A 0.12561 - 0.08067 -0.20626  0.33187
D-€;-6:-A | 0.09875 -0.06794 0.10537 -0.13616  0.23491
D-€-6:-A | 0.16072 -0.14707 0.11274 -0.12637  0.28709
D-€;-6,-A | 0.12255 -0.01259 0.07107 -0.18103 0.30358
D-€-6:-A | 0.12760 -0.10361 0.09401 -0.11800 0.24560
D-&s-6:-A | 0.07509 -0.033 0.09218 -0.13396  0.20905
D-E-6:-A | 0.04474 0.03516 0.07417 -0.15409  0.19883

D-6:-A 0.10169 - 0.06672  -0.16842 0.27011
D-€:-6,-A | 0.10478 -0.07987 0.11668 -0.14159  0.24637
D-€-6,-A | 0.13585 -0.13762 0.13123  -0.12947  0.26532
D-€3-6,-A | 0.09818 -0.01378 0.08064 -0.16502  0.26320
D-€-6,-A | 0.12115 -0.11358 0.11551 -0.12309 0.24424
D-Es-6,-A | 0.07442 -0.04644 0.10827 -0.13625 0.21067
D-E6-6,-A | 0.04387 0.00855 0.09064 -0.14307 0.18694

D-83-A 0.08576 - 0.07175 -0.15748 0.24324
D-€:-6;-A | 0.09036 -0.08194 0.12906 -0.13748 0.22784
D-€-65-A | 0.15182 -0.16541 0.14496 -0.13133  0.28315
D-€3-6;-A | 0.10225 -0.03768  0.0883 -0.15288  0.25513
D-€-65-A | 0.11932 -0.12202 0.13239 -0.12967 0.24899
D-&-63-A | 0.07717 -0.06192 0.11939 -0.13463 0.21180
D-E6-6:-A | 0.04311 -0.00118 0.10137 -0.14333  0.18644




Table S8. Absorption wavelengths (A, nm) oscillator strengths (f), and the orbitals of the investigated molecules involved in the
transitions [M06-2x/6-31G(d,p) solvent model: CPCM, gethanol = 24.55].

Ent A f Transitions (%)
ntr
y (only major contributions are indicated)

481 | 1.24 | HOMO->LUMO (91%)

373 | 0.37 | HOMO-1->LUMO (91%)

316 | 0.11 | HOMO-2->LUMO (83%)

514 | 0.86 | HOMO->LUMO (79%), HOMO—->LUMO+1 (10%)

D-g1-61-A 402 | 0.59 | HOMO-2->LUMO (26%), HOMO-1->LUMO (54%)

372 | 0.13 | HOMO-2-LUMO (28%), HOMO-1->LUMO (28%), HOMO—LUMO+1 (31%)

490 | 1.18 | HOMO-2->LUMO (10%), HOMO->LUMO (76%)

D-g2-61-A 388 | 0.32 | HOMO-1->LUMO (76%), HOMO-1->LUMO+1 (15%)

385 | 0.33 | HOMO->LUMO+1 (81%)

593 | 1.30 | HOMO—->LUMO (91%)

D-g3-61-A 410 | 0.24 | HOMO-1->LUMO (82%)

398 | 0.16 | HOMO->LUMO+1 (75%)

483 | 1.50 | HOMO-2->LUMO (13%), HOMO->LUMO (73%), HOMO—->LUMO+1 (10%)

D-g4-61-A 377 | 0.27 | HOMO-1-LUMO (75%), HOMO-1->LUMO+1 (17%)

360 | 0.13 | HOMO-2->LUMO (40%), HOMO->LUMO+1 (42%)

477 | 1.80 | HOMO-2->LUMO (18%), HOMO—>LUMO (65%), HOMO—->LUMO+1 (12%)

D-g5-61-A 379 | 0.09 | HOMO-2-LUMO (38%), HOMO->LUMO+1 (44%)
(
(
(
(1

D-61-A
(model dye)

351 | 0.43 | HOMO-2->LUMO (26%), HOMO->LUMO (31%), HOMO->LUMO+1 (28%)
HOMO-1->LUMO (19%), HOMO->LUMO (68%)
HOMO-1->LUMO (18%), HOMO->LUMO+1 (64%)
HOMO-4->LUMO (10%), HOMO-1->LUMO (36%), HOMO->LUMO (29%),
HOMO->LUMO+1 (17%)
486 | 1.30 | HOMO->LUMO (88%)
D-e2-A 365 | 0.39 | HOMO-1->LUMO (87%)
330 | 0.13 | HOMO-2->LUMO (74%), HOMO->LUMO+1 (15%)
533 | 1.32 | HOMO->LUMO (80%), HOMO->LUMO+1 (10%)
D-e2-862-A | 393 | 0.66 | HOMO-2->LUMO (40%), HOMO-1->LUMO (16%), HOMO->LUMO+1 (31%)
383 | 0.52 | HOMO-1->LUMO (63%), HOMO->LUMO+1 (18%)
474 | 1.43 | HOMO-2->LUMO (15%), HOMO->LUMO (67%), HOMO->LUMO+1 (14%)
D-£2-6-A | 393 | 0.12 | HOMO-2->LUMO (11%), HOMO->LUMO+1 (69%)
370 | 0.52 | HOMO-2->LUMO (46%), HOMO-1->LUMO (27%), HOMO->LUMO (12%)
574 | 1.34 | HOMO->LUMO (84%)
D-e3-862-A | 420 | 051 | HOMO-2->LUMO (31%), HOMO-1->LUMO (19%), HOMO->LUMO+1 (35%)
392 | 0.12 | HOMO-1->LUMO (38%), HOMO->LUMO+1 (37%)
475 | 2.05 | HOMO-2->LUMO (17%), HOMO->LUMO (65%), HOMO->LUMO+1 (14%)
D-e4-82-A | 374 | 0.16 | HOMO-2->LUMO (42%), HOMO-1->LUMO (10%), HOMO->LUMO+1 (29%)
364 | 0.13 | HOMO-1->LUMO (60%), HOMO-1->LUMO+1 (20%)
471 | 2.03 | HOMO-2->LUMO (19%), HOMO->LUMO (59%), HOMO->LUMO+1 (17%)
(
(
(
(
(1

506 | 1.97
D-g6-61-A 391 | 0.60
362 | 0.38

D-es-52-A | 384 | 0.27 | HOMO-2->LUMO (36%), HOMO->LUMO+1 (43%)

355 | 0.40 | HOMO-2->LUMO (24%), HOMO->LUMO (38%), HOMO->LUMO+1 (23%)
492 | 2.37 | HOMO-1->LUMO (19%), HOMO->LUMO (62%), HOMO->LUMO+1 (10%)
D-g6-82-A | 395 | 0.42 | HOMO-1->LUMO (13%), HOMO->LUMO+1 (62%), HOMO->LUMO+2 (11%)
368 | 0.53 | HOMO-4->LUMO (17%), HOMO-1->LUMO (31%), HOMO->LUMO (35%)




Table S8 (cont.). Absorption wavelengths (A, nm) oscillator strengths (f), and the orbitals of the investigated molecules involved
in the transitions [M06-2x/6-31G(d,p) solvent model: CPCM, &ethanol = 24.55].

Transitions (%)
Entry A f . I .
(only major contributions are indicated)

485 | 1.55 | HOMO->LUMO (83%)
D-63-A 356 | 0.23 | HOMO-2->LUMO (14%), HOMO-1->LUMO (69%), HOMO-1->LUMO+1 (11%)
345 | 0.07 | HOMO-2->LUMO (43%), HOMO-1->LUMO (14%), HOMO—-LUMO+1 (24%)
505 | 1.24 | HOMO->LUMO (63%), HOMO->LUMO+1 (23%)
D-g1-63-A | 413 | 0.79 | HOMO-2->LUMO (51%), HOMO-1->LUMO (10%), HOMO->LUMO+1 (25%)
378 | 0.06 | HOMO-1->LUMO (44%), HOMO-1->LUMO+1 (21%), HOMO—->LUMO+1 (16%)
486 | 1.75 | HOMO-2->LUMO (16%), HOMO->LUMO (62%), HOMO—->LUMO+1 (18%)
D-g2-63-A | 397 | 0.29 | HOMO-2->LUMO (31%), HOMO->LUMO+1 (51%)
376 | 0.45 | HOMO-1->LUMO (50%), HOMO-1->LUMO+1 (24%)
585 | 1.60 | HOMO->LUMO (80%), HOMO->LUMO+1 (13%)
D-£3-63-A | 430 | 0.31 | HOMO-2->LUMO (13%), HOMO->LUMO+1 (69%)
393 | 0.18 | HOMO-2->LUMO (14%), HOMO-1-LUMO (60%), HOMO-1->LUMO+1 (15%)
475 | 2.04 | HOMO-2->LUMO (19%), HOMO-LUMO (59%), HOMO—->LUMO+1 (17%)
D-g4-63-A | 383 | 0.33 | HOMO-2->LUMO (44%), HOMO—->LUMO+1 (36%)
360 | 0.26 | HOMO-1->LUMO (58%), HOMO-1->LUMO+1 (29%)
466 | 2.08 | HOMO-2->LUMO (24%), HOMO-LUMO (49%), HOMO->LUMO+1 (19%)

(

(

(

(

D-gs-83-A | 393 | 0.32 | HOMO-3->LUMO (10%), HOMO-2->LUMO (35%), HOMO->LUMO+1 (43%)
360 | 0.40 | HOMO-2->LUMO (16%), HOMO->LUMO (46%), HOMO->LUMO+1 (22%)
HOMO-1->LUMO (20%), HOMO->LUMO (58%), HOMO->LUMO+1 (11%)
491 | 2.53 | HOMO-4->LUMO (11%), HOMO-1->LUMO (14%), HOMO->LUMO+1 (54%),
D-g6-63-A | 394 | 0.52 | HOMO->LUMO+2 (14%)

371 | 0.60 | HOMO-4->LUMO (18%), HOMO-1->LUMO (22%), HOMO->LUMO (39%),
HOMO->LUMO+1 (12%)




Table S9. (a) PDOS plots for the studied photosensitizers (b) Density of state (DOS) plots and bandgap values. [M06-2x/6-31G(d,p)
solvent model: CPCM, &ethanol = 24.55].

Entry PDOS DOS
—— Donor unit —— DOS spectrum
— Bridge unit-1 —— Occupied orbitals
54 —— Acceptor unit 54 —— Virtual orbitals
—— Occupied orbitals
—— Virtual orbitals
44 44
349 39
D-61-A
2 2 g ]
(model dye) 3 2
]
I =
14 i ‘ 14
v €ga
ol 0l gap
-1 T T T -1+ T T
-200 -17.5 -150 -125 710 0 -7.5 -5.0 —2.5 0.0 -200 -17.5 -150 -125 710 0 77. -5.0 -2.5 0.0
Energy (eV) Energy (eV)
—— Donor unit —— DOS spectrum
— Bridge unit-1 — Occupied orbitals
—— Acceptor unit —— Virtual orbitals
44 —— Occupied orbitals
—— Virtual orbitals
3
5
D-62-A
14
-1 Hlﬂm T T T T -1+
-20.0 —17 5 —15 (] -12.5 -10.0 -7.5 -5.0 -2.5 0.0 -20.0 -17.5 -15.0 -12.5 -10.0 -7.5 -5.0 -2.5 0.0
Energy (eV) Energy (eV)
—— Donor unit —— DOS spectrum
54 —— Bridge unit-1 54 — Occupied orbitals
—— Acceptor unit —— \Virtual orbitals
—— Occupied orbitals
—— Virtual orbitals
4 44
3 3]
2 24
D-63-A
14 \ | A 14
v ’ V ‘ 1 . /
n \
0 0
-1+ t T T T -1+ T T
—20.0 -17.5 -15.0 —-12.5 -10.0 =7.5 -5.0 2.5 0.0 -20.0 -17.5 -15.0 —-12.5 710 0 77 -5.0 —-2.5 0.0
Energy (eV) Energy (eV)




Table S9 (cont.). (a) PDOS plots for the studied photosensitizers (b) Density of state (DOS) plots and bandgap values. [M06-2x/6-
31G(d,p) solvent model: CPCM, gethanol = 24.55].

Entry PDOS DOS
6 6
—— Donor unit — DOS spectrum
—— Bridge unit-1 — Occupied orbitals
—— Bridge unit-2 — Virtual orbitals
5 —— Acceptor unit 54
—— Occupied orbitals
Virtual orbitals
4 44
34 37
D-£1-61-A 5] 5] g o
g =]
149 g 14 -
€gap
04 04
=1 T T T T T -1+ T T T
-20.0 -17.5 -15.0 -125 -10.0 —1.5 -5.0 =2:5 0.0 -200 -17.5 -150 -125 -10.0 -7.5 -5.0 =25 0.0
Energy (eV) Energy (ev)
Denor unit —— DOS spectrum
Bridge unit-1 — Occupied orbitals
Bridge unit-2 — Virtual orbitals

Acceptor unit

5 Occupied orbitals
Virtual orbitals

. ’l |
D-£1-62-A |
I

——

14 1
-20.0 -17.5 -150 -12.5 -10.0 -7.5 -5.0 -2.5 0.0 -200 -17.5 -150 =125 -10.0 -7.5 -5.0 -2.5 0.0

Energy (eV)

Energy (eV)

—— Donor unit —— DOS spectrum
—— Bridge unit-1 —— Occupied orbitals
= Bridge unit-2 = Virtual orbitals

5 —— Acceptor unit 5]
—— Occupied orbitals
Virtual orbitals
41 4-
3 3]
D-€1-63-A 5 51
1 14
o 04
||| ||| I|||||||| ‘HH H‘ | | MJI“"I“‘“W HH “‘3'87‘2\/ ‘
-1 4 T T T -1+ T T T
—-20.0 -17.5 -15.0 -12.5 -10.0 7.5 -5.0 -2.5 0.0 —-20.0 -17.5 -15.0 -12.5 -10.0 -1.5 -5.0 -2.5 0.0

Energy (eV) Energy (eV)




Table S9 (cont.). (a) PDOS plots for the studied photosensitizers (b) Density of state (DOS) plots and bandgap values. [M06-2x/6-

31G(d,p) solvent model: CPCM, gethanol = 24.55].

Entry PDOS DOS
—— Donor unit —— DOS spectrum
—— Bridge unit-1 —— Occupied orbitals
—— Bridge unit-2 51 — Virtual orbitals
—— Acceptor unit
— Occupied orbitals
Virtual orbitals
a4
3
D-g2-61-A 2+ g g
=) =
k= o
1
o €gap
R T T T T -1+ T T T
-20.0 -17.5 -15.0 -125 -10.0 —1.5 -5.0 =2:5 0.0 -200 -17.5 -150 -125 -10.0 -7.5 -5.0 =25 0.0
Energy (eV) Energy (ev)
—— Donor unit —— DOS spectrum
— Bridge unit-1 — Occupied orbitals
6 —— EBridge unit-2 6 —— Virtual orbitals
—— Acceptar unit
—— Occupied orbitals
5 Virtual orbitals
D-£2-62-A
3.91eV
~1 14
—20.0 -17.5 -15.0 -12.5 -10.0 =7.5 -5.0 —2.5 0.0 —20.0 -17.5 -15.0 -125 -10.0 =7.5 =5.0 -2.5 0.0
Energy (eV) Energy (ev)
6 — Donor unit 61 —— DOS spectrum
— Bridge unit-1 — Occupied orbitals
- Bridge unit-2 —— Virtual orbitals
5 —— Acceptar unit 5
— Occupied orbitals
Virtual orbitals
4
3
D-£2-63-A 5] 9 o
= s
o =}
T o]
14
&€gap
o
=1+ -1+ T T T
-20.0 —-17.5 -15.0 —=12.5 -10.0 -71.5 -5.0 =25 0.0 —20.0 -17.5 -15.0 -125 -10.0 -7.5 -5.0 -2.5 0.0
Energy (eV) Energy (eV)




Table S9 (cont.). (a) PDOS plots for the studied photosensitizers (b) Density of state (DOS) plots and bandgap values. [M06-2x/6-
31G(d,p) solvent model: CPCM, gethanol = 24.55].

Entry PDOS DOS
—— Donor unit —— DOS spectrum
—— Bridge unit-1 — Occupied orbitals
54 - Bridge unit-2 5 =—— Virtual orbitals
—— Acceptor unit
—— Occupied erbitals
Virtual orbitals
4]
3
D-g3-61-A 2]
14
o4
R T T T 2 -1 T T T
-20.0 -175 -15.0 -125 -10.0 —1.5 -5.0 =2:5 0.0 -200 -17.5 -150 -125 -10.0 -7.5 -5.0 =25 0.0
Energy (eV) Energy (ev)
—— Donor unit —— DOS spectrum
6 —— Bridge unit-1 6 —— Occupied orbitals
- Bridge unit-2 —— Virtual orbitals
—— Acceptor unit
54 —— Occupied crbitals 5
Virtual orbitals
4
3
D-g3-62-A
2]
14
0_
=1 =1
-20.0 —-17.5 -15.0 —=12.5 -10.0 -71.5 -5.0 =25 0.0 —20.0 -17.5 -15.0 -125 -10.0 -7.5 -5.0 -2.5 0.0
Energy (eV) Energy (eV)
—— Donor unit —— DOS spectrum
6 —— Bridge unit-1 6 — Occupied orbitals
= Bridge unit-2 —— Virtual orbitals
—— Acceptor unit
i —— Occupied orbitals i
3 Virtual orbitals 5
44 44
34 39
D-£3-63-A
24 24
111 ’ 1+
\ Al ‘ I
1 ! \
o 0L "W _ . €gap
-1 -Mmmm“mw”mm T T T -1 -JHJH-IHH”H“-IMMI-IIIII-“”M“, T T T
—=20.0 =L17.5 -15.0 =12.5 -10.0 =7.5 -5.0 =25 0.0 —20.0 -17.5 -15.0 -125 -10.0 =1.5 =5.0 -2.5 0.0
Energy (eV) Energy (eV)




Table S9 (cont.). (a) PDOS plots for the studied photosensitizers (b) Density of state (DOS) plots and bandgap values. [M06-2x/6-
31G(d,p) solvent model: CPCM, gethanol = 24.55].

Entry PDOS DOS
—— Donor unit —— DOS spectrum
—— Bridge unit-1 51 — Oceupied orbitals
- Bridge unit-2 =—— Virtual orbitals
—— Acceptor unit
— Occupied orbitals
Virtual orbitals 44
3
2 o o
D-g4-61-A 2 2
) =
I )
1
ol €gap
T T T T -1+ T T T T
-20.0 -175 -15.0 -125 -10.0 —1.5 -5.0 =2:5 0.0 -200 -17.5 -150 -125 -10.0 -7.5 -5.0 =25 0.0
Energy (eV) Energy (eV)
—— Donor unit —— DOS spectrum
59 —— Bridge unit-1 57 —— Occupied orbitals
= Bridge unit-2 —— Virtual orbitals
—— Acceptor unit
— Occupied orbitals
Virtual orbitals 44
3
24
D-€4-62-A
/ 1—m
a ' ‘ A €gap
4 oA
-1+ T T T -1 T f
—=20.0 =L17.5 -15.0 =12.5 -10.0 =7.5 -5.0 =25 0.0 —20.0 -17.5 -15.0 -125 -10.0 =1.5 =5.0 -2.5 0.0
Energy (eV) Energy (eV)
—— Donor unit —— DOS spectrum
— Bridge unit-1 — Occupied orbitals
~——— Bridge unit-2 —— Virtual orbitals
= Acceptor unit 51
— Occupied orbitals
Virtual orbitals
4
34
D-€4-63-A 5] g g
o
I 2
| T2 1
Jiie. &€gap
oA
| ||| "””lll ||| HH H 3.90 eV
14 T T T -1
—20.0 =17.5 -15.0 =12.5 -10.0 =7.5 =5.0 2.5 0.0 —20.0 -17.5 -15.0 -125 -10.0 =7.5 =5.0 -2.5 0.0
Energy (eV) Energy (eV)




Table S9 (cont.). (a) PDOS plots for the studied photosensitizers (b) Density of state (DOS) plots and bandgap values. [M06-2x/6-
31G(d,p) solvent model: CPCM, gethanol = 24.55].

Entry PDOS DOS
—— Donor unit — DOS spectrum
—— Bridge unit-1 —— Occupied orbitals
6 —— Bridge unit-2 6 —— Virtual orbitals
—— Acceptor unit
— Occupied orbitals
54 Virtual orbitals 54
4
3
D-g5-61-A
2
14
o+
R T T T -1+ T T T T
-20.0 -175 -15.0 -125 -10.0 -7.5 -5.0 -2.5 0.0 -200 -17.5 -150 -125 -10.0 -7.5 -5.0 =25 0.0
Energy (eV) Energy (eV)
—— Donor unit —— DOS spectrum
—— Bridge unit-1 — Occupied orbitals
6 — Bridge unit-2 6 —— Virtual orbitals
—— Acceptor unit
— Occupied orbitals
Virtual orbitals
5
41
3
D-g5-62-A
2
0 19
f |
/ €gap
\ 0
r T T 1 -1+ T T T
-20.0 —-17.5 -15.0 —=12.5 -10.0 -71.5 -5.0 =25 0.0 —20.0 -17.5 -15.0 -125 -10.0 -7.5 -5.0 -2.5 0.0
Energy (eV) Energy (eV)
7 —— Donor unit 74 —— DOS spectrum
—— Bridge unit-1 — Occupied orbitals
| —— Bridge unit-2 — Virtual orbitals
—— Acceptor unit
6 —— Occupied orbitals 6
Virtual orbitals
5 54
4 44
34 39
D-g5-63-A
e o
2 2 = S
. ! o =)
i I =
149 19
.‘ A R
0 Y A AR . €gap
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Table S9 (cont.). (a) PDOS plots for the studied photosensitizers (b) Density of state (DOS) plots and bandgap values. [M06-2x/6-

31G(d,p) solvent model: CPCM, gethanol = 24.55].

Entry PDOS DOS
74 —— Donor unit 74 —— DOS spectrum
—— Bridge unit-1 — Occupied orbitals
—— Bridge unit-2 — Virtual orbitals
64 —— Acceptar unit 6l
—— Occupied orbitals
Virtual orbitals
5 54
4 4
34 39
D-g6-61-A
24 29
14 14
04 04
—14 -1 T T T
—20.0 -17.5 -15.0 -12.5 -10.0 0.0 —20.0 -17.5 -15.0 -125 -10.0 =7.5 —5.0 -2.5 0.0
Energy (eV) Energy (eV)
7 —— Donor unit 74 —— DOS spectrum
— Bridge unit-1 —— Occupied orbitals
—— Bridge unit-2 — Virtual orbitals
6 —— Acceptor unit 64
— Occupied orbitals
Virtual orbitals
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4
34
D-g6-62-A
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14
€gap
0
-1+ T T T
-17.5 -15.0 -125 -10.0 -200 -17.5 -150 -125 -10.0 =75 -5.0 =25 0.0
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1
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Table S10. Electron density differentiation maps (EDDMs) and the corresponding percent contributions of the different fragments on the investigated systems [M06-2x/6-31G(d,p) solvent

model: CPCM, gethanol = 24.55].

Entr absorption f change contribution % EDDM BEFORE (where the excited electron EDDM AFTER (where the excited electron
4 Amax & D € é A density is coming from) density is going to)
Before | 79 | - | 15 | 7 ‘8o .43,
ProvA 481 124 | Aft 18 36 | 46 g hag
. er - " %
g YR N . % 0 @ é
(model dye) 4 Q gi d 4 %‘
Net | -61 | - | 21 | 39 9 9 ‘SJ«, i v
Before | 83 | 12 | 4 | 1 ) W8ea, , o
DR ’ -s‘;!. 992
D-£1-81-A 514 086 | After | 6 | 37 | 26 | 31 S 909t S~ =
2® L 9 1‘ ’ 4*
o ° Vs )
Net 77 | 25 | 22 | 30 o 9%
Before 78 16 5 2 s s
2,%.0 o
D-2-61-A 490 11g | After 5 | 23 | 33 | 39 ?‘.?’3) §rst. 3‘5"{,{ 3
Net |-73| 7 | 28| 37 @ 3
Before 57 27 11 5 s
D-£3-61-A 593 130 | After 13 37 | 24 | 26 %% %’?“;
2 P00y )
AP
Net 44 | 10 | 13 | 21 8
Before 77 18 4 1 2 2l
"‘u"" -‘%
AT .
D-£4-61-A 483 1.50 | After 5 | 23 | 24 | 38 R .
2
Net | -72 | 5 | 20 | 37 R 41
Before | 69 | 27 | 3 1 i
e L ay
D-£5-61-A 477 1.80 | After 2 21 | 34 | 43 o
€5-01 ...‘3““')“‘*‘ !0‘
Net 67 | 6 | 31| a2 ) e
Before | 42 | 53 | 3 | 1 ped $<]
- ? ,‘ ) . - “-I i“‘ -
D-g6-61-A 506 1.97 After 1 21 36 43 “’gj‘éy’ " : 3 e f."-‘a‘;ﬂd::“ -
Net | -41 | -32 | 33 | 42 K ) 2]




Table S10 (cont.). Electron density differentiation maps (EDDMs) and the corresponding percent contributions of the different fragments on the investigated systems [M06-2x/6-31G(d,p)
solvent model: CPCM, &ethanol = 24.55].

Entr absorption f change contribution % EDDM BEFORE (where the excited electron EDDM AFTER (where the excited electron
v Amax & D € [ A density is coming from) density is going to)
Before | 75 - |2 |5 ‘D .
D-62-A !’Ie‘ib; P’ 2 q:r! 2
486 1.30 | After 12 - 43 | 45 s v f -
Net | 63 | - | 23 |40 - .o
Before 75 16 7 2 .‘;,.»J 4
D-£1-62-A 533 132 | After 7 35 | 31 |27 .3, L sgi s @ >
. [ o ) ?
,s,“‘;-l\)q' et ,:. ff {
Net 68 | 19 | 24 |25 % 4 o ¢ .
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e, T
Phe L pp \
D-£2-82-A 474 143 | After 3 19 | 41 | 38 & Nwﬁb¢°, e ¥ 2
A $ 3 e ‘
Net 77 | 6 | 36 | 37 ) %
Before | 59 | 25 | 13 | 3 e 5. Ao 5.
9
D-£3-62-A 574 1.34 | After 7 29 | 34 | 29 % e X A
+-62 \i;h 3 ‘ M;gﬂ.ddd,:‘
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Before 75 19 5 1 ol ® ol
m W5 Frriniies
. ® 3 2 ~
D-e4-62-A 475 205 | After | 4 | 17 | 40 |39 z‘ : “*i’{' 3
'y
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% % 3
D-£5-62-A 471 203 | After | 1 | 16 | 42 |41 ’3‘,‘““ el
% % 3‘ 2 .58 4 JJ
Net 67 | -12 | 38 | 40 b . gt e
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L e
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Table S10 (cont.). Electron density differentiation maps (EDDMs) and the corresponding percent contributions of the different fragments on the investigated systems [M06-2x/6-31G(d,p)
solvent model: CPCM, &ethanol = 24.55].

Entr absorption f change contribution % EDDM BEFORE (where the excited electron EDDM AFTER (where the excited electron
4 Amax & D € ) A density is coming from) density is going to)
Before | 72 - 25 | 3 g ‘3"
Qe
D-83-A 485 1.55 | After 7 - | 48 | 45 a%a Ty oy
2 \x‘ )3}3?,:‘ 2 10 :
Net | -65 | - | 23 |42 b 4 o o i
Before 78 13 8 1 . :’ ‘ 8.1.‘“ ‘
After 3 23 | 40 | 34 & i ; T3y ®
D-g1-63-A 505 1.24 ‘.?..)"‘st"‘“.a:., »#:'f‘d? ‘0-'
£ ¥ e : :‘a‘ 2 P4
Net | -75 | 10 | 32 | 33 B 9
Before | 72 | 17 | 9 | 1 {0 .
4 s S . o .4 § 4 M .
DevbiA | 486 | 175 | After | 3 | 14 [ 45 |38 $302 g, a‘fa‘b‘ﬁﬁ?',
Net | -69 | -3 | 36 |37 ?fs- 4 i
Before | 52 | 29 | 18 | 2 r oy -
Lnanie o .o 4 3d, e
D-£3-83-A 585 16 | After 8 | 24 | 38|30 3‘” A e 222 Y, yt“q?zr
Net -44 | -5 | 20 | 28 ' e
+ 2 @
rl = ‘ “
Before | 72 20 7 1 ‘*'J‘g’:.: . A "y JJ.J
4 a \ Y o T e R A
D-£4-63-A 475 2.04 | After 3 13 | 47 | 37 . i Py xkah Ny 7
) - ,Q
Net | -69 | -7 | 40 | 36 [ k)
Before 65 30 5 1 ; 1;
D-£5-53-A 466 208 | After | 1 | 9 |46 |43 as2s,. . =% o
a0l Ny s5 ey,
Net | -64 | -21 | 41 | 42 A ; T
Before | 39 | 55 | 5 | 1 B B e
% T % T iaty
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Net -39 | -46 | 43 | 42 AR E s o ¥




Table S11. Atom- and fragment-based electron-hole analysis of the investigated systems [M06-2x/6-31G(d,p) solvent model: CPCM, gethanol = 24.55].

Hole (%) Electron (%) Overlap (%) Difference (%)

Entry D € [ A D € 8 A D € 8 A D € 8 A

D-61-A 66.01 - 23.10 10.89 25.58 - 37.43 36.99 41.10 - 29.40 20.07 -40.43 - 14.33 26.10

D-62-A 58.89 - 32.50 8.61 20.93 - 45.66 33.41 35.11 - 38.52 16.96 -37.95 - 13.16 24.80

D-63-A 49.77 - 42.63 7.60 16.97 - 52.24 30.79 29.06 - 47.19 15.30 -32.80 - 9.61 23.19
D-£1-61-A 67.19 20.94 8.79 3.08 11.03 59.09 16.64 13.24 27.22 35.17 12.09 6.39 -56.17 38.16 7.85 10.16
D-€1-62-A 56.75 25.54 14.65 3.06 14.32 54.97 20.97 10.65 28.50 37.47 17.15 5.71 -42.44 29.44 5.42 7.58
D-£1-63-A 56.81 21.54 19.05 2.60 10.13 58.04 22.59 9.24 23.99 35.36 20.75 4.90 -46.68 36.50 3.54 6.64
D-£2-61-A 54.80 26.69 13.47 5.04 16.54 33.15 27.25 23.06 30.10 29.75 19.16 10.78 -38.26 6.46 13.78 18.02
D-g2-62-A 51.92 23.19 20.04 4.85 13.31 32.98 33.74 19.98 26.28 27.66 26.00 9.84 -38.62 9.79 13.70 15.13
D-£2-63-A 42.07 24.13 29.21 4.60 14.71 30.34 37.63 17.31 24.88 27.05 33.16 8.92 -27.35 6.21 8.42 12.72
D-g3-61-A 43.62 34.42 15.42 6.54 16.21 45.11 21.30 17.38 26.59 39.41 18.12 10.66 -27.41 10.69 5.88 10.84
D-g3-62-A 45.19 31.69 18.67 4.45 12.89 48.05 25.12 13.94 24.14 39.02 21.66 7.88 -32.30 16.37 6.45 9.49
D-£3-63-A 38.08 33.71 24.97 3.25 14.83 44.92 28.58 11.67 23.76 38.91 26.71 6.16 -23.24 11.22 3.61 8.42
D-g4-61-A 48.49 33.66 12.74 5.11 16.27 35.53 26.38 21.81 28.09 34.58 18.33 10.55 -32.22 1.87 13.64 16.71
D-g4-62-A 42.75 31.41 20.94 4,91 15.48 33.39 31.49 19.63 25.73 32.38 25.68 9.81 -27.26 1.98 10.55 14.73
D-£4-63-A 36.93 29.89 28.63 4.55 14.72 32.23 36.86 16.19 23.32 31.04 32.49 8.58 -22.21 2.35 8.23 11.63
D-g5-61-A 34.00 47.11 13.59 5.30 9.98 39.04 26.61 24.36 18.43 42.89 19.01 11.37 -24.02 -8.06 13.03 19.06
D-g5-62-A 32.20 44.22 18.97 4.61 10.66 37.54 31.49 20.32 18.53 40.74 24.44 9.68 -21.55 -6.68 12.52 15.70
D-g5-63-A 26.07 39.96 29.05 4.93 8.98 32.86 37.39 20.76 15.30 36.24 32.95 10.12 -17.09 -7.09 8.34 15.84
D-g6-61-A 12.69 66.74 14.32 6.25 4.46 33.86 32.18 29.50 7.53 47.53 21.47 13.57 -8.23 -32.88 17.86 23.25
D-g6-62-A 12.10 61.58 21.13 5.20 4.41 28.32 38.66 28.61 7.30 41.76 28.58 12.19 -7.69 -33.25 17.53 23.41
D-g6-63-A 9.52 56.68 28.91 4.88 3.35 25.73 46.01 24.92 5.65 38.19 36.47 11.03 -6.18 -30.95 17.09 20.03




Table S12. Atom- and fragment-based electron-hole analysis of the investigated systems [M06-2x/6-31G(d,p) solvent model: CPCM, gethanol = 24.55].

D-6:1-A

HETA e Donor unit (D)-Atom indices: 9-48,55
Bridge unit-1 (8)-Atom indices: 1-7
HETuEIEeH Acceptor unit (A)-Atom indices: 8,49-54,56-57

0.166
0.133
0.100
0.067
0.033
0.000

Hole
Electron
Overlap

17 21 25 29 33 37 41 45 49 53 57

0.6680
Hole 0528

0.396
Electron-

0264
Overlap - 0.132

0.000

(x-ax:s 1: Fragment 1, 2: Fragment 2,3: Fragment 3)




Table S12 (cont.). Atom- and fragment-based electron-hole analysis of the investigated systems [M06-2x/6-31G(d,p) solvent model: CPCM, gethanol = 24.55].

D-6,-A

@)
Donor unit (D)-Atom indices: 18-56,58-59 Q% Q
Bridge unit-1 (8)-Atom indices: 1-6,15-17,57
HEERIEF Acceptor unit (A)-Atom indices: 7-14,60 a
% e @

Hole Uilr
Electron 882;
Overlap 0.029

0.000

13 17 21 26 29 33 37 41 45 49 53 57

0.589
Hole 0471
0.353

Electron-+
0.236
Overlap A 0.118
T T 0.000

1 2 3
(x-axis 1: Fragment 1, 2: Fragment 2, 3: Fragment 3)



Table S12 (cont.). Atom- and fragment-based electron-hole analysis of the investigated systems [M06-2x/6-31G(d,p) solvent model: CPCM, gethanol = 24.55].

D-6s-A

HETAEI®E Donor unit (D)-Atom indices: 21-22,24-46,48-63
Bridge unit-1 (8)-Atom indices: 1-6,15-20,23
HENETNER Acceptor unit (A)-Atom indices: 7-14,47

@
0.132
2408
Electron 02053
Overlap 0.026
0.000
1 5 9 13 17 21 25 29 33 37 41 45 49 H3 57 61

0.522

Hole 0.418

0.313

Electron
0.209
Overlap 0.104

0.000

1 2 3
(x-axis 1: Fragment 1, 2: Fragment 2, 3: Fragment 3)



Table S12 (cont.). Atom- and fragment-based electron-hole analysis of the investigated systems [M06-2x/6-31G(d,p) solvent model: CPCM, gethanol = 24.55].

D-£:.6:-A

Donor unit (D)-Atom indices: 1-41 G-g Q
Bridge unit-1 (€)-Atom indices: 54-64 "’P@
Fragment 3: Bridge unit-2 (6)-Atom indices: 42-48

Acceptor unit (A)-Atom indices: 49-53,65-68 @

o;g 2o @
Y999, & T AN M

Hole 0135
Electron %%%%
Overlap 0.031

0.000

1 & 11 16 =21 26 31 36 41 46 51 56 61 66

s 9

0672
Hole 0598
0.403

Electron
0.269
Overlap 0134

0.000

1 2 3 4
(x-axis 1: Fragment 1, 2: Fragment 2, 3: Fragment 3, 4: Fragment 4)



Table S12 (cont.). Atom- and fragment-based electron-hole analysis of the investigated systems [M06-2x/6-31G(d,p) solvent model: CPCM, gethanol = 24.55].

D-€,.6:-A

HEIdEME Donor unit (D)-Atom indices: 29-65,67-70 g Q
Bridge unit-1 (€)-Atom indices: 19-28,66 )
Fragment 3: Bridge unit-2 (§)-Atom indices: 1-6,15-18
Acceptor unit (A)-Atom indices: 7-14,71 Q
) " @ 9
il o
@
@
e@ o
@
0.128
Hole 0.102
Electron OD%Z')Z
Overlap 0.026
0.000
1 6 11 18 21 26 31 36 41 46 51 56 61 66 7l
0.568
Hole 0.454
0.341
Electron
0.227
Overlap 0.114
T 0.600

1 2 3 4
(x-axis 1: Fragment 1, 2: Fragment 2, 3: Fragment 3, 4: Fragment 4)



Table S12 (cont.). Atom- and fragment-based electron-hole analysis of the investigated systems [M06-2x/6-31G(d,p) solvent model: CPCM, gethanol = 24.55].

D-€,.635-A

HEEEQ®E Donor unit (D)-Atom indices: 30-54,59-74
Bridge unit-1 (€)-Atom indices: 21-29,55-56
Fragment 3: Bridge unit-2 (6)-Atom indices: 1-6,15-20,57

Acceptor unit (A)-Atom indices: 7-14,58

©

@

@ ¥

Hole 0105
Q.077
Electron 0.051
Overlap 0.0=6
0.000
1 6 11 16 21 26 31 36 41 46 51 56 61 66 71

. 0.580

Hole 0.464

0.248

Electron

0.232

Overlap 0.118

0.000

I I I
1 2 3 4
(x-axis 1: Fragment 1, 2: Fragment 2, 3: Fragment 3, 4: Fragment 4)




Table S12 (cont.). Atom- and fragment-based electron-hole analysis of the investigated systems [M06-2x/6-31G(d,p) solvent model: CPCM, gethanol = 24.55].

D-&:.6:-A

Donor unit (D)-Atom indices: 1-40,66
Bridge unit-1 (€)-Atom indices: 56-65,67-70

Fragment 3: Bridge unit-2 (6)-Atom indices: 41-47

Acceptor unit (A)-Atom indices: 48-55,71

Hole 0095
Flectron 882%
Overlap 0.023

0.000

16 21 26 31 36 41 46 51 56 61 66 71

0.548
Hole 0 438

0.329
Electron

0.219
Overlap 0.110

0.000

1 2 3 4
(x-axis 1: Fragment 1, 2: Fragment 2, 3: Fragment 3, 4: Fragment 4)



Table S12 (cont.). Atom- and fragment-based electron-hole analysis of the investigated systems [M06-2x/6-31G(d,p) solvent model: CPCM, gethanol = 24.55].
D-&:.6:-A Q Q

HET e Donor unit (D)-Atom indices: 33-73
Bridge unit-1 (€)-Atom indices: 19-32

Fragment 3: Bridge unit-2 (6)-Atom indices: 1-6,15-18
Acceptor unit (A)-Atom indices: 7-14,74 %

\J é
@
a“

Hole gégg
Electron 882%
Overlap 0.024

0.000

1 8 11 168 21 26 31 36 41 46 51 o6 61 66 71

' ‘ 0.519
Hole 0415
0.312

Electron
0.208
Overlap 0104
0.000

1 2 3 4
(x-axis 1: Fragment 1, 2: Fragment 2, 3: Fragment 3, 4: Fragment 4)



Table S12 (cont.). Atom- and fragment-based electron-hole analysis of the investigated systems [M06-2x/6-31G(d,p) solvent model: CPCM, gethanol = 24.55].

D-€,.63-A

)

FEEEQ®E Donor unit (D)-Atom indices: 25-49,62-77
Bridge unit-1 (€)-Atom indices: 21-24,51-60 :
. . - o
Fragment 3: Bridge unit-2 (6)-Atom indices: 1-6,15-20,50 / G
Acceptor unit (A)-Atom indices: 7-14,61

Hole
Electron

Overlap

1 6

Hole

Electron-

Overlap

11 16 21 26 31 36 41 46 51 56 61 66 71 76

1 2 3 4
(x-axis 1: Fragment 1, 2: Fragment 2, 3: Fragment 3, 4: Fragment 4)

0.421

0.337

0.252

0.168

C.084

0.000

0.087
0.069
0.052
0.035
0.017
0.000



Table S12 (cont.). Atom- and fragment-based electron-hole analysis of the investigated systems [M06-2x/6-31G(d,p) solvent model: CPCM, gethanol = 24.55].

D-&3.6:-A

HEENEQ®E Donor unit (D)-Atom indices: 1-40,61 Qg Q
Bridge unit-1 (€)-Atom indices: 56-60,62-70,72-74 R

Fragment 3: Bridge unit-2 (§)-Atom indices: 41-47 Q

Acceptor unit (A)-Atom indices: 48-55,71

Hole 0106
Electron 88?2
Overlap 0.027

0.000

11 16 21 26 31 36 41 46 51 56 61 66 71

0451

Hole

0.261
0.271

Electron-
0.180
Overlap A 0.090
T 0.000

1 2 3 4
(x-axis 1: Fragment 1, 2: Fragment 2, 3: Fragment 3, 4: Fragment 4)



Table S12 (cont.). Atom- and fragment-based electron-hole analysis of the investigated systems [M06-2x/6-31G(d,p) solvent model: CPCM, gethanol = 24.55].
D-£3.6,-A

eI ®E Donor unit (D)-Atom indices: 24-64
Bridge unit-1 (€)-Atom indices: 19-23,65-76

Fragment 3: Bridge unit-2 (§)-Atom indices: 1-6,15-18
Acceptor unit (A)-Atom indices: 7-14,77

0.123
0.098
0.074
0.049
0.025
0.000

Hole
Electron
Overlap

11 16 21 26 31 36 41 46 51 56 &1 66 71 76

L L 0.481
Hole 0.384
0.288

Electron
0.192
Overlap 0.096

0.000

1 2 3 4
(x-axis 1: Fragment 1, 2: Fragment 2, 3: Fragment 3, 4: Fragment 4)



Table S12 (cont.). Atom- and fragment-based electron-hole analysis of the investigated systems [M06-2x/6-31G(d,p) solvent model: CPCM, gethanol = 24.55].
D-&3.65-A
HET e Donor unit (D)-Atom indices: 25-49,65-80
Bridge unit-1 (€)-Atom indices: 21-24,51-63
Fragment 3: Bridge unit-2 (6)-Atom indices: 1-6,15-20,50
Acceptor unit (A)-Atom indices: 7-14,64

A @

Hole 0055
Electron 8853
Overlap %8%%

11 16 21 26 31 36 41 46 31 56 61 66 71 76

‘ ' 0.449
Hole 0359
0.270

Electron
(0.180
Overlap 0.090

T 0.000
1 2 3 4

(x-axis 1: Fragment 1, 2: Fragment 2, 3: Fragment 3, 4: Fragment 4)



Table S12 (cont.). Atom- and fragment-based electron-hole analysis of the investigated systems [M06-2x/6-31G(d,p) solvent model: CPCM, gethanol = 24.55].
D-£,.6:-A
FEEME®E Donor unit (D)-Atom indices: 16-55,64
Bridge unit-1 (€)-Atom indices: 56-63
Fragment 3: Bridge unit-2 (§)-Atom indices: 1-7
Acceptor unit (A)-Atom indices: 8-15,65

0.101
Hole 0.081
Electron 88466
Overlap 0.020
0.000

13 17 21 25 29 33 37 41 45 49 53 57 61 65

. 0.485
Hele 0388
0.291

Electron
0.194
Overlap 0.097
T T 0.000

T
1 2 3 4
(x-axis 1: Fragment 1, 2: Fragment 2, 3: Fragment 3, 4: Fragment 4)



Table S12 (cont.). Atom- and fragment-based electron-hole analysis of the investigated systems [M06-2x/6-31G(d,p) solvent model: CPCM, gethanol = 24.55].

D-£,.6:-A

HETAME Donor unit (D)-Atom indices: 23-62,67 : ) Q
Bridge unit-1 (€)-Atom indices: 19-22,63-66 0

Fragment 3: Bridge unit-2 (6)-Atom indices: 1-6,15-18

Acceptor unit (A)-Atom indices: 7-14,68

@
@

Hole
Electron

Overlap
1 6 11 16 21 26 31 36 41 45 51 56 61 66

0.427%

Hole 0.342
0.256
Electron-
0.171
Overlap - 0.085
0.000

1 2 3 4
(x-axis 1: Fragment 1, 2: Fragment 2, 3: Fragment 3, 4: Fragment 4)

0.089
0.071
0.053
0.035
0.018
0.000



Table S12 (cont.). Atom- and fragment-based electron-hole analysis of the investigated systems [M06-2x/6-31G(d,p) solvent model: CPCM, gethanol = 24.55].

D-£,.65-A
HEIdEME Donor unit (D)-Atom indices: 30-54,56-71 Qg
Bridge unit-1 (€)-Atom indices: 21-23,25-29
Fragment 3: Bridge unit-2 (6)-Atom indices: 1-6,15-20,24 0
Acceptor unit (A)-Atom indices: 7-14,55 a

> @
5 @

Hole 0,065
Electron %%‘g{
Overlap 0.016

0.000

16 11 16 21 26 31 36 41 46 51 56 61 66 71

. . 0.369
Hole 0.295
0.222

Electron-
0148
Overlap A 0.074
0.000

1 2 3 4
(x-axis 1: Fragment 1, 2: Fragment 2, 3: Fragment 3, 4: Fragment 4)




Table S12 (cont.). Atom- and fragment-based electron-hole analysis of the investigated systems [M06-2x/6-31G(d,p) solvent model: CPCM, gethanol = 24.55].
D-&5.6:-A

HEIE®E Donor unit (D)-Atom indices: 16-54,75,85
Bridge unit-1 (€)-Atom indices: 55-74,76-84,86

Fragment 3: Bridge unit-2 (6)-Atom indices: 1-7
Acceptor unit (A)-Atom indices: 8-15,87

0.101
Hole 0.080
Electron 8828
Overlap 88%8

17 13 19 25 31 37 43 49 55 61 67 73 79 85

. 0.471
Hole 07y
0.283

Electron
0.188
Overlap 0.094
T T 0.000

1 2 3 4
(x-axis 1: Fragment 1, 2: Fragment 2, 3: Fragment 3, 4: Fragment 4)



Table S12 (cont.). Atom- and fragment-based electron-hole analysis of the investigated systems [M06-2x/6-31G(d,p) solvent model: CPCM, gethanol = 24.55].
D-&5.6,-A

eI ®E Donor unit (D)-Atom indices: 47-87
Bridge unit-1 (€)-Atom indices: 19-46,88-89

Fragment 3: Bridge unit-2 (§)-Atom indices: 1-6,15-18
Acceptor unit (A)-Atom indices: 7-14,90

Hole 0066
Electron (%)(()]??i:ll
Overlap 0.017

0.000

13 19 25 31 37 43 49 55 61 67 73 79 85

. 0.442
Hole 0954
0.265

Electron
0.177
Overlap 0.088
1 0.000

1 2 3 4
(x-axis 1: Fragment 1, 2: Fragment 2, 3: Fragment 3, 4: Fragment 4)



Table S12 (cont.). Atom- and fragment-based electron-hole analysis of the investigated systems [M06-2x/6-31G(d,p) solvent model: CPCM, gethanol = 24.55].

D-€5.63-A

Donor unit (D)-Atom indices: 51-74,76,78-93
Bridge unit-1 (€)-Atom indices: 22-50,75

Fragment 3: Bridge unit-2 (§)-Atom indices: 1-6,15-21

Acceptor unit (A)-Atom indices: 7-14,77

Hole 0065
Electron 88%%
Overlap 0.01%

0.000

13 19 25 31 37 43 49 55 61 67 73 79 85 9l

. . 0.400
Hole 0.320
0.240

Electron
0.160
Overlap 0.080
1 1 0.000

1 2 3 4
(x-axis 1: Fragment 1, 2: Fragment 2, 3: Fragment 3, 4: Fragment 4)



Table S12 (cont.). Atom- and fragment-based electron-hole analysis of the investigated systems [M06-2x/6-31G(d,p) solvent model: CPCM, gethanol = 24.55].

D-&:.61-A €

HEEEQ®E Donor unit (D)-Atom indices: 35-74,91 " .ﬂxs
Bridge unit-1 (€)-Atom indices: 16-34,75-90,92-100 b L 2

Fragment 3: Bridge unit-2 (6)-Atom indices: 1-7
Acceptor unit (A)-Atom indices: 8-15,101

S

Hole 0160
Electron 88%8
Overlap 0.025

0.000

17 13 19 25 31 37 43 49 55 61 67 73 79 85 91 97

0.667
Hole 0534
0.400

Electron
0.267
Overlap 0133
I 0.000

1 2 3 4
(x-axis 1: Fragment 1, 2: Fragment 2, 3: Fragment 3, 4: Fragment 4)



Table S12 (cont.). Atom- and fragment-based electron-hole analysis of the investigated systems [M06-2x/6-31G(d,p) solvent model: CPCM, gethanol = 24.55].
D-&6.62-A
FEEQI®E Donor unit (D)-Atom indices: 19-58,85
Bridge unit-1 (€)-Atom indices: 59-84,86-103
Fragment 3: Bridge unit-2 (§)-Atom indices: 1-6,15-18
Acceptor unit (A)-Atom indices: 7-14,104

0.121
oo
Electron 0:048
Overlap 0.024
0.000
1 8 15 22 29 36 43 50 57 64 71 78 85 92 99

0.616

Hole 0.493

0.369

Electron

0.246

Overlap 0.123

T T 0.000

1 2 3 4
(x-axis 1: Fragment 1, 2: Fragment 2, 3: Fragment 3, 4: Fragment 4)



Table S12 (cont.). Atom- and fragment-based electron-hole analysis of the investigated systems [M06-2x/6-31G(d,p) solvent model: CPCM, gethanol = 24.55].

D-&:.63-A
Donor unit (D)-Atom indices: 44-68,92-107 "‘J”
Fragment 2 Bridge unit-1 (€)-Atom indices: 22-43,69-90 (2 ‘
Fragment 3: Bridge unit-2 (6)-Atom indices: 1-6,15-21 @ 3w3
Acceptor unit (A)-Atom indices: 7-14,91 | (?@ @
ey E}D 9 @ 2 o
@ %--@ @ 4 ¥ @ 4 29
i s 1 Po -

Hole (%Jolgi
0.063
Electron 0045
Overlap 0.021
0.000
1 8 15 22 29 36 43 50 57 64 71 78 85 92 99 106

‘ 0.567

Hole 0.453

0.340

Electron

0.227

Overlap 0.113

T T 0.000

1 P 3 4
(x-axis 1: Fragment 1, 2: Fragment 2, 3: Fragment 3, 4: Fragment 4)



Table S13. Atom- and fragment-based transition density and color correlation matrix (where the y-axis is the originating, and the x-axis is the receiving fragment for the excited electron) of
the investigated systems [M06-2x/6-31G(d,p) solvent model: CPCM, gethanol = 24.55].
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Table S13 (cont.). Atom- and fragment-based transition density and color correlation matrix (where the y-axis is the originating, and the x-axis is the receiving fragment for the excited electron)
of the investigated systems [M06-2x/6-31G(d,p) solvent model: CPCM, gethanol = 24.55].
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Table S13 (cont.). Atom- and fragment-based transition density and color correlation matrix (where the y-axis is the originating, and the x-axis is the receiving fragment for the excited electron)
of the investigated systems [M06-2x/6-31G(d,p) solvent model: CPCM, gethanol = 24.55].
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Table S13 (cont.). Atom- and fragment-based transition density and color correlation matrix (where the y-axis is the originating, and the x-axis is the receiving fragment for the excited electron)
of the investigated systems [M06-2x/6-31G(d,p) solvent model: CPCM, gethanol = 24.55].
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Table S13 (cont.). Atom- and fragment-based transition density and color correlation matrix (where the y-axis is the originating, and the x-axis is the receiving fragment for the excited electron)
of the investigated systems [M06-2x/6-31G(d,p) solvent model: CPCM, gethanol = 24.55].
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Table S13 (cont.). Atom- and fragment-based transition density and color correlation matrix (where the y-axis is the originating, and the x-axis is the receiving fragment for the excited electron)
of the investigated systems [M06-2x/6-31G(d,p) solvent model: CPCM, gethanol = 24.55].
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Table S13 (cont.). Atom- and fragment-based transition density and color correlation matrix (where the y-axis is the originating, and the x-axis is the receiving fragment for the excited electron)
of the investigated systems [M06-2x/6-31G(d,p) solvent model: CPCM, gethanol = 24.55].
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Table SC-1. Optimized Cartesian Coordinates of the D-6:-A | [M06-2X/6-31G(d,p) solvent model: CPCM, Eethanol =24.55].

T T T T OOO0O0O0Z2ZZ2TITITO0OIO0OIIO0000IIIIO0OIIO0OIIOO0O0O0O0O00III0uoO0OnON

-0.946064
-1.640048
-3.029965
-3.449615
-2.050706
-1.141467
-3.726538
-4,715376
0.475827
1.485012
2.887017
3.929227
3.243017
5.244905
3.698676
4.552356
2.477440
5.594880
6.005644
4.770337
1.236698
1.790574
0.44038S
1.530927
2.425380
0.182654
0.008845
0.719394
1.963145
-0.436558
6.892135
0.471956
7.230647
7.950514
0.911315
0.493653
8.004729
7.805879
8.904340
7.001070

-1.085369
-0.030692
-0.193566
-1.380982
-2.287800
0.825888
0.516633
-1.992205
-1.336261
-0.426001
-0.881371
-0.100172
-2.114390
-0.530645
0.865053
-2.561220
-2.727761
-1.784634
0.111057
-3.511089
1.034512
1.886016
1.615068
3.248061
1.467233
2.975197
0.978933
3.832809
3.860285
3.374324
-2.226451
5.183266
-3.463025
-1.344640
6.003326
5.718437
-0.425363
-1.061308
-1.863995
-3.421829

0.013891
-0.573403
-0.563747

0.030575
0.569975
-1.007752
-0.981055

0.269212
0.150872
0.080183
0.020231
0.543644
-0.549638
0.534674
0.984707
-0.574465
-1.016194
-0.016592
0.961194
-1.046544
0.105429

-0.857530

1.099924

-0.861097
-1.634016

1.126013

1.868166
0.137563
-1.642749

1.919700
-0.016581

0.155581
-0.694475
0.437216

-0.957001

1.096405
-0.160565

1.485597

0.357710
-1.767438

H
H
H
H
H
H
H
H
C
C
0
0
C
N
H
H
H

8.296837
6.688594
-0.579990
-1.487318
-0.172792
0.615376
2.001660
0.473269
-6.017552
-6.499486
-7.838816
-5.804307
-7.024335
-7.821776
0.745946
-4.630845
-8.087727

-3.651236
-4.310992
6.793403
5.268278
5.549401
7.035700
5.979061
5.677071
-1.626041
-0.372712
-0.334882
0.534168
-2.563253
-3.333600
-2.378056
-2.969711
0.509517

-0.577523
-0.261747
0.944543
0.969678
2.130017
-0.776103
-1.057672
-1.910016
0.039943
-0.570519
-0.634888
-0.974175
0.447888
0.786114
0.304805
0.742225
-1.043038



Table SC-2. Optimized Cartesian Coordinates of the D-£:-6:-A | [M06-2X/6-31G(d,p) solvent model:

OO0 T T T T I I ITITITIIITITOOOOZZ2TITI0IOIZIO0O00O0O0O0OITIIOIIOIZOO0O00O0ON

2.274652
3.285418
4.687450
5.688484
5.071963
6.993402
5.434248
6.372073
4.337107
7.370905
7.724027
6.615770
3.051720
3.810705
2.058293
3.565651
4.605084
1.800591
1.476519
2.536455
4.179071
1.032015
8.659244
2.264579
9.049135
9.694181
3.204850
1.363945
9.480181
9.803670
10.644508
8.458969
10.096192
8.925771
1.264447
1.721694
0.368080
2.842792
3.286555
4.210265
2.530588
-3.496092
-4.186298
-5.580562

-1.567158
-0.665074
-1.142520
-0.500500
-2.267770
-0.965547
0.381931
-2.746794
-2.764447
-2.114635
-0.431667
-3.607646
0.788357
1.731665
1.277559
3.091780
1.389538
2.634267
0.577571
3.581966
3.775907
2.957537
-2.596058
4.930683
-3.650057
-1.796799
5.874584
5.401276
-1.644144
-0.810342
-2.323708
-4.555868
-3.897869
-3.356360
6.483103
5.158088
4.965010
6.886844
5.733843
5.781764
-2.621224
-0.599356
0.495858
0.397047

-0.099072
-0.175930
-0.163496
-0.906801
0.579559
-0.935079
-1.486683
0.568946
1.206985
-0.204837
-1.529768
1.179039
-0.338964
0.364219
-1.194605
0.261242
1.022126
-1.318359
-1.788345
-0.573321
0.834127
-2.009322
-0.243835
-0.658755
0.673347
-0.872106
-0.083485
-1.694433
-1.934885
-0.400686
-0.796412
0.500861
0.503801
1.725116
-1.612779
-2.705064
-1.570928
-0.259694
0.998784
-0.517725
-0.184824
0.177601
0.667031
0.503407

Z O I I =Z2ZZ2ZUVIOOIOOOOO000o0OoOOOIITwvOn

-5.975800
-4.590313
-3.688730
-6.271576
-7.271585
-8.490027
-9.688815
-10.820083
-9.648476
0.838757
-0.081010
0.280905
-1.480345
0.277391
-1.143554
-2.054864
-2.112858
-0.094430
0.967869
-1.472754
-7.310143
-11.56075%
-8.682510
-8.829729

-0.779861
-1.768801
1.338463
1.166845
-1.275812
-0.704606
-1.443968
-0.774200
-2.524345
-1.301469
-2.056568
-0.303268
-1.822025
-2.845596
-0.054875
-0.833852
-2.445980
1.405312
0.449893
0.896496
-2.246805
-1.304746
0.567216
1.600384

CPCM, Eethanol =24.55] .

-0.108549
-0.476744
1.125015
0.821004
-0.463110
-0.276172
-0.750937
-0.510058
-1.293424
0.022489
-0.669477
0.900083
-0.615204
-1.323437
0.951433
0.152504
-1.240538
2.517665
1.754762
1.822597
-0.954488
-0.845066
0.345923
0.850053



Table SC-3. Optimized Cartesian Coordinates of the D-g>-6:-A | [M06-2X/6-31G(d,p) solvent model:

OO0O0O0O T T T T I ITITITIIIITIOOOOOZ2Z2TITI0IO0OIIO0O000IITIOIIOIZOO000O0O0N

-2.475822
-3.242399
-2.654470
-2.062403
-2.679050
-1.490487
-2.043287
-2.094085
-3.147667
-1.483490
-1.046501
-2.113492
-4.687882
-5.268218
-5.554076
-6.629189
-4.634480
-6.919728
-5.144349
-7.501520
-7.018256
-7.539261
-0.916806
-8.851423
-0.801521
-0.138018
-9.400948
-9.700088
-0.760914
0.693230
0.272639
-1.788173
-0.326291
-0.201836
-10.731473
-9.654341
-9.415885
-10.483445
-9.008296
-9.175786
2.832142
3.142833
4.520592
5.275701

-1.164810
-0.047444
1.306250
1.703670
2.232428
2.957210
1.007919
3.482245
1.956541
3.880938
3.218677
4.153066
-0.140545
-1.262491
0.905202
-1.352809
-2.073932
0.833347
1.794207
-0.306956
-2.232636
1.667764
5.123740
-0.393846
5.987439
5.422319
-1.536901
0.744173
5.390634
4.717070
6.427098
6.228993
6.920680
5.531481
0.491385
1.005288
1.630203
-1.433394
-1.617295
-2.470575
-0.487422
0.847824
1.087292
-0.068938

0.270305
0.155384
0.305558
1.509597
-0.744555
1.659909
2.344640
-0.621929
-1.685637
0.590371
2.612181
-1.471499
-0.103970
-0.720466
0.254689
-0.945421
-1.065618
0.042721
0.724775
-0.557997
-1.442390
0.346452
0.727634
-0.765354
-0.432085
1.914845
-1.469355
-0.467333
2.815145
2.049163
1.826825
-0.841174
-0.133265
-1.231616
-0.708053
0.595835
-1.049355
-1.524094
-2.491312
-0.942477
-0.078041
-0.280685
-0.400926
-0.291694

T I ITITIOIOO0OZO00VOOOOITIZO0000OIIW

4.260244
2.392224
4943674
6.692442
7.686828
9.089185
9.967055
9.400136
7.462381
7.272400
7.043304
-1.036978
-0.330435
1.072683
1.505258
0.114767
-0.671276
1.652974
0.562801
-1.749543
2.808431
-2.956723
0.706880
1.181875
1.312587
-0.291513
10.857861

-1.459129
1.627621
2.070118

-0.279748
0.626555
0.131476
1.120676

-1.029014
2.027466
3.162331

-1.304212

-1.264738

-2.438286

-2.320750

-1.039655

0.035617

-3.860742
-3.680780
-4.530297
-4.399920
-4.050289
-2.139734

-5.961722

-6.400770

-6.178231

-6.378423
0.734964

CPCM, Eethanol =24.55] .

-0.037334
-0.340043
-0.560484
-0.352742
-0.535564
-0.558418
-0.748402
-0.421539
-0.706641
-0.844509
-0.238714
0.298215
0.416663
0.301151
0.084211
0.040790
0.613704
0.439513
0.618807
0.746730
0.410282
0.293302
0.788816
-0.090678
1.670791
0.915458
-0.75305%



Table SC-4. Optimized Cartesian Coordinates of the D-g3-6:-A | [M06-2X/6-31G(d,p) solvent model:

OO0O0O0O T T T T I ITITITIIIITIOOOOOZ2Z2TITI0IO0OIIO0O000IITIOIIOIZOO000O0O0N

-2.464209
-3.260549
-4.712967
-5.581094
-5.300290
-6.952562
-5.167891
-6.667240
-4.669271
-7.539812
-7.571534
-7.060621
-2.692239
-2.686985
-2.135473
-2.112281
-3.122585
-1.572807
-2.131440
-1.542969
-2.109065
-1.153631
-8.896874
-0.991625
-9.451205
-9.744983
-0.792860
-0.211613
-9.672703
-9.483265
-10.780811
-9.195099
-10.536521
-9.091460
0.182999
-0.833133
0.630417
-0.338068
-0.141166
-1.748699
2.810222
3.156940
4.537345
5.275510

-1.110291
-0.012265
-0.132478
0.910463
-1.274427
0.817742
1.816511
-1.386210
-2.086670
-0.342970
1.652964
-2.282348
1.355532
2.237143
1.803173
3.495683
1.919596
3.065393
1.139434
3.947659
4.130293
3.365330
-0.451718
5.204693
-1.607424
0.691365
5.990481
5.531761
0.990961
1.558440
0.423644
-2.533331
-1.521138
-1.690943
6.541568
5.507350
4.840792
6.942751
5.485200
6.203666
-0.373123
0.966118
1.179838
0.006142

0.233462
0.141276
-0.067301
0.293971
-0.638693
0.128192
0.727138
-0.815925
-0.986816
-0.424342
0.431120
-1.279338
0.258730
-0.828009
1.461237
-0.738475
-1.771912
1.576841
2.322116
0.473812
-1.615657
2.529097
-0.582830
0.580275
-1.261355
-0.304387
-0.623400
1.759747
0.747065
-0.924856
-0.507449
-0.735119
-1.280330
-2.295483
1.655041
2.660436
1.505808
-0.353476
-1.349940
-1.112006
-0.085050
-0.233159
-0.321003
-0.243700

S
H
H
C
C
C
0
0
C
N
H
C
C
C
C
S
H
C
C
N
N
C
H
H
H
C
H
H
H
H

4.221738
2.422420
4981320
6.680773
7.702341
9.089163
9.994953
9.379322
7.508298
7.340598
7.012106
-1.026932
-0.315550
1.094813
1.486257
0.089258
-2.922659
-0.070092
1.381798
-0.886357
1.941045
2.266749
2.020971
3.307602
2.136951
-0.650219
10.874609
-0.265534
-1.735192
-0.388343

-1.376058
1.762277
2.159879

-0.224103
0.669449
0.147437
1.123393

-1.024233
2.078266
3.221506

-1.258591

-1.185144

-2.390683

-2.234696

-0.910611

0.118881
-2.095851
-4.638513
-4.476012
-3.621304
-3.306814

-5.684741

-6.395526

-5.379037

-6.207550

-6.012760

0.713531
-6.496209
-5.939090
-6.654053

CPCM, Eethanol =24.55] .

-0.059412
-0.274287
-0.437505
-0.290337
-0.422027
-0.441133
-0.578219
-0.344738
-0.542774
-0.640918
-0.211143
0.244331
0.322451
0.207490
0.038174
0.030914
0.261482
0.525098
0.419841
0.477974
0.264597
0.489820
-0.305155
0.388192
1.442534
0.690509
-0.583646
1.593853
0.759630
-0.156926



Table SC-5. Optimized Cartesian Coordinates of the D-g,-61-A | [M06-2X/6-31G(d,p) solvent model: CPCM, Eethanol =24.55].

T OO0O0O0OZ22IT T OIIO0OIIO0O0O0O0II T O0OIIO0OIIO0o0o0000II=z2000000I I V0000

-4.347503
-5.162336
-6.524509
-6.746112
-5.243900
-4,792096
-7.333029
-8.053848
-8.439570
-9.893876
-10.134669
-10.756836
-7.521094
-6.767932
-8.869839
2.928917
3.806662
3.381410
2.877011
3.489483
2.470911
2.798139
3.067459
3.894182
2.548085
2.091262
3.145108
5.229316
5.664379
6.217261
7.002272
4.933859
7.562333
5.921370
7.997124
7.278113
8.281070
2.147403
9.324649
2.113274
1.493164
9.727882
10.307401
0.580660

-1.902705
-2.986882
-2.675600
-1.360905
-0.489894
-3.963855
-3.382520
-0.823659
0.425477
0.693739
1.958960
-0.135752
1.494378
2.354144
-1.529702
-1.445217
-0.433302
0.987812
1.545810
1.821698
2.868841
0.922654
3.141088
1.419801
3.704079
3.254066
3.7389989
-0.712420
-1.939541
0.247876
-2.209713
-2.693686
-0.002861
1.213457
-1.248476
-3.166290
0.773053
5.015143
-1.511243
5.801592
5.516276
-2.768368
-0.468088
4.953203

0.329741
0.576613
0.412534
0.042056
-0.105473
0.863744
0.556730
-0.180455
-0.543653
-0.701835
-1.056214
-0.529893
-0.782457
-0.974554
-0.035962
0.439233
0.218994
0.263448
1.443612
-0.856108
1.507568
2.330877
-0.820158
-1.781240
0.369362
2.445556
-1.719561
-0.043285
-0.571926
0.227165
-0.792570
-0.849678
0.016752
0.626535
-0.492415
-1.218659
0.249354
0.420193
-0.696771
-0.797957
1.613595
-1.297144
-0.474978
1.850609

I T OWVWZ2000VUZ20O0IIIIIIIIIIIT

2.159822
1.223910
1.447370
1.755962
3.112548
11.298697
10.128473
10.300990
10.813868
9.408851
9.309178
-2.902363
-2.237208
-1.932891
-0.524556
-0.911436
0.796328
0.499357
1.481864
3.300983
-11.095171

5.465156
6.560017
5.363551
6.803363
5.894742
-0.860300
0.404482
-0.131721
-2.794642
-3.620056
-2.894630
-1.826867
-0.729827
-3.232716
-2.246373
-0.972093
-2.498172
0.017918
-1.402158
-2.460887
2.070219

2.481417
1.459029
-1.553398
-0.563986
-1.236799
-0.696808
-1.116276
0.567986
-1.371679
-0.685959
-2.303830
0.388547
0.122229
0.822622
0.618997
0.248423
0.749345
0.067325
0.488372
0.539500
-1.143748



Table SC-6. Optimized Cartesian Coordinates of the D-g5-61-A | [M06-2X/6-31G(d,p) solvent model: CPCM, Eethanol =24.55].

T T OO0O0O0OZ22IT T OIIO0OIIO0O0O0O0OII T OIIO0OIZ O0o0o000II=z2000000I I VO00O0O0

5.439993
5.839969
7.236633
7.918626
6.799344
5.141891
7.726223
9.319208
10.375780
11.744012
12.688294
11.978295
10.244840
10.128527
9.599883
-4.748050
-5.925871
-7.071490
-5.946162
-8.161898
-7.102682
-7.028140
-5.103556
-8.165098
-9.016024
-6.996821
-4.985963
-5.946233
-4.273511
-6.160027
-6.537275
-4.478987
-3.541146
-5.417383
-6.910925
-3.912343
-9.232566
-5.600794
-9.268241
-10.460658
-6.721986
-4.975335
-10.296791
-10.879029

-0.991464
-2.285198
-2.433459
-1.250854
0.051788
-3.098297
-3.374527
-0.953956
-1.786788
-1.211475
-2.134465
-0.045976
-3.183292
-4.315401
0.079155
-1.260278
-2.106934
-2.071937
-2.989354
-2.893161
-1.390306
-3.814616
-3.007688
-3.803184
-2.828636
-4.457698
0.048452
0.945308
0.423067
2.178170
0.673518
1.643361
-0.264917
2.568646
2.837720
1.875313
-4.639160
3.800518
-5.429560
-4.442440
4.621443
4.073771
-4.592119
-3.437040

0.159404
0.440704
0.503393
0.270503
-0.033134
0.602603
0.716008
0.244589
0.434659
0.355722
0.561345
0.132402
0.705833
0.924970
0.045816
0.065850
-0.225557
0.583386
-1.315699
0.346593
1.428481
-1.573509
-2.001040
-0.734388
1.009147
-2.444222
0.723054
0.241833
1.868658
0.841898
-0.628857
2.490246
2.282372
1.877756
0.425217
3.383323
-0.962682
2.564782
-2.178192
-0.216024
2.148446
3.844851
0.856259
-0.360644

H
H
H
H
H
H
H
H
H
H
C
C
C
C
S
H
C
C
C
C
S
C
C
N
N
N
C
C
C
C
C
H
H
H
H
H
H
H
H
H
H
H
H

-11.197148
-8.407800
-10.170478
-9.268716
-5.229880
-5.302907
-3.885192
-6.716504
-6.640769
-7.687781
1.605281
2.261624
3.675769
4.088156
2.735243
4.353010
1.435283
0.027182
-0.632093
0.188003
-0.761594
-2.017140
-2.260263
-0.479431
1.762673
0.591740
0.481658
0.060785
-0.024402
1.026386
-3.505471
1.467761
-0.243232
-0.936361
-0.715985
0.959977
-0.371167
0.728425
2.043173
1.050355
-3.411587
-2.802134
13.553167

-5.173737
-6.104340
-6.039726
-4.806569
5.086809
3.376814
4.012025
5.546385
4.885695
4.120380
-0.303009
0.924856
0.803108
-0.489796
-1.600637
1.647257
2.078789
1.970666
0.706818
-0.411525
-1.855967
0.384623
-0.956827
3.199083
3.370288
3.965488
5.390243
5.632734
7.137878
4958228
-1.712236
5.815569
5.815855
5.193939
7.619545
7.603597
7.338820
5.157134
5.342086
3.873788
-2.744514
1.118146
-1.698148

-0.546533
-2.228970
-2.178162
-3.083245
4.153997
4.628883
3.767402
2.723789
1.089140
2.302653
-0.119572
-0.243079
-0.157851
0.026041
0.097390
-0.225128
-0.431480
-0.481597
-0.343206
-0.172285
-0.045606
-0.366342
-0.213970
-0.665073
-0.585058
-0.709416
-1.002970
-2.454877
-2.700788
-3.426697
-0.239492
-0.803787
-0.305443
-2.582669
-2.003444
-2.582147
-3.717532
-4.459514
-3.286140
-3.284131
-0.569346
-0.499435
0.499137



Table SC-7. Optimized Cartesian Coordinates of the D-g6-61-A | [M06-2X/6-31G(d,p) solvent model: CPCM, Eethanol =24.55].

C
C
C
C
S
H
H
C
C
C
0]
0
C
N
H
C
C
C
C
S
C
C
N
C
C
C
C
N
N
N
C
C
C
C
C
C
C
C
C
H
C
H
C
H
H
C
C
C
C
H
C

-7.396686
-8.328588
-0.650281
-9.748336
-8.159211
-8.060337
-10.526116
-10.989832
-11.252953
-12.670925
-12.789452
-13.614099
-10.233816
-9.399534
-11.872477
-5.057841
-5.032569
-3.715804
-3.644237
-5.214042
-2.281379
-1.553722
-2.444884
-1.578742
-0.181253
-0.120079
0.566158
0.214028
-2.016945
-0.912828
-0.943367
-1.214609
-2.613969
-0.143096
6.598692
6.125265
6.372463
5.419281
5.898075
6.942958
4.945690
5.230712
5.154111
6.111430
4.418803
8.049363
8.988547
8.5550898
10.353081
8.638879
9.915303

0.308946
1.294261
0.828845
-0.510697
-1.206992
2.315541
1.443357
-1.193969
-2.490337
-2.919725
-4.213911
-2.188159
-3.457872
-4.237027
-0.580161
0.430212
-0.512857
-0.023082
1.273609
1.926421
1.640609
0.511089
-0.491845
2.849493
2.924508
0.547752
1.766699
4.171759
4.051781
4.779583
6.201509
7.090033
6.865082
6.913676
-0.395257
-1.764555
-2.841695
-2.027232
-4.116868
-2.675186
-3.295438
-1.213676
-4.375040
-4.914237
-3.448741
-0.215217
-1.049589
0.786865
-0.878177
-1.851043
0.972722

0.089335
0.363011
0.278854
-0.057880
-0.266425
0.605690
0.453601
-0.202273
-0.519347
-0.596592
-0.912510
-0.397049
-0.774971
-0.978146
-0.029068
0.083298
-0.303580
-0.137397
0.358647
0.650911
0.407934
-0.039089
-0.389797
0.686727
0.502285
-0.078981
0.133307
0.791239
1.083683
1.123818
1.448420
0.227121
-0.343719
-0.848060
-0.079930
0.251275
-0.605462
1.429487
-0.331162
-1.515715
1.728908
2.124945
0.840575
-1.031975
2.662422
-0.308006
0.315619
-1.149349
0.144567
0.960034
-1.336264

H
C
H
H
N
N
C
C
C
C
H
H
H
H
H
H
H
H
H
H
H
H
C
C
C
N
C
C
C
S
H
H
H
H
H
H
H
H
H
H
H
H
C
H
H
H
H
H
H
H

7.865850
10.858327
11.029516
10.244688

4.650743
12.212967
4.101515
5.089788
13.131637
12.680222

4.802784

6.178580

4605959

3.235906

3.764736

4.836004
13.768982
12.357647
12.315802
14.152309
13.039377
12.963681
5.754169

1.943211

2.061044

0.810558
0.627591
3.393407
4.298780
3.500812

0.029695
-1.719743
-2.707810
-3.383754
-2.812570
-0.192427
-0.292783

0.862168
-1.156965

6.197492

3.678247
-5.297952
-2.203347
-3.038289
-1.295824
-2.113390

0.552363

1.486259
-0.268400

-13.735521

1.419824
0.153139
-1.552958
1.748876
-5.630326
0.348907
-5.901696
-6.750269
-0.654995
1.264979
-6.609045
-6.895696
-7.658519
-5.262447
-6.937098
-5.745204
1.293768
0.968367
2.279449
-0.342813
-0.759101
-1.641759
0.662400
1474375
0.113690
-0.461262
-1.896053
-0.368492
0.648899
2.207223
6.431045
6.331504
5.854600
6.990698
7.577420
5.909899
7.637464
7.054954
8.116027
1.648767
-1.392231
-1.494087
-1.626150
-1.703410
-1.445807
-2.564064
-2.425746
-2.283738
-2.076377

-4.428074

-1.701162
-0.677000
0.654358
-2.015780
1.108477
-0.832587
2.423628
0.297412
-0.329482
-1.855929
-0.749381
0.336995
0.654925
2.624410
2.459892
3.226205
-1.835200
-2.863895
-1.666133
-0.547512
0.756218
-0.783263
-0.159763
0.001160
-0.244107
-0.291641
-0.109630
-0.322845
-0.124958
0.142646
1.886235
2.204794
-0.753029
0.423462
-1.149149
-1.282381
-1.653625
-0.440197
0.612559
-0.281960
-0.525816
-0.680344
-1.272773
-1.971228
-1.848691
-0.721484
-1.061395
0.442646
0.484753
-0.946868



Table SC-8. Optimized Cartesian Coordinates of the D-6.-A | [M06-2X/6-31G(d,p) solvent model: CPCM, Eethanol =24.55].

I T T T I I I ITITOOOO0O0OZZ2ITITOIZIOOO0O0OIITOIZTOO0OO0O0O0O000VnITZ2000000I0VOOO0OO0O

-2.162545
-2.384396
-3.741578
-4.567140
-3.646627
-4.129477
-5.086333
-6.942836
-8.363734
-9.201018
-8.730778
-6.650146
-6.406699
-6.374626
-0.880538
0.027003
-0.799739
2.383111
2.007734
1.212724
2.454406
0.849501
2.091759
3.097055
1.263492
0.248124
2.459156
3.813127
4.226259
4.822766
5.563440
6.165842
4.545637
6.576666
5.822556
6.900718
0.876403
7.904774
1483110
0.196196
8.290397
8.914479
-0.748928
0.804808
-0.032758
1.277229
1.054436
2.572486
9.900524
8.837737
8.834307

-0.797732
-1.982063
-2.302730
-1.360143
-0.059235
-3.175736
-1.465758
-0.655079
-1.035624
-0.156864
-2.025022
0.539048
1.506815
-2.339072
-2.702207
-1.398658
-0.463806
-0.504729
0.928870
1.468394
1.802183
2.804421
3.140691
1.421472
3.677155
3.174182
3.772114
-0.838046
-2.036160
0.029834
-2.369409
-0.287215
0.973816
-1.507849
-3.296198
0.418027
4.996415
-1.840583
5.901244
5.552149
-3.021851
-0.855078
5.031605
5.491932
6.599207
5.579342
6.894149
5972533
-1.293211
0.047358
-0.553736

-0.073544
0.632055
0.785110
0.191431

-0.563321
1.296530
0.207297

-0.323896

-0.137080
-0.699922
0.456261

-1.050354
-1.640895
0.729316
1.101902
0.344911

-0.242534
0.196290
0.201430
1.219890

-0.797137
1.231768

-0.812089

-1.586592
0.198605
2.052759

-1.611296
0.028670

-0.574119
0.472196

-0.705832
0.356607
0.932413

-0.226078

-1.202136
0.724229
0.181563
-0.326645

-0.776351
1.336216

-1.074864
0.010045
1.521258
2.249030
1.142126

-1.802247

-0.646988

-0.651963

-0.137644

-0.611402
1.059831

H
H
H
C
H
H
H
H
H

9.373456
7.847264
7.985049
1.476184
1.860145
-0.433715
3.480613
0.874754
-10.107384

-3.129415
-3.923372
-2.965152
-1.502097
-2.508642
0.405387
-2.712447
0.820845
-0.465116

-1.034807
-0.639200
-2.128554
0.369766
0.518793
-0.772091
-0.982285
2.024511
-0.540215



Table SC-9. Optimized Cartesian Coordinates of the D-£:-6.-A | [M06-2X/6-31G(d,p) solvent model:

OO0O0O0OZ2Z2IT ITO0OII 0000 ITO0OII OO0V Z2Z2000000IT000TTZ2000000IXT00O00O0O

4.834148
4.802904
6.076738
7.085271
6.451586
6.275644
8.468550
9.579480
10.905891
11.912496
11.060464
9.538653
9.498140
8.668170
3.173000
2.549766
3.555275
3.369857
1.106596
0.206218
-1.201441
-1.810188
-0.909873
0.525547
-1.287505
1.176563
0.059935
0.578231
-4.272541
-4.086170
-3.319019
-4.495509
-3.126178
-2.866354
-3.694904
-4.976609
-2.538811
-5.656328
-5.936864
-8.047761
-7.226583
-5.125113
-8.323115
-8.851801
-7.384748
-3.478938
-9.604472
-2.829790
-4.263484

-10.716199

-9.863939

-0.631700
0.656379
1.206755
0.328461

-1.192282
2.191736
0.653500

-0.071260

0.544282
-0.266951
1.650413

-1.391119

-2.461767
1.642727
1.198806

-0.331929

-1.199029

-2.184241

-0.541306
0.339776
0.173087

-0.898041

-1.856161

-1.689517
-2.965220

-2.681698

-3.722767
1.213798

-0.290513
1.172396
1.693993
3.455257
3.056409
1.009757
3.978560
4.118547
3.405441

-0.783814

-1.948363

-0.578354

-2.430910

-2.473428

-1.764872

-0.01848%

-3.321461
5.332390

-2.248432
5.836971
6.248899
-1.423182

-3.358861

-0.041134
-0.567537
-0.793169
-0.434915
0.186377
-1.197923
-0.571937
-0.276942
-0.537192
-0.197598
-1.002593
0.268843
0.711520
-0.980930
-0.785902
-0.174549
0.186142
0.587985
-0.111797
-0.674131
-0.631870
-0.013421
0.573694
0.533377
1.206230
1.138188
1.696986
-1.201720
-0.035766
0.128329
1.176765
-0.613508
1.333987
1.889338
0.425430
-1.321436
2.173994
-0.211347
-0.941968
0.220910
-1.088964
-1.437346
-0.495394
0.682173
-1.684490
0.551085
-0.614522
1.746498
-0.254843
-0.180678
-1.511316

H

H
H
H
H
H
H
H
H
H
H
H
C
H
H
C
C
H
H
H

-4.073353
-5.342819
-3.975492
-1.820431
-2.741215
-3.388719
-10.922792
-9.604242
-9.296663
-11.648057
-10.662122
-10.746853
-3.243321
-3.488112
-1.813992
-4.685092
-6.750754
-6.578158
-5.309897
12.745999

6.091548
6.139435
7.271029
5.425431
6.920096
5.594911
-3.610481
-3.124551
-4.244834
-1.951975
-1.226054
-0.457843
-1.174681
-2.232090
0.919630
2.087382
-0.109409
0.803694
1.718120
0.190315

CPCM, Eethanol =24.55] .

-1.321325
-0.080018
-0.012377
1.845042
1.671039
2.661241
-1.467169
-2.552947
-1.209295
-0.376413
0.894856
-0.704328
0.016208
0.079078
-1.124624
-0.745220
0.350264
0.912578
-1.554258
-0.393275



Table SC-10. Optimized Cartesian Coordinates of the D-£2-62-A | [M06-2X/6-31G(d,p) solvent model: CPCM, Eethanol =24.55].

ZZ2ZTIT T OITOOO0OO0O0OIIITOII OO0 ITIITIO000=20000000IT000TTZ2000000II00O0O0O0O

4.644679
4.963030
6.343968
7.074802
6.051562
6.805563
8.499677
9.369447
10.819173
11.562911
11.273882
8.965947
8.631384
8.964317
3.546964
2.535012
3.259517
2.815157
1.094104
0.245529
-1.123199
-1.383891
0.138268
0.351827
-1.894405
-0.950944
-3.064388
1.327694
-1.309376
-1.673988
-0.415640
-2.088251
-3.804938
-3.958003
-5.065659
-3.139771
-5.212687
-5.819734
-4.248749
-2.382637
-6.078564
-4.997112
-5.993010
-6.265743
-7.088419
-5.896072
-7.252111
-6.361787
-7.821042
-4.390705
-8.325662

-0.748874
0.524428
0.797803

-0.275388

-1.639151
1.724553

-0.244090

-1.187241
-0.859047
-1.865110

0.195222

-2.475687
-3.518771
0.685902
1.408598
0.040467

-1.028526

-1.962438
0.079345
1.037934
0.664670

-0.579239

-1.308922
2.399734
1.749417
2.752603
1.829690
3.100914
4.002839
3.824451
4.624367
4.502993

-0.820749
0.548511
1.338407
2.398648
2.632294
0.934806
3.200848
2.779691
3.204903

-1.694070

-1.574417

-3.547217

-2.419847

-0.807654

-3.441984

-4.287742

-2.286322
4.477457

-4.293068

-0.012306
0.452514
0.441339
-0.035216
-0.473996
0.760477
-0.146108
-0.590597
-0.589461
-1.058818
-0.208897
-1.059448
-1.438298
0.177619
0.917073
0.479533
0.000805
-0.321331
0.626927
1.116008
1.121589
0.608704
0.140756
1.701449
1.767119
2.041675
2.064947
1.873292
2.678916
3.692769
2.712735
2.100347
-0.010270
-0.547869
-0.212590
-1.901458
-0.684207
0.457347
-1.546656
-2.575298
-0.376218
-0.003062
-0.984841
0.946730
-1.024810
-1.747577
-0.061514
1.730948
-1.810960
-2.037810
-0.100617

C

C
C
C
H
H
H
H
H
H
H
H
H
H
H
H
C
H
C
C
H
H
H

-5.436185
-3.280559
-8.515493
-9.381376
-2.370024
-3.048748
-3.554031
-5.335043
-5.390343
-6.425422
-10.145644
-90.852814
-8.999161
-9.400309
-7.659124
-8.652880
-2.612930
-2.543391
-3.011761
-5.173966
-2.155242
-4.450406
12.493045

5.328481
5.090763
-5.262429
-4.073673
5.128822
4.543939
6.107963
5.479607
6.299742
4901536
-4.838676
-3.089677
-4.145118
-5.858543
-5.941947
-4.782880
-1.325116
-2.394277
1.108238
-2.695847
0.514716
-2.792160
-1.588556

-1.501569
-2.742846
0.960966
-1.070193
-2.129359
-3.662678
-3.019953
-0.417815
-1.992503
-1.695108
-0.942467
-0.949095
-2.094572
0.742651
1.031665
1.939089
0.410551
0.593734
-1.414773
0.963488
-1.722921
1.768149
-1.030909



Table SC-11. Optimized Cartesian Coordinates of the D-£3-62-A | [M06-2X/6-31G(d,p) solvent model: CPCM, €ethanol =24.55].

I I T T TOO0O0O0OZ2ZZITITOIOOOOIITOIOOOOOULOOOOIO0VIZ000000I0VO0OODO0O

4.659513
4936338
6.305567
7.081186
6.098864
6.735461
8.501436
9.4099830
10.846599
11.631854
11.266839
9.051953
8.754158
8.935283
3.480778
2.514365
3.284378
2.872919
1.081473
0.252325
-1.131520
-1.385072
0.111682
-3.823221
-3.955197
-3.045165
-5.031212
-3.096590
-2.273040
-4.071835
-5.826374
-2.374807
-5.034409
-5.204016
-7.184052
-6.318218
-4.456735
-7.336769
-7.943903
-6.405807
-4.089580
-8.432727
-3.246952
-5.232506
-9.548052
-8.636631
-5.338458
-6.174077
-5.078962
-2.189348
-3.397574

-0.849073
0.437817
0.745651

-0.312204

-1.705582
1.687016

-0.246796

-1.171848
-0.806490

-1.796854
0.262786

-2.472334
-3.526782
0.696616
1.288901

-0.114466

-1.167848

-2.115414

-0.094639
0.934893
0.584378

-0.704931

-1.469214

-0.911334
0.472146
0.999343
2.652072
2.325697
0.354125
3.201326
3.269993
2.682170

-1.756756

-2.774385

-2.402090

-3.597214
-2.906228

-3.444999

-2.228242

-4.350715
4.538986
-4.273958
5.004858
5.344750

-3.952407

-5.214854
5.372526
4.969712
6.366454
4.842103
6.075777

0.021317
-0.438751
-0.455138
-0.005140
0.444202
-0.776689
0.070850
0.486193

0.448941
0.887343
0.067225
0.955003
1.334429
-0.256870
-0.857810
-0.410153
0.040389
0.365776
-0.535116
-0.968541
-0.994443
-0.525215
-0.126175
0.050177
0.561316
1.483117
0.474963
1.880955
1.894365
1.354069
0.076342
2.605456
0.016801
-0.934170
0.970825
-0.938704
-1.711533
0.029572
1.722557
-1.711460
1.688473
0.052491
2.773480
1.303469
0.922602
-1.032393
0.214122
1.728829
1.649120
2.542965
2.905189

H

H
H
H
H
H
H
C
H
C
C
H
H
N
N
C
C
C
C
H
H
H
H
H
H
H

-3.470486
-9.536320
-8.752511
-7.796493
-10.324465
-9.240862
-9.978959
-2.629747
-2.578189
-4.967628
-6.064758
-5.708019
-5.977572
0.682346
-2.074467
-1.656087
-0.239927
0.177216
-2.670778
1.250930
-0.062664
-0.350887
-3.648893
-2.724776
-2.416825
12.551964

4.501257
-5.795539
-4.714899
-5.912776
-4,705748
-3.960061
-2.966660
-1.429958
-2.500117
1.319554
-1.586555
0.931744
-0.801047
2.179442
1.458532
2.647268
3.022768
4.410224
3.655500
4.522473
4.611619
5.157330
3.177103
4.487684
4.075060
-1.492387

3.724587
-0.832814
-2.003909
-1.105964
0.796656
1.973495
0.699840
-0.347740
-0.536583
0.099406
0.954168
-0.595478
1.699048
-1.342184
-1.459648
-1.785458
-1.714808
-2.10173%
-2.239989
-1.953661
-3.150602
-1.501228
-2.286392
-1.528733
-3.217987
0.835238



Table SC-12. Optimized Cartesian Coordinates of the D-g4-62-A | [M06-2X/6-31G(d,p) solvent model: CPCM, Eethanol =24.55].

OO0 ITIITOITOO0O0O000000OIIO0O0VITIZ2Z000000I0VOOODO0O

5.590890
5.654540
6.963710
7.903925
7.162155
7.208254
9.336483
10.155103
11.623542
12.314507
12.132915
9.686340
9.293847
9.863840
4.071178
3.351525
4.270345
4.012981
1.906212
-0.162531
-0.416829
-2.498068
-4.914337
-4.630007
-4.151434
-4.585115
-3.887242
-3.974267
-4.094441
-4.756527
-3.517610
-6.316888
-7.372530
-7.983088
-8.698351

-1.612481
-0.240591
0.264508
-0.738583
-2.306567
1.300892
-0.688877
0.375339
0.136870
1.261653
-0.946926
1.707827
2.784300
-1.629875
0.461297
-1.107530
-2.114036
-3.148965
-1.192294
-0.538164
-1.852961
-1.203957
-0.462644
0.994943
1.643782
3.130476
3.004715
1.065110
3.787141
3.684151
3.459917
-0.876019
-0.010196
-2.528984
-0.382730

0.174529
-0.070252
-0.189912
-0.033917
0.258508
-0.379818
-0.077043
-0.278734
-0.276147
-0.481599
-0.108450
-0.493694
-0.667570
0.071414
-0.160550
0.137064
0.295035
0.484414
0.194880
0.095866
0.433298
0.363483
0.175906
0.168784
1.311934
-0.992113
1.318457
2.215057
0.160269
-1.906643
2.228612
-0.012277
0.314663
-0.672699
0.175079

I T WVW=Z22UVCIITO0O0O0OIIIIIIIIIIIIIIIIIIIIIIIIOOOO0ZZ2IIIIO003T

-7.146057
-9.044309
-8.191416
-9.470780
-3.843302
-10.351148
-3.906539
-3.162919
-10.668936
-11.413380
-3.757692
-2.179668
-3.021306
-4.911158
-3.676942
-3.194521
-12.374556
-11.358077
-11.376199
-11.750862
-10.259378
-10.276084
-3.936116
-4.860869
-6.665207
-5.248573
-5.884627
1.086733
1.132166
-1.704793
-1.665126
-4.205049
13.259600

0.977378
-1.659288
-3.509944

0.321645

5.137921

-2.035148

5.870453

5.735527

-3.373697

-1.137657

5.635613

5.280088

6.798286

5.821030

6.917832

5.486861

-1.609654

-0.903893

-0.194294

-3.484357

-3.561336

-4.140402
-1.383054

1.772669
-2.138894

1.298179
-2.826356

-2.700516
-0.160880
-2.234713
0.314675
-2.428580

1.040005

0.705714
-0.324784
-1.081322

0.457621

0.157546

-0.479427
-1.093177
1.291047

-0.938020

-0.068853

2.205152

1.471121

1.099726
-1.525636
-0.902307
-1.836592

-0.266157

1.001943

-0.625973

-0.990217

-1.937354

-0.258466
0.364644

-0.972067
-0.518977
-1.869743
-0.831408
0.594835
-0.033623

0.579729

-0.036356

0.486525

-0.468496



Table SC-13. Optimized Cartesian Coordinates of the D-g5-62-A | [M06-2X/6-31G(d,p) solvent model: CPCM, Eethanol =24.55].

I I T T T T T ITOOO0O0O0ZZ2ZZUVOOoOoOoOo0O0O0uoooooo0ITo0ouI=z000000I0VoO0OO0OO0

-6.719018
-7.180561
-8.582471
-9.190299
-8.018572
-9.144023

-10.609271
-11.370029
-12.847158

-13.475677
-13.417096

-10.825274

-10.375826
-11.174366
-5.862068
-4,707519
-5.306878
-4.761483
-3.289169
-2.682015
-1.261993
-0.802345
-2.121800
-0.264632
1.112350
1.568783
0.583575
2.889659
2.922512
1.300306
-0.387212
1.805005
0.862699
1.182462
0.858565
1.563021
1.250583
-0.225881
1.244572
2.649312
1.340787
0.981597
2.332083
0.749149
0.615999

-0.864554
0.290170
0.369853

-0.733071

-1.878915
1.180436
-0.889543
-1.883862
-1.767663
-2.799984
-0.847358
-3.032927
-3.962642
-0.081517
1.295162
0.149415

-0.949329

-1.758853
0.430161
1.624669
1.531796
0.241270

-0.853289
2.530941
2.214179
0.885316

-0.077758
0.362700

-0.978347

-1.625223
3.836432
3.333220
4.237457

5.644288
6.488969
5.942863
7.939103
6.435903
4.920939
5.935765
6.566810
8.575471
8.021683
8.327516
5.983489

0.141087
-0.486140
-0.563920

0.010221

0.653420
-1.012433

0.056677
0.584272
0.476763
1.047257
-0.063469
1.235940
1.762580

-0.405086
-0.995561
-0.337852

0.228985

0.698436
-0.440139
-0.719508
-0.735328
-0.460772
-0.196473
-0.973012
-0.937594
-0.661022
-0.427225
-0.589581
-0.300350
-0.116445
-1.255080
-1.198126
-1.379823
-1.595476
-0.360411
0.879553
-0.637402
-0.204641

1.106305
0.733935

1.749165
0.209311
-0.790993
-1.528658
-2.465942

H
C
C
C
C
C
H
C
H
H
C
C
C
C
H
C
H
H
N
N
C
C
C
C
H
H
H
H
H
H
H
H
H
H
H
H
C
C
C
H
H
H
H
H
H

2.249889
5.334969
5.793683
6.860845
5.584204
7.273089
7.375520
6.630977
5.086449
8.098936
6.353910
7.506813
7.139509
8.445419
7.664970
8.279780
6.986401
9.312837
7.009816
9.192821
8.218048
6.442651
10.449567
9.075660
5.354632
6.666961
6.850482
8.133762
8.369408
9.106806
9.863684
8.114225
9.164718
11.049285
11.025215
10.282387
4.030903
5.182837
6.210475
4.368613
5.362926
3.766906
3.779415
-3.223229
-14.431094

5.675987
-1.635695
-0.296860
0.354038
1.621123
1.621346
-0.140934
2.299425
2.078884
2.084127
-2.697727
-2.723058
-4,750556
-3.737561
-1.932265

-4.793462
-5.507613
-3.709497
3.568788
-5.817592
4.140604
4.158984
-5.712448
-6.784985
4.248758
3.573663
5.160755
4.245096
5.134151
3.532222
-7.529382
-7.306178
-6.322106
-6.598129
-4.825245
-5.663161
-1.917151
0.360100
-3.730341
-0.132318
-3.718561
-2.957813
0.957124
2.547982
-2.664334

-1.824439
0.051439
0.496198

-0.132692
1.679474
0.253288

-0.952124
1.313024
2.825313

-0.272595

-0.096404
0.702850

-1.153962
0.603836
1.430448

-0.320253

-1.912892
1.251475
1.683361
-0.407720
1.120581
2.880329

0.309096

-1.481743
2.793607
3.782780
3.009179
0.033732
1.540497
1.337473

-1.375357

-1.433205

-2.474305

0.103445
0.011942
1.390192

-0.196241
1.570844

-1.035034
2.095756

-1.714307

-0.370491

-0.754348

-0.893110

0.941855



Table SC-14. Optimized Cartesian Coordinates of the D-g6-62-A | [M06-2X/6-31G(d,p) solvent model: CPCM, Eethanol =24.55].

I T I I I T I ITIITITOOO0O0ZZ2ZITITO0O0IO0O000IIIIOIIO0O000O00IIOo0nITZ2000000II0V0O0O00

-8.685913
-8.733005
-10.031804
-10.989165
-10.266880
-10.261640
-12.417150
-13.223897
-14.692641
-15.370070
-15.217501
-12.736678
-12.326118
-12.956801
-7.134777
-6.428973
-7.373941
-7.132661
7.583677
9.025251
9.996527
10.841350
11.352978
9.679352
11.816259
11.138854
12.055896
7.146661
7.424384
6.002728
6.983269
7.994685
6.242582
5.474298
7.221290
13.161272
5.772730
14.122563
13.592412
6.236883
5.210146
13.198490
13.271197
14.679836
14.018992
15.129026
14.012197
4.907477
5.925185
4.320841
5.772096
5.948455

0.408873
-0.978797
-1.516912
-0.523603
1.075255
-2.569375
-0.603917
-1.694083
-1.484444
-2.632232
-0.403355
-3.026190
-4.101756
0.334054
-1.646037
-0.046070
0.944245
1.992406
-0.435380
-0.279063
-0.945667
0.718258
-0.783717
-1.594855
0.051420
1.363056
-1.308813
-1.722103
-2.944782
-2.949996
-4.149240
-2.953546
-4,182545
-2.922064
-5.067097
0.194961
-5.369409
-0.338199
1.236455
-6.620498
-5.379532
1.061882
2.236149
1.225109
-1.424041
-0.130141
0.101096
-6.385792
-5.032331
-4.743160
-7.447416
-6.701711

-0.362125
-0.223882
-0.207590
-0.334610
-0.479467
-0.109186
-0.370951
-0.275912
-0.352627
-0.250699
-0.492315
-0.109829
0.025006
-0.493086
-0.102140
-0.267560
-0.389114
-0.514681
-0.300538
-0.596562
0.164607
-1.883638
-0.068855
0.975628
-1.108919
-2.701202
0.565849
0.300338
-0.318767
2.062677
0.211684
-1.244129
1.413241
3.007549
-0.311075
-1.370546
1.932636
-0.423612
-2.284283
1.363708
3.269551
-3.280553
-1.960045
-2.347096
-0.332606
-0.784963
0.577736
3.519225
4.028531
3.322682
1.899292
0.310790

T

I T I I I I I I I I I I I ITIIITOOIITOOLZ2OO0O0O00ZZ2Z2Z000O000Z20VLO0000III0O0O0n

7.328439
6.716471
9.489809
6.444396
8.774027
6.232860
-4.989331
-4.041951
-2.735164
-2.697081
-4.286123
-1.451861
-1.342106
-0.585251
0.847735
1.503383
0.728733
-0.668542
-1.138135
1.091909
-0.052047
-0.087063
0.528425
-0.155536
0.435121
2.887253
3.039040
1.802822
4.424180
5.262334
4.383119
4.696206
7.135047
1.657064
-1.175199
2.522827
0.763258
1.599478
-1.061075
-2.004803
-0.270764
0.279872
-1.225659
-0.049447
0.925585
-0.612396
0.911052
1.585725
0.448245
-1.140748
-4.284637
-16.316976

-6.731265
0.574798
0.545814
-1.758139
1.050174
-0.824906
0.103984
-0.863600
-0.326047
1.026992
1.677945
-0.796234
1.427991
0.265351
0.331438
1.584414
2.761392
2.677930
3.912293
4.045971
4.664340
6.087578
6.383676
5.570066
7.883769
1.310795
-0.066968
-0.674053
2.096343
0.537213
-0.520404
-1.554256
1.528976
-2.072021
-2.041724
-2.353012
-2.187214
-2.735532
-2.883946
-2.246387
-1.925342
5.801925
5.803149
4.494801
8.465366
8.199760
8.129525
6.095324
6.614766
6.374788
-1.889790
-2.427362

1.428524
-0.557183
-1.631248

1.509578
-2.274199

2.024783
-0.255268
-0.492227
-0.377072
-0.066267

0.116303

-0.550910
-0.054550
-0.335070
-0.376008
-0.334276
-0.113184

0.071262

0.300028

0.009700

0.242390

0.551730

1.922147

3.018497

2.194630
-0.437800
-0.497499
-0.455582
-0.424438
-0.489832
-0.529662
-0.594322
-0.871895
-0.068899
-1.254802

0.534326

0.544627
-0.934126
-0.569513
-1.933505
-1.851834

3.994155
3.059075
2.846703
1.408564
2.249669
3.147322
1.873739
-0.241648

0.526107
-0.743339

-0.311528



Table SC-15. Optimized Cartesian Coordinates of the D-63-A | [M06-2X/6-31G(d,p) solvent model: CPCM, Eethanol =24.55].

OITI I I OILI I IIIZZITIIITOOOO0OO0OO0O0O00O00O0OIIOO0O0OLOOULIZ2Z000000I0VO0OO0OO0O

-3.324388
-3.704965
-5.096184
-5.780480
-4.684505
-5.603718
-7.202534
-8.030309
-0.493963
-10.193285
-10.001330
-7.564086
-7.176625
-7.713087
-2.333742
-1.250422
-1.918820
-0.800812
0.567316
0.159766
1.896442
1.927272
0.846954
3.078443
5.512158
6.710359
6.815296
5.658751
4.469585
4.353944
2.500395
3.251810
3.958879
3.916655
3.153570
2.461042
1.949885
4.544396
4.475896
1.869031
7.993355
3.302672
3.613767
5.694860
7.570506
5.468561
-11.136333
8.103310
7.943047
9.098940
7.375650
9.201141

-0.255929
0.965572
1.139501
0.049629

-1.208975
2.011080

-0.011645

-0.988052

-0.757466
-1.789876

0.246422

-2.221589
-3.220982
0.866806
1.945523
0.695302

-0.409339

-1.610550

-0.611279
0.584360

-1.176227

-2.260498
1.333750

-0.508423

-0.750830

-1.445574

-2.700463

-3.196769

-2.487837

-1.253885
3.049943
3.810815
3.106192
1.720655
0.970165
1.667991
3.541334
3.640966
1.207000
1.109637

-3.406802
5.183075

-2.889111

-4.132920

-1.008812
0.208523
-1.574653

-4.604749

-4.401933

-5.027937

-5.359377

-2.780559

-0.215397
-0.776002
-0.835460
-0.320670
0.2455899
-1.231593
-0.266242
0.195280
0.119360
0.602908
-0.327255
0.744077
1.186260
-0.657952
-1.248016
-0.684104
-0.165658
0.372012
-0.105163
-0.656594
0.069120
0.150712
-1.026007
0.099585
0.666713
0.654279
0.012794
-0.630918
-0.602932
0.054934
1.277819
0.352605
-0.646726
-0.703553
0.197495
1.193895
2.070406
-1.383900
-1.481222
1.914223
0.009249
0.433026
-1.138333
-1.173913
1.146142
1.174091
0.522858
-0.801029
-1.868759
-0.675573
-0.484510
0.512529

H

H
H
C
H
H
H
C
H
H
H

9.455943
9.096975
10.029072
3.941310
4.999896
3.465711
3.883717
2.400748
2.545660
1.347440
2.607612

-1.865919
-2.521698
-3.482130
5.932625
5.666330
5.760913
6.995652
5.873001
6.947268
5.641427
5.608163

-0.0368828
1.571454

0.419869
-0.631954
-0.717618
-1.607527
-0.401549
1.336053
1.229871
1.127027
2.378325



Table SC-16. Optimized Cartesian Coordinates of the D-£1-83-A | [M06-2X/6-31G(d,p) solvent model: CPCM, Eethanol =24.55].

I T ZZ2Z2IT T T ITOO0OO0000000000IT00nZ2Z2000000000000TZ2000000IT0V0O0O0OO0O

-5.586515
-6.214759
-7.615859
-8.057798
-6.725166
-8.271527
-9.381635
-10.571217
-11.810680
-12.906659
-11.828482
-10.696068
-10.784413
-0.472801
-5.080082
-3.758572
-4.177103
-2.837731
-1.708742
-2.352339
0.255373
1.647025
-0.274985
2.603083
2.093855
0.677742
2.821092
0.395722
1.803465
4.028376
4.250032
5.065118
7.448786
8.736509
9.099271
8.105783
6.822088
6.451222
5.492733
4.466807
3.678253
3.885397
4.878049
5.687051
6.145020
2.907203
3.264526
6.482638
10.370165
4.246745
6.091735
8.339928

-0.665241
0.467343
0.446813

-0.711084

-1.774560
1.234160

-1.148447
-0.530224
-1.216500
-0.503741
-2.291990

0.741595
1.774484

-2.113118
1.620792
0.563561

-0.605160

-1.618769

-0.442575
0.660036

-1.749740

-2.028011

-0.718137

-1.276280

-0.224663
0.064618
0.546688
1.061055
1.561808

-1.595408

-2.660371

-0.733850

-0.699598

-1.210288

-2.323012

-2.867562

-2.345310

-1.258214
3.028638
3.510465
2.551487
1.194876
0.716589
1.667975
3.720078
2.864514
0.485431
1.332811
-2.853596
4.861866

-2.775101

-3.694607

-0.073731
0.450478
0.333685
-0.284446
-0.721778
0.680742
-0.608052
-0.384897
-0.833888
-0.556360
-1.386932
0.253172
0.771704
-1.105055
1.115751
0.682977
0.062662
-0.337664
0.328786
0.838575
-0.463815
-0.536277
0.277188
0.106550
0.949594
1.023312
1.753424
1.860117
2.500127
-0.026440
-0.055137
-0.174459
-0.980390
-1.016799
-0.225923
0.617542
0.634493
-0.168938
0.044414
-0.798803
-1.471725
-1.273426
-0.410946
0.222096
0.563169
-2.164680
-1.813843
0.882120
-0.273657
-0.960419
1.314370
1.276192

H
H
H
H
H
H
C
H
H
H
C
H
H
H
C
H
H
H
C
H
H
H

9.464389
7.205503
1967124
-0.405385
-1.831382
-13.677257
10.762096
10.139376
11.794134
10.686901
11.413016
11.173292
11.569461
12.346648
5.230771
6.224406
4.902806
5.326504
3.349475
3.678152
2.337479
3.299643

-0.740163
0.153492
-2.855492
-2.381385
1.487171
-1.000074
-3.828995
-4.726485
-4.127063
-3.433413
-2.116647
-2.003164
-1.115223
-2.673452
5.799555
5.646765
6.813839
5.7138%4
5.306271
4983294
4924025
6.394428

-1.666243
-1.607151
-1.162084
-1.050932
1.298430
-0.876036
0.726897
0.661742
0.545524
1.749603
-0.963151
-2.024894
-0.538173
-0.892109
-0.452561
-0.896828
-0.677440
0.634296
-2.010444
-3.008423
-1.844781
-1.897076



Table SC-17. Optimized Cartesian Coordinates of the D-£2-83-A | [M06-2X/6-31G(d,p) solvent model: CPCM, Eethanol =24.55].

C
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-5.079838
-5.459698
-6.851415
-7.534456
-6.443007
-7.332153
-8.938611
-0.986938
-11.359841
-12.296663
-11.601803
-0.843826
-0.715448
-9.230195
-4.093000
-3.010536
-3.671435
-2.572371
-1.210121
-1.603834
0.675146
2.087637
0.154258
2.713010
4.141897
4.682658
4.838089
6.905168
8.265707
9.093650
8.467390
7.102777
6.282076
2.947793
2.895627
3.521505
4.160753
4181104
3.576045
2.496072
3.510339
4.640669
3.594308
10.444700
2.273758
6.658282
9.051463
8.688093
6.304762
-0.912851
1.472409
2.527275

-0.422528
0.914699
1.107919

-0.093521

-1.464078
2.071309

-0.374458
0.484589
-0.086187

0.862732
-1.269114
1.902955
3.052415

-1.421606
2.005716
0.644119

-0.575079

-1.896207

-0.786320
0.526074

-2.509374

-2.535188

-1.256854

-1.319148

-1.128004

-2.071387
0.033845

-1.052448

-1.072100
0.001868
1.097735
1.099359
0.022917
2.916555
3.863752
3.521909
2.302498
1.351236
1.694405
3.134788
4.214160
2.071506
0.980930
-0.017432
5.075584
1.955391
1.953447

-1.919001

-1.883583
1.359233

-0.093369

-3.932325

-0.143232
-0.276884
-0.340507
-0.255778
-0.098632
-0.444660
-0.278484
-0.370431
-0.372430
-0.457991
-0.304026
-0.462625
-0.537821
-0.213367
-0.327692
-0.166667
-0.079266
0.090929
0.041467
-0.098924
0.336036
0.412916
0.148687
0.290859
0.229062
0.227069
0.113200
-0.831450
-1.077103
-0.671089
-0.033667
0.198513
-0.175428
1.688901
0.641130
-0.580731
-0.733971
0.293845
1.508068
2.648401
-1.413157
-1.681383
2.328168
-0.894207
0.807162
0.697425
0.281263
-1.603280
-1.189303
-0.144515
0.075132
0.591405

T T TOIITITIOTITIIOTITIITIITOIIITIITOOO=ZO

0.192126
1.341579
3.642287
-0.934819
1.297224
2.322487
0.709788
0.851724
-13.165265
11.240894
12.282942
10.918137
11.183111
11.031489
10.859355
10.623622
12.107102
2.127466
1.561326
1.599509
3.104233
1.504619
1.052074
0.705262
2.143462

-3.905995
-4.681921
-4.399277
-4.356243
-6.120710
-6.467834
-6.382588
-6.587453
0.429235
1.154250
0.950259
2.035308
1.397907
-1.098309
-2.065735
-1.147458
-0.942793
5.965981
5.502409
6.863597
6.270952
5.322858
6.311315
4.582194
5.301378

0.474825
0.621233
0.695644
0.466840
0.782440
0.904762
1.664275
-0.098340
-0.455130
-0.582412
-0.823914
-1.152438
0.484021
-1.663452
-1.179634
-2.681629
-1.730817
-0.328445
-1.147474
-0.009873
-0.719141
2.011890
1.947715
2.147790
2.901477



Table SC-18. Optimized Cartesian Coordinates of the D-g3-63-A | [M06-2X/6-31G(d,p) solvent model: CPCM, Eethanol =24.55].

C

Z W I TITIIITZZTITIIITOOO0OO0ODOO0O0OOO0O0O00O0ITIOO00000O0LOOLIZ2000000II0V0OO0O0O

5.079079
5.492740
6.886687
7.545379
6.418997
7.390362
8.940455
10.010574
11.368786
12.328538
11.586683
9.898711
9.793860
9.209696
4.147318
3.033849
3.669783
2.535627
1.194935
1.623712
-0.641316
-2.062570
-0.167150
-2.698116
-4.128646
-4.644104
-4.861210
-6.939993
-8.307404
-0.139145
-8.514529
-7.143317
-6.314473
-3.571793
-2.975822
-3.034944
-3.649783
-4.229653
-4,195734
-3.550436
-2.598529
-3.670252
-4.651351
-10.494005
-2.372915
-6.700585
-9.104064
-8.731710
-6.339320
0.952392
-1.498043
0.137391

0.359412
-0.970446
-1.132636

0.083581

1.430023
-2.085132

0.391926

-0.444973

0.153920
-0.774584
1.341725

-1.864868

-3.016564

1.444521
-2.087636
-0.748330

0.483116
1783122
0.641455
0.663147
2.396176
2.467860
1.099044
1.224916
1.063249
2.020772
-0.076662

1.067232

1.113655

0.038333
-1.073343
-1.100602
-0.031767
-3.555562
-3.951566
-3.042975
-1.808189
-1.413132
-2.323100
-4.213963
-3.300424
-1.124028
-2.049479

0.068636

-5.182043
-1.971271
-1.921516

1.984861

1.901263
-1.511280
-0.011710

3.519468

-0.122193
-0.251553
-0.292490
-0.194645
-0.052419
-0.389991
-0.191709
-0.268447
-0.242774
-0.312059
-0.166997
-0.368633
-0.450272
-0.116886
-0.326267
-0.180223
-0.081506
0.066500
-0.005950
-0.138604
0.231812
0.318198
0.080179
0.235914
0.192323
0.197702
0.094471
-0.762746
-0.967943
-0.577276
0.031083
0.225792
-0.150398
-0.702972
0.515921
1.595786
1.451239
0.241271
-0.821545
-1.562289
2.552735
2.295877
-1.769765
-0.796274
0.649682
0.700576
0.356429
-1.451162
-1.113157
-0.197624
0.051341
0.296893

=
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-2.707833
-1.954831
-0.492456
0.317309
-2.617062
-3.697284
-2.282233
-2.372379
0.135928
1.376543
0.048232
13.186535
-11.114599
-12.188231
-10.943477
-10.732394
-11.327065
-11.046412
-11.257114
-12.364780
-2.150748
-1.537124
-1.641820
-3.100431
-1.580979
-1.147766
-0.766526
-2.202975

3.665638
4.728787
4.653387
5.913844
6.067599
5.931921
6.574655
6.721158
6.439852
5.669523
6.599294
-0.321155
1.294498
1.136326
2.132112
1.581153
-0.987061
-1.960951
-1.049272
-0.794880
-5.989813
-5.471315
-6.908721
-6.266908
-5.451716
-6.447743
-4.725400
-5.430435

0.453492
0.508570
0.431618
0.505820
0.654647
0.698573
1.564949
-0.188505
1.448309
0.430676
-0.303844
-0.291185
-1.261557
-1.352832
-0.572054
-2.247152
-0.253173
-0.668183
0.841307
-0.522297
-0.535062
-1.284955
-0.246947
-1.003732
1.835439
1.753505
1.965161
2.735985



Table SC-19. Optimized Cartesian Coordinates of the D-g4-63-A | [M06-2X/6-31G(d,p) solvent model: CPCM, Eethanol =24.55].

C

I T Z2ZZ2ITIIITO0O000000O0000000ITO00nZ20mZ2T0o0000000O00VITZ2000000IT00OO00

6.183785
6.996365
8.367858
8.594688
7.097855
9.169964
9.906967
10.310387
11.768847
12.029292
12.620762
9.408233
8.669180
10.715193
6.086454
4.602732
4.807545
3.317940
2.428344
3.235832
-1.403559
0.981972
-1.005057
2.868379
0.325943
-0.000954
-2.728725
-2.408332
-3.405309
-4.850494
-5.227005
-5.719083
-7.514964
-8.837096
-9.860333
-0.469842
-8.139840
-7.126017
-4.994413
-4.492024
-4.419557
-4.815352
-5.304714
-5.406875
-5.067680
-4.052064
-4.739637
-5.799310
-11.176310
-4.103270
-7.878058
-10.210820

-0.908404
-2.017351
-1.739073
-0.417260
0.497123
-2.454287
0.113585
1.367510
1.622574
2.893270
0.77983%
2.452119
3.325927
-0.602487
-3.454426
-2.547212
-1.214737
-0.352059
-1.805509
-2.890264
-2.151752
-1.731856
-0.870197
-3.875956
-0.626752
-3.147878
-2.405333
0.127792
-1.301992
-1.339981
-2.358907
-0.315530
-1.747120
-2.005714
-1.097608
0.089899
0.332953
-0.581030
3.324872
3.808793
2.898271
1.579892
1.100726
2.008703
3.982335
3.221716
0.897376
1.667654
-1.355283
5.116592
1.253497
0.827904

0.049706
0.283041
0.142805
-0.197722
-0.346036
0.278663
-0.393011
-0.723021
-0.854058
-1.174543
-0.689559
-0.950855
-1.135040
-0.254198
0.685839
0.534685
0.193474
0.045312
0.444948
0.679820
0.632475
0.476043
0.309191
0.938938
0.224136
0.846969
0.716627
0.117172
0.468634
0.361187
0.383213
0.167312
-0.862654
-1.176620
-0.816633
-0.156305
0.142191
-0.183599
-0.612240
0.618855
1.697886
1.539754
0.319048
-0.742143
-1.469335
2.663624
2.382426
-1.696578
-1.103991
0.763965
0.655712
0.124731

H

H
H
C
H
H
H
C
H
H
H
C
H
H
H
C
H
H
H

-9.075357
-6.758028
12.992229
-11.518970
-12.601001
-11.064732
-11.193503
-12.172242
-12.219718
-11.965699
-13.149725
-4.051279
-3.702199
-3.370362
-5.043106
-3.470868
-4.146752
-2.550340
-3.220243

-2.909412
-2.455299
2.995014
-2.503259
-2.546640
-2.450587
-3.434911
-0.325824
-0.055744
0.585931
-0.705878
5.981991
6.966846
5.596983
6.101263
5.540498
5.413421
4.978451
6.597707

-1.723264
-1.187143
-1.244657
-1.922334
-2.037567
-2.920928
-1.447853
-0.873307
0.186894
-1.449577
-1.166640
-0.398792
-0.092206
-1.169511
-0.847990
1.998371
2.851056
2.205603
1.924548



Table SC-20. Optimized Cartesian Coordinates of the D-g5-63-A | [M06-2X/6-31G(d,p) solvent model: CPCM, Eethanol =24.55].

OO T T I IIIITIIITOOOOZ2ZZ2Z00LOOOOOIOVOOOOIOOVLOOUnIZ2Z000000IVOOOD0O

6.936238
7.229524
8.602993
9.359990
8.360360
9.021095
10.776251
11.762868
13.167217
14.036147
13.488661
11.525547
11.319363
11.137346
5.799232
4.806929
5.543758
4522369
3.103998
3.409966
2.671348
1.796752
1.498622
0.097496
-0.662454
0.354757
2.247674
-0.627427
-2.084815
-2.040713
-4.211126
-4.565605
-3.142123
-2.804776
-2.438144
-0.188389
-1.301882
-1.265587
-0.766789
-0.751593
-1.627634
-1.605769
-1.269252
-2.669997
-0.359279
-0.129346
-1.765594
0.259603
-0.617266
-2.288320
-5.932153
-6.408397

-0.383081
-1.681972
-1.984239
-0.906967
0.483758
-2.936510
-0.764778
-1.668791
-1.251981
-2.233221
-0.154900
-2.995028
-4.068354
0.197766
-2.595118
-1.213831
-0.119124
1.225268
0.302008
-0.976337
-1.692976
0.927991
2.263067
2.514883
1.343632
-0.064197
3.044720
3.748501
1.363975
3.770504
2.346591
1.021365
-0.011745
2.559890
5.052102
5.015188
5.720894
7.178449
7.685820
9.213150
7.146276
6.053056
7.525771
7.461486
9.603795
9.597205
9.606184
7.320066
7.518637
7.509953
0.536201
-0.720287

-0.210614
-0.635162
-0.636120
-0.208089
0.196617
-0.934448
-0.052285
-0.288040
-0.036287
-0.297216
0.358525
-0.762284
-1.148154
0.306408
-1.059605
-0.662190
-0.229598
0.142423
-0.318281
-0.714679
-1.052703
-0.263573
-0.272194
-0.235310
-0.198933
-0.196006
-0.330890
-0.249134
-0.177049
-0.230154
-0.173264
-0.122791
-0.107543
-0.193760
-0.258226
-0.289426
-0.298913
-0.252596
1.102876
1.083113
2.242704
2.281359
3.203160
2.119778
2.025334
0.269497
0.951608
1.228866
-1.063607
-0.445077
-0.211331
-0.034757

C

C
C
C
C
C
C
C
C
C
C
C
H
H
H
H
N
N
H
H
H
H
H
H
H
C
H
H
H
C
H
H
H
C
H
H
H
C
H
H
H

-8.493719
-9.808252
-10.511441
-9.810067
-8.497129
-7.803057
-4.547673
-3.970608
-4.250301
-5.026964
-5.574399
-5.336901
-4.383648
-3.861690
-5.217943
-5.774333
-11.821763
-3.170540
-7.985816
-10.286678
-10.291101
-7.987862
-4.942476
-6.634778
14.929014
-2.756644
-3.610994
-2.136591
-2.159284
-3.080707
-4.060296
-2.651182
-2.426199
-12.441389
-13.471943
-12.459321
-11.920228
-12.427267
-13.448711
-11.879765
-12.468298

-2.081586
-2.397215
-1.693097
-0.678051
-0.375887
-1.055084
-4.001414
-3.857249
-2.668542
-1.670422
-1.801000
-2.998454
-4.904377
-2.523323
-0.760552
-3.142387
-1.987238
-4.839056
0.388977
-0.135570
-3.197742
-2.641353
3.145552
1.313995
-1.899620
-4.736006
-4.710037
-5.505752
-3.833073
-6.124404
-6.612044
-6.017477
-6.777227
-1.372774
-1.717281
-0.282709
-1.622483
-3.174250
-3.264742
-4.089381
-3.105127

0.270538
-0.032676
-1.035304
-1.724912
-1.404109
-0.391033
0.405756
1.688781
2.398676
1.831106
0.549915
-0.135159
-0.169084
3.398881
2.394598
-1.119796
-1.332208
2.225569
-1.981702
-2.532049
0.514088
1.051954
-0.208578
-0.503787
-0.113183
3.611840
4.302429
3.862109
3.775483
1.559083
1.460572
0.557682
2.135114
-2.490767
-2.566652
-2.391300
-3.425394
-0.758696
-1.125902
-1.022803
0.333334



Table SC-21. Optimized Cartesian Coordinates of the D-g6-65-A | [M06-2X/6-31G(d,p) solvent model: CPCM, €ethanol =24.55].

OO0 0O0O0O0O0O00ONZ2=22Z2000nZ2000000200ITT0vO0000IT000VOO0OLIIZ2Z000000II0VOOOO0O

9.714879
10.421336
11.815301
12.169287
10.760153
12.550215
13.527152
14.051172
15.529356

15.911478

16.289916
13.254501
12.598983
14.265577
9.372067

7.976652

8.314296
6.907443

5.867493

6.578400

6.117126

4.430921

3.740026

2.343990

1.981482
3.371501

4.215697
0.568212
0.117388

1.214314
-0.395089
-1.770197
-2.233219
-1.286519
-3.506749
-3.308767
-1.9559677
-5.192180
-5.619677
-4.505515
-2.4359947
-0.2468396
-1.485073
-6.974422
-8.159316

-10.639281
-11.832110
-11.873162
-10.658095
-6.476062
-0.424133
-8.019496
-8.491677
-8.845972

-0.043306
1.160234
0.983583
-0.355017
-1.411973
1.779648
-0.792466
-2.046601
-2.188273
-3.469212
-1.255675
-3.232530
-4.188631
0.007690
2.559076
1.507572
0.160124
-0.845139
0.569295
1.745691
2.725113
0.386951
-0.777797
-0.566750
0.738902
1.749658
-1.721114
0.800952
-0.513584
-1.336040
1.847818
1.579462
0.244397
-0.805837
-0.368442
-1.740372
-2.018763
0.028375
-1.691810
-2.501552
2.736347
3.164589
3.623229
-2.207111
-1.553008
-1.834227
-2.498439
-3.643186
-4.054929
-3.377923
-2.261061
1.649739
2.619503
2.178631

-0.056499
-0.075269
-0.074889
-0.056258
-0.039569
-0.088109
-0.052007
-0.036633
-0.035679
-0.020905
-0.047026
-0.022078
-0.010710
-0.062839

-0.092987

-0.074113

-0.054651

-0.029858

-0.068329

-0.084845

-0.120937

-0.073752

-0.308701

-0.192408
0.110598

0.290026

-0.551658
0.117295

-0.149543
-0.360303
0.226187
0.044683

-0.150321

-0.177606

-0.220838

-0.252986
-0.221342

-0.235815

-0.253853

-0.259474
0.143668
0.429592
0.359835

-0.170027

-0.210941
-0.468184
-0.228387

0.596866
1.188058

0.534863
0.087117

-2.241170

-1.330392

-0.035310

@]
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-8.746508
-8.260907
-7.911435
-7.732904
-9.206583
-8.039876
-7.537114
-13.049178
-8.617014
-8.572503
-10.637473
-12.737963
-10.648183
-6.997183
-1.455734
-1.254317
-2.204463
-0.545807
1.247608
2.090967
0.332750
1.359841
-1.803656
-2.479565
-1.621597
-2.759861
-3.281765
-1.822674
-3.377923
-2.103656
-1.461522
-0.640821
-3.432858
-2.449294
-0.853261
-4.569857
16.881891
-8.028972
-8.191925
-6.948598
-8.502635
-8.883736
-8.852650
-8.113519
-8.920477
-13.085880
-14.085899
-12.383167
-12.839941
-14.300787
-15.121638
-14.473293
-14.323845

0.839871
-0.117659
0.318131
1.933594
2.883791
0.530341
-0.405752
-4.326965
3.943523
-3.709997
-4.898516
-2.120893
-0.960091
-3.283910
-3.327777
-3.968764
-3.808843
-3.203550
-2.603756
-2.585391
-2.711101
-3.455421
5.018275
5.189309
4.598016
6.672941
6.820607
7.238838
7.093958
4.743069
3.525064
5.086257
4.647936
5.376427
5.555643
-3.583023
-3.492873
4.385161
5.456616
4.188586
3.887008
4931820
4.7459816
4.938840
5.919234
-5.340836
-5.771201
-6.149926
-4.936064
-3.725088
-4.388277
-2.745957
-3.591514

0.312116
-0.585507
-1.867383
-3.245985

0.703154

1.311966
-2.586805

0.820435

-1.694031

1.438127

1.866608

-0.686142

-1.112750
-0.011171

0.173867
-0.686890

0.805674

0.761344
-1.079339
-1.771803
-1.662154
-0.405590
0.632502
1.985720
3.111743
2.227174

3.175976

2.266888

1.428710

4.082123

2.969254

3.143095

1.956598
-0.173193
0.596684
-0.263070

-0.020741
-2.944786
-3.055075
-2.991488
-3.796699
-0.665741
-0.190007
0.118406
-1.124441

1.857699
1.897613
1.635922
2.849787

0.400045

0.670433
0.868648
-0.686014



Table SC-22. Optimized Cartesian Coordinates of the D-6:-A@Tis010| [M06-2X/6-31G(d,p) solvent model: CPCM, Eethanol =24.55].

4 d -4
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3.539973
6.516670
6.915270
4.860971
7.869577
6.286595
6.045641
4.947166
3.305563
4.314658
4.976205
6.094354
3.447879
3.699397
5.464237
3.381003
3.679768
2.109423
1.629844
-3.523863
-2.569665
-1.256833
-1.152627
-2.757161
-2.835744
-0.391940
-0.074444
-4.960249
-5.770634
-7.172065
-8.181939
-7.562263
-9.508484
-7.920142
-8.880805
-6.805817
-9.900155
-10.247173
-9.120342
-5.309639
-5.541567
-4.623812
-5.076114
-6.081254
-4.165280
-4.447661
-4.375103
-5.258806

-0.105818
-1.543096
0.825600
-2.669315
-0.561800
2.149634
-0.943006
4.171207
-0.403748
-1.705714
2.618608
1.447324
1.561024
-2.571618
-0.415653
-1.283290
-3.523537
-1.340088
-0.725603
-1.195078
-0.446560
-0.715370
-1.678389
-2.232474
0.260743
-0.237730
-2.236581
-1.267222
-0.311436
-0.635676
0.337575
-1.931689
0.036526
1.354003
-2.252208
-2.702296
-1.275580

0.824056
-3.262598
1.074904
1.732669
1.782513
3.017064
1.215425
3.071443
1.305031
3.726491
3.471094

0.092226
1.088995
-0.461634
1.357741
0.492570
0.444618
2.666918
-1.365473
1.839935
2.679831
-0.929689
-1.923360
-0.290013
4.147622
-0.013629
-1.618830
4.296784
-1.479003
-0.470122
-1.031618
-0.340192
-0.725105
-1.732014
-2.172781
0.434371
-0.291322
-2.464109
-0.867683
-0.330477
-0.010363
-0.079926
0.364451
0.174839
-0.358622
0.632281
0.482024
0.529514
0.093367
0.939194
-0.099395
1.115479
-1.095781
1.348712
1.904283
-0.890672
-2.055898
0.346253
2.314499

H
N
N
C
C
C
C
H
H
H
H
H
H
H
H
H
H
H
H
C
C
N
H
H

-3.647431
-11.211440
-3.926775
-11.563125
-12.210810
-4.052453
-3.084725
-11.995984
-12.273377
-13.184106
-11.099942
-12.644385
-11.252218
-2.813496
-2.162119
-3.612183
-5.103042
-3.514780
-3.642195
1.296966
2.054380
2.652976
-5.419391
-0.398552

3.576490
-1.587311
5.004787
-2.918166
-0.536170
5.600100
5.642437
0.227764
-0.040574
-0.973160
-3.157341
-2.981964
-3.678095
6.637250
5.075839
5.753140
5.670926
5.025947
6.608503
-2.098907
-2.812785
-3.395087
-2.197232
-2.919718

-1.696407
0.770321
0.557950
1.227318
0.779711
1.874680
-0.436214
1.538121
-0.195511
0.997823
2.193612
1.338937
0.502195
-0.086293
-0.619650
-1.389816
2.176512
2.640975
1.848737
-2.420258
-3.407223
-4.211011
-1.192877
-3.248436



Table SC-23. Optimized Cartesian Coordinates of the D-£3-86:-A@Tis010| [M06-2X/6-31G(d,p) solvent model: CPCM, Eethanol =24.55].

4 d -4

OO0Oo0oo0oo0o

44

T OO0 0OZZ2ITIT0OIOI O0O0O0OI ITOIOIOO0OO0OO00O0IO0O0O0O0o0DOo

6.467990
9.124661
9.144383
7.740017
10.119977
9.544587
9.652313
7.955540
7.043158
8.092934
7.865440
7.821968
6.705690
8.345939
7.921924
5.162209
8.374146
4.169973
4.444915
-7.370962
-8.168709
-9.610771
-10.499743
-10.169992
-11.864879
-10.108915
-11.530073
-9.520632
-12.423383
-12.502506
-11.902630
-7.610597
-7.604981
-7.063185
-7.036536
-8.035066
-6.507766
-7.061903
-6.474701
-7.032744
-6.096944
-13.770369
-5.928613
-14.318079
-14.661438
-5.727384
-5.183971
-14.617931

-0.543891
0.572511
1.687836
-0.304829

1.694739
0.379718

-1.086577
0.576933
-1.993021

-1.880453
0.504021
2.158677
-0.682954
-3.083799
0.677640

1.003430

-4.039210
0.209421
-1.007097
-1.046383
0.028204
-0.129247

0.935056
-1.336525
0.805211

1.885712
-1.486570

-2.174943

-0.415287

1.655734
-2.436517
1.403966
2.190810
1.956275
3.455174
1.793180
3.225618
1.367617
4.011367
4.014335
3.606415
-0.553379
5.273367
-1.845952
0.547845
5.956917
5.719667

0.823082

0.128720
-1.796634
0.826124
-2.906998
-0.836524
1.871367
-1.568733
4.478255
-0.744639
-2.266203
2.868615
1.946018
1.819500
-3.597508
-0.337911
-0.385111
-3.464994
-0.252695
0.021133
0.287108
0.038872
-0.202183
0.021669
-0.656731
-0.165761
0.371966
-0.853893
-0.890780
-0.610579
0.040573
-1.216468
0.032215
-1.125673
1.195338
-1.139675
-2.041220
1.207410
2.109246
0.032511
-2.066728
2.134008
-0.810534
0.032873
-1.174653
-0.500313
-1.231381
1.195542
0.561383

H
H
H
H
H
H
H
H
H
H
H
C
C
C
C
S
H
H
C
C
C
N
H
C
C
C
C
S
H
C
C
N
N
C
H
H
H
C
H
H
H

-14.414859
-15.683438
-14.094268
-15.399807
-13.923140
-4.805509
-5.827381
-4.333192
-5.267220
-5.078644
-6.682260
-2.098294
-1.748497
-0.371833
0.367569
-0.691523
-2.484296
0.076359
1.765000
2.793885
2.615770
2.462114
2.092729
-5.935864
-5.221341
-3.811245
-3.421122
-4.821944
-7.827070
-4.971387
-3.519236
-5.790782
-2.961739
-2.629559
-2.855554
-1.588430
-2.776576
-5.549840
-5.183570
-6.636231
-5.267159

1.435895
0.256735
-2.610629
-1.760632
-2.190987
6.724003
5.762561
5.062373
6.925767
5.388928
6.133110
-0.339059
0.965275
1.165861
0.018018
-1.321100
1.740999
2.115985
-0.204550
0.675285
2.052592
3.170208
-1.212929
-1.105200
-2.275989
-2.130552
-0.851104
0.151514
-2.023421
-4.447625
-4.293187
-3.462166
-3.165505
-5.458629
-6.308863
-5.168303
-5.793719
-5.773854
-6.085451
-5.696887
-6.554753

-1.092920
-0.737670
-0.419977
-1.265455
-2.137027
1.010511
2.080110
1.422821
-1.042171
-1.912378
-1.736857
-0.028066
-0.384275
-0.479044
-0.200641
0.183899
-0.561453
-0.740538
-0.165714
-0.387381
-0.715324
-0.982902
0.081571
0.349389
0.650443
0.542324
0.152982
-0.060198
0.425631
1.260501
1.163340
1.009782
0.810907
1.476249
0.825400
1.339206
2.507851
1.657593
2.640747
1.689479
0.944533



Table SC-24. Optimized Cartesian Coordinates of the D-£3-6.-A@Tis010| [M06-2X/6-31G(d,p) solvent model: CPCM, Eethanol =24.55].

Ti

= -
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44

T T OIT OO OO0 ULOOOOIOO0OnITZ00O0Ioouoooo0o00IO0Oo0O0o0OO0oDOo

-7.951351
-10.135090
-10.692759

-8.529335
-11.301597
-11.322609
-10.699833
-10.297877

-8.320280

-9.021277

-9.875074

-9.607563

-8.547506

-8.897270

-9.277628

-6.561007

-8.598460

-5.611558

-5.942066

0.565815
0.372845

-0.973479
-1.823808
-0.930830
-1.343853
-3.233088
-4.211813
-3.960848
-3.756657
-3.598033
1.886244
2.761957
1.920341
2.272149
4.197463
5.093720
6.462893
6.634838

5.085043

9.047961
9.290036
8.403699
10.544371
8.552292
7.570896
9.606385
11.395680
7.843798

0.359849
-0.269816
-1.891116
0.745602
-1.524049
-0.819154
1.345101
-1.595620
1.964239
2.181558
-1.171437
-2.597954
0.181418
3.691115
-0.687267
-1.113068
3.745901
-0.367754
0.756427
-0.660402
0.571516
0.915139
-0.059914
-1.419574
1.825276
0.071258
-0.772142
-2.039419
-3.068326
0.996429
1.322880
-0.036866
-1.009446
-1.920969
-0.065012
0.861645
0.487545
-0.715215
-1.368406
-0.976337
0.460023
1.229764
2.488789
2.600859
0.741218
3.276125
2.952541
3.151608

0.376092
-2.242847
0.031628
-2.838146
-1.775532
1.219995
-1.829901
3.990027
-0.303251
-2.011883
2.490704
1.271171
1.973609
-3.005932
-0.618614
-0.163255
-3.920709
0.250854
0.756290
0.281586
0.914251
1.071198
0.559785
-0.123839
1.528193
0.583618
0.132430
-0.476227
-0.969922
1.026039
1.318407
0.620473
0.112164
-0.354984
0.617595
1.144261
0.994743
0.301177
-0.094189
-0.393752
-0.643223
-1.404105
-0.166290
-1.528915
-1.903252
-0.871618
0.316603
-2.135132

I T T T T T OOOOZZIITOOIOIIIIIIIITIIIIIIOOOOZZITIIOIIOO0NnOnOnO0nN

10.183158
10.263936
12.277163
11.306253
9.506032
12.339505
13.052872
11.326099
9.718087
13.365296
8.814608
10.880836
14.512135
13.492059
10.955423
11.815474
10.789046
7.772494
9.034998
8.909694
14.350018
13.634832
12.604530
15.226636
14.217132
15.014481
7.819582
7.689243
10.383123
11.227953
11.106764
11.210274
4.732741
7.464391
7.109915
5.705835
5.360523
8.186191
4.278992
5.728371
5.824838
9.156721
8.161208
8.059240

-1.911720
-3.084160
-2.563267
-3.984431
-3.279491
-3.756658
-2.330127
-4.860466
4.644662
-4.655972
5.409194
5.289602
-4.283167
-5.767215
5.079251
4.963734
6.367678
5.247034
6.469589
5.148829
-6.372370
-5.433794
-6.406781
-5.105250
-4.094306
-3.383832
-1.465329
-2.545235
1.116409
-1.673073
0.540670
-0.769847
2.024849
1.251748
2.366970
2.770259
4.068676
3.257750
4.200834
4.089252
4.909554
2.798526
4.237506
3.426781

-0.529825
0.236846
-1.595745
0.096415
0.990054
-0.841047
-2.314419
0.732565
-0.921626
-1.007676
-1.757860
-0.345585
-1.814949
-0.083808
0.727610
-0.821771
-0.471011
-1.460588
-1.642453
-2.820886
-0.373387
0.953415
-0.117850
-1.815803
-2.852242
-1.433112
-0.064423
-0.080479
-0.066706
-1.435897
0.504482
-2.038741
1.766293
1.524618
2.096336
2.212796
2.878408
2.645272
2.880907
3.909016
2.353686
2.457335
2.155457
3.719246



Table SC-25. Optimized Cartesian Coordinates of the D-£3-85-A@Tis010| [M06-2X/6-31G(d,p) solvent model: CPCM, Eethanol =24.55].
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8.676365
9.888690
9.893247
9.007106
10.299593
11.100802
11.266364
10.199080
9.776235
10.281808
9.825090
8.771463
9.219243
10.934072
9.154451
6.673971
10.660206
6.299559
7.216222
0.094565
0.352741
1.714941
2.512181
1.546648
2.106677
3.927729
4.885388
4.605890
4.367673
4.324481
-1.112222
-2.063388
-1.289388
-2.267854
-3.729345
-3.453526
-5.350202
-6.754474
-5.029214
-7.530485
-8.965784
-9.361593
-9.826775
-11.682470
-13.018573
-14.010185
-13.572969
-12.230171

0.898609
-1.612160
-2.362828
-0.143059
-3.032904
-1.398775
-0.524127
-0.563239
1.747545
0.979869
-0.557169
-2.008007
0.995326
1.961757
-0.936089
0.280651
1.919790
1.500146
2.385771
0.475867
1.853837
2.176308
1.037024
-0.437378
3.184748
0.901884
1.877325
3.277900
4412121
-0.111993
2.811737
1.345349
0.189726
-1.239120
-0.255699
1.096571
-2.219731
-2.463055
-0.871596
-1.301832
-1.310198
-2.321161
-0.263083
-1.598055
-1.809091
-0.896611
0.247782
0.442429

-0.135196
1.936282
-0.814224
2.942031
0.956158
-1.578331
2.032442
-4.369156
0.992482
2.595430
-2.800373
-2.157182
-1.755293
3.966958
0.319660
-0.105660
4.890277
-0.122056
-0.127736
-0.153724
-0.130716
-0.123960
-0.140240
-0.163650
-0.105891
-0.135345
-0.131491
-0.137367
-0.141241
-0.134494
-0.115349
-0.139020
-0.159989
-0.197235
-0.178295
-0.147224
-0.289479
-0.302333
-0.191117
-0.216633
-0.098381
-0.036060
-0.003216
1.059230
1.350799
0.921332
0.217148
-0.061045

C
C
C
C
C
C
C
H
H
H
H
N
N
H
H
H
H
H
S
N
N
C
C
C
C
H
H
H
H
H
H
C
H
H
H
C
H
H
H
C
H
H
H
C
H
H
H

-11.246058
-9.006664
-8.500777
-8.454529
-8.888599
-9.381650
-9.449531
-9.057331
-8.079165
-8.832190
-9.841201
-15.341345
-8.082625

-11.934446

-14.286587

-13.292390

-10.953639
-4.218229
-6.481716
-4.445474
-7.256567
-6.384149
-4.939463
-3.987841
-6.886615
-7.976150
-6.534181
-6.528479
-4.144005
-2.963544
-4.138594

-15.728117

-16.814083

-15.401425

-15.306298

-16.298238

-16.072883

-16.317952

-17.293034
-7.956770
-7.252825
-7.601748
-8.926111

-7.358218
-7.081514
-6.444125
-7.983128

-0.477800
3.399864
3.797683
2.822539
1.526960
1.132381
2.103368
4.107499
3.076073
0.794628
1.829462
-1.111225
5.089478
1.330080
0.989762
-2.678946
-2.308128
1.863806
0.073919
-3.242280
-3.732013
-4.698619
-4.446371
-5.601205
-6.110111
-6.105197
-6.597540
-6.707681
-6.153001
-5.230730
-6.307419
-2.203030
-2.226027
-3.164510
-2.099320
-0.055249
0.863619
0.190033
-0.396469
5.996946
5.627178
6.961293
6.156958
5.391126
6.444630
4.789309
5.212182

0.332480
0.549991
-0.708623
-1.729879
-1.494064
-0.245821
0.760326
1.367916
-2.713331
-2.295671
1.736601
1.183488
-0.934325
-0.612560
-0.118471
1.934453
1.438717
-0.134523
-0.125196
-0.373664
-0.379903
-0.454529
-0.456662
-0.558023
-0.541063
-0.536643
-1.455385
0.303154
-1.490355
-0.529341
0.264174
2.057061
2.137023
1.648107
3.066157
0.910758
1.468921
-0.156088
1.193777
0.191136
0.949630
-0.169800
0.673475
-2.155062
-2.152442
-2.255758
-3.035827



Table SC-26. Optimized Cartesian Coordinates of the D-g6-86:-A@Tis010| [M06-2X/6-31G(d,p) solvent model: CPCM, Eethano =24.55].

4 d -4
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10.324735
11.582875
11.903489
10.471483
12.219866
12.970537
12.864583
11.997253
11.363955
11.728546
11.589468
10.745725
10.846701
12.126014
10.987559
8.410943
11.718381
7.894902
8.700599
2.087117
2.775411
4.164314
4.561235
3.166771
2.285128
4.879955
5.915863
6.443591
5.658567
5.019218
6.646331
0.661747
-0.006965
-1.403841
-1.793993
-0.428466
-3.202885
-3.627162
-2.516527
-4.177131
-5.533898
-5.022728
-5.975158
-6.218069
-4.053679
-5.289175
-5.598417
-5.525950

-0.038050
-1.729176
-3.243664
-0.092680
-3.307592
-2.410702
-0.527667
-2.579947
1.187648
0.979358
-2.146716
-3.463929
-0.405730
2.362139
-1.615517
-0.806364
2.569433
0.293875
1.219258
2.386150
3.501368
3.320550
2.071259
1.105368
4.411797
4.071631
1.664169
0.476857
-0.636885
-1.539373
2.412772
2.214037
1.102806
1.303453
2.550698
3.513776
2.618910
1.364497
0.577849
3.641669
3.414649
1.090092
2.128548
4.539123
4.901247
5.369622
6.752847
7.704170

-0.255155
2.456560
0.051524

2.840011
1.962053
-1.023697
2.387963

-3.874858
0.532554
2.339280

-2.375886
-1.279861
-1.844472
3.437851
0.673779
0.091198
4.286160

-0.295122
-0.643707
-0.870539
-1.323920
-1.312674
-0.854767
-0.431624
-1.647339
-1.627340
-0.749498
-0.326102

0.104393

0.451456
-1.051946
-0.739515
-0.273693
-0.313323
-0.791755
-1.224756
-0.712117
-0.209851

0.050065
-0.913847
-0.591967
-0.035244
-0.157852

-0.842947

-1.352836

-1.285814

-1.631577
-0.430427

C
C
C
C
C
C
C
H
C
H
C
H
H
C
C
C
C
H
C
H
C
H
H
N
N
C
C
C
C
H
H
H
H
H
H
H
H
H
H
H
H
C
C
C
N
C
C
C

-4.128677
-6.589091
-11.297523
-10.548461
-10.423653
-9.927361
-9.671558
-10.916329
-9.181093
-10.025598
-9.012674
-9.599495
-8.732976
-12.705526
-13.484737
-13.327928
-14.816037
-13.035084
-14.656714
-12.748009
-15.446946
-15.368014
-15.076951
-8.238169
-16.774296
-7.737467
-8.278567
-17.480536
-17.322111
-7.912110
-9.292456
-7.630244
-7.089043
-7.143593
-8.544808
-18.375485
-16.806104
-17.254695
-18.503921
-17.522481
-17.010097
-10.731219
-7.235059
-7.025568
-5.682315
-5.211799
-8.204193
-9.324882

7.728539
7.381199
-1.343034
-2.470196
-3.704923
-2.327279
-4.738193
-3.857295
-3.348412
-1.384468
-4.580119
-5.672022
-3.190649
-1.585249
-2.534349
-0.885098
-2.753642
-3.110644
-1.091674
-0.181256
-2.025170
-3.497810
-0.537127
-5.586845
-2.220389
-5.452032
-6.904758
-3.337061
-1.603897
-6.874657
-7.328544
-7.573648
-4.574234
-6.330741
-5.356759
-1.868200
-1.929492
-0.512809
-3.351553
-3.234340
-4.302218
-0.124621
1.541894
0.188551
-0.098409
-1.455597
-0.574387
0.217211

0.187268
0.618233
0.441417
-0.173038
0.470703
-1.418429
-0.072042
1.427697
-1.984062
-1.951
-1.310952
0.471383
-2.957300
0.823667
0.145766
1.867829
0.461216
-0.657683
2.201489
2.458204
1.493636
-0.099326
3.031360
-1.843732
1.801152
-3.197972
-1.239571
1.202213
2.994330
-0.208142
-1.229258
-1.804241
-3.287185
-3.446402
-3.937607
3.078574
3.908377
2.935631
1.574953
0.112949
1.436112
0.624645
0.108278
0.336819
0.248622
-0.003375
0.537419
0.454829



Table SC-26 (cont). Optimized Cartesian Coordinates of the D-g6-86:-A@TisO10| [M06-2X/6-31G(d,p) solvent model: CPCM, Eethanol
=24.55].

-8.923291 1.913087 0.144512
-6.601000 6.746904 -2.063880
-4.877268 7.040989 -2.398640
-3.884626 6.757604 0.630549
-3.363010 7.958810 -0.559601
-4.076333  8.482878 0.976992
-6.402542  6.402771 1.071431
-6.575768 8.131110 1.413880
-7.591205 7.362871 0.179519
-5.739843  8.696104 -0.848703
-11.374256  0.692989  0.944613
-8.240246 -1.637302 0.738785
0.488956 0.200150 0.064894
-2.431689 -0.570887 0.943824
-1.541342 -0.460117 1.565159
-3.302995 -0.581398  1.598362
-2.367748 -1.512966 0.396112
-4.946785 -1.977121 0.918520
-6.009079 -2.007677 -0.505757
-4.349856 -1.422291 -0.669828
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Table SC-27. Optimized Cartesian Coordinates of the D-g6-6.-A@Tis010| [M06-2X/6-31G(d,p) solvent model: CPCM, Eethanol =24.55].

4 d -4
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-11.719756
-14.008429
-14.324276
-12.511227
-15.051049
-14.917745
-14.669623
-13.754970
-12.244752
-13.058810
-13.394763
-13.166156
-12.193011
-12.949131
-13.005116
-10.212204
-12.676716
-9.324185
-9.736447
-3.199099
-3.358421
-4.694211
-5.568882
-4.716017
-5.011584
-6.991642
-7.893659
-7.540151
-7.240306
-7.446036
-1.816987
-0.986582
-1.850981
-1.528866
12.978612
14.407098
15.394998
16.183277
16.741364
15.100700
17.175548
16.457985
17.459478
12.523080
12.757624
11.408109
12.310746
13.304000

0.252420
-1.471334
-2.017329
-0.710565
-2.458301
-0.551600
0.134534
-0.049205
1.437386
0.915339
-0.347994
-2.159753
0.710409
1.940406
-1.171702
-1.199669
1.649982
-0.283517
0.919613
1.119505
-0.269372
-0.697343
0.381908
1.922685
-1.731767
0.424965
-0.600358
-1.983442
-3.102524
1.413875
-1.070082
0.478066
1.548021
2.581765
-0.732168
-0.629873
-1.330733
0.306143
-1.214734
-1.968651
-0.394780
0.941129
-1.763839
-2.005590
-3.236775
-3.203439
-4.430021
-3.261185

-0.002113
-1.952518
0.829202
-3.023645
-0.910198
1.503056
-2.174499
4.260218
-1.233485
-2.808737
2.716680
2.189214
1.576517
-4.295328
-0.365762
0.066889
-5.173114
0.058624
-0.001307
0.159628
0.147650
0.133307
0.132797
0.151151
0.119192
0.106975
0.107472
0.147078
0.177121
0.079472
0.152146
0.147052
0.158181
0.142540
-0.486823
-0.861665
-0.154367
-2.246954
-0.461736
0.674008
-1.526265
-3.080043
0.134392
0.126967
-0.494011
1.928540
0.056100
-1.435737
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11.606758
10.910200
12.515971
18.508651
11.133402
19.501416
18.923737
11.565052
10.608327
18.469968
18.654515
20.005164
19.368913
20.493396
19.457917
10.291599
11.350979
9.734190
11.108960
11.242102
12.656816
12.146579
14.842551
11.856128
14.110021
11.679964
0.458255
1.333285
2.674562
2.809785
1.274913
3.919065
4.185205
4.857450
6.288954
7.017184
6.324567
4.935702
4.550922
6.768923
5.675907
5.739074
6.434694
5.748209
6.454872
8.376283
8.446602
7.180921

-4.443753
-3.160844
-5.354723
-0.296964
-5.619154
-0.857561
0.732752
-6.881323
-5.610730
0.574554
1.741691
0.685264
-1.939339
-0.682423
-0.412382
-6.619148
-5.274379
-4.955744
-7.697425
-6.970203
-7.003427
0.329000
0.179756
-2.023162
0.709906
-1.083951
0.524721
-0.496521
-0.046874
1.293890
2.041099
-0.591002
1.610942
0.410367
0.392702
1.605308
2.821747
2.817878
4.074722
4.081058
4.762583
6.182993
6.431683
5.660838
7.933569
1.256402
-0.126642
-0.663296

1.279778
2.889301
-0.468557
-1.861277
1.821216
-0.963764
-2.795763
1.250872
3.173408
-3.779138
-2.453083
-2.918036
-0.862874
-1.378593
0.040249
3.437007
3.910539
3.247298
1.810000
0.208650
1.282016
-0.685541
-1.920779
1.356707
-2.522839
1.874254
0.127562
-0.162549
-0.081927
0.255495
0.508186
-0.314301
0.219621
-0.114076
-0.219826
-0.190146
0.081491
0.330983
0.593708
0.198689
0.492022
0.809976
2.151033
3.276329
2.428651
-0.362978
-0.450637
-0.358838



Table SC-27 (cont). Optimized Cartesian Coordinates of the D-g6-6.-A@TisO10| [M06-2X/6-31G(d,p) solvent model: CPCM, Eethanol
=24.55].

9.953132 1.955884 -0.412137
10.697938 0.355170 -0.544232
9.761206 -0.652397 -0.555936
10.014102 -1.700276 -0.651862
12.594774  1.257250 -1.010211
6.972355 -2.058328 0.009232
4.092894 -1.839778 -1.044294
7.853513 -2.403913 0.553796
6.111772 -2.133363 0.674487
6.823071 -2.698016 -0.862940
4.208823 -2.694324 -0.375010
3.213487 -1.997574 -1.670711
4962413 -1.758860 -1.696833
6.243294 5.856524 4.231178
4.699781 5.966963 3.367462
5.771455 4.581852  3.096637
6.948761 8.483616 1.622303
5.434607 8.319707 2.529685
6.987052 8.143742  3.359849
7.466668 6.072738 2.053162
6.267043 6.683784 -0.005135
4.704093 6.531474 0.835219
1.017249 -1.498768 -0.427975
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Table SC-28. Optimized Cartesian Coordinates of the D-g6-83-A@Tis010| [M06-2X/6-31G(d,p) solvent model: CPCM, Eethanol =24.55].

Ti  12.696147 0.060155 -0.233435
Ti  14.620406 -1.559533 2.133924
Ti  14.864343 -2.748102 -0.450890
O  13.310544 -0.339201 2.973995
O 15479726 -2.915755 1.373600
O 15.727210 -1.585518 -1.378001
(0]
(0]
(0]

-10.658845 -0.202555 -0.186343
-10.965155 -1.948249 -0.165917
-9.797430 -2.678715 -0.194955
-8.119543  2.697444  0.060570
-5.956899  3.296743  0.258822
-7.228481 3.658367  0.229072
-12.278875 -2.551756 -0.030322
-13.504988 -1.977008 -0.047071
-15.967655 -2.423250 -0.216827
-17.108343 -3.151438 0.083690
-17.050756 -4.268193  0.945548
-15.793389 -4.586300 1.504997
-14.664469 -3.847266 1.189736
-14.711004 -2.756262  0.309030
-13.628870  1.193911 -2.129367
-14.115003  2.151290 -1.212944
-14.394072  1.712222  0.100846
-14.210436  0.385891 0.461397
-13.709476 -0.558056 -0.442144
-13.434873 -0.124420 -1.742752
-13.396829 1.477110 -3.148407
-14.761333  2.408550 0.844248
-14.446412 0.076998  1.476598
-13.049414 -0.837945 -2.466588
6.729069 3.362551 -0.894661 -18.174263 -5.013223  1.233254
8.068294 1.004191 -0.472207 -14.325659 3.461635 -1.588026

S
C
C
N
N
N
15.564422 -0.083618 2.011962 C
C

C

C

C

C

C

c

C

C

C

C

C

C

H

H

H

H

N

N

8.781165 -0.141463 -0.267464 H -13.725697 -4.107278 1.670414

H

H

H

H

C

H

H

H

C

H

H

H

C

C

C

C

H

H

H

H

H

H

H

H

H

H

14.678100 -1.482822 -4.239023

13.445886 1.371206  0.725957
Ti  14.140176 1.082657 2.413945
Ti  14.277949 -1.367107 -2.679831
13.706327 -2.948774 -1.807592
13.230687 0.077169 -1.858161
14.414766  2.248407 3.772691
13.700793 -1.449646 0.477704
10.962094 -1.108387 -0.057214
14.693333 3.165208 3.660026
10.245096 -0.072494 -0.250824
10.858372  1.031725 -0.420768
4.191899 1.177902 -0.497855
4718796  2.453423 -0.725291
6.119319 2.480734 -0.737184
6.665997 1.224330 -0.518079
5.426293 -0.007948 -0.297085

8.190615 -1.425212 -0.056653 -15.698869 -5.403586  2.209012
7.704730 -2.463832 0.112360 -18.050271 -2.845949 -0.354919
8.672681 1.897345 -0.620335 -16.051219 -1.572515 -0.887163
3.483570 3.673767 -0.924723 -12.225037 -3.624059  0.150494
2.255675 2.456408 -0.691782 -6.678245 -3.279118 0.140031
2.776690 1.184224 -0.478927 -6.438829 -3.902978 -0.723473
1.517291 0.019621 -0.245488 -7.377600 -3.817668 0.781811
0.296659 1.261780 -0.462476 -5.773219 -3.082316  0.715197
0.840747 2.503862 -0.686367 -4.050307 -2.375228 -1.168288
0.249616  3.394656 -0.860295 -3.218783 -2.320242 -1.872832
-1.108601 0.921023 -0.383343 -4.960620 -2.571868 -1.734626
-1.695293 -0.309952 -0.553891 -3.866974 -3.190815 -0.466137
-3.101790 -0.222489 -0.387381 -7.643587 5.027749  0.502783
-3.566525 1.054881 -0.104920 -8.292766  5.155993  1.883686
-2.271957  2.192424 -0.009849 -7.365491 4.630166 2.977046
-1.140226 -1.208138 -0.798349 -8.669802 6.617015  2.121137
-4.976658 0.997447 -0.045826 -9.178826  6.729448 3.081726
-5.325685 -0.356049 -0.266386 -7.773406  7.246454  2.139660
-4.168816 -1.088023 -0.495365 -9.333995 6.992906 1.337388
-6.011619 1.969717 0.079200 -7.830071 4.745897  3.959831
-7.366015 1.593718 -0.046612 -7.135600 3.570209  2.832852
-7.726604  0.222921 -0.202899 -6.420782 5.185645 2.979784
-6.704786 -0.755285 -0.244045 -9.206410 4.549153 1.871934
-8.952017 -0.481770 -0.221310 -8.335816  5.332147 -0.286211
-8.656903 -1.835922 -0.238149 -6.737081 5.633994  0.439326
-7.290032 -2.014607 -0.246421 -9.786452 -3.761946 -0.180391
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Table SC-28 (cont). Optimized Cartesian Coordinates of the D-g6-85-A@TisO10| [M06-2X/6-31G(d,p) solvent model: CPCM, Eethanol
=24.55].

-13.810741 3.915357 -2.866391
-14.038477 4.974058 -2.985222
-12.723305 3.779964 -2.952334
-14.287018 3.377587 -3.692262
-14.595165 4.450912 -0.561279
-15.524517 4.220285 -0.031112
-13.786165 4.517810 0.179860
-14.715783  5.425990 -1.031666
-18.111025 -5.998399  2.296442
-19.081085 -6.486140 2.385881
-17.369473 -6.770277  2.068251
-17.853359 -5.552758  3.267854
-19.474492 -4.498405 0.845637
-20.244312 -5.194547 1.176496
-19.681879 -3.512721  1.285444
-19.550578 -4.408738 -0.242544

I T T O T T OII T ITOIIITO



SPACE

https://dspace.org/

Computational insights into bis-N,N-dimethylaniline
based D--A photosensitizers bearing divergent-type of -
linkers for DSSCs

Nalcakan, Harun; Kurtay, Gulbin; Sarkavak, Kubra; en, Nilgtin; Sevin, Fatma

2023-07

Elsevier

https://doi.org/10.1016/}.jmgm.2023.108485

Nalcakan H, Kurtay G, Sarkavak K, et al., (2023) Computational insights into bis-N,N-
dimethylaniline based D--A photosensitizers bearing divergent-type of -linkers for DSSCs,
Journal of Molecular Graphics and Modelling, Volume 122, July 2023, Article number 108485

Downloaded from a DSpace repository. https://dspace.org/


https://dspace.org/
https://doi.org/10.1016/j.jmgm.2023.108485
https://dspace.org

