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S1 Explicit solvent optimized ground state geometry of molecule 1

Fig S1. Optimized geometry of molecule 1 in presence of explicit DMAc solvent molecules.

S2 CASSCF converged active orbitals of molecule 1

Fig S2. The state averaged (SA) CASSCF converged active orbitals are obtained by using an active space composed of six
electrons distributed in 5 orbitals. 9 triplet and 10 singlet states are included in this state averaged CASSCF calculation.
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S3 Computation of excitation energies, absorption wavelengths, ordering and
nature of the states performed on both B3LYP and CAM-B3LYP optimized

ground and first excited singlet state geometries in TD-DFT,STEOM-DLPNO-
CCSD and NEVPT2 methods
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Fig S3. Excitation energies, absorption wavelengths, ordering and nature of the state in three different methods using both
B3LYP and CAM-B3LYP optimized ground state geometries of molecule 1.
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B3LYP and CAM-B3LYP optimized first excited singlet state geometries of molecule 1.

S4 Analysis of Charge-transfer number of all the studied molecules

Table S1. Charge Transfer (CT) values of excited singlet and triplet electronic states of all the studied molecules at their

equilibrium geometries.

state of state of state of state of
molecule 1 CT molecule 2 cT molecule 3 CT molecule 4 CT
Scr Napn 0931 Scr nan  0.951 Scr nah  0.954 Scr nan  0.957
SCT—Phen 0.391 SCT—Biph 0.477 SCT—Phen 0.293 SCT—Phen 0.300
Ter—pPhen 0.393  Tcr—Biph 0.318 TcT—Phen 0.223  TeT—phen 0.256
TcT—Naph 0.820  TcT—Naph 0.941  Tcr—Naph 0.947  TcT—Naph 0.886
TLE-Naph 0.052  Trg— Naph 0.041 Tig Naph 0.041 TrE— Naph 0.068

To quantify the nature of the transition associated with the singlet and triplet excited electronic states, we
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have performed a charge transfer (CT) analysis of all the molecules studied using TheoDore.!' The computed CT
values of each of the electronic states are given in Table CT numbers greater than 0.8 for a particular state
suggests that the state is associated with a strong charge-transfer character. From Table it is evident that for
molecule 1, the CT number of Sct_naph is 0.93 and in the other three molecules, the CT number for this state is
0.95. For the Sct_pren State, the CT numbers have been found to be 0.39, 0.47, 0.29 and 0.30 in molecules 1, 2,
3 and 4, respectively. Therefore, Sct—naph and Scr—phen are strong and weak charge transfer states, respectively.
The same is true for the Tcr—Naph and Ter—phen States. On the other hand, the Tig_naph State, with a very small
CT value of less than 0.1, is denoted as the locally excitation (LE) state.

To understand the trend of variation of the CT and LE characters with the decrease in D-A dihedral angle from
90°, we have performed CT analysis at an interval of 4° dihedral angle up to 60° using TheoDore software.
The computed CT number of molecule 1 are given in Table With the decrease in D-A dihedral angle the
CT number of Scr—_naph and Ter—naph States are gradually decreased from 0.931 and 0.820 to 0.854 and 0.375,
respectively. The diminishing rate of the CT number with dihedral angle is much more faster for Tcr_Naph
compared to Scr_naph- On the other hand, the reverse trend has been noticed for Sct—phen and Ter—phen. The
CT number of Scr_phen and Ter_ppen Vary from 0.391 to 0.407 and 0.391 to 0.489 respectively. The increasing
nature of the CT values has also been seen in Trg_nqph State in the range of 0.052 to 0.303 with the decrease
in dihedral angle. In addition, we have also performed hole and electron distribution of the excited singlet and

Table S2. Charge Transfer (CT) values of excited singlet and triplet electronic states of molecule 1 at different dihedral angle.

. CT of CT of CT of CT of CT of
dihedral angle
state Sct—Naph  State Tcr—Naph  State Scr—phen  State Ter—phen  State TLg Naph

90.2 0.931 0.820 0.391 0.391 0.052
88 0.930 0.699 0.391 0.387 0.167
84 0.927 0.561 0.391 0.412 0.267
80 0.920 0.505 0.390 0.442 0.284
76 0.911 0.469 0.394 0.461 0.290
72 0.899 0.439 0.396 0.473 0.294
68 0.886 0.414 0.399 0.481 0.297
64 0.871 0.393 0.401 0.486 0.300
60 0.854 0.375 0.407 0.489 0.303

triplet states in order to quantify the nature of these states (CT or LE) using Multiwfn software.2*. The pictorial
representation of the distribution of the hole and electron of the excited singlet and triplet states are given in
Fig From this figure, it is clear that the hole and electron are distinctly located on two different moieties
namely, phenoxazine and naphthyl respectively, indicating a strong charge-transfer character for the S/Tct_naph
state. On the other hand, in case of Trg_naph state, the hole and electron are localized on the same naphthyl
part, indicating the locally-exciton (LE) type transition. The separation between hole and electron distribution
of the S/Tcr_phen State is small which in turn implies a weak CT state. The values of D and S, indices associated
with the singlet and triplet excited states are collected in Table [S3|and the results are generated from Multiwfn
software. A strong CT state is defined by a large and small values of D and S, indices, respectively, and the
reverse is true for the LE state.

Table S3. The values of D and S, indices for the excited singlet and the triplet electronic states of molecule 1 as obtained from
Multiwfn software.

Transition DO &,

So —Scr—Naph  4.15 0.15
So —»Scr—_phen 0.14  0.68
So —Tcr—Napn  2.53  0.51
So »TrLg—Naph  0.08  0.92
So =>TcT—phen  1.23 0.67
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TLE-Naph

Fig S5. Hole and electron distributions of the excited singlet and triplet states of molecule 1 computed at the TD-DFT
(B3LYP/6-311G(d,p)) level of theory using Multiwfn software. The blue and green color indicates the hole and electron
distributions respectively.
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S5 IC rate constants between Sct_phen and Sct_ngph at various dihedral angles
of molecule 1.

Table S4. kjc at 300K in s~! of Scr—phen vw>Scr—Naph channel and AE and norm of NAC vector between Scr_phen and
SCT—Naph in &V and bohr!.

Dihedral angle AE norm of NAC k¢

90.2 0.26 2.89 0.52x 10!
88 0.27 2091 0.69x10'!
84 0.27 3.48 0.95x 10!
80 0.28 1.95 0.21x 10"
76 0.29 4.88 1.15x 10!
72 0.31 6.97 4.23x10'!
68 0.33 6.08 0.88x 10!
64 0.35 4.18 0.64x 10"
60 0.38 31.43 4.30x10'2

Table S5. SV-induced kisc of Sct—Naph v~ TcT—phen Of molecule 1

dihedral angle AE (eV) norm of NAC (bohr™") ki (s
68 0.12 14.63 4.32 x10°
64 0.06 31.76 2.67 x107

It should be mentioned here that the vibronic correction to the SOC or Herzberg-Teller contribution in the
determination of ISC rate is a suitable approach for the Sct_Naph “~Tcr—Naph Pathway since direct-SOC be-
tween them is very small. In this context, following C. Marian’s method,® we already have developed a code”
and computed the HT contribution towards kisc for the Sct_naph “~>Tcr—Naph channel and the value of the
corresponding rate constant is 4.49 x10° s~! at equilibrium dihedral angle. In this case, the derivative SOC
is computed for the normal mode, where the rotational motion of the naphthyl moiety across the C-N sigma
bond is present. The calculated same ISC rate constant at dihedral angle of 72° has been found to be 3.18
x 107 s~!, indicating that the HT contribution is unable to meet the experimental rate constant value. It is also
worth mentioning that we didn’t compute the HT contribution for all the normal modes and we believe that
such calculations are a bit difficult for a molecule having 171 normal modes.

S6 ISC and IC mechanisms of molecule 2

The only difference between molecules 1 and 2 is that the phenyl group attached to the phenoxazine moiety in
molecule 1 is replaced by the biphenyl group in molecule 2. The structure of molecule 2 is given in Fig [S6h.
The bright state of molecule 2 has Scr_gipn character, which is similar to the Sct_ppen State of 1. The nature
of the other excited states, namely (Sct—naph, TcT—Biph, TeT—Naph and Trg_napn) are exactly identical to the
corresponding states of molecule 1. Similar to molecule 1, the effect of rotation around the N-C sigma bond on
the energy levels and characters of the various singlet and triplet states have been investigated for 2 and the
rotation axis is depicted in Fig The range of variation of the dihedral angle has been kept the same as that
considered for 1.

The nature of the CASSCF orbitals as evident from Fig reveals that with the decrease in dihedral angle,
the pure CT and LE states at the equilibrium geometry gain some LE and CT character, respectively. Due
to orbital mixing during free rotation, the SOC among the CT-LE states start to decrease, while an opposite
behavior is observed for CT-CT states and the calculated SOC values are given in Table Almost similar
variation of the energies of both the singlet and the triplet excited states of molecule 2 has been found as for
molecule 1. The only difference is that in molecule 2, Ty g_naph and Ter—gipn States are located 0.03 and 0.07 eV
above and below the Sct_naph state at 60° whereas both the LE and the CT triplet states have placed themselves
0.004 eV lower and higher in energy with respect to Scr_naph, respectively. Nevertheless, all these states are
energetically very close to each other in both molecules. The potential energy surfaces of the relevant singlet
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Fig S6. (a) Structure of the photoredox molecule 2 and the rotation along the C-N bond involving the dihedral angle of the
C-C-N-C atoms in blue color. (b) Nature of the CASSCF orbitals involved in generation of the CT-Naph, CT-Biph and LE-Naph
states and their orbital mixing with decrease in dihedral angle. (c) Potential energy surfaces of CT-Naph, CT-Biph and LE-Naph
singlets and triplets states generated due to free rotation around the sigma bond.(d) Nature of variation of kisc for both DSO
and SV mechanisms.

and triples states with the variation of the selected dihedral angle are depicted in Fig[S6k.
In molecule 2, the possible ISC channels are the (a) Scr—Naph “~>Tcr—Biph, (D) ScT—Naph > TLE—Naph and (c)
ScT—Naph Y~ Ter—Naph- The maximum kisc achieved with direct-SOC for (a), (b) and (c) pathways are 5.54 x 107,
2.93x107 and 3.63x10° s~! at a dihedral angle 84°, 84° and 68°, respectively and can be found in Table

It is to be noted that the largest DSO-aided kisc value is still lower than the experimentally observed ISC rate
constant® (1.69x 108 s~1), indicating that the DSO only ISC mechanism is not the proper route for triplet har-
vesting. In this case too, the inclusion of the spin-vibronic (SV) contribution to kisc in the Sct—Naph v~ TcT—Naph
channel helps reach a kjsc value of 2.99x 108 s~!, which is in good agreement with the experimental findings.
The variation of DSO and SV induced kjsc with dihedral angle are depicted in Fig[S6[d and it is seen that at 72°,
the SV-ISC rate constant in channel (c) outweighs the DSO aided kjsc obtained in all of the (a), (b) and (c)
pathways. The computed SV promoted kisc for the Scr—naph “~>Ter—Naph Pathway up to ~ 72° is presented in
Table Earlier, it was found that free rotation induced reorganization of the various triplet states of molecule
27/ may lead to an increase of SOC from 0.85 cm~! between Sct—Naph and Ter—piph to 1.46 cm™! between
Sct—Naph and Tpg—_naph, indicating that SOC alone only can increase the rate constant of ISC between Sct—_Naph
and Trg—naph Dy a factor of three compared to that between Scr—naph and Ter—giph.
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Table S6. Direct SOC induced kisc at 300K, energy gap and the magnitude of the spin-orbit coupling at different dihedral
angles of molecule 2. Here, a, b and c represent Sct_Naph > TcT—Biph, SCT—Naph Y~ TLE—-Naph and Sct—Naph > TCT—Naph

transitions, respectively. The unit of kisc, AE and SOC are s~!, eV and cm™!, respectively.

Dihedral -angle AE* SOC® ki AE®  SOC? Kb, AE* SOC ¢ Ky

89.53 0.18 0.87 2.10x10" -0.20 1.57 8.90x10° -0.0007 0.07 6.35x10
88 0.18 0.88 4.90x10” -0.19 1.57 2.14x10" -0.002 0.08 2.22x10°
84 0.18 0.94 5.54x107 -0.19 1.55 2.93x107 -0.01 0.13  4.20x10°
80 0.17 1.03 4.21x107 -0.17 1.53 2.92x10’ -0.03 0.23  2.22x10°
76 0.16 1.02 3.39x107 -0.15 1.50 2.36x107 -0.05 0.33  1.06x10°
72 0.14 1.15 252x10° -0.12 1.47 2.34x10" -0.08 0.41 2.10x10°
68 0.12 1.19 2.02x10° -0.09 1.43 2.79x10" -0.12 0.48 3.63x10°
64 0.10 1.21 1.03x10° -0.06 1.38 1.96x10" -0.15 0.51 2.43x10°
60 0.07 1.22 3.12x10° -0.03 1.34 7.03x10° -0.19 0.57  4.93x10°

Table S7. Spin-vibronic coupling driven kisc at 300K in s~! of Sct—Naph v~ TcT—Naph and AE and NAC between Ty g_Naph and
Tcr—Naph in €V and bohr=! respectively.

Dihedral angle AE norm of NAC  kig-

89.53 0.20 2.82 1.37x10°
88 0.198 4.64 3.65x10°
84 0.17 8.21 1.36x107
80 0.14 10.97 2.23x10’
76 0.094 17.38 4.26x 10’
72 0.037 45.46 2.99x 108
A
SCT-Biph SCT-Biph SCT-Biph
TLE-Naph TLE-Naph TCT—Naph
>
g % TCT-Naph TLE-Naph
W1 ScT-Naph TCT-Naph
SCT-NaphT 2
P SCT-Naph TCT-Biph
. nonradiative pathways
TCT-Biph TcT-Biph ~—— IC
So So So ~~~Pp SV-ISC
0=89.53° 0=72° 0=60° ——> FC-EXCITATION

Fig S7. Schematic diagram of internal conversion (IC) and ISC mechanisms at various dihedral angles and their associated rate
constants.

To examine the validity of the proposed ISC mechanism operating in molecule 2, we have calculated the rate
constant of internal conversion (IC) between the Scr_piph and Scr—naph States down to 60° and the correspond-
ing data are collected in Table The calculated kic values are of the order of 10'! and the values are quite
close to the experimentally observed IC rate constant® (0.5 x10'' s=!) at all dihedral angles, suggesting that
sufficient population transfer to the Sct_naph State is possible . In particular, the value of kyc at 72° is 1.22 x 10
s~! which guarantees participation of the lowest excited singlet state (Sct—Naph) in the SV-ISC mechanism. The
pictorial representation of various ISC mechanisms at three different dihedral angles are shown in Fig and
the trends are very similar to that found for molecule 1 in the main manuscript. The inset box in the lower right
of Fig |S7| contains the colors used for various nonradiative processes such as IC and ISC, and Franck-Condon
excitation.

The major findings based on our theoretically evaluated nonradiative rate constants for molecules 1 and 2
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Table S8. kic at 300K in s~ ! of ScT—Biph “>ScT—Naph channel and AE and NAC between Sct_phen and Sct—Naph in €V and
bohr—1.

Dihedral angle AFE norm of NAC k¢

89.53 0.153 1.83 0.34x10'!
88 0.154 1.85 2.84x 10!
84 0.158 1.86 2.52x 10!
80 0.168 1.84 0.93x10'!
76 0.17 1.89 1.11x 10!
72 0.19 1.94 1.22x 10!
68 0.21 2.01 1.22x 10!
64 0.23 2.07 1.20x 10!
60 0.25 2.12 0.72x 10"

elucidate the universality of the SV-ISC mechanism for the population gain in the lowest triplet state of a donor-
acceptor dyad separated by a single bond.

S7 ISC mechanisms of molecule 3 and 4

Table S9. Direct SOC induced kisc at 300K, energy gap and the magnitude of the spin-orbit coupling at different dihedral
angles of molecule 3. Here, a, b and c represent Scrt—_Naph > TCT—Phens SCT—Naph Y~ TLE-Naph and Sct—Naph > TCT—Naph

transitions, respectively. The unit of kigc, AE and SOC are s71 eV and cm™!, respectively.

Dihedral angle AE? SOC*  Ki AEP SOC? ki AE® SOC ¢ kS

89.80 0.12 0.926 2.74x107 -0.126 0.91 3.75x10° -0.002 0.08 2.02x10°
88 0.12 0917 2.55x107 -0.128 0.894 3.16x10° -0.002 0.11 3.65x10°
84 0.118 0.907 2.69x10” -0.116 0.890 4.15x10° -0.01 0.18 1.27x10°
80 0.113 0.904 2.56x107 -0.092 0.888 3.28x10° -0.03 0.25 1.57x10°
78 0.109 0.911 2.18x107 -0.077 0.879 2.41x10° -0.04 0.28  4.85x10°
76 0.10 0.901 1.66x107 -0.063 0.881 1.59x10° -0.056 0.31  0.74x10°
72 0.084 0.911 0.86x107 -0.029 0.884 2.53x10° -0.09 0.37 3.77x10°
68 0.058 0.909 3.13x10° 0.003 0.896 0.68x10° -0.12 042 1.27x10°
64 0.039 0.917 1.89x10° 0.034 0.931 0.94x10° -0.16 0.47 3.24x10°
60 -0.002 0.899 8.73x10° 0.053 0.981 1.13x10° -0.19 0.54 5.09x10°

Table S10. Spin-vibronic coupling driven kisc of molecule 3 at 300K in s~! of Scr—Naph v TcT—Naph and AE and NAC between
TLE—Naph and Ter—naph in €V and bohr=! respectively.

Dihedral angle AE norm of NAC ki

89.80 0.124 4.80 0.64x10°
88 0.126 4.83 0.71x10°
84 0.104 6.83 2.41x10°
80 0.062 13.11 1.95x10°
78 0.034 28.08 1.12x107
76 0.007 148.66 5.11x10%

In addition to molecules 1 and 2, the other two important D-A molecules investigated here also support
our proposed accidental triplet harvesting mechanism. The structure of these two molecules (3 and 4) and
the rotation axes are shown in Figs and [S10p, respectively. We find that the nature of the excited singlet
and triplet states obtained upon photoexcitation are the same as those of 1 and 2 and the relevant excitation
characters are depicted in Figs and [S10p. For both 3 and 4, the variation of the relative energies of the
excited electronic states (singlet and triplets) due to the rotation around the C-N sigma bond are shown in
Figs and [SIOc. From these figures, the only significant change that can be noted is the rapid decrease
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Fig S8. (a) Structure of the photoredox molecule 3 and the rotation along the C-N bond involving the dihedral angle of
the C-C-N-C atoms in blue color. (b) Nature of the CASSCF orbitals involved in generation of the CT-Naph, CT-Phen and
LE-Naph states and their orbital mixing with decrease in dihedral angle. (c) Potential energy surfaces of CT-Naph, CT-Phen

and LE-Naph singlets and triplets states generated due to free rotation around the sigma bond.(d) Nature of variation of kisc
for both DSO and SV mechanisms.
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Fig S9. Schematic diagram of ISC mechanisms of molecule 3 at various dihedral angles and their associated rate constants.

of energy of the Ty g_naph State and as a consequence, the potential energy curves of Tpg_Naph Crosses Ter—Naph
and Scr—naph at earlier dihedral angles compared to what was observed in molecules 1 and 2. Interestingly, the
possible ISC pathways in both 3 and 4 are also identical to what has been seen in 1. The energy gap, direct-SOC

S11



and the associated rate constants of all three probable pathways are also provided in Tables |[S9|and The
computed rate constants indicate that none of the possible DSO-assisted ISC pathways are capable of reaching
the experimental ISC rate constants of 1.7-2.3x10® and 1.5-1.8x10% s~! for 3 and 4, respectively.® However,
after incorporating the effect of the SV part into the the expression of kisc along the Sct—_naph > TcT—Naph
pathway of molecules 3 and 4, the rate constants have increased substantially and the corresponding values
have been found to be 5.11x10® and 1.67x 10 s~!, respectively. Overall, the calculated results corroborate well
with the experimental findings. We also note that in molecules 3 and 4, the largest SV-aided kjsc are found at
dihedral angles of 76° and 78°, respectively. The variation of the DSO and the SV-induced ISC rate constants
at various dihedral angles for both molecules are shown in Figs and [S10d. The computed SV-guided ISC
rate constants are also presented in Tables and Pictorial representations of DSO- and SV-favored
ISC routes and their associated rate constants at three different dihedral angles are also depicted in Figs
and From these theoretical findings, we can infer that all the molecules studied follow the free rotation
induced accidental SV mechanism to ensure efficient triplet harvesting process.
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Fig S10. (a) Structure of the photoredox molecule 4 and the rotation along the C-N bond involving the dihedral angle of
the C-C-N-C atoms in blue color. (b) Nature of the CASSCF orbitals involved in generation of the CT-Naph, CT-Phen and
LE-Naph states and their orbital mixing with decrease in dihedral angle. (c) Potential energy surfaces of CT-Naph, CT-Phen
and LE-Naph singlets and triplets states generated due to free rotation around the sigma bond.(d) Nature of variation of kjsc

for both DSO and SV mechanisms.
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Table S11. Direct SOC induced kisc at 300K, energy gap and the magnitude of the spin-orbit coupling at different dihedral
angles of molecule 4. Here, a, b and c represent Sct_Naph > TcT—Phens SCT—Naph ¥~ TLE—-Naph and Sct—Naph > TCT—Naph
transitions, respectively. The unit of kisc, AE and SOC are s™!, eV and cm™!, respectively.

Dihedral angle AE*  SOC® ki AE® SOC? Kb AE* SOC ¢ Ksc

89.84 0.151 0.851 1.72x107 -0.172 0.724 2.26x10° 0.025 0.167 5.32x10°
88 0.151 0.841 1.66x107 -0.169 0.722 2.71x10° 0.023 0.169 5.19x10°
84 0.149 0.858 1.88x107 -0.138 0.715 1.85x10° 0.007 0.206 3.67x10°
80 0.14 0.879 1.98x107 -0.09 0.699 4.90x10° -0.02 0.252 3.49x10°
78 0.134 0.893 1.83x10” -0.064 0.702 0.81x107 -0.037 0.270 9.47x10°
76 0.127 0.908 1.53x10” -0.038 0.700 1.05x107 -0.055 0.287 1.57x10°
72 0.11 0.943 0.84x10” 0.007 0.709 1.12x107 -0.092 0.33  2.21x10°
68 0.099 0.953 4.31x10° 0.048 0.724 0.96x107 -0.164 0.40 3.58x10°
64 0.075 1.01 1.39x10° 0.079 0.766 5.72x10° -0.192 0.38 0.73x10°
60 0.049 1.05 2.71x10° 0.104 0.829 2.28x10° -0.228 0.41  0.72x10°

Table S12. Spin-vibronic coupling driven kisc of molecule 4 at 300K in s—! of ScT—Naph > TeT—Naph and AE and NAC between
TLE—Naph and Ter_Ngph in €V and bohr~! respectively.

Dihedral angle AE norm of NAC  kigr

89.84 0.197 2.99 0.99x10°
88 0.192 3.14 1.15x10°
84 0.145 4.94 5.61x10°
80 0.07 12.50 1.01x 10’
78 0.027 35.68 1.67x108
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4 4 A
SCT-Phen SCT-Phen SCT-Phen
TLE-Naph
,_,f’f/?\v ap TLE-Naph TCT-Naph
3 5 2:A0 ) ,_/66-;'1 A
< o~~~ A% A0
g 5.33(105 s 1 ’\B/\A/m TCT'Naph M—Li\’\'\"
w | SCT-Naph TCT-Naph 1.6%10%s 2.7x106 g-1 TCT-Phen
SCT-Naph{ 7.8x s
197 3 CT-Naph 22x106
s 0°¢-1 TLE-Naph
TCT-Phe nonradiative pathways
TCT-Phen n c
So So So ~~~Pp SV-ISC
9=89.8° $=76° ®=60° —— FC-EXCITATION

Fig S11. Schematic diagram of ISC mechanisms of molecule 4 at various dihedral angles and their associated rate constants.
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S8 Discussion about the Duschinsky rotation matrix (J) and displacement vec-
tor (D)

Upon photoexcitation from the ground to the excited electronic state, the normal mode coordinates of the
excited state gets displaced and rotated with respect to the ground state. This is true for any pair of initial and
final electronic states. If the normal mode coordinates of the initial and final electronic states are represented
by Q; and Qy, respectively, the connection between these two coordinates is described by the following relation

Qs =>.JyQi+Dy, (S1)

where J and D are the Duschinsky rotation matrix and displacement vectors, respectively. J is a unit less matrix
whereas D can be expressed in massweighted coordinate with units of (amu)?- as

D =Ly/m(r—r) (S2)

The graphical representation of the relation between the normal-mode coordinates of the ground and excited

A Qf’

Energy

Fig S12. Relation between the normal mode coordinates of the initial and the final electronic state in terms of rotation and
displacement.

electronic states is shown in Fig Here, Q' and Q" represents the coordinates of the normal mode of
the initial and final electronic states, respectively. r and r’ denotes the Cartesian displacements of the initial
and final states, respectively, with respect to a reference point. L is the eigenvector matrix obtained after
diagonalizing the mass-weighted Cartesian force constant matrix and m indicates the mass of the nuclei. D is
simply the translatipn of the final state with respect to that of initial state. J on the other hand rotates the
normal coordinates of the final electronic state with respect to that of the initial state. J is a unitary matrix
and thus in principle, the determinant of this matrix should be one. However, a large number of off-diagonal
elements may be found if the vibrational and the rotational motions are coupled as has been observed for
geometries with significant change in different structural parameters such as dihderal angles, bond angles and
bond lengths. In this situation, the determinant of J will deviate from 1. The off-diagonal elements of the
Duschinsky rotation matrix actually indicate the coupling between normal modes of two different electronic
states. The larger the off-diagonal elements, the higher will the coupling between them be. Usually, a small
energy gap and large SOC play dominant roles in determining the values of kjsc rate constant. However, when
vibrational effects are taken into account in the computation of any nonradiative rate constants, the Duschinsky
rotation matrix and displacement vectors appear automatically and they often also play important roles. For
example, the displacement vector may change the value of kisc by two orders of magnitude for fluorenone
while the Duschinsky rotation and displacement vector may alter the rate constant of ISC of benzophenone by
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one order of magnitude.?. It has also been found that for an energy gap less than 0.7 eV between the singlet

and the triplet states, the ISC rate constant without Duschinsky rotation is decreased by one to three orders

magnitude.1¢

S9 kD3® values at 300K for all three pathways of molecules 1 and 2 with or
without incorporating the effect of Duschinsky rotation matrix (J) and dis-
placement vector (D) at different dihedral angles

Table S13. a,b and c represent kPSSCO of Scr—Naph v~ TeT—Phens ScT—Naph > TLE—Naph and Sct—Naph v~ TcT—Naph transitions,
respectively, with | and Il indicate without inclusion of Duschinsky rotation matrix (J) and displacement vector (D) respectively.
The unit of kisc, AE and SOC are s~!, eV and cm™!, respectively.

Dihedral angle K Ko [ Ko K2 K
90.2 3.21x107 3.80x10° 4.06x10° 6.07x107 6.29x10° 5.11x10°
88 3.57x107 1.34x10° 9.98x10° 6.43x10" 8.65x10° 7.03x10°
84 4.16x107 3.47x10° 2.12x10° 3.04x107 1.89x10° 1.48x10’
80 3.86x107 3.17x107 4.02x10° 2.95x107 3.23x10° 2.24x107
76 2.48x107 2.75x107 7.77x10° 3.47x107 3.55x10° 1.98x10’
72 7.08x10° 4.21x107 1.37x107 7.86x107 5.03x10° 2.45x10’
68 2.35x10° 4.11x107 4.79x10° 5.78x107 2.97x10° 2.89x10’
64 4.54%x10° 4.82x107 1.64x107 7.61x107 6.49x10° 6.08x10°
60 4.00x10° 5.09x107 3.50x10° 8.07x107 3.81x10° 3.54x10°

The detailed discussion of the influence of the Duschinsky rotation matrix and displacement vector on the
intersystem crossing rate of molecule 1 are provided in the main manuscript and the computed rate constants
are given in Table|S13

Table S14. a,b and c represent kPS%O of Sct—Naph > TeT—Biph, SCT—Naph > TLE—Naph and ScT—Naph v~ TcT—Naph transitions,
respectively, with | and Il indicate without inclusion of Duschinsky rotation matrix (J) and displacement vector (D) respectively.
The unit of kigc, AE and SOC are s~!, eV and cm™!, respectively.

Dihedral angle k. K K K3 K2 K2
89.53 3.57x107 1.82x107 5.20x10* 3.86x107 1.58x10° 1.14x10°
88 8.11x107 3.67x107 1.86x10° 1.38x10% 4.50x10° 3.09x10°
84 9.44x107 5.11x107 2.27x10° 1.18x10% 1.12x10% 1.25x10’
80 8.67x107 4.21x107 5.79x10° 6.43x107 5.92x10° 2.16x107
76 5.08x107 4.74x107 1.36x107 1.61x107 3.89x10° 2.10x10’
72 2.67x10" 5.07x10” 2.95x10” 7.73x10” 2.58x10° 1.85x10’
68 2.76x10° 6.21x107 1.78x107 1.41x10% 1.91x10° 8.01x10°
64 1.29%x107 6.07x107 5.25x107 1.76x10% 8.04x10° 3.24x10°
60 4.60x10° 4.36x107 7.14x10° 1.43x10% 2.82x10° 3.37x10*

In molecule 2, the role of J and D on kisc in all three pathways, (a),(b) and (c) are the same as that already
observed for 1. The relevant results for 2 are also provided in Table |S14]

S15



0.9

s ksc (J,D)
e ksc(J=1,D)
0.7 1 mm Kise J, D= 0)

0.8 -

e o ©
2 U o

k|5c(5_1) X 108

©
w

0.1 -1

0.0 -

0.9

0.8 1

e o ©
=~ 0 oo

k|5c(S_1) X 108

o
w

0.1 -

0.0 -

Fig S13. Effect of Duschinsky rotation matrix (J) and displacement vectors (D) on kPSSCO of (a) Scr—Naph * TeT—phen and (b)
SCT—Naph ""‘”TCT—Naph channels of molecule 1.

S16



1.75 1
1.50 1

@
© 1.25 1

=
[=)
[S]

©
N
v

kisc(s7t) x 1

0.50 -1
0.25 1

0.00 -

1.75
1.50 A

S
S 1.25 1

X

-~ 1.00 A

kisc(s™t
o
~
wv

0.50 1
0.25 1

0.00 -

1.75 1
1.50 A1

kS
S 1.25 1

X

=~ 1.00 A1

kisc(s™2
o
~
w

0.25 1

0.00

mm kisc (J, D)
s kisc J=1,D)
. kisc (J, D=0)

S S L L o O
S &N S T8

Dihedral angle (°)

3
<

Dihedral angle (°)

mm kisc (J, D)
mm ksc(J=1,D)
s kisc (J,D=0)

S 9 S 9 S S Se LS 2
S I EN LS IFT S g

Dihedral angle (°)

Fig S14. Effect of Duschinsky rotation matrix (J) and displacement vectors (D) on

SCT—Naph W"’TLE—Naph and (C) SCT—Naph WTCT—Naph channels of molecule 2.

S17

DSO
I(ISC

of (a) Scr—Naph > TcT-Biph, b)



S10 Effect of basis set on the spin-orbit coupling matrix elements

We have also computed the SOC with the def2-SVP basis set on the first excited singlet state geometry of 10-
(naphthalen-1-yl)-3,7-diphenyl-10H-phenoxazine. No significant changes have been observed. The computed
SOC values among Scr—Naph > TcT—Naph, ScT—Naph > TcT—phen @and Scr—Naph > TLE—Naph With def2-TZVP and
def2-SVP basis sets are given in Table S12.

Table S15. Spin-orbit coupling in cm~! between SCT—Naph ‘N"’TCT—Naphv SCT—Naph > TeT—phen and SCT—Naph V""’TLE—Naph
transitions in two different basis set of molecule 1.

basis set Scr—Naph ™~ TeT—Naph  ScT—Naph ™ TeT—Naph  ScT—Naph v TeT—Naph
def2-SVP 0.11 1.54 0.87
def2-TZVP 0.14 1.59 0.91

S11 Effect of solvent polarity on the energetic ordering of the excited states

We have computed the excitation energies of the singlet and triplet excited states (CT-Nap, LE-Naph and
CT-Phen) in toluene, using both the equilibrium geometries of Sy and Scr—naph Of 10-(naphthalen-1-yl)-3,7-
diphenyl-10H-phenoxazine. Also in this case, the positions of the excited singlet and triplet states on the
energetic scale remain practically unchanged (Fig[S15) with respect to the corresponding results obtained with
DMACc solvent, indicating that the solvent polarity hardly has any effect on the absorption and emission wave-
lengths. Although ISC rate is largely unaffected in different solvents, ISC quantum yield may be influenced by
the solvent polarity.
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S12 Nature of the mode-specific NACMEs

The normal mode specific nonadiabatic coupling matrix element (NACME) between two singlets or two triplets
can be expressed as,

0
<S/TCT/LE‘ 67(‘21 ’S/TCT/LE>
ES/ Terpe — ES/ Terie

Here, V and Qy are the nulceus-electron attraction operator and the normal coordinate of the k-th mode, re-
spectively. The transformation of the NAC from Cartesian space to the normal mode specific coordinate has
been done following Refs. [11)/12. The energies of the singlet or triplet states having CT/LE character is defined
by Es/t., e These nonadiabatic coupling matrix element depends upon two factors: the derivative term in the
numerator and the energy gap between the two singlet or two triplet states as found in the denominator of
eqn (S3). We note that the dependence of the NAC on the factor appearing in the numerator is not straight-
forward. For our purposes, we have computed the NAC in the singlet manifold between Sct_phen /cT—Biph and
Sct—Naph states for the calculation of ki at all the dihedral angles down to 60° while in the triplet manifold,
kic between Tig_Naph and Ter—naph has been calculated within the range of 90° —72°. From Fig 1lc (main
manuscript) and Fig , it is evident that the energy gap between Tpg_Naph and Ter—naph decreases due to the
change in the dihedral angle from 90° to 72° and this is true for both molecules 1 and 2. Interestingly, this
decreasing trend helps increase the magnitude of the norm of the NAC vector and mode-specific NACMEs, and
the corresponding findings are reflected in the data in Tables 2 (main manuscript) and and Figs and
S17} The nature of the variation of the mode-specific NACMEs between Scr_phen/Biph @1d Sct—Naph With dihedral
angle for both 1 and 2 are given in Figs and respectively.
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S13 Frequencies of all geometries of molecule 1 computed at (B3LYP/6-311G(d,p))

level of theory
molecule-1
s, a)SCT—Naph @S 1_phen OTcr_phen a)TCT—Naph a)TLE—Naph (DSCT—Nuph
(¢ =90.2°) (¢ = 88°)

14.98 18.18 15.65 15.53 21.48 21.65 18.32
17.49 22.85 23.15 21.50 23.26 23.80 22.81
21.40 31.93 30.94 22.80 27.57 27.01 31.09
38.50 38.20 34.67 33.20 38.86 39.18 38.10
46.64 39.66 45.53 45.15 44.43 44.20 39.38
48.04 49.43 51.49 49.70 48.33 47.93 49.32
56.31 55.32 54.47 54.31 61.27 61.20 54.68
60.00 68.55 64.22 59.62 63.29 63.00 68.13
71.09 88.62 89.92 86.07 85.76 85.72 88.73
95.46 95.63 105.29 110.17 93.19 93.42 95.48
137.90 127.26 126.58 115.43 131.61 131.56 127.38
140.14 136.99 139.97 139.79 140.95 140.28 136.81
159.31 161.44 161.55 153.23 154.52 154.36 161.42
166.49 169.01 173.61 175.21 172.25 172.22 168.95
178.95 178.72 177.06 177.82 177.37 176.90 178.64
204.05 205.27 210.08 196.91 202.15 202.13 205.28
229.79 223.34 213.75 210.80 227.50 227.85 222.70
248.69 241.50 257.74 232.40 230.33 230.55 241.54
258.66 270.17 268.53 258.45 253.19 253.49 270.08
284.55 286.54 279.71 261.56 282.10 282.30 286.44
292.66 293.34 295.36 292.23 285.40 285.66 293.18
295.08 297.10 301.41 297.91 295.87 295.50 296.91
336.82 316.68 317.16 318.82 316.93 316.69 316.50
372.52 368.34 373.08 366.82 364.82 364.62 368.20
389.67 388.89 384.01 385.39 382.99 382.91 388.73
417.23 409.20 415.64 391.93 393.44 393.50 409.07
417.49 414.52 417.11 415.23 416.70 416.63 414.46
426.30 415.10 417.53 416.07 417.10 417.05 415.08
436.47 422.21 425.52 425.82 422.61 422.80 422.22
453.76 458.32 438.35 439.76 452.09 452.18 458.28
458.70 464.86 444.55 447.88 456.23 456.33 464.31
478.44 482.81 469.63 455.81 460.65 460.97 482.59
482.30 482.97 479.85 479.90 475.60 475.52 482.87
483.10 503.48 483.01 481.20 481.19 481.38 503.34
489.15 517.60 490.04 492.66 485.68 485.65 517.55

523



molecule-1

s, S 1 Naph OScr_phen OTcr_phen OTcr_Naph OT £ Naph S 1 Naph
(¢ = 90.2°) (¢ = 88°)
522.05 520.20 503.94 502.01 505.84 505.75 520.19
525.23 522.03 523.25 526.22 510.77 510.85 521.97
542.69 524.16 529.62 530.60 519.91 519.90 524.19
551.47 542.85 543.68 544.61 532.59 532.41 542.77
556.67 579.20 570.66 552.34 542.85 542.78 579.06
601.68 582.45 572.28 564.62 564.64 564.59 582.48
621.26 612.67 594.89 595.76 605.88 605.84 612.55
623.59 615.19 607.38 609.27 609.32 609.27 615.19
627.41 626.46 621.27 614.32 624.55 624.45 626.34
630.40 630.77 622.77 622.59 628.56 628.53 630.68
637.92 635.36 631.25 625.66 633.88 633.84 635.24
640.51 639.78 635.29 629.10 640.08 639.99 639.72
666.74 649.56 654.73 636.11 642.00 641.99 649.58
675.41 664.09 657.74 650.85 664.68 664.69 664.04
689.67 680.70 664.20 668.17 673.65 673.64 680.65
702.19 685.77 688.26 670.81 680.93 681.49 686.01
713.06 710.08 693.90 686.70 706.66 706.80 709.97
713.13 710.34 694.09 702.48 712.32 712.57 710.32
720.68 718.74 714.41 703.90 712.77 712.75 718.77
728.04 721.51 716.18 709.79 714.13 714.25 721.33
745.29 725.03 737.57 714.50 723.80 723.70 724.98
751.71 740.17 748.43 733.15 728.27 728.30 740.00
775.15 747.03 754.67 750.15 740.29 740.57 746.99
777.08 752.89 757.89 755.70 745.36 745.38 752.99
793.64 757.22 783.67 773.22 760.48 760.75 757.47
794.69 778.10 788.40 788.45 774.07 774.08 778.06
806.03 780.42 790.88 791.11 777.78 777.83 780.39
819.29 787.32 794.73 796.22 786.89 786.91 787.29
827.52 798.44 804.74 804.90 797.64 797.70 798.44
828.89 813.39 813.02 814.61 820.04 820.56 813.39
858.22 837.57 829.76 816.44 830.55 830.34 837.76
858.69 843.51 831.07 834.01 831.50 831.43 843.48
870.22 844.67 863.63 852.05 855.73 855.94 844.43
879.16 858.49 869.91 852.88 858.45 858.75 858.31
882.02 858.75 874.78 855.83 858.52 858.83 858.68
882.60 861.77 876.07 874.84 861.68 861.72 861.72
917.90 891.64 893.65 886.72 879.80 880.24 891.26
933.47 893.43 894.47 900.98 882.89 883.17 893.09
933.99 904.27 901.18 924.66 904.45 904.47 904.51
936.24 913.68 930.65 929.96 913.65 913.69 913.59

524




molecule-1

s, a)SCT—Nuph WS c1_phen OTcr_phen a)TCT—Naph a)TLE—Naph (DSCT—Naph
(¢ =90.2°) (¢ =88°)

943.77 916.98 932.11 932.49 931.37 930.96 917.05

950.88 928.36 939.20 938.71 935.66 935.67 928.39

950.99 944.31 949.37 946.36 937.62 937.87 944.18

960.18 945.63 949.86 961.39 938.13 938.40 945.49

980.42 958.84 976.36 964.39 950.03 949.81 958.74

989.13 987.39 976.52 964.98 953.71 953.75 987.51

989.46 988.51 977.88 976.74 959.87 959.54 988.28

1000.8 994.12 988.96 979.03 961.26 960.50 994.00

1008.21 994.41 989.09 988.86 990.28 990.42 994.40

1008.29 1013.42 990.52 990.26 990.55 990.75 1013.36
1010.69 1013.64 996.51 1001.57 1004.86 1004.55 1013.58
1012.31 1016.03 1000.57 1007.34 1009.92 1010.02 1015.99
1012.71 1016.06 1009.60 1010.55 1010.28 1010.40 1016.01
1036.92 1021.05 1019.71 1011.30 1012.66 1012.69 1021.05
1041.04 1038.73 1022.69 1029.14 1013.02 1013.04 1038.57
1044.81 1041.24 1041.12 1036.38 1040.33 1040.34 1041.03
1059.70 1052.72 1041.38 1038.45 1044.68 1044.68 1052.73
1067.51 1061.26 1044.72 1055.99 1057.32 1057.23 1061.06
1067.92 1062.43 1061.97 1060.65 1065.59 1065.65 1062.24
1096.56 1076.27 1093.12 1092.20 1067.69 1067.66 1076.27
1101.93 1100.28 1104.27 1097.10 1068.72 1068.93 1100.38
1102.21 1106.70 1104.63 1103.93 1102.88 1102.75 1106.59
1136.04 1107.08 1155.14 1141.39 1103.06 1103.13 1107.02
1158.45 1150.04 1165.97 1149.65 1138.61 1138.58 1150.20
1167.58 1154.70 1171.84 1164.28 1139.91 1140.03 1154.94
1176.51 1162.44 1172.06 1168.83 1150.42 1150.55 1162.50
1176.80 1173.23 1174.23 1170.77 1165.80 1165.47 1173.26
1176.92 1179.90 1174.62 1176.81 1177.02 1176.98 1179.94
1188.41 1180.54 1181.21 1180.51 1177.68 1177.86 1180.36
1190.74 1196.10 1186.64 1184.99 1192.53 1192.72 1196.12
1200.90 1200.48 1195.07 1193.68 1197.02 1196.95 1200.45
1202.42 1204.83 1210.43 1202.02 1201.30 1201.25 1204.74
1212.92 1206.27 1212.69 1209.70 1202.82 1202.91 1206.17
1231.32 1207.65 1227.73 1231.25 1204.61 1204.60 1207.42
1241.30 1224.59 1237.64 1237.82 1219.35 1219.43 1224.53
1256.96 1255.86 1243.86 1245.58 1254.47 1254.68 1255.33
1277.88 1270.65 1281.83 1258.08 1264.07 1263.93 1270.39
1283.90 1285.67 1282.43 1279.49 1271.62 1271.85 1285.64

525




molecule-1

s, S 1 Naph OScr_phen OTcr_phen OTcr_Naph OT £ Naph S 1 Naph
(¢ = 90.2°) (¢ = 88°)
1290.63 1292.38 1287.35 1286.42 1286.68 1286.85 1292.30
1302.25 1300.18 1303.96 1295.20 1294.50 1294.38 1300.09
1313.13 1302.85 1318.68 1315.94 1302.73 1302.68 1302.85
1315.53 1316.81 1328.93 1322.79 1311.84 1312.07 1316.72
1324.04 1326.63 1332.80 1333.60 1317.97 1318.01 1326.63
1333.25 1329.48 1339.01 1341.65 1321.60 1321.60 1329.44
1339.28 1351.19 1353.57 1348.83 1325.24 1325.33 1351.16
1351.91 1353.06 1354.92 1357.64 1331.19 1331.30 1352.92
1361.19 1358.01 1373.40 1371.10 1340.19 1340.25 1358.14
1361.26 1359.33 1375.77 1374.10 1345.24 1345.17 1359.33
1367.61 1367.13 1380.98 1387.68 1358.15 1358.01 1367.18
1390.89 1371.85 1414.76 1391.33 1360.98 1360.91 1371.85
1419.67 1391.11 1426.17 1398.55 1411.43 1411.20 1391.06
1431.74 1425.18 1435.59 1420.50 1428.18 1428.28 1425.24
1454.29 1441.98 1446.64 1448.67 1432.31 1432.33 1441.91
1468.01 1447.11 1459.62 1462.26 1437.48 1437.52 1447.24
1477.64 1461.19 1478.07 1469.55 1453.80 1453.89 1461.17
1484.12 1468.94 1486.49 1471.77 1464.38 1464.64 1468.81
1495.18 1475.81 1488.41 1482.30 1472.25 1472.00 1475.74
1510.94 1480.40 1492.52 1490.18 1477.89 1477.92 1480.37
1521.06 1492.15 1498.40 1494.85 1485.76 1485.80 1492.11
1536.81 1515.16 1503.75 1505.48 1504.69 1504.81 1515.13
1542.02 1529.99 1513.75 1530.32 1515.88 1515.92 1529.95
1551.52 1532.85 1519.77 1534.92 1525.85 1525.98 1532.90
1582.13 1536.87 1532.00 1540.95 1533.32 1533.33 1536.84
1609.65 1539.23 1542.84 1543.08 1541.24 1541.27 1539.23
1610.55 1554.08 1573.88 1556.41 1563.68 1563.76 1554.02
1614.94 1597.79 1574.38 1592.03 1576.21 1576.18 1597.72
1628.81 1599.42 1592.97 1596.93 1608.49 1608.50 1599.44
1628.99 1613.20 1611.71 1609.35 1615.34 1615.32 1613.15
1635.69 1616.87 1629.92 1610.15 1623.34 1623.43 1616.84
1638.09 1617.91 1632.51 1634.32 1624.28 1624.30 1617.89
1640.41 1635.67 1639.57 1637.16 1637.47 1637.53 1635.65
1661.51 1638.62 1654.66 1651.32 1639.47 1639.47 1638.60
1668.33 1658.05 1830.03 1662.10 1659.89 1659.97 1658.00
3162.35 3140.82 3157.95 3154.86 3163.40 3163.54 3140.89
3162.39 3149.38 3158.41 3159.15 3163.82 3163.96 3149.42
3166.68 3152.15 3163.22 3163.76 3164.28 3164.21 3152.17
3167.78 3164.05 3163.35 3169.38 3169.40 3169.59 3164.11
3167.97 3165.26 3169.74 3169.49 3169.91 3169.83 3165.33

S26




molecule-1

s, wSCTfNaph WS cr_phen OTcr_phen wTCTfNaph O‘)TLEfNaph a)SCTfNaph
(¢ =90.2°) (¢ =388°)
3170.24 3169.59 3174.32 3173.89 3169.99 3170.23 3169.58
3175.57 3169.67 3177.90 3178.10 3171.98 3172.14 3169.60
3176.84 3175.68 3180.17 3179.28 3178.12 3178.36 3175.54
3177.08 3175.68 3180.88 3183.91 3178.65 3178.52 3175.70
3181.52 3178.02 3184.78 3183.91 3181.30 3181.45 3178.06
3181.75 3183.27 3185.34 3188.39 3183.34 3183.45 3183.13
3183.24 3183.28 3189.79 3189.97 3183.79 3183.67 3183.29
3185.71 3184.61 3190.33 3190.59 3184.88 3185.03 3184.68
3185.92 3189.26 3190.67 3191.54 3189.94 3189.90 3189.13
3188.30 3189.33 3191.06 3194.02 3190.35 3190.04 3189.36
3190.59 3196.47 3199.03 3194.29 3192.34 3192.53 3196.45
3190.66 3196.55 3200.68 3197.86 3192.64 3192.56 3196.50
3192.26 3203.96 3200.94 3199.71 3193.97 3194.22 3203.98
3192.55 3204.31 3201.47 3200.19 3195.45 3195.78 3204.35
3195.54 3209.72 3203.52 3200.54 3196.34 3196.13 3209.48
3199.53 3210.15 3204.19 3211.48 3198.03 3198.10 3210.02
3206.06 3230.51 3214.19 3212.66 3211.96 3211.99 3230.40
3206.50 3231.07 3214.95 3223.46 3222.43 3222.30 3230.95
molecule-1
wSCTfNaph wSCTfNaph wSCTfNaph wSCTfNaph wSCTfNaph a)SCTfNaph O‘)SCTfNaph
(p=84) | (9=80") | (9=76" | (9=T72") | (9=68°) | (9=64) | (¢=60°)
19.45 19.74 20.41 22.59 23.41 22.57 20.68
22.39 22.34 23.22 24.75 26.84 26.97 24.55
30.14 30.52 31.56 32.34 33.34 33.31 32.46
37.92 38.16 38.91 40.66 42.05 42.21 42.23
40.73 41.59 43.04 45.22 47.54 48.82 49.20
49.23 49.42 49.55 49.99 50.24 50.29 50.47
55.37 55.92 57.88 61.50 63.71 66.83 69.88
67.30 67.50 68.73 70.33 71.60 71.87 72.00
89.09 89.75 91.48 93.16 94.35 94.72 94.42
95.40 95.67 96.00 97.08 98.87 100.77 102.32
128.12 128.63 129.63 131.98 134.70 136.90 137.58
136.78 137.32 139.41 141.76 144.81 147.58 149.66
161.80 162.43 164.14 166.32 168.16 169.25 169.75

527




molecule-1

S 1 Naph S 1 Naph S 1 Naph S 1 Naph S 1 Naph OS 1 Naph WS 1 Naph
(0=84") | (=807 | (9=76) | (9=72") |($=68) | (9=64) | (9 =060
169.17 169.55 170.54 172.69 177.44 184.36 190.75
179.36 180.51 182.53 187.90 195.15 204.92 209.13
205.31 205.38 205.61 206.13 206.87 208.38 217.35
223.38 223.47 223.82 225.42 224.83 224.04 226.77
241.61 240.94 240.56 240.75 241.23 24212 242.36
270.10 270.25 270.43 270.66 270.72 270.55 270.36
286.56 286.61 286.86 288.26 289.29 290.72 292.10
293.40 293.06 292.70 293.00 292.97 293.17 293.49
296.70 296.71 297.07 297.73 298.23 298.61 299.01
316.64 316.57 317.04 318.17 319.23 321.20 323.61
368.29 368.04 368.18 369.17 370.11 371.45 373.96
388.52 388.28 388.23 388.38 388.62 389.42 390.21
408.70 407.96 407.43 406.90 406.43 406.16 405.96
414.53 414.54 414.64 414.80 414.96 414.58 414.62
414.73 414.64 414.79 415.13 415.11 414.89 414.79
422.28 422.62 423.09 423.66 424.49 425.46 426.27
458.23 458.15 458.64 459.02 459.34 459.81 460.63
464.62 464.53 465.19 466.37 466.56 468.34 471.27
482.72 482.82 483.01 483.52 483.83 483.94 484.08
482.88 482.99 483.51 484.34 485.14 486.64 490.40
502.75 501.88 500.76 499.75 499.01 498.73 498.71
517.46 517.38 517.35 517.39 517.42 517.33 517.25
520.55 520.63 520.67 521.16 521.70 522.63 523.83
521.87 521.84 522.41 523.42 523.87 524.04 524.04
524.18 524.14 524.23 524.55 525.78 527.68 529.94
542.69 542.78 542.87 543.17 543.33 543.34 543.34
578.36 577.25 575.86 574.25 572.52 570.93 569.08
582.78 583.15 583.77 584.68 585.64 586.74 587.92
612.25 611.78 611.23 610.87 610.52 610.29 609.95
615.15 615.06 615.10 615.13 615.14 615.18 615.26
626.42 626.25 626.05 625.93 625.51 625.27 625.51
630.65 630.73 630.80 630.90 630.93 630.88 630.83
635.10 634.80 634.53 634.36 634.18 634.22 634.50
639.75 639.67 639.59 639.55 639.45 639.48 639.69
649.48 649.21 649.07 648.83 648.40 648.10 647.84
664.01 664.05 664.14 664.31 664.44 664.54 664.64

528




molecule-1

S 1 Naph S 1 Naph S 1 Naph S 1 Naph S 1 Naph S 1 Naph DS 1 Naph
(p=84") | (9=80°) |(p=76") | (p=72°) |(¢=68") | (¢p=064") | (¢ =060
680.62 680.52 680.46 680.46 680.33 680.25 680.16
686.88 687.48 687.87 689.66 692.18 696.11 700.32
709.89 709.88 709.99 710.18 710.21 709.74 709.62
709.99 709.97 710.04 710.27 710.39 710.25 710.16
719.12 719.05 718.95 718.35 717.19 716.35 716.20
721.60 721.60 721.49 722.91 724.21 724.78 724.90
724.95 725.01 725.14 725.48 726.50 729.47 733.16
739.74 739.53 739.58 739.28 738.50 738.22 738.22
746.94 746.84 746.76 746.65 746.47 746.31 746.10
753.46 754.14 754.88 756.01 757.83 760.73 764.31
758.66 759.64 760.90 764.35 768.88 775.03 776.64
778.02 777.87 777.71 777.65 777.51 777.42 779.31
780.31 780.19 780.08 779.93 779.74 779.52 781.98
787.28 787.25 787.32 787.57 787.83 788.33 789.18
798.47 798.44 798.50 798.61 798.74 798.97 799.19
813.73 813.84 814.18 815.72 817.93 820.95 823.87
838.39 838.86 839.47 839.62 838.62 837.59 836.75
843.12 841.81 841.35 841.01 841.80 843.27 845.21
843.98 843.33 843.09 842.62 844.07 847.70 852.09
858.01 857.95 858.12 858.38 858.50 857.85 857.51
858.30 858.32 858.46 858.64 858.65 858.59 858.48
861.81 862.00 862.37 863.05 863.68 864.41 865.13
890.30 889.58 889.08 888.46 886.28 883.12 879.29
892.18 891.37 890.90 890.49 890.38 889.22 888.36
905.12 905.55 906.05 907.37 908.79 909.70 910.04
913.15 912.63 912.25 912.27 912.88 915.03 918.75
917.55 918.31 919.19 920.09 920.90 921.59 922.13
928.74 929.31 930.14 931.24 932.29 933.44 934.82
943.86 943.70 943.70 943.84 943.89 943.32 942.82
945.13 945.09 945.17 945.31 945.12 944.43 943.97
958.66 958.80 958.97 959.13 959.21 959.25 959.19
987.08 985.20 984.03 981.99 980.38 978.53 976.55
987.70 987.09 986.63 985.64 984.88 985.59 986.67
993.77 993.69 993.79 993.89 993.79 993.24 992.96
994.10 993.99 993.99 994.01 993.97 993.82 993.65
1013.31 1013.39 1013.42 1013.46 1013.49 1013.44 1013.33
1013.53 1013.61 1013.63 1013.68 1013.68 1013.62 1013.55
1015.87 1015.77 1015.71 1015.60 1015.24 1014.74 1014.34

529




molecule-1

wSCT—Naph wSCT—Naph wSCT—Naph wSCT—Naph a)SCT—Naph a)SCT—Naph wSCT—Naph
(9=384") [ (9=80") | (9=76") | (9=72°) | (¢=068") | (¢=064°) | (¢=060°)
1015.89 1015.88 1015.79 1015.64 1015.54 1015.31 1015.08
1021.33 1021.60 1021.98 1022.63 1023.39 1024.24 1025.02
1038.48 1038.85 1039.22 1039.65 1039.98 1040.26 1040.58
1040.90 1041.38 1041.87 1042.44 1042.91 1043.31 1043.72
1053.14 1053.61 1054.15 1055.05 1056.10 1057.34 1058.43
1060.92 1061.27 1061.72 1062.20 1062.66 1062.98 1063.29
1062.16 1062.51 1062.95 1063.46 1064.04 1064.57 1065.21
1076.84 1077.27 1077.44 1078.63 1080.16 1082.45 1084.73
1100.66 1100.91 1101.21 1101.95 1103.18 1104.87 1106.27
1106.43 1106.41 1106.37 1106.66 1106.96 1106.68 1106.50
1106.66 1106.65 1106.83 1107.04 1107.22 1107.30 1107.04
1150.58 1151.03 1151.87 1153.09 1154.43 1156.14 1158.21
1155.51 1155.89 1156.29 1157.14 1158.05 1159.51 1161.23
1162.65 1162.72 1162.80 1163.08 1163.53 1164.36 1165.49
1173.74 1174.16 1174.60 1175.68 1176.86 1178.67 1179.24
1179.96 1179.85 1179.71 1179.68 1179.69 1179.74 1179.66
1180.10 1179.99 1179.85 1179.77 1179.84 1179.94 1181.17
1196.68 1197.15 1197.75 1199.03 1200.12 1201.10 1201.70
1200.62 1201.15 1201.90 1202.95 1204.10 1204.69 1204.31
1204.50 1204.61 1205.01 1205.71 1206.32 1206.67 1207.09
1206.06 1206.18 1206.58 1207.30 1208.35 1209.95 1212.61
1207.41 1208.13 1208.87 1210.19 1211.29 1212.75 1214.51
1224.65 1225.04 1225.41 1225.94 1226.61 1227.55 1228.54
1254.84 1255.80 1256.70 1257.63 1258.17 1258.55 1258.84
1271.06 1270.99 1270.69 1272.05 1273.46 1275.86 1278.02
1285.71 1285.99 1286.45 1287.22 1288.19 1289.38 1290.87
1292.43 1293.07 1293.95 1295.05 1295.86 1296.48 1296.76
1300.15 1300.30 1300.54 1301.15 1301.66 1302.37 1303.90
1302.85 1302.99 1303.25 1303.69 1304.13 1304.63 1305.24
1316.62 1316.66 1316.59 1316.44 1316.05 1315.49 1314.77
1326.67 1326.72 1326.82 1327.02 1327.22 1327.51 1327.90
1329.50 1329.60 1329.70 1329.85 1329.91 1330.01 1330.27
1351.23 1351.55 1351.65 1351.64 1351.51 1351.15 1350.64
1352.44 1352.07 1352.30 1352.90 1353.50 1353.78 1353.95
1358.80 1358.78 1358.50 1358.29 1358.22 1358.16 1357.99
1359.55 1360.65 1361.93 1362.98 1363.70 1364.14 1364.51
1367.52 1368.51 1370.25 1372.70 1375.23 1377.47 1379.37

S30




molecule-1

S 1 Naph S 1 Naph S 1 Naph S 1 Naph S 1 Naph S 1 Naph S 1 Naph
(p=284") | (9=80") | (9=76") | (¢=72°) |(¢=68") | (¢=64") | (¢=260)
1372.11 1372.90 1374.10 1375.69 1377.82 1380.71 1383.72
1390.94 1390.83 1390.64 1390.37 1390.17 1390.12 1390.36
1425.61 1426.03 1426.55 1427.49 1428.76 1430.30 1431.51
1441.91 1442.06 1442.27 1442.67 1443.06 1443.53 1444.17
1447.56 1447.82 1448.16 1448.70 1449.38 1450.46 1451.84
1461.23 1461.25 1461.29 1461.40 1461.43 1461.51 1461.63
1469.46 1469.67 1469.72 1471.25 1473.05 1475.84 1477.98
1475.81 1476.18 1476.66 1477.25 1477.76 1478.20 1479.21
1480.37 1480.39 1480.48 1480.79 1481.24 1482.01 1483.44
1492.09 1492.05 1492.03 1492.09 1492.02 1491.89 1491.77
1515.19 1515.35 1515.61 1516.02 1516.41 1516.75 1517.24
1529.84 1529.84 1529.88 1529.98 1530.02 1529.88 1529.60
1533.42 1534.15 1535.05 1536.29 1537.28 1537.47 1537.64
1536.79 1536.89 1537.04 1537.27 1537.88 1539.10 1539.58
1539.39 1539.52 1539.61 1539.92 1540.32 1541.33 1542.98
1553.70 1553.18 1552.53 1551.83 1550.98 1550.23 1549.78
1597.47 1597.10 1596.55 1595.84 1594.96 1594.10 1593.28
1599.37 1599.17 1598.95 1598.79 1598.60 1598.37 1598.00
1613.04 1612.93 1612.70 1612.39 1611.88 1611.17 1610.28
1616.80 1616.71 1616.59 1616.48 1616.38 1616.16 1615.85
1617.78 1617.56 1617.24 1616.92 1616.61 1616.35 1616.13
1635.61 1635.59 1635.57 1635.52 1635.43 1635.25 1634.99
1638.56 1638.51 1638.47 1638.40 1638.33 1638.18 1637.96
1657.87 1657.63 1657.33 1657.05 1656.60 1656.10 1655.71
3141.00 3141.07 3141.19 3141.47 3141.87 3142.26 3142.56
3149.54 3149.72 3150.00 3150.37 3150.90 3151.45 3151.99
3152.23 3152.31 3152.53 3152.79 3153.19 3153.61 3153.95
3164.23 3164.35 3164.56 3164.91 3165.40 3165.89 3166.35
3165.42 3165.54 3165.87 3166.24 3166.84 3167.41 3167.79
3169.53 3169.60 3169.60 3169.58 3169.53 3169.41 3169.25
3169.56 3169.61 3169.61 3169.62 3169.54 3169.47 3169.46
3175.47 3175.49 3175.50 3175.62 3175.58 3175.53 3175.47
3175.62 3175.86 3175.95 3175.96 3175.92 3175.70 3175.56
3178.07 3178.14 3178.47 3178.84 3179.51 3180.11 3180.29
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molecule-1

S 1 Naph S 1 Naph S 1 Naph S 1 Naph S 1 Naph S 1 Naph S 1 Naph
(p=284") | (9=80") | (9=76") | (9=72°) |(¢=68") | (¢=64") | (¢=260")
3183.05 3183.06 3183.02 3183.19 3183.24 3183.22 3183.09
3183.16 3183.48 3183.61 3183.64 3183.61 3183.35 3183.24
3184.82 3184.77 3184.80 3185.03 3185.27 3185.47 3185.46
3189.11 3189.10 3189.06 3189.18 3189.23 3189.22 3189.21
3189.24 3189.46 3189.56 3189.60 3189.62 3189.42 3189.22
3196.41 3196.46 3196.44 3196.46 3196.47 3196.44 3196.34
3196.47 3196.51 3196.50 3196.52 3196.54 3196.49 3196.45
3203.71 3203.63 3203.60 3203.39 3203.32 3203.09 3202.59
3204.27 3203.98 3203.83 3203.91 3203.87 3203.67 3203.15
3209.12 3209.15 3209.34 3209.34 3209.36 3209.15 3208.57
3209.72 3209.58 3209.69 3209.76 3209.73 3209.73 3209.83
3230.26 3230.34 3230.45 3230.09 3229.28 3228.19 3226.19
3230.79 3230.99 3231.47 3231.56 3232.17 3232.76 3232.21
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S14 Frequencies of all geometries of molecule 2 computed at (B3LYP/6-311G(d,p))

level of theory
molecule-2
s, DS cr_Naph OScr_pipn OTcr_piph OTer_Naph OT; 5 Naph
(¢ =89.53°)

10.52 12.76 12.76 12.13 13.27 13.20
16.48 16.17 16.17 14.98 18.09 18.13
17.12 18.43 18.43 19.85 18.71 18.49
18.41 22.24 22.25 22.21 19.40 19.36
23.43 22.95 22.94 23.96 27.01 26.97
28.16 27.99 27.99 27.82 28.38 28.12
41.01 36.87 36.86 39.99 41.90 41.82
42.62 48.43 48.43 45.23 49.03 49.04
45.47 50.55 50.54 53.34 49.65 49.66
51.55 56.92 56.91 56.81 51.89 51.83
73.52 72.91 72.91 67.19 73.46 73.49
78.59 78.92 78.92 73.53 78.76 78.79
78.95 84.49 84.49 79.52 82.47 82.50
85.77 85.94 85.94 89.25 89.08 89.14
104.73 109.46 109.46 107.16 109.14 109.15
121.25 118.26 118.25 124.62 119.09 119.12
130.96 127.39 127.39 130.05 127.11 127.09
133.23 132.01 132.01 135.66 131.38 131.40
145.04 142.92 142.92 137.09 145.79 145.81
162.61 162.09 162.08 167.21 161.53 161.55
178.52 177.87 177.89 175.53 174.29 174.21
187.72 190.19 190.19 178.10 191.55 191.52
202.61 197.14 197.14 204.01 195.57 195.56
215.24 213.79 213.80 213.98 215.46 215.44
229.44 234.52 234.52 226.19 231.56 231.56
260.13 257.58 257.59 256.24 247.78 247.72
274.83 274.21 274.19 261.66 261.19 261.15
289.28 279.18 279.16 281.64 278.73 278.75
299.57 297.29 297.30 294.22 297.35 297.33
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molecule-2

s, WS c1_Naph OScr_pip OTcr_piph OTcr_Naph OT; £ Naph
(¢ =89.53°)
316.98 321.26 321.26 306.94 316.99 317.01
339.92 338.57 338.57 321.56 337.93 337.92
345.25 346.52 346.52 346.67 343.34 343.36
357.34 362.89 362.89 356.50 354.27 354.25
385.74 371.81 371.81 376.94 365.18 365.20
400.99 388.78 388.77 393.17 385.99 386.01
411.78 403.14 403.14 405.73 403.52 403.54
415.81 414.34 414.35 415.92 415.34 415.41
416.57 414.88 414.88 416.72 415.59 415.64
422.51 419.82 419.82 421.00 417.70 417.71
423.32 420.91 420.91 421.47 421.75 421.80
429.83 422.80 422.80 424.39 422.96 423.11
442.11 430.52 430.52 424.79 427.46 427.46
454.56 454.99 454.98 441.28 452.17 452.10
456.82 462.00 462.00 447.51 457.51 457.42
463.29 468.58 468.57 454.96 463.78 463.73
482.74 500.86 500.86 472.06 465.58 465.56
483.27 503.63 503.62 480.53 480.59 480.51
497.50 504.91 504.91 495.93 492.53 492.52
507.71 511.74 511.75 501.80 498.82 498.80
515.36 520.61 520.61 512.23 510.27 510.18
526.31 525.04 525.05 526.24 513.61 513.58
534.52 526.89 526.89 528.32 519.03 518.98
550.89 542.10 542.10 534.25 531.32 531.28
562.75 564.41 564.41 554.38 536.74 536.72
568.49 568.83 568.84 559.66 566.02 566.01
571.07 581.78 581.77 568.75 570.11 570.10
601.91 583.39 583.39 573.50 570.89 570.88
622.93 613.21 613.21 596.66 606.24 606.25
624.66 615.42 615.42 613.96 609.73 609.72
627.65 628.07 628.07 620.40 625.69 625.70
631.21 631.31 631.31 625.48 630.85 630.84
632.63 632.97 632.97 628.22 632.20 632.21
634.44 634.75 634.74 631.63 635.20 635.20
653.37 643.81 643.81 639.03 636.32 636.30
656.14 651.74 651.74 643.05 651.87 651.86
656.71 655.59 655.59 649.26 655.79 655.79
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molecule-2

s, WS 7 _Naph OScr_gipn OTcr_pipn OTcr_Naph OTrE_Naph
(¢ =89.53°)
672.04 657.45 657.45 655.72 657.05 657.06
689.36 679.71 679.71 668.04 673.45 673.44
699.00 685.06 685.04 682.28 681.26 681.24
701.68 694.43 694.43 689.97 697.07 697.05
713.66 712.91 712.91 703.82 705.94 705.88
713.96 713.27 713.27 709.08 713.57 713.58
719.49 717.99 717.99 710.94 713.77 713.80
730.60 720.50 720.50 713.58 714.44 714.37
748.78 729.85 729.85 716.62 724.13 724.12
749.21 739.45 739.45 746.36 731.34 731.32
751.66 749.72 749.72 747.28 740.24 740.18
765.70 750.28 750.28 750.84 748.66 748.66
776.10 753.04 753.00 751.77 749.42 749.42
783.05 757.65 757.63 766.45 759.22 759.29
783.43 764.32 764.33 772.01 763.00 763.01
793.64 775.81 775.81 782.57 776.55 776.52
796.73 783.67 783.67 784.50 782.85 782.85
806.83 784.39 784.39 789.57 783.62 783.63
819.27 791.48 791.48 795.51 791.32 791.29
824.15 798.64 798.64 805.45 797.95 797.94
825.55 813.22 813.21 810.88 820.22 820.16
852.12 837.34 837.34 817.26 826.96 826.81
852.36 838.34 838.35 818.14 828.38 828.23
859.40 839.33 839.34 830.42 852.24 852.32
859.59 851.25 851.26 845.21 852.45 852.50
859.82 852.05 852.06 849.95 855.80 855.83
860.24 859.07 859.08 858.25 858.70 858.74
872.38 859.82 859.82 859.65 859.52 859.63
881.64 861.06 861.06 861.40 859.81 859.90
884.48 864.76 864.76 877.34 860.96 860.92
887.78 867.79 867.80 890.84 865.65 865.58
918.40 894.12 894.12 904.70 884.89 884.85
934.53 896.17 896.17 912.07 889.28 889.22
937.48 903.60 903.61 927.48 905.04 905.03
937.76 914.05 914.05 934.56 914.11 914.11
943.99 917.03 917.04 938.03 931.14 931.29
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molecule-2

s, OScr_Naph OScr_piph OTcr_pipn OT 1 Naph OT 5 _Naph
(¢ =89.53°)
950.17 927.90 927.90 941.88 937.23 937.05
950.50 940.28 940.28 951.97 938.04 938.19
960.26 940.64 940.64 958.57 938.17 938.34
980.38 958.13 958.13 963.72 949.91 950.11
981.20 984.62 984.62 964.33 953.93 953.92
981.37 984.90 984.90 973.75 959.41 959.45
988.70 988.30 988.30 980.34 960.38 960.40
989.46 989.19 989.19 982.01 982.16 982.35
990.76 991.48 991.48 982.43 982.55 982.66
990.96 991.54 991.54 989.74 989.29 989.57
1000.86 993.85 993.85 991.23 989.86 990.11
1009.79 994.01 994.01 991.97 990.96 991.21
1009.89 1011.77 1011.77 997.06 991.42 991.65
1010.70 1012.01 1012.01 1001.16 1004.98 1004.79
1011.21 1012.02 1012.02 1002.30 1010.07 1010.30
1011.45 1012.13 1012.13 1010.00 1010.14 1010.37
1020.08 1020.13 1020.13 1011.03 1011.44 1011.37
1020.22 1020.25 1020.25 1012.01 1011.76 1011.68
1034.41 1021.05 1021.05 1018.48 1020.22 1020.21
1037.03 1032.89 1032.90 1020.20 1020.30 1020.29
1037.12 1035.02 1035.02 1033.76 1034.33 1034.29
1054.59 1050.51 1050.51 1037.02 1037.13 1037.10
1057.65 1053.66 1053.66 1049.54 1053.26 1053.22
1061.38 1055.69 1055.69 1052.40 1057.68 1057.62
1069.65 1065.46 1065.46 1060.10 1060.06 1060.00
1070.19 1066.25 1066.25 1065.54 1066.57 1066.46
1096.65 1076.07 1076.05 1093.98 1070.02 1069.97
1102.20 1099.82 1099.83 1102.68 1070.87 1070.84
1102.39 1103.44 1103.44 1102.74 1102.54 1102.56
1136.36 1103.78 1103.78 1131.38 1102.84 1102.84
1141.55 1146.19 1146.18 1144.23 1139.03 1138.97
1142.17 1146.93 1146.92 1146.88 1140.19 1140.14
1159.06 1150.70 1150.70 1162.88 1142.64 1142.69
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molecule-2

s, WSt Naph OScr_piph OTcr_pipn OTcr_Naph OT1E_Naph
(¢ =89.53°)
1167.54 1154.34 1154.36 1165.30 1143.24 1143.33
1176.87 1161.99 1161.99 1169.43 1151.34 1151.28
1177.03 1173.18 1173.18 1173.68 1165.86 1165.78
1177.07 1178.00 1178.00 1177.29 1177.42 1177.37
1188.57 1178.09 1178.09 1180.61 1177.42 1177.38
1191.48 1195.91 1195.92 1188.72 1193.80 1193.74
1200.35 1201.28 1201.28 1200.67 1198.29 1198.21
1200.59 1201.77 1201.77 1200.90 1200.79 1200.75
1208.49 1202.61 1202.67 1205.82 1201.22 1201.18
1214.47 1207.22 1207.24 1214.84 1204.42 1204.39
1218.79 1215.54 1215.54 1218.95 1211.55 1211.59
1231.44 1218.92 1218.91 1233.52 1215.13 1215.21
1241.57 1224.59 1224.57 1242.02 1223.28 1223.28
1258.77 1256.92 1256.92 1249.01 1256.57 1256.56
1278.13 1270.17 1270.18 1271.51 1262.88 1262.89
1280.89 1286.42 1286.43 1279.29 1271.81 1271.83
1283.66 1287.27 1287.28 1281.44 1282.75 1282.70
1291.62 1290.36 1290.36 1284.37 1285.68 1285.61
1298.74 1295.99 1296.00 1290.86 1294.14 1294.06
1302.59 1303.66 1303.65 1301.86 1302.15 1302.08
1302.79 1304.20 1304.20 1303.92 1302.86 1302.79
1308.39 1306.70 1306.70 1309.49 1303.48 1303.43
1314.83 1309.04 1309.04 1319.79 1307.47 1307.43
1317.60 1318.75 1318.76 1324.21 1313.15 1313.11
1324.71 1324.97 1324.97 1325.90 1317.98 1317.90
1329.37 1327.84 1327.84 1336.11 1321.16 1321.12
1336.79 1341.35 1341.35 1345.12 1326.70 1326.62
1340.07 1342.13 1342.13 1356.05 1329.36 1329.32
1351.31 1357.72 1357.71 1357.29 1336.95 1336.98
1356.87 1357.85 1357.84 1361.29 1340.83 1340.85
1357.24 1358.38 1358.38 1369.55 1347.79 1347.80
1358.30 1358.86 1358.88 1373.56 1351.59 1351.58
1367.57 1363.05 1363.05 1383.44 1357.22 1357.25
1390.82 1366.14 1366.13 1391.37 1357.65 1357.66
1419.59 1391.07 1391.03 1403.63 1411.50 1411.39
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molecule-2

s, WSt Naph OScr_piph OTcr_pipn OTcr_Naph OTy g Naph
(¢ = 89.53°)
1423.19 1424.91 1424.91 1420.25 1422.92 1422.88
1430.10 1428.81 1428.82 1431.43 1429.52 1429.51
1444.99 1433.35 1433.35 1457.55 1429.88 1429.84
1464.79 1447.02 1447.02 1463.31 1436.99 1436.93
1468.22 1452.65 1452.67 1469.77 1445.72 1445.69
1477.21 1468.46 1468.46 1470.38 1464.17 1464.14
1479.69 1471.81 1471.82 1478.64 1465.86 1465.80
1494.96 1477.41 1477.40 1484.32 1472.64 1472.44
1512.42 1479.26 1479.25 1491.48 1477.44 1477.40
1518.26 1486.13 1486.14 1494.34 1480.54 1480.51
1525.13 1515.56 1515.56 1503.25 1506.57 1506.57
1537.62 1521.02 1521.02 1510.02 1516.31 1516.30
1542.25 1525.98 1525.97 1521.37 1522.36 1522.32
1552.35 1532.68 1532.67 1524.53 1523.83 1523.80
1558.16 1539.00 1538.99 1540.26 1532.54 1532.49
1573.83 1549.75 1549.74 1543.28 1551.12 1551.12
1584.75 1550.83 1550.82 1550.11 1552.31 1552.31
1595.30 1552.13 1552.12 1552.94 1563.74 1563.72
1610.57 1582.49 1582.48 1583.31 1569.60 1569.57
1616.10 1588.81 1588.81 1586.97 1584.78 1584.72
1616.72 1599.10 1599.12 1592.87 1593.58 1593.53
1627.36 1603.24 1603.22 1603.35 1615.83 1615.75
1627.82 1613.80 1613.81 1610.46 1617.00 1616.91
1635.78 1617.11 1617.11 1615.91 1621.52 1621.47
1637.63 1617.38 1617.38 1628.29 1622.08 1622.04
1638.56 1636.32 1636.32 1636.23 1637.53 1637.42
1644.90 1638.09 1638.09 1637.22 1638.39 1638.28
1647.49 1641.57 1641.57 1643.32 1643.99 1643.91
1661.65 1645.56 1645.56 1654.99 1646.94 1646.87
1668.58 1659.61 1659.62 1662.93 1660.71 1660.68
3162.94 3140.85 3140.86 3158.35 3163.31 3163.44
3163.03 3149.08 3149.11 3163.24 3163.36 3163.48
3166.77 3151.96 3151.98 3163.40 3163.38 3163.53
3167.75 3163.74 3163.77 3168.50 3168.46 3168.57
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molecule-2

s, WS 1 _Naph OScr_piph OTcr_pipn OTcr_Naph OTy £ _Naph
(¢ = 89.53°)
3167.80 3164.83 3164.85 3168.58 3168.51 3168.60
3169.70 3165.06 3165.06 3169.35 3170.19 3170.33
3169.92 3165.07 3165.07 3169.66 3171.34 3171.47
3170.32 3170.49 3170.49 3171.86 3171.51 3171.58
3171.24 3170.55 3170.55 3173.23 3172.07 3172.19
3171.44 3176.17 3176.17 3174.11 3172.66 3172.80
3175.63 3176.78 3176.77 3178.15 3172.93 3173.02
3177.92 3177.37 3177.39 3178.68 3178.38 3178.45
3177.99 3177.75 3177.75 3180.95 3178.44 3178.52
3182.22 3178.50 3178.49 3183.35 3181.44 3181.55
3182.27 3180.31 3180.31 3185.19 3183.11 3183.16
3183.45 3180.35 3180.35 3187.03 3183.11 3183.19
3184.40 3184.51 3184.51 3188.50 3185.04 3185.10
3185.81 3185.11 3185.11 3189.96 3186.46 3186.54
3185.86 3191.26 3191.26 3190.05 3188.02 3188.09
3188.28 3192.04 3192.04 3191.86 3188.03 3188.11
3188.42 3192.29 3192.29 3192.28 3191.26 3191.33
3188.51 3192.61 3192.60 3194.47 3191.85 3191.90
3191.79 3194.38 3194.38 3195.48 3192.33 3192.41
3191.81 3194.92 3194.92 3199.14 3192.75 3192.80
3192.63 3204.38 3204.36 3199.73 3194.38 3194.40
3192.92 3205.07 3205.05 3200.64 3196.59 3196.58
3195.77 3209.83 3209.83 3201.63 3197.21 3197.18
3199.54 3210.25 3210.25 3214.34 3197.82 3197.85
3206.36 3229.85 3229.84 3214.77 3213.27 3213.26
3206.80 3230.54 3230.54 3223.45 3221.85 3221.76
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S15 Coordinates of the optimized geometries of molecule 1
S, geometry (A) (B3LYP/6-311G(d,p))

C -6.64994200 -0.67600800 0.82481800
-5.256268700  -0.52449500 0.86281200
-4.65766200 0.69524500 0.59948800
-5.42206300 1.82958600 0.27693000
-6.81072900 1.68179200 0.23958300
-7.41141100 0.45351300 0.50904800
-3.36841100 3.08908500 0.02090800
-2.64503000 1.92948600 0.34817200
-1.26270500 1.92218000 0.36383700
-0.76796200 0.98805100 0.59990300
-0.52518900 3.07981400 0.05952900
-1.24434000 4.23546900 -0.26072200
-2.63778800 4.24096600 -0.28087500
-4.60321200 -1.36350000 1.08046100
-7.42850300 2.53820600 0.00494100
-3.16450700 5.156331300 -0.52656300
-8.492568700 0.39129800 0.49292000
-0.71975600 5.15804400 -0.47704800
-4.77295800 3.04800600 0.01512700
-3.27746200 0.74144300 0.66409500

0.95823000 3.06762600 0.08438600
1.70235900 3.83059800 -0.83067900
1.66165000 2.29473300 1.02285600
3.09447500 3.82395000 -0.80546600
1.18716200 4.41704400 -1.58268100
3.05391200 2.28538500 1.04568900
1.11496600 1.71257400 1.75583400
3.77805900 3.05072300 0.13236300
3.64599600 4.41668300 -1.52679400
3.57339000 1.68536500 . 78455300

1

-7.28364900 -1.98605900 1.11387700
-8.44631900  -2.39075500 0.43736100
-6.74147000  -2.85898300 2.07145000
-9.04502000 -3.61776300 0.71046600
-8.87308000  -1.74906400 -0.32481300
-7.33832900 -4.08763800 2.34202500
-5.857256100 -2.56507700 2.62528700
-8.49396000  -4.47346500 1.66377900
-9.93845400 -3.90978100 0.16981100
-6.90391200  -4.74079000 3.09067500
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-5.563109500 4.20667000 -0.36645900
-5.96780100 5.12389400 0.63593400
-5.82678600 4.41816300 -1.69332600
-5.68728000 4.94809200 2.01652500
-6.72177800 6.27015500 0.22308500
-6.57108300 5.55082900 -2.09228100
-5.48232600 3.70527900  -2.43320900
-6.13080500 5.86171700 2.94298000
-5.11790100 4.08296700 2.33212300
-7.16303200 7.19252900 1.20901500
-7.00776600 6.45491700 -1.15500800

5S40
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.79331500
.87530700
.90967500
. 73326300
.57949900
.21738900
.95898600
.86185400

~N N0 ooy o

.69874300
.99453000
.71553700
.05916600
.32570000
.70531500
.42959900
.04409800

Scr_Naph geometry (A) (B3LYP/6-311G(d,p))

Q
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.62510600
.23412100
.63543900
.39783700
. 79907700
.39081300
.37598100
.64168800
.25665400
. 75551300
.54383000
.27681600
.65377700
.59207100
.39425400
.20192100
.47089800
. 74802000
.75816500
.27424600
.93541000
.66775700
.64047300
.05872100
.14929500
.03102500
.09868700
. 74576900
.60618500
.55663900
.28028000
.46956700
. 72824800
.08240400
.90411800
.34603600
.82569000
.52446400
.99359200
.91045300
.52455800
.93950200
.82081400
.65780000

-0.
.54368400
.67225300
.81753000
.68965700
.47971300
.05771100
.89469700
.89426200
.96392700
.06135500
.22863800
.23219000
.38689900
.556902400
.13095900
.41622000
.15161100
.00981700
. 72097400
.07860200
.88360000
.29053400
.89515900
.48357000
.30839800
.68082200
.10927500
.51453500
.70153700
.95668000
.33117800
.83616500
.54701100
.68185800
.04847300
.556931900
.40957300
.82294200
.70865200
.18886800
.06982600
.40545000
.87673400
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66646100
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.14234800
.563763500
.99403400
.89246100
.45687800
.28094000
.87484300
.15059200

.81849300
.84018500
.55244600
.22488300
.20537100
.49490000
.02411900
.30513500
.34383400
.57537200
.06082100
.26287000
.30575700
.05712100
.03241900
.54723000
.49608900
.46078600
.06400700
.58514200
.10123300
. 78672600
.02569900
. 75384300
.52500100

1.06096100
1.73898900

541

.17057300
.45476400
.78903400
.12876300
.48211900
.07461800
.76871000
.26839900
.36419400
.60634300
.71150700
.25081200
.10519000
.41699200
.62345800
. 78444500
.99558700
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.70158500
.55026300
.47632200
.10304700
.08965700
.12854300
.98786900
. 78479500
.83269000
.87177100
.69908700
.55823100
.17651400
.00433800
.82912300
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.23680800
.52843600
.69710300
.79378300
.00919600
.13182900
.43528000
.70745300
.91221400
.61942000
.00713500
.31160000
.62012600
.35490000
3.

12146700

ScT—phen geometry (A) (B3LYP/6-311G(d,p))

Q
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.63874400
.24173300
.64890500
.42145300
.82776100
.41038400
.38631400
.64791300
.26994400
.79194000
.52132700
.26875500
.63944100
.58089000
.44745200
.16128100
.48998700
.74710100
. 76605600
.28691700
.93748200
.70145500
.66163800
.08903100
.20474600
.04748100
.13024100
.78011200
.63803500
.56422200
.27268500
.60553500
.59052400
.20636300
.16649300
.19735500
.58209200
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.68131300
.51853000
.68642800
.83111200
.67536500
.47249200
.08004300
.91359200
.91631800
.98263400
.06926000
.23980100
.24543400
.33951600
.52134900
.15232900
.41321900
.16341200
.01262200
. 74453600
.07676800
.08265200
.08253200
.08616100
.85263900
.09292700
.30814000
.09427500
.86709100
.31965200
.95539400
.24182800
.96627200
.45555700
.51840300
.17573500
.78989100

.22242700
.13797800
.52829900
.96654000

2.30998500
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o

.23181800
.15887300
.18203800
.58585900
.01194100
.93695500
.44781800
.33305600
.93652100
.19767900

.83753600
.87173800
.55494700
.17843400
.14829400
.45980200
.07149400
.30660700
.37619200
.64174400
.07638800
.29902300
.36627500
.11689000
.11655500
.64033400
.44699400
.50876700
.11164500
.59869400
.13851500
.50745200
.84522600
.45298100
.08433600

0.89604300
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.38490500
.24791500
.96850000
.45452200
.16449800
.77221600
.88892800
.07908400
.19389300
.19277000
.24296700



-8.51291700
-10.22428500
-6.64529300
-5.53104300
-5.95441200
-5.82567400
-5.66878300
-6.70887400
-6.57066600
-5.48382900
-6.10888800
.09974300
-7.14539500
-7.00050400
-6.79759100
-6.85356300
-5.88397400
-7.71576900
-7.57249800
-7.19221800
-8.98545800
4.86289700
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.43706800
.64101600
.92012200
.18867400
.08240500
.40597600
.89026400
.23384700
.54521000
.70073000
.79494400
.02345600
.14503700
.43563000
.70701300
.93284300
.63642100
.01516900
.31098000
.63556400
.38207900
3.

10127900

Ter_phen geometry (A) (B3LYP/6-311G(d,p))

-6.64151100
-5.22217800
-4.64151000
-5.42036200
-6.83242600
-7.41938400
-3.37807200
-2.64932800
-1.26428100
-0.77087700
-0.53461600
-1.26487000
-2.64214300
-4.55470000
-7.44917700
.16829300
-8.49732500
-0.73756200
-4.76093100
-3.27855300
.94218100
.69985000
.63608900
.09011000
.19889100
.02605900
.08271700
. 76214300
.65019300
.53549600
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-0.71606800
-0.53801800
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.66151300
.83046900
.67429900
.47829200
.07941200
.91909900
.92697800
.99787700
.08494400
.24627400
.24642500
.34991200
.52464900
.15208000
.42335200
.16924200
.01326900
. 73895500
.09584300
.92642100
.27743500
.93574000
.55183100
.28698300
.64628600
.11628200
.57927800
.65194500

.79216800

0.75283300

.75667000
.46500100
.55892900
.78941900
.93646400

0.16016000

.16782400
.563694300
.87284500

2.24828600
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o

.15737500
.21524000
.21445400
.48307700
.92113700
.85139100
.50228000
.23523800
.03301700
.29119300

.82817900
.85321200
.56171200
.20776700
.17958000
.47068300
.02825100
.33334800
.39833800
.65430200
.11059700
.24945600
.31663600
.10676400
.08057200
.58560000
.43156400
.45374400
.08163800
.61502500
.17816200
.66747800
.08798300
.60677700
.39689300
.14663300
. 77346400

0.29993600

S43

.27600400
.86278900
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.26483300
.68756200
.50892000
.28522400
.32770100
.11919400
.42812200
.51738700
.36748700
.50355700
.52239900
.95169100
.81362600
.67406200
.70062300
.55387200
.47075500
.11600400
.11111100
.13917000
.98539200
. 77564100
.85431800
.89820600
.70516100
.55335900
.19431900
.99025900
. 84494600
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.96959700
.13493800
.13768400
.34890300
.29918500
.34261600
.09147600
.47272200
.42481200
.19965000
.18260100
.09429400
.38149700
.91941000
.24169900
.51604200
.66426200
.83810700
.056352200
.16877000
.42326100
.66197600
.97321200
.69333400
.03656800
.29569900
.68739600
.42019700
.12445500

TLE Naph geometry (A) (B3LYP/6-311G(d,p))
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.66837500
.27517000
.71212600
.50874100
.89896500
.46467500
.49372300
. 74440500
.35875800
.84554700
.65065400
.39754300
. 78682900
.60357600
.53714200
.33121900
.54274500
.89247700
.90537500
.33904600

0.83233600

.55712900

-0.81951600
-0.64908900
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0.
. 74222800
.57864400
.32353300
.06613800
.90125600
.92078800
.98067600
.10895000
.26739300
.24578700
.49009500
.44745400
.15602700
.24390900
.20924000
.99493500
.67165700
.13076900
.96498500

60001400
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.13116300
.11164100
.47324300
.40576500
.86354000
.76430300
.50815500
. 73657500
.37811800
.01762500
.46215400
.54437900
. 78964200
.92562500

0.12550900

.18964500
.52545300
.84751500

2.25052600
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.10816000
.25306000
.23971900
.43740000
.89927400
. 78782500
.556660700
.17819200
.96565600
.34710100

.78021900
.76039400
.56764600
.37184000
.43527400
.62293300
.18439500
.41424800
.42796800
.58697500
.20330600
.05434100
.06987500
.87918400
.35293400
.27503700
.68447500
.22866000
.16675400
.59437500
.22873100
.63795600
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.55184500
. 94894400
.02886400
.94378600
.01808800
.64944400
.48696500
.47723800
.27086300
.46856400
.66380600
.03804200
. 94580500
.23333200
. 75142400
.42333100
.95906300
. 75047200
. 70455500
.79712900
.42118800
.25094800
.52935000
.09708900
.34473900
.36479000
. 73619400
.63025300
.15252600
.59022400
.03752700
.91227000
.18224200
.69989700
.12783800
.86654000
. 73307200
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.31856000
.98717700
.58449700
.33998500
.68156600
.17471300
.63412800
.70932000
.15896700
.51391400
.10799300
. 76984400
.80978500
.36413100
.856392500
.70146100
.02377500
.07746300
.10429300
.26672500
.02746000
.33743400
.40373100
.11664100
.11939900
.52031300
.47716700
.556322000
.31902100
.08511400
.61198600
.54430100
.40741200
.17660500
.51814100
.67953000
.19169800

Tcr—Naph geOmetry (A) (B3LYP/6-31 1G(d,p))

Q

T O oo

.58532000
.18863300
.57188500
.31566900
. 70959900
.32950200
.23798600
.54091700
.15931600
.68761400
.39982500
.09073700
.47797900
.556319200

0.
.43332500
. 77866600
.94631500
.83295700
.61881600
.13979400
.93672500
.88372300
.92003100
.03689900
.24449100
.29841100
.29771700

o
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54048100

.12021600
.61242000
.35335000
.14427700
.81610300
.27850900
.29619300
.84659000
.98433800
.34207400
.82304700
.53263200
.32955500
.01251600
.34997500
.36857600
.02003700
.67092700
.20733400
.62670100
.47350600
.91846000

0.12055400
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.93588900
.05816300
.70817200
.32755500
.92290100
.15823500
.90055400
.21715700
.69268200
.54624600
.53175500
.80497600
.51633500
.29761500

.95346400
.91594900
.64896700
.41513300
.42262900
.69176900
.08795200
.29866800
.24694700
.39229800
.00558400
.17799400
.12059000
.06262700



H -7.31341100 2.70598700 0.22223900
H -2.98191000 5.24959700 -0.22153000
H -8.41154600 0.58395600 0.71459300
H -0.54107200 5.16613100 -0.32226300
N -4.64260600 3.15731100 0.13461300
0 -3.195689600 0.76147300 0.58315800
C 1.08069900 2.97780100 -0.06321700
C 1.79934300 3.79920500  -0.94743200
C 1.80476200 2.10146400 0.76167600
C 3.18938100 3.74693100 -1.00333100
H 1.26520800 4.46737300 -1.61294400
C 3.19476700 2.04899500 0.70459600
H 1.27859200 1.47216600 1.47008200
C 3.89422500 2.87150700 -0.17786400
H 3.72188200 4.38521200  -1.69943000
H 3.73240000 1.36988600 1.35671800
C -7.24416500  -1.83632200 1.24866900
C -8.45007600  -2.19208000 0.62294500
C -6.68029200  -2.74245800 2.16139400
C -9.06924700  -3.40764500 0.90092800
H -8.89540900  -1.52287300 -0.10397200
C -7.29918300  -3.95859300 2.43804100
H -5.76186800  -2.48428200 2.67589800
C -8.49694000  -4.29727000 1.80954700
H -9.995697700  -3.66362900 0.39973400
H -6.84862800 -4.63886900 3.15202500
C -5.34180400 4.32731000  -0.25452400
C -6.17970900 5.03292800 0.67036400
C -5.19005800 4.78188000 -1.63047700
C -6.24740600 4.72906700 2.03976200
C -6.956852800 6.13954500 0.16657000
C -5.94320100 5.82207000 -2.08646100
H -4.52522800 4.23477300 -2.28691500
C -7.10245000 5.45715900 2.91959500
H -5.63653200 3.92924700 2.43915400
C -7.78761000 6.84241600 1.05750400
C -6.84292500 6.50618100 -1.20582900
H -5.87454600 6.13384300 -3.12225000
C -7.86441500 6.49235500 2.43640500
H -7.14330400 5.18006800 3.96657700
H -8.37157400 7.67573800 0.68231100
H -7.43126200 7.33716800 -1.57715600
H -8.52129900 7.05092800 3.09313000
H -8.978856800  -5.24394500 2.02514000
H 4.97646700 2.83049000 -0.22200700

S16 Coordinates of the optimized geometries of molecule 2
S, geometry (A) (B3LYP/6-311G(d,p))

C -1.66491800  -4.30680000 1.05994700
C -2.36690200 -3.15506500 0.71038400
C -1.69732500 -1.98653100 0.33879600
C -0.29222900 -2.01922800 0.32969700

S46
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.40482700
.26661300
.20343200
.60676600
.18301800
.26068500
.39313000
.58078100
.22646600
.44854800
.48663300
.88378300
.65581900
.36236000
.45981400
.48614200
.00923800
.70305000
. 71303400
.91805400
.40741600
.10002500
.92958300
.30374500
.35022200
.68269700
. 72421000
.37432100
.43043100
.21788000
.08092300
.34108400
.11242200
.45418700
.60097800
.00332800
.66234800
.79763200
.50987800
.46781900
.94093800
.86284000
.87929800
.90101100
.59780800
.66431900
.59576400
. 78160900
.38778600
.68139900
.00893700
. 74747700
.08906900
.57173200

.16215600
.33906200
.24078400
.31958000
.53178200
.62177200
.61987500
.31869000
.19592600
.16663000
.11124300
.53239800
.19563600
.80010900
.90963300
.56195800
.44376700
.88513000
.59172300
.22279700
.03249400
.23876800
.91373800
.25367400
.23834000
.13907100
.58887000
.88186400
.73802400
.02262100
.03075800
.57014500
.46475300
.06135800
-11.
.54081800
.35920000
.75134900
.34888600
.09358100
.31067100
.01271800
.05372500
.39538000
.67099800
.08829800
.39363100
.01495800
.32734400
.63906800
.43250100
.11632700
.66719900
.73528100

59195500

0.67347100

.05019700
.39250900
.39774200
. 78556300
.81115800
.15093600
.75790200
.31894000

0.71666000

.66516300
.46646600
.71100100
.01241700
.00823700
.41633300
.39955800
.79498000
. 74234600
.91528700
.13916200
.02079100
.12112300
.49684400
.64550600
.48981700
.81946500
.51928600
.16544900
.59271700
.86539800
.48166800
.19017600
.20013800
.09709300
.14624100
.45954400
.03650000
.13302000
.18812900
.07466300

2.34385300

.23729700
.06099800
.13111100
.23006800
.44273400
.39254300
.15404900
.16432100
.38733200
.18162700
.36108400
.26272700
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.84859900
.45593800
.07193200
.24505000
.46480500
.86236100
.39784200
.46781300
.92011800
. 78559800
.31173300
.73210400
. 71279900
.52353700
.65367100
.50425200
.18653800
.91361800
.05314800
.58394200
.52971600

© OO 00 00 ©W O 00NN DO WO w

= =
o N O

.69300100
.01221800
.51034500
.09393500
.19524900
.59230900
.51011200
.91049900
.09496500
.40977200
.06649800
.26628300
.99199100
.35061900
.34408100
.07600000
.08585200
.26083900
.26414200
.99717200
.10480800

Scr—Naph geometry (A) (B3LYP/6-311G(d,p))

Q

Q@B @D o@D Q@D ooz oDnoDnoD oD IEDaoaaoamDn oo

-1.
-2.
-1.
.25022100
.44729700
.23869500
.16213700
.57417600
.16765000
.24540800
.38342200
.62310700
.21017100
.43076400
.52812900
.86852000
.69765500
.31987700
.48171100
.49100100
.01192600
.71106500
.67860000
. 94284200
.39584700
.12240600
.89739900
.25580200
.33940100
.63279400
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65381000
35088800
66352800

.27481300
.14037200
.97947700
.02646700
.16935600
.31998800
.21173100
.28995000
.51327600
.58401900
.58943800
.29482800
.15879300
.12314100
.12954900
.51050600
.17400100
.81642300
.93737700
.54852400
.41794400
.88463300
.56705800
.18669700
.03803500
.24900600
.90501100
.21921500
.25995600
.13535500

.53822800
.25983100
.20284000
.63092000
.71822000
.57104900
.46377600
.29509500
.37148500
.10886500
.68960000
.13296700
.63058200
.50292400
.20983800
.00146000
.27079000
.43932700
.84918700
.94032200
. 72770400

.04660900
.69305900
.29288100
.26655900
.62052800
.01873900
.45148800
.43459900
.79711000
.80075000
.15053900
.80986200
.32862100

0.70611300
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.60080200
.44529800
. 77809900
.06824200
.10150700
.39493700
.37640600
.78614900
. 73689800
.87988600
.14261300
.01119000
.12809400
.49174300
.65851500
.51227200



.65391700
.32652000
.34529900
.14536100
.01583500
.30765400
.02885800
.35561500
.563737400
.03019600
.56636900
-3.76847900
-4.43249700
-4.45167100
-5.88155900
-3.77521900
-5.83569800
-3.88821300
-6.54827100
-6.57152400
-4.50255400
-2.69293300
-6.37250000
-7.63221800
.88993700
-7.65630700
-3.97103200
-6.45190000
0.85393800
0.43472300
2.08242000
1.21239200
-0.49124000
. 85486400
.42328000
.43940100
.87359300
. 78047600
.26774400
.67117800
.66934500
.44875500
.59199300
.44635000
. 15465400
.83973100
.96717800
.52678500
.44487600
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-9.57555100
-9.89025800
-10.72881800
-8.99897800
-11.04469700
-9.58504400
-11.46895200
-11.04538600
-11.61714400
2.50884700
-12.36728200
-0.75776100
-0.35904800
-1.10130200
-0.31578100
-0.01105700
-1.05025500
-1.39703100
-0.66521500
0.07502000
0.37220700
-0.03856500
-1.31086300
-0.62869200
.41433600
.10866400
.63370300
.70960000
.67271500
.98291600
.50690600
.07625900
.15144900
.60175700
.51361100
.91215900
.07058600
.43696900
.08192000
.27697700
.02346100
.37400000
.34137500
.12142200
.12052500
.30145000
.28400000
.05698800
.15592900
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Scr_giph geometry (A) (B3LYP/6-311G(d,p))

C -1.65372800
C -2.35084100

-4.27475700
-3.14034800

B O WO DD R W

.84544300
.55291200
.20626700
.60938500
.91402800
.51312400
.24225300
.24310900
.15530200
.16719600
.52327900
.06317700
.13303400
.25482300
.08927500

2.33579000

.26754700
.13163900
.12027600
.26114800
.47858700
.38360100
.17367000
.14203400
.44003300
.23356800
.38736700
.32017500
.55459800
.27206600
.21458200
.62844900
.73564700
.57643500
.48103100
.29036300
.36325600
.11485400
.67468300
.10756900
.61485500
.46843500
.18463000
.97408000
.26283600
.40292700
.80806200
.91184400
.68323600

.04692800

0.69336100

549
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.66352900
.25021000
.44733300
.23862500
.16218600
.57423800
.16771800
.24547500
.38350800
.62302700
.21003500
.43071500
.52816400
.86859600
.69758200
.31989400
.48162200
.49111200
.01158600
.71097600
.67898700
. 94234800
.39580300
.12210100
.89759600
.25640200
.33920500
.63305900
.65460500
.32643000
.34605700
.14633000
.01581600
.30722500
.02926400
.35670900
.53707900
.03009900
.56683000
. 76847700
.43262400
.45166600
.88165700
. 77539000
.83567800
.88819500
.54836300
.57171400
.50279600
.69310900
.37240400
.63229900
.89018600
.65649200

.97949100
.02650900
.16938300
.31996200
.21167900
.28992600
.51331200
.58407200
.58947500
.29477400
.15870800
.12307700
.12965600

3.51059800

.17396100
.81646700
.93747200
.54848200
.41769700
.88475400
.56677600
.18628400
.03812500
.24927400
.90488800
.21877700
.26020500
.13519000
.57508900
.89033700
. 72830600
.99831400
.04472400
.58535100
-11.
.04464300
.61736700
.50884100
.36697300
. 75785300
.35920600
.10128700
.31597700
.01126800
.05026300
.39694500
.66533200
.07473700
.37190500
.03873400
.31080900
.62881800
.41398800
.10835300

46868100

.29295000
.26642800
.62037900
.01881900
.45166700
.43458000
.79692700
.80041400
.15038000
.81009000
.32914700

0.70657200

.60049000
.44499200
. 77850600
.06822500
.10187300
.39500100
.37677100
.78591300
.73727700
.88045900
.14239000
.01072100
.12817900
.49237700
.65806600
.51238200
.84564300
.55295800
.20649600
.60962100
.91410400
.51311100
.24241900
.24340400
.15533500
.16724700
.52346600
.06318100
.13300700
.25489400
.08916000

2.33578600
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.26767700
.13172500
.12041500
.26102800
.47857300
.38362900
.17387100
.14218400
.43994400
.23336400



-3.97135600
-6.45217800

0.85381800

0.43473700

2.08213900
.21239900
.49110200
.85457600
.42284900
.43925500
.87375200
.78005900
.26760500
.67102800
.66920900
.44860700
.59183400
.44621500
.15450900
.83958800
.96703500
.52665500
.44473500
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.63336300
.70917900
.67270900
.98289400
.50690600
.07623700
.15137700
.60176200
.51362000
.91214100
.07055900
.43702900
.08190500
.27702300
.02337100
.37404500
.34146000
.12133200
.12037200
.30142400
.28410100
.05685600
.15590200

Ter_piph geometry (A) (B3LYP/6-311G(d,p))

-1.67802900
-2.37858000
-1.70174500
-0.29009500
0.40745500
-0.26536000
-0.18055500
-1.61805300
-2.19810900
-3.27548600
-1.42399300
0.60110700
-2.23564500
-3.45932800
.48855300
-1.92531700
1.67006900
-2.34954700
0.44953900
0.47574300
-0.01852900
1.70212900
0.67971200
-0.956293100
.39807400
.11164700
.90506000
.25808700
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.29244400
.15066800
.98415500
.02948000
.17901300
.33908600
.22647000
.30742200
.54851200
.64766500
.61316100
.28360800
.17687500
.15217500
.13667300

3.53065200

.12381700
.80507300
.93835600
.56662200
.46220400
.88510200
.61341900
.24934200
.03753000
.23269900
.93016700
.28367800

.38741100
.32009500
.55468800
.27186700
.21496700
.62825500
.73521500
.57682400
.48164300
.29045400
.36284700
.11548200
.67477100
.10746700
.61512400
.46833300
.18437200
.97434900
.26325500
.40300900
.80781900
.91225500
.68331700

.06770500
.73224100
.33147900
.28290400
.61847100
.01952000
.42820300
.39819400
. 76426800
. 75512500
.12847200
.79202500
.34768800

0.76555200
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.58232600
.39953600
.78079000
.01325300
.08438700
.37690200
.34082300
.76862000
.68074000
.84645100
.10806100
.00643700
.07330200
.42076900



. 34664600
.65027900
.66293300
.36394300
.36281900
.13961300
.06362400
.35308200
.06671000
. 36449800
.60075000
.03587700
.61159700
-3.79391900
-4.45494800
-4.49233100
-5.88684800
-3.76781900
-5.90391700
-3.9563562200
-6.58268300
-6.57222200
-4.46602400
-2.68572300
-6.44258800
.66634100
-5.87988900
-7.65597000
-3.93001200
-6.41371800
0.83645900
0.27076400
2.27078600
.04890100
.80069800
.03743600
. 78066600
.46627200
.55388500
.11229700
.29024100
. 76794300
.64490000
.55041900
. 74371400
.42483600
.08428500
.88663200
.11744900
.45821600
.49592800
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-7.23941500
-9.16076200
-9.63323100
-9.88653500
-10.78734000
-9.08068300
-11.04070100
-9.565782100
-11.49695800
-11.12805600
-11.58854400
2.54716100
-12.39542100
-0.74240000
-0.34544800
-1.06759300
-0.29846800
0.00091300
-1.01697200
-1.36343500
-0.64173400
0.09321100
0.37519300
-0.03030700
-1.27692800
-0.60240900
.42219000
.12799200
.63759700
.71968100
.65932000
.93354400
.59627200
.00517300
.07847000
.67573700
.66932400
.93260900
.94330300
.54599100
.08003000
.13396300
.18525000
.22217600
.08617000
.27432200
.41753600
.30423000
.00794300
.32479200
.15315900

©O© OO 0 00 ©W N0 NP> O AN Wb WO O o o

= =
S 00 O

Tcr—Naph geOmetry (A) (B3LYP/6-31 1G(d,p))

C -1.60567800

-4.35065900
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.62420700
.43713500
.75974100
.46936700
.10144500
.53152800
.81135400
.43658900
.12905400
.13078400
.04519800
.16572800
.39519700

0.01257000

.21033200
.12476900
.19429200

2.40336000
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.12766700
.01674600
.00574300
.37486100
.52661300
.42408500
.03063900
.00756900
.51454300
.35900400
.43126900
.40949200
.54627600
.89560100
.61035600
.26481000
.85867900
.97325100
.38134000
.32032000
.48806900
.02516500
.71013800
.49486600
.31894500
.86188700
. 84458600
.68935900
.69356400
.46383500
.47172200
.36320300
.75155000

.29097600
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.31722700
.66783400
.26675900
.44259500
.21250900
.20472100
.60420300
.18857400
.26511800
.40823500
.57533900
.15152200
.38912600
.52093800
.90415900
.64946700
.35850200
.46742100
.54954100
.14370800
. 70486400
.85802300
.73302000
.41816600
.04414400
.01223200
.50502200
.31231200
. 77547800
.92381200
.36991600
.63984200
.49449400
.08587200
.25220700
.22445200
. 74761000
.52936400
.00811400
. 78189400
. 77500700
.55634800
.41028000
. 98642800
.00811000
.76063100
. 78241000
.56494700
. 76977600
.82798000
.94252100
.23576700
.63886700
.18500100

.19407800
.04774300
.09697700
.24623600
.40817500
.17118000
.26253300
.47411800
.56404900
.55668600
.25001200
.22236100
.17499100
.20777600
.46897100
.11378500
.86494700
.99576200
.64000100
.51019400
.98214200
.66621000
.27417100
.13886900
. 34458000
.00865900
.31894400
.36116500
.24398400
.68940600
.00037800
.84797900
.11261700
.15893900
.69183300
.58844000
.16805600
.73094000
.47490500
.49032900
.87244600
.06062400
.72941300
.02996500
.66628600
.67580100
.34720700
.82195300
.76075300
.46451600
.61943900
.27170800
.79307800
.51635000

.99712700
.51995200
.40623400
.70499000
.14426500
.25716300
.19042900
.57391800
.58035700
.95933100
.64185200
.62910700
.13628000

0.61621400
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.26633000
.64842900
.20463000
.03228500
.45360500
.47809300
. 73290400
.76641700
.06965600
.02136200
.07515500
.04510400
.55638000
.45058500
.35402300
.67742200
.33114200
.96696400
.48853700
.62087300
.29874800
.94019700
.99729100
.81355500
.99319600
.16571600

0.15180400

.03863300
.84021600
.84093000
.10771500
.01580000
.46983200
.19292300
.69913900

2.95961500

S53

.29388000
. 78645000
.33583000
. 75564600
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. 84442400
.36575100
.81870600
.82423700
.43935100
.02473500
.21666400
.46382300
.80194900
.34151800
.41665200
.90079400
.70649100
.24724800
.65325400
.64935400
.43231300
.57291800
.42833600
.13434600
.82367500
.95108100
.50942200
.43012200
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.78288300
.02791400
.12226400
.62987900
.94540200
.45274700
.03074900
.12260800
.53852000
.45533400
.85363300
.02901800
.36205200
.01359600
.21715800
.93858500
.30513900
.29518600
.02646200
.02912700
.21513300
.22175700
.94756100
.06207600

TLE Naph geometry (A) (B3LYP/6-311G(d,p))

Q
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-1

.59889500
-2.
-1.
.26487700
.44672400
.20587900
.20734100
.60685300
.19364800
.27033800
.41556100
.57047800
.14291100
. 38440300
.52485000
.91343600
.64478300
.35875400
.46699300
.556862100
.15539400
. 71378900
.87205900
.72113900
.42944000
.05116800
.02614900

31268800
66585000

.35306800
.19765600
.05046600
.09759300
.24565600
.40846900
.17051500
.25976200
.47036500
.55871200
.55408100
.25043200
.22542900
.18028200
.20558800
.46551500
.11570100
.86876500
.99538400
.63896600
.50969700
.97924100
.66440000
.27519400
.13467100
.34131300
.00497400

.55464200

3.76183200

.39290000
.40290700
.09891300
.10885500
.48358900
.52674500
.49250100
.39067300
.18952500
.20356700
.06291900
.60013800
.01283000
.58704500
.39781000
.05417600
.97246500
.25150300
.37961200
.72009300
.94681200
.67948100

.29386500
.00073500
.52218800
.40620300
.70413500
.14493500
.25778300
.18881800
.57167600
.57654200
.95853300
.64388800
.63323800
.14155300

0.61338900
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.26489200
.65228700
.20777400
.03071200
.45359500
.47869100
.73171600
.76650400
.07113700
.01965000
.07683600
.04404500
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.52100300
.32327400
.79196200
.94110200
.38814000
.65958200
.51038700
.10654000
.27003800
.24591200
. 76787100
.55135900
.01536600
.80525100
. 77535300
.55610700
.41133000
.98663200
.00674400
. 76208500
. 78380800
.56609400
.76941300
.82606500
.94075100
.23790500
.64033500
.18354000
.84436300
.36302500
.81680500
.81464300
.42741200
.01524900
.20254400
.47590100
. 79028400
.33395600
.40264400
.88474700
.69498200
.23097600
.63465900
.63324100
.41162500
.55416800
.41011500
.12011300
.80316200
.92860400
.49134000
.40795800
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.31744300
.35546100
.23885900
.68458300
.99355900
.84177200
.10923500
.15073900
.68482300
.58053500
.16208700
.72139400
.47443100
.48132700
.87825600
.06755800
. 73595400
.03885900
.65996300
.68425100
.35270000
.83161100
.75079900
.45711400

0.61443100
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.28063700
.80440800
.50715600
. 77148300
.02110300
.11224000
.63055400
.94573000
.45494600
.03213400
.12199400
.54177700
.45788500
.85653200
.03005700
.36625200
.01761500
.22029500
.94459200
.30932500
.29694000
.03352000
.03589200
.22129000
.22520400
.95611600
.06903700
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.55706300
.44780700
.35250000
.67574800
.32933500
.96485300
.48713600
.61863700
.29705400
.93781000
.99504400
.81110600
.99455800
.16299100

0.15752000

.04590800
.83336000
.85098800
.11398000
.00631500
.46434800
.18167600
.71077700

2.96756600

.29815600
.77616100
.32240800

2.76620000
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.56840300

3.76889000

S55

.40466800
.40583100
.10314100
.11204200
.48928500
.53092300
.49715500
.39288200
.19547700
.21024200
.06759900
.60757800
.01961300
.59657400
.40593600
.05930000
.98335600
.26172100
.38980700
. 72761700
.95933000
.69071800



S17 Coordinates of the optimized geometries of molecule 3
S, geometry (A) (B3LYP/6-311G(d,p))

C -1.52448200  -4.34477700 0.79956800
C -2.16455700  -3.14409600 0.51334100
C -1.50611700 -1.91611500 0.66092600
C -0.17461800  -1.94874600 1.11618200
C 0.47269600 -3.15479600 1.36020000
C -0.18896300  -4.38286100 1.21809600
C -0.07244600 0.63039700 0.29035800
C -1.41185500 0.43517500  -0.09214400
C -1.98472500 1.39319000  -0.93988900
H -3.01285300 1.28462200  -1.25421400
C -1.25398400 2.48792500 -1.38796100
C 0.66507100 1.70431200  -0.19533200
H -2.07270800 -5.26851100 0.65795000
H -3.18933900 -3.16463100 0.17128300
H 1.49743200 -3.13066600 1.71213400
H -1.73758800 3.19483900 -2.05152600
H 1.69323500 1.81513800 0.12885300
N -2.14386100 -0.68412100 0.37552400
C 0.50288700 -5.66472000 1.50191400
C -0.18191800 -6.73974900 2.09130300
C 1.86047900  -5.83890400 1.18802700
C 0.46603300 -7.94381300 2.35468100
H -1.22427200 -6.62550000 2.36589600
C 2.50907000  -7.04194900 1.45448500
H 2.40802600 -5.03415100 0.71086300
C 1.81501300 -8.10093600 2.03852400
H -0.08227900  -8.75741700 2.81632200
H 3.55629100  -7.15457400 1.19693400
C 0.08994600 2.66610900 -1.03813600
C -3.568039200  -0.66253900 0.26421800
C -4.34746600  -0.26569700 1.40128500
C -4.20166600 -1.01612500 -0.91225500
C -5.77557600  -0.24543500 1.28397600
C -3.75709700 0.10799500 2.63757200
C -5.61023900 -0.99411100 -1.01968700
H -3.60028900  -1.31403200 -1.76324900
C -6.37870900 -0.61721900 0.05416500
C -6.55159000 0.14794200 2.40686000
C -4.53996300 0.48306000 3.70334000
H -2.67851300 0.09318000 2.72894300
H -6.07635000 -1.27693600 -1.95598800
H -7.46032600 -0.59884200 -0.02374300
C -5.94999700 0.50408500 3.58925900
H -7.63207300 0.16197900 2.31287100
H -4.07525200 0.76583400 4.64098700
H -6.55279000 0.80248700 4.43922100
C 0.87739700 3.82246000 -1.53326400
C 0.28357500 5.08514600 -1.69129800
C 2.23669100 3.68655400 -1.85845900
C 1.02062100 6.17003900 -2.15888500
H -0.75792900 5.22460100 -1.42536600
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.97443100
. 71538200
.37007300
.54152700
.02110000
.65619500
.31956600
. 94408900

. 77239500
.71811200
.01957800
.13679600
.64102000
.42541000
.03783400
.86457200

Scr_Naph geometry (A) (B3LYP/6-311G(d,p))

Q

T o@D D@D oo @D o@D o@D Q@O Q=2@Dn @D oDoDIoD oo

-1
-2

-1.

.60446300
.16275900
35875000
.04729200
.59797000
.20403800
.15004600
.26620200
.97993700
.05744900
.32806600
.79636000
.26114200
.23433800
.67538500
.91823700
.87829200
.96361300
.38596900
.25134300
.59386800

0.30489600

.17328600
.14573700

2.09100200

.50460300
.19676000
.07351200
.08292000
.41822100
.13918500
.04467500
.58552700
.53874000
.42781500
.44020600
.19496400
.33041400
.31967200
.45927700
.92093100
.27735700
.70443100
.41335100

.28781900
.09725500
.98524000
.15453800
.37231200
.45961100
.44184600
.35386500
.51303900
.46735100
.67238200
.62757700
.11673800
.99662600
.45219900

3.52655700

.65807300
. 79871900
. 74750500
.53825400
.20740500
. 74582300
.19592300
.41756500
.62929500
.19079100
.33671900
. 76048300
.76152900
.75970500
.36370700
.11940800
.33987900
.00051100
.08751100
.41227600
.70561900
.04883700
.38070100
.01229100
.36079300
.68396300
.40417800
.06777400

.32287100
. 76868700
.47626000
.26641300
.57371300
.52972200

2.24495700

.83882500

.17486200
. 77215300
.43123700
.52121200
.93037500
.26347700
.30752400
.31374300
.69599000
.71911800
.04567000
.66766300
.40546800

0.69965600
1.00802500
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1.35148500

.62708400
.03083000
.69309200
.66295700
.14384700
.07374100
.11787900
.55234800
.37373800
.51977500
.83132700
.10914700
.04419800
.02823000
.13376800
.24489600
.02841600
.36192900
.31856800
.09507300
.20643600
.16671100
.46987100
.45544200
.24562800
.27530100
.37182500
.09229700
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-3
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.83130100
.30741200
.77381200
.21494600
.00135000
.86565900
.72070900
.64795700
.44038000
.08373100
.42302900
.58957800
.18742100
.93564200
.58836000

©
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.65463700
.69712500
.01243500
.26356700
.97834000
.44058100
.31814000
.15634800
.02615800
.39202700
.39635700
.10896900
.88492900
.13286300
.30918900

SCT—Phen gEOMeELTY (A) (B3LYP/6-31 1G(d,p))

Q

T O ED oD o@D o@D o= oD oD DD oD aoaQIEm oo

-1.
-2.
-1.

60451100
16274500
35868700

.04730900
.59795200
.20408700
.15012600
.26611900
.97976400
.05727200
.32784200
.79650100
.26126100
.23432900
.67537600
.91799200
.87844400
.96353300
.38589000
.25135000
.59369800

0.30486100

.17321600

2.14555600
2.09079200

.50448600
.19674300
.07327700
.08314600
.41816000
.13941800
.04423400
.58578700
.53934200
.42735800
.43941700

.28756000
.09693900
.98498700
.15429000
.37217900
.45945500
.44207300
.35408200
.51321400
.46753400
.67251700
.62775000
.11641900
.99621300
.45215500
.52664000
.65817800
.79848300
. 74743600
.53822300
.20734500
. 74586100
.19586100
.41756800
.62919100
.19084700
.33680300
.76047800
.76168200
.75973300
.36385600
.11959800
.34026900
.00049600
.08793500
.41242400

.39905200
.22522400
.43066100
.12307500
.11210000
.48024300
.57940400
.47258300
.38574800
.15707500
.22466500
.00725100
.15192500
.83811700
.43773200

.17522800
. 77259200
.43169300
.52167400
.93063800
.26371300
.30703100
.31343600
.69600300
.71935700
.04571300
.66732300
.40585300

0.70014400

.00812900
.35172900
.62677300
.03119500
.69311700
.66300300
.14370900
.07361600
.11806200
.55205700
.37360300
.51947600
.83120100
.10873300
.04403800
.02816800
.13365700
.24493700
.02792800

2.36191900

.31899700
.09488500
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.19481600
.33099000
.32060200
.45989700
.92026500
.27719600
.70533900
.41391400
.83244200
.30861500
. 77409100
.21524100
.00167900
.86600700
. 72044600
.64834500
.44072900
.08413200
.42337500
.59001600
.18748500
.93550900
.58881100
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.70611100
.04834700
.38058800
.01209500
.36131600
.68462000
.40381300
.06711600
.65462700
.69666900
.01252900
.26368800
.97838200
.44067700
.31828800
.15636600
.02617300
.39207200
.39646900
.10892900
.88456000
.13296500
.30921000

Ter—phen geometry (A) (B3LYP/6-311G(d,p))

DT D Q@D o@D ooz @DnoDnoDIoDIDaoaaomn oo

-1.
-2
-1

62909600

.19002100
.40260300
.03912100
.59157100
.18506600
.12253200
.30434800
.00351100
.08075900
.34745900
.76971700
.28981400
.26750700
.67153500
.93384200
.84966100
.98392400
.41041300
. 34644300
. 77632300

0.22558000

.38741000
.33897800

2.395695000

.57253800
.38540100
.38370500

.29615400
.10405200
.97141400
.13907200
.36046200
.49353700
.46795900
.36619700
.51180400
.47925100
.65504400
.64093500
.11939800
.02402200
.41683700

3.48490700

.67703600
. 78322400
.77315100
.80465000
.06386300
.02443200
.63867000
.28413800
.33193300
.28183400
.78187500
.46813200

.20703200
.16605900
.46968600
.45570800
.24613100
.27621100
.37129600
.09142900
.39894300
.22452100
.43054400
.12302600
.11187300
.48018300
.57940900
.47234200
.38541400
.15692100
.22466500
.00691800
.15291000
.83770300
.43756100

.25990800
.90321300
.54841700
.63762500
.98445700
.28798500
.18910500
.25204100
.71785100
.79031600
.09684200
.58513800
.49258500

0.87508200

= W NOFLDNNEFEDNFRO
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.05362000
.46981500
.49726900
.12414200
.62707100
.24516400
.36193400
.58160900
.49074900
.69972300
.85851800
.31537100
.06135500
.47232700
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.07670600
.43527600
.17044500
.06060100
.59948100
.55887900
.47013400
.46601400
.21997400
.35759500
.32603900
.47966500
.95088900
.30226300
. 73744300
.43893900
.84745200
.32646800
.77712400
.15788500
.08745800
.81943200
.84079900
. 74722600
.58489400
.11864800
.32009000
. 75256300
.13342000
.01500900
.63262300

.75634200
. 74665600
.30216100
.14528400
.27826800
.11217000
.11778900
.47867700
.69352400
.16220500
.53136100

0.09479200
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.43340100
.67066500
.55789300
.17976000
.84477400
.89179700
.98250100
.24412500
.93999300
.40441500
.32194500
.10117200
.98558100
.34266200
.36204700
.03573200
.79343900
.23627100
.24691200

TerNaph geometry (A) (B3LYP/6-311G(d,p))

Q

Qaoa=z DD IoDIED Do oo

-1.
-2.
-1.
.04427700
.59476700
.20660600
.14711900
.26835400
.98138600
.05807400
.32957100
. 79338400
.26169000
.23493900
.67097100
.91849200
.87420400
.96633200
.38334200
.26726300

60612300
16425000
36091500

.29919100
.10916300
.99004500
.15181300
.36839500
.46242000
.44456300
.34946500
.50139500
.44945400
.66165300
.63167900
.13410500
.01412000
.44206700
.50981600
.66880300
.80201100
. 74880200
.54833600

.056156000

0.06171600

.19678100
.09354000
.09535000

2.40928500

.18155100
.93545300
.11173700
.21301700
.46980000
.49428800
.09941000
.17567900
.37264200
.13294100
.39030600
.21884600
.47298600
.37172900
.98978700
.76107200
.95885600
.37635600
.11622300
.26526100
.66283100
.77763300
.47158000
.57519600
.56998600

.13980200
.73499300
.41686400
.52993200
.94311800
.25493900
.29817100
.32755000
.73192000
.77360300
.07897600
.65425300
.35116800

0.64380800

.04104500
.40342600
.59405100

0.02096500

e

.68924900

2.64292100

S60
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.60427400

0.28868200

.19979800

2.15589100
2.11231400
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.50142600
.22351200
.09404000
.08056800
.42008700
.13199200
.05664300
.57897200
.52303700
.44070200
.45920100
.19868000
.31502300
.29546800
.44300900
.94139700
.28146800
.68083400
.39843300
.79984000
.27749300
. 77136900
.20105100
.00977800
.85126300
. 74351700
.65582500
.45808000
.08017800
.39964900
.60607800
.18300400
.93228800
.58442100
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.19843300
.75449100
.21397000
.40719600
.61340300
.18923200
.35227100
.74211700
. 75895900
. 75980400
.36100400
.12050000
.33414700
.00337800
.08540500
.41595100
.70042800
.05717200
.38633800
.01172100
.35898000
.67651400
.41286000
.07799800
.66025000
.70805600
.01143400
.26105700
.98031000
.43971600
.31319200
.15992600
.02903100
.39417700
.39441600
.11486600
.87197400
.13019000
7.

31256700

TLE Naph geometry (A) (B3LYP/6-311G(d,p))

Q

T QO oo

-1.
-2.
.46692200
.11708200
.51141400
.18526600
.01097200
.37139300
.97796700
.02448100
.25774000
.71239300
.11309800

-1

53789000
16222900

.30618900
.09231100
.88010200
.93893300
.15881400
.37176500
.64111500
.46964700
.44510800
.35554100
.53420900
.71165100
.21788200

= WNOF WWE

.16075700
.05828300
.08189600
.567371700
.40308600
.52500800
.80331500
.14652300
.05127600
.02669700
.13998500
.23863000
.04526100

2.36412500

S61

.30151800
.09279700
.18544400
.18742200
.47638500
.45092300
.22450500
.24645000
.38835500
.12012300
.40177500
.24533700
.43292100
.14074200
.09445900
.49344100
.61244700
.45073200
.35600500
.15058200
.24983000
.97011200
.19306700
.84686500
.42789800

.89231600
.62821900
.73509500
.12406100
.34803500
.24796500
.29152800
.02035900
.82352100
.08040600
.30135900
.22208800
. 78407200



H -3.20301900 -3.09061400 0.33482200
H 1.55219400 -3.15746900 1.65028900
H -1.76684800 3.25527800  -1.92958200
H 1.75782500 1.80699400 0.04714900
N -2.10006100 -0.63956100 0.47488300
C 0.48916300 -5.66753400 1.50998400
C -0.19018500 -6.71927000 2.14584400
C 1.82394800 -5.87851700 1.12831200
C 0.44099000  -7.93648000 2.38875300
H -1.21379800 -6.57627500 2.47258400
C 2.45590000  -7.09474500 1.37413500
H 2.36543300 -5.09235900 0.61463900
C 1.76743900 -8.13031800 2.00491600
H -0.102256300 -8.73157000 2.88718500
H 3.48524800  -7.23599600 1.06399200
C 0.10566800 2.68949500 -1.02361000
C -3.52623100 -0.63335600 0.31933300
C -4.34655000 -0.27438700 1.42480900
C -4.11075300  -1.00202500  -0.96428600
C -5.77938000  -0.28269800 1.24465200
C -3.82069000 0.08832500 2.67995800
C -5.46210500 -1.00534100 -1.11762500
H -3.44686500 -1.27083900 -1.77678700
C -6.31803600 -0.64453600 -0.01500700
C -6.59749000 0.07251900 2.33469700
C -4.68226400 0.44630900 3.77695500
H -2.74755200 0.09819600 2.81929700
H -5.90863600 -1.27889400 -2.06626600
H -7.39332600 -0.64947500 -0.14828900
C -6.03653900 0.43882000 3.60888600
H -7.67409700 0.06889800 2.20748600
H -4.23875200 0.71861700 4.72713900
H -6.70120600 0.70516500 4.42210800
C 0.88187000 3.83955900 -1.55015300
C 0.30005100 5.11276400 -1.66122200
C 2.21827800 3.68659400 -1.95330600
C 1.02651600 6.19145200 -2.15876300
H -0.72245700 5.26496100 -1.33526700
C 2.94555100 4.76614500  -2.44789400
H 2.68589900 2.71001800 -1.90062900
C 2.35324000 6.02398100 -2.55395200
H 0.55746400 7.16653000  -2.22899200
H 3.97410200 4.62167000 -2.75920500
S 0.77062900 -0.43363400 1.48168900
H 2.25900900 -9.07746700 2.19531600
H 2.91905500 6.86412000 -2.93995700

S18 Coordinates of the optimized geometries of molecule 4

Sy geometry (A) (B3LYP/6-311G(d,p))

C -1.523566100  -4.34570800 0.79020500
C -2.16501700  -3.14611400 0.50232300
C -1.50963300 -1.91711100 0.65648500

S62



mMmunI@oD @D Q@D OO oo @m @D D@D @D oo oo acoao@m D Q@D oo aoa=EonoDnoDoDIDaoaaaEDn oo

.18184100
.46710000
.19062400
.07948600
.41611900
.98501700
.01117100
.25273900
.65981200
.06838600
.18781300
.48963900
. 73290900
.68584300
.14957500
.50275100
.18280200
.86246100

0.46660300

.22696200

2.51244900
2.41068600

.81768900
.08228100
.56134200
.08868500
.58375200
.35414500
.20577500
.78174100
.76914800
.61265300
.60884700
.35491600
.56813700
.55481000
.69086100
.10282500
.96408900
.64599900
.09108700
.56752000
.87779700
.28353900
.23898800
.02213900
.75959100
. 97822500
.71809900
.37347300
.54272200
.02639600
.64267800
. 70557300
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.94670100
.15151600
.38089300
.63190900
.43467800
.38931700
.27950300
.48372700
.70558700
.27063100
.16921600
.12545200
.18831200
.81842300
.68501700
.66153300
.73900800
.83187300
.94187600
.62768400
.03375600
.02508600
.09523700
. 75748800
.14350800
.66437500
.66406700
.26867300
.01612900
.24536400
.10438300
.99667700
.31364600
.61938200
.14365200
.47756100
.09011900
.27334400
.49808500
.15610500
. 75949700
.79494200
.82043500
.08209300
.68504600
.16666300
.22107800
. 77055700
.71728100
.01676900
.13269800
.63966700
.42146800
.59653900

.11938100
.36546000
.21706700
.29320900
.09707500
.95083900
.27113400
.39731100
.19044400
.64349500

0.15454400
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.72353500
.06579100
.13969500
.36998700
.50289700
.08684600
.19629100
.35209700
.35572000
.46456400
.72336300
.04319600
.80948000
.21265600
.03929800
.25685900
.39346900
.91935700
.28611300

2.63151200
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.03521600
. 77281400
.04768300
.40004900
.69613500
. 72389600
.95955300
.58187500
.30290000
.63431900
.43154400
.53258000
.69678500
.84980800
.16266300
.43705900
.31260300
.75514000
.47217000
.27507200
.55732500
.53838300
.05129300



2.
2.

32334800
94867100

-9.
6.

03122300
86150500

Scr—Naph geometry (A) (B3LYP/6-311G(d,p))

Q
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-1.
-2.
-1.

60582700
16488600
36145500

.04468100
.59611400
.20521900
.14712600
.26912100
.98241200
.05996100
.33002600
. 79394500
.26231700
.23675500
.67365700
.92006600
.87588100
.96562500
.38523300
.25065800
.59217500

0.30609300

.17177500
. 14448500

2.08810800

.50479400
.19437900
.07144000
.08104500
.41930700
.14097400
.04166900
.58643000
.54663300
.42534400
.44011600
.15441500
.34917400
.33614800
.46806400
.94596300
. 71859100
.42830700
.85094400
.32252000
.77216600
.21325900
.00010200
.86439400
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.28823300
.09877900
.98797400
.15679800
.37374500
.46025500
.43966200
.35205300
.51226300
.46896500
.67218600
.62597500
.11620800
.99998900
.45330200
.52731700
.65572700
.80233500
. 74744800
.53649600
.20832700
. 74346800
.19333100
.41792700
.63154700
.18949000
.33308400
.76173100
.76099200
. 76482800
.36479100
.12902600
.33980100
.00467100
.10150400
.42449500
.71398000
.05028900
.38858000
.00620200
.37251000
.41028800
.06649600
.66667900
.70610800
.01260400
.26310000
.97976000
.44078400

.25105200
.83346000

.17780100
.77288700
.42735400
.51629400
.92713900
.26389900
.31226700
.31901400
.69837300
.72174000
.04514300
.66984900
.41216300

0.70306200

.00309700
.34843000
.62935300
.02241800
.69472500
.66691000
.14419100
.07868900
.12286900
.55367200
.37231500
.52338800
.83804000
.10946300
.04366400
.03982800
.12241600
.25314600
.02497500

2.34964800

.33472500
.10343600
.21206900
.15071200
.45492600
.44672200
.24472700
.35423900
.06980500
.38421600
.20571000
.42711800
.11701100
.10790700
.47112700
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. 72266700
.64706300
.43916900
.08283400
.42180800
.58897200
.18428000
.53121000
.93618300

2.58778000

.31666800
.15845900
.02813400
.39350800
.39605400
.11214600
.88851600
.69136600
.13114400
.31121000

ScT—phen geometry (A) (B3LYP/6-311G(d,p))

Q
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-1.
-2.
-1.

60591300
16498600
36157100

.04456200
.59601700
.20529800
.14701600
.26922900
.98250800
.06006900
.33011500
. 79384800
.26244400
.23687000
.67358500
.92018700
.87580300
.96575700
.38518000
.25048000
.59191600

0.30629400

.17143300

2.14425600
2.08767800

.50479500
.19401500
.07105600
.08096200
.41944300
.14077400
.04215900
.58627300
.54610300
.42583300
.44079000
.15458400
. 34869300
.33529800
.46751100
.94673300

.28826100
.09869500
.98792100
.15687200
.37396500
.46045000
.43956700
.35207100
.51228300
.46905500
.67212700
.62578800
.11617700
.99980200
.45364200
.52725500
.65541700
.80221000
. 74778600
.53701600
.20863600
. 74413400
.19390700
.41837500
.63173700
.19012300
.33388600
.76213300
.76083300
. 76454800
.36427900
.12881300
.33914900
.00525900
.10116600
.42446000
.71340100
.05117600
.38941000
.00571400
.37222700

.57371600
.46538700
.38341800
.14738700
.21362400
.99962600
.14236800
.30733100
.84247500
.42567800

.17799500
. 77342300
.42778600
.51628100
.92670000
.26356800
.31229300
.31871000
.69805900
.72121100
.04508100
.67018900
.41245800

0.70393600

.00220700
.34831900
.63001700
.02301800
.69391600
.66610100
.14291500
.07742800
.12243100
.55194700
.37101700
.52166900
.83678000
.10737800
.04393100
.03885700
.12353200
.25195400
.02640100

2.35053700

S65

.33323800
.10231800
.21041100
.15231600
.45599200
.44736300
.24305800
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.71776100
.42784400
.84981300
.32146900
. 77208300

0.21335300
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.99982600
.86447900
. 72242100
.64677600
.43876200
.08273300
.42201400
.58853500
.18418400
.53139000
.93620700

2.58767400
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.41124800
.06750100
.66757100
.70724200
.01235400
.26290700
.97938900
.44052900
.31658700
.15802200
.02772500
.39313300
.39583600
.11159600
.88859000
.69065400
.13188500
.31078000

Ter—phen geometry (A) (B3LYP/6-311G(d,p))

Q
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1.
-2
-1

63057600

.19309600
.40480300
.02811600
.57975100
.19986900
.13044900
.31179400
.00931100
.08866200
.35444200
. 77646500
.28733600
.26903100
.65770900
. 94492800
.85769600
.98816200
.39916400
.33911400
.73781900

0.23081700

.36113600
.30239700

2.33358400

.55556600
.36195700
.32906900
.08582400
.43679400
.17148700
.06915100
.60023600

.30987700
.11731900
.97545200
.13147100
.35389400
.48278200
.47656400
.38192200
.54495800
.52539000
.68828200
.64329000
.14751300
.05079600
.40868500
.52707000
.66795700
. 77858100
.76416000
.73941700
.08486900
.95268000
.53432100
.29800100
.38709200
.24493600
.67316300
.51354900
LT7776700
. 73934400
.34081000
.08756900
.31006000

.35561100
.07169400
.38511200
.20718400
.42764700
.11746300
.10877100
.47181300
.57391600
.46649300
.38436600
.14839900
.21423700
.00098500
.14239300
.30538000
.84040600
.42688000

.17523700
.80373400
.49350700
.61564900
.98427700
.26541700
.21822900
.25988400
.68629200
.73160900
.06204400
.61468400
.36773400

0.73026500
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.08295400
.40542100
.54266500
.09582200
.64085600
.35139700
.31315800
.71912800
.64467900
.68243900
.73713100
.38996900
.27226500
.40705800
.05721700
.03937100
.19309300
.12817600
.10914300
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.56024100
.47733400
.48242700
.19694600
.36407400
.32540700
.48088000
.98569500
. 73656300
44330900
.84367100
.32262100
. 78387700
.13901500
.12863800
.80304700
.88378900
. 78755100
.65423400
.13225700
.28069100
.81623700
.13152800
.54758200
.99735500

2.64739600

.02696600
.05971200
.38613300
.67932200
.08190500
.40288200
.00885000
.33225400
.43115000
.10055200
.68103000
.73020900
.99264800
.25116600
.96295700
.40750200
.33034600
.12041900
.01764900
.35513900
.35757500
.05940400
.79156500
.64851500
.19273000
.25707200

Tcr—Naph geOmetry (A) (B3LYP/6-31 1G(d,p))

Q

T O@D O aca=@D oD @D IoD oD aoaQIED oo

-1.
-2.
.46954100
.12220500
.50730000
.18636400
.01720800
.37684300
.98301400
.03017200
.26150900
. 70704000
.10823500
.19938600
.54633800
. 77014500
.75192600
.10454900
.48882300
.19294300
.82643500

-1

53626000
16115100

0.43888300

.21898100

2.45893300

.36984500

.29208300
.07852600
.86570700
.92231500
.14177000
.35558900
.65800000
.48764100
.46655900
.38220900
.55644400
. 72972800
.20467400
.07903900
.13946500
.28033600
.82449500
.62425500
.65091800
.70555900
.85817900
.92227100
.56533300
.07398400
.06954400

.41975600
.21780700
.98785600
.12009600
.23771300
.49803200
.49920800
.13324400
.40846500
.15994900
.42801000
.26928200
.48224500
.47188800
.92004800
.86466800
.12501200
.31170500
.98189600
.28770400
.83451700
.64995000
.44019900
.19411300
.67453000
.59695700

.87065700
.60645200
. 72538000
.12153100
.34548200
.23679400
.28971600
.02581000
.82454900
.08039500
.29902200
.22013700
.75371500

0.30394200

1
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S67

.65355800
.92428900
.05128800
.46696100
.49937100
.12765600
.12585800
.37133600
.44791600
.37231900
.61805900
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.76817400
.10613400
.49053300
.10177600
.52829800
.35260500
.10430700
. 78567300
.83227000
.45407100
.43925500
.28095600
.61768200
.70001900
. 75939600
.92577300
.05436000
.69166900
.26097200
. 72082300
.87938500
.29907900
.21559800
.02704100
. 72326700
. 94429400
.68192600
.35357000
.55931200
.97268300
.76181900
.62157400
.26021300
.92051300

.11252000
.71977800
.21254100
.70951400
.62369300
.31019500
.96322000
.33229300
.02574800
.98477600
.20125000
.66694800
.02386500
.33673200
.05165000
.23516800
.31284400
.04040000
.58815000
.54491400
.86032100
.13449400
.70670200
.21375800
.28700600
.78681300
.72936100
.04570100
.18966900
.64199500
.41599300
.69386800
.05931100
.88629300

TiLENaph geometry (A) (B3LYP/6-311G(d,p))

Q
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-1.

-2
-1

62981300

.19145000
.40484700
.03740000
.59054200
.18526700
.11957400
.30674000
.00565300
.08269800
.34950300
. 76693900
.29006400
.26903300
.67057200
.93560500
.84672000

.29606500
.10447400
.97207200
.13884000
.35994100
.49305200
.46786100
.36549700
.50956200
.47673600
.65291000
.64099900
.11914000
.02550600
.41573600

3.48191200

.67776200

.995665900

2.86390400

.06855400
.02035600

0.30816100

.42560100
.98835100
.25715700

2.68980700

.14539900
.80837700
.02017200
.34696500
.79526200
.82649200
.08706800
.62837700
.21757700
.75307100
.45041500
.54331100
.65047900
.94667000
.14455300
.32418000
.43792900
.89680300
.54012700
.21180400
. 74957600
.48218700
.20745900
.18660100
.92347300

.26369600
.90631900
.54992900
.63865600
.98567200
.29019000
.18892600
.25434400
.72336000
.79843600
.10246600
.58515900
.49810600

0.87928900

.05420600
47777200
.49563800



N -1.98660800  -0.78457500 0.12228200
C 0.41075300  -5.77238400 1.62894100
C -0.34551900 -6.80410300 2.24736100
C 1.77667200 -6.06252900 1.36321000
C 0.22714600 -8.02360800 2.58372300
H -1.38647600 -6.63861100 2.49324000
C 2.33993600  -7.28250400 1.70091800
H 2.39577000  -5.33042300 0.85941700
C 1.57408600 -8.28040200 2.31699200
H -0.38332600 -8.78129500 3.06370400
H 3.38462700  -7.46614800 1.47313100
C 0.07414800 2.75509300 -1.05415300
C -3.43566400  -0.74937700 0.05732500
C -4.17487200 -0.30318800 1.19018000
C -4.06120200 -1.15070200 -1.09664900
C -5.60323600 -0.27672500 1.09760200
C -3.56955400 0.11465200 2.40363500
C -5.46874500 -1.12720800 -1.19405200
H -3.47015900  -1.48625700  -1.93952200
C -6.19367100  -0.69906000 -0.11733900
C -6.37268000 0.16241900 2.20486600
C -4.34032700 0.53501900 3.46140500
H -2.49071400 0.09856600 2.49048700
H -5.97267300  -1.439256800 -2.09928400
C -5.75097100 0.56027800 3.36307000
H -7.45148700 0.17765300 2.12093700
H -3.86340100 0.85064300 4.38181300
H -6.34131700 0.89513000 4.20761200
C 0.77468700 3.98142800 -1.47591900
C 0.15577000 5.24293700 -1.37363600
C 2.08436300 3.93839600  -1.99386400
C 0.81728600 6.40318200 -1.76327800
H -0.84255500 5.32072700 -0.95986300
C 2.74415000 5.09951200 -2.38078400
H 2.58124900 2.98377300 -2.12088500
C 2.11597100 6.34104500 -2.26869900
H 0.31837100 7.36094900 -1.66435200
H 3.74908200 5.03394300 -2.78301900
S 1.13044000  -0.79250300 0.47340600
F -7.54366700 -0.67144300 -0.19948500
H 2.01704700  -9.23463300 2.57672200
H 2.62992500 7.24522900 -2.57366100

S19 Coordinates of the optimized geometries of molecule 5
S, geometry (A) (B3LYP/6-311G(d,p))

N -4.94538600 0.26004500 0.07570100
N 4.94547900 0.25983700 -0.07582500
0 -0.00064400  -4.17885400 0.00005300
0 0.00014400 4.31651700 0.00022000
C 0.02019000  -2.18293300 1.26947300
C 0.03992500  -2.90120100 2.47826900
H 0.03949100  -3.98255500 2.42266800

S69
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.05872600
.07382700
.05798300
.03896000
.03875400
.01992900
.00004800
.01990500
.02061400
.00037000
.04049300
.04039600
.05900000
.07421200
.05780100
.03863100
.03805700
.28962900
.51136000
.50265700
. 74524800
.69043900
.59868700
.47953200
.44110900
.25643900
.00010900
.25662100
.28974200
.51144500
.50267700
. 74536000
.69061700
.59890500
.47974900
.44136600
.01791900
.97114500
.24465600
.91469400
.96370800
.99252300
. 71886800
.22274600
.91483000
.10063100
.82760600
.16794500
. 78853100
.99797800
.01798200
.97128700
.24482600
.91451500
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.23950100
.79789300
.83995900
.12492200
.95824600
.78180600
.06304700
.78181100
.18293000
.95442800
.90121400
.98256500
.23952500
.79791300
.83997800
.12493400
.95823400
.91272400
.24640800
.83364600
.93308100
.35345200
.93894200
.00684400
.08943100
.31448500
.08487200
.31442100
.91266700
.24628700
.83376600
.93290500
.35328000
.93871500
.00673100
.08932000
.19706500
.43775700
.54456600
.93390900
.72814400
.01388000
.62983200
.96054900
.27899100
.80970900
.41741200
.11811800
.91212100
.56562600
.19726500
.43796200
.54471600
.93418700

S70

.69211100
.62089300
.70928200
.52126800
.54880700
.28325800
.00003200
.28317700
.26938700
.00004900
.47817600
.42254500
.69202200
.62080600
.70920700
.52120700
.54875400
.01919400
.04175500
.06062800
.06007000
.05995000
.05671700
.04365600
.03879500
.02159700
.00012200
.02146900
.01912700
.04174400
.06064000
.06009400
.05993600
.05673600
.04355300
.03862300
.04016400
.51831100
. 72868100
.30037100
. 79568800
.14597200
.97571000
.21284000
.71451100
.88864800
.11983400
.63594500
.95107700
. 78345200
.04009700
.51808300
. 72876800
.30038700
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.96378200
.99154600
.71905200
.22283400
.10059400
.91478200
.82802700
.16875400
. 78917700
.99804400
.07251200
.07210400

Scr geometry (A) (B3LYP/6-311G(d,p))

=
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.01067100

4.80229500

.30641300
.26114100
.46346800
.61467100
.97592700
.30680200
.42981400
.16658500
.31603300
.67640300
.00970200
.09422100
.04544100
.42933000
.79000800
.54563100
.90852700
.20256900
.29893600
.27277900
.38770900
. 75036600
.39993700
.58820900
.52672000
.85255000
.86961200
.80480600
.69418700
.70002200
.43870600
.23123000
.06565600
.14413000
.39491200
.44531200
.59354400
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.72779200
.01419300
.63076800
.96029200
.80951800
.27876700
.41701300
.11809900
.91123700
.56522300
.30811000
.30813700

.05067000
.49836400
.99272500
.31173500
.15752100
.86338200
.88212800
.28092000
.84943200
.96508900
.25321400
. 76934300
.82296700
.04458700
.80712400
.14200900
.83279300
.83325000
.85253600
.23666500
.79444500
.92087100
.22323800
.79914000
.84603600
.13553700
.94166000
. 77228800
.20157000
.74185900
.90344600
.98633100
.25544800
.08264000
.35862300
.95367400
.36016600
.71582000
.12021800

.79592000
.14584300
.97559400
.21318900
.88887900
.71510300
.11938000
.63547600
.95048300
. 78308400
.65404700
.65398100

.08498200
.05979600
.04673200
.00594300
.22026700
.43953000
.37206200
.65659500
.57332000
.70819800
.51453500
.55678400
.28080100
.00223900
.29803800
.26673300
.03221600
.49809600
.45283400
.69900900
.62545900
.72122100
.51563700
.53569100
.01911000
.04090700
.05463700
.06592900
.06807500
.06934900
.04626000
.04034000
.02188100
.00264600
.02255900
.01512000
.02593000
.03297400
.05085000
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.48839200
.37043800
.25165600
.14323000
.01941300
.96126300
.22817400
.89202800
.94728300
.93230900
. 70750300
.32650000
.97441000
.24603700
.95057500
.33335400
.93919200
.06798800
.93849100
.90109000
.17417100
.87783800
.91548600
.00423400
.66986900
.06645000
.91535100
. 76677900
.64053700
.96545200
.59445800
.81661800
.41046900
.54494800

Ter geometry (A) (B3LYP/6-311G(d,p))
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.90575700
.94209500
.21443400
.05268200
.06703900
.07211800
.13812100
.00318400
.00678700
.09157200
.09935000
.17080200
.02167400
.01700600
.01505100
.10289600
. 14494200

.54825400
.17072900
.13050600
.20743800
.41569300
.69480700
.73441500
.11871400
.87458000
.20167300
.83231500
.68599600
.02978200
.54767700
.08733200
.82152000
.52383100
.21942800
.96679400
.14848200
. 34480200
.68316600
.52991100
.75518500
.33776100
.23923100
.09502400
.57489200
.67373700
.35805300
.18177700
.81329300
.49805400
.44313900

.31121600
.22919900
.21599700
.32657100
.20157000
.91456400
.99458500
.25277900
.81955500
.85603100
.14562800
.93677300
.78920900
.06429500
.78807300
.20055900
.92902000
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.06444300
.06850300
.04661800
.04565500
.01482100
.49248400
.69349000
.34036800
.82902600
.20017500
.00957500
.21965400
.73024400
.88344200
.12116600
.64283200
.95646600
. 77439300
.05756600
.53818900
.73330700
.29518000
. 78474000
.13457200
.96393600
.18845900
.84480200
.69698800
.16444300
.68124500
.00718800
.81310000
.65519900
.65509100

.07315400
.07608700
.00258600
.00431800
.25167300
.47834600
.43527500
.68982700
.61506100
. 72299100
.52356000
.55153700
.28881900
.00105000
.28702500
.24879600
.00193300



[==je =R a R @ N« s« s B @ N« = Ji = = Ji = s 1@ [ = = i« = B @ Wit = = i = s = s Y @ Wi = = i = = B @ i = s i« s Ji = s B @ Wi = = i« s B @ N == B @ N = - B @ M@ == B O o o o o l--No "o oI oo N:"-Reo Mo l:-ReoN=-RNe]

D N OO OO O W OO,

.14296500
.20788200
.10184400
.13816000
.01461000
.02729000
.09766800
.25550100
.48024400
.47716400
.70947500
.65184600
.55726300
.43885900
.38753500
.21987500
.04071500
.28911500
.30223100
.51557900
.49300900
. 75548000
.72081000
.63611500
.51927800
.48619400
.98819100
.94209200
.21251400
.89874200
. 94406500
.99203700
.70017000
.18630800
.87559000
.06371000
. 77979300
.11986600
. 74380100
.94118000
.00161100
.95284600
.22194800
.89705400
.94535500
.97170400
.70296300
.23306300
.12218300
.91011100
.83802200
.19106500
.80919500
.98792100

O O N WNP>»WNDDNO

|
BN NN O O

L I T
N = = = = =

O, NP, P, O KL -

.91225800
.99227200
.24931500
.81517200
.85250100
.14329100
.93915800
.92828100
.27465400
.80483800
.97628800
.40160400
.99067100
.04197900
.12375200
.33255200
.09588200
.31034200
.90469500
.23088600
.84846700
.91144100
.33831000
.91198400
.99976100
.08220300
.15085400
.38082300
.50644800
.86883500
.67467800
.94763200
.54662500
.01416400
.33282900
.86899900
.45262100
.15263700
.94264500
.59386700
.23389400
.48049500
.57819200
.94766500
.73523800
.02834600
.63830100
.91235000
.76954100
.22100000
.34023100
.05024800
.81503000
.47852600
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.47561100
.43185500
.68804800
.61318700
. 72234200
.52286400
.55180400
.01902200
.03814900
.056322200
.05880400
.06247500
.06141500
.04537700
.04154000
.02319400
.00333600
.01820700
.01640500
.03787500
.05466100
.05914700
.05994600
.05894800
.04026800
.03434200
.03453400
.51475000
.71341800
.31662200
.80836800
.16880000
.98637200
.20181500
.70570900
.86822100
.14180500
.65789500
.98143300
. 79779400
.02824200
.50550300
.70855700
.32411500
.81416000
.17906700
.99454600
.20769600
.87313800
. 71459500
.13415700
.65308700
.97109600
.78904500



0.15269200 -0.32797300 4.66745800
0.01940200  -0.32346800 -4.66763000
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S20 Frequencies of all geometries of molecule 5 computed at (B3LYP/6-311G(d,p))

level of theory
molecule-3

a)SO a)SCT wTCT
11.11 14.76 10.52
21.63 25.21 12.58
29.42 25.94 28.70
29.94 31.69 29.15
35.18 36.08 35.76
56.08 53.84 56.08
56.99 56.94 56.57
57.97 62.22 61.71
61.75 65.73 63.96
75.78 75.10 75.59
84.56 84.64 85.51
87.90 89.31 87.70
100.00 104.49 105.19
114.30 114.66 114.21
115.03 120.35 118.26
119.56 127.69 125.72
125.31 135.51 127.73

129.69 148.26 140.86
169.35 165.40 168.10
181.89 185.63 181.53

202.23 197.04 202.03
215.80 209.24 214.49
217.02 215.16 216.85
218.03 219.45 218.76
221.43 219.57 222.30
237.63 239.03 236.67
241.93 241.80 237.08
260.18 259.51 258.69
270.76 276.61 273.06
281.50 281.11 276.97

287.68 287.65 284.65
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molecule-3

s, @scr Orcr

295.90 288.70 291.84
307.18 310.66 308.70
341.21 322.72 320.12
343.17 341.42 341.86
343.53 343.62 342.16
350.28 345.69 346.53
370.33 369.36 372.25
377.28 383.23 377.35
414.67 395.77 383.44
424.85 427.66 424.08
426.98 431.14 430.42
427.37 440.68 434.78
460.21 452.28 453.51
461.59 466.80 460.80
469.94 474.52 473.21
481.99 485.58 482.87
484.10 486.58 483.53
507.42 513.72 504.94
527.91 535.51 528.47
540.81 545.38 537.47
545.30 555.04 547.85
559.36 566.01 550.78
582.04 579.48 575.26
584.11 582.02 577.34
586.10 590.17 586.32
642.56 626.34 587.65
644.66 636.70 631.97
645.50 641.12 634.14
654.33 648.99 647.44
680.46 649.89 649.30
682.38 666.59 672.76
697.33 676.89 676.43
711.03 698.12 696.35
712.40 707.01 708.25
725.66 712.80 712.14
744.63 741.85 739.47
751.65 744.88 744.06
774.03 747.21 748.47
782.62 757.15 759.56
787.08 772.55 770.21
788.69 780.72 770.74
793.32 788.58 785.56
795.43 794.57 793.02
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molecule-3

wSO wSCT wrCT
797.06 798.81 798.23
801.10 804.07 799.21
821.46 808.49 802.96
831.47 824.69 817.45
841.32 828.12 827.15
852.28 852.00 849.26
855.70 872.43 864.00
863.63 875.29 866.07
889.03 882.39 867.76
903.64 887.81 879.48
916.89 900.39 896.83
917.57 900.66 912.67
928.35 914.80 921.94
930.27 930.30 925.14
941.70 931.40 932.03
944.09 932.71 932.32
946.20 932.95 940.50
953.09 936.73 941.61
991.49 947.20 944.64
991.84 950.93 948.43
998.84 987.78 981.60
1000.02 990.75 982.11
1001.89 996.70 997.50
1014.89 1006.23 1002.96
1015.47 1012.74 1005.59
1021.86 1015.27 1016.15
1038.48 1029.56 1032.55
1058.13 1049.31 1047.46
1067.28 1053.89 1059.84
1085.34 1071.94 1080.99
1085.35 1076.30 1081.22
1094.85 1082.04 1086.23
1094.98 1089.40 1087.58
1104.16 1098.58 1098.64
1112.28 1101.91 1103.64
1112.44 1108.80 1110.47
1112.85 1111.46 1110.84
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molecule-3

s, Oscr Oy

1121.77 1119.53 1124.26
1135.01 1123.30 1128.19
1171.05 1130.28 1157.38
1172.05 1155.64 1157.90
1175.32 1167.22 1167.10
1180.87 1173.17 1174.01
1190.38 1175.21 1174.19
1192.72 1177.06 1175.97
1195.81 1187.96 1185.40
1202.57 1198.88 1195.58
1218.12 1200.32 1205.41
1218.29 1210.28 1209.86
1219.59 1212.65 1212.50
1231.41 1221.78 1227.91
1268.56 1256.84 1272.68
1283.55 1260.59 1273.57
1294.02 1278.78 1279.65
1299.94 1279.50 1289.71
1302.90 1288.02 1291.33
1314.16 1291.13 1295.32
1316.67 1315.05 1314.95
1319.69 1317.29 1315.95
1330.96 1320.75 1317.79
1340.24 1322.90 1323.43
1343.52 1327.94 1324.52
1353.64 1335.10 1333.46
1358.07 1362.07 1343.36
1364.23 1370.43 1360.71
1381.47 1373.05 1368.75
1382.64 1378.44 1377.69
1394.32 1381.12 1379.57
1395.36 1387.41 1385.46
1408.53 1410.06 1390.29
1408.56 1412.13 1408.75
1411.18 1412.57 1409.05
1411.22 1414.30 1411.51
1429.87 1422.50 1412.07
1434.77 1434.58 1428.87
1466.45 1437.75 1432.29
1467.09 1455.72 1445.42
1475.71 1466.58 1462.30
1479.05 1477.35 1463.33
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molecule-3

(O Wsr Orer

1489.22 1485.70 1469.84
1489.23 1485.82 1485.17
1490.79 1488.30 1488.81
1490.87 1489.34 1489.19
1493.10 1489.72 1490.21
1493.43 1490.64 1490.41
1498.94 1493.10 1492.93
1499.07 1493.52 1493.28
1505.12 1497.94 1498.56
1511.63 1498.44 1498.68
1511.78 1513.55 1509.23
1514.66 1515.48 1512.98
1525.56 1516.41 1513.75
1526.65 1525.13 1522.72
1543.24 1531.64 1527.42
1548.11 1538.91 1537.23
1574.72 1541.27 1538.88
1582.69 1546.01 1551.50
1602.91 1554.92 1557.24
1620.18 1560.90 1564.41
1631.42 1585.61 1578.63
1638.45 1587.06 1598.62
1640.00 1614.42 1621.62
1640.32 1628.43 1625.04
1688.32 1636.77 1626.02
1712.85 1688.94 1685.05
3029.52 3034.72 3034.40
3029.55 3035.60 3034.78
3030.18 3042.64 3035.19
3030.21 3043.40 3035.47
3039.25 3055.80 3052.59
3039.27 3061.52 3052.89
3048.00 3072.61 3059.14
3048.16 3078.39 3059.71
3073.65 3090.35 3088.68
3073.65 3093.27 3089.12
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molecule-3

wSO wSCT wrCT

3076.24 3103.90 3090.95
3076.25 3107.23 3091.70
3094.30 3108.39 3103.10
3094.32 3109.68 3103.37
3094.81 3114.08 3105.52
3094.85 3116.34 3106.29
3107.01 3119.24 3113.84
3107.03 3126.60 3114.29
3109.15 3129.31 3117.72
3109.23 3138.07 3118.31
3167.63 3148.19 3154.75
3167.69 3148.70 3154.79
3180.49 3157.28 3161.35
3180.65 3157.91 3161.55
3189.96 3179.99 3181.99
3190.35 3180.33 3182.08
3191.17 3191.31 3193.26
3191.37 3192.21 3193.54
3201.60 3195.98 3195.78
3202.03 3204.68 3196.00
3210.56 3220.31 3217.66
3211.01 3227.03 3218.00
3212.00 3230.60 3220.26
3212.31 3249.25 3221.29
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