Electronic Supplementary Material (ESI) for Physical Chemistry Chemical Physics.
This journal is © the Owner Societies 2017

Electronic Supplementary Information

Structure-dependent luminescence of tetra-(4-

pyridylphenyl)ethylene: a first-principles study
Ziye Wu,? Guozhen Zhang,* Edward Sharman,® Peng Cui? and Jun Jiang?®*

aSchool of Chemistry and Materials Science, Hefei National Laboratory for Physical
Sciences at the Microscale, University of Science and Technology of China (USTC),

Hefei, 230026, China

bDepartment of Neurology, University of California, Irvine, California 92697, USA

*Corresponding author email: jiangj1(@ustc.edu.cn



S1. Comparison of geometry

Table S1. A comparison of calculated geometry of TPPE with the experiment.“

Cal. Exp.
Bond lengths (angstrom)
C1-C2 1.367 1.352
C2-C3 1.493 1.480-1.498
C3-C4/C3-C8 1.406 1.387-1.403
C4-C5/C7-C8 1.391 1.368-1.387
C5-C6/C6-C7 1.405 1.387-1.402
C6-C9 1.482 1.478-1.491
C9-C10/C9-C13 1.404 1.371-1.393
C10-C11/C12-C13 1.393 1.374-1.393
CI11-N1/C12-N1 1.341 1.311-1.339
Dihedral Angles (degree)
C14-C1-C2-C3 (B) 12.8 5.6
C1-C2-C3-C4 (o) 49.9,50.0 50.7-57.3
C5-C6-C9-C10 33.3-33.9 21.9-32.2

4 Selected bond lengths and dihedral angles of the B3LYP/6-31G(d) equilibrium geometry in

comparison to experimental data.!

As shown in Table S1, the differences between computational and experimental
bond lengths are all less than 0.02 A which are very consistent. In the case of dihedral

angle, the computational values of C1-C2-C3-C4 and C5-C6-C9-C10 are closed to that



in experiment, but the value of C14-C1-C2-C3 is larger than experiment because the
molecular structure measured in experiment is in solid state which would reduce the
planarity of TPPE due to the molecular stacking. In general, the calculated geometry of

TPPE is consistent with the experimental result.



S2. Emission wavelength

Table S2. The emission wavelength of TPPE with o and B varying from 0° to 80°

calculated at B3LYP/6-31G(d) level.

o Emission B Emission Wavelength
(degree) Wavelength (nm) (degree) (nm)
0 727.68 0 466.88
10 731.37 10 466.18
20 690.95 20 472.64
30 602.16 30 488.75
40 525.66 40 516.49
50 467.18 50 563.30
60 418.42 60 645.57
70 380.59 70 807.86
80 351.73 80 1252.08




S3. Energy surface
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Fig. S1 Energy surfaces of TPPE at S, and S, respectively with a (B is fixed in 12.8°)
(a) or B (a is fixed in 50.0°) (b) varying from 0° to 80°. All the energies have subtracted
the reference energy of the equilibrium geometry of TPPE at S,. These optimizations

are all performed at B3LYP/6-31G(d) level.

As shown in Fig. S1, the trend of energy surfaces of Sy and S; are exactly the same.
The energy varies with a and f reaches a minimum at 0=50° and B=13° respectively,
consistent with the equilibrium geometry of TPPE at Sy (Table S1). The molecular
energy is low when a is in the 30° to 80° range (AE < 1 V), and it rises dramatically
when a is less than 20° due to the enhanced steric hindrance effect (Fig. S1a). In the
case of B3, the molecular energy is increased gradually with the twisting of the ethylenic

C=C bond (the increasing B) (Fig. S1b).



S4. Fitting details
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Fig. S2 Linear fit of the emission energy (Eg;) to sin’a and the fitting details.
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Fig. S3 Linear fit of Eg; (a) and its reciprocal (b) to tanf with the fitting details.




SS. Comparison of emission energy
Table S3. A comparison of emission energies of TPPE calculated by Eq. (3) with the
values calculated by TDDFT at B3LYP/6-31G(d) level. The energy difference is

defined as AE ZEqu-ETDDFT.

o B Emission energy (eV) AE
(degree) (degree) Eq.3 TDDFT (eV)
0 50 0.992 1.003 -0.011
10 30 1.418 1.431 -0.013
20 0 2.068 1.971 0.097
30 20 1.988 2.055 -0.067
40 60 1.517 1.771 -0.254
50 80 0.989 0.994 -0.005
60 20 2.919 2.919 -0.00015
70 70 2.059 1.782 0.277
80 40 2.995 3.042 -0.047
90 10 3.544 3.632 -0.088

As shown in Table S3, all the energy differences are within 0.3 eV, most of them
are within 0.1 eV. Only two values calculated by Eq. (3) have a sizable difference (JAE|
> 0.25 eV) with TDDFT calculation, and they appear when B is 60° and 70° which
indicate that Eq. (3) is not so accurate for the configuration with a large . This error
can be attributed to the lack of the fitting that the trigonometric function can not exactly
describe the emission energy when o and B change in the whole range. However, the
error of Eq. (3) is within acceptable range and it can give an accurate result when f3 is
relatively small (less than 60°) and when either a or B is near the fitting value (their
respective value in the equilibrium geometry of TPPE at Sy), such as when a=50° and
B=80° (Table S3). Therefore, Eq. (3) is desirable as a quick and convenient way to

predict the approximate emission energy (or wavelength) of TPPE.



S6. Absorption property
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Fig. S4 Maximum absorption ability (reflected by transition oscillator strength) versus

wavelength for TPPE with a (a) and B (b) varying from 0° to 80° respectively. Plots of

excited energy from the Sy to the S; of TPPE versus a (c) and B (d) varying from 0° to

120°.

As shown in Fig. S4, the maximum absorption wavelength is blue-shifted from 550

nm to 290 nm with increasing a, and red-shifted from 390 nm to 1000 nm with

increasing 3, which shows the same trend with emission properties (Fig. 2).



S7. Hole-electron distribution
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Fig. S5 Hole-electron distributions of TPPE for the lowest excited state based on the
equilibrium geometries at Sy (a) and S; (b) respectively, and the S; geometry when 3 is
80° (a is 50°) (c). The blue and green isosurfaces represent hole and electron

distributions, respectively. The analyses are performed by the Multiwfn software? based

on the TDDFT calculations at B3LYP/6-31G(d) level.

As shown in Fig. S5, the distributions of hole and electron for the lowest excited
state of TPPE are not separated from each other whether in the Sy or S; geometries, and
the same in an extremely twisted geometry (f=80°). Therefore, there no appreciable

charge transfer property was found in the lowest excited state of TPPE.



S8. Molecular orbital energy
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Fig. S6 Molecular orbital energies of TPPE at successively increasing values of a (a)
or B (b) based on the optimization geometries of the S; which are calculated at
B3LYP/6-31G(d) level. Here HOMO (LUMO) represents the highest occupied

molecular orbital (lowest unoccupied molecular orbital).

As shown in Fig. S6, the energy of HOMO is increased and the energy of LUMO
is decreased with the decreasing a and increasing  respectively, and leading to the

reduction of energy gap. The energy changes of other molecular orbitals are all small.



S9. Solvent effect
Table S4. The values of a, B and the maximum absorption wavelength of TPPE in each

solvent based on the optimized geometries at Sy calculated at B3LYP/6-31G(d) level.

Solvent o B Maximum absorption
(Dielectric constant) (degree) (degree) wavelength (nm)
Hexane (1.88) 48.80 12.73 395.54
Toluene (2.37) 48.92 12.73 396.90
CHCIl; (4.71) 49.61 12.82 395.59
THF (7.52) 49.81 12.82 395.02
CH,Cl, (8.93) 49.89 12.81 395.16
MeOH (32.6) 50.15 12.85 393.81
H,0 (78.4) 50.23 12.86 393.72

Table S5. The values of a, B and the emission wavelength of TPPE in each solvent

based on the optimized geometries at S; calculated at B3LYP/6-31G(d) level.

Solvent a B Emission wavelength
(Dielectric constant) (degree) (degree) (nm)
Hexane (1.88) 24.05 54.97 763.51
Toluene (2.37) 24.04 55.39 767.96
CHCI; (4.71) 23.56 57.16 799.10
THF (7.52) 23.57 57.40 795.41
CH,Cl, (8.93) 23.57 57.48 802.70
MeOH (32.6) 23.59 57.73 800.07
H,0 (78.4) 23.60 57.80 801.00




S10. Results calculated at PBEQ level
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Fig. S7 Transition orbital energies with wavefunctions of the lowest excited state based
on the equilibrium geometries of Sy (a) and S; (b) respectively, and emission ability
(reflected by transition oscillator strength) versus wavelength for TPPE with a (c) and

B (d) varying from 0° to 80° respectively, calculated at PBE0/6-31G(d) level.

As shown in Fig. S7a and b, the transition energies of the lowest excited state in Sy
(3.20 eV) and S; geometries (1.57 eV) are both very closed to the values calculated at
B3LYP level (3.14 eV for Sy and 1.54 eV for S;), and the wavefunctions of HOMO and
LUMO are also exactly the same (Fig. 1c and d). The emission properties varying with
a and B (Fig. S7c and d) show the same trend with that calculated at B3LYP level (Fig.

2b and c¢) in addition to a small blueshift (6-20 nm) which is attributed to the intrinsic



difference between the two functionals on dealing with the exchange-correlation
contribution. In general, the fully consistent transition orbitals and emission

relationship indicate that the results calculated by B3LYP is reliable for this system.



11. Cartesian coordinates of the equilibrium geometries of TPPE calculated at

B3LYP/6-31G(d) level
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