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ABSTRACT

DFT calculations have served as a critical tool to understand and design organic small
molecules for many applications in the field of photoelectronics. Although many efforts have
been made towards accurately describing UV-vis and fluorescence properties of organic small
molecules, there are much needs to evaluate the accuracy of various functionals in description of
electronic properties of organic small molecules. In this work, we make comparisons of ten
functionals, i.e. B3LYP, HSEH1PBE, CAM-B3LYP, PBE, HCTH, LSDA, BVP86, B3PW91,
MPW1PW91, ®B97XD, in the calculation of the energies of the frontier orbitals, UV-vis and
fluorescence spectra of diphenylamino-nitro-trans-stilbene and with the experimental results.
DFT calculations were carried out for both the ground and excited states and TD-DFT
calculations were performed to obtain the UV-vis and fluorescence spectra. For the orbital
energies, B3LYP and B3PW91 provide the best result with respect to the experiment. For UV-vis
and fluorescence, CAM-B3LYP and MPW1PW91 results are closer to the experiments.

Structural comparisons between the ground and excited states of the molecule were also made.
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1. Introduction

Organic small molecule (OSM) based materials have been widely used in solar cells** and
sensing/imaging®-"° technologies due to their facile functionalization and synthesis. Therefore,
designing’"2 and tuning organic small molecules™’* have been active research fields and
studying OSMs”>% have attracted a lot of attentions. Among various characterization tools being
used to study OSMs, DFT calculations have served as a critical tool to understand and design
OSMs for applications in the technology of photoelectronics.

Although many efforts have been made towards accurately describing UV-vis and
fluorescence properties of organic small molecules, there are much needs to evaluate the
accuracy of various functionals in description of electronic properties of polar OSMs that have a
donor-acceptor character. Although the energies of frontier orbitals, i.e. HOMO (highest
occupied molecular orbital) and LUMO (lowest unoccupied molecular orbital), UV-vis, and
fluorescence spectra are important properties in the understanding and designing OSMs for many
photoelectronic applications, accurate predictions are still difficult to achieve.

In this work, we examined eleven functionals, i.e. B3LYP!01 CAMB3LYP?,
HSEH1PBE!®1%4  pBE®  TpSS!® HCTHY LSDA %0 wB97XD,'** mPW1PW91,*2
B3PW91,13 BPV86.13115 in their calculations of the energies of the frontier orbitals, UV-vis and
fluorescence spectra of diphenylamino-nitro-trans-stiloene and compared them as well as with
the experimental results. The choice of diphenylamino-nitro-trans-stilbene, also denoted often as
benzenamine, 4[(1E)-2-(4-nitrophenyl)ethenyl]-N,N-diphenyl-(9CI,ACI) or

4-[(1E)-2-(4-Nitrophenyl)ethenyl]-N,N-diphenylbenzenamine(ACI), as shown in Fig. 1 comes
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from the fact that it is one of the most polar molecule among the seven molecules being studied
in our work,®” which allow the stringiest examination of the accuracy of the functionals.
Structures of both ground state and excited state were calculated using these functionals. The
TDDFT calculations of both ground and excited states were carried out to obtain VU-vis and

fluorescence spectra.

Qe
@

Figure 1. Structure of diphenylamino-nitro-trans-stilbene

2. Computational details

All calculations were performed using Gaussian09 software.!’® The solvent used is
dichloromethane so that comparisons can be made with experiments. The solvent was treated
using the polarized continuum model (PCM) for all calculations. Ground state geometry
optimization of diphenylamino-nitro-trans-stilbene was performed using all eleven functionals.
The excited geometry optimization was performed using TD-DFT calculations using eleven
functionals. However, the optimization using TPSS was failed. The UV-vis and fluorescence
spectra of the molecule was obtained using TD-DFT on the ground and excited state geometry,
respectively.

Full geometry optimizations were performed without any constraints. Default convergence
criteria were used in all calculations, which were also used previously in our DFT

calculations:'12The self-consistent field convergence was 10® a.u.; the gradient and energy
3
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convergences were 10 and 10 a.u., respectively. Except for the excited state optimization of
the molecule using TPSS functional, all geometry optimizations were carried out successfully.
3. Results and discussion

The results from DFT calculations of diphenylamino-nitro-trans-stilbene were summarized in Tables 1-15.
In what follows, we first compare the electronic and optical properties obtained among the functionals and
compare them with the experimental data. As shown in Table 1, the HOMO and LUMO energies of the
molecule at the ground state and the excited state are very different among the functionals. In

comparison to the experimental values, B3LYP and B3PW91 seems to be more accurate.

Table 1. The HOMO and LUMO energies of diphenylamino-nitro-trans-stilbene in dichloromethane at the
ground and the excited S; states

Ground state Excited S; state

Functionals HOMO LUMO Gap HOMO LUMO Gap

leV eV leV leV leV leV
1.B3LYP -5.33 -3.08 2.25 -5.31 -3.38 1.93
2. HSEH1PBE -5.16 -3.22 1.94 -5.14 -3.55 1.59
3. CAM-B3LYP -6.52 -1.86 4.66 -6.35 -2.2 4.15
4. PBE -4.78 -3.61 1.17 -4.69 -4.02 0.67
5. TPSS -4.72 -3.52 1.2 - - -
6. HCTH -4.91 -3.66 1.25 -4.83 -4.07 0.76
7. LSDA -5.43 -4.26 1.17 -5.34 -4.67 0.67
8. BPV86 -4.86 -3.71 1.15 -4.77 -4.12 0.65
9. B3PW91 -5.39 -3.07 2.32 -5.36 -3.37 1.99
10. MPW1PW91 -5.53 -2.89 2.64 -5.5 -3.18 2.32
11. ®B97XD -7.06 -1.25 5.81 -6.85 -1.61 5.24

Exp.” -5.63 -3.51 2.12

* data taken from Ref. %.

The calculated UV-vis spectra and the fluorescence spectra are summarized in Table 2.The

experimental data of UV-vis and fluorescence spectra of the molecule in dichloromethane are
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436 nm and 702 nm, respectively. Compared to the experimental values, the CAM-B3LYP and

MPW1PW91 results are closer. However, the DFT results shown here indicate that further

functionals are needed to describe the optical properties of polar OSMs.

Table 2. The UV-vis and fluorescence spectra of diphenylamino-nitro-trans-stilbene in dichloromethane

Functionals UV-vis spectra Fluorescence spectra
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Although there are great needs in the development of functionals, the DFT results are still
useful in inspiring further explorations in the synthesis of organic small molecules, which
involves dehydrogenation'?#12” and C-C bond cleavage and/or coupling!?-32 during catalytic
reactions.'*31%8 The usefulness of DFT studies often comes from the relative changes of the
electronic and optical properties after functionalization of a molecule, which were predicted
more accurately. Another aspect of DFT results are the elucidation of geometry parameters. In
Fig. 2, we show four angles between various phenyl groups. The calculated dihedral angles of the
molecule at the ground and the excited state are summarized in Table 3 and the pictures of the

structures in Table 4.
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Figure 2. Four angles of diphenylamino-nitro-trans-stilbene: 1-between phenyl C5-C6-C8-C12-C10-C7 and
phenyl C15-C16-C18-C22-C20-C17; 2-between phenyl C15-C16-C18-C22-C20-C17 and phenyl
C26-C27-C29-C33-C31-C28; 3-between phenyl C26-C27-C29-C33-C31-C28 and phenyl
C36-C37-C39-C43-C41-C38; 4 -between phenyl C36-C37-C39-C43-C41-C38 and phenyl
C15-C16-C18-C22-C20-C17;

Table 3. The four angles (in degree) shown in Fig. 2 of diphenylamino-nitro-trans-stilbene in dicholmethane

Functioanls ground state excited S; state
1 2 3 4 1 2 3 4
1.B3LYP 1.47 68.4 76.2 68.31 9.80 69.27 64.97 69.02

2. HSEH1PBE 2.40 65.73 73.63 66.21 13.55 69.71 60.37 69.34
3. CAM-B3LYP 249 68.31 74.78 68.46 0.62 65.22 79.73 65.29

4. PBE 1.64 65.22 73.80 65.58 16.51 80.59 52.94 80.13
5. TPSS* 2.56 64.88 73.37 64.72 - - - -

6. HCTH 7.20 70.88 80.53 68.70 29.71 85.09 58.42 81.49
7. LSDA 0.93 60.25 68.09 60.93 7.89 78.70 48.10 78.07
8. BPV86 1.32 65.62 74.40 66.09 20.45 80.81 53.09 80.21
9. B3PWI1 2.59 66.89 74.75 67.11 9.45 68.32 64.21 67.95

10. MPW1PW91 4.00 66.66 74.28 66.81 5.72 65.87 66.80 65.91
11. ®B97XD 7.45 70.28 75.28 66.31 4.65 67.20 80.29 63.85

https://doi.org/10.26434/chemrxiv-2023-htrtn ORCID: https://orcid.org/0000-0002-6131-3532 Content not peer-reviewed by ChemRxiv. License: CC BY-NC-ND 4.0


https://doi.org/10.26434/chemrxiv-2023-htrtn
https://orcid.org/0000-0002-6131-3532
https://creativecommons.org/licenses/by-nc-nd/4.0/

Table 4. Molecular structures of diphenylamino-nitro-trans-stilbene in dichloromethane at the ground (left)
and excited S; (right) states obtained from different functionals.

1-B3LYP

2-HSEH1PBE
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8-BPV86

10-MPW1PW91
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11-0oB97XD

As shown in Tables 3 and 4, there are differences in the predicted values among the
functionals. Understandably, these differences will affect the electronic and optical properties
being calculated. We do note that the structures at the ground and excited states are the local
minima. Dynamics simulation?®%162 will be necessary to understand the changes of the structures
at room temperature due to vibrational and rotational motions of the molecule and the impact of
the structural changes on the electronic and optical properties. In addition to the four dihedral
angles, the other geometry parameters, such as bond lengths, torsion angles, and other dihedral

angles of the molecule at the ground and excited states are summarized in Tables 5-16.

11
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Table 5. Bond lengths (in A) and angles (in degree) of diphenylamino-nitro-trans-stilbene in dichloromethane

at the ground state and excited S; state from B3LYP

Tag atom Na Nb Nc Ground state _ Excited state
bond angle torsion bond angle torsion

1 C - -- -- - - -

2 C 1 1.36 -- -- 1.36 - -

3 H 1 2 1.09 118.7 -- 1.09 1194 -

4 H 2 1 3 1.09 119.1 -179.6 1.09 118.6 -178.3

5 C 2 1 3 146 126.4 0.1 1.46 127.4 0.9

6 C 5 2 1 142 118.5 -179 1.41 119 -175.9

7 C 5 2 1 142 123.8 0.9 1.42 123.6 4

8 C 6 5 2 139 121.7 179.8 1.39 122 179.5

9 H 6 5 2 1.09 119.1 0 1.09 119.1 -0.2
10 C 7 5 2 139 121.3 -179.7 1.39 121.5 -179.5
11 H 7 5 2 108 120.3 0.3 1.09 120.1 0.7

12 C 8 6 5 14 118.8 0 1.41 1194 0.1

13 H 8 6 5 1.08 121.1 -179.8 1.08 121.2 -179.8
14 H 0 7 5 1.08 120.9 -179.9 1.08 121 -179.8
15 C 1 2 5 146 127.1 180 1.46 126 180
16 C 15 1 2 141 119.1 -179.5 1.41 118.8 -174.2
17 C 15 1 2 141 124 0.5 1.42 123.8 5.8

18 C 16 15 1 139 122 179.7 1.39 121.8 179.6
19 H 16 15 1 1.09 119.2 0.6 1.09 119.2 0.6

20 C 17 15 1 139 121.5 179.9 1.39 121.4 -179.4
21 H 17 15 1 1.09 120.2 0.9 1.08 120.2 1.6

22 C 18 16 15 141 120.5 0.4 1.41 119.8 0

23 H 18 16 15 1.08 119.7 -179.1 1.08 120.2 -178.4
24 H 20 17 15 1.08 119.5 -179.1 1.08 120 -178.7
25 N 22 18 16 141 121.2 179.9 1.42 120.3 -179.7
26 C 25 22 18 143 120.7 -32.9 1.41 119.6 -44.1
27 C 26 25 22 14 120.2 133.9 1.41 120.2 141.7
28 C 26 25 22 14 120.5 -46.8 1.41 120 -37.5
29 C 27 26 25 14 120.2 179 1.39 119.7 -179.5
30 H 27 26 25 1.09 119.6 -0.8 1.08 119.8 -1.3
31 C 28 26 25 14 120.2 -179.6 1.39 119.7 179.8
32 H 28 26 25 1.09 119.6 0.1 1.08 119.8 -1.8
33 C 29 27 26 14 120.5 0.7 1.4 120.4 -0.2
34 H 29 27 26 1.09 119.4 -179.9 1.09 1194 179
35 H 31 28 26 1.09 119.4 179.9 1.09 1194 179
36 C 25 22 18 143 120.4 146.1 1.41 119.7 135.7
37 C 36 25 22 14 120.2 134 1.41 120.2 141.9
38 C 36 25 22 14 120.5 -46.5 1.41 120 -37.3
39 C 37 36 25 14 120.2 179.2 1.39 119.7 -179.4
40 H 37 36 25 1.09 119.6 -0.6 1.08 119.8 -1.3
41 C 388 36 25 14 120.2 -179.9 1.39 119.7 179.7
42 H 38 36 25 1.09 119.6 0 1.08 119.8 -1.8
43 C 39 37 36 14 120.5 0.7 1.4 120.4 -0.2
44 H 39 37 36 109 119.4 180 1.09 1194 179
45 H 41 38 36 1.09 119.4 179.9 1.09 1194 179
46 N 12 8 6 145 119.4 -179.8 1.41 120.2 -179.7
47 @] 46 12 8 124 118.5 180 1.28 119.1 -179.5
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48 @) 46 12 8 124
49 H 43 39 37 1.09
50 H 33 29 27 1.09

118.5
120.3
120.3

0
179.7
179.7

1.28
1.09
1.09

119.1
120.1
120.1

0.4
-179.7
-179.7

Table 6. Bond lengths (in A) and angles (in degree) of diphenylamino-nitro-trans-stilbene in dichloromethane
at the ground state and excited S; state from HSEH1PBE

Tag atom Na Nb Nc Ground state _ Excited state _
bond angle torsion bond angle torsion
1 C - -- -- - - -
2 C 1 1.35 -- -- 1.35 - -
3 H 1 2 1.09 118.8 -- 1.09 119.5 -
4 H 2 1 3 1.09 119.2 -179.4 1.09 118.6 -177.8
5 C 2 1 3 145 126.2 0.1 1.46 127.2 1.3
6 C 5 2 1 141 118.4 -178.9 1.41 119 -175.2
7 C 5 2 1 141 123.7 0.9 1.41 123.5 4.6
8 C 6 5 2 138 121.7 179.7 1.39 121.9 179.4
9 H 6 5 2 1.09 119.1 -0.1 1.09 119 -0.2
10 C 7 5 2 138 121.2 -179.6 1.38 121.5 -179.4
11 H 7 5 2 108 120.3 0.3 1.09 120.1 0.8
12 C 8 6 5 1.39 118.8 0 1.41 1194 0.1
13 H 8 6 5 1.08 121.3 -179.8 1.08 121.4 -179.8
14 H 0 7 5 1.08 121.1 180 1.08 121.2 -179.8
15 C 1 2 5 145 126.9 179.8 1.46 125.8 179.9
16 C 15 1 2 14 119.1 -178.5 1.41 118.8 -171.1
17 C 15 1 2 14 123.9 13 1.41 123.6 8.9
18 C 16 15 1 139 122 179.4 1.39 121.7 179.4
19 H 16 15 1 1.09 119.1 0.4 1.09 119.2 0.3
20 C 17 15 1 138 121.5 -179.7 1.39 121.3 -179.3
21 H 17 15 1 1.09 120.2 1.2 1.08 120.2 1.7
22 C 18 16 15 14 120.4 0.4 1.4 119.6 0.2
23 H 18 16 15 1.09 119.8 -179 1.09 120.4 -178.5
24 H 20 17 15 1.09 119.7 -179.2 1.09 120.2 -178.8
25 N 22 18 16 14 121.2 -179.8 1.42 120.1 -179.7
26 C 25 22 18 142 120.8 -31.6 1.4 119.3 -47.4
27 C 26 25 22 14 120.1 135.6 1.41 120.3 144.4
28 C 26 25 22 14 120.5 -45.1 1.41 119.8 -34.4
29 C 27 26 25 1.39 120.2 179 1.39 119.7 -179.4
30 H 27 26 25 1.09 119.5 -0.8 1.08 119.8 -1.6
31 C 28 26 25 1.39 120.1 -179.6 1.39 119.7 179.7
32 H 28 26 25 1.09 119.6 0.2 1.08 119.7 -2
33 C 29 27 26 1.39 120.5 0.7 1.4 120.4 0
34 H 29 27 26 1.09 119.4 -179.9 1.09 1194 178.9
35 H 31 28 26 1.09 119.4 179.9 1.09 1194 178.9
36 C 25 22 18 142 120.3 146.7 1.4 119.3 132.4
37 C 36 25 22 14 120.2 135.7 1.41 120.3 144.7
38 C 36 25 22 14 120.4 -44.9 1.41 119.8 -34
39 C 37 36 25 1.39 120.1 179.2 1.39 119.7 -179.4
40 H 37 36 25 1.09 119.5 -0.6 1.08 119.8 -1.6
41 C 38 36 25 1.39 120.1 -179.8 1.39 119.7 179.7
42 H 38 36 25 1.09 119.6 0 1.08 119.7 -2
43 C 39 37 36 14 120.5 0.8 1.4 120.4 0.1
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29

36
36
6
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8
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1.09
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120.3

180
179.9
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179.8

179.6
179.7
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1.27
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178.9
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0.3
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Table 7. Bond lengths (in A) and angles (in degree) of diphenylamino-nitro-trans-stilbene in dichloromethane
at the ground state and excited S; state from cam-B3LYP

Tag atom Na Nb Nc Ground state _ Excited state _
bond angle torsion bond angle torsion
1 C - -- -- - - -
2 C 1 1.34 -- -- 1.4 - -
3 H 1 2 1.09 119 -- 1.09 118.6 -
4 H 2 1 3 1.09 1194 -179.5 1.09 118 180
5 C 2 1 3 1.46 126.1 0.1 141 126.6 0
6 C 5 2 1 1.4 1184 -178.3 1.43 119.3 -179.6
7 C 5 2 1 1.41 123.5 16 143 123.7 0.2
8 C 6 5 2 1.38 121.6 179.8 1.37 122 179.9
9 H 6 5 2 1.09 119.3 0 1.09 118.6 0
10 C 7 5 2 1.38 121.2 -179.7 1.37 121.4 -179.8
11 H 7 5 2 1.08 120.4 0.3 1.08 119.9 0.1
12 C 8 6 5 1.39 118.6 0.1 141 120 0
13 H 8 6 5 1.08 121.2 -179.8 1.08 121.4 -179.9
14 H 0 7 5 1.08 121 -179.9 1.08 121.1 180
15 C 1 2 5 1.46 126.9 180 1.41 125.6 179.9
16 C 15 1 2 1.4 119 -179.2 1.43 1194 -179.4
17 C 15 1 2 1.4 123.7 0.8 1.43 124.2 0.4
18 C 16 15 1 1.39 121.8 179.6 1.37 122.3 -179.8
19 H 16 15 1 1.09 119.2 04 1.09 118.5 1.2
20 C 17 15 1 1.38 121.4 179.8 1.37 121.7 -179.5
21 H 17 15 1 1.08 120.3 0.7 1.08 119.9 15
22 C 18 16 15 1.4 120.4 06 1.42 121 -0.3
23 H 18 16 15 1.08 119.8 -179.1 1.08 119.9 -178.6
24 H 20 17 15 1.08 119.6 -179.1 1.08 119.6 -178.7
25 N 22 18 16 1.41 121.1 179.7 1.37 120.9 180
26 C 25 22 18 1.42 120.5 -345 143 121.2 154.7
27 C 26 25 22 1.4 120.3 1347 1.4 119.7 131.7
28 C 26 25 22 1.4 120.5 -458 1.4 120.1 -49.4
29 C 27 26 25 1.39 120.2 179.1 1.39 119.7 179.1
30 H 27 26 25 1.08 119.5 -0.6 1.08 119.8 -1
31 C 28 26 25 1.39 120.2 -179.8 1.39 119.7 -179.3
32 H 28 26 25 1.08 119.5 0.1 1.08 119.8 0
33 C 29 27 26 1.39 120.5 08 1.39 120.3 0.4
34 H 29 27 26 1.09 1194 -179.8 1.08 119.5 179.7
35 H 31 28 26 1.09 1194 -179.9 1.08 119.5 179.7
36 C 25 22 18 1.42 120.3 1441 1.43 121.1 -25.2
37 C 36 25 22 1.4 120.2 1354 1.4 119.7 131.1
38 C 36 25 22 1.4 120.5 45 1.4 120 -49.9
39 C 37 36 25 1.39 120.2 179.3 1.39 119.7 179.2
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37
38
38
39
39
41
12
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46
43
33

36
36
36
37
37
38

12
12
39
29
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36
36
36

37
27

1.08
1.39
1.08
1.39
1.09
1.09
1.45
1.23
1.23
1.08
1.08

119.5
120.2
119.6
120.5
119.4
119.4
119.2
118.4
118.4
120.3
120.3

-0.5
179.9

0.8
-179.8
-179.9
-179.9
-179.8

0.1

179.6
179.6

1.08
1.39
1.08
1.39
1.08
1.08
1.4

1.26
1.26
1.08
1.08

119.8
119.7
119.8
120.3
119.5
119.5
119.9
119.4
119.1
120.1
120.1

-1
-179.4
-0.1
0.4
179.7
179.7
179.9
0.1
-179.8
179.8
179.8

Table 8. Bond lengths (in A) and angles (in degree) of diphenylamino-nitro-trans-stilbene in dichloromethane

at the ground state and excited S; state from PBE

Tag atom Na Nb Nc Ground state _ Excited state _
bond angle torsion bond angle torsion
1 C - -- -- - - -
2 C 1 1.37 -- -- 1.36 - -
3 H 1 2 1.1 118.6 -- 1.1 1194 -
4 H 2 1 3 11 118.9 -179.6 1.1 1184 -177.5
5 C 2 1 3 145 126.4 0 1.47 127.6 1.8
6 C 5 2 1 142 118.6 -179.3 1.42 119 -176.7
7 C 5 2 1 143 123.9 0.5 1.42 123.8 3.4
8 C 6 5 2 139 121.8 179.7 1.4 122 179.9
9 H 6 5 2 1.09 119 -0.1 1.1 119 0
10 C 7 5 2 139 121.4 -179.6 1.39 121.6 -179.7
11 H 7 5 2 1.09 120.2 0.3 1.09 120 0.4
12 C 8 6 5 141 118.9 0 1.41 119.5 0
13 H 8 6 5 1.09 121.3 -179.8 1.09 1215 -179.9
14 H 0 7 5 1.09 121.1 180 1.09 121.2 -179.9
15 C 1 2 5 145 127.1 179.8 1.47 125.9 -179.7
16 C 15 1 2 142 119.1 -178.9 1.42 119.1 -167.1
17 C 15 1 2 142 124 0.9 1.42 123.5 13.2
18 C 16 15 1 139 122.1 179.5 1.4 121.8 179.4
19 H 6 15 1 11 119 0.5 1.09 119.2 -0.7
20 C 17 15 1 139 121.6 -179.5 1.4 121.4 -179.4
21 H 17 15 1 1.09 120.1 1.4 1.09 120.2 0.7
22 C 18 16 15 142 120.4 0.1 1.4 119.1 0.5
23 H 18 16 15 1.09 119.9 -179 1.09 120.7 179.8
24 H 20 17 15 1.09 119.7 -179.1 1.09 120.5 179.6
25 N 22 18 16 141 121.2 -179.6 1.46 119.7 -179.9
26 C 25 22 18 143 120.9 -30.5 1.41 119 -86.7
27 C 26 25 22 141 120 135.6 1.42 120.2 150.8
28 C 26 25 22 141 120.5 -45.3 1.42 120 -25.9
29 C 27 26 25 14 120.1 178.9 1.4 119.8 -178.7
30 H 27 26 25 1.09 119.6 -0.9 1.09 119.9 -2.1
31 C 28 26 25 14 120 -179.4 1.39 119.6 179.5
32 H 28 26 25 1.09 119.6 0.2 1.09 120 -1.7
33 C 29 27 26 141 120.5 0.6 1.41 120.4 0.1
34 H 29 27 26 1.09 119.4 179.9 1.09 119.4 178.8
35 H 31 28 26 1.09 119.3 179.8 1.09 119.3 178.6
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38
38
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43
33

22
25
25
36
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36
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12
12
39
29

18
22
22
25
25
25
25
36
36
36

37
27

1.43
1.41
1.41
14

1.09
1.4

1.09
1.41
1.09
1.09
1.45
1.25
1.25
1.09
1.09

120.4
120.1
120.4
120

119.5
120

119.6
120.5
119.4
119.4
119.5
118.4
118.4
120.3
120.3

148.1
1355
-45.3
179.2
-0.8
-179.7

0.8
179.9
179.8
-179.8
179.8

179.6
179.8

1.41
1.42
1.42
1.4

1.09
1.39
1.09
1.41
1.09
1.09
1.43
1.29
1.29
1.09
1.09

118.5
120.1
120

119.7
119.9
119.6
120

120.3
119.4
119.3
120.2
118.9
118.7
120.1
120.1

94
146.5
-29.9
-178.3
-1.6
179.1
-2.1
0.1
178.7
178.6
-179.8
179.8
-0.1
179.8
179.9

Table 9. Bond lengths (in A) and angles (in degree) of diphenylamino-nitro-trans-stilbene in dichloromethane

at the ground state and excited S; state from TPSS

Tag atom Na Nb Nc Ground state _ Excited state _
bond angle torsion bond angle torsion
1 C - - -
2 C 1 1.37 - -
3 H 1 2 1.09 118.7 -
4 H 2 1 3 1.09 119 -179.4
5 C 2 1 3 145 126.3 0
6 C 5 2 1 142 118.5 -179.1
7 C 5 2 1 142 123.9 0.7
8 C 6 5 2 139 121.8 179.6
9 H 6 5 2 1.09 119 -0.2
10 C 7 5 2 139 121.3 -179.5
11 H 7 5 2 1.09 120.2 0.4
12 C 8 6 5 141 118.8 0
13 H 8 6 5 1.09 121.4 -179.8
14 H 10 7 5 1.09 121.2 179.9
15 C 1 2 5 145 127 179.6
16 C 15 1 2 142 119.1 -178.2
17 C 15 1 2 142 124 1.5
18 C 16 15 1 1.39 122.1 179.1
19 H 16 15 1 1.09 119 0.3
20 C 17 15 1 1.39 121.6 -179.3
21 H 17 15 1 1.09 120.2 1.6
22 C 18 16 15 1.42 120.3 0.3
23 H 18 16 15 1.09 119.9 -178.8
24 H 20 17 15 1.09 119.7 -179.1
25 N 22 18 16 141 121.2 -179.4
26 C 25 22 18 143 121 -29.7
27 C 26 25 22 141 119.9 1354
28 C 26 25 22 141 120.5 -45.5
29 C 27 26 25 14 120 178.8
30 H 27 26 25 1.09 119.6 -1
31 C 28 26 25 14 119.9 -179.4
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37
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46
43
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36
36
36
37
37
38

12
12
39
29

25
26
26
26
18
22
22
25
25
25
25
36
36
36

37
27

1.09
14

1.09
1.09
1.43
1.41
1.41
1.4

1.09
1.4

1.09
1.4

1.09
1.09
1.45
1.26
1.26
1.09
1.09

119.7
120.5
119.4
119.3
120.4
120

120.3
120

119.6
120

119.7
120.5
119.4
119.4
119.4
118.5
118.5
120.3
120.3

0.2
0.6
179.9
179.8
148.2
136.1
-44.6
179.1
-0.8
-179.7

0.8
179.9
179.9
-179.8
179.8

179.6
179.7

Table 10. Bond lengths (in A) and angles (in degree) of diphenylamino-nitro-trans-stilbene in dichloromethane

at the ground state and excited S; state from HCTH

Tag atom Na Nb Nc Ground state _ Excited state _
bond angle torsion bond angle torsion
1 C - -- -- - - -
2 C 1 1.36 -- -- 1.35 - -
3 H 1 2 1.09 118.4 -- 1.09 119.3 -
4 H 2 1 3 109 118.7 -178.5 1.09 118.1 -176
5 C 2 1 3 145 127 0.5 1.46 128 2.7
6 C 5 2 1 142 118.6 -177 1.41 119.2 -172.1
7 C 5 2 1 142 124.3 2.8 1.41 124 8.2
8 C 6 5 2 139 122 179.6 1.39 122.2 179.7
9 H 6 5 2 1.09 119.1 -0.2 1.09 119.1 0
10 C 7 5 2 138 121.5 -179.5 1.39 121.8 -179.7
11 H 7 5 2 1.09 120.4 0.6 1.09 120.1 0.7
12 C 8 6 5 14 119.2 0.2 1.41 119.8 0.2
13 H 8 6 5 1.08 120.8 -179.7 1.08 120.8 -179.7
14 H 0 7 5 1.08 120.5 -179.9 1.08 120.6 -179.7
15 C 1 2 5 145 127.6 179.6 1.47 126.1 -179.5
16 C 15 1 2 141 119.1 -175.5 1.41 119.2 -158.8
17 C 15 1 2 141 124.4 4.2 1.41 123.5 21.8
18 C 16 15 1 139 122.3 178.8 1.39 121.8 179.5
19 H 16 15 1 1.09 119.1 0.1 1.09 1194 -0.4
20 C 17 15 1 138 121.8 -179 1.39 1215 -179.5
21 H 17 15 1 1.09 120.3 2.2 1.09 120.2 1.1
22 C 18 16 15 141 120.6 0.4 1.39 119.3 0.6
23 H 18 16 15 1.09 119.4 -178.6 1.09 120.4 179.9
24 H 20 17 15 1.09 119.2 -179 1.09 120.2 -179.9
25 N 22 18 16 14 121.4 -179.4 1.45 119.8 179.9
26 C 25 22 18 142 120.9 -30.6 1.39 119.4 -82
27 C 26 25 22 14 120.2 129.5 1.42 120.3 151.4
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25
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22
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25
25
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36
36
36

37
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14

1.39
1.09
1.39
1.09
1.4

1.09
1.09
1.42
1.4

1.4

1.39
1.09
1.39
1.09
1.4

1.09
1.09
1.45
1.24
1.24
1.09
1.09

120.5
120.2
119.7
120.2
119.7
120.5
119.4
119.4
120.7
120.2
120.5
120.2
119.7
120.2
119.7
120.5
119.4
119.4
119.7
118.4
118.4
120.3
120.3

-51.4
178.8
-1.1
-179.3
0.2
0.5
179.9
179.8
147.6
132.3
-48.5
179

-1
-179.6
0

0.6
179.9
179.8
-179.8
-179.5
0.4
179.7
179.8

1.42
1.39
1.08
1.39
1.08
1.4

1.09
1.09
1.41
1.41
1.41
1.39
1.08
1.39
1.08
1.4

1.09
1.09
1.42
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1.27
1.09
1.09
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120

120

119.9
120.2
120.4
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119.3
118.3
119.9
120.4
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119.7
120.2
120.4
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119.3
120.5
118.9
118.8
120.1
120.1

-25.5
-178.4
-1.6
179.2
-2.2

178.6
178.7
99
140.1
-36.7
-178
-0.9
178.9
-2.4
-0.1
178.7
178.6
180
-179.9

180
179.9

Table 11. Bond lengths (in A) and angles (in degree) of diphenylamino-nitro-trans-stilbene in dichloromethane

at the ground state and excited S; state from LSDA

Tag atom Na Nb Nc Ground state _ Excited state _
bond angle torsion bond angle torsion
1 C - - - - - -
2 C 1 1.36 - - 1.35 - -
3 H 1 2 1.1 118.7 - 1.1 119.2 -
4 H 2 1 3 11 119 -179.7 1.1 118.6 -178.6
5 C 2 1 3 144 125.9 0 1.44 127.1 1.1
6 C 5 2 1 141 118.7 -179.8 1.41 119.3 -177.7
7 C 5 2 1 141 123.4 0 1.41 123.1 2.5
8 C 6 5 2 138 121.6 179.7 1.38 121.9 -179.9
9 H 6 5 2 11 118.7 -0.1 1.1 118.7 0.1
10 C 7 5 2 138 121.2 -179.6 1.38 121.4 180
11 H 7 5 2 11 119.9 0.2 1.1 119.6 0.2
12 C 8 6 5 1.39 118.7 0 1.4 119.3 0.1
13 H 8 6 5 1.09 122.1 -179.9 1.09 122.3 -179.9
14 H 10 7 5 1.09 121.9 179.9 1.09 122.2 -179.8
15 C 1 2 5 143 126.6 179.8 1.45 125.8 -179.3
16 C 15 1 2 14 119.3 -179.2 1.4 119.1 -174.9
17 C 15 1 2 14 123.5 0.7 1.4 123.3 5.2
18 C 16 15 1 1.38 121.9 179.7 1.39 121.7 -179.9
19 H 6 15 1 11 118.7 0.6 1.1 118.9 -0.3
20 C 17 15 1 1.38 121.4 -179.4 1.39 121.3 179.8
21 H 17 15 1 11 119.9 1.3 1.1 119.9 -0.1
22 C 18 16 15 14 120.2 -0.1 1.39 119 0.3
23 H 18 16 15 11 120.2 -179.2 11 120.9 179.4
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36
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1.39
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1.39
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1.41
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1.39
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1.43
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11
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120.4
120
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120.5
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120.3
120.3

-179.3
-179.5
-28.6
139.6
-41.2
179.2
-0.7
-179.5
0

0.4
179.8
179.7
150.1
139.1
-41.6
179.4
-0.5
-179.7
-0.1
0.5
179.8
179.8
-179.8
179.7
-0.1
179.7
179.9
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1.43
1.39
1.41
1.41
1.38
1.09
1.38
1.09
1.39
1.09
1.09
1.39
1.41
1.4

1.38
1.09
1.38
1.09
1.39
1.09
1.09
1.4

1.27
1.27
1.09
1.09
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119.7
118.7
120.4
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118.5
120.2
119.6
119.6
119.7
119.5
119.6
120.3
119.4
119.4
120.1
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118.7
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120

179.6
179.6
-89.9
153.4
-23.4
-179.2
-2.9
-179.9
-1.2
0.3
178.7
178.5
90.9
149.3
-27.2
-178.7
-2.5
179.6
-1.5
0.2
178.7
178.5
179.9
179.9

179.8
179.8

Table 12. Bond lengths (in A) and angles (in degree) of diphenylamino-nitro-trans-stilbene in dichloromethane

at the ground state and excited S; state from BPV86

Tag atom Na Nb Nc Ground state _ Excited state _
bond angle torsion bond angle torsion
1 C - - - - - -
2 C 1 1.37 - - 1.36 - -
3 H 1 2 1.1 118.6 - 1.1 119.5 -
4 H 2 1 3 11 118.9 -179.6 1.1 118.3 -177
5 C 2 1 3 145 126.4 0 1.47 127.6 2.2
6 C 5 2 1 143 118.6 -179.3 1.42 119 -175.5
7 C 5 2 1 143 123.9 0.5 1.42 123.7 4.8
8 C 6 5 2 139 121.8 179.7 1.4 122 -179.8
9 H 6 5 2 1.09 119 -0.1 1.1 119 0.1
10 C 7 5 2 139 121.4 -179.6 1.4 121.6 179.9
11 H 7 5 2 1.09 120.2 0.3 1.09 120 0.3
12 C 8 6 5 141 118.9 0 1.41 119.5 0.1
13 H 8 6 5 1.09 121.3 -179.8 1.09 121.4 -179.9
14 H 10 7 5 1.09 121.1 180 1.09 121.2 -179.8
15 C 1 2 5 145 127.1 179.9 1.47 125.8 -179.3
16 C 15 1 2 142 119.1 -179.2 1.42 119.1 -164.7
17 C 15 1 2 142 124 0.7 1.42 123.3 15.7
18 C 16 15 1 139 122 179.6 1.4 121.7 179.4
19 H 6 15 1 11 119 0.6 1.09 119.3 -0.6
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20 C 17 15 1 139 121.6 -179.7 1.4 121.4 -179.4
21 H 17 15 1 1.09 120.1 1.2 1.09 120.1 0.9

22 C 18 16 15 1.42 120.4 0.2 1.4 119.1 0.5
23 H 18 16 15 1.09 119.9 -179 1.09 120.6 179.8
24 H 20 17 15 1.09 119.7 -179.1 1.09 120.5 179.6
25 N 22 18 16 141 121.2 -179.7 1.46 119.6 179.9
26 C 25 22 18 143 120.9 -30.8 1.41 119 -86.4
27 C 26 25 22 141 120 135.3 1.42 120.2 150.8
28 C 26 25 22 141 120.5 -45.6 1.42 120 -25.9
29 C 27 26 25 14 120.1 178.9 1.4 119.8 -178.7
30 H 27 26 25 1.09 119.6 -1 1.09 119.9 -2

31 C 28 26 25 14 120 -179.4 1.39 119.6 179.5
32 H 28 26 25 1.09 119.6 0.1 1.09 120 -1.7
33 C 29 27 26 141 120.5 0.6 1.41 120.4 0.1

34 H 29 27 26 1.09 119.4 179.9 1.09 119.4 178.8
35 H 31 28 26 1.09 119.3 179.8 1.09 119.3 178.6
36 C 25 22 18 143 120.5 148 1.41 118.6 94.2
37 C 36 25 22 141 120.1 135 1.42 120 146.4
38 C 36 25 22 141 120.4 -45.7 1.42 120 -30
39 C 37 36 25 14 120 179.2 1.4 119.7 -178.3
40 H 37 36 25 1.09 119.5 -0.8 1.09 119.9 -1.6
41 C 38 36 25 14 120 -179.8 1.4 119.6 179
42 H 38 36 25 1.09 119.6 -0.1 1.09 120 -2.1
43 C 39 37 36 141 120.5 0.8 1.41 120.3 0.1

44 H 39 37 36 1.09 119.4 179.9 1.09 119.4 178.7
45 H 41 38 36 1.09 119.4 179.8 1.09 119.3 178.6
46 N 12 8 6 145 119.5 -179.8 1.43 120.2 179.8
47 @) 46 12 8 126 118.5 179.9 1.29 118.9 -179.8
48 @) 46 12 8 126 118.5 0 1.29 118.8 0

49 H 43 39 37 1.09 120.3 179.6 1.09 120.1 179.8
50 H 33 29 27 1.09 120.3 179.7 1.09 120.1 179.9

Table 13. Bond lengths (in A) and angles (in degree) of diphenylamino-nitro-trans-stilbene in dichloromethane
at the ground state and excited S; state from B3PW91

Tag atom Na Nb Nc Ground state _ Excited state _
bond angle torsion bond angle torsion
1 C - - - - - -
2 C 1 1.36 - - 1.36 - -
3 H 1 2 1.09 118.8 - 1.09 119.4 -
4 H 2 1 3 1.09 119.1 -179.4 1.09 118.5 -178.3
5 C 2 1 3 145 126.3 0.1 1.46 127.4 0.9
6 C 5 2 1 141 118.4 -178.8 1.41 119 -176.2
7 C 5 2 1 141 123.8 1 1.41 123.6 3.6
8 C 6 5 2 139 121.7 179.7 1.39 122 179.5
9 H 6 5 2 1.09 119.2 -0.1 1.09 119.1 -0.2
10 C 7 5 2 138 121.3 -179.6 1.38 121.5 -179.4
11 H 7 5 2 1.08 120.3 0.3 1.09 120.1 0.7
12 C 8 6 5 14 118.8 0 1.41 119.4 0.1
13 H 8 6 5 1.08 121.2 -179.8 1.08 121.3 -179.8
14 H 10 7 5 1.08 121 180 1.08 121.1 -179.8
15 C 1 2 5 145 127 179.8 1.46 125.8 179.9
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16 C 15 1 2 141 119 -178.5 1.41 118.8 -174.1
17 C 15 1 2 141 123.9 14 1.41 123.8 5.8
18 C 16 15 1 139 122 179.4 1.39 121.8 179.5
19 H 16 15 1 1.09 119.2 0.4 1.09 119.1 0.6
20 C 17 15 1 138 121.5 -179.7 1.38 121.4 -179.3
21 H 17 15 1 1.09 120.3 1.2 1.08 120.3 1.8
22 C 18 16 15 141 120.4 0.4 1.4 119.8 0.1

23 H 18 16 15 1.09 119.8 -179 1.09 120.3 -178.2
24 H 20 17 15 1.09 119.6 -179.1 1.09 120.1 -178.6
25 N 22 18 16 14 121.2 -179.8 1.41 120.3 -179.6
26 C 25 22 18 142 120.8 -32.1 1.41 119.7 -43.2
27 C 26 25 22 14 120.2 134.8 1.41 120.1 142
28 C 26 25 22 14 120.5 -45.9 1.41 119.9 -37.2
29 C 27 26 25 1.39 120.2 179 1.39 119.7 -179.5
30 H 27 26 25 1.09 119.6 -0.8 1.08 119.8 -1.4
31 C 28 26 25 1.39 120.1 -179.6 1.39 119.7 179.7
32 H 28 26 25 1.09 119.6 0.1 1.08 119.7 -1.9
33 C 29 27 26 14 120.5 0.7 1.4 120.4 -0.2
34 H 29 27 26 1.09 119.4 -179.9 1.09 119.4 179
35 H 31 28 26 1.09 119.4 179.9 1.09 119.4 179
36 C 25 22 18 142 120.4 146.2 1.41 119.7 136.4
37 C 36 25 22 14 120.2 135.1 1.41 120.2 142.4
38 C 36 25 22 14 120.5 -45.5 1.41 119.9 -36.8
39 C 37 36 25 139 120.1 179.2 1.39 119.7 -179.5
40 H 37 36 25 1.09 119.5 -0.7 1.08 119.8 -1.4
41 C 38 36 25 139 120.1 -179.9 1.39 119.7 179.7
42 H 38 36 25 1.09 119.6 0 1.08 119.8 -1.9
43 C 39 37 36 14 120.5 0.9 1.4 120.4 -0.2
44 H 39 37 36 1.09 119.4 180 1.09 119.4 179
45 H 41 38 36 1.09 119.4 179.9 1.09 119.4 179
46 N 12 8 6 145 119.4 -179.8 1.41 120.2 -179.7
47 @) 46 12 8 1.28 118.4 179.9 1.27 119 -179.6
48 @) 46 12 8 1.28 118.4 0 1.27 119 0.3
49 H 43 39 37 1.09 120.3 179.5 1.09 120.1 -179.7
50 H 33 29 27 1.09 120.3 179.7 1.09 120.1 -179.7

Table 14. Bond lengths (in A) and angles (in degree) of diphenylamino-nitro-trans-stilbene in dichloromethane
at the ground state and excited S; state from MPW1PW91

Tag atom Na Nb Nc Ground state _ Excited state _
bond angle torsion bond angle torsion
1 C - - - - - -
2 C 1 1.35 - - 1.36 - -
3 H 1 2 1.09 118.8 - 1.09 119.3 -
4 H 2 1 3 1.09 119.2 -179.1 1.09 118.4 -178.7
5 C 2 1 3 145 126.2 0.3 1.45 127.3 0.6
6 C 5 2 1 141 118.4 -178.5 1.41 119 -177.8
7 C 5 2 1 141 123.8 1.3 1.42 123.6 2
8 C 6 5 2 138 121.7 179.7 1.38 122 179.5
9 H 6 5 2 1.08 119.2 -0.1 1.09 119 -0.2
10 C 7 5 2 138 121.2 -179.6 1.38 121.5 -179.5
1 H 7 5 2 108 120.4 0.4 1.08 120.1 0.5
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12 C 8 6 5 139 118.7 0 1.41 119.4 0.1

13 H 8 6 5 1.08 121.3 -179.8 1.08 121.4 -179.8
14 H 10 7 5 1.08 121 180 1.08 121.1 -179.9
15 C 1 2 5 145 126.9 179.8 1.45 125.7 179.8
16 C 15 1 2 141 119 -177.3 1.41 118.9 -176.2
17 C 15 1 2 141 123.9 2.5 1.42 123.9 3.6
18 C 16 15 1 139 121.9 179.2 1.38 121.9 179.4
19 H 16 15 1 1.09 119.2 0.3 1.09 119 0.7
20 C 17 15 1 138 121.5 -179.6 1.38 1215 -179.1
21 H 17 15 1 1.08 120.3 14 1.08 120.2 2

22 C 18 16 15 14 120.4 0.5 1.41 119.9 0

23 H 18 16 15 1.08 119.8 -178.9 1.08 120.2 -178.1
24 H 20 17 15 1.08 119.6 -179.1 1.08 120 -178.5
25 N 22 18 16 14 121.2 -179.7 1.4 120.5 -179.3
26 C 25 22 18 142 120.8 -32 1.41 120.1 -38.2
27 C 26 25 22 14 120.1 135 1.4 120 140.7
28 C 26 25 22 14 120.5 -45.7 1.4 120 -39
29 C 27 26 25 1.39 120.2 179 1.39 119.7 -179.7
30 H 27 26 25 1.08 119.6 -0.8 1.08 119.8 -1.2
31 C 28 26 25 1.39 120.1 -179.7 1.39 119.6 179.8
32 H 28 26 25 1.08 119.6 0.1 1.08 119.7 -1.7
33 C 29 27 26 1.39 120.5 0.7 1.4 120.4 0

34 H 29 27 26 1.09 119.4 -179.9 1.08 119.5 179.2
35 H 31 28 26 1.09 119.4 179.9 1.08 119.4 179.1
36 C 25 22 18 142 120.3 146 1.41 119.9 141.2
37 C 36 25 22 14 120.2 135.6 1.4 120.1 140.4
38 C 36 25 22 14 120.5 -45 1.4 119.9 -39.4
39 C 37 36 25 139 120.1 179.1 1.39 119.6 -179.8
40 H 37 36 25 1.08 119.5 -0.6 1.08 119.8 -1.3
41 C 38 36 25 139 120.1 -179.9 1.39 119.7 179.9
42 H 38 36 25 108 119.6 0 1.08 119.8 -1.6
43 C 39 37 36 139 120.5 0.9 1.4 120.4 0

44 H 39 37 36 108 119.4 -179.9 1.08 119.5 179.2
45 H 41 38 36 1.09 119.4 180 1.08 119.5 179.1
46 N 12 8 6 145 119.3 -179.8 1.4 120.2 -179.7
47 @) 46 12 8 1.28 118.3 179.8 1.26 119.1 -179.7
48 @) 46 12 8 1.28 118.3 -0.1 1.26 118.9 0.2

49 H 43 39 37 1.08 120.3 179.5 1.08 120.1 -179.9
50 H 33 29 27 1.08 120.3 179.7 1.08 120.1 -179.9

Table 15. Bond lengths (in A) and angles (in degree) of diphenylamino-nitro-trans-stilbene in dichloromethane
at the ground state and excited S; state from ®B97XD

Tag atom Na Nb Nc Ground state _ Excited state _
bond angle torsion bond angle torsion
1 C -- - - -- -- --
2 C 1 1.34 - - 1.41 -- --
3 H 1 2 1.09 119.1 - 1.09 118.5 --
4 H 2 1 3 109 119.5 -178.8 1.09 118.1 177.8
5 C 2 1 3 147 125.9 0.2 1.4 126.2 -2.2
6 C 5 2 1 141 118.4 -177.6 1.44 119.5 179.4
7 C 5 2 1 141 123.4 2.1 1.44 123.7 -1
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4. Conclusions

In this work, we performed DFT and TD-DFT calculations DFT calculations on

diphenylamino-nitro-trans-stilbene using eleven functionals, B3LYP, HSEH1PBE, CAM-B3LYP,
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PBE, HCTH, LSDA, BVP86, B3PW91l, MPW1PW91l, ®B97XD, and TPSS. Geometry
optimizations of both ground and excited states of diphenylamino-nitro-trans-stilbene were
performed. However, only the first ten functionals were successful to obtain both ground and
excited state structures. TPSS was failed to obtain the excited state of the molecule. Comparisons
were therefore made among ten functionals in the energies of the frontier orbitals, UV-vis and
fluorescence spectra of diphenylamino-nitro-trans-stilbene and with the experimental results. For
the HUMO and LUMO energies, B3LYP and B3PW91 provide the best result with respect to the
experiment, while for UV-vis and fluorescence, CAM-B3LYP and MPW1PW091 results are
closer to the experiments. Structural comparisons between the ground and excited states of the
molecule show that the bond between C and N of nitrite decreases and the two N-O bonds of
nitrites increase upon absorption of photons predicted by all ten functionals. The work illustrated
that further research in functional is needed to accurately describe excitation of organic small
molecules.
Acknowledgement

Junpeng Zhuang acknowledges the support from the China Scholarship Council for his stay
in Carbondale.

References

(1) Ge, F; Xu, F.; Gong, K.; Liu, D.; Li, W.; Wang, L.; Zhou, X. Dyes Pigm. 2022, 200, 110127.

(2) Yashwantrao, G.; Saha, S. Dyes Pigm. 2022, 199, 110093.

(3) Xu, F; Gong, K.; Fan, W,; Liu, D.; Li, W.; Wang, L.; Zhou, X. ACS Appl. Energy Mater. 2022, 5, 13780.

(4) He, S.; Lan, Z.; Zhang, B.; Gao, Y.; Shang, L.; Yue, G.; Chen, S.; Shen, Z.; Tan, F.; Wu, J. ACS Appl. Mater.
Interfaces 2022, 14, 43576.

(5) Xu, C.; Zhao, Z.; Yang, K.; Niu, L.; Ma, X.; Zhou, Z.; Zhang, X.; Zhang, F. J. Mater. Chem. A 2022, 10, 6291.

(6) Venkatesan, S.; Hsua, T.-H.; Wong, X.-W.; Teng, H.; Lee, Y.-L. Chem. Eng. J. 2022, 446, 137349.

24

https://doi.org/10.26434/chemrxiv-2023-htrtn ORCID: https://orcid.org/0000-0002-6131-3532 Content not peer-reviewed by ChemRxiv. License: CC BY-NC-ND 4.0


https://doi.org/10.26434/chemrxiv-2023-htrtn
https://orcid.org/0000-0002-6131-3532
https://creativecommons.org/licenses/by-nc-nd/4.0/

7) Xu, F; Gong, K.; Liu, D.; Wang, L.; Li, W.; Zhou, X. Solar Energy 2022, 240, 157.
8) Pettipas, R. D.; Hoff, A.; Gelfand, B. S.; Welch, G. C. ACS Appl. Mater. Interfaces 2022, 14, 3103.
9) Agrawal, A.; Siddiqui, S. A.; Soni, A.; Sharma, G. D. Solar Energy 2022, 233, 378.
10) Ni, M.-Y;; Leng, S.-F,; Liu, H.; Yang, Y.-K.; Li, Q.-H.; Sheng, C.-Q.; Lu, X,; Liu, F.; Wan, J.-H. J. Mater. Chem. C
2021, 9, 3826.

(11) Sun, H.; Liu, D.; Wang, T.; Li, P; Bridgmohan, C. N.; Li, W.; Lu, T.; Hu, W.; Wang, L.; Zhou, X. Org.
Electronics 2018, 61, 35.

(12) Munoz-Garcia, A. B.; Benesperi, I.; Boschloo, G.; Concepcion, J. J.; Delcamp, J. H.; Gibson, E. A.; Meyer, G.
J.; Pavone, M.; Pettersson, H.; Hagfeldt, A.; Freitag, M. Chem. Soc. Rev. 2021, 50, 12450.

(13) Kokkonen, M.; Talebi, P.; Zhou, J.; Asgari, S.; Soomro, S. A.; Elsehrawy, F.; Halme, J.; Ahmad, S.; Hagfeldt,
A.; Hashmi, S. G. J. Mater. Chem. A 2021, 9, 10527.

(14) Kandregula, G. R.; Mandal, S.; Mirle, C.; Ramanujam, K. J. Photochem. Photobiol. A: Chem. 2021, 419,
113447.

(15) Sun, H.; Liu, D.; Wang, T,; Lu, T; Li, W.; Ren, S.; Hu, W.; Wang, L.; Zhou, X. ACS Appl. Mater. Interfaces
2017, 9, 9880.

(16) Fagiolari, L.; Varaia, E.; Mariotti, N.; Bonomo, M.; Barolo, C.; Bella, F. Adv. Sust. Systems 2021, 5, 2100025.

(17) Sil, M. C.; Chen, L.-S.; Lai, C.-W.; Chang, C.-C.; Chen, C.-M. J. Mater. Chem. C 2020, 8, 11407.

(18) Qin, Z.; Gao, C.; Wong, W. W. H.; Riede, M. K.; Wang, T.; Dong, H.; Zhen, Y.; Hu, W. J. Mater. Chem. C 2020,
8, 14996.

(19) MatteoBonomo; Carella, A.; Borbone, F.; Rosato, L.; Dini, D.; Gontrani, L. Dye Pigm. 2020, 175, 108140.

(20) Mariotti, N.; Bonomo, M.; Fagiolari, L.; Barbero, N.; Gerbaldi, C.; Bella, F.; Barolo, C. Green Chem. 2020,
22,7168.

(21) Mainimo, E.; Ejuh, G. W.; Ndjaka, J. M. B. J. Mater. Sci.: Mater. Electron. 2020, 31, 21923.

(22) Huaulmé, Q.; Mwalukuku, V. M.; Joly, D.; Liotier, J.; Kervella, Y.; Maldivi, P.; Narbey, S.; Oswald, F.;
Riquelme, A. J.; Anta, J. A.; Demadrille, R. Nat. Energy 2020, 5, 468.

(23) Arunkumar, A.; Shanavas, S.; Acevedo, R.; Anbarasan, P. M. Opt. Quantum Electron. 2020, 52, 164.

(24) Zhou, R.; Jiang, Z.; Yang, C.; Yu, J.; Feng, J.; Adil, M. A.; Deng, D.; Zou, W.; Zhang, J.; Lu, K.; Ma, W.; Gao, F,;
Wei, Z. Nat. Commun. 2019, 10, 5393.

(25) Xu, B.; Tian, L.; Etman, A. S.; Sun, J.; Tian, H. Nano Energy 2019, 55, 59.

(26) Wen, X.; Nowak-Krll, A.; Nagler, O.; Kraus, F.; Zhu, N.; Zheng, N.; Mgller, M.; Schmidt, D.; Xie, Z.; Wurthner,
F. Angew. Chem. Int. Ed. 2019, 58, 13051

(27) He, X.;Yin, L.; Li, Y. J. Mater. Chem. C 2019, 7, 2487.

(28) Manfredi, N.; Trifiletti, V.; Melchiorre, F.; Giannotta, G.; Biagini, P.; Abbotto, A. New J. Chem. 2018, 42,
9281.

(29) Zhang, L.; Cole, J. M. J. Mater. Chem. A 2017, 5, 19541.

(30) Gong, J.; Sumathy, K.; Qiao, Q.; Zhou, Z. Renew. Sust. Energy Rev. 2017, 68, 234.

(31) Eastham, N. D.; Dudnik, A. S.; Aldrich, T. J.; Manley, E. F.; Fauvell, T. J.; Hartnett, P. E.; Wasielewski, M. R.;
Chen, L. X.; Melkonyan, F. S.; Facchetti, A.; Chang, R. P. H.; Marks, T. J. Chem. Mater. 2017, 29, 4432.

(32) Ding, G.; Tang, A.; Chen, F,; Tajima, K.; Xiao, B.; Zhou, E. RSC Adv. 2017, 7, 13749.

(33) Yao, H.; Ye, L.; Zhang, H.; Li, S.; Zhang, S.; Hou, J. Chem. Rev. 2016, 116, 7397.

(34) Hagfeldt, A.; Boschloo, G.; Sun, L.; Kloo, L.; Pettersson, H. Chem. Rev. 2010, 110, 6595.

(
(
(
(

25

https://doi.org/10.26434/chemrxiv-2023-htrtn ORCID: https://orcid.org/0000-0002-6131-3532 Content not peer-reviewed by ChemRxiv. License: CC BY-NC-ND 4.0


https://doi.org/10.26434/chemrxiv-2023-htrtn
https://orcid.org/0000-0002-6131-3532
https://creativecommons.org/licenses/by-nc-nd/4.0/

(35) Liu, M.; Muleta, D. Y.; Yu, Z.; Wang, L.; Liu, D.; Wang, T.; Hu, W. J. Mater. Chem. C 2022, 10, 12249.

(36) Muleta, D. Y.; Song, J.; Feng, W.; Wu, R.; Zhou, X.; Li, W.; Wang, L.; Liu, D.; Wang, T.; Hu, W. J. Mater. Chem.
C 2021, 9, 5093.

(37) Wang, T.; Liu, M.; Gao, C.; Song, Y.; Wang, L.; Liu, D.; Wang, T.; Hu, W. Dyes Pigm. 2022, 207, 110734.

(38) Tu, M.; de Jong, F.; Martin, C.; Reinsch, H.; Rodriguez-Hermida, S.; Meulemans, A.; Fron, E.; Escudero, D.;
Van der Auweraer, M.; Hofkens, J.; Ameloot, R. Adv. Opt. Mater. 2023, 11, 2201856.

(39) Chen, Z.; Yang, L.; Xu, W.; Xu, F.; Sheng, J.; Xiao, Q.; Song, X.; Chen, W. Anal. Chem. 2023, 95, 3325.

(40) Zheng, Y.; Chen, Y.; Cao, Y.; Huang, F.; Guo, Y.; Zhu, X. ACS Mater. Lett. 2022, 4, 882.

(41) Zhao, M.; Wei, Q.; Zhang, J.; Li, W.; Wang, Z.; Du, S.; Xue, Q.; Xie, G.; Ge, Z. Org. Electronics 2022, 100,
106365.

(42) Wang, R.; Gong, K.; Liu, R.; Liu, D.; Li, W.; Wang, L.; Zhou, X. J. Porphyrins Phthalocyanines 2022, 26, 469.
43) Zhang, Y.; Mollick, S.; Tricarico, M.; Ye, J.; Sherman, D. A,; Tan, J.-C. ACS Sens. 2022, 7, 2338.
44) Yoshida, R.; Tachikawa, T.; Ito, S. Chem. Commun. 2022, 58, 6781.
45) Wang, Y.; Wang, X.; Ma, W.; Lu, R.; Zhou, W.; Gao, H. Chemosensors 2022, 10, 399.
46) Wang, X.; Kim, G.; Chu, J. L.; Song, T.; Yang, Z.; Guo, W.; Shao, X.; Oelze, M. L,; Li, K. C.; Lu, Y. J. Am. Chem.
Soc. 2022, 144, 5812.

(47) Mathivanan, J.; Liu, H.; Gan, J.; Chandrasekaran, A. R.; Sheng, J. ACS Appl. Bio Mater. 2022, 5, 5089.

(48) Li, J.; Dong, Y.; Wei, R.; Jiang, G.; Yao, C.; Lv, M.; Wu, Y.; Gardner, S. H.; Zhang, F.; Lucero, M. Y.; Huang, J.;
Chen, H.; Ge, G.; Chan, J.; Chen, J.; Sun, H.; Luo, X.; Qian, X.; Yang, Y. J. Am. Chem. Soc. 2022, 144, 14351.

(49) Geng,Y.; Zhang, G.; Chen, Y.; Peng, Y.; Wang, X.; Wang, Z. Anal. Chem. 2022, 94, 1813.

(50) Berrones-Reyes, J. C.; Mufioz-Flores, B. M.; Treto-Sudrez, M. A.; Hidalgo-Rosa, Y.; Schott, E.;
Paez-Hernandez, D.; Gurubasavaraj, P. M.; Zarate, X.; Jiménez-Pérez, V. M. Eur. J. Org. Chem. 2022, €202200588.

(51) zhai, C.; Yin, X.; Niu, S.; Yao, M.; Hu, S.; Dong, J.; Shang, Y.; Wang, Z.; Li, Q.; Sundqvist, B.; Liu, B. Nat.
Commun. 2021, 12, 4084.

(52) Yu, H.; Alkhamis, O.; Canoura, J.; Liu, Y.; Xiao, Y. Angew. Chem. Int. Ed. 2021, 60, 16800.

(53) Xie, Z.; Zhang, X.; Wang, H.; Huang, C.; Sun, H.; Dong, M.; Ji, L.; An, Z.; Yu, T.; Huang, W. Nat. Commun.
2021, 12, 3522.

(54) Tian, X.; Murfin, L. C.; Wu, L.; Lewis, S. E.; James, T. D. Chem. Sci. 2021, 12, 3406.

(55) Song, J.; Muleta, D. Y.; Feng, W.; Song, Y.; Zhou, X.; Li, W.; Wang, L.; Liu, D.; Wang, T.; Hu, W. Dye Pigm.
2021, 193, 109501.

(56) Shin, Y.-H.; Gutierrez-Wing, M. T.; Choi, J.-W. J. Electrochem. Soc. 2021, 168, 017502.

(57) S., K.; Sam, B.; George, L.; N, S. Y.; Varghese, A. J. Fluoresc. 2021, 31, 1251.

(58) Liu, B.; Jiao, J.; Xu, W.; Zhang, M.; Cui, P.; Guo, Z.; Deng, Y.; Chen, H.; Sun, W. Adv. Mater. 2021, 33,
2100795.

(59) Li, D.; Ling, S.; Cheng, X.; Yang, Z.; Lv, B. Anal. Bioanal. Chem. 2021, 413, 7081.

(60) Guo, S.; Dai, W.; Chen, X.; Lei, Y.; Shi, J.; Tong, B.; Cai, Z.; Dong, Y. ACS Materials Lett. 2021, 3, 379-397.

(61) Fang, T; Elsen, F.; Vogeley, N.; Wang, D. ACS Photonics 2021, 8, 3448.

(62) Zhao, W.; He, Z.; Tang, B. Z. Nat. Rev. Mater. 2020, 5, 869.

(63) McLoughlin, C. K.; Kotroni, E.; Bregnhgj, M.; Rotas, G.; Vougioukalakis, G. C.; Ogilby, P. R. Sensors 2020, 20,
5172.

(64) Markl, J. S.; Mueller, W. E. G.; Sereno, D.; Elkhooly, T. A.; Kokkinopoulou, M.; Garderes, J.; Depoix, F.;

(
(
(
(

26

https://doi.org/10.26434/chemrxiv-2023-htrtn ORCID: https://orcid.org/0000-0002-6131-3532 Content not peer-reviewed by ChemRxiv. License: CC BY-NC-ND 4.0


https://doi.org/10.26434/chemrxiv-2023-htrtn
https://orcid.org/0000-0002-6131-3532
https://creativecommons.org/licenses/by-nc-nd/4.0/

Wiens, M. Biotechnol. Bioeng. 2020, 117, 1789.

(65) Ma, Z,; Li, J.; Lin, K.; Ramachandran, M.; Li, M.; Li, Y. Anal. Chem. 2020, 92, 12282.
66) Liu, R.; McConnell, E. M.; Li, J; Li, Y. J. Mater. Chem. B 2020, 8, 3213.
67) Li, T; Li, F.; Altuzarra, C.; Classen, A.; Agarwal, G. S. Appl. Phys. Lett. 2020, 116, 254001.
68) Verma, I.; Devi, M.; Sharma, D.; Nandi, R.; Pal, S. K. Langmuir 2019, 35, 7816.
69) Strakova, K.; Assies, L.; Goujon, A.; Piazzolla, F.; Humeniuk, H. V.; Matile, S. Chem. Rev. 2019, 119, 10977.

(70) Ma, H.; Qin, Y.; Yang, Z.; Yang, M.; Ma, Y.; Yin, P.; Yang, Y.; Wang, T.; Lei, Z.; Yao, X. ACS Appl. Mater.
Interfaces 2018, 20064.

(71) Feng, W.; Wang, T.; Testoff, T. T.; Bridgmohan, C. N.; Zhao, C.; Sun, H.; Hu, W,; Li, W,; Liu, D.; Wang, L.;
Zhou, X. Spectrochim. Acta. Part A 2020, 229, 118016.

(72) Xu, F; Testoff, T. T.; Wang, L.; Zhou, X. Molecules 2020, 25, 4478.

(73) Song, J.; Muleta, D. Y.; Feng, W.; Song, Y.; Zhou, X.; Li, W.; Wang, L.; Liu, D.; Wang, T.; Hu, W. Dyes Pigm.
2021, 193, 109501.

(74) Liu, R.; Liu, D.; Meng, F.; Li, W.; Wang, L.; Zhou, X. Dyes Pigm. 2021, 187, 109135.

(75) Zhou, X.; Liu, D.; Wang, T.; Hu, X.; Guo, J.; Weerasinghe, K. C.; Wang, L.; Li, W. J. Photochem. Photobiol. A:
Chem. 2014, 274, 57.

(76) Wang, T.; Zhao, C.; Zhang, L.; Lu, T.; Sun, H.; Bridgmohan, C. N.; Weerasinghe, K. C.; Liu, D.; Hu, W.; Li, W.;
Zhou, X.; Wang, L. J. Phys. Chem. C 2016, 120, 25263.

(77) Wang, T.; Weerasinghe, K. C.; Sun, H.; Hu, X,; Lu, T; Liu, D.; Hu, W.; Li, W.; Zhou, X.; Wang, L. J. Phys. Chem.
C 2016, 120, 11338.

(78) Kumar, N.S.; Prasad, K. N. N.; Chandrasekhar, S.; Thipperudrappa, J. Chem. Phys. Impact 2023, 6, 100136.
79) Zhao, J.; Zheng, X. Front. Chem. 2022, 9, 808957.
80) Sharif, O. F. A.; Nhari, L. M.; EI-Shishtawy, R. M.; Zayeda, M. E. M.; Asiri, A. M. RSC Adv. 2022, 12, 19270.
81) Roosta, S.; Ghalami, F.; Elstner, M.; Xie, W. J. Chem. Theory Comput. 2022, 18, 1264.
82) Rauf, A.; Naeem, M.; Bukhari, S. U. Int. J. Quantum Chem. 2022, 122, e26851.
83) Parida, S.; Patra, S. K.; Mishra, S. ChemPhysChem 2022, 23, e202200361.
84) Nagaraju, N.; Kushavah, D.; Kumar, S.; Ray, R.; Gambhir, D.; Ghosh, S.; Pal, S. K. Phys. Chem. Chem. Phys.
2022, 24, 3303.

(85) Liraz, D.; Tesslera, N. Chem. Phys. Rev. 2022, 3, 031305.

(86) Kousseff, C. J.; Halaksa, R.; Parr, Z. S.; Nielsen, C. B. Chem. Rev. 2022, 122, 4397.

(87) Koteshwar, D.; Prasanthkumar, S.; Singh, S. P.; Chowdhury, T. H.; Bedja, I.; Islam, A.; Giribabu, L. Mater.
Chem. Front. 2022, 6, 580.

(88) He, Q.; Dong, F,; Xing, L.; He, H.; Chen, X.; Wang, H.; Ji, S.; Huo, Y. Tetrahedron 2022, 104, 132565.

(89) Ghadwal, R. S. Acc. Chem. Res. 2022, 55, 457.

(90) Dorofeeva, O. V.; Andreychev, V. V. J. Phys. Chem. A 2022, 126, 8315.

(91) Almeida, A. R. R. P;; Pinheiro, B. D. A.; Ferreira, A. I. M. C. L.; Monte, M. J. S. Thermochim. Acta 2022, 717,
179357.

(92) Alkhatib, Q.; Helal, W.; Afaneh, A. T. New J. Chem. 2022, 46, 7682.

(93) Yagofarov, M. I.; Solomonov, B. N. J. Chem. Thermodyn. 2021, 152, 106278.

(94) Shibasaki, Y.; Suenobu, T.; Nakagawa, T.; Katoh, R. J. Phys. Chem. A 2021, 125, 1359.

(95) Rajasekar, M. J. Mol. Struct. 2021, 1224, 129085.

(
(
(
(

(
(
(
(
(
(

27

https://doi.org/10.26434/chemrxiv-2023-htrtn ORCID: https://orcid.org/0000-0002-6131-3532 Content not peer-reviewed by ChemRxiv. License: CC BY-NC-ND 4.0


https://doi.org/10.26434/chemrxiv-2023-htrtn
https://orcid.org/0000-0002-6131-3532
https://creativecommons.org/licenses/by-nc-nd/4.0/

(96) Morais, E.; Moloney, C.; O’ Modhrain, C.; McKiernan, E.; Brougham, D. F.; Sullivan, J. A. Chem. - Eur. J.
2021, 27, 1023.
(97) Wang, T.; Weerasinghe, K. C.; Ubaldo, P. C.; Liu, D.; Li, W.; Zhou, X.; Wang, L. Chem. Phys. Lett. 2015, 618,
142.
98) Li, W.; Wang, S.; Zhou, X; Liu, D.; Wang, L.; Wang, T. Fine Chem. (in Chinese) 2015, 32, 975.
99) Zeng, L.; Huang, L.; Han, J.; Han, G. Acc. Chem. Res. 2022, 55, 2604.
100) Becke, A. D. J. Chem. Phys. 1993, 98, 5648.
101) Lee, C., Yang, W., Parr, R. G. Phys. Rev. B 1988, 37, 785.
102) Yanai, T.; Tew, D. P.; Handy, N. C. Chem. Phys. Lett. 2004, 393, 51.
103) Heyd, J.; Scuseria, G. E. J. Chem. Phys. 2004, 121, 1187.
104) Heyd, J.; Scuseria, G. E. J. Chem. Phys. 2004, 120, 7274.
105) Perdew, J. P, Burke, K., Ernzerhof, M. Phys. Rev. Lett. 1996, 77, 3865.
106) Tao, J., Perdew, J. P., Staroverov, V. N., Scuseria, G. E., Phys. Rev. Lett. 2003, 91, 146401.
107) Hamprecht, F. A., Cohen, A. J., Tozer, D. J., Handy, N. C. J. Chem. Phys. 1998, 109, 6264.
108) Ceperley, D. M.; Alder, B. J. Phys. Rev. Lett. 1980, 45, 566.
109) Perdew, J. P.; Zunger, A. Phys. Rev. B 1981, 23, 5048.
110) Perdew, J. P.; Wang, Y. Phys. Rev. B 1992, 45, 13244
111) Chai, J.; Head-Gordon, M. Phys. Chem. Chem. Phys. 2008, 10, 6615.
112) Adamo, C.; Barone, V. J. Chem. Phys. 1998, 108, 664.
113) Becke, A. D. J. Chem. Phys. 1993 98, 5648.
114) Vosko, S. H.; Wilk, L.; Nusair, M. Can. J. Phys. 1980, 58, 1200.
115) Perdew, J. P. Phys. Rev. B 1986, 33, 8822.
(116) Frisch, M. J.; Trucks, G. W.; Schlegel, H. B.; Scuseria, G. E.; Robb, M. A.; Cheeseman, J. R.; Scalmani,
G.; Barone, V.; Mennucci, B.; Petersson, G. A.; Nakatsuji, H.; Caricato, M.; Li, X.; Hratchian, H. P.; Izmaylov, A. F,;

(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(

Bloino, J.; Zheng, G.; Sonnenberg, J. L.; Hada, M.; Ehara, M.; Toyota, K.; Fukuda, R.; Hasegawa, J.; Ishida, M.;
Nakajima, T.; Honda, Y.; O. Kitao, H. N.; Vreven, T.; J. A. Montgomery, J.; Peralta, J. E.; Ogliaro, F.; Bearpark, M.; Heyd,
J. J.; Brothers, E.; Kudin, K. N.; Staroverov, V. N.; Kobayashi, R.; Normand, J.; Raghavachari, K.; Rendell, A.; Burant, J.
C.; lyengar, S. S.; Tomasi, J.; Cossi, M.; Rega, N.; Millam, J. M.; Klene, M.; Knox, J. E.; Cross, J. B.; Bakken, V.; Adamo,
C.; Jaramillo, J.; Gomperts, R.; Stratmann, R. E.; Yazyeyv, O.; Austin, A. J.; Cammi, R.; Pomelli, C.; Ochterski, J. W.,;
Martin, R. L.; Morokuma, K.; Zakrzewski, V. G.; Voth, G. A.; Salvador, P.; Dannenberg, J. J.; Dapprich, S.; Daniels, A. D.;
Farkas, O.; Foresman, J. B.; Ortiz, J. V.; Cioslowski, J.; D. J. Fox; Gaussian, Inc.: Wallingford CT, 2009.

(117) McCarroll, M. E.; Shi, Y.; Harris, S.; Puli, S.; Kimaru, I.; Xu, R.; Wang, L.; Dyer, D. J. J. Phys. Chem. B
2006, 110, 22991.

(118) Walkup, L. L.; Weerasinghe, K. C.; Tao, M.; Zhou, X.; Zhang, M.; Liu, D.; Wang, L. J. Phys. Chem. C
2010, 114, 19521.

(119) Gong, K.; Yang, J.; Testoff, T. T.; Li, W.; Wang, T.; Liu, D.; Zhou, X.; Wang, L. Chem. Phys. 2021, 549,
111256.

(120) Testoff, T. T.; Aikawa, T.; Tsung, E.; Lesko, E.; Wang, L. Chem. Phys. 2022, 562, 111641.

(121) Weerasinghe, K. C.; Wang, T.; Zhuang, J.; Sun, H.; Liu, D.; Li, W.; Hu, W.; Zhou, X.; Wang, L. Chem.
Phys. Impact 2022, 4, 100062.

(122) Weerasinghe, K. C.; Wang, T.; Zhuang, J.; Liu, D.; Li, W.; Zhou, X.; Wang, L. Comput. Mater. Sci. 2017,

28

https://doi.org/10.26434/chemrxiv-2023-htrtn ORCID: https://orcid.org/0000-0002-6131-3532 Content not peer-reviewed by ChemRxiv. License: CC BY-NC-ND 4.0


https://doi.org/10.26434/chemrxiv-2023-htrtn
https://orcid.org/0000-0002-6131-3532
https://creativecommons.org/licenses/by-nc-nd/4.0/

126, 244.

(123) Yang, J.; Liu, D.; Lu, T.; Sun, H.; Li, W,; Testoff, T. T.; Zhou, X.; Wang, L. Int. J. Quantum Chem. 2020,
120, e26355.

(124) Sun, K.; Zhang, M.; Wang, L. Chem. Phys. Lett. 2013, 585, 89.

(125) Wou, R.; Sun, K.; Chen, Y.; Zhang, M.; Wang, L. Surf. Sci. 2021, 703, 121742.

(126) Wou, R.; Wang, L. Comput. Mater. Sci. 2021, 196, 110514.

(127) Wou, R.; Wang, L. Chem. Phys. Impact 2021, 3, 100040.

(128) Xu, H.; Miao, B.; Zhang, M.; Chen, Y.; Wang, L. Phys. Chem. Chem. Phys. 2017, 19, 26210.

(129) Wu, Z.; Zhang, M.; Jiang, H.; Zhong, C.-J.; Chen, Y.; Wang, L. Phys. Chem. Chem. Phys. 2017, 19,

(130) Miao, B.; Wu, Z.-P.; Xu, H.; Zhang, M.; Chen, Y.; Wang, L. Comput. Mater. Sci. 2019, 156, 175.
(131) Wou, R.; Wang, L. J. Phys. Chem. C 2020, 124, 26953.
(132) Wu, R.; Wiegand, K. R.; Wang, L. J. Chem. Phys. 2021, 154, 054705.
(133) Wang, L.; Williams, J. I; Lin, T.; Zhong, C. J. Catal. Today 2011, 165, 150.
(134) Lu, J.; Aydin, C.; Browning, N. D.; Wang, L.; Gates, B. C. Catal. Lett. 2012, 142, 1445.
(135) Miao, B.; Wu, Z.; Xu, H.; Zhang, M.; Chen, Y.; Wang, L. Chem. Phys. Lett. 2017, 688, 92.
(136) Wu, R.; Wang, L. J. Phys. Chem. C 2022, 126, 21650.
(137) Wou, C.; Wang, L.; Xiao, Z.; Li, G.; Wang, L. Chem. Phys. Lett. 2020, 746, 137229.
(138) Wou, R.; Wang, L. Phys. Chem. Chem. Phys. 2023, 25, 2190.
(139) Wang, L.; Ore, R. M.; Jayamaha, P. K.; Wu, Z.-P.; Zhong, C.-J. Faraday Discuss. 2023, 242, 429.
(140) Wou, R.; Wang, L. ChemPhysChem 2022, e202200132.
(141) Wu, R.; Wiegand, K. R.; Ge, L.; Wang, L. J. Phys. Chem. C 2021, 125, 14275.
(142) Wau, C.; Xiao, Z.; Wang, L.; Li, G.; Zhang, X.; Wang, L. Catal. Sci. Technol. 2021, 11, 1965.
(143) Morioka, K.; Wakamatsu, K.; Tsurumaki, E.; Toyota, S. Chem. Eur. J. 2022, 28, €202103694.
(144) Hu, G.; He, J.; Li, Y. ACS Catal. 2022, 12, 6712.
(145) Whittemore, T. J.; Xue, C.; Huang, J.; Gallucci, J. C.; Turro, C. Nat. Chem. 2020, 12, 180.
(146) Watanabe, H.; Takemoto, M.; Adachi, K.; Okuda, Y.; Dakegata, A.; Fukuyama, T.; Ryu, I.; Wakamatsu,
K.; Orita, A. Chem. Lett. 2020, 49, 409.
(147) Ruppel, M.; Gazetas, L.-P.; Lungerich, D.; Jux, N. Eur. J. Org. Chem. 2020, 6352.
(148) Pigulski, B.; Ximenis, M.; Shoyama, K.; Wuerthner, F. Org. Chem. Front. 2020, 7, 2925.
(149) Noto, N.; Hyodo, Y.; Yoshizawa, M.; Koike, T.; Akita, M. ACS Catal. 2020, 10, 14283.
(150) Achelle, S.; Rodriguez-Lépez, J.; Larbani, M.; Plaza-Pedroche, R.; Guen, F. R.-l. Molecules 2019, 24,
1742.
(151) Hwang, J. Y.; Lee, J.-Y.; Cho, C.-W.; Choi, W.; Lee, Y.; Shim, S.; Hwang, G. T. Molecules 2018, 23, 219.
(152) Zhao, C.; Wang, T.; Li, D.; Lu, T.; Liu, D.; Meng, Q.; Zhang, Q.; Li, F.; Li, W.; Hu, W.; Wang, L.; Zhou, X.
Dye Pigm. 2017, 137, 256.
(153) Wu, Q.; Zhao, D.; Schneider, A. M.; Chen, W.; Yu, L. J. Am. Chem. Soc. 2016, 138, 7248.
(154) Thuy-Duong, N.-P.; Baber, A. E.; Rodriguez, J. A.; Senanayake, S. D. Appl. Catal. A 2016, 518, 18.
(155) Li, J.; Ballmer, S. G.; Gillis, E. P.; Fujii, S.; Schmidt, M. J.; Palazzolo, A. M. E.; Lehmann, J. W,;
Morehouse, G. F.; Burke, M. D. Science 2015, 347, 1221.
(156) Hammershgj, P.; Kumar, E. K. P.; Harris, P.; Andresen, T. L.; Clausen, M. H. Eur. J. Org. Chem. 2015,

29

https://doi.org/10.26434/chemrxiv-2023-htrtn ORCID: https://orcid.org/0000-0002-6131-3532 Content not peer-reviewed by ChemRxiv. License: CC BY-NC-ND 4.0


https://doi.org/10.26434/chemrxiv-2023-htrtn
https://orcid.org/0000-0002-6131-3532
https://creativecommons.org/licenses/by-nc-nd/4.0/

2015, 7301.
(157) Tang, X.; Liu, W.; Wu, J.; Lee, C.-S.; You, J.; Wang, P. J. Org. Chem. 2010, 75, 7273.
(158) Beija, M.; Afonso, C. A. M.; Martinho, J. M. G. Chem. Soc. Rev. 2009, 38, 2410.
(159) Billing, G. D.; Wang, L. J. Phys. Chem. 1992, 96, 2572.
(160) Wang, L.; Kalyanaraman, C.; McCoy, A. B. J. Chem. Phys. 1999, 110, 11221.
(161) Rumble, C. A.; Vauthey, E. J. Phys. Chem. B 2021, 125, 10527.
(162) Rumble, C. A.; Licari, G.; Vauthey, E. J. Phys. Chem. B 2020, 124, 9945.

30

https://doi.org/10.26434/chemrxiv-2023-htrtn ORCID: https://orcid.org/0000-0002-6131-3532 Content not peer-reviewed by ChemRxiv. License: CC BY-NC-ND 4.0


https://doi.org/10.26434/chemrxiv-2023-htrtn
https://orcid.org/0000-0002-6131-3532
https://creativecommons.org/licenses/by-nc-nd/4.0/

