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Following figures (Fig. S1-S9) present structures of HHC clusters considered in this work after 
geometry optimization in ground (S0) state. Brown spheres indicate carbon atoms and white spheres 
indicate hydrogen atoms. Top view (up) and side view (down) of HHC clusters are presented on 
every S1-S9 figures.

Figure S1. Top view (up) and side view 
(down) of HHC10 graphene cluster.

Figure S2. Top view (up) and side view 
(down) of HHC16 graphene cluster.
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Figure S3. Top view (up) and side view 
(down) of HHC20 graphene cluster.

Figure S5. Top view (up) and side view 
(down) of HHC24 graphene cluster.

Figure S4. Top view (up) and side view 
(down) of HHC22 graphene cluster.

Figure S4. Top view (up) and side view 
(down) of HHC36 graphene cluster.



Figure S5. Top view (up) and side view 
(down) of HHC42 graphene cluster.

Figure S9. Top view (up) and side view 
(down) of HHC54 graphene cluster.

Figure S8. Top view (up) and side view 
(down) of HHC50 graphene cluster.



Table S1. The values of energy gaps (in eV) between allowed electrons energy level in π-π* area 
with corresponding wavelengths (in nm). Symbol Ln (Hn) denotes n-th level above (below) LUMO 
(HOMO) level. HOMO-LUMO energy gap is denoted as H-L. Wavelengths belonging to VIS 
spectrum was colored with corresponding color, and those belonging to NIR spectrum was colored 
in brown.

HHC10 HHC16 HHC20 HHC22 HHC24 HHC36 HHC42 HHC50 HHC54
L10-L11 (eV)

(nm) - - - - - - - - 0.35
3542

L9-L10 (eV)
(nm) - - - - - - - - 0.48

2583
L8-L9 (eV)

(nm) - - - - - - - 0.38
3262

0.00
---

L7-L8 (eV)
(nm) - - - - - - - 0.44

2817
0.10
---

L6-L7 (eV)
(nm) - - - - - - 0.12

---
0.4

3099
0.01
---

L5-L6 (eV)
(nm) - - - - - - 0.94

1318
0.41
6024

1.43
867

L4-L5 (eV)
(nm) - - - - - 1.04

1192
0.18
6888

0.18
6888

0.00
---

L3-L4 (eV)
(nm) - - 0.32

3874
0.29
4275

0.28
4428

0.37
3350

0.66
1878

0.67
1850

0.23
5390

L2-L3 (eV)
(nm) - 0.35

3542
0.08
---

0.21
5904

2.14
579

0.98
1265

0.00
---

0.52
2384

1.02
1215

L1-L2 (eV)
(nm)

0.53
2339

1.33
932

1.17
1059

2.48
500

0.00
---

0.54
2296

1.04
1192

0.53
2339

0.00
--

L-L1 (eV)
(nm)

0.82
1512

2.59
479

1.60
775

0.03
---

1.19
1041

0.35
3542

0.00
---

0.20
6199

0.64
1937

HOMO-
LUMO (eV)

(nm)

7.02
177

1.44
861

3.43
361

3.86
319

2.90
428

2.90
428

3.79
327

2.28
543

1.39
892

H1-H2 (eV)
(nm)

1.88
659

2.53
490

1.52
815

0.07
---

1.01
1227

0.17
7293

0.00
---

0.17
7293

0.59
2101

H2-H3 (eV)
(nm)

0.34
3647

1.75
708

1.14
1087

2.23
555

0.00
---

0.69
1796

1.22
1016

0.47
2637

0.00
---

H3-H4 (eV)
(nm) - 0.53

2339
0.36
3444

0.52
2384

2.55
486

1.10
1127

0.00
---

0.54
2296

0.93
1333

H4-H5 (eV)
(nm) - - 0.89

1393 - - 0.42
2952

0.27
4592

0.62
2000

0.17
7293

H5-H6 (eV)
(nm) - - - - - 0.57

2175
0.29
4275

0.24
5166

1.39
892

H6-H7 (eV)
(nm) - - - - - - 0.86

1441
0.27
4592

0.00
---

H7-H8 (eV)
(nm) - - - - - - - 0.56

2214
0.30
4132

H8-H9 (eV)
(nm) - - - - - - - - 0.00

---
H9-H10 (eV)

(nm) - - - - - - - - 0.46
2695



Table S2. Vertical excitation energies (in eV) for the first 20 singlets together with corresponding 
oscillator strengths for every structure. Excitation with oscillator strengths values greater than 

0.01 are given bold.

Transition HHC10 HHC16 HHC20 HHC22 HHC24 HHC36 HHC42 HHC50 HHC54
S0-S1

osc. str.
6.94

0.0182
1.59

0.1187
3.72

0.8147
3.13

0.0004
2.44

0.0000
2.50

0.0000
3.02

0.0000
1.93

0.0000
1.02

0.0000
S0-S2

osc. str.
6.98

0.4308
3.01

0.0009
4.08

0.0000
3.43

0.0205
3.30

0.0000
2.60

0.0726
3.23

0.0000
2.09

0.0000
1.53

0.0000
S0-S3

osc. str.
7.53

0.0000
4.47

0.6991
4.30

0.0000
3.56

0.0480
3.30

0.0000
2.81

0.0000
3.84

0.8432
2.17

0.2782
1.53

0.0000
S0-S4

osc. str.
7.65

0.0000
4.61
0.0

5.30
0.0000

3.91
0.6437

3.68
0.0000

3.05
0.0000

3.84
0.8433

2.32
0.3946

1.72
0.0000

S0-S5
osc. str.

7.68
0.0000

4.66
0.0000

5.46
0.0000

5.39
0.0009

3.68
0.0000

3.70
0.1497

4.08
0.0000

2.35
0.0039

1.72
0.0000

S0-S6
osc. str.

7.78
0.0392

4.99 
0.0000

5.78
0.0030

5.41
0.0318

4.28
0.0000

3.37
0.0000

4.08
0.0000

2.52
0.0539

2.04
0.0000

S0-S7
osc. str.

7.85
0.0000

5.07
0.0231

5.88
0.0000

5.70
0.0008

4.61
0.3364

3.45
0.3070

4.11
0.0000

2.64
0.0000

2.25
0.0000

S0-S8
osc. str.

8.25
0.0000

5.26
0.0101

5.90
0.0000

5.82
0.0002

4.61
0.3364

3.78
0.0000

4.18
0.0000

2.85
0.0000

2.32
0.4495

S0-S9
osc. str.

8.39
0.0279

5.38
0.0000

5.97
0.0000

5.85
0.0009

4.63
0.0000

4.03
0.0000

4.31
0.0000

2.91
0.0000

2.32
0.4495

S0-S10
osc. str.

8.75
0.0123

5.54
0.0000

6.20
0.5795

5.86
0.0000

5.51
0.0000

4.23
0.0000

4.40
0.0000

3.09
0.0000

2.34
0.0000

S0-S11
osc. str.

8.82
0.0000

5.78
0.0000

6.32
0.0000

5.92
0.2996

5.51
0.0000

4.25
0.0198

4.40
0.0000

3.12
0.0026

2.51
0.0001

S0-S12
osc. str.

8.89
0.0000

5.79
0.0108

6.37
0.0000

5.93
0.0000

5.54
0.0000

4.38
0.0000

4.71
0.0000

3.29
0.0166

2.51
0.0001

S0-S13
osc. str.

9.03
0.0000

5.89
0.0000

6.50
0.0000

5.94
0.0744

5.74
0.1006

4.51
0.3720

4.73
0.0000

3.30
0.1609

2.60
0.0000

S0-S14
osc. str.

9.09
0.0000

5.90
0.3776

6.54
0.0000

5.95
0.0785

5.74
0.1007

4.62
0.0079

4.73
0.0000

3.53
0.0248

2.81
0.0034

S0-S15
osc. str.

9.16
0.0000

5.91
0.0000

6.56
0.0097

6.07
0.0000

5.81
0.0000

4.73
0.0000

4.85
0.0000

3.62
0.0000

2.81
0.0034

S0-S16
osc. str.

9.33
0.0000

6.07
0.0000

6.64
0.0149

6.19
0.0000

5.81
0.0000

4.74
1.1515

4.85
0.0000

3.70
0.0000

3.07
0.0004

S0-S17
osc. str.

9.38
0.0000

6.12
0.2322

6.70
0.0022

6.20
0.0000

5.96
0.0000

4.99
0.0000

5.10
0.0000

3.74
0.0000

3.07
0.0004

S0-S18
osc. str.

9.39
0.0103

6.34
0.0000

6.76
0.0020

6.24
0.0000

6.33
0.4803

5.02
0.0000

5.10
0.0000

3.75
0.0000

3.17
0.0000

S0-S19
osc. str.

9.43
0.0000

6.42
0.0285

6.83
0.0360

6.27
0.0000

6.33
0.4803

5.06
0.0985

5.20
0.0000

3.77
0.1304

3.17
0.0000

S0-S20
osc. str.

9.56
0.0000

6.44
0.0000

6.87
0.0083

6.31
0.3378

6.38
0.0000

5.14
0.0000

5.48
0.0000

3.79
0.0005

3.18
0.0135



Figure S10. Absorption spectrum of HHC10 cluster.

Figure S11. Absorption spectrum of HHC16 cluster.



Figure S12. Absorption spectrum of HHC20 cluster.

Figure S13. Absorption spectrum of HHC22 cluster.



Figure S14. Absorption spectrum of HHC24 cluster.

Figure S15. Absorption spectrum of HHC36 cluster.



Figure S16. Absorption spectrum of HHC42 cluster.

Figure S17. Absorption spectrum of HHC50 cluster.



Figure S18. Absorption spectrum of HHC54 cluster.


