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1) Materials preparation
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Fig. S1. FT-IR spectra of 2b (ATR, powder).
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Fig. S2. *H NMR spectra of 2b (400 MHz, CDClz).
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Fig. S3. 13C NMR spectra of 2b (100 MHz, CDCls).
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Fig. S4. FT-IR spectrum of 8 (KBr).
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Fig. S5. 'H NMR spectra of 8 (400 MHz, CD2Cl>).
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Fig. S6. 13C NMR spectra of 8 (100 MHz, CD2Cl).
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2) Materials characterization

Table S1. Carbonization and Raman measurement conditions, and the resulting raw and modified Raman
spectra after exposing la to 532 nm laser.

s

la

Carbonization conditions? Raman measurment conditions?® Specra after laser exposure

Laser Laser

op® energy SXPOSUC - rp  energy
time (s)

W em™?) W em™)

i Gand D
E>'<posure Cumulative Raw Modified® :
time (s)  number bands

440

2 41x10° 60 2 41x10° 5 5 int. 4001 _e x
3801
370 L n L n L n L
1800 1600 1400 1200 1000
Raman Shift [cm-1]

280
270
260
1 41x10* 60 2 41a0® 5 5 it 250
240
230

WMM _e x

1800 1600 1400 1200 1000
Raman Shift [cm-1]

1100

1000

0.6 7.5x10* 30 2 4.1x10° 5 5 Int. 900

800 L n L n L n L n
1800 1600 1400 1200 1000
Raman Shift [cm-1]

340

320, /\
int. 300 W
0.3 15x10° 10 2 41x10° 5 5 g0k e o)
2pp
1800 1600 1400 1200 1000
Raman Shift [cm-1]

2607
250(
240

0 29x10° 5 2 41x10° 5 5 Int- 2301
220

0 . . . .
1800 1600 1400 1200 1000
Raman Shift [cm-1]

aMagnification of objective lens was 100 times.

b Optical density (OD) of a neutral density (ND}eil.

¢ Modified spectra were displayed after subtractingar background and normalizing them for easeoofiparing them with each other.
Vertical axis exhibits the Raman intensity with &dniy unit.

d X, A, ando denote the case when G and D bands were not eefechen it was difficult to judge detection of @daD bands, and
when G and D bands were clearly detected, resgbgtiv

¢The modified spectra are shown in Fig. 2a.
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Table S2. Carbonization and Raman measurement conditions, and the resulting raw and modified Raman
spectra after exposing 2a to 532 nm laser.

2a
Carbonization conditions? Raman measurment conditions?® Specra after laser exposure
Laser Exposure Laser Exposure Cumulative Gand D
oD energy 'p oDP energy 'p Raw Modified® d
~, time (s) ~,, time(s)  number bands
(Wcem™) (W cm™)
250
2201 {
Int.
2 35x10° 30 3 35x102 5 10 " 200 @ _e x
o T
1800 1600 1400 1200 1000
Raman Shift [cm-1]
250
2201
1 35x10° 30 3 35«02 5 10 I 200 W e x
70— . . .
1800 1600 1400 1200 1000
Raman Shift [cm-1]
750
7001
Int.
0.6 88x10* 60 3 35x12 5 10 " 6501 _e A
5907 L L L L L L L L
1800 1600 1400 1200 1000
Raman Shift [cm-1]
1700
1600
Int 14001
0.3 1.8x10° 60 1 3.5x10° 5 10 ' _e )
12001
1100— ' ' '
1800 1600 1400 1200 1000
Raman Shift [cm-1]
490
450W
Int.
0 35x10° 120 1 35x102 5 10 400r - O
360 '

1600 1400 1200
Raman Shift [cm-1]

1800 1000

@ Magnification of objective lens was 100 times.

b Optical density (OD) of a neutral density (ND}eil.

¢ Modified spectra were displayed after subtractingar background and normalizing them for easeoofiparing them with each other.
Vertical axis exhibits the Raman intensity with &dniy unit.

d X, A, ando denote the case when G and D bands were not eefechen it was difficult to judge detection of @daD bands, and
when G and D bands were clearly detected, resgbgtiv

¢The modified spectra are shown in Fig. 2b.
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Table S3. Carbonization and Raman measurement conditions, and the resulting raw and modified Raman
spectra after exposing 3a to 532 nm laser.

<

3a
Carbonization conditions? Raman measurment conditions?® Specra after laser exposure
Laser Exposure Laser Exposure Cumulative Gand D
oD® energy P op® energy <P Raw Modified® .
~, time (s) ~,, time(s)  number bands
(Wem™) (Wem™)
187
1851
Int.
2 1.9x10° 60 2 1.9x10% 5 20 180 Wby W —& x
| S S
1800 1600 1400 1200 1000
Raman Shift [cm-1]
210
2001
Int. 190
1 1.9x10* 60 1 1.9x10* 5 20 190 —& x
1801
e S
1800 1600 1400 1200 1000
Raman Shift [cm-1]
250
2401
H220’
nt.
0.6 4.8x10* 60 0.6 4.8x10* 5 20 —e x
2000
185 '

1800 1600 1400 1200 1000
Raman Shift [cm-1]

390

360

Int. L
0.3 9.6x10* 60 0.3 9.6x10* 5 20 340 _e x
[

310
1800 1600 1400 1200 1000
Raman Shift [cm-1]

580
560

Int.
0 19x10° 60 0 1.9x10° 60 20 . 540 V

520
50— , , ,
1800 1600 1400 1200 1000
Raman Shift [cm-1]

@ Magnification of objective lens was 100 times.

b Optical density (OD) of a neutral density (ND}eil.

¢ Modified spectra were displayed after subtractingar background and normalizing them for easeoofiparing them with each other.
Vertical axis exhibits the Raman intensity with &dniy unit.

d X, A, ando denote the case when G and D bands were not eefechen it was difficult to judge detection of @daD bands, and
when G and D bands were clearly detected, resgbgtiv

¢The modified spectra are shown in Fig. 2c.
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Table S4. Carbonization and Raman measurement conditions, and the resulting raw and modified Raman
spectra after exposing 1b to 532 nm laser.

L

1b
Carbonization conditions® Raman measurment conditions® Specra after laser exposure
Laser Exposure Laser Exposure Cumulative G and D
oD energy 'p oDP energy 'p Raw Modified® d
~, time (s) ~,, time(s)  number bands
W cm™) (Wcm™)
1100

1000
8001
Int.
2 21x10° 60 2 2.1x10° 5 20 n \\\\\v«\\‘*v\\\\\\\\‘ _e A
600"
50

P —— L
1800 1600 1400 1200 1000
Raman Shift [cm-1]

670
600[
Int.
1 21x10° 60 2 21x10° 5 20 " _e o
500

460

1800 1600 1400 1200 1000
Raman Shift [cm-1]

1250

1100
Int. 1000
900

800

0.6 5.3x10* 60 2 2.1x10% 5 20

1800 1600 1400 1200 1000
Raman Shift [cm-1]

900

800f
Int. 7001

03 1.0x10° 60 2 21x10° 5 2 ft. 700 . 5
600F

550

1800 1600 1400 1200 1000
Raman Shift [cm-1]

470
450

int. 400]
0 2.1x10° 60 2 2.1x10% 5 20

350

330 , , ,

1800 1600 1400 1200 1000
Raman Shift [cm-1]

aMagnification of objective lens was 100 times.
b Optical density (OD) of a neutral density (ND}eil.
¢ Modified spectra were displayed after subtractingar background and normalizing them for easeoofiparing them with each other.

Vertical axis exhibits the Raman intensity with &dniy unit.
d X, A, ando denote the case when G and D bands were not eefechen it was difficult to judge detection of @daD bands, and

when G and D bands were clearly detected, resgdgtiv
¢The modified spectra are shown in Fig. 2d.
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Table S5. Carbonization and Raman measurement conditions, and the resulting raw and modified Raman
spectra after exposing 2b to 532 nm laser.

.

Carbonization conditions®

Raman measurment conditions?®

Specra after laser exposure

Laser

Laser

E E Cumulati Gand D
2 -2
(W cm™) (Wem™)
187
184
Int.
3 20x102 60 2 2.0x10° 5 20 182 _e x
17— ‘ ‘ ‘
1800 1600 1400 1200 1000
Raman Shift [cm-1]
1800
1500F
2 20x10° 60 2 2.0x10° 5 20 it _e x
. . 1000F
700t— ‘ ‘ ‘
1800 1600 1400 1200 1000
Raman Shift [cm-1]
4550
40001
Int.
1 2.1x10* 60 2 2.0x10% 5 20 3500F _e A
50E— ‘ ‘ ‘
1800 1600 1400 1200 1000
Raman Shift [cm-1]
770
700
Int. 600
0.6 52x10° 60 2 20x10° 5 20 600 —e O
4807 L L L L L L L L
1800 1600 1400 1200 1000
Raman Shift [cm-1]
248
240
nt 20
0.3 1.0x10° 60 2 2.0x10° 5 20 '220, —° @)

P —— L
1800 1600 1400 1200 1000
Raman Shift [cm-1]

a Magnification of objective lens was 100 times.

b Optical density (OD) of a neutral density (NDJéil.

¢ Modified spectra were displayed after subtractingar background and normalizing them for easeoofiparing them with each other.
Vertical axis exhibits the Raman intensity with &daiy unit.

d X, A, ando denote the case when G and D bands were not eiéteehen it was difficult to judge detection of GdaD bands, and
when G and D bands were clearly detected, resgbgtiv

®The modified spectra are shown in Fig. 2e.
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Table S6. Carbonization and Raman measurement conditions, and the resulting raw and modified Raman

spectra after exposing 3b to 532 nm laser.
N
J Q0
3b

Carbonization conditions® Raman measurment conditions?® Specra after laser exposure
Laser £ Laser £ c lati G and D
Xposure xposure Cumulative
OoDP energy _p ODP energy _p Raw Modified® d
2, time(s) Z,, time(s)  number bands
(W cm™) (Wem™)
200
1951 U\
Int. 190
2 2.2x10° 60 2 2.2x10% 5 20 _e x
185

18— . . .
1800 1600 1400 1200 1000

Raman Shift [cm-1]

1700
1600

14001
.

1 22x10* 60 2 2.2x10° 5 20 _e A
1200

1050 — : : :
1800 1600 1400 1200 1000

Raman Shift [cm-1]

3100f

25001

0.6 5.9x10° 60 2 2.2x10° 5 20 "2000f -° A

1800 1600 1400 1200 1000
Raman Shift [cm-1]

1500

325

300
Int. 280

260
245

0.3 1.1x10° 60 2 2.2x10° 5 20

1800 1600 1400 1200 1000
Raman Shift [cm-1]

189

0 2.2x10° 60 2 2.2x10% 5 20 180 —e e)

A R ——
1800 1600 1400 1200 1000

Raman Shift [cm-1]

a Magnification of objective lens was 100 times.

b Optical density (OD) of a neutral density (NDJéil.

¢ Modified spectra were displayed after subtractingar background and normalizing them for easeoofiparing them with each other.
Vertical axis exhibits the Raman intensity with &daiy unit.

d X, A, ando denote the case when G and D bands were not eiéteehen it was difficult to judge detection of GdaD bands, and
when G and D bands were clearly detected, resgbgtiv

®The modified spectra are shown in Fig. 2f.
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Table S7. Carbonization and Raman measurement conditions, and the resulting raw and modified Raman
spectra after exposing 1c to 532 nm laser.

1c
Carbonization conditions® Raman measurment conditions?® Specra after laser exposure
Laser £ Laser £ c lati G and D
OoDP energy Xposure e energy xposure Lumuative Raw Modified® d
2, time(s) Z,, time(s)  number bands
(Wem™) (Wcem™)
2 2.9x10° 60 2 2.9x10° 5 5 _e A
1640— : : :
1800 1600 1400 1200 1000
Raman Shift [cm-1]
4300
40001
Int. r
1 41x10* 60 2 29x10° 5 5 3500 e A
07 L L L L
1800 1600 1400 1200 1000
Raman Shift [cm-1]
1205
1100[
Int, 10001
0.6 6.8x10* 60 2 2.9x10° 5 5 _e e
9001
805— , , ,
1800 1600 1400 1200 1000
Raman Shift [cm-1]
410
Int.
03 15x10° 60 2 20x10° 5 5 . 350 e o
305t
1800 1600 1400 1200 1000
Raman Shift [cm-1]
2451
230
Int.220
0 29x10° 60 2 2.9x10° 5 5 210 e @)

T — L
1800 1600 1400 1200 1000
Raman Shift [cm-1]

a Magnification of objective lens was 100 times.

b Optical density (OD) of a neutral density (NDJéil.

¢ Modified spectra were displayed after subtractingar background and normalizing them for easeowofiparing them with each other.
Vertical axis exhibits the Raman intensity with &daiy unit.

d X, A, ando denote the case when G and D bands were not eiéteehen it was difficult to judge detection of GdaD bands, and
when G and D bands were clearly detected, resgbgtiv

®The modified spectra are shown in Fig. 2g.
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Table S8. Carbonization and Raman measurement conditions, and the resulting raw and modified Raman

spectra after exposing 2c to 532 nm laser.

(L)

2c
Carbonization conditions® Raman measurment conditions?® Specra after laser exposure
Laser £ Laser £ c |ati G and D
OoDP energy Xposure e energy xposure Lumuative Raw Modified® d
2, time(s) Z,, time(s)  number bands
(Wem™) (Wcem™)
795
750
2 32x10° 60 2 32x10° 5 10 int 700 _e x
635— , ,
1800 1600 1400 1200 1000
Raman Shift [cm-1]
3100
30001
28001
Int.
1 3.2x10* 60 2 3.2x10° 5 10 2600F _e A
o , ,
1800 1600 1400 1200 1000
Raman Shift [cm-1]
950
900
Int.
0.6 8.0x10* 60 2 3.2x10° 5 10 ™ g0t - A
730— , ,
1800 1600 1400 1200 1000
Raman Shift [cm-1]
1400
1300[
nt, 12007
0.3 1.6x10° 60 2 3.2x10° 5 10 '11007 —° A
1000t
1800 1600 1400 1200 1000
Raman Shift [cm-1]
0 3.2x10° 60 2 3.2x10° 5 20 _e @)

1800 1600 1400 1200 1000
Raman Shift [cm-1]

a Magnification of objective lens was 100 times.
b Optical density (OD) of a neutral density (NDJéil.

¢ Modified spectra were displayed after subtractingar background and normalizing them for easeowofiparing them with each other.

Vertical axis exhibits the Raman intensity with &daiy unit.

d X, A, ando denote the case when G and D bands were not eiéteehen it was difficult to judge detection of GdaD bands, and

when G and D bands were clearly detected, resgbgtiv
®The modified spectra are shown in Fig. 2h.
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Table S9. Carbonization and Raman measurement conditions, and the resulting raw and modified Raman
spectra after exposing 3c to 532 nm laser.

, OO
o

Carbonization conditions? Raman measurment conditions?® Specra after laser exposure
Laser Exposure Laser Exposure Cumulative Gand D
oD energy 'p oDP energy 'p Raw Modified® d
~, time (s) ~,, time(s)  number bands
(Wcem™) (W cm™)
208
205
Int.
2 1.9x10° 60 2 1.9x10° 5 20 200 e x
| S
1800 1600 1400 1200 1000
Raman Shift [cm-1]
248
240
Int.
1 1.9x10* 60 1 1.9x10* 5 20 _e x
230 "
ooy
| S R —
1800 1600 1400 1200 1000
Raman Shift [cm-1]
2311
2251
Int.
0.6 5.0x10* 60 0.6 5.0x10* 5 20 " “ 'MM _e x
2201
217 '

1800 1600 1400 1200 1000
Raman Shift [cm-1]

239
235

03 97x10*° 60 03 97x10* 5 20 lm.230 WWWW _e x
227 ' ' ' '

1800 1600 1400 1200 1000
Raman Shift [cm-1]

600

500

Int r
0 1.9x10° 60 0 19x10° 5 20 ™ s00f M\J - x

300

1800 1600 1400 1200 1000
Raman Shift [cm-1]

@ Magnification of objective lens was 100 times.

b Optical density (OD) of a neutral density (ND}eil.

¢ Modified spectra were displayed after subtractingar background and normalizing them for easeoofiparing them with each other.
Vertical axis exhibits the Raman intensity with &dniy unit.

d X, A, ando denote the case when G and D bands were not eefechen it was difficult to judge detection of @daD bands, and
when G and D bands were clearly detected, resgbgtiv

¢The modified spectra are shown in Fig. 2i.
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Table S10. Carbonization and Raman measurement conditions, and the resulting raw and modified Raman
spectra after exposing 4 to 532 nm laser.

4
Carbonization conditions® Raman measurment conditions?® Specra after laser exposure
Laser £ Laser £ c lati G and D
ODb  energy xposure oD energy xposure Cumulative Raw Modified® b
. time (s) ,, time(s)  number bands
(W cm™) (Wcem™)
18500 £
H16000’ L
0 19x10° 60 0 19x10° 1 20 - A
140001
13000— ' | '

1800 1600 1400 1200 1000 1800 1600 1400 1200 1000
Raman Shift [cm-1] Raman Shift [cm-1]

a Magnification of objective lens was 100 times.

b Optical density (OD) of a neutral density (NDJéil.

¢ Modified spectra were displayed after subtractingar background and normalizing them for easeoofiparing them with each other.
Vertical axis exhibits the Raman intensity with &daiy unit.

d X, A, ando denote the case when G and D bands were not eiéteehen it was difficult to judge detection of GdaD bands, and
when G and D bands were clearly detected, resgbgtiv

S16



Table S11. Carbonization and Raman measurement conditions, and the resulting raw and modified Raman
spectra after exposing 5 to 532 nm laser.

5

Carbonization conditions?

Raman measurment conditions?®

Specra after laser exposure

Laser E Laser E o lati G and D
opb energy =XPOSUC  opp  energy EXPosure Cumulative Raw Modified® .
~, time (s) ~,, time(s)  number bands
(Wcem™) (W cm™)
490 F
4501 ﬁ
Int. M«"'ﬂw i ﬂ
2 38x10° 5 2 3.8x10° 5 20 400" M L x
1 S S—— T
1800 1600 1400 1200 1000 1800 1600 1400 1200 1000
Raman Shift [cm-1] Raman Shift [cm-1]
21001 F
Int. r ﬁ I
1 38x10° 5 1 3.8x10° 5 20 1500,/JJJM /JLJ LLJL )
j050L—4—— I
1800 1600 1400 1200 1000 1800 1600 1400 1200 1000
Raman Shift [cm-1] Raman Shift [cm-1]
4650( F
4000
Int. 3500 i
06 7.4x10° 5 06 7.4x10' 5 20 " 35°°~\J\\ju /J\J«J *
oo ] e T T L
P O H L
1800 1600 1400 1200 1000 1800 1600 1400 1200 1000
Raman Shift [cm-1] Raman Shift [cm-1]
32500
soooow
Int. F
0.3 15x10° 5 03 15x10° 5 20 " 28000 x
260001
25000 — . . . \ , \ )
1800 1600 1400 1200 1000 1800 1600 1400 1200 1000
Raman Shift [cm-1] Raman Shift [cm-1]
1950
18001 F
0 2.9x10° 300 0 2.9x10° 5 20 1600F T ] A
14507 L L L L L L L L
1800 1600 1400 1200 1000 1800 1600 1400 1200 1000

Raman Shift [cm-1]

Raman Shift [cm-1]

@ Magnification of objective lens was 100 times.

b Optical density (OD) of a neutral density (ND}eil.

¢ Modified spectra were displayed after subtractingar background and normalizing them for easeoofiparing them with each other.
Vertical axis exhibits the Raman intensity with &dniy unit.

d X, A, ando denote the case when G and D bands were not eefechen it was difficult to judge detection of @daD bands, and
when G and D bands were clearly detected, resgbgtiv
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Table S12. Carbonization and Raman measurement conditions, and the resulting raw and modified Raman

spectra after exposing 6 to 532 nm laser.

6
Carbonization conditions® Raman measurment conditions?® Specra after laser exposure
Laser £ Laser £ c lati G and D
OoDP energy XposUre e energy xposure Lumuative Raw Modified® d
2o, time(s) Z,, time(s)  number bands
(Wem™) (Wem™)
1 1.9x10* 60 1 1.9x10% 5 20 - x
180— , , , , , ,
1800 1600 1400 1200 1000 1800 1600 1400 1200 1000
Raman Shift [cm-1] Raman Shift [cm-1]
505
480 \
Int.
0.6 48x10° 60 06 48x10° 5 20 ™ 460" \WM A
40—t P S
1800 1600 1400 1200 1000 1800 1600 1400 1200 1000
Raman Shift [cm-1] Raman Shift [cm-1]
1780
1700
nt. 16001
0.3 9.6x10* 60 0.3 9.6x10* 5 20 A
1500
e S — P S S S
1800 1600 1400 1200 1000 1800 1600 1400 1200 1000
Raman Shift [cm-1] Raman Shift [cm-1]
1340
1300
Int.
0 19x10° 60 0 19x10° 5 20 ™ 1200~ o
1120 , , , \

1800 1600 1400 1200 1000 1800 1600 1400 1200 1000
Raman Shift [cm-1] Raman Shift [cm-1]

a Magnification of objective lens was 100 times.

b Optical density (OD) of a neutral density (NDJéil.

¢ Modified spectra were displayed after subtractingar background and normalizing them for easeowofiparing them with each other.
Vertical axis exhibits the Raman intensity with &daiy unit.

d X, A, ando denote the case when G and D bands were not eiéteehen it was difficult to judge detection of GdaD bands, and
when G and D bands were clearly detected, resgbgtiv
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Table S13. Carbonization and Raman measurement conditions, and the resulting raw and modified Raman
spectra after exposing 7 to 532 nm laser.

Br
Br Br
Br Br
Br
7
Carbonization conditions® Raman measurment conditions?® Specra after laser exposure
Laser £ Laser £ c lati G and D
OoDP energy XposUre e energy xposure Lumuative Raw Modified® d
2, time(s) Z,, time(s)  number bands
(Wem™) (Wcem™)
1891
186
Int.184’
1 1.9x10* 60 1 1.9x10* 5 20 182 I x
1790 , , , - , , ,
1800 1600 1400 1200 1000 1800 1600 1400 1200 1000
Raman Shift [cm-1] Raman Shift [cm-1]
0.6 4.9x10* 60 0.6 4.9x10* 5 20 e)
| SR S
1800 1600 1400 1200 1000 1800 1600 1400 1200 1000
Raman Shift [cm-1] Raman Shift [cm-1]
980
900
Int.
0.3 97x10* 60 03 97x10* 5 20 ™ ook o
730 A S
1800 1600 1400 1200 1000 1800 1600 1400 1200 1000
Raman Shift [cm-1] Raman Shift [cm-1]
600 )
5801
\ 560 Iy
nt.
0 1.9x10° 60 0  1.9x10° 5 20 540 O
i i
o i A A S S
1800 1600 1400 1200 1000 1800 1600 1400 1200 1000
Raman Shift [cm-1] Raman Shift [cm-1]

a Magnification of objective lens was 100 times.

b Optical density (OD) of a neutral density (NDJéil.

¢ Modified spectra were displayed after subtractingar background and normalizing them for easeoofiparing them with each other.
Vertical axis exhibits the Raman intensity with &daiy unit.

d %, A, ando denote the case when G and D bands were not eiéteehen it was difficult to judge detection of GdaD bands, and
when G and D bands were clearly detected, resgbgtiv
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Table S14. Carbonization and Raman measurement conditions, and the resulting raw and modified Raman

spectra after exposing 8 to 532 nm laser.

L

O

90

8
Carbonization conditions® Raman measurment conditions® Specra after laser exposure
Laser Exposure Laser Exposure Cumulative Gand D
oD energy P op® energy P Raw Modified® "
. time (s) . time(s)  number bands
(Wcem™) Wcem™)
510 £
4501 [
Int, 400 [
3 19x10° 100 3 1.9x10? 5 20 x
B/Or TN [T e W T
3100 . . . " . f .
1800 1600 1400 1200 1000 1800 1600 1400 1200 1000
Raman Shift [cm-1] Raman Shift [cm-1]
550
5001
Int.
2 1.9x10° 60 3 1.9x10? 5 20 450( A
400— . . . N i ————
1800 1600 1400 1200 1000 1800 1600 1400 1200 1000
Raman Shift [cm-1] Raman Shift [cm-1]
290
280
2601
Int.
1 1.9x10* 60 3 1.9x10? 5 20 2401 @)
2157 L L L L ) L L L L
1800 1600 1400 1200 1000 1800 1600 1400 1200 1000
Raman Shift [cm-1] Raman Shift [cm-1]
460
400
Int.
0.6 4.9x10* 60 3 1.9x10° 5 20 30 A
300
70— . . .
1800 1600 1400 1200 1000 1800 1600 1400 1200 1000
Raman Shift [cm-1] Raman Shift [cm-1]
280
2601 w
Int. 240+
03 97x10° 60 3 19x10? 5 20 240 o
2201 - L
10— . . . . . . .
1800 1600 1400 1200 1000 1800 1600 1400 1200 1000
Raman Shift [cm-1] Raman Shift [cm-1]
186
184
Int. 182
0 1.9x10° 60 3 1.9x10° 5 20 8 O
w8or T e T o
gl . . . . . .
1800 1600 1400 1200 1000 1800 1600 1400 1200 1000

Raman Shift [cm-1]

Raman Shift [cm-1]

a Magnification of objective lens was 100 times.
b Optical density (OD) of a neutral density (NDJéil.

¢ Modified spectra were displayed after subtractingar background and normalizing them for easeoofiparing them with each other.

Vertical axis exhibits the Raman intensity with &daiy unit.

d X, A, ando denote the case when G and D bands were not eiéteehen it was difficult to judge detection of GdaD bands, and

when G and D bands were clearly detected, resgbgtiv
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Table S15. Carbonization and Raman measurement conditions, and the resulting raw and modified Raman
spectra after exposing 9 to 532 nm laser.

AT
[ A
Y

9
Carbonization conditions® Raman measurment conditions?® Specra after laser exposure
Laser £ Laser £ c lati G and D
OoDP energy XposUre e energy xposure Lumuative Raw Modified® d
2o, time(s) Z,, time(s)  number bands
(Wem™) (Wem™)
290 [
250
Int. |
2 22x102 300 2 22x10° 10 5 " \ x
200 MW
180— , \ | i ! ! !
1800 1600 1400 1200 1000 1800 1600 1400 1200 1000
Raman Shift [cm-1] Raman Shift [cm-1]
270
260
2401
Int.
1 22x10° 300 2 2.2x10° 10 5 2000 0
00— , , , - , , ,
1800 1600 1400 1200 1000 1800 1600 1400 1200 1000
Raman Shift [cm-1] Raman Shift [cm-1]
275 )
260
|
Int. 2407
0.6 5.4x10° 300 2 2.2x10% 10 5 ! e)
220 o et o2
510— , , , ; ,
1800 1600 1400 1200 1000 1800 1600 1400 1200 1000
Raman Shift [cm-1] Raman Shift [cm-1]
250
2401
Int. 2201
0.3 1.0x10* 300 2 2.2x10% 10 5 e)
1957 L L L L L L L L L L L L L L L L
1800 1600 1400 1200 1000 1800 1600 1400 1200 1000
Raman Shift [cm-1] Raman Shift [cm-1]
240 |
2301
2200
Int. 91oF
0 20x10° 300 2 22x10° 10 5 m-210 o
200
fool e
1800 1600 1400 1200 1000 1800 1600 1400 1200 1000

Raman Shift [cm-1] Raman Shift [cm-1]

aMagnification of objective lens was 20 times.

b Optical density (OD) of a neutral density (ND}eil.

¢ Modified spectra were displayed after subtractingar background and normalizing them for easeoofiparing them with each other.
Vertical axis exhibits the Raman intensity with &y unit.

d X, A, ando denote the case when G and D bands were not eiétachen it was difficult to judge detection of GdaD bands, and
when G and D bands were clearly detected, resghgtiv
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3) Density functional theory (DFT) calculation

(a) Energy

E1a

E1ab

Bowl-shaped

Bowl-shaped

E1ao=Eia
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energy

Planar

_—,

1aa

(b) Energy

E1aa ‘

Calculated BDE
125 kJ mol™!

E10a ‘

Planar

Calculated BDE

O 289 kJ mol™’
O‘O
10
E1D
Planar

Fig. S7. Energy level diagrams of (a) sumanene (1a) and (b) 1,7-dimethyl-4H-cyclopenta[def]triphenylene (10)

with the biradical species resulted from Ar—CHz bond dissociation.
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Table S16. Sum of electronic and zero-point energies (E) calculated by DFT method. On the right side of the
table, calculated BDEs of various bonds are summarized.

E , E Difficult  Bond dissociation Eas
Species
(Hartree

per particle)

Species (Hartree

-1
per particley (K M)

(kJ mol™)
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4) Thermogravimetry

The thermogravimetry (TG) foilb was performed using a thermogravimetric analyZiggku Corp.,
Thermo plus EVO2 TG8121). A powder @b (0.757 mg) was added into an aluminum pan, and the
temperature was increased from room temperaturégL# 500 °C (5 °C mif) under nitrogen gas flow (~100
mL min™). Fig. S8shows the thermogravimetric curve fdr. As the temperature increased, gradual weight loss

was observed from room temperature. After the @mslyhe weight decreased up to 0.26 mg to yidithek
solid.

0
=20 |
1]

S —a0} C“C‘ b
i
= _60| 1b
s
2

_80 5 i

~100 - - - -
0 200 400

Temperature (C)

Fig. S8. TG curve for 1b.

5) Thermal pyrolysisand Raman measur ements of the products

5.1 Thermal pyrolysis

The heat treatment of sumanenemonoone inimevas conducted employing an electric furnace (FULL
TECH, FT-01X). First, three films dfb in total were prepared on each quartz substrateidin drop-casting a
dichloromethane solution dfb (~5 mg / 50 pL). After drying therm vacuo, they were heated from room
temperature using the furnace to ~400, 600, or°€@nd naturally cooled down under nitrogen gaw fby
turning off the heater. The heat-treated samplesiamed as HT-400, HT-600, and HT-800, respectively

In preparing HT-400, the temperature was increase430 °C for 1~2 min to give a dark-brown residue
Regarding HT-600, after the film a4b was heated, the temperature reached 607 °C fomilr-20 yield a slight

amount of a blackish residue. For the last samiglie-§00), after its temperature was raised up to 8Ddy
taking ~2 min, any residue was not observed.
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5.2 Raman measur ements

The Raman spectra of the samples were measunegl aishicro-Raman spectrometer (JASCO, NRS-3100).
The excitation wavelength was 532 nm, the slit siag 0.1 x 6 mm, the magnification of the objecteves was
100 times, the exposure time was 5 s, and the ésm@gy under objective was 2.2 ¥ 1 cnmi2,

Fig. S9a—cshows the Raman spectra of pristitie HT-400, and HT-600, respectively. For pristitie a
slope background was observed in its Raman speauano the luminescence phenomeneig.(S93. In Fig.
S9h the spectrum of HT-400 appears to consist of iplalbands at ~1593, ~1485, ~1345, ~1258'and so
on, implying that it may be in the process of caibation. On the other hand, the spectrum of HT60§sesses
typical G and D bands at ~1603 and ~1367'¢csuggesting that the carbonization proceeded uhégpyrolysis
conditions. The positions of G and D bands forRiaenan spectrum of HT-6q@ig. S9¢ are similar to those of
the laser-annealed film db (~1600 and ~1380 c seeFig. 2d. The positions of G bands for both HT-600
and the laser-annealed film &if are considered to be assigned not to that of geflt681 cm') or amorphous

carbon (~1510 cM) but to that of nanocrystalline graphite (~1600%9raccording to the literature.
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Fig. S9. Raman spectra for (a) pristine 1b, (b) HT-400, and (c) HT-600.
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