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Figure S1. Temperature profiles of the pyrolysis zone of the reaction tube recorded at three

different supplied voltages. Typically the length of the heater was 22 cm, and was fixed in

between 2 and 24 cm in the above profiles. Measurement of temperature was performed

from the point 2 cm before the pyrolysis zone to 3 cm after the pyrolysis zone by carefully

moving the K-type thermocouple from up towards down-stream zone.



Figure S2. Geometries of transition states, TSO — TS13 in figure 4(a), calculated by
2

UB3LYP/6-311G(d,p). Values in parentheses denote <s*> (actual eigenvalue of the s

operator), bond distances (r) in angstroms, angles (a) and dihedral angles (d) in degrees.

Figure S3. Details of the reaction channels involved in the isomerization of biphenyl into
cyclopenta[alindene + H, (H-atoms have been omitted frequently for clarity). A
conrotatory pathway is preferred in the electrocyclic ring-closing reactions of
benzofluvene, according to the Woodward-Hoffman rules. Dihydrocyclopenta[a]indenes
interconvert into each-others because of frequent interchanging of 1,5-hydrogen atoms.
Alphabets A, B, and C on the shoulder correspond to those in figure 4(b). See text for an

asterisk on the right shoulder of numerals.

Figure S4. Details of the reaction channels showing the conversion of
dihydrocyclopenta[a]indenes, dihydro-as-indacenes, and
spiro[H-pentalene-cyclopentadiene]s into acenaphthylene + H, (H-atoms have been omitted
for clarity). Rearrangement of carbon-carbon framework is typically due to 1,5- and
1,9-hydrogen shifting reactions. Alphabets D and E on the shoulder and channels F, G
correspond to those in figure 4(b). See text for an asterisk on the right shoulder of

numerals.



Figure S5. Details of the reaction channels showing the conversion of dihydro-as-indacenes

into naphthalene + acetylene and as-indacene + H, (H-atoms have been omitted frequently

for clarity). Alphabet J on the shoulder and channel H correspond to those in figure 4(b).

The result of IRC (intrinsic reaction coordinate) calculations at the employed level of

theory shows that 3a,8a-dihydro-as-indacene is converted to Im1 via TS1 and Im1 is further

converted to 1,4-dihydro-1,4-ethenonaphthalene via Im2. Finally,

1,4-dihydro-1,4-ethenonaphthalene is dissociated into naphthalene + acetylene via TS4. See

also figure S4 and S6 for molecular hydrogen elimination from dihydro-as-indacenes. As

for the magnitude of enthalpy with an asterisk on the right shoulder of numerals, the

reference state of Im2, TS2, and TS3 is Im1. See main text for details.

Figure S6. Details of the reaction channels showing the conversion of dihydro-as-indacenes

into dihydro-s-indacenes followed by dissociation to s-indacene + H, (H-atoms have been

omitted frequently for clarity). Alphabet K on the shoulder and channels I correspond to

those in figure 4(b). See text for an asterisk on the right shoulder of numerals.

Figure S7. Details of the reaction channels showing the conversion of biphenyl radical to

acenaphthylene + H (H-atoms omitted frequently for clarity).Channels A, B, C and D

correspond to those in figure 5(b).



Temperature profiles shown in figure S1 clearly show that highest temperature is just

before the pinhole and there is some thermal stability just before and after the pinhole. It

should be noted that the tip of K-type thermocouple was adjusted just in front of the

pinhole to record the reaction temperature at which the gaseous mixture was sampled into

the ionization region of Mass spectrometer for the analysis of the composition by the

TOF-MS.

However, in figure S2, intermediate species representing the transition states TSO to TS13

in figure 4 (a) of the main text, have been shown with some characteristic features. Among

many pathways connecting to two wells in figure 4(b) of the main text, intentionally details

of some specific channels involving the lowest potential barrier have been presented here in

figures S3-S6. Briefly, figure S3 shows preferred production of cyclopenta[a]indene, figure

S4 shows the preferred production of acenaphthylene, figure S5 shows the preferred

production of naphthalene + C,H,, and figure S6 shows the production of s-indacene + H,.

Similarly, among many reaction channels representing the conversion of o-biphenyl radical

into biphenylene, cyclopenta[a]indene and acenapthylene as can be seen in figure 5(b) of

main text, only energetically the most preferred pathways producing acenaphthylene from

o-biphenyl radical is included in figure S7.



1200

1100

1000

900
800
700

600

500

Temperature/K

400
300 -

1
1
1
1
1
1
1
1
1
1
1
1
1
1
|
| Orifice
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

200 A Heater

0o L N

0 3 6 9 12 15 18 21 24 27

Distance/cm

Figure S1. Temperature profiles of the pyrolysis zone of the reaction tube recorded at three
different supplied voltages. Typically the length of the heater was 22 cm, and was fixed in
between 2 and 24 cm in the above profiles. Measurement of temperature was performed
from the point 2 cm before the pyrolysis zone to 3 cm after the pyrolysis zone by carefully

moving the K-type thermocouple from up towards down-stream zone.
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Figure S2. Geometries of transition states, TSO — TS13 in figure 4(a), calculated by
UB3LYP/6-311G(d,p). Values in parentheses denote <s*> (actual eigenvalue of the s

operator), bond distances (r) in angstroms, angles (a) and dihedral angles (d) in degrees.



(-130%) (-521)

0= OO (-319)
i TS(-63%)A @Q@ o o O See Fig.S4

Q.

TS(-30)

H (:312)
Q TS(- 241)B H Toa {7 ‘Ts/('-258)
conr otato TS( 179) 92) - OQ ITS(-260)
( -292) — (-421)
(383) % O QO ‘TS(-zsz)
“r \_TS(- 95 TS(-316) (-406)
% 298 ¥ 4D Ty
%, TS( 171) TS(- 16)“ TS(-260) O’Q
TS(- 57 267) S(-184) TS(-328) Ly ‘T\S(_%)
A/ J " ~a O
@QO +H2 iTS(-170) 300) O. ) ITS(-314) O T
- { P
=P ;S(\W% OQ‘ TS(186) Oi TS(-326) .@ TS(-50) 319
Ny TS(-171) < 5(-260) O -
267 T a " (299  Ta - Wu
Q) TS(-218) I TSE319) (-419)
O’ (-436)
TS(-171) a7 (297

H
1“1 TS(- 254)“ ]
v OO H ‘Tiz:@ TS(-268)
(-250) (-406)
TS(-146)C OQ s See Fig.S4

+ H2
(-319)

Figure S3. Details of the reaction channels involved in the isomerization of biphenyl into
cyclopenta[alindene + H, (H-atoms have been omitted frequently for clarity). A
conrotatory pathway is preferred in the electrocyclic ring-closing reactions of benzofluvene,
according to the Woodward-Hoffman rules. Dihydrocyclopenta[a]indenes interconvert into
each-others because of frequent interchanging of 1,5-hydrogen atoms. Alphabets A, B, and
C on the shoulder correspond to those in figure 4(b). See text for an asterisk on the right

shoulder of numerals.
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Figure S4. Details of the reaction channels showing the conversion of
dihydrocyclopenta[a]indenes, dihydro-as-indacenes, and
spiro[H-pentalene-cyclopentadiene]s into acenaphthylene + H, (H-atoms have been omitted
for clarity). Rearrangement of carbon-carbon framework is typically due to 1,5- and
1,9-hydrogen shifting reactions. Alphabets D and E on the shoulder and channels F, G
correspond to those in figure 4(b). See text for an asterisk on the right shoulder of

numerals.
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Figure S5. Details of the reaction channels showing the conversion of dihydro-as-indacenes
into naphthalene + acetylene and as-indacene + H, (H-atoms have been omitted frequently
for clarity). Alphabet J on the shoulder and channel H correspond to those in figure 4(b).
The result of IRC (intrinsic reaction coordinate) calculations at the employed level of
theory shows that 3a,8a-dihydro-as-indacene is converted to Im1 via TS1 and Im1 is further
converted to 1,4-dihydro-1,4-ethenonaphthalene via Im2. Finally,
1,4-dihydro-1,4-ethenonaphthalene is dissociated into naphthalene + acetylene via TS4. See
also figure S4 and S6 for molecular hydrogen elimination from dihydro-as-indacenes. As
for the magnitude of enthalpy with an asterisk on the right shoulder of numerals, the

reference state of Im2, TS2, and TS3 is Im1. See main text for details.
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Figure S6. Details of the reaction channels showing the conversion of dihydro-as-indacenes
into dihydro-s-indacenes followed by dissociation to s-indacene + H, (H-atoms have been
omitted frequently for clarity). Alphabet K on the shoulder and channels I correspond to

those in figure 4(b). See text for an asterisk on the right shoulder of numerals.
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Figure S7. Details of the reaction channels showing the conversion of biphenyl radical to
acenaphthylene + H (H-atoms have been omitted frequently for clarity).Channels A, B, C

and D correspond to those in figure 5(b).

11



