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Section 1: Purity and mole fractions of the trichloromethyl benzene precursor.
Trichloromethyl benzene precursor (purity > 99%) used in the experiment was directly purchased from Aladdin.1 Although we could not directly verify the stated purity, the purchased samples were always tested before experiments in order to avoid the interference of impurities. Figure 1a in the main text shows the mass spectrum at the temperature of 313 K. The trichloromethyl benzene precursor does not decompose at this temperature and only ion counts (m/z=194-200) related to C7H5Cl3 are observed meaning that the trichloromethyl benzene precursor possesses a satisfactory purity.
The mole fractions were calculated as follows. The detailed information is listed in Table S1. It is known that the saturated vapor pressure of trichloromethyl benzene precursor is 133 Pa at the temperature of 313 K.2,3 In the experiments, trichloromethyl benzene precursor was filled in a stainless-steel bubbler and the temperature of this bubbler was maintained at 313 K, and then we tested the signal of the trichloromethyl benzene precursor. The signal of the trichloromethyl benzene precursor was viewed and the sum of ion counts is 7077 (line 1, column 4) with the scan time of 150 s and photon energy of 9.50 eV. Next, we cooled the bubbler to the experimental temperature of 283 K and got the ion counts sum before performing experiments. The sum of ion counts is 3738 in the C7H5Cl3/PC3H4 system and 3444 in the C7H5Cl3/AC3H4 system. In the experiment, the inlet pressure was maintained at ~300 Torr. Based on the above data, the mole fractions of C7H5Cl3 in two reaction systems were determined as shown in Table S1.
Table S1. Partial pressures and ion counts of the trichloromethyl benzene precursor. 
	
	T (K)
	partial pressure (Pa)
	Ion counts sum (194 amu.)

	1
	313
	133
	7077

	2
	283
	p1(C7H5Cl3)
	3738

	3
	283
	p2(C7H5Cl3)
	3444



pinlet = 300 Torr = 39996.71 Pa
In C7H5Cl3/PC3H4: p1(C7H5Cl3) = 70.25 Pa
In C7H5Cl3/AC3H4: p2(C7H5Cl3) = 64.72 Pa
p1/pinlet = 0.0018   p2/pinlet = 0.0016
Flow rate1: He = 48 sccm, PC3H4 = 0.15 sccm
Flow rate2: He = 45 sccm, AC3H4 = 0.15 sccm
Compared with the total gas mixture, the content of vaporized C7H5Cl3 is in a small quantity.
Flow rate (PC3H4) / Total flow rate = 0.0031
Flow rate (AC3H4) / Total flow rate = 0.0033
Therefore, in the C7H5Cl3/PC3H4 system, the mole fraction of C7H5Cl3 is 0.0018 and that is 0.0031 for PC3H4. In the C7H5Cl3/AC3H4 system, the mole fraction of C7H5Cl3 is 0.0016 and that is 0.0033 for AC3H4.

Section 2: Additional PIE curves.
With the experimental temperature rising, stepwise elimination of Cl atom from the C7H5Cl3 molecule occurs and corresponding signals (Figures S1c and S1d) are detectable: a) One Cl atom loss - m/z=159 (C7H535Cl2+), 161 (C7H535Cl37Cl+) and 163 (C7H537Cl2+); b) Two Cl atoms loss - m/z=124 (C7H535Cl+) and 126 (C7H537Cl+); c) Cl atoms losing completely- m/z=89 (C7H5+). It should be noted that ion counts at m/z=87 (C7H3+), 88 (13CC6H3+), 90 (13CC6H5+/C7H6+), 123 (C7H435Cl+), 125 (13CC6H535Cl+/C7H437Cl+), 127 (13CC6H537Cl+/C7H637Cl+), 160 (13CC6H537Cl2+/C7H435Cl37Cl+), 162 (13CC6H535Cl37Cl+/C7H437Cl2+) and 164 (13CC6H537Cl2+/C7H637Cl2+) are also viewable (Figures S1c and S1d) in high-temperature experiments. These ions are relevant to H-elimination and/or 13C isotopes of radicals (m/z=89, 124, 126, 159, 161 and 163) generated from stepwise Cl-loss from the C7H5Cl3 molecule.
Photoionization efficiency (PIE) curves of species generated from stepwise Cl-loss of C7H5Cl3 molecule in trichloromethylbenzene (C7H5Cl3)-allene (AC3H4) or methylacetylene (PC3H4) systems at 998 ± 10 K are provided in Figures S1-S3, nevertheless, there are no standard photoionization cross sections (PICSs) to fit. Notably, accompanied with the generation of fulvenallenyl (C7H5•), fulvenallene (C7H6, m/z=90) and benzyl (C7H7•, m/z=91) are also formed and identified in the trichloromethylbenzene (C7H5Cl3)-allene (AC3H4) or methylacetylene (PC3H4) systems (Figures S1c-S1d and S1g-S1h).
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[bookmark: _Hlk140668500][bookmark: _Hlk115694067][bookmark: _Hlk141186328]Figure S1. Experimental and reference PIE curves for species at m/z=87, 88, 90 and 91 in the trichloromethylbenzene (C7H5Cl3)-allene (AC3H4) (a-d) and trichloromethylbenzene (C7H5Cl3)-methylacetylene (PC3H4) (e-h) systems at 998 ± 10 K. The black line refers to the experimental data. The overall error bars consist of three parts: ±10% based on the accuracy of the photodiode, ±5% considering the injection stability and a 1σ error of the PIE curve averaged over the individual scans. The colored lines refer to the reference PIE curves of isomers and isotopes. The red line shows the overall fit via the linear combination of the reference curves.
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[bookmark: _Hlk141174435]Figure S2. Experimental and reference PIE curves for species at m/z=123, 124, 125, 126 and 127 in the trichloromethylbenzene (C7H5Cl3)-allene (AC3H4) (a-e) and trichloromethylbenzene (C7H5Cl3)-methylacetylene (PC3H4) (f-j) systems at 998 ± 10 K. The black line refers to the experimental data. The overall error bars consist of three parts: ±10% based on the accuracy of the photodiode, ±5% considering the injection stability and a 1σ error of the PIE curve averaged over the individual scans.
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[bookmark: _Hlk141186630]Figure S3. Experimental PIE curves for species at m/z=159, 160, 161, 162 and 163 in the trichloromethylbenzene (C7H5Cl3)-allene (AC3H4) (a-e) and trichloromethylbenzene (C7H5Cl3)-methylacetylene (PC3H4) (f-j) systems at 998 ± 10 K. The black line refers to the experimental data. The overall error bars consist of three parts: ±10% based on the accuracy of the photodiode, ±5% considering the injection stability and a 1σ error of the PIE curve averaged over the individual scans.

Ions at m/z=124 (C7H535Cl+) and 126 (C7H537Cl+) result from the loss of two Cl atoms from the C7H5Cl3 molecule at the elevated temperature. The intensity of ion count at m/z=126 is about 34.48% of that at m/z=124 in the C7H5Cl3/He system at 998 ± 10 K (Figure 1b) at 9.00 eV, while this value rises to 302.18% and 401.81%, respectively, in the trichloromethylbenzene-allene and trichloromethylbenzene-methylacetylene reactive systems under the same experimental temperature. To inspect the discrepancy, PIE curves of m/z=126 in reference and reaction systems are compiled in Figure S4. It can be seen that tendencies of two PIE curves at m/z=126 in both systems stay consistent before the photon energy of 8.50 eV, whereas an obvious rising trend emerges at 8.50-9.00 eV for the PIE curve in the C7H5Cl3/C3H4 reactive systems, which implies that a novel species with IE = 8.50 eV is generated at m/z=126 in the trichloromethylbenzene-allene and trichloromethylbenzene-methylacetylene reactive systems.
[image: ]
Figure S4. Experimental PIE curves for species at m/z=126 at 998 K in the trichloromethylbenzene (C7H5Cl3)/helium (He), trichloromethylbenzene (C7H5Cl3)-allene (AC3H4) and trichloromethylbenzene (C7H5Cl3)-methylacetylene (PC3H4) systems.
The PIE curves for the byproducts in the fulvenallenyl-methylacetylene or fulvenallenyl-allene system are exhibited in Figures S5 and S6. Ion counts at m/z=78 (C6H6+), 178 (C14H10+) and 179 (13CC13H10+) in both reaction systems result from self-reactions of reactant molecules, allene (AC3H4)/methylacetylene (PC3H4) and fulvenallenyl (C7H5•). Fulvene, generated from the self-reactions of propargyl,4 which is produced through H abstraction from allene (AC3H4) or methylacetylene (PC3H4) or via H-loss from these molecules,5-7 is identified in both systems based on PIE curves (Figures S5a and S5d) at m/z=78. It should be noted that, except for fulvene, benzene is also synthesized in both systems,8 while the range of experimental PIE data of m/z=78 does not cover the adiabatic ionization energy (IE) of benzene at 9.24 eV. Phenanthrene (C14H10+, 178 amu.) was generated in both systems (Figures S5b and S5e) through the self-combination of two fulvenallenyl radicals as validated by Hirsch et al.9
Indene (116 amu, C9H8) and indenyl (115 amu, C9H7•) are also synthesized, separately, in two reaction systems (Figures S6b-S6c and S6e-S6f). Previously, indene has been formed through the crossed molecular beam method via the reactions of phenyl (C6H5•) or benzene (C6H6) with allene (AC3H4) and methylacetylene (PC3H4).10-14 Indenyl is generated from the H-loss from indene molecule under high experiment temperature.15 The two C8H6 isomers at m/z = 102, phenylacetyene and benzocyclobutadiene, can be produced by phenyl (C6H5•) reacting with acetylene (C2H2). It must be emphasized that, under the high-temperature condition, part of allene (AC3H4) and methylacetylene (PC3H4) will undergo pyrolysis and generate minor acetylene (C2H2) despite of the short residence time of reactor.5-7 To corroborate this point, the spectra at 9.00 eV of allene (AC3H4) and methylacetylene (PC3H4) alone under the identical experimental conditions are provided in Figures S7a-S7b.
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Figure S5. Experimental and reference PIE curves for species at m/z=78, 178 and 179 in the trichloromethylbenzene (C7H5Cl3)-allene (AC3H4) (a-c) and trichloromethylbenzene (C7H5Cl3)-methylacetylene (PC3H4) (d-f) systems at 998 ± 10 K. The black line refers to the experimental data. The overall error bars consist of three parts: ±10% based on the accuracy of the photodiode, ±5% considering the injection stability and a 1σ error of the PIE curve averaged over the individual scans. The colored lines refer to the reference PIE curves of isomers and isotopes. 



[image: ]
Figure S6. Experimental and reference PIE curves for species at m/z=102, 104, 115 and 116 in the trichloromethylbenzene (C7H5Cl3)-allene (AC3H4) (a-c) and trichloromethylbenzene (C7H5Cl3)-methylacetylene (PC3H4) (d-f) systems at 998 ± 10 K. The black line refers to the experimental data. The overall error bars consist of three parts: ±10% based on the accuracy of the photodiode, ±5% considering the injection stability and a 1σ error of the PIE curve averaged over the individual scans. The colored lines refer to the reference PIE curves of isomers and isotopes. The red line shows the overall fit via the linear combination of the reference curves.
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[bookmark: _Hlk128131275]Figure S7. Mass spectra recorded at the photoionization energy of 9.00 eV under 998± 10 K. (a) allene (AC3H4) only; (b) methylacetylene (PC3H4) only.
[image: ]
Figure S8. Experimental and reference PIE curves for species at m/z=89 in the trichloromethylbenzene (C7H5Cl3)-allene (C3H4-A) (a) and trichloromethylbenzene (C7H5Cl3)-methylacetylene (C3H4-P) (b) systems at 998 K ± 10 K. The black line refers to the experimental data. The pink lines refer to the reference PIE curves from phthalide. The overall error bars consist of three parts: ±10% based on the accuracy of the photodiode, ±5% considering the injection stability and a 1σ error of the PIE curve averaged over the individual scans.
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Section 3: Potential energy diagrams illustrating less favorable channels of the C7H5• + C3H4 reactions.
[image: ]
Figure S9. Additional less favorable channels of the C7H5• + allene reaction. All relative energies given in kJ mol-1 are calculated at the FNO-CCSD(T)/CBS//B97XD/6-311G(d,p) + ZPE(B97XD/6-311G(d,p)) level of theory. Green curves show the most favorable pathways leading to fulvalene.
[image: ]
Figure S10. Additional less favorable channels of the C7H5• + methylacetylene reaction. All relative energies given in kJ mol-1 are calculated at the FNO-CCSD(T)/CBS//B97XD/6-311G(d,p) + ZPE(B97XD/6-311G(d,p)) level of theory.

Section 4: Structures of lumped groups of species on the C7H5 + C3H3 PES
Table S2: Structures of lumped groups of species on the C7H5 + C3H3 PES (names consistent with Ref. 44) and corresponding InChIs.
	Lumped
name
	Structures
(names from the
reference work)
	InChIs

	P4
	i4a
[image: ]
	InChI=1S/C10H8/c1-3-6-10-8-5-7-9(10)4-2/h2,5-8,10H,1H2

	
	i3a
[image: ]
	InChI=1S/C10H8/c1-3-6-10-8-5-7-9(10)4-2/h2,5-9H,1H2

	
	i3a1	
[image: ]
	InChI=1S/C10H8/c1-3-7-10(4-2)8-5-6-9-10/h2,5-9H,1H2

	
	i5a
[image: ]
	InChI=1S/C10H8/c1-3-5-10-7-6-9(4-2)8-10/h2,5-8,10H,1H2

	P5
	i3c1
[image: ]
	InChI=1S/C10H8/c1-3-6-10-8-5-7-9(10)4-2/h1-2,5,7-9H,6H2

	
	I4c
[image: ]
	InChI=1S/C10H8/c1-3-6-10-8-5-7-9(10)4-2/h1-2,5,7-8,10H,6H2

	
	i3c
[image: ]
	InChI=1S/C10H8/c1-3-7-10(4-2)8-5-6-9-10/h1-2,5-6,8-9H,7H2

	P5-M
	i5c
[image: ]
	InChI=1S/C10H8/c1-3-5-10-7-6-9(4-2)8-10/h1-2,6-8,10H,5H2

	
	i5c1
[image: ]
	InChI=1S/C10H8/c1-3-5-10-7-6-9(4-2)8-10/h1-2,6-8,10H,5H2

	P6
	i1a1
[image: ]
	InChI=1S/C10H8/c1-2-3-4-7-10-8-5-6-9-10/h3-6,8-9H,1H2

	
	i1a2
[image: ]
	InChI=1S/C10H8/c1-2-3-4-7-10-8-5-6-9-10/h3-6,8-9H,1H2

	P7
	i1
[image: ]
	InChI=1S/C10H8/c1-2-3-4-7-10-8-5-6-9-10/h1,4-6,8-9H,3H2

	
	i2
[image: ]
	InChI=1S/C10H8/c1-2-3-4-7-10-8-5-6-9-10/h1,4-6,8-9H,3H2

	
	i3	
[image: ]
	InChI=1S/C10H8/c1-2-6-9(5-1)10-7-3-4-8-10/h1-2,5-8H,3H2

	5-methylene-5H-indene
	i1a3-3
[image: ]
	InChI=1S/C10H8/c1-8-4-2-5-9-6-3-7-10(8)9/h2-7H,1H2

	4-methylene-4H-indene
	i3a3-2
[image: ]
	InChI=1S/C10H8/c1-8-5-6-9-3-2-4-10(9)7-8/h2-7H,1H2

	2-methylene-2H-indene
	i4a4
[image: ]
	InChI=1S/C10H8/c1-8-6-9-4-2-3-5-10(9)7-8/h2-7H,1H2



Table S3: Species InChIs on the C7H5 + C3H4 PES (names consistent with attached mess input file; for bimolecular products, the name of the larger fragment is indicated). 

	i1
	InChI=1S/C10H9/c1-3-6-10-8-5-7-9(10)4-2/h2,5,7-8,10H,1,6H2/t10-/m1/s1

	i2
	InChI=1S/C10H9/c1-2-3-4-7-10-8-5-6-9-10/h4-6,8-9H,1,3H2

	i34
	InChI=1S/C10H9/c1-3-6-10-8-5-7-9(10)4-2/h1-3,5,7-8,10H,6H2/t10-/m1/s1

	i35
	InChI=1S/C10H9/c1-2-6-9(5-1)10-7-3-4-8-10/h1-3,5-8H,4H2

	i36
	InChI=1S/C10H9/c1-2-3-4-7-10-8-5-6-9-10/h3-9H,1H2/b7-4-

	i36p
	InChI=1S/C10H9/c1-2-3-4-7-10-8-5-6-9-10/h3-9H,1H2/b7-4+

	i37
	InChI=1S/C10H9/c1-2-5-9-7-4-8-10(9)6-3-1/h1-4,7-9H,5H2/t9-/m0/s1

	i43
	InChI=1S/C10H9/c1-2-5-9-7-4-8-10(9)6-3-1/h2-5,7-9H,1H2/t9-/m0/s1

	i38
	InChI=1S/C10H9/c1-2-5-9-7-4-8-10(9)6-3-1/h1-2,4-5,7-8,10H,6H2/t10-/m0/s1

	i23
	InChI=1S/C10H9/c1-3-6-10-8-5-7-9(10)4-2/h2,5-8,10H,1H3/t10-/m1/s1

	i24
	InChI=1S/C10H9/c1-2-3-4-7-10-8-5-6-9-10/h3-6,8-9H,1H3

	i41
	InChI=1S/C10H9/c1-3-6-10-8-5-7-9(10)4-2/h2-3,5-8,10H,1H2/b6-3-/t10-/m1/s1

	i42
	InChI=1S/C10H9/c1-2-3-4-7-10-8-5-6-9-10/h2-6,8-9H,1H2/b3-2-

	i42p
	InChI=1S/C10H9/c1-2-3-4-7-10-8-5-6-9-10/h2-6,8-9H,1H2/b3-2-

	i39
	InChI=1S/C10H9/c1-2-5-9-7-4-8-10(9)6-3-1/h1-4,7-8,10H,5H2/t10-/m1/s1

	i44
	InChI=1S/C10H9/c1-2-5-9-7-4-8-10(9)6-3-1/h2-5,7-8,10H,1H2/t10-/m1/s1

	i40
	InChI=1S/C10H9/c1-2-6-9(5-1)10-7-3-4-8-10/h1-7H,8H2

	i45
	InChI=1S/C10H9/c1-2-5-9-7-4-8-10(9)6-3-1/h2-8H,1H2

	i46
	InChI=1S/C10H9/c1-2-7-4-9-6-10(9)5-8(7)3-1/h1-5,9-10H,6H2/t9-,10+

	i7
	InChI=1S/C10H9/c1-2-7-4-5-8-6-10(8)9(7)3-1/h1-5,8,10H,6H2/t8-,10+/m1/s1

	i10
	InChI=1S/C10H9/c1-2-5-9-7-4-8-10(9)6-3-1/h1-9H/t9-/m0/s1

	i47
	InChI=1S/C10H9/c1-2-5-9-7-4-8-10(9)6-3-1/h2,4-9H,1H2/t9-/m0/s1

	i8
	InChI=1S/C10H9/c1-2-5-9-7-4-8-10(9)6-3-1/h1-2,4-8H,3H2

	i9
	InChI=1S/C10H9/c1-2-5-9-7-4-8-10(9)6-3-1/h1-5,7-8H,6H2

	i11
	InChI=1S/C10H9/c1-3-8-5-2-6-10(8)7-9(10)4-1/h1-6,9H,7H2/t9-,10-/m1/s1

	i12
	InChI=1S/C10H9/c1-2-6-10-7-9(10)5-4-8(10)3-1/h1-6,9H,7H2/t9-,10-/m0/s1

	i13
	InChI=1S/C10H9/c1-2-6-10-8-4-3-7-9(10)5-1/h1-7H,8H2

	i26
	InChI=1S/C10H9/c1-8-5-6-9-3-2-4-10(9)7-8/h2-5,7,10H,1H3/t10-/m0/s1

	i3
	InChI=1S/C10H9/c1-3-7-10(4-2)8-5-6-9-10/h2,5-6,8-9H,1,7H2

	i32
	InChI=1S/C10H9/c1-9-4-7-10(8-9)5-2-3-6-10/h2-6,8H,1H3

	i33
	InChI=1S/C10H9/c1-8-6-9-4-2-3-5-10(9)7-8/h2-7H,1H3

	i30
	InChI=1S/C10H9/c1-8-4-2-5-9-6-3-7-10(8)9/h2-4,6-7,9H,1H3/t9-/m0/s1

	i31
	InChI=1S/C10H9/c1-8-4-2-5-9-6-3-7-10(8)9/h2-7H,1H3

	i27
	InChI=1S/C10H9/c1-8-5-6-9-3-2-4-10(9)7-8/h2-5,7,9H,1H3/t9-/m1/s1

	i28
	InChI=1S/C10H9/c1-8-5-6-9-3-2-4-10(9)7-8/h2-7H,1H3

	i29
	InChI=1S/C10H9/c1-8-4-2-5-9-6-3-7-10(8)9/h2-4,6-7,10H,1H3/t10-/m0/s1

	i19
	InChI=1S/C10H9/c1-2-4-9-7(3-1)5-8-6-10(8)9/h1-5,8,10H,6H2/t8-,10+/m1/s1

	i20
	InChI=1S/C10H9/c1-2-6-10-8-4-3-7-9(10)5-1/h1-3,5-8H,4H2

	i4
	InChI=1S/C10H9/c1-8-5-6-9-3-2-4-10(9)7-8/h2-5,10H,1,7H2/t10-/m0/s1

	i6
	InChI=1S/C10H9/c1-8-5-6-9-3-2-4-10(9)7-8/h2-6H,1,7H2

	i5
	InChI=1S/C10H9/c1-8-5-6-9-3-2-4-10(9)7-8/h2-5,9H,1,7H2/t9-/m1/s1

	i15
	InChI=1S/C10H9/c1-8-4-2-5-9-6-3-7-10(8)9/h2-3,6-7,10H,1,4H2/t10-/m0/s1

	i16
	InChI=1S/C10H9/c1-8-4-2-5-9-6-3-7-10(8)9/h2-3,6-7,9H,1,4H2/t9-/m0/s1

	i17
	InChI=1S/C10H9/c1-8-4-2-5-9-6-3-7-10(8)9/h2-3,5-7H,1,4H2

	i21
	InChI=1S/C10H9/c1-9-4-7-10(8-9)5-2-3-6-10/h2-6H,1,8H2

	i14
	InChI=1S/C10H9/c1-9-5-4-8-10(9)6-2-3-7-10/h2-4,6-7H,1,5H2

	i18
	InChI=1S/C10H9/c1-8-6-7-9-4-2-3-5-10(8)9/h2-5,7H,1,6H2

	i22
	InChI=1S/C10H9/c1-8-6-9-4-2-3-5-10(9)7-8/h2-6H,1,7H2

	i25
	InChI=1S/C10H9/c1-3-7-10(4-2)8-5-6-9-10/h2,5-9H,1H3

	ra
	InChI=1S/C7H5/c1-2-7-5-3-4-6-7/h1,3-6H

	rp
	InChI=1S/C7H5/c1-2-7-5-3-4-6-7/h1,3-6H

	fulvalene
	InChI=1S/C10H8/c1-2-6-9(5-1)10-7-3-4-8-10/h1-8H

	azulene
	InChI=1S/C10H8/c1-2-5-9-7-4-8-10(9)6-3-1/h1-8H

	naphthalene
	InChI=1S/C10H8/c1-2-6-10-8-4-3-7-9(10)5-1/h1-8H

	p11
	InChI=1S/C10H8/c1-3-6-10-8-5-7-9(10)4-2/h2,5-8,10H,1H2/t10-/m1/s1

	p12
	InChI=1S/C10H8/c1-3-6-10-8-5-7-9(10)4-2/h1-2,5,7-8,10H,6H2/t10-/m1/s1

	p5
	InChI=1S/C10H8/c1-2-3-4-7-10-8-5-6-9-10/h3-6,8-9H,1H2

	p6
	InChI=1S/C10H8/c1-2-3-4-7-10-8-5-6-9-10/h1,4-6,8-9H,3H2

	p15
	InChI=1S/C10H8/c1-3-6-10-8-5-7-9(10)4-2/h2,5,7-8,10H,1H3/t10-/m1/s1

	p10
	InChI=1S/C10H8/c1-2-3-4-7-10-8-5-6-9-10/h4-6,8-9H,1H3

	p13
	InChI=1S/C8H7/c1-3-8-6-4-5-7(8)2/h1,4-7H,2H2/t7-/m1/s1

	p16
	InChI=1S/C10H8/c1-3-6-10-8-5-7-9(10)4-2/h2-3,5-8H,1H2/b10-6+

	p17
	InChI=1S/C10H8/c1-2-3-4-7-10-8-5-6-9-10/h2-3,5-6,8-9H,1H2

	p14
	InChI=1S/C10H8/c1-2-3-4-7-10-8-5-6-9-10/h4-9H,1H2

	p4
	InChI=1S/C10H8/c1-2-3-4-7-10-8-5-6-9-10/h4-9H,1H2

	p9
	InChI=1S/C10H8/c1-8-6-9-4-2-3-5-10(9)7-8/h2-7H,1H2

	p7
	InChI=1S/C10H8/c1-8-4-2-5-9-6-3-7-10(8)9/h2-7H,1H2

	p8
	InChI=1S/C10H8/c1-8-6-7-9-4-2-3-5-10(8)9/h2-7H,1H2



Table S4: Lumped species on the C7H5+C3H4 PESs. Names correspond to the mess input file attached. Temperature and pressure-dependent rate constants and pseudospecies composition (for lumped groups) are attached as SM.
	!lumped species
	Species constituents

	ra
	ra

	rp
	rp

	P4
	P4

	meindB
	P7+p8

	C5H4C5H4
	p5+p6

	p10
	p10

	C5H4C2HC3H3
	p15+p11+p12

	p16
	p16

	p13
	p13

	naphH
	i13+i20

	i18
	i18

	i22
	i22

	meindrB
	i28+i31+i27

	mindrC
	i6+i17

	i33
	i33

	AZLW
	i8+i9+i10+i45

	FLW
	i40+i35

	fulvalene
	fulvalene

	naphthalene
	naphthalene






Section 5: Additional kinetic simulations


[image: ][image: ]
Figure S11: temperature, pressure and velocity profiles estimated in the reactor. Left: corresponds to the “TP profile” mentioned in the main text; right: corresponds to the “TP profile – lowP” of the main text and assumes a pressure drop of about 0.3 atm at the choke of the microreactor.



Table S5: Species mole fractions at the inlet of the reactor for the different cases simulated.
	
	C7H5•/C3H4-P
	C7H5•/C3H4-P wCl2
	C7H5•/C3H4-A

	He
	0.989903
	0.991636
	0.99024

	C7H5•
	0.001747
	0.001750
	0.00161

	Cl•
	0.005242
	0.001750
	0.00483

	C3H4-P
	0.003109
	0.003114
	0.

	C3H4-A
	0.
	0.
	0.00332

	Cl2
	0.
	0.001750
	0.



[image: ]
Figure S12: Simulated profiles of the main species at the reactor outlet for the C7H5•/Cl•/Cl2/C3H4-P system using the estimated temperature profile at lower pressure (“TP profile – low P” of Fig. S9, “C7H5•/C3H4-P wCl2” composition of Table S5).


[image: ][image: ]
Figure S13: Top: simulated profiles of the main species at the reactor outlet for the C7H5•/Cl•/ C3H4-P system using the estimated temperature profile at lower pressure (“TP profile – low P” of Fig. S9, “C7H5•/C3H4-P” composition of Table S5). Bottom: same simulations with the full C10H8 product distribution. Species names correspond to those of Table S5.
[image: ]
Figure S14: Simulated profiles of the main species at the reactor outlet for the C7H5•/Cl•/Cl2/C3H4-P system using the estimated temperature profile (“TP profile” of Fig. S9, “C7H5•/C3H4-P wCl2” composition of Table S5).

[image: ]
Figure S15: Simulated profiles of the main species at the reactor outlet for the C7H5•/Cl•/C3H4-A system using the estimated temperature profile at lower pressure (“TP profile - low” of Fig. S9, “C7H5•/C3H4-A” composition of Table S5).
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