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A DFT study on the mechanism of methyl indan formation in tetralin pyrolysis
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Abstract: The mechanism of methyl indan formation during tetralin pyrolysis was investigated by using the
density functional theory ( DFT). The results showed that 1-methyl indan is the main conformation of methyl
indan products from tetralin pyrolysis. As the main route of 1-methyl indan formation during tetralin pyrolysis, 3
tetralin radical was first formed through H abstraction by radical species from tetralin, which then endures a ring
contraction reaction to form 1-methyl indan. High temperature can promote the formation of 1-methyl indan, but
has little effect on the formation routes of 1-methyl indan.
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Figure 1 Bond dissociation energy of tetralin(kJ+mol™")
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Figure 2 The formation pathways of methyl indane during tetralin pyrolysis
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Figure 3 Geometrical parameters of reactant, intermediate and transition state during tetralin pyrolysis [ bond length: A ]
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Table 1 Calculated activation energies of pyrolysis reactions and imaginary frequency of each transition state

TS, TS, TS, TS, TS, TS, TS, TS, TS,,

E,/(kJ-mol™) 347.63  55.66 23.02 199.29  214.85 19.23 121.97  128.01  25.33

Freq(1)/(I-em™) =502 -775 ~941 ~1601 -166 -417 -1753 -613 -730
TS, TS, TS,, TS, TS, TS,, TS, TS,
E,/(kJ-mol™") 68. 82 170.06  69.16 182.86  89.25 27.75 127.33  73.72
Freq(1)/(I-em™) =391 -1643 -372 -539 -361 —411 ~495 —442
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Figure 4 Potential energy profiles along reaction paths
for path 1 and path 2 (kJ/mol)
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Figure 5 Potential energy profiles along reaction paths
for path3 (kJ/mol)
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Figure 6 Potential energy profiles along reaction paths
for path4 and path5 (kJ/mol)
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Table 2 Calculated rate constant of elementary reactions at different temperature

/K 298 575 675 775 875 975

Koept 1.54x107Y 4.52x107"® 2.50x107" 8.54x107"° 4.54x107 6.81x107°
K e 5.18x10? 3.04x10’ 1. 85x10" 7.17x10® 2.06x10° 4.82x10°
K geps 2.16x10* 2.90x10° 6. 68x10° 1.27x107 2. 11x107 3.21x10’
K eps 1.15x107* 9.92x10°° 5.22x107? 5.52x10™" 2.03x10' 3.58x10?
K geps 3.76x107* 7.36x107° 6.71x107° 1.08x10° 5.74x10" 1.25x10°
K eps 4.06x10° 1. 96x10" 3.85x10" 6. 74x10" 9.82x10" 1.39x10"
Koeps 2.33x107° 5.90x10° 2.93x10" 5.45%10° 5.31x10° 3.30x107
K e 4. 12x10™" 2.70x10° 1.45x10° 2. 80x10° 2.75x10" 1. 69x10°
Kepn1 7.91x10° 6. 86x10° 1.42x10° 2. 47x10° 3.80x10° 5.38x10°
Kgepin 6.38x10' 5.74x107 5.65x10° 3.17x10° 1.22x10" 3.63x10"
Kgepiz 4.30x107" 1.09x107 2.27x10° 1.20x10° 2.58x10° 2.98x10*
K epia 7. 68x10° 6.25%10° 5.82x10’ 3. 12x10° 1.16x10° 3.33x10°
Kgepis 1.49x107"® 6.71x107° 2.56x10° 2.27x10° 7.71x10° 1. 34x10°
Keepts 1.46x107 6.22x10° 1. 11x107 9. 62x107 5.19x10° 2.01x10°
K gepi7 6.56x10° 1.89x10" 5.01x10" 1.06x10" 1.92x10" 3.12x10"
K epto 1.09x107" 4.09%10° 4.39x10° 1. 44x10* 2. 17x10° 1.91x10°
Keepo 3.16x10" 7.01x10’ 8. 09x10° 5. 18x10° 2.23%x10" 7.34x10"
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