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The reaction of 2-naphthyl with 1,3-butadiene: a
theoretical study
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Abstractt Thi s work is devoted to a theoretica
1, 3-butadiene reacti on ai med at under st
mechanism in the reactions of n-naphthyl
intermediates and transition states, t hei
point vi brational energi es, and t he pot

calcul ated at the G3(MP2,CC)//B3LYP/6-311
estimate of the reacti on?'3catod ecansetant giv

lsht temperatures below 500 K.

1 Introduction

A great amount of theoretical and exper.i
aromati c hydrocarbons ( PAH) growth and so
decades. These investigations demonstrated
and human health [1-3]. Due to high ther ma
stabilized free radicals the foll owing mect
soot precursor formati on: hydrogen abstracHt
additionicyclization [ 7, 8] , and et hynyl
three-ring phenanthrene and ant hracene
mechani s ms. I'n this article, the addition
step in the formation of a third aromatic

Recently obtained experimental and theor e

with 1,3-butadiene defy the thesis that

phenomenon [ 10] and a further support for

anal ogous reaction of 2-naphthyl

2 Methods

Optimization of g
zero-point vibr

ometry of reactants,
and ti
the B3LYP/6-311G**
t he

e
a
I

onal energy calcul ati
ewete Sehighedpbyntusieneg

ory met hods and cal cul ate[dG3u(sMPn2g, tCh) ] f
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[ CCSD(T) /6 1 311G* *] + @EMP2 + E(ZPE), v
E[ MP2/ 6 1 311G* *] is a basis set correctio
calcul ations were performed by wusing the GA
[ 3] .

Reaction rate constants for all/l reaction
master equation using Ri ce- Ramsperger - Ka
approximati on was applied t o calcul at e p e

frequencies.

3 Results

Quantum chemical calculations at the theol
bout five hydrogen |l oss channels in the

ut adi ene. Al the investigated species an:
el ative ener gilewi tgh vreens pienc tk ctao tnhoe r eact an
o P4 + H products starts withhb oav es mahlel rhbeaarc
his is a formation of a bond between the r
,3-butadiene leading to intermedidtoel Wa | o
he reagents. The further devel opment of t
barrier TS4-P4 from the attacked carbon in
moland the channel forms thédlBaespeni enelr gy
separated reagent s. The initial reactants
P3 and P6 products presented in Figure 1. T
WO | ocated att halt. 7r2e pkrceasle nmosl a barrier-free
After that a bond is formed between the ra
atom of 1,3-butadiene via theg tdressrcseintdiionng s
potenti al wel | W1 Haytd r-o4g6e.n8 2 okscsa If rmmomi C1 i n

tion channel from W1 t)o vtihae tFhle +# rH

a
b
r
t
T
1
t

the reac

state TS1-P1 | ocdteltheatrea®t9bnkaecaln mdlso co
kcal -} mobb W2 (-4} n2é@rkediamek that are cl os.
transition state "TB4-2 atan82cb3 kealrmoger
side chain. The next endoergic hydrogen | o
to the P2 + H produchstatansbtDdnksbablemolS2
Ot her two pathways |l ead to P3 (1,4-dihydroy
Both mechanisms involve ring closure. The
mollf to W3 (-5P. &8t kcalingolklosure on the C
napht hyl reactant and after t hat proceeds
transition state JTS8B8nd®P3gi(ves.t2i6e kgprad d umotl P 3
L The |l ast reaction channel has the si mi a
kcal }mwmlccur s on the C3-carbon i n 2-napht

I |
hth
intermedi ate W§ @n46.hydrlogaein-molss transitic
molf and finds its end in the product P6 +
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Fig.Pdtenti al energy diagram for the reaction o
given int e&lcatli vimlto the separated reactants.

RRKM- Master Equation calcul ations were ex

for five pressures indicated in Fig. 2 in
calcul ated temperature-dependent reaction r
atm and the high pressure | imit are present
K is similar and coincides with the HP I in
finite pressures at higher temperatures anc
agai n.
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The analysis of the branching ratios allo
nd P2 plus H would be the main channel s i n
hree-ring products di hydrophananthrene P3
ields in the 1200-2000 K range. The react
roduct branching ratios for P1-P6 are pre
200 K, W1 and W2 complexes get collisiona
re presented in Table 2.
Tabl eBrlanching ratios of the reaction of 2-nap
T, K P1 P2 P3 P4 P 6
1200 3/08% 1,44% 1, 13% 0,02%
1300 28, 89% 14, B9% 32,61|% 0, 27%
1400 35, 98% 19, 47% 25, 38|% 0,62%
1500 41, 30% 24, 01% 19, 28(% 0, 81%
1600 45, 09% 27,0P01% 14, 61|% 1,00%
1700 47,64% 31,016% 11, 14(% 1,17%
1800 49, 26% 33,82% 8, 60% 1,33%
1900 50, 25% 36, 00% 6, 72% 1,47%
2000 50, 79 % 37, 79% 5,34% 1,60%
2100 51, 05% 39, RP7% 4, 30% 1,72%
2200 51, 13% 40, b1% 3,51% 1,84%
2300 51, 10% 41, b54% 2,91% 1,94%
2400 51, 01% 42, 40% 2,44% 2,04%
2500 50, 88% 43,12% 2,06 % 2,13%
Tabl®Br 2nching ratios of the W1 and W2 inter med
T, K| w1 W2
300 34, 91% 65, 05%
400 33, 36% 66, 49%
500 32, 73% 66, 79%
600 29, 82% 69, 08%
700 98, 21%
800 97, 72%
900 97, D %
1000 96, 30%
1100 93, 76%
1200 88, 25%
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4 Conclusion

The mechanism of the 2-naphthyl + 1, 3-but
study. The potenti al energy diagram and r ec¢
obtained i n a broad set of pressures and
compl ement the assumption PAH generation i
P1 and P2 with hydrogen are concluded to b
the three-ring products dihydrophenanthren
formed at certain conditions. The calcul at
dependence at pressures above 0.01 atm.
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