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Reaction AH AG AHT AGT
(kJ mol) (kJ mol) (kJ mol) (kJ mol)
AD-C4 + 30, —PRC1,7-i00-anti" —3.08 21.32 - 24.40

PRC1.7-i00-anti"—AD-C4-100-anti
PRC1.7-i00-anti"—AD-C4-200-anti
PRC1.7-i00-anti"—AD-C4-300-anti
PRC1.7-i00-anti*—AD-C4-500-anti
PRC1.7-i00-anti*—AD-C4-600-anti
AD-C4 + 30, —PRC4,8-i00-anti*
PRCA4.8-i00-anti"—AD-C4-800-anti
AD-C4 +30; —»PRC1,7-i00-syn"
PRC1,7-i00-syn *—AD-C4-100-syn
PRC1.7-i00-syn *—AD-C4-200-syn
PRC1,7-i00-syn *—AD-C4-300-syn
PRC1,7-i00-syn *—AD-C4-500-s5yn
PRC1,7-i00-syn *—AD-C4-600-sy1
AD-C4 +30; —PRC4,8-i00-syn ™
PR(C4,8-i00-syn *—AD-C4-800-syn

49.73(46.65)
177.40(174.32)
63.23(60.15)
182.97(179.89)
62.41(59.33)
—4.94
~50.73(-55.67)
484
50.87(46.03)
180.72(175.88)
54.94(50.10)
184.46(179.62)
68.79(63.95)
~8.93
~47.37(-56.30)

68.43(89.75)
193.53(214.85)
83.53(104.85)
198.80(220.12)
81.75(103.07)
23.45
~33.91(-10.46)
25.41
64.07(89.48)
192.31(217.72)
71.43(96.84)
194.71(220.12)
80.43(105.84)
16.29
~26.79(~10.50)

84.61(81.53)
191.23(188.15)

92.78(89.70)
198.92(195.84)

94.29(91.21)

18.96(14.02)
82.46(77.62)
200.15(195.31)
83.77(78.93)
201.16(196.32)
97.59(92.75)

16.99(8.06)

101.84(123.16)
207.69(229.01)
109.23(130.55)
216.14(237.46)
110.79(132.11)
28.39
31.25(54.70)
30.24
93.94(119.35)
211.04(236.45)
96.95(122.36)
212.07(237.48)
108.26(133.67)
25.22
34.14(50.43)
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_ Wigner Eckart Tunneling

Reaction vV (em™) T.(K) Tunneling Tunneling nature
PRC1,7-i00-anti—AD-C4-100-anti 754.61 172.8 1.52 1.77 Moderate
PRC1,7-i00-anti—AD-C4-200-anti 439.51 100.6 1.18 1.19 Shallow
PRC1,7-i00-anti—AD-C4-300-anti 761.01 174.2 1.53 1.78 Moderate
PRC1,7-i00-anti—AD-C4-500-anti 395.91 90.6 1.14 1.15 Shallow
PRC1,7-i00-anti—AD-C4-600-anti 800.61 183.3 1.59 1.90 Moderate
PRCA4,8-i00-anti—AD-C4-800-anti 478.81 109.6 1.21 1.25 Shallow
PRC1,7-i00-5yn—AD-C4-100-syn 746.81 171.0 1.51 1.74 Moderate
PRC1,7-i00-5y1n—AD-C4-200-syn 321.11 73.5 1.09 1.10 Shallow
PRC1,7-i00-5yn—AD-C4-300-syn 728.2i 166.7 1.49 1.69 Moderate
PRC1,7-i00-5y1—AD-C4-500-syn 344.91 78.9 1.11 1.12 Shallow
PRC1,7-i00-5yn—AD-C4-600-syn 799.61 183.1 1.56 1.83 Moderate
PRC4.8-i00-5y1—AD-C4-800-syn 43921 100.5 1.18 1.21 Shallow

£531C6 5C3 5CL nilsn 402 05,5 (5,5 g & bgrpo Sl 2S5 )3 0d (L5 Conle 0355 oo oalin &S 4 Siles
L Sl ol glitn ay El (TP2T0) b 5 31 eyl (518 s o 31 cpdlse b 5 5 (Te<T<2T0) Lo g
S o 5,0 RRKM 4 k5 51 slinal b odls50005 gl (oSdaS 53 02 (6,8 g sl iS5 4 by o J oS0 50 5
507368 A oSis slsn 1y Sl 25 Gl bl G (] 53 sk 03 et G20l 3555 5 sla bl
o dls ity o oSaST (sl 535l 355 sl el b~ s a5 b Lts 8 5 L s efks = 86.6 K
0=6.20 A PRC4,8-i00-anti/syn _.Jis,415 sl ShaS sl 5 6/ks = 687.6 K 50=6.20 A PRC1,7-i00-anti/syn
Gl SIS 5302 6,5 g sl iy 4 bgse IS5 65 S Culg L Ldd 03 s elke = 692.8 K
3 AR5 00 Ny Ol Jlasl b s aloe RRKM k5 51 eslial i dasmn (slos 5 Caliine glasLid s odls 53015
YU s K00 by s b ol Sl e (51 b s (Glajls gad e Lot S F Y sl s K

Sl 0l 050 J:‘i“""’

(JQCS)



(55w Pl § (083185 (o dlxo

VFeY Okl FYo, b R Ju

122

RRKM 4 ,55 31 osliw! b daumo (Slod § Calideo (S 5Li8 50 (udl950019 S usuns™ 50 0 (65 Sz SS9 4 by o Ok g Calgd -V Jou
(Lol0) 5R9 O by Dlbumad Js! 9

Reaction Fo Ko 1bar Flbar Fiobar ke
PRC1,7-100-anti—AD-C4-100-anifi 6961014 2.78x10-3 2.78x10-3 2.78x10-3 2.78=10-3
(8.11x10-14)  (323x109)  (3.23x10-9)  (3.23x10-)  (3.23x10-9)
PRC1,7-100-anti—AD-C4-200-anii 4. 46x10-24 6.15x10-24 6.15x10-2¢ 6.15x10-24 6.15x10-24
(4.50%10-24)  (6.21x10-24)  (6.21<1024)  (6.21x102¢)  (6.21x10-2%)
PRC1 . 7-100-anti—AD-C4-300-anfi 1.68=10-14 1.41=10-% 1.41=10-¢ 1.41=10-% 1.41=10-%
(1.96x10-14)  (1.64x10-6)  (1.64x10-5)  (1.64x10-6)  (1.64x10-5)
PRC1,7-100-anti—AD-C4-500-anifi 6.28x10-23 1.97=10-23 1.97=10-23 1.97=x10-23 1.97=10-23

PRC1,7-i00-anti—AD-C4-600-anfi

PRC4,8-i00-anti—AD-C4-800-anti

PRC1,7-i00-5yn—AD-C4-100-sy1

PRC1,7-i100-syn—AD-C4-200-s5y1

PRC1,7-i00-5yn—AD-C4-300-syn

PRC1.,7-i00-5yn—AD-C4-500-5y1

PRC1,7-i100-syn—AD-C4-600-s5y11

PRC4.8-i00-5yn—AD-C4-800-s5y1

(6.34%10-25)

1.32x10-14
(1.58%10-14)

1.10%10-10
(1.13x10-10)

1.02x10-13
(1.17x10-13)

4.82x10-23
(4.86x10-25)

7.66x10-14
(8.69x10-14)

1.85%10-24
(1.87x10-24)

7.25%10-15
(8.51%10-13)

1.12x10-10
(1.15%10-10)

(1.99x10-25)

7.85%10-7
(9.38%10-7)

1.91x107
(1.97x107)

6.65%10-
(7.67=10-%)

1.47%10-24
(1.48%10-24)

1.96x10~4
(2.22x10-4)

9.86x10-23
(9.95%10-25)

2.13%10-6
(2.50%10-5)

7.10%106
(7.28x106)

(1.99x10-25)

7.85%10-7
(9.38x10-7)

2.46%107
(2.54x107)

6.65%10~4
(7.67x10-4)

1.47x10-24
(1.48x10-24)

1.96x10-*
(2.22x10-%)

9.86x10-23
(9.95%10-25)

2.13%10-6
(2.50%10-6)

7.72%106
(7.92x106)

(1.99x10-25)
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(9.38%10-7)
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(2.64%107)

6.65%10~%
(7.67%10-%)

1.47x10-24
(1.48x10-24)

1.96x10~4
(2.22x10-4)

9.86x10-23
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2.13%10-6
(2.50%10-5)
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(9.38x10-7)
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(2.65x107)

6.65%10-
(7.67%10-%)

1.47%10-24
(1.48x10-24)

1.96x10~4
(2.22%10-4)

9.86x10-2
(9.95%10-25)

2.13%10-6
(2.50%10-5)

7.80%106
(8.00x109)
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n
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= = . A .- e (s 3
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0
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PRC1,7-i00-anti _uls 3005 (oShaS” gl o ASTP Ll 53 0 wSaS” Jsles ol sl g 53005 gls oShaS
PRC4,8- _Jlg,3005 oShaS (ol » (1.44%10724 |, Ll , PRCL,7-i00-5yn Jls,50ls woShaS” (gl 7.47%10724 L o

s 5.68x102 |, | , PRC4,8-I00-syn _dls 3015 (oSS (51 3.16x10% L 1 , iOO-anti

ASTP tulys 35 AD-C4 JIG815 4 02 Jolan (hal 381 sy Ol (s145-Lo s g (cM® molecule™ s71)  JoIg0gs e g calgd £ Jour

Reaction k’b\-’igner KE cteart (B/DBR\Vigﬂe[ % BRE g an
AD-C4 +30; —AD-C4-100-anti 2.07x10-28 2.41x10728 ~0 ~0
AD-C4 +30,—AD-C4-200-anti 4.60x10-Y 4.64x10% ~0 ~0
AD-C4 +30,—AD-C4-300-anti 1.05x102° 1.23x1072° ~0 ~0
AD-C4 +30,—AD-C4-500-anti 1.47=x1043 1.48x108 ~0 ~0
AD-C4 +30;—AD-C4-600-anti 5.87x10730 7.01x10-30 ~0 ~0
AD-C4 +30;—AD-C4-800-anti 7.78x10°17 8.03x10°17 15.1 15.1
AD-C4 + 30;—AD-C4-100-syn 9.56x1018 1.10x10-27 ~0 ~0
AD-C4 + 30, —AD-C4-200-syn 2.11x10-48 2.13x1048 ~0 ~0
AD-C4 + 30,—AD-C4-300-syn 2.81x10-28 3.19x10-28 ~0 ~0
AD-C4 + 30,—AD-C4-500-syn 1.42x10-48 1.43x10748 ~0 ~0
AD-C4 + 30— AD-C4-600-syn 3.06x10-30 3.60x10-30 ~0 ~0
AD-C4 + 30,—AD-C4-800-syn 4.39x10-16 4.50x10-16 84.9 84.9
Overall 5.17=10°16 5.30x10-16 — —
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Reaction Ink @s0-30) kJ Iijal—l cm? mol:cule—1 51
AD-C4 +30,—AD-C4-800-ant! (-2097.1/T) - 30.05 17.43 8.90x10-14
AD-C4 4+ 30;—AD-C4-800-sy1 (-1452.8/7T) - 30.48 12.07 5.79x10-14
Overall (-1547.2/T)-30.00 12.86 9.35x10°14

S5 gl 6551 5 4l Sl s L CB (1w e 53 AD-CA JIsl5 4 0 8050 ol 31 (J S 5055 s e
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99 (o5 92 SBJIG) 4 AD-C4-800-5yn w8 g JIG31) (JeTe0 T Od S 09 ! 19 (Shiiuwgn 3 9 (Saoladg0 i S ol 0 Jgu

Luzmo oo Ho (Sldals>
Reaction AH AG AHT AGT
(kJ mol1) (kJ mol™) (kJ mol1) (kJ mol1)
AD-C4-800-s5yn—AD-C4-8,300-syn 86.43(30.13) 87.44(76.94) 143.44(87.14)  150.03(139.53)
AD-C4-800-syn—AD-C4-8,600-syn 96.24(39.94) 05.98(85.48) 155.09(98.79) 158.62(148.12)
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S5 ge &G OAs (g 053] J2ST1s 5| AD-C4-8,600-syn 5 AD-C4-8,300-5yN (glail> 55 uS 5 b dSSsl, [ SKas
& 55 b @3lled S ST slae il 5 BT L g3 8 5 8L F aul 3 AD-C4-800-syn S5, JSGol,
Sl ol O (609 5) S 2S5 (Kalin 0 5 5 (Sitiow 0590 dolunsl Jule il dil aeslogyT 3, o ) ol
by o ) Sl 503y 5 Il AD-C4-8,600-syn L0551 319.81 kI molt AD-C4-8,300-syn (glail> 53 oS5
23 04b Ly Conle o das o O 7 Jsd 3 odd 18 ablie (slales olis .l 5yl kI molt 1165 5

el (Te<T<2Te) Lo 520 ¢ 55 51 AD-C4-800-syn S5 Ity IS 50 oS5 0us (60950 sla 28T

JI0 (J9T90 &5 O S9! 19 4 by D19 309 (F5 PP p3lie 9 (dblite Sbod (8351 Slavw (paR g0 (Zrgo Sluel T Jgur
Ly (Sbd 33 G4k 93 o9 SBIIG3M) 4 AD-C4-800-5yn (ouS 9 »

. . Wigner Eckart Tunneling
Reaction vV (em™) T:(K)  Tunneling Tunneling nature
AD-C4-800-syn—AD-C4-8.300-syn 685.4i 156.9 1.43 1.60 Moderate
AD-C4-800-syn—AD-C4-8.600-syn 750.2i 171.8 1.51 1.84 Moderate

Calzses gla,lis 43 AD-C4-800-5yN S 5 Sty (I oS50 ¢S5 0 (6 m0 ) gl STy JsS50 &5 iy Sl 58
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oS sla,Lzs 51 AD-CA-800-SyN S s IS, 0s (608 3] sl 28Ty IS 50 &5 Cs o ol ik 03 pmas
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Slod 58 G4l 93 (o595 SBJLG3N) 4 AD-C4-800-5yn (o895 JUO30) (J990 &5 0D (5 0321 5719 4 by o sy Zalgh Y Jgur
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Reaction ko ko tbar ktvar F10bar ks
AD-C4-800-5yn—AD-C4-8,300-syn 1.46x10-1° 0.45x10-14 0.45x10-14 9.45x10-14 0.45x10-14
(1.64x10-1)  (1.06x10-33)  (1.06x10-1%)  (1.06x10-3)  (1.06x10-13)

AD-C4-800-5yn—AD-C4-8,600-syn  1.24x1020  3.14x10-15  3.14x10-15  3.14x1055  3.14x10-15
(1.51x1020)  (3.83x10-15)  (3.83x10-15)  (3.83x10-1%)  (3.83x10-15)
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S JIG a1y 4 AD-C4-800-syn w5 9y JIG31) (J9g0 &5 O (S 509 301 (iiS19 (ST (wawisT dolao Jas i3l (2! el Sl ol)l A J9ue
P9 T o po Sl ookl by Y HLiS 9250-350K o bd 0dguxe 5O (Sl4dl> 95 w59

. E. A
Reaction Ink @s0-3s0x) kJ mol-! cm3 molecule ! 57!
AD-C4-800-syn—AD-C4-8.300-syn (~17361.0/T) — 28.24 144.34 5.44x10-13
AD-C4-800-syn—AD-C4-8,600-syn (~18700.0/T) — 29.31 155.47 1.86x10-13
Overall (—17403.0/T) — 28.42 144.69 4.54%10-13
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Theoretical study on the kinetics and mechanism of the atmospheric oxidation of anthracene:
addition of 32_ O, to the [C14aH10-OH]" and isomerization of peroxy radicals
g
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Abstract

Kinetics and mechanism of the addition of triplet molecular O, on the [C14H10-OH]" radical and isomerization of
peroxy radicals have been investigated theoretically at the M06-2X/def2-TZVP level of theory. Pressure- and
temperature dependent rate constants have been studied by means of RRKM theory. From a thermodynamic and
kinetic viewpoint, bonding of oxygen atom to the carbon atom C8 in syn mode leads to the formation of the
most favorable peroxy radical. Internal isomerization of the most favorable peroxy radical and bonding of
terminal oxygen atom to the carbon atom C3 is the most efficient process leading to the formation of bicyclic

peroxy radical. The titled reactions are controlled by the aromaticity.

Keywords: Addition of oxygen molecule; Peroxy radical; Kinetics; Thermodynamics; van der Waals complex.
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