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Prediction of Radical Reaction Positions in PAHs by HOMO
and LUMO Calculation
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Abstract : HOMO(the highest occupied molecular orbital) and LUMO(the lowest unoccupied
molecular orbital) of four recalcitrant polycyclic aromatic hydrocarbons (PAHs) were
calculated by MOPAC program(CaChe Co). The previous papers which reported experimental
results about radical reaction of PAHs were reviewed. The reported radical reaction positions
of four PAHs corresponded with predicted positions in which AE(HOMO-LUMO) was high.
From these results, it appears that determining the JEMHOMO-LUMO) of a PAH is a
promising method for predicting the radical reaction position.
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Table 1 Acenaphthylene®] AE(HOMO-LUMO)#t
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2 dydye o3 714 PAHs F
acenaphthylene, fluorene, anthracene, benz(a)
anthraceneZ 4 o2 PAH ¢ OH- =uz
AL ol A7t A¥d PAHS HOMO %
LUMOZE A4t sttt HOMOE 2 AXCA
o 99 e FHo AL BExHo gl
o] Az}l FolAjol 7% Hkolm, LUMOE
AL e Fw A7 EExEo glof
AR FEAel AT FHEojtk. Table 16
acenaphthylene®) HOMO % LUMOAZ Azt
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Table 19 uelvt RAH  acenaphthylene
(ACEL) 593} 6 gxlo Ait&rl ZAgg
ACEL-5-ONE, ACEL-6-ONE $1X|o]A 4
E(HOMO-LUMO)gto] 2% 81572 71& =%
o0 gdg&o 2 ACEL-1-ONE, ACEL-2-ONE

N ACEL N ACEL-ONE
ame HOMO | LUMO | 4E ame HOMO | LUMO | 4E
ACEL-1-ONE | -9.077 | -0.924 | 8.153
1.2 ACEL-2-ONE | -9.077 | -0.924 | 8.153
A, ACEL-3-ONE | -8707 | -1.810 | 6.898
ACEL-4-ONE | -8702 | -1.859 | 6.843
OO 4 1 90 -1061 | 7.
% 5 > Ol | 7% ["ACEL5-ONE | 9131 | 0.974 | 8.157
Acenaphthylene ACEL-6-ONE | -9.131 | -0.974 | 8.157
(ACEL) ACEL-7-ONE | -8702 | -1.859 | 6.843
ACEL-8-ONE | -8707 | -1.809 | 6.898
Name ACEL-DIONE
am HOMO | LUMO | 4E
o] o] 0
-9.754 | -1695 | 8059
1,8~-naphthalic
anhydride
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Table 2. Fluorene®] AE(HOMO-LUMO)gk
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Table 291 fluorene?] HOMO % LUMOA
A A#RsE Jebd e fluorene A 9 91|

Name FLU Name FLU-ONE
HOMO | LUMO AE HOMO | LUMO AE
FLU-1-ONE -9.014 | -0.983 | 8.031
FLU-2-ONE -8945 | -0.843 | 8.102
FLU-3-ONE -8.871 | -1.008 | 7.863
FLU-4-ONE -8758 | -0.958 | 7.800
, s 2 ], FLU-5-ONE | 8758 | -0.958 | 7.800
O‘O - FLU-6-ONE -8.871 | -1.008 | 7.863
o 23| 882 | 0335 | 8307 TTRIU7-ONE | 8945 | 0843 | 8102
FLU-8-ONE -9.014 | -0.983 | 8.031
Fluorene (FLU) o
O‘O -9.218 | -1.046 | 8172
FLU-9-ONE
Table 3. Anthracene2] AEMHOMO-LUMO)%:
Name ANT Name ANT-ONE
HOMO | LUMO AE HOMO | LUMO AE
ANT-1-ONE -8.801 -0.795 8.006
ANT-2-ONE -8.941 -1.036 7.905
ANT-3-ONE -8942 | -1.036 7.907
, 8 9 1 ) ANT-4-ONE -8.801 -0.795 8.006
OOO _8948 0970 7978 ANT-5-ONE -8.801 -0.795 8.006
5 10 4 ANT-6-ONE -8942 | -1.035 7.907
Anthracene ANT-7-ONE ~-8942 [ -1.035 7.907
ANT-8-ONE ~-8.801 -0.795 8.006
ANT-9-ONE -9535 | -0.674 8.861
ANT-10-ONE | -9535 | -0.674 8.861
Name ANT-DIONE
HOMO LUMO AE
(o]
-10.173 -1.386 8787
o]
9,10-anthracenedione
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Table 3o+ anthracene®] HOMO % LUMO
AL AAE YEPA Y. Anthracene F*%7}
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Egtel 5d8E ¢ F Utk o 5 99¥ 109
AR fA  JEHOMO-LUMO)ge]l & 9%
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Table 4°]+= PAHs %A benzola)pyrene
tgoez wely JEFAe] ®E benz(a)
anthracene®] HOMO % LUMOAAL 43 &5 v}
Bl Sltl. Benz(a)anthracene®] 7% 793 12
H XA AEHOMO-LUMO)ge] t& ¢
A8 % =A Jeiwd dgddze
7,12-benz(a)anthracenedione®] HEAHE=

HEMLEaR
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4. A E
HEA et ek s el A/ (PAHs) %)
acenaphthylene, fluorene, anthracene,

benz(a)anthracene-g 4oz iz Y E
A X E dF3rE AEAY F HF
A3 CaChe MOPAC2000 Z218& o] &
g ZA#E vustgt. WX HOMO(the
highest occupied molecular orbital) %
LUMO(the lowest unoccupied molecular
orbital) & Al Lk % Aozl 4
E(HOMO-LUMO)g& 71E¢ Rud HEHA
g F HAZTAHEH vz A de 45
PAHsd A 25 dA3E 2748 Atk oY
3 AR RE B dJoA ez 3 9o
47} PAHso|®jo] th& PAHsY dEHHEZ
(t}o] 241, PCBs, POPs %)¢] #t}z Rl

Table 4. benz(a)anthracene®} AE(HOMO-LUMO)ZF

N BAA N BAA-ONE

me
a HOMO | LUMO | 4E ame HOMO | LUMO | JE
BAA-1-ONE | -8.240 | -1.286 | 6.954
BAA-2-ONE | -8423 | -1.335 | 7.088
BAA-3-ONE | -8401 | -1.374 | 7.027
2 BAA-4-ONE | -8331 | -1.362 | 6.969
- ‘ s BAA-5-ONE | -8828 | -0977 | 7.851

4
OO‘ 8328 | -0935 | 7393 | BAA-6-ONE | -8776 | -0.840 | 7.936
NN BAA-7-ONE | -8966 | -0910 | 8.056
Benz(a)anthracene BAA-8-ONE | -8687 | -0921 | 7.766
BAA-9-ONE | —8827 | -1.107 | 7.720
BAA-10-ONE | -8895 | -1.039 | 7.85%
BAA-11-ONE | -8811 | -0930 | 7.881
BAA-12-ONE | -8906 | -0.937 | 7.969
BAA-DIONE
Name
HOMO | LUMO | 4E
9125 | -1594 | 7531
Benz(a)anthracene-
7,12-dione
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