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ABSTRACT

Polycyclic Arpmatic Hydrocarbor {PAH) plays an important rale in the formatinn of combustion-generated
particles such as sool, and their presence in amosphere aerosols has been widely shown. The farmation nf Fve
-membered rings, detected in combustinn effluent, is of greal interest due to their genotoxic activity.

The present study repnrts an investigation of the electennic structure of Acenaphthylene by use nf different
chemical models \We also made a comparison between differant chemical models.

Dnoor-aceeptor disyhstituted, enthalpy, entropy and rotation and transition division functinn at Zero puint
energy will be compared o,

The isotropic and anisotropic tensor nf the Acenaphthylene struciure were calculated with different chemical
models HE/6-31G* HF%-31+G*, HF/6-31++G**, BLYP/6-31 G* BLYPF6-31+G", BLYP/f-31++G*+,

B3LYP&-31G?, BILYP/6-3 1+G* and B3ILYP/6-31+-G**, as well.
Keywords: PAH: Acenaphihylene; Electronic strecture; Chemical models.

INTRODUCTION

Polycyclic aromatic hydroearhens (PAH) comaining
unsaturated five memhered rings externally fused to
six-memhered  ning  perimeters  (CP-PAHs) are
important in several contexts [i]. CP-PAHs have been
identified as uhiquitous comhustinn effluents, and
several represcniatives have been showir 10 possess
considerahle genntoxic activitics [2].

Polycyclic aromatic hydrocarbons (PAHs) are
ubiquitous in natural cavironment.

They arise mainly {rom incomplete comhustion of
fossil fuels, autemnohile emissions, oil ¢racking, snd
natural resources such as forest fires and volcanoes.
Geochemical provesses yield PAH: when natural
organic matter (NOM) is exposed to high pressure
and temperature.

These compounds can be source pollutants (e
01l spill) or non pnint source {e.g. atmosphenic
deposttion) and are among the most widespread
organic pollutants. Anthropogenic practices, such as
industrial processing,
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petroleum spills, and in complete combustior of
fuel, also contrihute tn high levels of PAHs in the
environment  [3-7]. (PAHs) with extcrnal
cyclopenta-fused five memhered nngs, such as
the eyclopenta -  fused  naphthalene
{Acenaphthylen) derivatives, belong 1o the class
of nonalternant polyeyclic aromatic hydrocarbons
and may exhihit uousual (Photo} physical
propertics. Scveral qualitative models, c.g. Plat's
ring penmeter model [8] Clar's model 9] and
Randics conjugated circoits maodel [10-11]

Have gither heen or are frequently used for the
rationalization nf the propertics and the
reactivity nf P Al s

THEORETICAL METHOD:

We follow the approach used in gur carifer
study [12] of neuwral PAH: in which we
computed the harmome frequencies using the
density functional thenry (DFT) approach. We
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nse the BILYP hybrid functional [13], which
includes some rigorous Hartree-Fock cxchange
as well as a gradicnt correctinn for bnth
exchange [14] and correlation [13]. The
calculations were carricd out usiag the
Gaussian 98 system nf programs [16]. The
Becke-3 parameter density functional with the
Lee-Yang-Parr correlation functional (BALYE)
(17, 18] was used in conjunction with 6-31G*,
6-314G, 6-31++G**  basiz  sets.  Analytic
harmom¢ frequeocics at the same level of
approximatron were used to characterize the
nature of the structures under study and to
evaluate Zero-pomt energy comrection {ZPE). In
this study, we apply the HF, BLYP and B3LYP
methods.

CuHu
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Fig.1. The geomelric struclure sf Acenaphthylea and its detrivanves, !
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RSULTS AND DISCUSSION .
. Acenaphthylene and Jts  derlvative
struchures .

In this smudy, we apply the HF, BLYP and
B3LYP methods. The compounds considersd
for this stody are ealculated by ! BJLYP
methods. The compounds considerad for this
study arc shown in Figure 1. t

X, The study of thermodyoamic propertics

A comparisoa of rotation and i transition
division function at zero point energy showed
that calculated wibratory division function with
Zero energy at 6-31 G* basis set, has maximum
valucs  using the data in  table 1.
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Table 1.0ptimized parameters at theoretical level of relative thermal enthalpy (AH) , thermal entropy { AS)
and Gibbs free-energy ( AG Y at 25°C

Structurs method Basiy yet AS ﬁH/ﬁLG % %
e 84221 n_l?asém.m 4n.95§m.9n 133471000
CuHe BLYP  631g* 86961 ”"631“'“‘122 4“'963{@'93 16.013/0.00
BILYP  6.31g*  86.094 0‘1632;”"2? 4”'9'53’29";3 15.188/0.00
HF  631Hg* 91111 0.16000126 56%"31” 18.404/0,00
CaHAL BLYP  631g* 04325  (0.I556/0.110 “‘56‘?}5['22 21.537/0.00
BILYP  63lg* 03259 ”"Sgim‘l 3 41'56‘?’3 LT 50517000
HE  63ltvgr oaea 00026 SROUSLET oy 0190 g0
CyHoBr BLYP  ¢31g  sesor 1IN0 BBL 31 05700
B3LYP  631g* 95803 0'1592'”'”4 42'2”;’31'9{} 21.693/0,00
HE  §31+g* 92,797 ”‘2{}9%““'165 41.230/30.563  21.0030:0.00
CuHy BLYP  6:31g*  97.401 ”'192‘1" 0136 4123030630 30.6350.00
BILYP  6-31g™ 95831 O 19?5; BIL 2300502 24.0080.00
HE  3ltgr 99353 0.2411;0_194 41.412;31.21} 267460.00
- BLYP  6a1gr m:_zf.sz 02218017 41_4?331.29 +0.034/0.00
BLYP  esigee 10090 n.zz?r:;m.m 41 4?3.’11“31.2? 20.100/6.00
HE  631++g*  97.599 “"ﬁugﬁm 114 42‘”68;32'14 26.722/0.00
S BLYP  63lge m:ﬁ 38 0.147300% 42.1]639!3 219 5. 05000
pive a0 0.151*:‘1].[1]3 LU 57 100
HF 6-31+gg* 10‘13]5 ( 15345-"0.115 43.[]?3."33.32 247651000
CpaHBr; BLYP 631 %841 g147/0.0064 "’3'”?3" 3339 20.945/0.00
BiLyp  e3lg~ 5% oasimams B 5pe50m00
B 3l 1026 OIS ALTSLIE o0
- BLYe 3l WD DINIITI LIRS gy
BiLye  gaige 0S80 DIESOIT ALDALE g
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Tahle 1. Continued. ..

i

o

1

i

HF G-31++Hg* 110571 305002535 4190332280 363870.00
CHes BLYP 6-31g* 115,197  (L2783A0.2285 4190332348 40.9440/0.00
B3ILYP B-31g** 114871  0.2B0270.2254  A190332303  05740.00

|
BLYP 6-31g* 10?23 0139 }Sfﬂ,{}ﬂ? 4149%52,94 13 70710.00

CaHCly 47 496/3 1
RILYP 6-31g** 1(}52. 67  (.143 1;1].(]92 2. 9(!1;52.39 31.375/0.00

o3
BLYP 6-31g* 11555  0.389/0.083 43.743/34.43 37.184/0.00

CouBBr ? 7 2 i

pricBry

BILYP 6-31g%* 1 131.93 (1 1423.-"{}.1333 43.?431}'34.33 15.585/0.00

E !

il

q 4

BLYP 6-31g* i1 ]3.1]3 023 ﬂi-"ﬂ. 197 41 .5952.-"3 1.70 37 635/0.00

CicHey |

. . . 41, .

BILYP 6-31g** H[;ﬂﬁ 0256-'-:;"1] 204 1 59:';"3] b5 16, 700/0.00
BLYP 6-31g% 123.'64 ﬂ,338ﬁ;ﬂ.2?? 42.23[;.-"33.(}2 $7.7T6/0.00

CiaHz il
BILY? 6-31g** 12?1.33 0,349?!].23-5 42,23[;"3 208 57 062/0.00

E=¢lectronic T= translatinnal

B.= ritational V= vibrationai
These values are mmre in electron acceptnr
substitutions especialiy in tromine (Br) than in
electron donor substitutions.

Enthalpy {45} and Gihbs free-energy { A7) at 6-
31+-+G* basis set have maximum values. These
changes arc more for clectron donor substitutions
(methyl and ethyl) than eiectron aceeptnr
substitutions (hromine and chlorine).

By studying of entropy fur all of substitutions, 1t
will be giear that 6-31G* basis set has most
values ammng other hasis sets and cotropy in
electron donor substifutions is more than electron
aceepiur substitutions (table 1),

3. Comparison of isotropic and anisatropic
disgrams tased an atomic nomber
A comparison of isotropic and anisotropic values

212

I |
shnwed that most values of isnlﬁjupic are related
to atoms nf (Br) and (C1) both of which are
elecirnn aceeptar and least valuéé.':nf is;]tmpic are
related tn methyl and cthyl (See figures 2,3).

|[ i
CONCLUSION h
Flectronegative gruups have more isntropie and
anisotrapic values. The more the atomic number
of electrancpative group, {the! atom will he
higger) the more are changes. | i ' J
The amount of entropy and enthalpy far eicetron
donor substintions like methyl: and ethyl are
more than of those for "fclcctrdncgativc
substitutions Like Bromine and Chlonne.

1
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