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ABSTRACT

Emisgions from fossil fuel combustion pose a serjous threar ig public heaith and imposc the need fur an
improved monitoring of polycyelie aromatic hydroearbons (PAHS), a majer cluss of persistent organic
potlutants. For this purpose the  present study reports an mvestigation of the electronic structure of Pyrene by
use of different chemical models We also made 4 comparison between different chemical models,

Doner — acceptor disubstituted |, entropy , enthalpy and Gibbs frec-energy will be compared too.

The isctropic and anisetropic tensor of the pyrene and derivatives structure were calevlated with different
chemival models HE/6-31G, HF/6-31G%, BLYP/6-31G, BLYP/6-31G* , B3LYP/6-31C, BILYP/6-31G* and as

well.
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INTRODUCTION

Polveychie  aromatic  hydrocarbons (PAHs) are the
products of thermal  decomposition, forming  during
incomplete  combustiva of organic materials  and
geochermcal formation of finssil fuels in power plants,
domestic heating, waste incincration, industrial processes
and, most importantly, motor vehicle exhaust [1-3,

Carcinogenic. mutagenic and immunotoxic cifects of
PAHs demimental 1o human health bave been reported
frequentiv. Reguiation of PAHs gmission and reliahle
monitorng of PAHs concentration in amhicnt air is thus
of paramount importance tor public health. Motor
vchicle exhaust 1s considered the mosi sigmficant source
for PAHSs in urban sreas
Geochemical provesses vield PAHs when naturai
organic matter (NOM} is exposed to high pressure and
wmperature,

These compoucds can be pownt source pollutants (g
oil spill} or  non point source(e.g. atmospheric
deposition) and are one of the most widespread
orgamc¢ pollutants.
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Anthropogemic  practices, such as  industria)
processing, petroleun  spills, and  incomplete
comhustion of firel, also eynribute to high ievels
of PAHs in the environment |4,5].

Pyrene s «» polycyclie sromatic hydrocarbon
(PAHSs) consisting of four fused benzene tines,
resuiting in @ large, flat aromatic system. Pyvreng
forms during incomplete combuston of organic
matcrials. Animal studies have shown that pyrene
13 toxic to the kidneys and the liver. Pyrenc has
wide spread of applications, from making
pharmaceuticals, and plastics to beiog a valnable
molceular probe for {luorescence spectroscopy or
2 probe to deterrmne solvent emwironments.

THEORETICAL BACKGROUND

The chemical shielding refers to the phenomenon
which is aysociated with the secondary magnetic
ficld ecreated by the induced rootions of the
electrons that syrroundiog the nuclei when in
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the presence of an applicd magnetic field [6]. The
energy of a magnetic moment #, in a magneitc
field, B, is as follow

£ =-niil-0c)8 (1
where the shielding ., 1s (he diffcrential resonance

shift duc to the induced motion of the electrons,
The chemical shiclding is characterized by a real
three-by-three  Cartesian matrix, which can be
decomposed into a single scalar term, three
anbisymmetric pseudo vector componcnts, and
five components comesponding to a symmetric
tcnsor [7]. Only the single sealar and the five
symmetric tensor elements can be observed in the
normal NMR spectra of the solids. For brevity.
thesc six values are usually referred to as the
shiclding tensor:

{’l.'l.' JJ:J.' J.{:
g, O, O, {2)
G-Zt J!l‘ Jﬂ

That can be obtained by averaging the off-
diagonal vaines nf the complete tensor [8].
The chemicai shiciding tensor 15 commonly
referred to the chemical shift amsotropy (CSA)
tensor according to the possession of sccond rank
properties. The measurement or caleulaton of

the diagonal components (&, .0,.0.) 0T

{00y, }in the principle axis system (PAS)
aliows the complete description of the CSA
tensor [sandia]. The CSA tensor can also be
described by three additional paramelers.

a) The isotropic value (or trace portiom of the

CSA tensor} o, nf the shiciding tensor which

. i

is defined as g = 3 (O, + G+ &y (3}
b) The anisotropy { A ) of the tensor, due to the
following cxpression:

1
Ag =0, - ?{Ju + T, )

(4)

¢} The shiclding tensor asymmetry parameter
{77) which is given by:

_ |ﬂ'z: - '-':"|||

and 7 (5}

|’T11 = F
COMPUTATIONAL METHODS

In the present work, we have optimized isolated
molecule with 6-31G and 6-31G* basis scts in
the gas phase. All calculations were done with

the Gaussian 98 package [9,10] at the Harirce-
Fock (HF} level of theory and. Density
Functional Theory (B3LYP and BLYP) [11,15].

RESULTS AND DISCUSSION

The geometry optimization for pyreme and its
denvatives structures have been obtained with HF,
BLYP and B3LYP methods with 6-31G and 6-
31G* basis set are shownimFig 1. ° '
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Fig. 1. Optimized configuration of pyrene and i1s
drivativas, |
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The resuits obtained for thermodynamic
properties in gas phase at 298.15 K for pyrens
and its derivatives based on DFT calculations at
three methods and two scts are shawn in the
folinwiny tables,

A comparisin of Entropy (S) and Gibbs free-
energy (G} and Entbalpy (H) are nbtaned for
different basis scis and for Bne- substituted
pyrene that is summmarized 1n table 1.

Table 2 has also shown the results ohtained
for the two- substituted pyrenc.

As shown in table |, the maximum values for
Enthalpy (H) and Gibbs free-energy (G) was
Bhtained when 6-31G* basis set level used at
B3LYT method.

It 18 also clear i Table (1) and (2} ali the
values obtained for (H), (G) and (E) using  ali
the mcthods are negative for pvrene derivatives
with electron-drawing groups than thosc with
electran-releasing groups, These values are aiso
more negative fir bi-substituted pyrencs than for
Ane-subsittated pyrene (Table 1, 2}

Studymg the cntropy values for diffcrent
pyrenc drivatives, made it clear that 6-31G* basis
set gave the largest values amang the other used
sets. Considering the optimized structure. we
alsn calculated the NMR shielding tensors. The
isatrapic and anisnirfpic valucs calculated for
these structure with diffcrent chemical mndeis
arg presenter in Fig. 2 and 3.

Tablel. Optimized parameters at theorical level of relanve stability energies (E Jelectronic and thernal enthalpy

(H] ., entropy (8), Gibbs free-energy {(G)at 298,15 K

H G 8 E
Strucnire method | Basis ser (Electromic 2nd {Electronc amd (Electronic yad | {Electei md
hermal kel mol!y | theeal kel mor 'y | 6 thermal
ad,mal 'K kend oeal'l
HF 6-310 IRIn00 2317 AR363T. 140 (053353 383600 824
CisHig BLYP p-3 10 Jun0 % 3702 J86048 5569 009701} I86009.9624
B3iLYT f-310 IRE178.2418 18620700359 NP TOI} 3RA1 7R85
HF B-316* 383 44 3237 WATTI 003 004479 38374 Hi3n
CaHig BLYP L3107 IN509% 1534 Jenfi8. 5134 (0PE48 IER09D 7440
BAILYP | 431G* IR62p0. 2454 REI95.274 (F 09724 IRGIGHHTY
1iF 6-310 a7 564 0686 671593 3055 (hOIRAT a71713.0538
bRl BLYP a-3(0 AT44rs 8345 144372256 arsgy 6744k, 4268
B3LYT 6-314 H74671 4343 746715431 0. 10441} 671566 0144
Hr 3107 6717124614 aTl742 6252 1ow7 717131538
Tl ELYP 3G 74407 4430 674328 0506 010567 G108 0152
BHYP | 63107 a74I02 6013 G747, 5059 {1, 1004 6} AT4RT2O2E
HF G-3G 1995790 453 19958340 045 {}, LOZ 5} 15 R00.086
CygtlBr BLYFP 0-310 1999330.971) 1999373.012]2 111 190F340) 563
RILYF 6-1105 1909464 063 §000695 BaY 10668 149499604 635
HF -30G 10060k 3657 199644, 593 UETIRTE 199at4 270
CeHoBr EBL¥P -3 P999342937 T9RO3T74 G5 D.br742 1999343 529
B3LVE | &-11G* F996a4 DT 1 398 RED 0. 1066E 1999664 £33
HE 6310 HINHTI. 3163 40H105,1224 007 0) A0RO7E008T
T-H)» BLYP G314 405503154 410681 6664 L1051% AT0GD07E
BiLYT n-31G 4106816349 10681 GRRg 10t 410826185
HF f-31G* 40825335875 4052 50,49 10241 AHETI09TT7G
CiH): BLYFP 4-31G* 4100733, 5154 4107670271 11573 4107360978
RALYFE | G310 410912 7491 410950 836 010427 920,342
HF -3 4305538 200 43035476853 002856 430358, 8911
L) Ryl BLYT -3 10 4131948 5648 433227327y 010313 EXXI NS
BiLYF n-31G 413754 (7 AR 4145 0.7y 4333158 72
ErF f-31Er* 4304713.202 E X TS ¥R ) (ORYST A30T13 Hual
CaH 0 GLYF G310 43329 1 LR 4333220055 1 16350 433201 7110
BALYE | 4-310 433442 181012 433492 TN7 010244 433462.772
HF a-31G A1RTEN TRS] 4181433974 LR 4181147543
CriH M BLYF 0-31G 420723, p4%2 420754 1H79 24 42724 2406
BiLvP G- 10 4200801 5948 420027 11567 0 s AHE92 5570
HF G-3 LG 418259 8284 492308357 1] ALHZ0F 4218
CrbtN BLVP | 6310% | 4208115372 | 4208427084 01045 | 420812 1290
B3iLY1" | a-31G* 420088 TRaT A2 Y 5497 1032 A09RL 1007
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Table 2. Optirmized parameters at theorical leve! of relative stability energies (E) electronic and th:i'n}al -

enthalpy {H). entmopy {S), Gibbs free-energy (G), at 298,15 K

-E
Structure methad | Basis set - N rE"""j“k ol | (Ekestronie and
isarmertl et I I
keal mol T keLulme™y
1[F 6-3G ARIG09. 2317 3836371159 N093s3 F53600.8241
CreHyg BLYF 6-313 I5a010.37072 &R 5569 070 IR0 199626
BILYP G317 386178 28 IRG207 (0I5 0790 IRG]TH.E3AE
HF 6310 39548 9227 Q395400322 016922 950517.7364
C:HsCl: BLYF G310 DHZT0L,TI0T H2R25 3684 11270 DR2T02.352
BILYT f-3110 9629630271 Q626 NRRT .1 1E8D 9629636201
LIE &-310* G59680.1446 059712.2918 0T RG Q39680 737
CisH:Cly BLYF 6-31G" 62803, 3700 Q2029 023 QLI12RT GEIRO5 04033
BILYP R0 QG30TH 2822 631093687 DEEE20 063076, 704G
HF =307 IGOTIRS 273 36UR022.47 nik13g 607089 853
C:HpBr: BLYF a-Iio 3612aa6 (31 361273043 0270 IGEZEGA.724
BiLYP 63100 3612800411 l612845 187 ¢ 11305 3612809481
HF f-3107* IR0B2E2.56T 1608316204 11268 I60B2E31. 16
sHsBt; BLYP &-310* 1612952 301 G174l 0117 1612912 894
B3LYFP | 6-31G* 1a1306] 435 36130940066 0.11a0% Jel30a2.0ds
HF 6210 43254126492 4325729791 010636 4325418616
CrsHia BLYP 6-310G 435281 AT91 435314.5931 (11040 A28 TOT3
B3ILYP G310 4354 T2 ROTR 4153505 7600 QLIgs0 435473 40608
AF =30 4326963123 4327283304 050739 432656004 T
CrzHia BLYP -3 435371 7129 4354053556 01284 4353723053
B3ILYP a3 4333730738 435606 2157 oitLls 435573, 0668
HF G=3ir 47T507.48449 477538 3621 0 (0356 477508 0772
C,oH o0 BLYP | 631G | 4203736800 | 4804060717 | 010864 | 4803742733
BiLYT G=310C1 480537 BT 430569777 00702 ARZAM0_R5T3
HF 6110 ATTRRZ 3555 1 4777135 X564 110460 A7 ToR2.04TH
CieH o BLYF 6310 4804829790 4805133903 010937 AR04EZ5T23
BiLYF | 6-310G* ABOAATO96T 450610, 1465 G 1n7Taxi AB0ASE 5897
AF (=310 452618.5342 457049.2495 Q03198 B32619 1245
CsHiz; BLYF 6-31G 455427 1412 4554591 3 Q.10802 4554277335
BILYP 6-314G 453603.0232 455636 6415 0106048 4556056155
HF 6-3iG" 452778.64 19 452810 1Y 0 L0583 452770 2343
CripH M4 BLYF B-31G* 455503 5247 4535560 5369 Q108 AS5524.0977
B3iLYP B-3i0" 4337109384 455743 4013 0i001E 45571 !.5:3'[14
| i
|
|
|
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Fig. 2. Comparison between [satropic Shiclding for pyrone and its drivatives,
A: Comparissn between lsowopic Shiclding for CixHeCl, C,HBr
B: Comparison between lsotropic Shieldiag for C,gH,0 LsH N, C-H,
C: Comparison between Isotropic Shielding for C,4H;Cly , CyHBrs
D Companson between Isotropic Shielding for C.H, 0., CisHizNa , TH e
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Fig, 3. Comparison between Anisotrspic Shielding for pyrene and its drivatoves.
A: Companson between Anisotropic Shiclding for CaHe, CHBr
B: Comparison between Amsotropc Shielding for € H, 0. CuHpN, C5Hypa
£ Comparison betwoen Amsowropie Shicldmg for ©4HyCly, Cel1Brs
D Comparison between Amsotropic Shiclding for CoHipOs, C6H: Nz L CHyy
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Asshown inFig. 2and 3 the largest values arc
related to the substitent atoms directly conneeted
to the pyrene ring. Meanwhile, the values for
clectron-wilhdrawing groups arc greater than
those for electron- releasing groups. For example
the vaiucs calculated for hydroxyl, amine and
methyl groups are in the order OH > NH;> CH;
{Fig. 2B). This order was also observed for two-
substituted pyrencs (Fig 2D). In the case of
halogenated pyrcnes the values arc greater for
bromine than chlorine substituent (Fig. 24, 2C).

It could be rciated to the better overlap between
the 2p orbital of carbon atom and 3p orbital of
chlorine atom relative 1o 4p nrbutal of bromine
atom arising from the smalier sz of 3p orbital.

Isotropic diagram indicates that all carbon atoms
except the peminal one relative lo the substituent
have [ixed vatues. This result is alse the same for
anisotropic  field. The geminal carbon atams
relative to the electron-accepter have the lowcst
1sotripic values, but the neighboring atoms of
electron donor substituents have the highest values
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