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ABSTRACT

Palychlorinated Biphenyls {PCBs) have been widely used tn flame-retard products commom in hnmes and the
workplace, and subsequently. Prlychlorinated biphonyls (PCBs) typify a class af highly toxic, stable arnmuatic
pollutants. PCBs are recently being scrutinized for potential emvirnnment damage in groundwater and in the
atmosphere. The efiminatian nf chemical poilutants from a cantaminated environment is one of the most
important steps towards achieving the goal uf environmental remediation,

Recent studics have used carbon manotubes (CNTs) for adsorptioa of pullution it cnvironment, which are
significantly highcr dioxin ehimination efficiencies mn this study, mechanism and interaction nf single-walled
carbun nzatube (SWNT) for removal of PCBs are calcuiated by Ganssian program package. Inter SWNT; thers
are four situatiuns for PCBs near SWNT (6, 6) with length of 1.54 nm that we calculated simulation of passing
PCE through SWNT. The thermodynatnics properties are catculated fur passiag PCB2 acrass from SWNT that
their resuits are showed this method can use fur removal PCBs in environmental and therr interaction are low
potential in SWNT middle. So there is a place for adsorptinn nf PCBs into SWNT, PCBs trap in it This passing
is exnthermic, sporttaneyus, and favorable.

Keywnrds: Palychlorinated hiphenyis (PCBs): SWNT (sungle-walled carbon nanotube); Enviromment pollutinn;
MNDO method; DFT

INTRODUCTION

PCBs were used for many differcnt industrial purposes.  [2-5]. Also, PCBs with large numbers af chlorines
weluding electrical lndustty and hydraulic fluids, are more stahle and thus  resisint  fo
cashing wax, carbonless carbon paper, compressors, biodegradatian, The most highly favored PCBs
heat transfer systems, plasticizers, pigments, adhesives, tended to be the fnes with large rumbers from
liquid cooled electric motirs, fluoreseent light ballasts  <hlorine. These congerers are alsn proving to he
ard cre. Binremediation might be an effective, cost ihe nnes thatprcscn_t the greates enviroament and
competitive and environmentfriendly sniunnn for  bewlth risks [6]. Activated earhans are widcly used
remediation cnvirnnment matrices contaminated hy 25 Lbe traditional adsorbents in Japun and Europe,
PCBs but it is stili unsatistactoty, mostly far the f‘nr‘ the efimination i‘f dinxins from the gaseous
Timited biodegradation potential nf bactena involved in Eﬁfglﬂgjsgfbgfﬂtiuﬁﬂﬁ“ﬁg 71 ﬁfﬂf”ﬁ;
the processes. [1]'. Pjaiychluriuated 1bEphcn;.rls {PCBs) nhtained by simply packing a s%laliuless—stcr:l tube
are highly tnXic prinrity pollutants widespread and they with CNTs [§]. However, uts potential for
accumulate in the fond chain and end up in homhan adsorptive applications seems (o be resincted to
bodics when people consume animal and fish products ¢ purificatinn of polluted gas streams.
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Single-wailed carhon nanotubes (SWNTs)
have attracted great iatercst due to their unique
electromic  properties and nanometer  size,
Because of these unique propertics, they have
great potcatial candidates in many important
applications such as pano-scale elcctsopic
devices, chemical sensors and field emitters [9-
il].

Theoretical studies have coafirmed the
remarkable changc 1n electronic propetties of
SWNT due to the detection and removed of gas
miblecules [12, 13]. SWNTs (single-walled
carbon nanotubes} can be chiral or ann chiral.
The tubes are uniquely characterized by a pair of
integers (n, a) that are components of the vector
defining the direction in which the graphite sheet
was rolled up in Fig. 1.

Fig. 1. Optimized confipuration tep-view and Side-
view SWNT (6, 6).

Fig. 2. Homopeneous two-phase separation by SWNT
membrane.

In previous repurted vapor sensors bhased on
SWHNT Field Effect Transistors (FETs), the
structure of the FET sensor and the cxpenmental
gEometric response  are  schematic [14].
Nanotubes have high capillarity properties and
can pass or adsorb gases and liquids. The earbon
nanolube membranes can be made by covering a

1 ':
I, |il
silicone paper or metal catalyst particies; they are
vertical row, which can be used as a compact

package (Fig. 2). Then, the spaces between
SWNT are filled with ceramic materials that

durability of membrane increases. il

In this work, interactinns hetween | gas
molecular species and SWNTSs are simulated and
invcstigated. Exposing tn gas molecules such as
PCBs, the electrical resistance of a  semi-
comducting SWNT 15 found to dramatically
increase nr decrcase. The PCE is neared to
SWNT aad 15 passing thraugh it nr is been
adsorption on surface teduced ta bther produces,
by this method is decreasing PCB's
environmeatal damage, There are four situatigns
for PCB beside SWNTs that are showed in Fig.3.
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Fig. 3. The four situations for interaction PCB in
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¥ig. 4. Configuration (2) Top-view and (b): Side-

view passing PCB neross from SWNT in | l'
emaronmental. I II

The PCB molecules may pass through
SWNT. adsorb on SWNT or comvert to other
preduct. For investigatan and calculation Lhe
passing of PCB through SWNT, is neglected
[rom otber interaction 1 chvirommental and the
passing of PCB through SWNT is simulated in
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Fig4. The upanymhe sensors exhihit a fasi
response and a substantially higher sensmivity
than that of existing soiid-state sensors in 298K,
Sensor reversihility is achieved hy slow recovery
under ¢nvirgnmental conditions or by heating to
high temperatures.

Interaction between PCBs molecules and
SWNT is investigated by MNDO method in
semi-crmpirical methods. We study the structural
and total encrgy, thermodynamics properties of
passiig PCBs and SWNT in 298K, All the
goomety optimization strwtures were carried
nut using Gaussian program package. Density
Functicnal Theory  (DFT)  optimized
intermediates and their tramsiemt states. The
results show 2 sensitivity enhancement 1
resistance and capacitance when PCBs is passing
through SWNT.

THEORETICAL

Synthesis of PCB isomers ond their
properties

PCBs consist of a biphenyl (two henzene rings
with a carhen to carbon bond hetween carbon 1
on on¢ fing and carbon i’ on the second ring)
with a varying number of chlorines. Symmetrieal
PCB  isomers are synthesized in  Figs.
Chicraniline was treated with sodium niirite o
give the comesponding diszonium dertvative,
which was replaced hy iodine, foliowed by
condensation [13]. The 3IASY L5
hexachlorobiphenyl isomers have the melting
ponts about 201°C, 300 retention times among
and spectroscopic obscrvations on K bands and ¢
values 15 266 nm and 23.20M (16].

Fig. & Synthesis PCB, which it is the muost toxic
isomer for PCB siructure.

The toxicity of a PCB is dependent not only
opon the numher of chlorines present on the
bipheny!l struetures, but also the positions of the
chlorines. For instance congencrs with chlomnes
in both para positinns (4 and 4) and at least 2
chinrincs at the meta positinns (3, 5, 3, 5 are
ennsidered o be "dioxm like" and are
particularly tmxic [}7]. When there is just 1 pr no
substitution in the ortho positinn, the atoms of
the congener are able te line up in a single plane
(sometimes referred to a5 cnplanar), The planar
ot flat confipuration is particularly texic. In this
study, PCB is been simulation in Ball-and-stick
medels, then genmetry optimizations were
performed using a B3LYDV6-31G** hy DFT
mcthods,

COMPUTATIONAL METHODS

The geomctry optimizations were performed
using an all-electron linear combination of
atornic  orhital  and  the  first-principles
methodology. We used density functional theory
{DFT} [18] with MDD and IR-DFT methods
hy the Gaussian program package. In this work,
the BILYP/6-31G leve! of theory was used for
the optimizations of selids (3, 4, 5, 3", 4, 5°-
hexachlorohipheny! and C,2; (6, 6)) [19].

The aocuracy of semi-empirical quantum
mechanics method depends on the database used
to parameterize  the method. Configuration
interaction (or electron correlation} improves
encrgy calculations usimg CNDO, INDO,
MINDOG/3, MNDO, AMI, PM3, ZINDO/1, and
ZINDXYS for these electron configurations. We
cal us¢ the information obtained from semi-
empirreal calculations 10 investigate many
thermedynamics and kinctic aspects of chemical
processes. Energies and gcometries of meiccules
have clear rclationships te chemical phenomena.
The beat of formation is calculated for thesc
methods by subimacting  atomic  heats of
formation from the binding energy, MNDC has
been uscd widely to cateulate heats of formation.
moiecuiar  grometries, dipole  moments,
1onization energics, clectron affinitics, and other
propertics [20, 21]. The intcraction paramecicrs
between the¢ PCB moleculcs and SWNT

structures were taken finm the study of nano-
surfaec that the interagtions bebween them were
refined for this work in DFT calcoiminns, Ball-
and-stiek models of the SWNT and PCB are
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showed 1a Fig.4. The clectronic structure and the
conductance propertics are caleulated for PCB
passing through SWNT by DFT.

RESULTS

Polychlorinated biphenyls (PCBs) are persistent
poliutants that are ubiquitous in the food chain,
and detectable amounts are in the blood of
almost every persen n most populations that
have been examined [22]. The suggestion is that
water with PCBs can then passes through the
precisely dnlled sapphire nnzzle and separated

i '|
|
into droplets of equal size on exiting the nozzle.
These droplets passed through the electrostatic
field between the aozzle and the ring electrode
and acquired an electrostatic charge on their
surfaces. Electrostatic repulsion forces dispersed
the droplets as they fell imto the SWNT
hardening solution. In this manuseript, we
simulated this interaction by computer programs
of chemistry, so the thermodynarmcs properties
uf PCBs passing through SWNT are calculated
tor them (table i), which PCBs passed n-side to
out-side in length nf tube by six stages.

& [
Table L. Thermodynamic propeTnes of interaction POCB-SWNT in 295K ; l
Distance G, E, Dipole | H; RMS g
{nm) {MJ/mani) (V) moment () (MJd/met) (M Jrmel) ka:ll.lflzllnlﬁ.)_1
0 -XT3R6.35 -f8 82 11350 700474 800100 4574 t
0246 2011710 7183 10470 146,11 824245 5011 I:l|
0,493 3878319 -5 1.024 8245 13.00 33.30 |
0,739 -31706.70 7814 8570 BL36.R0 R233.t5 difid ‘
0.985 -32093 54 -79.20 Bl41 B435.03 B5823% 4948 |,
1.584 -31353.04 <1137 7230 740650 750201 4214 |
2.135 -27979.52 -H9.015 11520 7929.76 B026.11 4601 "

With the ohjective to understand how the
pattern and degree of chlonaation influence on
the properties of the title molecules, a
computational study on chblorinated hiphenyls
has hecn undertaken. The study inchades
conformational searches (and further refinement
ky DFT) aod the ah initio caleulation of MNDD
methods in semi cmpirical and the dipole
meoments for all the steps into nanotube. The
most significant property is the MNDD, finding a
good correlation hetween the MNDO and the
substitution pattern on chlorinated hiphenyls.
The most toxic congeners possess highly positive
values of electrostatic potential on the aromatic
rings and highly negative values of electrostanc
potential on the chlonne atoms,

The PCB is passing through SWNT by six
distances from n-side to out-side of length
nanotuhe, which it is investigated by MNDH) and
its results are showed 1 Table 1. A currem
versus voltage curve tecorded with a SWNT
sample atter time exposure to PCB showed up-
told conductance depiction. Exposure to PCB
molecule increased the comductsnce of the

SWNT sample, such as that in 0493 om

-L||

distance, the B 15 95,71V, so it is increased
until ow-side nanotube. RMS  gradient
{(keal/mol A) is different for passing of PCB in
length of SWNT in 293K, I
The G (Mlmel) for this passing has two
minimum amounts in 0.493 and 0.985 am of
SWNT length. The dipole moment (D) in hoth
ends of SWNT is at most amounts gbout 115500
and in 0.493 nm distance is the least guantity.
These places of inter nanotubc are snared PCB
and can ehiminate it in environment, '
The total energy for this passing is showed in
Fig. 6. The By is decreased in middle of leagth
of nanotube, which this is a potential for entered
PCB to SWNT For interaction between them,
the heat of formation (enthalpy) 13 calculated in
MNDO methods by suhbtracting atomic heats of
formation from the binding coergy. The heat of
formation and binding epergy arc fitted together
[or this interaction (Fig. 7). The least among of
thern is in 0.493nm length of SWNT (6,6) for the
Ep, and He is ~82.45 and 13.98 MJ/mol .

tespectively, which is more than total energy. |
2 |
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Fig. 6. Th (Mimol) of PCE v row ‘
ig. 6. The total energy miel) of passing ]
across from SWNT. . il ‘
[ e - ] Fig. 9. The nuclcar energy (MJimol} ealculated for |
- f e passmg PCH across from SWNT.
el IR
J = Ewm .
:3:- :: t*. H ——t Band bending induced hy charged molecules :
°1 i . . causcs the increase ar decrease in surface |
000 s 1wz 24 conductivity respnnsihle for the pas response
y Dirasce tal ) signal. The nuclear energy for PCB passing is
Fig. 7. The beat of formation and binding emergy nbsenf_cad w Fig. 9. It has maximum amount in
(M fmol) of passing PCB across from SWNT. the middle of the tube, becausc all atoms nf

i ) SWNT applied in PCB in the middle af tube.
_In the interactinn, we carrclate the SCOSOL The eothalpy difference fir them is negative,
signals with the relative changes of the cleeirical whieh has exothermie interactinn  and

resistance (£2) sn we have to coavert ealculatiog . )
. . . spantaneous and PCB is separated from air-
data {in Table 1) to the eleetrieal resistanee () ufater in enviroment ! P ©

that shnwed in Fig. 8. The SWNT is an up hnle- .
) Thermndynamic parameters (AG,,, AH.,. and
doped semicnaductor, & can he glcaned from the 4%..) are eaiculated far the passing from top to

urrent versus gate voitage ewrve sh in Fig. 8§ . .
Erni ddle Eme%a w;rl or ngm mist::; af gﬂ]e middle and middle M end of twhe lensth, and the

SWNT-PCB is ohserved to deercase. results distinguished that the nature of passing ta
titer SWNT is exothermic, spomtanenus and
i ] Dieraace tmau) favorable in initiai of tuhe, so it is endothertmic in
amst  #4 1 ax 7 s end. Aeeording to the values of electronie energy
s ] and enthalpy, the passing of PCB to iater SWNT
g amn I5 spontaneous and strong, that is showed in
iy Tahle 2, so this methnd is suggested for removal

— fnr PCB in environment.

\, il J

Fig. 8. The electrome resistanee (£2) ealeulated for
passing PCE aeross from SWNT,

Table 2. Thermodynamic propetties of interacting PCB on the both end SWNT

Diiztance ﬂﬂdn ﬂ.H,k ﬂ.S* K
(nm} (M.Imol) {MJ/mal} (MJ/mel}
U-1.493 &
(top to middie tbre) -1G896 84 -T087.19 2.76 4.4%10
0.985-2.135 4114.0 -336.27 -13.67 -1 7=10°

(Middie o end tebe)

CONCULUSION

PCBs eampounds contain 209 eongeners. each of  enmpounds are stiil delectable, ever at the edpe
which is chlorinated to voricus degrees. These  of the aretic and in the depibs of the oceans.

5
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Afier absorption, PCBs undergo littie catalysis.
They are highly lipophilic, accumulate in the
liver and adipose tissue, and easily transfer to the
emhrya through the placenta and via breast milk
Thus, PCB contamiaatian is inheritable. At low
doses, PCB might affect embryonic and necnatal
devciopment, Braia devclopment seems to he
particularly affected by PCB.

The high thermal and chemical resistance of
PCB s means that they dn not readily hreak down
when exposed to heat or chemical treatment. The
toxic congeaers possess coaformations with low
dipdle moments. a fact that may be linked to the
ready accumulatioa on the adipose tissue. The
results oa the pgeometry and electrostatic
properties of chlorinated biphenyls caa be useful
to rationalize their selective toxicities.

In waste and water poilution, therc are some
other eogtaminants, which they make trouhle for
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