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ABSTRACT

Throughitsextensive use asafud oxygenate, methyl tert-butyl ether (M TBE)
isfound nearly ubiquitously throughout the environment. MTBE, awidely
used gasoline additive, is recently being scrutinized for potential
environmental damage in groundwater and in the atmosphere.

Select SWNT were shown to effectively remove methyl tert-butyl ether
from air-water. There arefour situationsfor MTBE near by SWNT that we
have investigated passing it across from SWNT. The properties thermody-
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namic are calculated for passing M TBE acrossfrom SWNT that itsresults
are showed this method, is endothermic, spontaneous, and favorable.
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INTRODUCTION

Theincreasing use of fuel oxygenates, including
methyl tert-butyl ether (MTBE), has, during thelast
decade, raised concern over their environmental oc-
currence, fateand potential effects. Methyl tert-butyl
ether (MTBE) belongsto aclassof oxygen-containing
compounds added to gasolinefor incrassation octane
to reduce certain pollutantsand pollutant precursorsin
automobileexhaust by promoting amorecompletecom-
bustion of thefud.

Many publicationsrel ating to sourcesand trans-
portt*2, toxicity!®, trangport processes and fates” have
been published. Environmental levelsof fuel oxygen-
ateshaveincreased followingther introductionand wide
use.

Themajor concern about M TBE (and other oxy-
genate compounds) isfocused on their occurrencein
groundwater and drinking water supplies. In MTBE,
the use of oxygenates as octaneenhancers, principally

inreplacement of akyl-lead compounds.

Many processeswill govern exchange of MTBE
between surfacewaters and the atmosphere. Asama
jor processin removing MTBE from aquatic systems,
atmospheric behavior and fates of the compound are
clearlyimportant’®. Air-water exchange appears to be
themajor processintheremoval of MTBE fromthe
estuarine and coastal waters. CNT, however, islikely
to contributeto removal (albeit to alesser extent)!©.

Singlewall carbon nanotubes (SWNTS) have at-
tracted great interest dueto their unique e ectronic prop-
erties and nanometer size. Because of these unique
properties, they aregreat potentia candidatesin many
important applications such as nanoscal e el ectronic
devices, chemica sensorsand field emitters. Theeffect
of gasadsorption onthedectrical resistanceof aCNT
has received grest attraction because of fast response,
good sengtivity of chemica environment gasesand low
operating temperature”. Theoretical studieshave con-
firmed theremarkabl e changein electronic properties
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of CNT dueto the detection and removed of gasmol-
ecules®d. Most molecules are known to be an el ec-
tron-acceptor such as O, or an electron donor such as
MTBEandH,Odisplayingreatively small chargetrans-
fer between adsorbed mol eculesweakly onthe CNT
wall or passing them inter CNT. SWNT re used for
investigation for detection and removed MTBE inair-
water.

Interaction between MTBE moleculesand SWNT
isinvestigated usng MNDO method by semi-empirica
methods. Westudy the structurd, total energy, thermo-
dynamic properties of passingMTBE and SWNT in
room temperature. All the geometry optimization struc-
tureswere carried out using GUSSIAN A7 program
package. Densty Functiona Theory (DFT) optimized
intermediates and trans ent states of them. Theresults
show asensitivity enhancement in resistanceand ca-
pacitancewhen MTBE ispassing across SWNT.

THE COMPUTATIONAL METHODS

The geometry optimizationswere performed using
anal-eectronlinear combination of atomicorbital and
thefirst-principlesmethodol ogy we used isbased on
density functional theory (DFT)X% asimplementedin
the MNDO and IR-DFT methodsby the Gaussian pro-
gram package. Wemadeuse of theB3LY P/6-31G leve
for theoptimizationsof solidg™Y.

Theaccuracy of semi-empirica quantum mechan-
ics method depends on the database used to param-
eterizethemethod. Configuration Interaction (or elec-
tron correlation) improves energy cal culations using
CNDO, INDO, MINDO/3, MNDO, AM1, PM3,
ZINDO/1, and ZINDO/Sfor these electron configu-
rations. We can usetheinformation obtai ned from semi-
empirical cdculationsto investigate many thermody-
namic and kinetic aspectsof chemical processes. En-
ergiesand geometries of moleculeshaveclear relaion-
shipsto chemica phenomena. Theheat of formationis
cd culated for these methods by subtracting atomic heats
of formation fromthe binding energy. MNDO hasbeen
used widely to cal culate heats of formation, molecular
geometries, dipolemoments, ionization energies, elec-
tron affinities, and other properties23,

Theinteraction parametersbetweentheM TBE mol -
eculesand SWNT dructuresweretaken from the study
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of nano-surfacetha theinteractionsbetweenthemwere
refined for thiswork in DFT cdculations.

Ball-and-stick models of the SWNT and MTBE
areshowed in Figure 1. Theédectronic structureand
the conductance properties calculated for passing
MTBE acrossfrom SWNT by DFT.

Figure 1: Configuration top-view and side-view passing M TBE
across from SWNT in air-water

RESULTS

Gasolineand heeting ail trave through pipeinesand
area so distributed by truck to above ground and un-
derground storage tanks. Underground storage tank
leaksand spillsprovide mgjor sourcesof MTBE inen-
vironment. Inaddition, peoplestoregasolinein cars,
boats, planes, lawn mowers, chain saws, generators,
and off-road vehicles. Therefore, farm and residential
releases, car accidents, spills, boats, and storm water
run off aso rd easegasolineintotheenvironment. MTBE
moves quickly through soil, dissolveseasily inwater,
and takeslonger to break down than someother chemi-
cds. Drinkingwater withM TBE levelsof 20to 40 “parts
per billion” (acceptable taste and odor) would prob-
ably not posehedlthrisks. MTBE at 20 ppbinwater is
about the same as onedrop in 500 gallons of water.

Wehaveused SWNT for removed MTBE inenvi-
ronment. Therearefour situationsfor MTBE near by
SWNTsthat itisshowedin Figure2.

Inthiswork, thefirst situationisinvestigated for
MTBE. The effects of MTBE passing across from
SWCNT wereshown at TABLE 1 that MTBE by six
stages passed in-sideto out-sidein length tube.
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Figure 2: The four situations for interaction MTBE in SWNTs

To understand the effectsMTBE in SWCNT, the
propertiesthermodynamic ca culated by MNDO meth-
odsinsemi-empirica quantum with Gaussian program
package.

Thehesat of formationiscdculated for MNDO meth-
ods by subtracting atomic heats of formation fromthe

—= Full Paper

binding energy. MNDO has been used widely to cal-
culate heats of formation, molecular geometries, dipole
moments, ionization energies, electron affinities, and
other properties.

Thetotal energy (MJmol) for thispassing hastwo
minimum amountsin 4.92 and 12.31 nm of SWNT,
which dipolemoment (D) of themistheleast quantity in
these distances. These places inter tube are snared
MTBE and candiminateitin air- water. Theentha py
differencefor themis-15513.41 MJmol, whichisin-
teraction exothermic and spontaneousand MTBE is
separated from air- water. RM S gradient (MJYmol-A)
isdifferent for passing of MTBE inlength SWNT in
298K.

Intheinteraction, correlatethe sensor signalswith
therelative changes of the e ectrical resistance ((2) so
wehaveto convert calculation data(in TABLE 1) to
thedectrica resistance (Q2) that showed in Figure 3.

TABLE 1: Thepropertiesthermodynamicof interaction M TBE —SWNT in 298K

The passing of MTBE across from SWNT in air- water

Distance = n?(')ﬁq‘i; RMS Ebin H = Enuc EV)

(nm) MJ/mol (D) M J/mol-A MJ/mol MJ/mol MJ/mol MJ/mol

0 13149.17 1.53x10* 20.43 15387.99 15525.80 -55020 56280 -135.77
4.92 -2364.25 1.85 0.23 -125.42 12.39 -59640 57120 -147.17
7.38 12401.10 1.44x10* 20.66 14639.93 14777.74 -45360 57960 -111.93
9.85 1140069  1.41x10* 20.09 13639.51 13777.32 -46620 57540 -115.04
12.31 -2364.43 0.50 0.24 -125.61 12.20 -60060 57960 -148.21
14.77 13104.34 1.48x10* 20.78 15343.16 15480.97 -44100 57120 -108.83
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Figure 3 : The total energy (MJ/mol) and resistance () for
passing MTBE across from SWNT

A current versus voltage curve recorded with a
SWNT sampleafter timeexposureto M TBE showed
up-fold conductance depletion. Exposureto MTBE
mol ecul es decreased the conductance of the SWNT
sample.

The SWNT isan up hole-doped semiconductor,
as can begleaned from the current versus gate voltage
curveshownin Figure 3 (middlecurve), wherethere-
sistanceof the SWNT isobserved toincrease.

Thermodynamic parameters (AG AH, and AS)
for the passing processwere cal culated, and there-
sults suggest that the nature of adsorption isendot-
hermic, spontaneous, and favorable. According to
thevauesof e ectronic energy and enthal py, the pass-
ing of MTBE in the both end tube is weak that is
showed in TABLE 2.
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TABLE 2: The properties thermodynamic of interaction
MTBE ontheboth end SWNT

Interaction AG AH AS
(MJ/mal) (MJ/mad) (MJ/K.mal)
MTBE-SWNT 10920 -44.83 36.80
CONCLUSION

TheMTBE usebeganinthe 1970’s to replace lead
ingasoline. After 1995, many metropolitan areasof the
country with smog problems also added MTBE to
gasoline becauseit hel psto reduce harmful emissions
from automobileexhaust. MTBE movesquickly through
soil, dissolveseasily inwater, and takeslonger to break
down than someother chemicals.

We effort to use SWNT for decrease MTBE in
air-water, becausethe SWNT issnared or adsorption
itonwall and impossibleitisconvertedto CO, and
H,O. Theresultsin TABLE 2 areconfirming thistopic.

The prominent peak iscorrespondingtoincreasing
distances (nm) passing of MTBE thorough SWNT at
298K until middle tube that is depended to electric
propertiesSWNT.
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