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ABETRACT

The Ab-initin and charge density analysis of Auw ond thiol substinsed Dieyelopentyl-
Cyclohesan [DOC) molecular nanowire, wes comiesl oml using high level Densiy
Functional Thesry (DFT) with the help of LANIIDZ basis set conpled with the Bader’s
theery of mtoms in meléenles , All the studies were camied out in the presence 6Fan applicd
etectric fiekd which is graduwlly increasing from (1G5-0.26%A™ . The effect of the applied
electrie field on the geemetrical and the topalegical analysis of the molecabar wire =
thoroughly made and smidics were made o charcterise the bonds, especially e terminal
bonds, which shows lonic nonre. The varistion 1o the dipole moment as a conssgaeace of
the polariztion coused by the applied EF s thorouaghly siudied, HOMO-LUMO analysis
was carried out to-determine he way the molecols intermcts with ather species which: may
initintes the conductivity. The -V chamcteristics of the moleenle Bave been stiudied for
various gpplicd ficlds for fnding the conducting nature.of the molecule-clecrode-moleenla
system. The melecular clectrostatic potential surface was plstted over the geametry of the

rilecinle e elcidate thee resetivity ol the melecule,

[ntrwduetion

The designing of namowires and co nunoruierials
were found o be advaneed theometical studies of the present age,
for which the adequate and imporiant input were derived from
fhe dheorciical and  experimental  investigaiions o the
carresponding field [1]. The sole of nanawires in nincdevices
was mote signilieant, s that the designing of such conducting
siriciines also fimd it smportance. The electrical conductivity of
such melecules mainly depends on their msleculor siristure, il
it churge density disuibution [2]. I was stated that the coupling
of certain elemenis may vary the conducting propertics of such
molécules drastically, The coupling effect of donor and acceptor
lerrming of DOC (Helopentyl-cyelobexane) moke the melecsle
terexhibits.a wire like charactoristics [3]. The coupling offeet can
be menbe, 85 noted before, by the attachments of elecirodes over
the molecule {electmode-molecule-clectrode svstem) [4] The
delocalisntion of electrons were made the molooiles beiter
conductor [5.6). The encrgy pap berwezn the highest ocvugied
mifecular prhitnl (HOMO] and the bowast ungocupied molecular
arbital (LUMO) shows the bebaviour of eonducting nana wine,
Bul the epnplete understamling of e chatge  Isansporn
mechimsm in the coupling  juactions  ihroogh . expermensnl
papests b5 really o challenging  problem Becouse of many
uncontrol lpble caperimental pardmeters.

Ini that cases the thesretical quantum chentical caleulations
kave found to the bemer solulions.  In the present study, the
chorge: densy and madialy the elecmical chussctenstics of Ay
m'll:l & subsmuted DOC moleule. Figore | have been analyzead in
the presemee of o pradually Increasing electrical field (EF) on the
basts of theoreticsl, choege density pnalysiz and ko guanmm
chemical | calculntions coupled with AIM theory [7]. The
conductivity of the maelecules al voriows opplied ficld is atso
aislysed vamg ihis 15 climncteristics curve,

Teles U pvErITimis
Fomail adlrrasies - davidinphen_da whoisd ndm i
5 IS Flixie All el reserverd

© 2005 Eliir All rights reserved.

Figure 1, Au and 5 substitaied Dieyvelopeatyi-Cyelnhexane
makecile
Computational details
The aptimization oF Au el thiol substinaed DOC meleenle
wis e for the pradually. increasing applicd field of [ve
binsing sdeps 005, 000, B18, 021, 0.36 VAT by Density
Functional Theory (DFT) method using Gaussian(3 program
package [§] The whole DFT caleulations were carmied oot by
the applivetion of Becke's three parameters exchange lunciion
and Leg, Yong aod Paor gradient-comected correlation finction
(RILYT hvbrid function) along widy LANLIE (Los Alomies
MNotional Labovatory of Bouble Zeta) basis set, which gives the
detailed effect of heavy meal stems in g molesale [7], Al the
Eromelry optinizdions were carried out vin Bemy algorithon in
reglandamt interal coordinates with the threshobd comersence
for maximmm furce, ool mean sgoare | BMS) foree, mosimum
displaceniend aed bodd mein syuare [(BEM3) displocement are
(MBS (B0, D00 ond DLO0E2 rl:spl.tm:iwl}'
~ The electron demsity. o ir), Laplacian of electron density
Vieolr), bond ellipieeity & amdd the oigenvalues & were
cafculated  for varlous applied Gehl using EXT94b  routine
ineorportied o the AIMPAC software [, The Loplagin of
charge dersity wd the deformation densily maps wire plotted
uging DENFROP and  winplais  progrom pagkeges, The
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HOMO-LUMO and Eblectrostane gotential (ESP) maps were
plistted wsing GYVIEW (8] The GaussSum program has- becn
used o determing the denaity of states [0 b o variows levels of
applied Electiic ficlds 11T
Hesults and discussing
Strocinral aspacis

The cument shisly deals with lw clfeer of EF over the
tspmdogical notere of e clecwimle-mulecule-clectiode systein
Figuwre 2 shows the complete opiimized geemeny of OC
mpdecular wire Low ilwe sero and appled, sesbually meresing
elecieie Gled. This mialécule wider congiderition bag dne cénlral
argasabie fang and the Ax atems are stached ot the cids of the
indecule  theough  thiol atwins  which makes o elecimide-
medecule-electrode syvstem, The couplig clffcet in the mwetal
Jumetkons can be due o the good lnk of kol s with the
modecule and Aw, [t has been woted that the effect of an external
glectrie field  may aler the. geomctimend as well os U gletrm
tramsport mobare of the gwolecoles [12] This the present stmby
ieveals the grudual varmatidas o sgobogical aml geomelirtical
nature of the makconle with the effect of sppded field: mnging
From (8 to 0,26 VA

i ﬂhx-&n'hl._!. the three rinE sl iures t:yclnp:ul:rhz amil
eyclohexane) mler applicd field and zevo field effects, the T-C
boned distances in the molecule vares fom 13840 o 1,514, the
muximum observed vuriztion (s $.008 A As the ficld increases
e connecior baml C-U dislances 12 decrensed from 1473 0
L.46%. The zere field dismnces of 5L bonds are ~1.930 A; as
the field increases, these distonees are decreased with maxinum
varmtion of (L0045, In the left—end (L), the distance desreased
from 1.925 tn 1.923 A, while in the right—end (R), the dishnce
devrepss from 1,935 w 1933 A; the variation in the both
R—end and L-eml are foond 1o be equal, which s~ 6.024, The
zera gnd the appleed ficll distaness of Au-5 boods are foumd
unegquol, As dhe beld inereases, the R—end Au-5 bond disance
increasss from 2931 to 2405 A; notably, thens iz no variation in
L—end For ol the applied fields, Amd, for the maxinum applid
field (0.26 VA'), the distance st L— and R—ends are 2.427 and
2386 A respectively. This large difference is antributed 1o the
npeplied field lengthening the Au—5 boml cthrosgh by shrinking
the 5—C bond distance in the wire Teble |, However, the 2emo
field (1100 A) and higher field (<1083 A} C—H bond lengihs,
remaing same with the inorease of feld, Table | shows the
complete bond lenglh values of Aa and 5 substiteled [XOC
malecude fior the Zera and vmsous spplivd Elcetric Nelds.
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Fipure 2, CGreanmedry mlulnllml.iu-'uﬂﬁr: ur'rtu anil 5
substitwied DOC molecolar wire for the sero and 0,26 YA
Electrie fiells
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The apphed feld does not epprectably: alier-the bond angles
ol the molecule aml &5 almosn egual o e predicned angles For
e wers Neld, However, the feld snade o signilicznt vamaiion in
the bl H.I'IHLEN of e tennimml l:."i."l':' A7 mndd S =L1} lanls.
Precisely, for fhe mens Reld, the C=C-5 bomd gngle 5 ~111.94
i 1{2* :"EL]'LEL'li\-u!':-. Furthier thie Geld merenses fom Bey, the
S-C—C and Au—5-C barud angles are foumd 1 be varied and the
sk aigle 3 fwmd @t 020 v, However, the oo el
C-C=0 bond asgles at cyclopentane nngs arc (= 100,77,
alieat vemaing the ssne with the increase of fiebl and for
cyclohesane o 15 observed o be (121.2) which also remains
sasie with tlee fisereie of the field.

[he applied field sede g approciable inevsase i fhe
rorsion angle of the C—C—0—0 bonds of ihe s as well as the
bhackbane boads of the mwlecude: the muximom daflerence of
forsion angle Between zeoo and the applicd el s 6%, For the
zern field, the torsion sapples S-C-C-C bonds in ihe mght end s
~ DA amd the L-god shaws sbe mngle of -1 26,87 incoease in
field shows decrexse in angle of variation -~ While Ap—5-C-
C bonds in the left end shows oo oappeecinble meiease wihen
compared with the rght end as the feld incresecs; Thhe e
fickd torsion angle of Auw-5-C-C bood is 80,179 as the field
increasss, ihis angle wradually increnses with the ineresee of
field (0.26% A1, the cenminal bond ar the T-end rotates w large
extent, the comrespomding fwist angle {5 7367 whereas, ot the RB-
cod nol much vanaton is msehced.

Crverall, when compared with the R-end, the vanation in the
terrminal groap of the L-erd bos been vared sipnificamly, which
melecates thnt this group 12 highly sensitive to the posttive field
than the megative field. The stnsctural comparison on warious
figld reveals that, relatively, the termimal groups are found very
sansative o the EF,

Charpe density distribution

The applicotion of QTATM (Quastum theory of some in
mibecpibes) were made b mlyse the chemdcal potese and
glectrom density wt bep for the Au and Thiol substituted DOC
malecule i the presemt swudy ond the bomd  Aopelogical
parnmeters werg tibuloted, Table 4 shows the bood wopobegical
paramelers of [BCC molecule for zere amd increasing applied
Electric fiebds, The bond fopelogical nnalvais foand a (3,-1] typs
of bond eritical paint {bep) for all bowds of the DOC molecule,
defects the mode of chermical bond between two atoms. Lot
Au and thiol substiomed DCC, the ineraction between Au and 5
wene found e be weak denic The value exhobits by the
Loplacinn of electon densiiy reveals the nanog of the bood,
whcra fse positive value shows an bonde intersction [(Closed shell
[1A]F and the negative shows a covalent mieraelion {Cpen shell
[14])

Figuie ¥ diaplays U complete defommation slensity of the
modecule. for the 2ero and vaious apphied Elecioe felds,
obiained from the difference of tofnl asphereal und sphencal
it densaties. The deformation density map shows the charge
secumulation for the zero und applicd fields and the differences.
The #ero field electron density [mdrl] =t the bep of all
cyclopentyl C-C bands ronges from [60 to 210 eA™; when
companed with the applicd Geld these values ave been slightly
reduged und the maximum vanstion is .04 eA™ The avernge
electron density [pgdr]] at the bop of all cyclohexune C-L
bands are 1,90 eA™ snd found no significant variation far the
applied field, The wero feld density pofr) of C=C bonds (links
the. ringsy is 1,73 eA7; the homd densitics are found o be
Al gqual for gl dee applicd felils The 50 bood density foe
ihe pero field is (L8533 oA, ond for dbe gppliod feld, it slighidy
increased by maxinue of 00 o8,
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Figure 3. Deformation densioy plods of An omd 5 subsdituted
DCC far the (a) zera and (b) 0264 VA™) Electric fickds, Solid
Habes reprisent pesiiive contours, doficd lines are negative
copbours wni dashed Hoes are gere conteurs, The contouwrs
ure drmwn ut intervals 0,05 c4™

Maotably, the 5—C b demssty 19 small, which indscutes thai
the charges of thiese boods move away froan the inter-masclear
uxis, which confirms its dominant a-hond meture | 14], This eun
be well understood Frem the Laplacian of electmon density and
the tood ellipicy. The Au=5 bond density of zerp field is
~(.544 eA™, whereas for the applied field, the voristion is found
o be very small in both L-end when compared with R-snd of the
muabecule, For the zero field, the U=H bond d:najt:,' 158 ~1.5 |:.r'|.':|I
which 1% almeat equnl as the field increnses Table 4. The effect
of eleciric Tield in the DUC moléeide did nob obyviously alber the
bomd densities of the molecule, The conplete peic) values of
Au and 5 subspinned ROC melecule for the zero and vorious

L Laplieivn of pharrrum @ rrsryy

1]

Fipure 4, Laplacian of electron donsity maps of DOCC
mslecule for the (o) zora and {b) 0,26 'r'.-’q.'EElm.'l:r'I: flelds. The
contours are druwn in legarithmic scale. 352% o4, where N
=2 4und Bx10", n=-2, -1, 0, I, 3. Solid Hnes are positive
comtoers and dotted lines are negative confours

Figure 4 ghowy the Lopiicin of electron density for the
zero and varbous applied Electric fields (VA), For the wero
figld, the predicted Caplagian of clectron density for the
erclobexmne T-C bonds are —~ -17.8 eA”, when the fichl is
applied, these values ore becmne |itle less pepotive, indicates,
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the charges of these bonds are slightly depleted. For ihe
eyelopenty| rings, the Vi, () values of C-C bonds as zero field
ranges: from -119 to 208 A ool there i no- significait
varigtion for the nceeased Oelels. Stmilar frend nksa found in the
a0 (hnks 1 ringsh ol the DOE, where the: Laplacian fr zemn
flald & 14,6 eA™; for the applied field, these values were
slightly increased by the maximmm of 0.4 ¢A™* For the 2o
fiald, the Laplacion for -1 bonds rnges trom 1910 fo =208
wA”, the high negative valoe of Laplacion indicates, the chirges
of the bomls are highly comcemrated, whersas for the applied
field these volugs ore plvered mmad dhe maximnem yoraton i8 0.4
eA7 The 5-C homl charpes one les eonceniried o the 2em0
field, its: corvespending Laplscian is ~ -190 ¢A”; as the feld
inenezses, ot the L-end the value inereases o — -2.04 oA and at
the Beend it becomes ~-1 .80 ¢4 the difforence usdicates that
the charges af the L-end are sfightly coscenisited tian an the B-
end. For the #ero field, the Lapiacian of Au—S bopal 1 —2.94
eA™, when the field igereases, this valse ineresses sharply ar the
L-gne {307 ¢A™) mod the wend at the H-end alightly decreases
{285 eA™), However, the vero fFebd Laplactan of C=H bonds (—
20,3 ed ), vary slightly with the increase of feld Over all, the
Laplagian of electron density distriliition i6 Ag—5-DOC-5-Ay,
reveals thnt the applied Geld depletes the chargies ot the bops of
C-Cand C=C bonds, wieereas this effect is fousd Intke more m
the lerminal bonds, specifically it is high e the L-cnd. The
calculoted Laplacian of elecivon density values of Au and §
substifuled DCC molecule for Zee zid vasious apphied fields ore
given in Table 5.

The isotropic or aniscaoose naulsre of =leciron density
distribution at the bep of molecales can be calculoted from the
parameter of bond cllipticity € = (Rfdad-l, where & &; are the
peative  eigen  values o Hesslan  maivis. An fnereased
ellipticity  walug  implics  devaation  from o=type  band
choracieristice and aleo large anisoiropy of bending density, The
ellipticity [e) for cyelolexane O honds [0.13] is fownd Litle
less when compared with et of cpclopentyl rings and the
valucs are arcund 012, As the figld increases, the bond
cllipticity of C—L bogd of commechion part also ingresses
gradually from 0,056 to 0,068, As the field mercases, dwe hond
ellipticiiy of 5-C bond af L-end also increnses produally from
.08 1o 003, amd at the Reend the value decreasss from 0.097
e GO In the case of Au-3 bonds, the & i msch higher [~0.1]
for the-increase of field and shows that the densitics are found w
be lughly  antsaropic, The deatailed fabalared’ values for the
mioleciles is represénted in Tabde 6.

Encryy density

I erder to onderstand the chemical bonding between the
atowns, it should be mandatory o analvee the ol emergy
smotiited  with the bonds. Therefore, the energy  cemaly
cigicibution pnd ESP stimlics of DOC moebecule hag been
calculated, which = directly selaied w Laplacian of electrom
density, The fotal esergy densily associated with the boad is
related as the sum of ibe potetinl énergy density Vir) and the
Biaal kinel energy density Odck; Hor) = Gord + %irl, As noved
before, the fotal encegy density i 0 functsn ol Dnpacian of
electron density, The postive lapacion indicates the domimancy
of kinetic encrgy density ang the depletion of bonsd chorge
whereas the negalive shaws fhot potertind erergy is dominant by
the ocewmulstion of electrons ot bep [15]

Relatively, the predicizd wero feld energy density Hir} for
the C=C bonds of eyclobezane rimg is igh (~1 862 HA™ ) when
compored with the othber bsmels an the molecule: as the field
increases fhis volve slichily decreases 1o ~ -1.84% HA™”. When
the field itcreases, sundlar trind persists [0 the ¢velopenty] ring
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C—C apd i C-H lsonds, whens the enevpy densitics are -1.674
ond 1713 HAZ respoctively: Tha Lnugn'hu:l-r.: of the local energy
density of Aw-5 and $~C wmnds arc slonificantly s when
compared with all other bends i the nalecule. However, the
sl wnlues oo aicibared fo he mare of bonds; for the applied
fighd, the waristion berween bolh types of bonds 1% fogmd (e be
opposie, For the applied ficld, the dersity Hir) ol Au=-5 amd
5 beneds are’ vary Bom Sk 143 4o =0,165 HA asd -0,393 o -
AT WA respeciively, The complete values of cnergy deénsiiy
dhigiribution of e malecade for various npplicd Electric fichds
are Listad 0 Trhle 7

Atomie ch:u.rgl.'x

The avcwsulation of pomt charges is the key factor which
diecides  the reoctivity, imicrmoleenlar  infesaction  and  the
clectrostatic polaniisl surfice of the copcemed motecale [16], In
the evrrent studies the sioeic chorpes wers ealoulsced by the use
of Mullikon Pepulation Anafysis. which calculate the stoniie
ciidrpges from dhe wulance level wheseas Mamral Population
Analysis gives more acearsle valug sinee the elfeot of corc
elecirons. nye bong conssdered. The use of ME (Merz-kKol lmsamn)
methad 15 also highly sugrested since it deseribe the electrostatic
inferaction  mare precisely [I7]. Henee, @n this stusy,
comnparison befwreen WPA ond MPA were made to caleulzio the
pbomic charges and tahuloted in Table &8,

The MPAMNPA charpes of all C-atoans escept thot are
linked to 5 wioms possess nepative charge and vary with 1he
increpse of Aeld The linker S{1j-uom possesses o negative
NPAMPA charps, which incoeases from -0.51) o 0532 and
with the increase of field, while the chaspe of S(2)-utom
increnses from =351 W -0.363e. Ad the Deld increnses, the
MPA charges of Au atom gl L-end iecreascs from 00246 1o
(253, buk the same o R-cold deercases from 0,132 o (035,
For the zero figld, the MPA charge for all Cagtoang are foung
ulmeer megative, and the H-atoing arc positive; when the field
increases, the charges alss inersases. For the applied field, the
MPA charge of S-atom st the L-emd incresses m'aull.u.l.l[}l from
0,332 10 f.le, while ai the R-end this effect is opposite and
ingrepses from 06 w 0.033e, As the field morenses, the
chusges of Aullh afom increases from 002460 to L2532, but the
sarmas for Au2) decrcases (rom 00152 10 00352, Tahle 8 shows
the difference of charpe -:l_lﬁl‘:rih;[in:_rn (o7 zem mnd various applicd
Electric fields.

Malecwlar wrbitsl annlysis

The encrgy gap between the the Highest ocoupied malscular
ecbital and the Lowest uneccupied melecular orbital is called as
ihe HLG {Homw Lumo Energy Gap). This Encrpy gop plays a
vital role im many physical, chemical and  semicobducting
properhies of the molecules | 18.19], so the variaton of the HLG
with the applied ticld is very much necessary o examine. Figure
5 shows the HOMO LUMO discibaion of Au smd Thiol
sichatituted DCC for 00 ardd 0,26 VA”, und & clesrly obsorved
that the reverse field locolized ibe molecule in g manser wiich is
symmetric snd opposite 1o caeh other. For Ui applied Geld (0001
026 VA" the HLG decresses from 2.09 [0 0.71 ¢V,

Figore & ilfustmtes the densivy of s@tes (DOE) for the 2eva
sl max i applied Gedd 6026 VA in which the green lines
indivpte the HOMO aml thie blue s LUMO: e decrepse of HLG
i5 also shown, Here, b |t_'|-'|1-ri|J.la-Luli1||1 ol the moleculnr level
wa:h that ol thie gold stom brosdens the DOS pesks. ALDAOS VA

', the DOS peaks gre in minima, indicates the discrete moleculor
1L'l.-l.] weith HILG, 144 eV, further mereese of feld from 0,10
0.26 YA, hoth HOMO sl LUMO kevels apprssch eoch other
and thede gap decresses foisblyfeom 112 10071 eV,
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The plat between the TLG and ihe Electric fields shows the
decrease of the band pap energy betweon HOMO and LUMO,
which wmplics the fnerepse in conduction Usazhi the Au and
Flidal substed DT npno wire [20], Tl o sin be siated as the
increase of applicd sloctre Gebld may morease the conduativity
I o mmast lingas way, amd the Ao and thigl substitmed DOC
melecule cun act o2 on efficion moleculur mpowire Figure 7
illustrates thi: encray levels of the mileeule for 2em and 0.26
VA" Electric filds,
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Figure 5. HOMO and LUMO surface representativn of
meilecatar srhitabs of Au and 5 substitaied DOC for the z2era
wmed 0,26 VA EF, which are drawn at 0,05 au surface values
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Electrostatic potentisl
The positively and ncgatively chirmed regzons of the DOC
miolezule s identified from the elecirotalic peential (ES1)
suarface of the moleculs [21,22] Analysing & ESP surfioce will
give the idea whout the reactive surface of e concemed
muilecule. Figu:: & is the |5:..| surface representation of FSP of
DCC molesule, i which the Au-8 bond regions exbibil bigh
negnfive. ESP. The Electrastatic Porential Surface nwp [23]
clearly shows the chasged regions of the malecule, snd i shows
the effect of mweckei ond the ckeetrons 1o the negative as well as
positivly charged regions, For the zero bias, e negative ESPF s
concemrated around the S-atoms, which are presemt of aither
ends of the malecule, amd the rest af the molecule carries
positive. ESP, Far the increase of poeitive feld o O b 0015
VA, the negative ESP al the L-cod decreases for ench biasing
step and @ disnppears, while at the B-end, the negsive ESP
ingreases and spreod arcwind the Aght adge of the medocule,
Further, increase of ficld o 0.26 VA, the negutive ESP spread
entirely arcund ihe R-end of the mobecule, which ixlicates that
nz the field increnses the charge séems 10 dnll from lefi to right.
Similarty, when the Geld is reversed the nepntive EST regions
are moved from R-ead to L-end of the molecole.
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Figure §. Eleetrostutic potentials of Aw and & substitated
DO fur the zera and 0,26 VA™ Electric Melds. Rioe: (0.5 eA
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Figwre % Variation of molecular dipole mopient of A and 5

suhstitnted CC for varioas applivd Electric felds
Molecular dipale moment

The apphicel slectre Teld may abier the polamly of the
miolecule, which obwiously affect the dipole moment sssociabed
with it The work by Kirtman et al., [24] made a diudy on the
varations of mexleculor dipole mooseint withi the eleciric fiald,
angl it showed o lineary in the vanatoss which extends opta
cortam wiilpge and the same disappears al hegh voliage, The
varition of molecular dipole moment for varions applied
Electrie lields iz shown in Figuee 90 The molecular dipele
momenl for sere biay s 250 debye, wiich inereses gbmosi
limewrly with fhe inerease of field. The molevale becomes highly
polarized for the higher field (026 YA'Y the polarimtion
indoees 10 have high molecalar dpale meoenl valoe of 12,45
dehye. However, fiurther increasing the apphed: ficld, the *high
vilage’ moy regime 0 warnnl aonlioeor vacotions mothe
electne dipole moment g reported by Bad o af [25),
-V characteristic carve

The relution of Current with Voltage is the wifal parmmeter
which govems- alowst all ebectroiic devices as wall s the
conducting and semicanducting molecules, The plot between the
cwrent and the voliage 8 called s the TV charscrenistics
curve[ 6] [n the presear study, the [2Y chamcieristics of the
DICC mokecule Tave been evilimied usimg: the Laidooer formials
[27]. The wnaeling slectric curment (1) bos bean coleulated for
variois applicd Eleciric fields, The resstunce (R and the Tiscar
contuctance (1G] of the dectrode-maolecule-clectmde junctions
cit be exprossed as
R=0" = {ie’) {1/ T T,) = (1291 KV T,TT, i1

The caleulnbed resistanie is used 1o find the the munneling
curvean L e che reladion betwesn LV ood B For oo applied
fiekd V' cun bo expressed ns EL, where L s the geametrie kength
of the malecule between ihe two tenminals [28,29].
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Figure 10, I-V characteclstios corve of TOC mslecule for
different spgilied Eleciric fields



