“"qi_j_!_‘“_#l fr9—ut $0yLesi | 190 JL—su

FWe-ol U8y p el Sdwiia 5l
Js5 505 CALAIN 5>

"loabw ygaemy dpos | (53UTST  Sliney dran

u\/lf oBzsly ‘Fﬁl.c saSuzsls ‘&3).3 og)f < &_»)ﬁ y’l& dlw:bu b&&,}lﬁj

D el oass Jsse Saigpsdl plgis coxs SusgpsSl 4
59! ol 992 At o JySge 31 ooliusl ¥ 51 (S
sk 3l logygpsdl a6 &S el JoSUse
ot Szs8 ol o3 [V] )5l 0 wmlyd ]y JsSUse (555
Sgpsdl wlgal jull 5 sanie o W il 42 o
Se sl 15w el & lahd sl a5 LY 5l wlgs
b o ol addllas 5 Bios Wiejls job &S cago 3)lge
ol 3l (531 claogpll 4 o JgSlge Lt Sp58
syite JsSlge Ko Jlatl ilisen slocasdgn il callia
scasdye 35S 0 b8 (wip Do 3 laogsdl &
syldges ;5 (25 S ol & wlg o dlatl el
2 30 S JoId & &S dgpomie G- oby g jme oy
52 [V el (08 635l 9 Jsse iyl sl 50 535
"ot (69 Joib (b osd axd)S a5 5> JsUge iy o2l
dowd (s dw 38 sladg Sl 4 aS" el [V-¥] (BPDT)
Jas] sgliza o ¥ s 30 sl uaze S ol o
001y ylis ccuwl a6 lISBLM2 s MOMI el duw yo &S
Juas] el dw ya 10 .05 0 o line oS jshailes . cunl o
Eeldo 53,58 i (958 Wigep 3929 - Cal Joad 09,8 o ki
oelio oS Sislogl 098y 9 Jges Jlineys 098 e
Olois & b 098 Ll el el baJesUse syl
o axd)S a5 el dw yp (slyy - ol oy )90 J5SUge
i ooliiwl b caslio 44l 50 JeSge S gwdin (g5lwdinge
e Slawbe Jdo (wlul . sl suis ploul [A] Gaussian )8l oy
&b Obgy o [ a4l (hyaS Sl (g 5l Syl oolinul
e ops oyl ambxe sl DVV] Joloipee S

bl 5y - by (gomie coleg yo g ol

1. Bi Phenyl Dithiol (BPDT)

2SS

%3

/38 Jes0 i S )3 09yl ol allie (ol )

s39ySll g Jsiom (65 Juid b JsSge Jolio 516/ S50
el 3l 08 sy ilies sl dusis des (gl S
dloee JSla (g 51 oolazl b JsSlge (Soilials (ool
S & Ghey b 2 ool 390 (andgerd sl o
sl S3gr g ST gandsed Camly )0 5 Dluns
i )l b dus gl G-y 9 y9e copo sbyloges
Jzi] &S wims o s gl ol 00 dulne SLsS
03,38 zlaol ogisleS J51u5 i1 il coss s 4 g Sl
by diold L ol g Sl g JoSgo Syiinn Juad dwdins 5
> 48 asb o yline s el 9351 5t oplite s 5
sboasls 5100538 595Ul glgel (oguilsS” 315 3l yol ol

cal JoSU50 55158

(I ()5 @0 J9ge LA 1 55 BT
L] Awdid A8L g IS aylis

Aodio )
o2l dlge 3l eolinl g xSl 6l bl @ ax gy
0392 34E55 9 4295 390 0)lge Lluyesd Jolite dlge (sl &
leol ossjle yolie s 4 b JsSse 5 oolitul . cul
Fsdaa (i b & e pbl ladlo o ((Sesgpsl

* oLl Jgtae Juool: rahimpour@guilan.ac.ir

o |

RAP2VA SR JER It} ‘ A¥/0/¥V 28l o) ‘


www.sid.ir

n"%i}__a.__'lL_:l (9 50y el | 190 Jlnt

, S MO

agx

Ak

il e i T

.....

r
s rff.r

r

»

i ’r'l""

."'r-'r-r'r
e

F

L g e P

R T B
;-ﬁ_l!,vflilbq'ill_l.kli ¥
wddd

_"'-':':l":.——'\l-z-l?:,-_i'l'l;n—, e
e g EAS L ELE N L L]

4 _ kA2

A8
|

Fpuue

r.pf"'
$

sl (632 A (Sla g SIILMZ s MO MY (Sl dls )5 548/ Jgfdga /530 Joan Jlasl glisn (g3 S a4 Yo

Ge)=(el ~Hp—31-38) - (v

b9yl s JsSge ey Jlas! 31 b @lie apunlone )
(Vo] 09 o Canogs (V) dasly (551095 dlwy

i
LL/IR= _E(FL/R)» (Y

ol Cunly g 095Kl L;qu@_’ oyl Tr/r &S
)95 oy e 6l Blout (oS wb SS9
h ol Ol oSeis 9 Y gandsesd 5l eolanal Ly
IVVF]0)S anwlore
o0
]

I'= T(e)f (&)= f p(e)lde, (¥

4
h—OO

Cusly 9 G 39558 sl (bt (08 is @6 fiym
il g coyo

oo g il ¥

Jlasl g (Au) o b g SIS yobs s ooyl 49
sl by damsy 0 45 Wl o (b (SH) Jgis 05,8 oiand
a3l 45 gyl o dig oo 000 Wgiy o2 & (leends Ol
DF ool o (BLS slapslgons BisH

oy BPDT JsSso clls JBs jloges ¥ S 50

@ Jlasljl J3) s calises qwiin slaylisLo sy (65531
Sl yo JsSUge s JBs L sl 04t sy Ao (gl g xSl
i glalid L & s (65 e (535 SEMI sin
Jlasl caliseo (sldcaadge 00 cylie 4 .3)ls M2 4 MO

I 50 2555550 it & Wi g 09)5 oid

Sildte ¥
kg o oladisse sn glblnt ladySge
99 Ay 4 g (Al 0 &S5 il Hlad oy |y GBS
Ngen JS85 ol sl Jlinygl (Slagen sl oglaze
50 Som,dpsmapd Slhgen 1)l 3929 Slbged g4 9
OPlgd el 09 oo Ao T Mg 0 &S (ol Slogen
o o &l T g y9ia 51 26 (2l JsSse i
Sl LB T 30 cladgn vhaw (2JsNge iz 50
h (osileele ylie (VL o eldl (sl pitann (g - sl
paiSe gy ol -1 pLITE Sl oyt dlowy 4 g o
Soleld so)lse iz y0 sl aidly oS Sl )
CS)lie o 315 0 (Gl o JsUe T 5 G (sl gl
dloee T 0ygpSdl o sl Skl 098 0 5105 B0 O
P oo axi ) (JoSUge (Seilela @lgs ool plos ge g 00
Db JS85 ol cond dw I pr S Seilala
logpsll ool He ol oS H = He+ Hr + Ha
9 o9l o (S Jis oam0lis Hr AS oo cposi )
Sl gy 3l oolitl b sl JsSUge Soileols Hon 9 JsSge
8] 29d g0 Anigh oy g0 0 JSge (Sgtlool ¢ S

C
Hm:Hij:;Sij(Hii—’_H]j)? 0O
S 8 (S oo 0 (Jslse Sothels Hy oS
Mbubwéol)bﬁwyd)f\ Hjj 9 Hii 5J9§J5A

b b Dlope (of ob olpe Jsse Sgiela
Vo] 0)S duunls

‘WF‘



www.sid.ir

\!"ﬂi_}_Hl_.:l fr9—ut $0yLeslt | 190 JL—su

e M2 oain Jlisle Gl jee cope ol

5 00538 _gyiSH lgal aguslsS U515 51 s 4 oS e
(S 5l gl dzes Sl el o sl Pl 5 YL slagsl
$PeS B S ol )3 Koo ol sl e oplizens
130939 800 el 53 4 s Jgu3 05,5 sdiad Jlasl sl
dwdid &yl Jo0g0 JUis! joled i o050 oS jshailan

BPDT JoSdge Jlasl sl 5y caus 0 ol jlaged

b byl odds oy ¥ S0 50 glize (gba)lisls (sl
¥ S dagi b AS oo kS diwgy 50 4 5y Jloc]
23,8 sdmline Iy Jhas! dwasa 4 by el Sty ¢lgs oo

!

%10

1
0.8
0.6
0.4

A
L=]
P

Current [T

Voltags (V)

e/ dsd9a /55 (6l Wy cn 2 Olayr loges T F Ui
] (6325 A (Slag S LM2 MO M Caliises (gl i\

slacdls 5l 38 MO gplite cdls o Glys ald

o3 5S35 BB igren 9 el M2 g M1 oj)lieyee

&lsel soslsS 315 3151 glazes wilgs so yol ol 9 0
3L BPDT JgSJge 555568 (slaaslis | gygue 5oyl

925° (lrondigySl Jpuusly Ssl  ubl 5Wy Jlesl b

(35 ] il b 1S ol il )y 5 e 35,5S)
5l sl o syl cules )0 5 axdly iy joee opty
By ol & S ol 5 312 (65003 e S J5Uge
odaline cia> JWo-gly> (souie 53 9 0dd 5L by JU
G loogpSUl 4 suscdn JsSUge Jlasl  Saunly 9 0
@ (Sabed @b Gilidlb Ll Wb e all supus

P MO JsSlge gl cdls JEs o5 yoxie JsSge cdls
0o obSe yol ol S - )1 Ay Jlade Lo 53151 6y lomn
DVTcwl MO ghlite s 53 Sl 9 5L slagsb Jsb
Josdge sl il s o copo lages Y S )
laylisles (gl o gins dus (clo35Sl & Juato BPDT
w05 bl . casl os 00l ol ) IS 6565 win
3 sl ol 13 &8 038 o oaalie o il 5l ian 52y
Mo S10s & jeee Jlaxnl waits bl ol 55 .55y 00 cpms
JoSdge (53l ooy b lasipe youe oy gl b w0 995
L 1 SO gygee b &S i lg o &S <l BPDT
e W] canl JsSUse 5ol lis b 3l dasuice
Jsse 1930 31 sy 99580l & 098Ul 51 9 Sl &S
99 3l aa L goolatel o 59y S Zlael o9 o Jiio BPDT
Sar Ol Azt 53 W9 o (oo 3 iy 0 cyj adl>
TP &P R0 2 d 5L Sy S5l b ewsls 3l
P Ly 3959 HSUE (slopme dlazel 3 045,08 59,
s )8 glite claybisles 1o yare oz o3l ol 38,5 s
DAL 5,8 salgs s cods a3 S

45 - -
—_M0
407 ===Mi]
E— -
=
2 30
g 55|
B
o
<]
=
@
g
5
[=]

Enargy (eV)

Sl G35 amnmp Udgn o J&o logas (Y Yt
ol M2 g MO MA Cilies (6l is Ll BPOT JoSls

. —_— 0
18, -]

Transmission

Energy (8V)

2/ 990 /518 G55\ iz s oyl lgas [AY S
sl (S22 A (635, M2 MO MA Ciliien (sl Ly

vy,


www.sid.ir

n"%i}__a.__'lL_:l (9 50y el | 190 Jlnt

59 ul;).'> FY R L)"‘)’ 0919 LAy o0 39.& Al gay MLO Cows
IXoW] sl e el 658 Satei el

S §
Iolipet S s bl by S oy 3l oolisul L
/8 JeSdge Jlisle sl S 9 Sl gandse
Jlasl g5SUsS (it slajlisbs 3 gy & 518/ 58050
g-0by> 95955 cupo wro locuseS 2 0958l - JoSJge
Jds¥se Spide Jad dwin & atwly JsVse (slo i
Olpss 09 b odaline phe ASS Ll 39Sl g
olite el & cons gline s laedls )3 e oy
o 4505 93 55 LogitlsS IS 1 odody ol e .l
ad)S slas 53 JsSIgeds L39Sl 51 39Sl glsel (gy9me
Al oszen 0SB glaadly 9yl glgel J5las 31
Aol gEolidl 31l canl o 5Udg— by 510 g05 50 (aastic
b e pliels glacdls & e opylite el yo Gl
Olsie & ol o &S ol o 45,8 0000 Lo 31 alio eyl

LS s 1551y o)yl gy Lt )8

‘WA‘



www.sid.ir

“"qi_j_!_‘“_#l fr9—ut $0yLesi | 190 JL—su

[1] T. Helgaker, P. Jorgensen and J. Olsen, Molec-
ular electronic-structure theory.Wiley, 2013.

[2] E. Scheer, Molecular electronics: an introduc-
tion to theory and experiment. World Scientif-
icSeries in Nanoscience and Nanotechnology:
Volume. 1, 2010.

[3] M. Biirkle, L.A. Zotti, J.K. Viljas, D. Vonlan-
then, A. Mishchenko, T. Wandlowski, M. May-
or, G. Schon and F. Pauly, “Ab initio study of the
thermopower of biphenyl-based single-mole-
cule junctions,” Physical Review B. vol. 86, no.
11, pp. 115304-115312, 2012.

[4] A. Mishchenko, D. Vonlanthen, V. Meded, M.
Biirkle, C. Li, L.V. Pobelov, A. Bagrets, J.K. Viljas,
F. Pauly, F. Evers, M. Mayor and T. Wandlowski,
“Influence of conformation on conductance
of biphenyl-dithiol single-molecule contacts,”
Nano Letters. vol. 10, no. 1, pp. 156-163, 2010.

[5] A. Mishchenko, L.A. Zotti, D. Vonlanthen, M.
Biirkle, F. Pauly, J.C. Cuevas, M. Mayor and T.
Wandlowski, “Single molecule junctions based
on nitrile-terminated biphenyls: a new and
robust anchoring group,” Journal of the Amer-
ican Chemical Society. vol. 133, no. 2, pp. 184-
187, 2011.

[6] D. Vonlanthen, A. Mishchenko, M. Elbing,
M. Neuburger, T. Wandlowski and M. May-
or, “Chemically controlled. conductivity: tor-
sion-angle dependence/in a single-molecule
biphenyldithiol junction,” AngewandteChemie
International Edition. vol. 48, no. 47, pp. 8886-
8890, 2009:

[7] J. Rotzler, D.-Vonlanthen, A. Barsella, A.
Boeglin, A. Fort and M. Mayor, “Variation
of the backbone conjugation in NLO model
compounds: torsion-angle-restricted, biphe-
nyl-based push-pull-systems,” European Jour-
nal of Organic Chemistry. vol. 2010, no. 6, pp.
1096-1110, 2010.

[8] M.J. Frisch, Gaussian revision, Gaussian In-
corporation, Wallingford, 2004. The optimi-
zation of molecular structure performed by
Gaussian package.

[9] F. Zahid, M. Paulsson and S. Datta, Electrical
Conduction through Molecules. Chapter pub-
lished in Advanced Semiconductors and Or-
ganic Nano-Techniques, edited by H. Morkoc,
Academic Press, 2003.

&y

[10] S. Datta, Quantum transport: atom to tran-
sistor. Cambridge University Press, 2005.

[11] N. Sergueev, D. Roubtsov and H. Guo, “Ab
initio analysis of electron-phonon coupling in
molecular devices,” Physical Review Letters.
vol. 95, no. 14, pp. 146803-146807, 2005.

[12] N. Sergueev, A.A. Demkov and H. Guo, “In-
elastic resonant tunneling in C60 molecular
junctions,” Physical Review B. vol. 75, no. 23,
pp. 233418-233422, 2007.

[13] S. Datta, Electronic transport in mesoscopic
systems. Cambridge University Press, 1997.

[14] M. Modarresi, M.R. Roknabadi, N. Shahtah-
masbi, D. Vahedi and H. Arabshahi, “Evalua-
tion of electronic and transport properties of
a nano-scale device in the presence of electric
field,” Physica E. vol.43, no. 1, pp. 402-404,
2010.

[15] AW. Holleitner, R.H. Blick, A.K. Huttel, K.
Eberl and J.P. Kotthaus, “Probing and con-
trolling the bonds of an artificial molecule,”
Science. vol. 297, no. 5578, pp. 70-72, 2002.

[16] P. Dutta, Santanu K. Maiti and S.N. Kar-
makar, “Multi-terminal electron transport
through single phenalenyl molecule: a theo-
retical study,” Organic Electronics. vol. 11, no.
6, pp. 1120-1128, 2010.

[17] M. Dey, S.K. Maiti and S.N. Karmakar, “Effect
of dephasing on electron transport in a molec-
ular wire: Green’s function approach,” Organic
Electronics. vol. 12, no. 6, pp.1017-1024, 2011.

[18] A. Ahmadiand S. A. Ketabi, “Influence of
quantum interference on the tunnel mag-
netoresistance in a molecular junction in the
presence of in-plane electric field,” Journal of
Superconductivity and Novel Magnetism. vol.
27, no. 4, pp. 1105-1110, 2014.

[19] Z. Golsanamlou, M. Bagheri Tagani, and H.
Rahimpour Soleimani, Thermoelectric proper-
ties of single molecule junction in presence of
dephasing and different coupling geometries,”
Communications in Theoretical Physics. vol.
64, no. 3, pp. 361-366, 2015.

[20] S.K. Maiti, “Quantum transport through
polycyclic hydrocarbon molecules,” Physics
Letters A. vol. 366, no.1, pp. 114-119, 2007.

‘\Y‘\‘


www.sid.ir

| Vol 2 |No.3 | Autumn 2015 |

Contact Geometry Effect on Current—Voltage
Behavior in Single-molecule Junctions

S. Ramezani Akbarabadi | H. Rahimpour Soleimani®

Computational Nanophysics Laboratory (CNL), Department of Physics, University of Guilan, Rasht, Iran

Abstract In this paper, electron transport in a metal/molecule/metal
molecular system Includes biphenyl-dithiol molecule and  three-
dimensional gold electrodes for three different types of contact
geometry, are investigated. The Hamiltonian of the molecule is
calculated based on the Hlckel method and the current is computed
by the non-equilibrium Green’s function method in the framework of
Landauer—Buttiker formalism. Transmission. coefficient and current-
voltage characteristics are calculated for three different geometric
structures. The results show that electron transport is strongly affected
by quantum interference of electron:waves and the geometry of the
molecule-electrode interface. The current amplitude for symmetric
coupling is larger than two other asymmetric couplings because of the
quantum interference effects of the electron waves traveling through
the different paths.

KEYWOTdS Molecular junctions, Extended Huckel theory, Non-equilibrium Green’s
function, Junction geometry.
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