Yojlad V€ ala wj)bia&&ibrz}hé\ﬂ)ﬁi

Y VAY s
na Clpen ol 1 o8 g s b ) S A g ASD) 3l 5l 53

f g sdran c‘_r'i\.l‘).q dana 6*‘;.11_.1‘) (e
asle 028y (a8 Hed ol

5B 3l i iy A CandlBs il 5o (8 @l g D) ealiiil b Bt o)

L gl Cand o AT (o8 sla 53 Jmia (e (s gl 1) st dilals (S
b b S ge alaed ) Jiiss 59 5380 slaclla I8 ailalis () sLacalS )2 48 a0«
Cely (Fodis Gl RS e gBle alal Jsb Gl 5 gaiman 3 e ) el
Qs 5 e 4y a5 asde iile) b LB 53 a5 Lo ek
o yd Hseds 2,80 Djsa il S G0 R A0 (a eaday (525 )5
Gy 4S8 dla )y al (s sl (sla e 3 s Sl sa el 55 R0 ey JAIN a5 Jida

cslaad) 2 ga g Jalody aslabs 5559 Gl Jal o das slachlladns dlagl 4 o)) sige | Laald

_M‘JL).})AW

-

4dadda

5 Heasd oIk s sl e al R I Gleds 4S aitus SIS 1 a5 R (g3l (sla il
Jlal 5 (S cylan g S Galgd YL (il pal s cilale Ja (Jolaali pali ¢ le
slam gx (B a5 LS glaaie) 52 2 ge cp) ko S Qi 258 4 ) lea slagia gy dagy)
(ol At Llasas 5 Ula) dse o ihsm sdshe sl s lilS s e la
Mlaclla 5 1] 2R S e 5 Gllat cand el sled 2 Laeaii () g cla b s 38 sla S
sl Jie WIS 31 oay 58 L3l olal b ) slleja S Gue Cnibonaslli ¢ 385
SN se S cilakad a5 SHU Y gla st 3l (s 8 Gl Roe cnbsa gadsle (Jal )y

YT sl 02 nsy g Jlamss ) s 53 cdiyla ) il el 2 4S Lol o) al 53 [Y]
S0 sl jll S8 ol 5 50 1) ok Glagm o s GosIcE 0 by Al Gladay
(S S ladilabis i 50 ol 23 S Cda 358 o lad 5K 50 5 (oo 1SS (slaadali ¢ 50 S Glaa lid

Al e 3l ) 7 shaas 50 (3 4y O i ae 5 28 e (55 oo s S SlSa Jgaal ) (5 S

e b 18 0 Rl ecanad &t ¢ s 3 2l i 1 s S W0 S g
/67 ey AY/E/YY il

hasan.rabbani@gmail.com Jiena ooy ¢


www.sid.ir

O 5 Gl pua e (b olU8 (oS g0 i 5 i ) S (5 SN 2 ) S Gl A

el sadlin )l A e (s A sl il Gl sla ) ) b e il S SGilS 3 5 Akl S )
daulae gl 0 3 Sy i) ) (S [€] @l noSal (il Cinda g () 58 AL Al ja 4 (b
3 cladlie i 4y Josie (slaol&inny Sl oagy o i€ 2 48 ol (8 ol (g cdadal il S (il
B pal A aSdy (0 2 5 al A (a6 el cgamy 5 iladad 1 4 S a5l S (glaaldals
[7] ¢[O] 28ion o (a8 3 4l 5 5 (585 Salin s
A ddlad (RS i G Sy o8 il 5 3 R i Gl Sl edliiad L allie o) o
BFENPRIFPIRTE VNI AR JET S RIR PY N P R R PG PN L PR B TS S [P PV g
o0 Al Sgiliald (G ma b sarn (i 0 ) sk Gl ) L m )l One Ol sl J 5 5e
oS abl 8 et 3 e adleba (53 0l il s dsulae (5l 1) L 2 sabidige b Cund8 il
20 e Wl dalat 4y (a3 Cllanlae il A1) b sam slahidn )2 G
sk ga
) gy Adbisad G S0 3y (18 R s o L B il ) 5 (55 e Aol S5 S siliala
-l
N N-1
HW:;gi|i><i|+zl:ﬂi’i(|i><j|+h'c')’ M
= =
G I R RN IN (P PR ST PR B B s HBGla 53 g daail slaad N ) 248

G 5 (s ge Alals GiSar 3 (Ssilials 00l Juale (a5 A 5 62505 s 50 4 adlel 4SS sea

P sdie Ol O el (2503) G905
HWL(R) :ANL(R) (| O(N +1)><| (J)|+h.C.), M

(J) 1 soleliall 5 (s A)dss s el (0ds) codl om0 S G55 B q, O 2248
o 3 (ol ol 8 ) ) ey ASH s (as03) 505 W Pl Gl Al )3 adas e

sl &) s O sl ) g e (ARGl (55,0 8 8 Hlai 0 asda@ £

How =B 2 (1) (i+1]+hc), ™
i
(V) & (\) J“:"}J Sl il (s"_m\)) TN sla Lgej\ ORI B O ufua G5 ,BL(R) Q‘ s

P sdiee A0 55 i (A )R 56505 AR 504 daalie (I8 ge Adlels IS i silala

H=H +H, +H, +H,z+H;. (%)

sl i Wagala psman 53 (6 S e Allebs (8 @l (5l 5 Yl Ak Sl 2l
G\Xll = G(;vb —Hy G Hw —HwrGrHew s (®)

Vo


www.sid.ir

O 5 Gl pua e (b olU8 (oS g0 i 5 i ) S (5 SN 2 ) S Gl A

5 s B 4y Loy slacn 8 i i G = (el —H )" 5 Gy, =(el —H,,) o) 248
D3 Gupa ool ol Gl 6255 0 G500 & ) Jshaie lagyl D3 i (Gl ) G e sala
TR Al &) 5 Al S e Al )| Q0 Ay g 48 i (0) Adayl ) (SSay g Sl
(VT ¢[¥] e oty ) gy € 5 e

T(e)=4ImZ, M. |G, | . ()

Otinad Gl Loy a3 adlabes (g K i G jile al J O s 5ol | has 4l 50 G, , o} S

‘2
Z|_(R)
cadly (Lg)h LE.J\A) ol lo iy saly 8 a8 (C'_u\)) YA L IRPEND) Jalas aslalis (5500 26
;[\’] c[T‘] 3 g oo Adulas ddayl ) ) SaSay

> ) =@(8+ﬂ/52 —4f% o ) ™)
Bl

sl dailae Jil8 ddad) ) ol b o R il 5 (s k8 jpualicly g s A slaclla I8 (ainas

DOS(¢) = i ImtrG,,, Q)

ose upa s bl IS o3 A i o3y (oun A odd Gl Jaul gy ) ealdind b aay B 50
pand (Js8d s N Sl 4 1) B 5 a3l jnce (e Gl U8 T8 g0 Jlea 5 am ¢ 50 So slaailaba
PRl 55 Oha b il 5, Tawe ol sicds 1300 S ail (ABGLs (65,1 Glalas alai 50 and e
ol 3 g = veeV b il 1) o A8l 0 5 [A] g, =—v/a0eV b il | o3
Dl i i o S 0 S A8 50 5 & sladign 5o s ) (i s 5 ) Oised [4] moSe
Lyse 2 A] —r/veeV 5 =y eV e ) OS5 A0 - (e S 3 )se ey YieV 5 —Y/a0eV
DA B, =TV Jlie pua- s i Mg ) e AWL 5 B =—/1eV Dl (5038 - (oS Jisn
Craibns 108 65 5 (slaadl L Waaala slaai) G adlail o (5 38 iy sl 50 Cinaa [V 0] atae
G el Gled el pa d g =B =—r/eaeV b s duall e ) haid e e
OiS Ll A8 g 5 s slaisy 5o G i lacs 38 Ol G seads i e 3 o5 Sl
Sl o2laid & Hli 3 B =—v /oY e Siay
U g g clwilaa

U Ol eassa 5 505 G 53 4 A4S ane L 1) (e Gl I J S5 S ) S
Grob ) Slasllaald o5 8 5o SaSay 2 gia 5 8 ae b sl J s ga i) Jeaiia 02 adidia
3 oBla 3 s ol 5358 Jaaiia Jgl J S sa 40 200 DAY JSE 3 (a s d sl 48 a8l

A8 DB s I e il sl o8sla L lliie

Vo)


www.sid.ir

O 5 Gl pua e (b olU8 (oS g0 i 5 i ) S (5 SN 2 ) S Gl A

7\

\
/‘/;\‘\NH

N----- Cu ----- N
_.N\/‘\/

I 9 53509 LI 45 0ad Jualla (ua b gl J S ga JUALL Y (S
Lol G Slastalaald gbae s K ¢ SanSy an Jlail (51 Oilans sl J 580 ga 53 0 G L 3 508 Jals 4
sladilebu alia (i s Ay ol o ool Aldinl adl 536 3y 5 G 53 o) 0 AS V] 2,8 )8
Rl 1) (o pe an allabn S Al ¥ JSE (Jlie Gl sieay stta (8055 JiE e (IS peria

AR

I 9529, B 93 4y el (pn (e glE 1 S g s Adlalis S JUEAL Y (S
1 laailebs col 308 el o 52570 sl ailabes cp 8 i (30l Glise iy Glaia 2 S ay L
5 s Sy il (sl Wath alami ) s G a1 (5300 oala o 305 ¥ JSE LS Asilae
5 esd oS Alale Jlea g sl 3 e o 3n5 80 35800 el a3 e LB (S se Jlen
sk Gl 8 b o)l 518 ygeV a5a U ovyoeV D) 5 sasane 5o cpme Ol sl (1T 5e len
dsa s 8 S0 3 5 a0l Alusu (5551 a8 ) a2 4S 358 020 (S e e L 4ilels
gy s 50 & (oaland Waailalis () (515 4S Aagh Ol sige (JsShe e ailalis 4o Ja gy e Jlagal 313l
DY i e i 80 & o)l H1E eV i Uss S8 QI8 Sy e Sl dali 5y 3l
SIS (555 ke 4l 5o st &Bls [A/ 5,0V eV s [o/v,vv] €V <[y Al eV e b
oelie o B g dlaad S ge daad Gl ¥ L Sl asa s cvseeV s -i/eV LGS dss s8e S
Jigaddia il slai8 48 (ghi Ray a3 Sl gy G geady 5 oad Jidn Jlae sladali 53 633
e
B 3L ead ) sladilale g3 slaclla J8s (8 (i Loyl gy ) saliiud U 4alal 0
UK 50 piS on dnnlae agsala 43 Ja sy pe (50 Dl dali 50 (2503 563505 slagsals Juail i £

oad sala L (JoSda 4 5 90 SO Adlal A () (5 a5 S slacilla ‘55&9 Jlagal
VoY


www.sid.ir

O 5 Gl pua e (b olU8 (oS g0 i 5 i ) S (5 SN 2 ) S Gl A

du a4 g e DOS (Sinie cad S ga dlaad ) Jitie a8 5 5048yl e e b 1o sl dlie )l
slagals a5y hlay alalu slag 50 a5 4 Sl ol ah Slasy U 5 diihie aa y ailla

3 Ra L 4e sian (3hlie Cpl 53 Slae (5501 G 5 Sy

15
R
Ayo e 1CuPc
4 2CuPc
o 10} 1
> v e v 3CuPc
& " L I 0 o 4CuPc
%3 o
D 5 [N A““\ ™ ‘Vv:‘m %mm,o i
j@)] . a w. @
E L Y Aun v v R
C L] @D
L s ﬂ‘ﬁ. ‘%'w. ® g, ]
g . 'S w a®
k=2 . o TS
@
(NN] 5 rd - - MMM
5L PR "o o ©° ]
rd ‘f M
. w @
0 50 100 150

Number
o Colpnn g8 (1 oS0 g g 5 A ¢ 90 S s 9300 shAdlabs () 3 S palla 059 lagad Y IS

15 rr T T y T

1.0 -

05

log DOS

0.0

-05F

-1.0

o 4 2 0 2 4 6
Energy (eV)

o b 1B (J 980 g A 9 50 Sy Jalid sLAilalin i 9 SY) slaclla A& ol &I (K3, o) L F Jsd

G i 518 5a 9 4y 00k Juala

Ailals dos et 0 531 camm a1 (S S ) sae Gy el gad il ) 20l B g oy 2 10

2 5dea 02alia & 5 ¥ (sl o gai dnlia H anled S an 5 & JSG )3 (e Gl 51U (I S e s ¢ 90 S
D0 5dis i Gy sie Cu e el Goliie a o ddll 4 a glacilla 85 48 ialie
s Mo ¢ lae uali 0 lags 30 4t dand il 8 Cileds « igin JsSdse dlaxd Jald slaailaa
QLS 20 58 on o g gk Wall s 53l 4l Ol (Pl e ey 5 438y (i) 38 (S5 58D ) sie
Gl o2 aS allebe canda ) (end L ([-1/04,1/04]eV) sl (55500 )i 83 50me 4r da 8 L Cal S0
Ll jse upn s all I8 slaali o L dasd copl Ly ol saalie Q8 cajla ) 8630

il Jal 5o (35 sl 35l e saaline o lasal 50 4S Gl s O ) G 3 die slaailel

oy


www.sid.ir

O 5 Gl pua e (b olU8 (oS g0 i 5 i ) S (5 SN 2 ) S Gl A

s o Bala 35 0 slaclla and 4y Ol i 1) O il 48 258 e 023 (veV 38 2 D) (o5
Gl purd 1) a6 g Aol (055085 L e adl lag) 50) L oaallals Jaw 5 Y saza 4S aals ()
Ot a8l s 50 Gl A 653550 3 IS a1 ) W6 e o il 381 4 s el G863l s il
Ob da S sy Al Sl uki b 48 e ey AS e dgidiy 1) 4k g IS S (5 8
Lo b s aS badda Ll 5,50 D5 Canl ) 5 G Conndy 1) (55 5380 Gl O e e (il sl
Ot b ) 53 e SCEE 2axE 3 S i g pSally 5 il Al 4 Gile Aals 5 R 3l <l s
oS e I LRl 63101 4S sy 330 )8 An 5 3 )50 b 208 Ll ) D O (S
~at 52} 3 g g ) @Bl g 3w e g | (s B din) (oS lale B (@5 ¢S aa)
3 o5 i e L a0 i Capeal () 3 o2l Ly ol el s 52l
e 2 ey Risla slacilla sl cpinad cadly HUatl | Gle 15 Wl tadiogs 3l sl I b laciload
L Sl i 5 i sla IR o lagysish Ll 5isd (s 3 (lS (sl peali 5l ol sieds o)) sin | A8
SOS med (Sl oa
O Gl sl e Sl (sl angii G2 sl s 5 G G s Jodis o Awlie (sl
G G sie e by 8D lagal 54 8 Slag3 1) v/veV s veV (-/seV sl 3
¢ g o oaliie ASlia Cul o salay LAS POJSE Ha A gad () S e a1 Adlabis (slad S ga 2laad
L 5 O 4SO 42 da 51 L e GRS s S sie G e dlals 43 L 55 g ol (0 adlal
L AS ) g el (S5 ladaals b o (il S sha g ailend A iaia slacsl® 53 gaaa o
Jsb a5 o) 2B Bav@jlieds b abie (1S et &) gaady iilan s (53 e Ailebas I sha (i 380

JYY] SV I SE P NSV DA

logT

-10 F

-15 F

Energy (eV)
Juia (ua Cppilpnn gl () 95 g A 9 93 ¢S Jaldi sLrAdlabin g A 908 oy oy ST (S D) L0 8
A G ot gl g2 4y 0ad

Vot


www.sid.ir

O 5 Gl pua e (b olU8 (oS g0 i 5 i ) S (5 SN 2 ) S Gl A

— o
o 6
o o
ol e -d4ev .
o 2eV T
s 22eV
-12 1 1 n
1 2 3
N

Calida il A 33 aB) g (6 5 ) A 3 (5 S pa Adlabas (slad s5da 1ant Gaa A9 A o il ol RS P JS

A

a6 i) (o ) 2l 5 oy A a8 a5 o R @l i ) saliiad L allie o) o

D A4S 2y e LS i 2l 48R0 p cu) Jaalie sal (a8l 6 puni ) 93 Ay A4S e il ol S ga

¢l balla s s jia e v Ll 5048 318 by HSada G ais ailals Gl (5 )l 0 liala

S slacilla s (s 3e 6 S e el gl 4o sian (3halie (il 52 Jlae (s 3L3 aE 5 lagsala

DSk als ol o2 Gl L aSee ) il sl S se alaxd Gl Jiae cdaalia (5 3S e Alals

(58 e Al Jsha il 381 8 Cobiear radlls 5 L oS0 s aland G 380 5l 50558 G

8 (S35 534S (6 8 e Al slaclla dad (Badiing 4 4n 51 b e (a8 el O ) sy (il

O i 530 )8 i adali G1 3 e ) s i) ) IR (olgmil 5 i) o (5 i) s el 8

DA 5l Y sane llls G505 o5l (538 e Al )3 o S g et s Uy il J S 4

CPESERPIPIE (S PR UV PR PP F: WA PN POSU PURPRPIS STV RN SUEN S NP FREN

oo (5850 (e )3 Ul ) A el dilas 1) J sS850 () 520018 S 51 (e (il 58 (I 68 5
Slee

@L’u

1. M. J. Cook, Pure Appl. Chem. 71 (1999) 2145.

2. N. Marom, O. Hod, G. E. Scuseria and L. Kronik, J. Chem. Phys., 128 (2008) 164107.

3. S. Datta, "Electronic Transport in Mesoscopic Systems”, Cambridge University Press (1997).

4.Y.J. Ko, M. Shin, J. S. Ha and K. W. Park, ETRI Journal 22 (2000) 19.

5.Y. Mou, et,al, Chin. Phys. B 20 (2011) 097201.

6. M. Mardaani and H. Rabani and M. Keshavarz, Physica E 44 (2012) 1342.

VYoo


www.sid.ir

O 5 Gl pua e (b olU8 (oS g0 i 5 i ) S (5 SN 2 ) S Gl A

7. M. Mardaani and K. Esfarjani, Chem. Phys. 10 (2005) 1016.

8. H. Yamada and K. Iguchi Adv. Conden. Matt. Phys. 2010 (2010) 380710.

9. H. Rosner and R. Hayn, Physica B 230-232 (1997) 8809.

10. B. E. Kohler, J Chem. Phys. 93 (1990) 5838.

11. S. Chen, "Design, Synthesis, and Structural of Porphyrin-Based Organic Materials", PhD
thesis, University of Georgia, Athens (2002).

12. M. Mardaani and H. Rabani and A. Esmaeili, Solid State Commun. 151 (2011) 928.

Yo


www.sid.ir

