M -

—
QNanome ghyas

WWW. ﬂanomeghyas ir

9 Coo sy Ye89L (535 elSmw 9 (Soby gl Oliline (B g (55l axlllao
30 (P3HT) 895 1358 b slows (gl (39581 005 15 (ylgie 49 Cyg
S Sildagid slo Joku

Y o ) R Yy . -~ ER) .
yedlg 13y ¢ je0 6900y o3 yo ¢ 8L 51 M ¢ (6 3K8 s doxo

Ql)'!J €090 ¢SO >g ! wi oislo ‘duLy f}l.c suSlisle ‘LSAM 05;7\
Sl ol ol asly oSl ol3T olKails sl pyle 0aSisls  conds 0g,5-Y

ol 015 43 Ls (g S 035,05 5 oAb Camnid 53 5 48 At Jleb i o cslyls (OPV) JT Solidggis (sl Jobo 200>
C20 5 Coo slo)odeils (538 slSins 5 (iiyalSw Sliio (S y g odiad glaie & P3HT) (805 Jo S by jhas oI5 ool
ghaw ) (DFT) J&s (b 4k 59y 4 9 09 auosS 515815 5l esliil b oS wiloads a5 jlas 5 ()9 Sl 0435 (ol 4
98 Sl gl whow (b ol 3)50 (Sl Jege (gilwdingy I gy i8S )8 gy 390 BALYP/6-31G (d, p) sy
(ELumo) 303! 5 (EroMO) sa9 (5551 45lo (o93lsS” sloyRaogs (30 doJoSlge T JWil usliyy 553 eizmod 5D
e b dpwloee (ANmax) )b JU pouSle 9 (@) (srmslidg i1 iM) (olowd (B 1) 2bosd Sl (Eg) 5551 SE
asdllas 3y50 (sl JoSUg0 (gl el ) (sdudyod Jolw G 0331 oaimd lis (sl ol o yiens jI (6 &S (VOC) U e 5L
sl Jodsil (S3SaglSn 5 ihglSew Clitie 45 md oo Ui b el Cand &) psS sl 29 5l Jols bt S8 4,
35 it i §l oslitul S ALl 4zl gllas IS (Klgsn slo Jolo 5 01,8 lie 4 1o Cao 5 Ceo

il walgd (555l Slitie &y Cund ()il o)k b y5S sl sl

3 o 5y o571 IS bl « 09 g o | Sllggis oo 25 8l

*m.h.fekri@abru.ac.ir

AARCVARVA & SRR R pide Jls | ¥ ojless [VFeor 50l ar
Voo o¥NE s o o)


mailto:m.h.fekri@abru.ac.ir

LUMO
:AEL[R\IO LUMO
- e
E,
o Voc
- » Eg
HOMO AEgomo!
HOMO
donor
acceptor

Voc g oh)¢§5o.\;ﬂs.} C9]4-“’ )I °)‘9C)L’ )’9@\.}3-“’

2o oy g Sb ol Sy ke ool cuns 4y
85 oy Slwbre ewd Gl barye layially
4 95 5 2b) ol ookl b loges Sluslre gond
» AP Slwbre gond Sl Db et Blue o
Ll ol plo g cph Sl (B le o Shy ome
2l g Olioly bl da JgSgagSle «Soo8” sla 59
2 Obluesd Ab cel & glodas Y S eolainl i
5y Slwbre (gond Cow &y (glod 1S pobo &y 3 sl Sl
(Blowo ol wrd 53 290 dlox 5l (3150 4 5= o0 L)
s tall e byl g e Sre bl
(shmof gbanie g ploj 0 2spepo g piY (sla bl
4 b wilowy Sl golge (ighs slaseS (gl bl
St Sy (225 o) L awlie p e coxo

100 V] 5,8 )8l .. g SonoS

B85 b9y =Y

S5 SRl g il Clitde (S ) cpl
= ke By 909 awsS I8l 5 5l esliul b Cao g Ceo
B3LYP/6-31G (d, p) sy zaw o 4 (DFT) J&s
oV gyl Wle (Se xSl olss By g BaD (giludige
oroml &6 dBromo) o9l bl Jeslse Sl gl
L Eg) 555l BB 9 (ELumo) e Jsl (Jodge Jligl
eS8 lie mrew Al LS 3550 5 pre slagel)l ple 5 (A
crom Jl ibsgy il s Doy s sladbiasl
oy ) lhesd e (1) plesd ey
poeiSle 9 (ANmax) b JUSl perSle () (stmnlidy xS

doddo —)

by ohSingh g (lase canj g 56l ol
O Gl 0)S a3 4 pdihes 5 S ple Gl
A4 ogllas g delas giudyss (555 8 slas)yl il
Sdshe sl opies 5 lul ojlgen g o0
oz 2 i ol il i gl 5l (S Sgllgs
sladsbe (siedppd sldsho wre glyl JI (S s
< wzus (OPV) I Saldgs slo sk b I sy
& Sl gt ) il Ju e & gl ol
J& 3 [V 9 M )b b cale g g anje g 03 YL
b b bl Seise I Solgsd clapians el ol
sla sk (S35 0 [¥] S50 45l Sl sla i S
oS 3l Jl e cSgy b g e saidysS
o kilugl glgl wigd o ool SWogd cla Jobus

GV S o5 s 4 oS it ol 5Ll alas 1 Lo o3
(0 g5 Sbloyes) 2blojtos cools hly linly iy sl
» logas Sglite slodie) 1> (s s3)l8 5 Lin
sadglo ) ojgyel [A-Y-] wyls I Soldggd (sl Jobes
Sord glye 4 o wile S ol gl 5l sudy
S 5 S &S 1S o 0lital o1imd 6 (gl oSl 0k pS
o858 Sach 4 Oy Wl e glis 4 pee

DY 5 W] 5,8 oLl (P3HT)
(Sedys S sk 0djl awoliio 3 b yiall o pieges Sl S
oV 350 & bl ool DIV el (Voo 3 Jae sty
JUesl n5omly 9 (HOMO) 958l (sl (Jodge Sl
b (S odimd g 00yS (LUMO) onis Jsl (JoSIgo
1 2bewd BB (Voc™) 5L lae 5Wg Sl (Y JS)
5 otimy HOMO (g5, sho M3l b 5l 1 ok

Do oo Cyund 0335 LUMO

ptn Jlo| ¥ oyles [VEeo 0l Q¥



e b, q’w.;* 2 SJ
. i & .;i.'&' .,j"k.la Q ‘aa".
.}:J "',;}' .;‘-ch, })J " Y
283 L 3 % A
LR
390 % ¥
y 3. ”a:.J aw‘.jhdrofn,
pl T g B0 BELT L S
r {a‘* ,‘}I{*
9 Q 29 5 3
é‘ = -z% ﬁ": o2, 25
ey WOowNEE W
9 Coo slogJgb (935 malSiw o (ialSinw Slitioe odd iy )il ¥ S
Cao

-C;S)L.;Lo O‘)*" ey LY) NBO C"L"’ )'1 obL&‘;w‘ b 4u~.>oo.aa
Sl pSmpyS Bgw SO PP g s sl oyl wpd
€5 P 9 S Jiuygl 93 mhew JlEe (N Jgdo) Wb aBdby
2 Sl & amd e Ui |y il o (SP” b SPY) ygmels
JsS9e 3 Jie plgie & cosl w51 o] 4 Juate slatign g9
s g Juoyd YOIYA ).3‘).3 S JL.Q)j‘ e Cs1 rg,." Lg‘)g Ceo-a
&S Canl gme opl 4 &S Cunl Jopd FFIEY Ll p o Jlisysl

el SP7 w3l ) gl e
9 ialSew Glitdie p p g s b Jlnyel cpbeS)lie pou 1V Jg>

Cao 9 Coo slogy b (55 olSins
o | s sl Jloygl 5 Sgn lal 51 S yn wan
JeSge
L;’Lza‘ p 9

5(35.38%) + p(64.62%) Cq| + 5(35.58%) +
C(,o-a C61-C63 p(6442%) Cé}

Czo-a sz-C23 5(35.22%) + p(6478%) sz + 5(34.62%) +
p(65.38%) Cay

$(35.72%) + p(64.28%) Ce1 + 5(35.09%) +
C5o-b Cs] -C63 p(649 1 %) Cﬁ}

Cab | Co-Co | 5(35.26%) + p(64.74%) Cay + 5(34.64%) +
p(65.36%) Cy;

$(35.65%) + p(64.35%) Ce1 + 5(35.59%) +
C60-C C61-C63 p(6441%) Cé}

Czo-C sz-C23 5(3529%) + p(6471%) sz + 5(3465%) +
p(65.35%) Cy;

5(35.73%) + p(64.27%) Ce1 + 5(35.07%) +
C5o-d C6|-C63 p(6493%) Cﬁ}

Czo-d sz-C23 5(35.42%) + p(6458%) sz + 5(3493%) +
p(65.07%) Cas

$(36.79%) + p(63.21%) Cez + s(31.78%) +
C(,o-e C62‘C65 p(68 22%) C65

Cae | Cas-Cas | S(37.25%) + p(62.75%) Cay+ 8(37.21%) +
p(62.79%) Cas

5(38.62%) + p(61.38%) Cex + 5(38.25%) +
Céo-f C62-C65 p(61 75%) C65

Czo—f C25—C25 S(3707%) + p(6293%) C25 + 5(3745%) +
Pp(62.55%) Cag

s(38.14%) + p(61.86%) Cer + S(38.19%) +
C60‘g Csz—C55 p(61 .81 %) C55

Carg | Cas-Cas | $(37.05%) + p(62.95%) Cas+ s(37.45%) +
p(62.55%) Cas

s(38.14%) + p(61.86%) Cex + S(38.19%) +
Cbo-h C62-C65 p(61 8 1%) C65

Czo—h C25—C26 S(3703%) + p(6297%) C23 +

$(37.43%) + p (62.57%) Cas

>

Lily) 5 omesS s 2gys SaS & (VOc™) 5L e 5t
D5V 8505 deasleo )

Eg = EHOMO - ELUMO (\)
IP+FEA
== Y
% 5 (v)
E -F
y = oMo — Ziouo ()
2
2
o="1" (%)
2n
AN, =-£ (0)
n
Voc™ = ELAUMO - EgOMO (%)

<55 w5 & EA (-Erumo) 5 IP (-Eromo) & s,
5 E* o ©hle ¥ oakaly 13 9 alessg Sl 65,0 9 i
Al 0B ($gogd g 0-33):5 d?‘?j LS))Jl )i’l” EDH"JMD

é&gs@w—v

50 b5l el elnJsSIgn Sy 1l e yimghy opl 3
595 533 e (s 4 o 33 2y 3l o Jsye
L oo (Al iy il o Josuts Jlal e 3 ol b
S 500 b g Nl pb plsd gl Clitie oS
O Sl Slitin o5 5 o S ol i
clayiahl 59l Cavd a4l e [Yo] Ng e 0auel
Sl 5 odinal U (7JS3) i i son o5 3,5
Jskeo S5 )3 025,5 lsie 4 ol 2)l87 5 Bad g (osS

)5 )18 b5yl 290 JI Sslggid

s Cog @2 2 o % .‘.a'.: o
AT & (T
PP a.)"JJ" v® J)"J’. 00 Y
% .
Seg, St RQ At
iff .:i‘?,‘g J o " *9 J &o
93¢ ¢ ?' 9
o % , W
Cera Cyat Cqb Cyb
o8y e e’ o
0 goge T LY S 3 % °,0
NS B o .JJJ‘: Ta e _,$§ -
“a @ ? J’ 2” 9 "
"5)":.:.!’ ¥ i 2 {P %
! % 'e s I
L E R N O A
Cap-t Cyge Cop-d Cyyed

oitn Jlof ¥ oo V- ol W



2 olitel S (Sl wl b litde g9)n [VV 5 VY]
Cusl YOV 3905 (65l BB e jlade (g yss sl Jsho
Oy Ollllas ol b oa (¥ Joi2) il ool @l &
2 odd adllas J)ed clitin den J)le 4 5 0)b lswen
ol s @ bl s Sbloyes Sy hb 5 o)
&5 o 4 I Sollgsd slagle > il elizd
Sl BB Hlade rasly b lasd o)l S 0 odimd JeSUge
sladshe > S5 ol 208 @ ol b 4 Ol
Ul 2 oo P 5 BB sy Ll 38 0Ll (gt po5
P eyS plais a4 olaS gl elglh Sl elitel o
sl Siog N3 jlcwl 9pe by sladsle
3 oS Jsl (e b cgre e Sl o ogilsS
B W) lord Jowily s Colis S5 4 e 1S
b JUl merSle g (0) (girkidg Sl o pd (M) (pliod
Rl (1) bt Sty (o585 it (ANimay)
e b |y (B e o) el 18
SrhoiSly 5 S il Wil 555 alesd Jeily
Cuaglie () (2bowd (B (JoSge o )3 Lol 298 o yiiy
(b Jusl b) Syl JUsl b S9SI @igh > i ply
Sy S0Se b Jslge 90 S elin 28 e ojlal
ol y e S glpe 4 S S wid e
oSl prae S plgis 4 R0 g (Segdaien)
e 0) nkido y S oo NS oo Jos (sgd009yS)
g pled Joily 4ty & Cwl wre bl
S5 4 Atnly s s b 4 (Sl 4 g Sl oliend
AL cphtiSly & cwl segd 5 gegn zobaw
Sl psSeS 3 (2l oSl cups lde )5
1S Joys il gisg S AR-VVYD 3gs gt glSs
—AYE o3gaze 3 (S35melSen sl sl ke
iia i oS okimdolis &l coepiS VIAY
0 yS Clgie a4 Wy oo g Canl 098Il Qo > (hglS
boiye (2l53 09yl cupo jle (ppidin S Joe st
@ Caud Coo-C (oo, WIVFDY) i ol 3o &
Cops Hie e o ol b cwl b uSheS ple
CooX (X=2, b, ¢, (tiyslSomw glapsleS” (plo3 019l

P T YS! uibsjy 65l copmwsS o jl oolimwl b
T cbdgn | (SO kel Cund @ ouds adlhe la JoSge
2yl Ngw o] 4 bayeom oYl (5,0 9 A5 bl
BD(2) eVl (uilig)y 3yl @l upn V Joi2) 45
ooy 5wl 5 igslSew Cliio > BD(2)
s it 5 Guiligsy 6551 o w3 oLt Cao 5 Co
2 09l ass (o cwl Cop alie clitin 5l xS Ceo
oty Jlg 4 cdl g 5l Glel 4 Coo o) olinie
slodole 3 a5 b GhlE oUle) 5 980 Jite

8l (@bl 3 e Jole Slg5 o iy (sdy5>

olitie Sp » (keal/mol cawsyp) wbesy iyl polie ¥V Joio
Ca 9 Coo sbo)98 (gl 5 (555915

a= o oY) bissy g5y
Ce-a | BD(2) C5- Oz = BD*(2) C75-O76 0.75
Cxra | BD(2) Cy4-Os5 =BD*(2) C4-Ops 0.98
Ceo-b | BD(2) C74-O75 =BD*(2) C75-O16 0.75
Cao-b BD(2) C24-O25 “BD*(2) Cp4-Oss 1.00
Ceo-c | BD(2) C74-O75 =BD*(2) C74-Os 0.73
Cxc | BD(2) Cay-Oa5 =BD*(2) Cp4-Os5 1.00
Coo-d | BD(2) C4-Ogs =BD*(2) Cg4-Ogs 0.85
Cao-d | BD(2) Cas-Oz5 =BD*(2) Ca4-Ons 0.99
Ceo-e | BD(2) Ces-Ogo =BD*(2) Ces-Osgo 0.85
Cyme | BD(2) Cp0-030 —“BD*(2) C0-O3 1.10
Coo-f | BD(2) Cer-Os “BD*(2) C7-Oes 0.85
Cof | BD(2) Ca3-Oz9 “BD*(2) Ca5-On9 1.10
Ce-g | BD(2) Ce7-Ogs “BD*(2) Cy7-Ogs 0.80
Ca-g | BD(2) Ca3-Oy9 “BD*(2) Cp5-On9 1.10
Ceo-h | BD(2) Cer-Oes =BD*(2) Ce7-Ogs 0.74
Ca-h | BD(2) Cys-0y9 =BD*(2) Cas-Ono 1.10

Pl gogl g g09m (65l aw 9 Gl SWST (5l B
cle @ adl yuln gog) 5 000 o 93 Gle MBI >
e 95 ool gl eI Jl sl pY 560 Gl
Ll D g odd S qaw 93 cpl om el Jlsl
ox plol Clllas wlulyy bise (B 2Uloyes (Shy

ptn Jlo| ¥ oyles [VEeo 0l Qs



2 a3 i |y JsSlse oS (ANoma) (5 ke &
ug‘)‘a ):.)LQ.A l; )l) Jl.n.u‘ M;Lo LS‘)J a.&p] Cuwd L
osd oyl ¥ Joax ) (35h sleyielly el (oalss 9,

& Col yidy CooX (55509l o usliaS 4 Cons d)
g Mt 5y (F9ySUl (slaoipS OLS 5 cpl aad oo (L
s in olul GRlE @ dle > 4 Sl el ol
e o ladasMe LB @l s puiomed bl ol
9 Co0X S5aglSn (lapsdas (2l 09yl oyl
e ddls glul b 4 CeoY (Y=e, f, g, h)
g 4SSO Sl Al olps jd Dgd o odalie
31 b (ANmax) 5l Jiisl woxjSle o pdgy $l5i g0 iy xSl

Coo 5 Coo slagy)gb (S35 glSms g (gl Sl I (S0 )3 OV o ) (cogilyS sl Sinogs plie ¥ Jgi

Active layer

JsSdge Enomo ELumo E, n n ® AN max
Cara -5.8297 -3.4408 23880 -4.6352 11944 89941  3.8808
Cara  -5.3307 35470 17837 44388 08918 11.0467 4.9773
Cab  -5.6741 33742 22999 45241 1.1499 88997  3.9343
Cab  -5.0448 33622 1.6826 -4.2035 0.8413 105013  4.9964
Cac  -5.9274  -3.5246 24028 -4.7260 12014 92954  3.9337
Care  -5.4268 -3.6667 17601 -4.5467 0.8800 117457  5.1667
Cad  -5.8520 -3.4944 23576 -4.6732 11788 92631  3.9644
Card  -5.6030  -3.5282 20748 45656 1.0374 10.0466 4.4010
Cae  -5.9797 33415 26382 -4.6606 13191 82333  3.5332
Care  -5.6330  -3.1706 24624 44018 12312 7.8687 35752
Coarf  -5.9652 33091 2.6561 -4.6371 13280 80959 34918
Cuf  -5.6221 31611 24610 -43916 12305 7.8367  3.5690
Carg  -5.9601 -3.3249 26352 -4.6425 13176 8.1788  3.5235
Carg  -5.6096 -3.1526 24570 43811 12285 7.8120  3.5662
Coh  -6.0880 -3.3992 26888 -4.7436 13444 83687  3.5284
Carh  -5.4215  3.1469 22746 -4.2842 11373 80693  3.7670
e i . . ..
2l Syl slaJshe )3 labloyes 308" (owyp polate &
»
3ta) 0, »d » a0 <o . docwa @ Lo . 2. @ s
(ot 2, 2353; l)gSs ol galex jlicd)S a5 3 1) (Se5LsS (sl
a o . . N
,_@ . odidd (sg090 o BMAI 5l Voc .cuwl (Voc) 5L lae 5Ug
| o & s Gig% cnl )3 2gde ol (V7 JS) 0215 (s909)
Ca ] G . . . =
- ods ol suimd Jsdge loicas (PIHT) g5 JiSa L

Saias ey
(P,1IT)

PEDOT : PSS
ITO

©3,:5 09,5 ¢ PIHT wiimd 0g)5) (ssdyss Jskoo Jib Y j1 oles ¥ S
{Coo ()b (555 glS (e

N5 b b s sl ok awslio 9 (g pSejlul jolate 4
(M) A S 4y (g208 )95 (65531 b 035L lgie 4 (23
aayly 9 (Voe) 5L Hlae 5Wg b pudiee dal) 48" 3645 0 dpwlne

4["\"] ‘)45J9| Lz.wy IR f:l?ul LS'L“U""‘”S)’ U“’L“’1)" Cw|
YW eV (G55 35l Hluw) oimd (55090 o (55l

Cawl

oitn Jlof ¥ oo V- ol av



o8 LB Slyen (2285 @l b Glubre s &5 203
NN

9 9l Slitde ()95 § (255 (V cams ) jb e 5y olie B Jgao

Coo 0398 (555 glSms

SlatieCeo Voc(s,95) Voc( g)>5)
Ceo-a 0.729 0.605
Ceo-b 0.796 0.532
Ceo-c 0.645 0.544
Ceo-d 0.676 0.619
Ceo-e 0.828 0.522
Ceo-f 0.861 0.619
Coo-g 0.845 0.528
Ceo-h 0.771 0.627

S S a5 =¥

gy ySI Y dgas b ylislogl dod jd (655 BB Hlade —)
Sl opl ded ol xe ol pl g canl odel Cand 4
& ghdygs S sl > Wlgi oo 5 1)1 (2bluyes cools
VI PR N (VLR Poe

eSS pSlaS ) iy Sl oo jlude Y
kel (558m4lSw (sl uShiaS” 5 i Cao 9 Coo sl Jod
Clo il Slatde puin Jled sl a8 Cuwl
Oldiie dond ) Cawl (555B IS Olitie 4 Caund (9 5S]
sldobe )3 syme 005 Glye @ Mg il
S5S Jas 55 mslS Sl dy Capd T Splilggs

5 S clitie T oYGES Luilsy, gyl Y
OUiS gl ool Loy Jgd Jlislo 30 Cod it (555 elSem
3 a8 Coo (g8 linde )3 (uilig)y (g5l ylAde &5 a0 oo
Co0 PP 2 T sladigy Sl 4 o g b &S sl Cap g3
Fomb 0bssy SIPl Gl 42l dg2g yal ol llan]
JEsl aoess )3 e300 &) sy Sgpe b by Ak
2y o o Foly T ki e ) (9 Sl

b osdiane Cond &5 (VOC) 5 jlae 5Wg polie &y arg5 L =¥
g gl clinie ol JI Sslgg oo o3l

daly Voo ()b 5l o)l (FF) Jobo (Sasyn Jols b S
5l o) Voc ol ili8l @yso o [YF] o) FF L uSe
y catly sl sty alS FF 1516 ( Jpasa adgions
oals olBiwd o3l ol S ade Voc izl
U ole W Hlade &S dad o ol ¥ et s b e
S Niia ) iy iSagSe cliia (Voo
305} 5 o Sl b 8 Casl o] el ol e
Mz e b Gl Voo jhde 5ieglSew S 5
9 392 Wl a8 (glagly lid il juiy adls sl sl
& Glager sloJlingl doms > 0gd oo il alls ()l
B )l L e 4y s Ma] Jlasl e, logas
by b Gl gog) aw dos j3 9 038 by (il
Voc jlade (7 dail)) odind (55090 jlade (350 Colb 4 g
olitie glp Voc jlade (o o 4 el sl yiol3el
Gldles p cwl ciodllaw clitie e 5558w
V5l a8 JT bS5 (B sl b jle g ke [VY] (LS
o=+ TN s9 S)s0 Slatie lp lade pl &S cal &g
ool Cawndds ol 4 d g5 b Y8 § VO] Cowl odal cowday
—IAYAV) gl clinia 5l e 5y (imggy ol
0l S lgie a9 0yl puiig Slalllao b (g yipy 38165 (/0 VY
SRS Clide p ghedyss sk el

Ay >

9 sglw Slitie (S ) (V qaws ) 5b jle 5y pslie ¥ Jgao
Cao 9 Coo slagy b (3 35melSom

k:) e & k:) e &
Voc o Voc
Ceo-a 0.7292 Ceo-€ 0.8285
Cy-a 0.6230 Cy-e 0.9994
Ceo-b 0.7958 Ceo-f 0.8609
Cao-b 0.8078 Cyo-f 1.0089
C60'C 0.6454 Céo-g 0.8451
Czo—C 0.5033 Czo—g 1.0174
Ceo-d 0.6756 Ceo-h 0.7708
Cy-d 0.6418 Cy-h 1.0231

O S35l 5 (igslSw Slinie VOC polie duglie
&S 255 Voc yolie b ideh opl 5 odd duslre Coo

SUis (0 Jgan) odel cawd 4 [V8] iy Ken g bl lawgs

oitn Jlof ¥ oo V- ol W



heterojunction photovoltaic devices,” Synthetic
Metals, 252, 21-28, 2019.

[8]. S. Rafiquea, S.M. Abdullahb, N. Badieia, J.
McGettricka, K. T. Laia, N.A. Roslanb, H.K. H.
Leea, W.C. Tsoia, L. Lia, “An insight into the air
stability of the benchmark polymer: fullerene
photovoltaic films and devices: A comparative
study,” Organic Electronics, 76, 105456-105467,
2020.

[9]. HR. Liu, S.H. Li, L.L. Deng, Z.Y. Wang, Zh.
Xing, X. Rong, H. R. Tian, X. Li, S.Y. Xie, R.B.
Huang, L.S. Zheng, ‘“Pyridine-Functionalized
Fullerene Electron Transport Layer for Efficient
Planar Perovskite Solar Cells,” ACS Applied
Materials & Interfaces, 11 (27), 23982-23989,
2019.

[10]. Q. Kang, Q. Wang, C. An, Ch. He, B. Xu, J.
Hou, “Significant influence of doping effect on
photovoltaic performance of efficient fullerene-free
polymer solar cells,” Journal of Energy Chemistry,
43, 40-46, 2020.

[11]. O.S. Kim, J.B. Kwon, S.W. Kim, B. Xu, K.H.
Seo, C.E. Park, W.J. Do, J.H. Bae, S.W. Kang,
“Effect of PVP-Capped ZnO Nanoparticles with
Enhanced Charge Transport on the Performance of
P3HT/PCBM Polymer Solar Cells,” Polymers, 11,
1818-1828, 2019.

[12]. B. Xua, G. Sai-Anandb, G.E. Unnib, H.M.
Jeonga, J.S. Kima, S.W. Kima, J.B. Kwona, J.H.
S.W. Kang,
P3HT:PC61BM

Baea, “Pyridine-based additive

optimized nanomorphology
forimproved performance and stability in polymer
solar cells,” Applied Surface Science, 484, 825-

834, 2019.

oY 3 0kyS glsie 4 Coo g Coo s b (S35l
clinie L w1 J Soldgsn sla sk b

ity gl 53 (ol
b

[1]. S. Gilines, H. Neugebauer, N.S. Sariciftci,
“Conjugated polymer-based organic solarcells,”
Chem. Rev., 107, 1324-1338, 2007.

[2]. M.R. Lee, R.D. Eckert, K. Forberich, G.
Dennler, C.J. Brabec, R.A. Gaudiana, “Solarpower
wires based on organic photovoltaic materials,”
Science, 324,) 232-235, 2009.

[3]. N.A. Matchanov, A.M. Mirzabaev, B.R.
Umarov, M.A. Malikov, A.U. Kamoliddinov, K.A.
Bobozhonov, “Experimental studies of the
monocrystal and polycrystal characteristics of
silicon photovoltaic modules under environmental
conditions of Tashkent,” Solar Power Plants and
Their Application, 53, 23-30, 2017.

[4]. MM. Lee, J. Teuscher, T. Miyasaka, N.
Murakami, H.J. Snaith, “Efficient Hybrid Solar
Cells Based on Meso-Superstructured Organometal
Halide Perovskites,” Science, 338, 643—647, 2012.
[5]. Y. Bai, . Mora-Sero, F. De Angelis, “Titanium
Photovoltaic
Applications,” Chem. Rev., 114, 10095-10130,
2014.

[6]. H. Zhu, J. Wei, K. Wang, D. Wu,

Dioxide Nanomaterial’s for

“Applications of carbon materials in photovoltaic
solar cells,” Solar Energy Materials and Solar
Cells, 93(9), 1461-1470, 2009.

[7]. E. Salima, S.R. Bobbarab, A. Orabya, J.M.
Nunzib, “Copper oxide nanoparticle doped bulk-

ptn Jlo| ¥ oyles [VEeo 0l Q9



[19]. Z. khajehali, H. Shamlouei, “A Theoretical
Study of the and 6)
Nanoclusters-(n = 120@Cn Optical Properties of

Structural, Electrical
Be,” Journal of Research on Many-body Systems.
9(3), 121-134, 2019.

[20]. H.T. Yang, W.L. Ren, C.B. Miao, C. P.
Dong, Y. Yang, H.T. Xi, Q. Meng, Y. Jiang, X.Q.
Sun, “DMAP-Catalyzed [3 + 2] and [4 +2]
Cycloaddition Reactions between [60]Fullerene
and Unmodified Morita—Baylis—Hillman Adducts
in the Presence of Ac;O,” J. Org. Chem., 78,
1163—-1170, 2013.

[21]. J.Y. Kim, S.H. Kim, H. Lee, K. Lee, W. Ma,
X. Gong, A.J. Heeger, “New architecture for high-
efficiency polymer photovoltaic cells using
solution-based titanium oxide as an optical spacer,”
Adv. Mater., 18, 572-576, 2006.

[22]. C.L. Chochos, A. Katsouras, N. Gasparini, C.
T. Ameri, C.J. Brabec, A.

of High-

Koulogiannis,

Avgeropoulos, “Rational Design
Performance Wide-Bandgap (=2 eV) Polymer
Semiconductors as Electron Donors in Organic
Photovoltaics
Voltages (=1 V),”
Communications, 1600614-1600624, 2017.

[23]. E.F. Oliveira, F.C. Lavarda, “Molecular

Exhibiting High Open Circuit

Macromolecular  Rapid

design of new P3HT derivatives: Adjusting
electronic energy levels for blends with PCBM,”
Materials Chemistry and Physics, 148, 923-932,
2014.

[24]. P. Kumar, “Organic Solar Cells: Device
Physics, Processing, Degradation, and Prevention,”

CRC Press, 2016.

[13]. Z. El Jouad, E.M. El-Menyawy, G. Louarn, L.
Arzel, M. Morsli, M. Addou, J.C. Bernede, L.
Cattinb, “The effect of the band structure on the
Voc value of ternary planarheterojunction organic
solar cells based on pentacene,
boronsubphthalocyanine chloride and different
electron acceptors,” Journal of Physics and
Chemistry of Solids 136, 109142-109150, 2020.
[14]. A. Laaksonen, Y. Tu, “Methods of
incorporating quantum mechanical calculations
into molecular dynamics simulations,” Balbuena,
1999.

[15]. E.G. Lewars, “Computational chemistry:
introduction to the theory and applications of
molecular and quantum mechanics,” Springer,
2016.

[16]. M.H. Fekri, R. Bazvand, M. Solymani, M.
Razavi Mehr, “Adsorption of Metronidazole drug
on the surface of nano fullerene Cgy doped with Si,
B and Al: A DFT Study,” International Journal of
Nano Dimension, 11(4), 346-354, 2020.

[17]. M.H. Fekri, A. Omrani, S. Jamehbozorgi, M.
Razavi Mehr, “Study of Electrochemical and
Electronical Properties on the Some Schiff Base Ni
Complexes in DMSO Solvent by Computational
Methods,” Advanced Journal of Chemistry-Section
A, 2(1), 14-20, 2019.

[18]. M.H. Fekri, R. Bazvand, M. Razavi Mehr, M.
Solymani, “Adsorption behavior, electronical and
thermodynamic properties of ornidazole drug
interaction with Cg fullerene doped with Si, B and
Al: A quantum mechanical simulation,” Physical

Chemistry Research, 9(1), 151-164, 2021.

pidn Jlo| ¥ ojled [VEe o jul Ve



[25]. T. Ameri, P. Khoram, T. Heum"uller, D.
Baran, F. Machui, A. Troeger, V. Sgobba, D.M.
Guldi, M. Halik, S. Rathgeber, U. Scherff, C.J.
Brabecab, “Morphology analysis of near IR
sensitized polymer/fullerene organic solar cells by
implementing low band gap heteroanalogue C-/Si-
PCPDTBT,” Journal of Materials Chemistry A, 2,
19461-19473, 2014.

[26]. Y. Yamane, K. Sugawara, N. Nakamura, Sh.
Hayase, T. Nokami, T. Itoh, “Development of
n- Type Semiconductor Based on Cyclopentene-
or Cyclohexene-Fused [Ce0] - Fullerene

Derivatives,” J. Org. Chem., 80, 4638—4649, 2015.

pies Jlo| ¥ oyled [VF+ e 50l Ve



:@ Nanomeghyas

WWW. ﬂanomeghyas ir

Theoretical Study of Some Cyclopentene and Cyclohexene
Derivatives of Cg and C,y Nano Fullerenes as Electron
Receptors for Polyhexyl Thiophene (P3HT) Polymer in

Organic Photovoltaic

M. H. Fekri®*, L. Aryafar’, M. Razavi Mehr®, Z. Javanshir’
"Department of Chemistry, Faculty of Basic Sciences, Ayatollah Borujerdi University, Borujerd, Iran.
bDepartment of Chemistry, Faculty of Basic Sciences, Islsmic Azad University, Ahar Branch, Ahar, Iran.

Abstract: Organic photovoltaic cells (OPV) have an active part that is inclusive two parts; electron donor and
electron receptor. In this work, Polyhexyl thiophene (P3HT) polymer is considered as an electron donor and
some cyclopentene and cyclohexene derivatives of Cg and Cyy nanofullerens as electron receptors, that using
Gaussian 09 software and density functional theory (DFT) at B3LYP/6-31G (d, p) level are evaluated. After
optimization of the structures, the contribution of s and p orbitals and also, energy resonance m—n* in
molecules, some of quantum descriptors such as HOMO and LUMO energy, energy gap (E,), chemical potential
(w), chemical hardness (1), electrophilicity index (@) and maximum charge transfer (AN,,,,,) were performed. The
value of the open circuit voltage (Voc), which is one of the most important parameters indicating efficiency of a
solar cell (), was obtained for the studied molecules with Gaussian outputs. Results show that cyclopentene and
cyclohexane derivatives of Cyy and C,y nanofullerens can have be desired efficiency as receptors in photovoltaic
cells. However, the cyclopentene derivatives will be more effective than cyclohexene derivatives in solar cells.

Keywords: Organic Photovoltaic Cell, Gaussian 09, Semi conductivity, Energy Gap, Open circuit voltage.
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