AV Ll ) oyles AY JLNLJ‘}A g JL,.»‘_;L&.L.LT;

2 bowd 9 51 Sl O3 gl Sl sokuo 4 53 W9y 4 (15

" slaeb duzme ¢! ol duols Olgd

Ol o Gy o1 (eSS pmndige 5 0 dSCEI1S (5 0 _pundign 09,5 5Lkl -

Ol Gy ¢y ol (SIS pndign o5 0dSCtsls 03l g0 gunnliga 03,8 (i)l wlis, IS Y
sshahab_kh@yahoo.com : oK s sage™

YR8/ B/ P2 5 dy )6 OFAF/ VYA 1258 55 e 56)

Sy Lol il 3B gy 55 5 a6 e Vel 5 6V Sl S b Jsens a0 4 s LOJIE ) l0US
,&;ﬁn‘suwm_.'u:cu‘f_,,jg_u,)}_.sL;u.,\iw,;w;qw&%u,.l,g.x?dg.@umgww
O ol 03 sh e eslanad Sley G p du&?.: 563k e,y YL Olg claes hdl 31l ol sla e ¢ Sledbl
S 8 5 by S G Wil sl 4Bl UL Coaal 0315 I8l ge 4 2 SASLS 5 5 518 5 eslizul
sod i 3E LS el iy 4 S ool ool elizal (31,8 05l Sl (g1 6K &S b (55 318
b A el 05l ol (ol g 5 4ab 2 (658 bumlio 5 1 K 1 S & OT ool 5 (3187 a8 (sl (gl o
I B ol & (55 S Jlasl b 5 5,8 e Do Olesan S sbligbl 2S5 oS 0 1) Cue cal B
Sy Sonpsbas ph o e |y GBS 4 Oy 5 2 e 5 1) Jlasl 038 5 318 gy L
.ch:?m(_;hjuﬁ)éeéw.J:)}A%JJA‘_;‘Q\JTC))}‘.;M.y‘;slﬁadhq‘yf:b&wg)}éu})jg|
K5 gl 5 s plol )y (59 S gy Sl ealial bconks Ll 31,8 ST (sl Y &Y sl S o)
s gl Skl I8 5Hlas e eliolesT s ey a2 05037 55 5l b olas 1y 315 51 gl oY &
VeeYhes b rfﬁﬁTvﬁg&_u&igbﬂf;u QW@W.MoA@\JﬁmLglAj‘,;.aT)Jleé-ﬁ\:)ﬁ&
23 55t 5 55l S rien 38 (0 O geime (VL 015 ()15 5 kB 0l Ol g 4 4 A5 Jol C;x"ﬁ
$2 03858 uiab mlh il Sl fsb S 4 03 VL oL 10U S 0 YL sl IS
P S g Sl Ol s Sl 15 s 55 oks el 4Y 53 3 g0 jolie gy Gl S
H;G\ﬁét%,wib‘;j,,\;t};@f,:uuzwsmgw“u&i:;k;u.u,ﬁ@;ﬂu_u@u,mnu;“t

AL (318 b sl

FRW NS

O3B Rl Gl g e e rE S ey o BS

s oo dhax )l Cils dalgs Sl slas )8 esle oyl doddo —
oyl (el = L;\Al:;‘&:gjzﬁﬂ byl 0T 5,8 (t&z.:.»‘ Ll 632 4 e gla n;.;i} shols u";
ool 03 D] 3 6 03l 5 e 6 bL e 50 o3 ol ol SO bl 8 s s (SIS

o Span 3 g bl (S S Sl bkl J opep 4 L e pblite ool 5 (g s Ollanil YL


mailto:sshahab_kh@yahoo.com
www.sid.ir

\Y“W)l_e/J}\UL,_.Z/(..uj\}:dl.»/;!yww):@jduQT}&}};dmbuM VoA

sl s )8 (K s Sk (S b el

A el o

Guizs plxil w9y 9 Sgo -V
S35 A Fn &l 05 pb s S5 s Ll 5o
iy 3y9e HS sl B3l Cale 5 Sy S b

sl b § 15

A9l Slgo—1-¥
ol (D e Sl ST 3E s g ke 4
UT k) \L.:S‘J? c‘t}}:.‘.fl uT cdgi)}ﬁy .L:w| cQ\;i;nJ.;

.;,z@numa}gﬁ;

ST BT Jghome (S 4@ ) -T-Y
(‘Jf" (S ST e a5 g o LA e o
Al A e B85 Sl e 08 ) SISy
Slod o 355 g0 035 o (DT 4 5 b gl oSG 5 s
Pkl o Al 5 sl a3 Vv g ple 515 S
4 355 o LSl Jomn 4 pT ol Topuly OIS, o
355 AV SRl s Yo Sl Jales gles & (5500
Jslows caalsl 55 (Lal o 13l S Jglons b DU, 2STT5)
wils &l ol Ksle a5 ¥ (clos > 4ads ¥r Soke 4
G osgs 4 bl S sl 3 Jskoe Ky 555
e 355 oo blate o 5w 6Ky 4 4B ¥ Sl Sa g
338 o B3I Jglos 4 T 0 ejizs ST 2 s 4Y
ST 035 Bl L 0 S35 Sy 2 ) i e )
b omomed 355 (o0 2 Jlon 51 (S0 iy Sl o3
3 8l domy3 Vv s Jgloee slos o395 ST 0357 w3l
V0 Oloj oo 3l s ST oo s (51 0595 4 OT &5y 5 dowy
dslous 6555 5 bl oo 2018 o1 Kl w52 20 4 Los i
Joboen 4 O aokn STy 2 (Ao VP 355 0 50,5 5

Wl Sl o,,:fdléﬁicsu 2 Jscs b plas
IS5 a3l Kos b gl amio Sl il Spge 4 LS o
bl 5o dilg e Gl b oBT S b ol das iy
L 53 3m 50 ISty sl Kos b el sla 65 8
asbe opl B1S 55 Lol il Sl s o [F] das L
5 Sl 3 e3lizul (gl 5 ol VL Sbley Sl 1yl
Sd g pas 5 il e cmlin Sl Ss SIN gla oS
Do S B b g e Olphedd Jlb 0318 (LSG) 5
Ll oo b O3l cplissle o 8551 6 0,5 sl YL
bl S o5 Jsame 506K ojlbl 4 o3k 5!
ol ek Al 5 g Al Ve G Yer sgd> Llg5 0
@\Jméw)ﬁ&@wlwg)thdju
SN sl ITesl (551 0,55 6 s e 5 6T
[F0] LS (oo b5 Jom B 5 5y Sl

s pls a5 eslimal b5 SkE g B, o
0585 S slp G5 Cose 4 Vsems S 5 Ikl
S s o oslital b s 655 skl 5 b sy
1S A1 olin ST 5 T3 ol 350 o 2
b o hls Ky el HE 4 Ky bl ose
Lo o3ls 5875, ¢Sawy ol e 23S odalie Ol 5 o
o M ol i b Calibes g s oyl Sl gl 31 S
V] 552

iy e E 5 i oty S s s 030 o
RIB 4 S Ll (b5 e e VO Sl ) YL
Vo (S bl & Oy SLE G550 opd b
3 opoman GT AT 0 OSGS (o iy Wor S E)
Odsd T Ol L5l 5 oo 5 dizen s Oollamil SIS L
ol s DAl Gss el LU Ll ale SSI ol
5L e 5 Sl eslimal b 31 S O3l Sl Coda s
6@4,»%T‘&;,}T@ﬁlg\,g&ﬁl@\)};}:ﬁngjst
Ll essd osls |25 a¥ 55 b (318 &S50 &Y


www.sid.ir

oo s S sl O3l Sl ygite w55 gy w318 G

15 &Gl A5l 31 g 318 LS| ke sl Ul 355 a3
by s 635 Olg

PE ST o a5 Jorljo b 53 ko &5 s 1(Y) K2
31 g AT 318 e 1) cdanSTT 31,5 J o () £ K
Sl A3 31 g ST 31 I lomn () 5 55 (5 5

Jols & s AE i Blo S8 4 Syl Salg 52
Aol 5 oems ST L ek Ald ey atie LS
Sy 23 Al 361G sl stz (HCD) oS, )75 s
a3 7 (gled 3 odeT s 4 et L3485 03 abile (gl
of &, blg « o s celu YE e 40l 5 sl

D] AS oo g A8 a0 (1) S8 ol

JonSS 51 s 5l o) 4 ot g Sl S a8 s (1) UK
S D) 30 gl sl 1S

(V) UKo 358 oo gl osgd 4 bl 3,5 0T &5, 8 s 5L

INT s o 0L |y ok ags Jshoms 31 gl

ey B8 LS e Sl el G Sl ek g ad sl e 1(0) JSC
Oy bl F ST S

i B0 el ol 3,05 3459 45 5315 LS U lowe
ag lp sl o esls olas (L= ¥) S 55 &S ol
035> G S o&aus 53 sloes alls 31 E 1S
43330 Soke 4 g 4RE> 53 495 Trorr Lo 10 gla o6
DY]s,8 e

bS5 353 0 0 6 0l 5 Ko B S O
et (i gn ) O kol (5,8 o 515 YL
Jols 0506 o305 OIS L 558 o LS 03555 OT (6l
S 350 o 35 s 28T S Dlmio 503y T
ol ol 03 Olis (0= 1) S s

3 et S s 655 015 (03 1) G U sloes )
oKaws 5 ol VY St 4 51E AST Jylows
o sl Ol sloml b &S5 gl 13,8 (o 13 &S5 gl !
SIS S Dlowis Ol b Gl o) S 355 (0
Slonks (OS5 e 3 220 045 &8 55 L 5 S 358
&u,;@&wwl.\?ﬁ;w@‘;wl
ol 0 03ls O (7 = ) JSKE 53 8 358 (o Jglons
s 35 Jlosd OG5 35 (Saal S 335 Jshoms 0


www.sid.ir

VWAV 5Lgs/ Jsl e sl / oa33l53 Sl / 3lg0 g 53 o 5 Sy T3 (2 gsy ok aalidish 1

Sl 65 2 036 S dlesl 1530 05 51 IS slai 2(F) IS
alosl>

Qi gl el -F-Y

Ly o5kl ol 65801 0T 4 odd Jlasl sl b 3 oews
Lo S dal o (ST Sl g (F) IS5 55 48 b (53,
s 4 Gy Vaers S 5,lbkul SKws &1 eslizal
b &> o) skl 5 b e 035 S 58
© (IGO) j2als aulp b 515 wuST 48 o oslizal
LSS o GLaT 41y T 5 )35 o s 31 S
o b K ek IS 4 Ky o gl opeh IS
@bt s S gle O3l BT ST GRL Olse wsd
o i (39 pma b O35 13 L b 0315 s g 4 &7 (EC)
I e s s 5 m s LU e 5L e
03 ipls gl Cusgden ul S pw g r.f S5 andls
sshte a5 skl Gy $Ss w3 Sl 3 LS s
[IV] A& 3Lizul (IGO) 31 & aST j2als”

o3ls O 1) (Vb (SO S ol con g pslis 5 Wb
b e 6 oy e Colue 5 (e 2 53 Fiesw \VFA)
ks s3b & WIS o 2l (o S 5 e e N0Y) Bl
4 glaml 0ot Joene ol s S Gle 05l Ol o
gz 3,8 )5 szl 3550 0L oS mex 5 il
YU Sl (0 arnils olie dbasy 2SIl b ods axstls
Sl aS Gasb 4 das e Olis Caliee la Sy S s 0

585l En lie 5o W5 L B1E Sl s,
Losen &S5 53 5 S o LS, LS sl 3 el
4t o Mo 318 ST o 4 gl 4 (8 (k!
AT S s p GBS S sl CkST gy skt
S 516 s s e eslizal e 59 Sy Se
A iedae 31 8 UlSTT Slomins

a5le) (5L 15 038 sle sla 05 5 (LS anl 5 o
A e 53 (JouS 5skn lins 8 5 oS gl ¢ oS 5 S
0 s ele Bl o3 5 ol )yl S e sl
ST s ) IS ST et s olips o5y 3l
I 5 OT 55 omlya esbe ol amss 55 5 AS o S
LS 3550 53 o lasliil bl s 348 o iy oo JT sla
dST il 53 Jele sl 03 8 g 45 ol (ol (315
DTS o593 355 35 0 pamin Lol g 511, 31 S
Jehg sy 3 o Gias b A8 31S goe g Sl ey
sloii s S gla O3l Sl (gl 5 VL s SIS L (65
A5y ge andss Wy 5 318 s gl 35 w0l pdy Oollanl
WL g i A By e 2 05 oS A e S
110] 555 r eslizul

e 4ol g -T-Y
5 IS Ny s S5 I 4 531 Jlesl b 5
5 o Jes b Mol 5 CuSs a1y Ly O3S
0 S ey 3 b el bl B1E 4 Ol
S dil o0 O3l Ctle 6l o Sl eslial Comy o fags
o e 3L e ) ol S el 4 L
6 s 4 Sl Cale 5 318 e 3 A )
(F) JSKo 55 8 dil o 53 o5 b Sl onlil b al>

[\7] Sl 0 0ls OLES

WWW.SID.ir


www.sid.ir

AR

oo s S sl O3l Sl ygite w55 gy w318 G

YL Ols LEC 53 panl 05 T3 oK 5o YL o

8] s o 4z 5L (65 51 azamdls
oEas 3 b 5l (SIS LEC W5 ol 551l & Lot
Olomio o5b55 Sl 168 As 3wl el plad o3l
©) Ko 5 Soles b o T3 58 o, 8 5 8IS
RIS RC S N R VRN PPN PR RRIEY
sk pdy Ol s 4,05 6K 60y 1 2T 53 ods iy
DA KL ks b s SO g A (8 s (sl o s
2 b K o8 pls S S 3 03 sl
whg HS Gl P At G5 Lokl axh 5 o s
6 Ay 4 6 5b Oler cdas o 2alS (LSG) 30 L ekt

LY T s 0513 Ol ol b (g 0 543 51 K55 s

{ sl g 23 Jlas!
P \

O e iy

o MUM adlal

G 5 015 Vb anadls Jols bt xS gls 05l

Aol el >N LB 4 o
Gl aeie bbb cleds S gl ol ol
Wil o YU SO gl i S (Il glead s 2SI
e O VL (S S gy Ollnil 5 015 o
Oy das Blod 5 slais S gla 0515 5 s 6 5L s
S5 G b 3V 63 (5 5L Lls slate (65 51 4wl
G551 dtmils LS\ 5 (a5 ST gm0,5d glends S sla
lois 2SI la G5l ST Sl s s ola 1 oYL
DA ST 0,53 (05U olewiis 2SI gl &Y a1 5L
Lo (SO Blad 51 81 ooy SN 5 o5 55k
Corbn o 5 GYL L 20y S Ve L) &5 Calins

cods Sl JLosl

R

Jlasl a0 b 6108 55,531 )5 b Ll ednSTT Jlasl (g5l 030 T 31 dlm o a0l o oy gm0 515 0515 ol i 5 il ol ,e2(0) S8

S

o9 @b -y

Jokme 4gi 93 (S3ge (59 5T PeKwg Ko LT 11
A1 Tl

AT S s 5 318 ST sl oS (2 ) slate &
JSE 516 sss r olinnl )5 G S S S
A alae 031 E 48T Sl


www.sid.ir

\\‘w)\_e/J,la)u_z/ra;;!,;du/;vww,;a};gu»j}w};’w@uw Y

O it 3l day 5 A 4By ()50 S3, @ oSKns S
i plit 05037 Lo )3 J sl

GO o 93 (93 (59 7N P g%g Ko LT-Y-F
ST 53 odd slul LSG 31 8 Slois 318 s 31
G Sy S 0se3T b s HE LS50
W38 dal g )l F gy 1 3550 s

o S 5 A 6 ey 5l s e D) IS
S LS 1y el (0) 5 (G sla a3 (S
i b 3l o 318 5 5 550 b 31,S ST el 001 B2 e 1S ST 1 8 53 S s S sl 16 S
Sy )5 o 5 ) S s o5 GBS sl 5 5B
Gl Coand piomen LBL o 5205 S VA/AY 3d oS L e

mb@)ﬁ“gﬁ)}“{°““:’ﬂ“g};‘;°MJow(:))(C)

(o5l —=sled) 5 el fg) 4

658 e odalin’ 315 LS| Slmin S5 7 S5 s
S g b oS 318 I ome 2) a5 slate

AM‘bLsLAQY]_{)L\GJ}U}uﬂuﬁ\?é}iﬂ‘}uaﬁuﬁ‘j?u\._mf‘él.f‘Ls‘jjj:jj‘fdj‘suﬁjjj‘gh})S}jﬁ‘g)ﬁ}éﬂﬁ}w(V)Jg@
Ucd&i‘ﬁy‘f

WWW.SID.ir


https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwjFp7j2mJHOAhXjDcAKHSCMChEQFggcMAA&url=https%3A%2F%2Ffa.wikipedia.org%2Fwiki%2F%25D9%2585%25DB%258C%25DA%25A9%25D8%25B1%25D9%2588%25D8%25B3%25DA%25A9%25D9%2588%25D9%25BE_%25D8%25A7%25D9%2584%25DA%25A9%25D8%25AA%25D8%25B1%25D9%2588%25D9%2586%25DB%258C_%25D8%25B1%25D9%2588%25D8%25A8%25D8%25B4%25DB%258C&usg=AFQjCNG018piyXu0OWF57UqA-OS49p2pnw&bvm=bv.127984354,d.bGg
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwjFp7j2mJHOAhXjDcAKHSCMChEQFggcMAA&url=https%3A%2F%2Ffa.wikipedia.org%2Fwiki%2F%25D9%2585%25DB%258C%25DA%25A9%25D8%25B1%25D9%2588%25D8%25B3%25DA%25A9%25D9%2588%25D9%25BE_%25D8%25A7%25D9%2584%25DA%25A9%25D8%25AA%25D8%25B1%25D9%2588%25D9%2586%25DB%258C_%25D8%25B1%25D9%2588%25D8%25A8%25D8%25B4%25DB%258C&usg=AFQjCNG018piyXu0OWF57UqA-OS49p2pnw&bvm=bv.127984354,d.bGg
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwjFp7j2mJHOAhXjDcAKHSCMChEQFggcMAA&url=https%3A%2F%2Ffa.wikipedia.org%2Fwiki%2F%25D9%2585%25DB%258C%25DA%25A9%25D8%25B1%25D9%2588%25D8%25B3%25DA%25A9%25D9%2588%25D9%25BE_%25D8%25A7%25D9%2584%25DA%25A9%25D8%25AA%25D8%25B1%25D9%2588%25D9%2586%25DB%258C_%25D8%25B1%25D9%2588%25D8%25A8%25D8%25B4%25DB%258C&usg=AFQjCNG018piyXu0OWF57UqA-OS49p2pnw&bvm=bv.127984354,d.bGg
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwjFp7j2mJHOAhXjDcAKHSCMChEQFggcMAA&url=https%3A%2F%2Ffa.wikipedia.org%2Fwiki%2F%25D9%2585%25DB%258C%25DA%25A9%25D8%25B1%25D9%2588%25D8%25B3%25DA%25A9%25D9%2588%25D9%25BE_%25D8%25A7%25D9%2584%25DA%25A9%25D8%25AA%25D8%25B1%25D9%2588%25D9%2586%25DB%258C_%25D8%25B1%25D9%2588%25D8%25A8%25D8%25B4%25DB%258C&usg=AFQjCNG018piyXu0OWF57UqA-OS49p2pnw&bvm=bv.127984354,d.bGg
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwjFp7j2mJHOAhXjDcAKHSCMChEQFggcMAA&url=https%3A%2F%2Ffa.wikipedia.org%2Fwiki%2F%25D9%2585%25DB%258C%25DA%25A9%25D8%25B1%25D9%2588%25D8%25B3%25DA%25A9%25D9%2588%25D9%25BE_%25D8%25A7%25D9%2584%25DA%25A9%25D8%25AA%25D8%25B1%25D9%2588%25D9%2586%25DB%258C_%25D8%25B1%25D9%2588%25D8%25A8%25D8%25B4%25DB%258C&usg=AFQjCNG018piyXu0OWF57UqA-OS49p2pnw&bvm=bv.127984354,d.bGg
www.sid.ir

nr o AU (sl 0315l kit w5 gy 0315 e

o o Malin OS5 03 s S = S ek o31S P 38 1 SF 5 09 5398 (SIS b BT -1
5% R

Colism oy Glp S a0 aab

b W) e il e 31 E 5 31T AlST s s s

58 e Bl e p Gl S S 05858

Lo Jlest 51 5 @ls 53 350 o aslizal 30 Jlest 51 An

S 3 05S 1= S Gadigy (38 ST s o

(wa)
cC I co
misey WK h})"}‘hﬁ 2867 eV
3 »‘ X ‘\"l'ﬁ. ‘!‘)\‘ A
g f W Wy
. o \ LN
5] W

Ul‘w"ﬁﬁ;”.‘ﬂ\j ‘{w'm

Binding Energy (eV)

(w)
]

~ Ny

3, 120 cC »[‘# ‘l.d'\

L wiey N\

> f \¥

@] = Y . l\

€ \A

[ : “'Jll'

: 00 ” - J\‘. A W A

= . . N\ _j}x‘.“"tf‘h‘:u’w.w K
200 " ! .) V]
M Yaa Ak "‘Wiﬂ“"/iyﬂsﬂ"'\«.wﬁu\'

Binding Energy (eV)

253 bl 3 dn :(0) 5 553 el 1 S () 1)y K1 55 5 0515 8 sma XA JSK8

5l eds ag LSG 318 kS ) lp Olaly OsesT o915 w3 Gloly 36T -0
Up‘?aMJQle@JTw_’D)G&wM&}


https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=4&cad=rja&uact=8&ved=0ahUKEwiE9KGbmJHOAhWmL8AKHYh0DzoQFgg5MAM&url=https%3A%2F%2Ffa.wikipedia.org%2Fwiki%2F%25D8%25B7%25DB%258C%25D9%2581%25E2%2580%258C%25D8%25A8%25DB%258C%25D9%2586%25DB%258C_%25D9%2581%25D9%2588%25D8%25AA%25D9%2588%25D8%25A7%25D9%2584%25DA%25A9%25D8%25AA%25D8%25B1%25D9%2588%25D9%2586_%25D9%25BE%25D8%25B1%25D8%25AA%25D9%2588_%25D8%25A7%25DB%258C%25DA%25A9%25D8%25B3&usg=AFQjCNEebNjwojvwCjMSxyZ6p01MyfYitw&bvm=bv.127984354,d.bGg
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=4&cad=rja&uact=8&ved=0ahUKEwiE9KGbmJHOAhWmL8AKHYh0DzoQFgg5MAM&url=https%3A%2F%2Ffa.wikipedia.org%2Fwiki%2F%25D8%25B7%25DB%258C%25D9%2581%25E2%2580%258C%25D8%25A8%25DB%258C%25D9%2586%25DB%258C_%25D9%2581%25D9%2588%25D8%25AA%25D9%2588%25D8%25A7%25D9%2584%25DA%25A9%25D8%25AA%25D8%25B1%25D9%2588%25D9%2586_%25D9%25BE%25D8%25B1%25D8%25AA%25D9%2588_%25D8%25A7%25DB%258C%25DA%25A9%25D8%25B3&usg=AFQjCNEebNjwojvwCjMSxyZ6p01MyfYitw&bvm=bv.127984354,d.bGg
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=4&cad=rja&uact=8&ved=0ahUKEwiE9KGbmJHOAhWmL8AKHYh0DzoQFgg5MAM&url=https%3A%2F%2Ffa.wikipedia.org%2Fwiki%2F%25D8%25B7%25DB%258C%25D9%2581%25E2%2580%258C%25D8%25A8%25DB%258C%25D9%2586%25DB%258C_%25D9%2581%25D9%2588%25D8%25AA%25D9%2588%25D8%25A7%25D9%2584%25DA%25A9%25D8%25AA%25D8%25B1%25D9%2588%25D9%2586_%25D9%25BE%25D8%25B1%25D8%25AA%25D9%2588_%25D8%25A7%25DB%258C%25DA%25A9%25D8%25B3&usg=AFQjCNEebNjwojvwCjMSxyZ6p01MyfYitw&bvm=bv.127984354,d.bGg
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=4&cad=rja&uact=8&ved=0ahUKEwiE9KGbmJHOAhWmL8AKHYh0DzoQFgg5MAM&url=https%3A%2F%2Ffa.wikipedia.org%2Fwiki%2F%25D8%25B7%25DB%258C%25D9%2581%25E2%2580%258C%25D8%25A8%25DB%258C%25D9%2586%25DB%258C_%25D9%2581%25D9%2588%25D8%25AA%25D9%2588%25D8%25A7%25D9%2584%25DA%25A9%25D8%25AA%25D8%25B1%25D9%2588%25D9%2586_%25D9%25BE%25D8%25B1%25D8%25AA%25D9%2588_%25D8%25A7%25DB%258C%25DA%25A9%25D8%25B3&usg=AFQjCNEebNjwojvwCjMSxyZ6p01MyfYitw&bvm=bv.127984354,d.bGg
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=4&cad=rja&uact=8&ved=0ahUKEwiE9KGbmJHOAhWmL8AKHYh0DzoQFgg5MAM&url=https%3A%2F%2Ffa.wikipedia.org%2Fwiki%2F%25D8%25B7%25DB%258C%25D9%2581%25E2%2580%258C%25D8%25A8%25DB%258C%25D9%2586%25DB%258C_%25D9%2581%25D9%2588%25D8%25AA%25D9%2588%25D8%25A7%25D9%2584%25DA%25A9%25D8%25AA%25D8%25B1%25D9%2588%25D9%2586_%25D9%25BE%25D8%25B1%25D8%25AA%25D9%2588_%25D8%25A7%25DB%258C%25DA%25A9%25D8%25B3&usg=AFQjCNEebNjwojvwCjMSxyZ6p01MyfYitw&bvm=bv.127984354,d.bGg
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=4&cad=rja&uact=8&ved=0ahUKEwiE9KGbmJHOAhWmL8AKHYh0DzoQFgg5MAM&url=https%3A%2F%2Ffa.wikipedia.org%2Fwiki%2F%25D8%25B7%25DB%258C%25D9%2581%25E2%2580%258C%25D8%25A8%25DB%258C%25D9%2586%25DB%258C_%25D9%2581%25D9%2588%25D8%25AA%25D9%2588%25D8%25A7%25D9%2584%25DA%25A9%25D8%25AA%25D8%25B1%25D9%2588%25D9%2586_%25D9%25BE%25D8%25B1%25D8%25AA%25D9%2588_%25D8%25A7%25DB%258C%25DA%25A9%25D8%25B3&usg=AFQjCNEebNjwojvwCjMSxyZ6p01MyfYitw&bvm=bv.127984354,d.bGg
www.sid.ir

VWAV 5Lgs/ Jsl e sl / oa33l53 Sl / 3lg0 g 53 o 5 Sy T3 (2 gsy ok aalidish 1NE

i odins Ol T ol 532D S gl andl 5 sl

I ] asl oo g 31 8

3 fs 6 s Dbl aew Cab 5 g dal g ol s osle
SAS s s 55 0T 4o & ol osle 5 9 o 2SKen

25 r SaaVl s
od 445 LSG (31,5 CokS gy 11 Oely 0g05T8 JSC
25 ool Ll 95 558 oo a4 b Olea (EL
T Jsb w55 4G 5D ls &S ls 3y Ol i
s 4 G &b s YOVACMT? 5 AYYVEM™T DLl Cads sl

o (SP® L) el e LS5 Dl 5 (5% wib) 281 S e

4
&
WA Lo .‘,'._r.l

(S ) el il

»)

(S ) Chaly il

258 st 5dm 1(0) 5 554 Jlasl 31 5 () il Ol o ks :(4) S

K 5 SKaS 5y ST Olge a5 e 5125, eSS
Cab ol o o3lizal b 2o le3T (6l 5V 5o 0s KCE J lons

I K Gk 515 5 e el 53 ailiel et

SBLF O3B 38 Gl 4 2 (S g Wy OgeT - £-Y
635N aw Jgo & bws glaiy S sl Shs
5 3l gl e gy sl 05T Gb Sl el
o S el e by Skl IJIE 5

Sheslizal L BB glos )3 (g mldy gla 09031 5,5 o 13


www.sid.ir

Vo

oo s S sl O3l Sl ygite w55 gy w318 G

daly L Ojlplons S b 5 LSl e O3l 0 5 Sl
AT o Cawds Cr=(IXAL)/AV

Fori=1Ag%:

_IxAt  1Xx6

- - —10Fg?
m = TAV T 600 x 10-3 J
Forl=0.1Ag™':
c _IxAt  0.1x58 —97~10Fg-1
mT AV T 600 x 103 &

700 |

Cell Voltage (mV)

Time (Second)

5 35 03 gdoes Lo STl IE SoLes 5 55LE ls i (V) K2
[P

SO O3B 38 (Kbl gil gl Hgo3T - A-Y
O Ol 4 031 S5 S b (Sals O S5 5o
Oljee a5 dad oo Ol IS opl sl 0k 030 LS 5L
Sl i b 5oL 5 5L 0L IR L S5 Cs b
2580 dan o 550 o dmd gl bl (o T WS
03 g sl sl Bgb SHlas 5 Sl ol edd S la
L5 e ol by as e 0L s 5IYL 55l sl O

) AL YL Ol L o sl Ol sl e 4 S

Vernn By L85 o5l ys oMV aels b e s IO
WLl a3l plonil 3

56w s 0pT Y Gk S 05l s Shes
23 815 50T 5y e Sliwl 5l JE 5Ly 5ol Sl T
e LB OV IS L VL Ly U1 s Slhae 051
e o 0l 1y Jel Sil ks, 58

S gb 3 358 o d>de (V1) K 53 &S 5k Oles
gl Cand 5 55 )l el adgliCaand) G505 5 5L Ol
S asb o 3L bl et lyls goie (S8 Sls g0
dsb )5 oporen Sl adss 5 55l YL Sy okias 0L
ol S lageial s S8 S s by S
23 Ll 5 O gpaldenST ) g oo (finn 4 oS 350 ad abmNa

AL (o ds b

b
10mVs-1
YT —omvst
4 —50mVs-1
3 —100mvs-1
—200 mVs-1
2
=9
0
<0
-,
2
3
A F

-800 -600 -400 -200 O 200 400 600 800
E (mV) vs. Ag/AgC]

St e b S 035 sl ol 5 sl 1 ses (1) JS
YoomVIS sy mV/S i s,

ST 36 53 i [ 3xLs OgeiT - Y-F
o Ol 1y Skl 18 olas 5 5l ams (V) S
L;uw;j;@a.uuut}ﬁ@\ﬁsaﬁou.,w
4 S 4T O &S5 lols Ly 85 Sls sas S5ls 5 55l

jjjuogﬁﬂ;\,v;f;pammwdwwlmg@ﬁ


www.sid.ir

VWAV 5Lgs/ Jsl e sl / oa33l53 Sl / 3lg0 g 53 o 5 Sy T3 (2 gsy ok aalidish 1\

Shs b 4 Wl s el S gl Ojl

So s mﬁ) U:"';) J_’S LSG-EC (L.p u\.’}& j)l..‘::/j)l,.’z

13 o S5 s Ve e A ad gl b b 3l s s

20 —
— 15 =
=
—
m .
R
) |
b — ]
< |
"n. 10
=
o
5
0 1000 2000 3000 4000 5000

Cycle Number

o sl 335 ol (6l 51850 se 5T 6l 035 5oLan 0L b gl b b i :(VY) S

S ods 4y LSG 318 CdS oy gl Olely 0 sasT —F
ol edias Ol S BT Cod 5 D 5 G S anlllas G b
Ol BTl 53 2D &S gLyl adl Al (o 0ds i o3lo
Wbl or ol i (318 kS i

Oboj e dgb 55 05l ) SSkl 51 JE gls 3T -0
oins Ol &S Bl oo (93b) bws b glyls SyLas 5 5L
Sy S dsb 3 mmen wl a5 55l VL s e
oo e ol oS b lases ol g e, S s
g dgb 5o Ll 5 O sl denS) ) g s (e 434S 553
AL (o

asb 4 WIS e 55 s 53 aberd s S la 05 ) -F
Fmlyadsl b b 5l a5 Y 5 L5l 5L/ 55 (6 s

s o a1

S5 domgii -F

Sale 03 5 5) 5 LSG ps,y 55 3 @35S )
Sl wbie sl S b5 Bl s 2l S e
Ak

Slmdo 045 Gy G 5 Olojen 2alS Corge 3 Y
Skl ol s LSG &St o Wy 5 o415 as]
Bl oK S 55 S sl HE Slio 05 08T
055 Coban 539 05l JalST il @ ol 53 555
oS sl 8 e e N0 Sl e YL

AT alie by 35 ha) s ek sz o318 ¥
Ol sy ol e S o3 ol A8l (0 3500 JSC8 4
o 31 S S byl Sl ) asseme Mg
o Alie S ) 4 S 2 gD 5 Sy b Ol

sl


www.sid.ir

VY

s 2SI sl O3l sl gt 4y 5 oy 1S s

[10]S. Stankovich, D. A. Dikin, G. H. B. Dommett &
K. M, “Graphene-based composite materials”,
nature, Vol. 442, No. 7100, pp. 282-286, 2006.

[11] Mmiller, R John, R. A. Outlaw & B. C. Holloway,
“Graphene double-layer capacitor with ac line-
filtering performance”, Science, Vol. 329, No.
5999, pp. 1637-1639, 2010.

[12]M. D. Stoller, S. Park, Y. Zhu, J. An & R. S.
Ruoff, “Graphene-based ultracapacitors”, Nano
letters, Vol. 8, No. 10, pp. 3498-3502, 2008.

[13]Z. Li, Z. Zhou, G. Yun, K. Shi, XiaoweilLv, B.
Yang, “A one-pot method for producing ZnO-
graphenenanocomposites from graphene oxide for
supercapacitors”, ScriptaMaterialia, VVol. 68, No. 5,
pp. 301-304, 2013.

[14]1D. R. Dreyer, S. Park, C. W. Bielawski & R. S.
Ruoff, “The chemistry of graphene oxide”,
Chemical Society Reviews, Vol. 39, No. 1, pp.
228-240, 2010.

[15]G. Katie, “Laser-scribed graphene presents an
opportunity to print a new generation of disposable
electrochemical sensors”, Nanoscale, Vol. 6, No.
22, pp. 13613-13622, 2014.

[16] M. F. El Kady, V. Strong, S. Dubin & R. B. Kaner,
“Laser scribing of -high-performance and flexible
graphene-based = electrochemical  capacitors”,
Science, Vol. 335, No. 6074, pp. 1326-1330, 2012.

[171K. R. Ratinac, W. Yang, J. J. Gooding, P.
Thordarson & F. Braet, “Graphene and related
materials in electrochemical sensing”,
Electroanalysis, Vol. 23, No. 4, pp. 803-826, 2011.

[18]El Kady, F. Maher & R. B. Kaner, “Scalable
fabrication of high-power graphene micro-
supercapacitors for flexible and on-chip energy
storage”, Nature communications, Vol. 4, No.
1475, pp. 1-9, 2013.

&ip-0

[1] D. Pech, M. Brunet, H. Durou, P. Huang, V.

Mochalin, Y. Gogotsi, P. L. Taberna & P. Simon,

“Ultrahigh-power micrometre-sized

supercapacitors based on onion-like carbon”,

Nature nanotechnology, Vol. 5, No. 9, pp. 651-
654, 2010.

2 PSS g s (Ko deme g s ST3p cketils 2 [Y]
05 s Sl p S e el AL SUSe ol
AYAF Sl VPAVFY domis Y o5l (A 0555 el gn puiliga

okt 56 dlasl 1" cosly oaliah) 5 o ST i e . Flmal | [Y]

S s P s oSl el e S

N0 amio (Yoojled Aojgs g owdige 55 ps ladyl B
AYAF Okl

[4] J. Chmiola, C. Largeot, P. L. Taberna, P. Simon &
Y. Gogotsi, “Monolithic carbide-derived carbon
films for micro-supercapacitors”, Science, Vol.
328, No. 5977, pp. 480-483, 2010.

[5] P. Simon & Y. Gogotsi, “Materials for
electrochemical capacitors”, Nature materials, Vol.
7, No. 11, pp. 845-854, 2008.

[6] L. Q. Mai, F. Yang, Y. L. Zhao, X. Xu & L. Xu,
“Hierarchical MnMo00O4/CoMo004 heterostructured
nanowires  with  enhanced  supercapacitor
performance”, Nature communications, Vol. 2, No.
381, pp. 1-5, 2011.

[7] Sieben, J. Manuel, E. Morallon & D. Cazorla
Amords, “Flexible ruthenium oxide-activated
carbon cloth composites prepared by simple
electrodeposition methods”, Energy, Vol. 58, pp.
519-526, 2013.

[8] J. Zhang, J. Jiang, H. Lib & X. S. Zhao, “A high-
performance asymmetric supercapacitor fabricated
with graphene-based electrodes”, Energy &
Environmental Science, Vol. 4, No. 10, pp. 4009-
4015, 2011.

[9] Sun, Yiging, Q. Wu & G. Shi, “Graphene based
new energy materials”, Energy & Environmental
Science, Vol. 4, No. 4, pp. 1113-1132, 2011.


www.sid.ir

\r«V)l_e/J}\e)‘.a_ja/r.héj\}zd‘u/A‘f@-&@.ﬂ)éd}idhu&lT}&}'};&Mw WA

[19]El Kady, F. Maher & R. B. Kaner, “Direct laser
writing of graphene electronics”, ACS nano, Vol.
8, No. 9, pp. 8725-8729, 2014.

[20]H. Tian, Y. Yang, D. Xie, Y. L. Cui, W. T. Mi, Y.
Zhang & T. L. Ren, “Wafer-scale integration of
graphene-based electronic, optoelectronic and
electroacoustic devices”, Scientific reports, Vol. 4,
pp. 3598- 3606, 2014.

[21]S. Abdolhosseinzadeh, H. Asgharzadeh & H. S.
Kim, “Fast and fully-scalable synthesis of reduced
graphene oxide”, Scientific reports, Vol. 5, pp.
10160-10167, 2015.


www.sid.ir

114 catbanig S el O35l Sl ghate 4y 3 Bas 4 51 S e

Synthesis of Graphene by laser method for using in electrochemical
capacitors

Shahab Khamene Asl*", Majid Namdar?

1- Assistant Professor, Department of Material Engineering, University of Tabriz, Tabriz, Iran

2- M.Sc., New Materials Lab., Department of Material Engineering, University of Tabriz, Tabriz,
Iran

*Corresponding author: sshahab_kh@yahoo.com

Abstract:

In this research work, laser scribed technique has been regarded to synthesize graphene on the
surface of a DVD and manufacture graphene super capacitors. For this purpose, first, by Hummers
method, graphite was converted to graphene oxide (GO) in an acidic environment containing Sodium
nitrate, Potassium permanganate and sulfuric acid. Centrifuges and ultrasonic devices were utilized
for the homogenization of graphene oxide solution. GO homogeneous solution was applied on the
surface of specific DVDs and the set was dried at room temperature. For GO reduction and transform
it into graphene, a suitable laser, with programming of super capacitor particular pattern was used.
By applying an energy with the amount of resonance frequency of graphene and oxygen bond, the
laser broke the connection and the reduction action and reaching to graphene was done. In this study,
the process of graphene synthesis and applying the super capacitor specific pattern were carried out
in single step that is the biggest advantage of laser scribed graphene (LSG) method.

In present study, TEM was utilized to examine the layered structure of GO, SEM was used for
microstructural studies, two tests of cyclic voltammetry (CV) and galvanostatic charge/discharge
(CC) were applied to study the performance and power of energy storage in super capacitors, the
XPS was used to investigate elements present in the layer applied on DVD, and the Raman
spectroscopy was applied to investigate the quality of prepared graphene through studying G and D
peaks.
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