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Realization of random lasing action with resonant feedback using
graphene oxide as the scattering medium

Peymaneh Rafieipour! and Abbas Ghasempour Ardakanit
1Department of Physics, College of Science, Shiraz University, Shiraz, Iran,
aghasempour@shirazu.ac.ir

Abstract- In this paper, we use graphene oxide as the scattering medium in random lasers. Light amplification is
provided by RhB dye solution via stimulated emission process. By investigating the dependence of the emission
spectrum on the pump energy density, we observe that some narrow peaks with linewidth of approximately 1 nm
appear in the emission spectrum when pump energy density exceeds a threshold value. The number of these
peaks increases by increasing the pump energy density and a strong competition between the lasing modes is
observed. Furthermore, we measure the threshold pump energy density for the fabricated sample based on the
solution of RhB dye and graphene oxide. Then, we compare the emission spectrum corresponding to the solution
of RhB dye and graphene oxide with the emission spectrum corresponding to the solution of dye alone. Since
only the broad spontaneous emission spectrum is observed in the emission spectrum of neat dye solution, the
resonant feedback of the random laser is then provided by light multi-scattering from graphene oxide.

Keywords: random laser, resonant feedback, multiple light scattering, grapheme oxide.

AYO
Db o ytwd B WWW.OPSHIT Colis jo a5 col jlael sy 5y90,0 dlis oyl


mailto:aghasempour@shirazu.ac.ir
mailto:aghasempour@shirazu.ac.ir
https://www.opsi.ir/article-1-1960-en.html

[ Downloaded from www.opsi.ir on 2026-06-20 ]

Olpl Sgigd (6)9l3 5 (owkiter (RS e d3l5d 5 Ol pl SEgis8 9 Syl (ST et 9 Cenn
VYA Crage 151D el eyt g o olStils

Jsbre 5| o9l V Loy sliy b 555 e iz o
Bloe Cavs 4 WLuST 8IS g B alyg, 54l
5 005 oanlie (5,5 slace (rr g98 <l ol 2 ogdle

D58 se & S o3l 5 (Bolai (5,5 plusd saibin]

PR

Sl ool Sl by sdg e Ghe,y 4 wluST SIS
Doz nl o LF] gt oo s (S50 28 ,0) St
Sl gy 2 L) Sy anl 05 1 ggize yiy &S
U peo oo &)l Vo0 slod coxs g oals 13 el
Ol 5o e S5y e obew 5y 4 Jole o7 o
a5 Wl LS wuluS] 3lF Slis wtdl

S pead | USS el sep cody Sl g, 51

ABS g0 olid 1y ea 3w LS|

Lal b Sy i b g el sl I s
oolawl ool oew oolo ‘S’Lw <5‘)'3 (UV-Vis)
ool o0t WY S5 58 LT ool @l oS 0
st ayls YAD gpm Job b (Sl ot ol i

CA.....:‘ o..\.oT Cawd

800 4
(a)
~ 600 3
S
s
| »
3400 22
2
8
Z
= 200 1
0" o . >
1500 2000 2500 200 300 400 500 600 700

Raman shift (cm")

LT S Gl ik (0 5 el i (Gl Y IS

wavelength (nm)

AYY lase o Bolal i) sdiges colu gl aslsl o

LLST 815 @ 1) B alog, Gy Jolome Voo (o

Ghgo 4 aS pl 5l e e o0 I8 pabloe e

AY¥S

FRRV-P)

b o el sbul b (Ahb b Solai gla)sd
aS Jyero sloyid D> 5 wish o aBle Jld
e oal ol g cdl Gl cely e (Sassly
2% SIS Ole 4z wsboe SIS CodS
5 e 075k WOk Sssd 5 S SBolal sle sl
3 0535k bl S e wald e ln | 65
5SSy sl

Lo jo ) 6ok oloy Goe g wams sl olai o

BRI wx o Bolas
s slp oY Cosl Galplis 5 WIS (o0 (S 0
Solas 5 (s cpl jo 0gh oo ool B ailin] b oo 4
s 0,555k b olar 50 1) ol g eng SIS adle
(P S sloooliig o WD sl e iy,
2l oo plo 4y Jld bazes (490 slatn slaadl> )5 )5
dos (o, SKE S plare @ badl> 51 o 5o
o5 ol syl olas byd S il a5 e
SEl laSTyls cilig), slade jo (Bolas (g5 Glwgs
L 5 e i sl Boles ) A 5 9
s,y sl Iyl Sgr welyr Sk Sl sl
S sl @ ol anie o5 5 eole jlew (Solas
sloyid 5o, SIS cale 5 b 4 gl
5 W Gy sbasixr (lye 4 plge Sola
(ool aiile gl )57 o by sloogs (350>

Ir] o5 eslisal (55 5 ol (s )l pnpas
35750k b Bolad )5 pleg i @i cnl yo
GBS Clxias 5 B naldy, SO, Jolxe jo (il
SS9 B elog, salaSS, Sl asd oo (015 wluS]
0S|y laome g oy lae lore 4 o B 4 wllS]
Wd o GLiS (0275 Glaoyp @S S oo ool
g SaSly iz bawgi fhe ouilig); 0)5350 &5

olai g5 Lol g ool el s wllST (315 Slxas

Db o ytwd B WWW.OPSHIT Colis jo a5 col jlael sy 5y90,0 dlis oyl


https://www.opsi.ir/article-1-1960-en.html

[ Downloaded from www.opsi.ir on 2026-06-20 ]

Olpl Sgigd (6)9l3 5 (owkiter (RS e d3l5d 5 Ol pl SEgis8 9 Syl (ST et 9 Cenn
VYA Crage 151D el eyt g o olStils

JoS b o5 slass Sl JBs 5o a5 oS (oo cualine
b 2l il g w8l o BT g )5 (5055 4 05>
Olyee a8 sl cpl Gl e o )ls oS ol g el e
slde lr )5 Glug byt s el 05l oy
SBz GYL polie jo Ll ogd e 0391 U3,
D LosE sl b Sl Al ok shaas (es (5551
bLmQT olawi j aS Wsd oo ol LS b (o sl
Sl S 5o 098 oo 00938l es (65, (S Sl
iz b Sl G L bles owilisy) v SO eald
ol Glp o oleg bys as el solas STls
R9d St Ghed 55l B 4z e Sesl oud 001
<l a8 plase cnlply 9 95 oo wal 8 5 S0
p Aol (0 S Gl wilei se s Wyl (68 e

I¥] 59 o 00933 6,50 slooke slaws

Sl 653 Glade o5 @S o onalie (nl p ogdle
bsoid glog brd ar foem 5 Sk o <L)
(@) 0 S 10 a5 aisFolen auiS o culd, S0,
g ae o cold, SISl Ldo 4 sl oals sols lis
bl 4 lae (o ool (Sligeen o Jline glidl
Syl 0939 N g cNFIEM? s 50 sla B
Sl oyt ol GRIPB S 651 sl JBs 5o Ll
Som SolBy 50 iy (6yueS CdlaS slaas 4S 04l oo
doae e o) e Gl Glp aS Glugi 5 sl
O JSs )0 050 Dygo Ve BY (go,leds 1 gl
aw 5l B aS S oo cdplive .Cowl o0l gy ()
blde jo digd oo ol YU slagy,l JBs o Lais
Ngd oo B3> Vb slas il ( JBs po 5 lase 51 (S
Ologs Il Syge 4 55 s Sl (oS Sl frizeen
Holai jid b &5 @08 o0 am (plply S (o
b)) &5 51 B omalog) S5y 9 wluST (315 Jolowos

.b)b S99 ‘_g))‘_:J L_gL(m,\.o O S wlﬁ) 9 Sl

9 1y ol Jslme wins o K0Sy 3 (e
Jolore diged SO oS o0 Jhiie glail SlolS SO
Dyl oo oolel alie g, 4y 5w s S, AVY MM

ow b3l gl

sads ool Hlas ¥ USE o Lislejl leduz 51 (glo oz ybo
b o3 ped Sisele Lawgs diged (558 Shes el
VeSS £ s b Sl Ve ey sl b NA-YAG
C S 4 dged g (owde gy ediee plxl e
Sy 5 6 Sl Grimred W5 o0 )13 55 s,
g ol JWl g dged lead Wb 5 pslaex
slosleiwl b ool jo8 cauds .09l co colaiul yiag mSiol

335 g0 o sl Jae i il @ 85 (5 gl

—
—

Nd-YAG
laser

| e —Il;
byl hilog pleaz 5l o ozl ¥ JSs

G 9 gl
slasipl S8 jo 1y dged 5l Jol> L2l s Tl
el ool ools las ¥ Sy s (65, S8

650

005 600

550

pump fluence (J/cmz) wavelength (nm)

Bz Sl b zae Jsb o 5 JoS il s oY S
e (555

Db o ytwd B WWW.OPSHIT Colis jo a5 col jlael sy 5y90,0 dlis oyl


https://www.opsi.ir/article-1-1960-en.html

[ Downloaded from www.opsi.ir on 2026-06-20 ]

Olpl Sgigd (6)9l3 5 (owkiter (RS e d3l5d 5 Ol pl SEgis8 9 Syl (ST et 9 Cenn
VYA Crage 151D el eyt g o olStils

do ool olaws WlusT 815 Ll KO, Jolxe cads

Bolad j5d owilis)y 9,055k (nlple o)l 0525 (5,5
5 LS S Sk Lo 5 Sy wx

Sl
2500 r r

—dye with GO
—dye

— 2000

3

&

>

£ 1500

c

L

£

- 1000

L

€

© 500+

560 580 600 620 640 660 680
wavelength (nm)

Jsloe g s Ky slodiges b sl sanslie Y S
Y em? s 5550 (JB jo aluST 315 5 K

3 ebsyy 0,075k b (Bolai (5,5 (b e cpl o
el Caws 4 wlST BT 9 B palsg, K5, Jglome
o> sl JBa je a8 o plas b s
VLo sy b i) e ooly sl il 51 5V
SRt Zolly g Wgd oo jall LS b o gl
Giged (bl ik a5 Sl 1ol vgzg ol
S )5t s iy, slone ol s 5,
0p Sy wx ol Belas jnd suls;; 905k

oz wal 3 BLuST 53lS Slomio Loy

g 5o

[1] N. M. Lawandy, R. M. Balachandran, A. S. L.
Gomes, E. Sauvain, “Laser action in strongly
scattering media”, Nature, Vol. 368, pp. 436-438,
1994,

[2] H. Cao, “Random lasers: development, features and
applications”, Optics and photonics news, Vol. 16,
pp. 24-29, 2005.

[3] F.Luan, B. Gu, A.S. L. Gomes, K. Yong, Sh. Wen,
P. N. Prasad, “Lasing in nanocomposite random
media”, Nano Today, Vol. 10, pp. 168-192, 2015.

[4] Y. Dong, J. Shao, C. Chen, H. Li, R. Wang, Y. Chi,
X. Lin, G. Chen, “Blue luminescent graphene
quantum dots and graphene oxide prepared by
tuning the carbonization degree of citric acid”,
Carbon, Vol. 50, pp. 4738-4743, 2012.

6000

(a)

5000 -

5 2
4000 F 0.22 J/lcm
2
Z i
E 3000 0.20 J/cm
< - B
© 0.18 J/lcm ﬂ
E 20001 ¢ 16 yiem? 1
(0]
0.14 J/em?
1000

560 580 600 620 640 660 680
wavelength (nm)

6000 : T ‘
(b)1 2/\3! -\4 5/6|7|89 10

5000 - \/ - AT
L M AN
_.54000 / i ! J\«//,r- g/\‘\:[\/\,
é 3000 :ij / ™ \\/ L}\f;\,j ]
2000 1

e

\_
1000

600 605 610 615 620 625 630
wavelength (nm)

Gl sl sl k;l§> 3 b @b (&) 9 (@D D IS

el 0sd bl g0g0e D90 4 e aled sl &S

S5 I i 5 Db JI51 P S o
Lol asbinl 65,50 B lade .ol oo gy oo
Gad JLS0l gels e .yl o caws 4 ¢/ F Jlem?
g ae o cold, Sl aslia] 51 YL slags il JEs 5o

el 0,4 Jldie gl

"
5 x10
% o
— [}
545
< o
2 4
2 [}
g
E35
°
2
=2 °
5 °
° o
525 l
o o
2
£ 2 00
o
o
152 - -
0 0.05 0.1 0.15 0.2 0.25

pump fluence (J/cm2)

s 555 JS e o IS S

5 LS 815 WL K sladiges ool cads anlsl o
oS (oo dmnlie ;0S5 L Ty wlusT 31,5 el S,
oS g0 0 line el ol ool Lid VS o dses
5o Ll cwl sl sloadse 086 Lo S5, b oS

Al o s BB WWW.OPSLIT ol jo a5 cuul [Lael glyls 550, dllie o


https://www.opsi.ir/article-1-1960-en.html
http://www.tcpdf.org

