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Abstract

In this paper, Z-scan technique was used for
investigating the effects of media polarity and
concentration on the third order nonlinear optical
properties of azo dye solutions. In this case, a cw
mode laser at the wavelength of 650 nm and output
power of 70 mW was used as a single excitation
source. The experimental results indicate that reverse
saturable absorption characteristics of the sample
depend highly on the media polarity and
concentration of dye solutions. According to the
findings, by increasing the concentration of dye
solutions, the nonlinear absorption coefficient of azo
dye is increased in three different groups of solvents.
High nonlinear absorption coefficients were observed
in solvents with high hydrogen bond acceptor ability.
Therefore, by selecting a proper solvent media and
setting the concentration of dye solutions, a simple
method for controlling the nonlinearity of selected
azo dye was provided. Moreover, the selected azo
dye with high nonlinearity and reverse saturable
absorption characteristics can be used in optical
devices.

Keywords

Z-Scan, Azo Dye, Concentration, Solvent Polarity,
Reverse Saturable Absorption.

*Corresponding Author: mahsa.sadigh@yahoo.com

o>

5 Lo e 1 gl Z g)le B9y 275 58 ol
W) 9l gladslne pow 4o (Jadpé ()9 Gl gy clale
650 zgo Jobo b sy s )3 S ghaio ad 41 ozl 3l
8,8 ool ayse Sy ke T0 (298 g g segl
il i sl S5y < Mmde s ot pll slasSosl
cble § M b coudad 4 luad ond edliinl 4055, woeSae
2ol wdale il b odel cund 4 guls wlely Conl dialg
)‘ A_:5La.m 0915 dw yd 0D o3l 9)] 4‘&) u‘a>)...c ERTS
ey IS5 & b 4 b GG ead Sl s M
sdalie (fg)hn Ngn 0kpS (Do dlabase )3 (i Ol
9 o b calie QB b 025 ) nl 3 cnlple 8
Py iy syl U8y S Gl sl gy S plgie clale
2390 5931 4S) ogdle & 2,8 )] s oolitl 3,90 (g5l 4SS,
oegten gl Qo la S 5 (bt e Sy palie b L

29 odliiwl (59 Slgal ALk yd Wilgs o

Suls™ o7 319
S gldl Gl (M el e lale o]l 4155, Z gl

Grdio 315 Lugs [ ghanno Dk g *


mailto:mahsa.sadigh@yahoo.com

1396 - jlal ooz (2b) Jgl o5led epgd Jbo «Siig iSUlgnl aclibnd 22

S 4 el e asse bl < ol o
P I e Jolo S Nlgi e (reas sadisS
[8] 59 Cogucmo bl (Sjglsm 5 (bord (Sujud i3,
B 58 Slidos ilise slaeg)S dng 3)90 3] &S

5 9] Llsy e 515 il (gouxie gl b,
[12] 5o dw bYs) J11] 5Sas zge oz bk J10
s Shy pSoilul lp [14 3 18] Z Cgle (g, 5
Ole > )13 3929 (Sl dlge pow ape (s e (St
S lge 4 Z Gyl by 0590l 0rd S5 (sla g,
Sxeliuibse yobo & plus g ol Ggin S5 by,
9 095 po 4 ye b pd ()98 Gl i sl
4 Camd Vb hy) Coje nete 9de edlitl
oy cpl )l edlael b oS sl pl K sla b,
@ ey Gulpo coMe 5 (Shi plojed sk 4 plgie
Dol Cawd 1) pow i pe Jad e AS

bie Coplad Sl w28 )8 ol ) S
pow aye (adnd (5)5 Fwl sy cbl P
ol 3 ket (e 4y Cal 9l 09,5 3l I (glaiSS,
b 156 oyp sl Z Cojle oy jl 228 S
bt 65 b Shy gy cbls 5 (Db ogli
g o3l i 3590 531 4S5 pgus aiyo

CRTSERY
L (Basic Blue 55) gl 4SS, <o 025 )8 cpl 2
D o oy L S yd o o3l L olews sl

Hicn S
N _CH3
\CEF\E_ N@—NH .

CH3z
CHa
s o3lizal (g3l €5y (lomd 5L 1 UKD

5 1070 lackle | L 3,00 dig05 polaio (en &
aoloys e 65 5 Jsibie ol sy M 53 ;Y0 1073
2y ooas o (1 Jge) oglize cobad (glajialyly L

A0Ad0
S SRy co) slops cllas 3l glale
sl &85 g0 Slga Sl (g 095 (Jadpd ()95
Ciy A A A Aty ol g cws s
iy b ps GWpd (egrge g (i laciend
5 Sl ple )3 pltienl Jds 4 cuimd oo JoSut5 1) pow
Vode aBld wre (Sl yebl 93 Gl 4 Siigish
ooy ol Gl b odhia oren 4 [4-1]
S5 sy o b @olse Bl lodps
e 0ls Lt Sl Canl 45,5 oy Y b i
o dlisl (Sy5 et ud 6)9 gl b 4 I
Olgie 4 Wlgiee (alend 5 )l ilul g Vb )3
2 b3 g 65 ool adlae gl ot sl S
g by las

5 cbals ay Jlolge oad (6550l 6)58 Slogas
b Il olge )l (St iSOl 2 & e
St Glotee Olgis 4 Wilg o pasuie clale
On ONS may yS )lE I bl 9 5pedd
OSes Sl S )15 o] ) a8 a5 (sl JsSUse
bt g (b )9 ol )3 ¢ pKedda e 4
25 e lgf]

Jolomo o )3 (a5 lo)ls iy & gl
Sl & oo glye 4 Pl 0pSe Ojp0
and &y ol B alesd (S5 e (sla Sy
L) (Sl dlge (ol 5 (038 )8 5 |y (oree B
chele Sl ol M S bl pplply WS e
[5] 22 ot 3 plos) (365 5 oo )3 04118 (s

2 I 5l gy lod s Clalllas p31 slaJlo
sl 485 Ojg0 il Slge S )9 s S
& Yyane Mo Ol oy aimde (s o)y
(I el >l JSdie lagee Dlge 2 (b i
g Pl bl o dile i ey
5 Sorsd e > (6pSede Gl Slg oo ogd
s 4 g 038 Jloel oigd o slaySge (ooiin
75 6] 55,5 yocto Ll (St slo S )3 (s pSai
350 03lo &8 Mo Lo sln Shg 4 diu 0gMe 4
55 0kisd o ol clale 080 I ol 53 e
S bl oxigd o o3le (6)98 gl )3 (eoten SR Slgioe



23 L b i s s S hs sy Chle g o Colsd 1 ) (G 513 9 B pIL-

903§y b (ol )3 &5 sl S5 LB S
Fo Blo p ly 4679 sy 4 4oyl jeS glas

sl 09,50 24 5 20

b
bt e SO IYL Cud b 5 $ SO By
I J ald 318 pReuie Olyusd ogMe LS 0 jaue
Sl cups @igo onl 3 0pS (0 )lE b cos

Dede Gle y) ©oge & OAd 4 dluly

a=ay+ ,81 (1)

RV L)L'»'; W)J LY I 9 B Qo O \ij 4]0.3‘) ).)
Cla cups i Clo cups (S Clo cops
Al (639,58 65y GAd g pow Aipe oSyl

Lens Sample

EN

ol odliiwl sla M slo S3s.1 Jou

Solvent

& n o B *

Water 78.4 1333 117 047 1.09
DMF 38.00 143 0.00 0.69 0.88

Methanol 32.7 1.329 0.98 0.66 0.6

GxSoiul ol byt 9 fel £ ogloslens
g 0

oylaus Jodo 50 oad ooy L sy 9 sl el sl
b oy ol ey 4 T 9 B N e
2 I QUlg gl sl o ps oSSl
2 M Gl 1 ebee Sigpn Naw (S
[ Sabdsy | Gl 5 Siorkd Nom (S¥uS
5] s o ool S M (gl yiulad

Lens

Detector

5L &59) Z gyl 28 e 2 KW

bl oas odly plis 3 JSi > a5 job e
dail )3 (5)pe s SAD plS SLbI > dgel )l
ol a3 culply sy e 295 ke a8’ 4 (S
e cadle b (I Lo 4wy > ok odlial
3o Ui |y ogSae gludl ol oy
b @l 4 ogbie o3 3 JS5 0 &5 )b lea
32 eogliia s |y 0 At (sl Jolore calé il
slie ) (§pSada SliudS & g ol 03938l 0)3 Bes
Ly 2pdee e pyw ddpe bt Ola calps

i) sl 005 0313 L5 2 S5 3 45 yobo lan

955 olg g egl 050 g Jobo L oge> ,5) S
10 5ol Aol b wie K bwy ©ly e 70
Dpdiee SPE S )50 dged gy p e Sle
OByt b (dad 8 lams I (g)0e )98 SAD s
39 Olee )3 (e Sl amibo & Cud L diges
P oy ol 4 0gb g0 (6505051 ST alewg &
Z e 5l (b e ST gl S e
P diye (Jad e Ol colps g oad (o pSolul



1396 kel ooz (ol) Jgl 05led epgd Jbo S yiSUlgnl aclibnd 24

L&

2. Methanol
3. Water
0.00001 M

MWormalzed Transmittance

-10 5

(=
L

1.65

1. DMF

2. Methanol

3. Water
0001 M

Mormahzed Transmiltance

-30 -20

1. DMF %'

al

(8]
—t
]
[y
(8]

Sglite cdale b cilise (Mo sla Lases 3 5l alSS) (ad Ol ulps dnslre sl b €559, Z Cgple sla e 3 WS

931 Wgad pyws ape (S 5 (b Gl calps 2 Jgoa
slacdale b Joilio g dsloyd o (63 «ol ) o odlizul

Oglase
Solvent ao (1/cm) B (cm/W)
0.00001 M
Water 0.736 8.31x10°
DMF 0.391 4.35x10°
Methanol 0.437 3.75x10°
0.001 M
Water 43.608 1.17x10°%
DMF 30.659 3.67x10°®
Methanol 33.833 3.14x107

5 ony S S ery Bl 38> )y jskle 4
ulp ond ddllas dges (b pd )18y (55) (oges

Oy I b aw 2 0 ety Qlo el
2 pdlie cpl sy o ol 1y Jelite polie (Js sl
Ligd g 032 gl

Cupd e Cpyidn odel Cund 4 b wlely
odalio doloyd Jiio (63 S )3 (sSan gludl i
bl @ Josx 5 o @l claodly glae 398 0
bt Gl culps plis 59y 6 pSaiis il e
Sl M iz 0g)5 dw  agles pl )b
ol Pedie (3B Je¥ge o Colite laiS e
5 oNgd Jo oo slasSlse sl iS oay
s SBUISery £ 9 4 le b JeSge
ohy 5 (obg> = obdg> ¢l gy - hsg)
Sy on mands (35910 Bgn «JsSge (1953 )b Jlis)
P EpSedy Ol & Slg e 355 phew & Supp &S
D9 e 0ab ol (g5l 4SS, s pd 6y58 gely



25 b i s sl Shs sy Chle g o s 1 ) (G 513 9 B PO

ol b oo o 4 IS5 > &S b e
bt wule 2929 L okigd e (sl JoSge Copnax
bt Ol culpe polie ) 6 pKeds Gglis alie

0.00008
- o
= ;
8
B
o
= &
o .
= = 0.00004
Bt
oo
e
E
= n
0 0.2 0

Mo candad ol ol )b s odal Cowd 4y ad e
Sgdise oy (1 Jgiz) €86 - s

l

0.8 1 12 14

Solvent polanty parameters (w.fi, %)

0.006

L |
L]
(=]
(45}

[omd W

Nonlinear absorption coefficient

(=]

2

0.6 08 5 12 1.4

Solvent polarity parameters (o, 7¥%)

107 M (051075 M (Gl clale L ols gl (sl M conad (sl il o (b Qo s it 4SS

ol 0 b e odbline i M slalaze
@ bgye (b Ol lie i b
Nom SV i bl L DM bl
sl (579,00

odle oS dblsl laso (gla S 4 atuly oplpls
o po ul)».a 035945 J> oolo e u,ul)sl L 0 gud J>
b GBI s Sl

S 5 domi § Som
Slcadgizxe § (Saom 329 bo2p2s )8 ol o
S5 twh @Soilul ly &5 Selie (gla iy,
Ol 4 Z oo)le (Be) @) 325 (Sl dlge s e

b ool osd oaly lis 4 IS5 0 &S b len
U5 9 P i [ Sy oy Gl
bt Cla calps (Sigyie Sen (Samd ) M
by subie Jlod piald 4 oxigd > odle pow ddpe
sl (Fiopden Ngn (W5, P Uy Gl
W) oelple b GRIBL ad s Qo calys
5 O S ol b ol slalaoms )3 00 adlllas (o
Do slabio 3 g s pé Qe palie 8 T
&> Wb (B) o Ngn S5 Syn 2y L
35 1) (s Gl lie cppin deled Jte
A uL*-’



1396 jlal dvoia (2b) Jgl oyled epgd Jbo S iSUlgnl aclibad 26

Sioli8l b osgMe dy amd o L g5 I aseleyd it (63
2 ey Ol 0digd Jo odlo (slaJgSge Cume
ul?wl Ll u)l)JL) .)9»4@ odnlie L;\a> )...C wl).p Ul)“"
J5S Gl ool gy G whale g I baore conlio

By oxs sl d”i WSy pow ddye Jas e s,
D9 0

b oo ool auS) odel Cund 4 @l 4 a9 b
o Shy 5 pow aye (oS oda VL olie
Olg 0diiSdgime S leie 4 Wlg o weSme gluil
Bl awsly 1y (Sl lgal jo 0 )5 cubls (g9

References

[1] Parthenopoulos DA, Rentzepis PM.
Three-dimensional optical storage
memory. Science. 1989; 245(4920): 843-
5.

[2] Mathews S, Kumar SC, Giribabu L, Rao
SV. Nonlinear optical and optical limiting
properties of phthalocyanines in solution
and thin films of PMMA at 633 nm
studied using a cw laser. Materials Letters.
2007;61(22):4426-31.

[3] Denk W, Strickler JH, Webb WW. Two-
photon laser scanning fluorescence
microscopy. Science. 1990; 248(4951):
73-6.

[4] Mukherjee A. TwolIphoton pumped
upconverted lasing in dye doped polymer
waveguides. Applied physics letters. 1993;
62(26): 3423-5.

[5] Reichardt C, Welton T. Solvents and
solvent effects in organic chemistry: John
Wiley & Sons; 2011.

[6] Sadigh MK, Zakerhamidi M, Ahmadian
SS, Johari-Ahar M, Haghighi LZ
Environment effect on spectral and charge
distribution characteristics of some drugs
of folate derivatives. Spectrochimica Acta
Part A Molecular and Biomolecular
Spectroscopy. 2017; 171: 10-7.

[7] Sadigh MK, Zakerhamidi M, Shamkhali
A, Babaei E. Photo-physical behaviors of
various active forms of curcumin in polar
and low polar environments. Journal of
Photochemistry and Photobiology A
Chemistry. 2017;348:188-98.

Sielaibse yobo a oluo 5 o3k £55 S5 gy S
bt ol cdle 5 (Syh xSeilul il
15 oslil o] 4
adlhao (go5l auSsy & wimd oo U5 odal Cawsd 4 ol
locdale | ol clalame Gilisko 09,8 du ya 5 ok
S99 b i o (LS Ty pogSine gl Do ] glite
clizee Mo bl (b Ol e &S5
i colyd polia Jy il s lite sl dlé |
Cymor 5 baee Colab 4y luad ool Cawd 4 oS
aolllao (g3l 4SS, sl dtanly 0kigd > odle (gla J5SU5
Pl pee Ay hxd Sl pdlie (pyidn ead
le (g Sgn (SHxS Uy VL L ol

[8] Oliveira CS, Branco KP, Baptista MS,
Indig GL. Solvent and concentration
effects on the visible spectra of tri-para-
dialkylamino-substituted  triarylmethane
dyes in liquid solutions. Spectrochimica
Acta Part A: Molecular and Biomolecular
Spectroscopy. 2002; 58(13): 2971-82.

[9)Moran M, She C-Y, Carman R.
Interferometric  measurements of the
nonlinear  refractive-index  coefficient
relative to CS 2 in laser-system-related
materials. |IEEE Journal of Quantum
Electronics. 1975; 11(6): 259-63.

[10] Weber M, Milam D, Smith W.
Nonlinear refractive index of glasses and
crystals. Optical Engineering. 1978;
17(5): 175463.

[11]  Friberg S, Smith P. Nonlinear optical
glasses for ultrafast optical switches. IEEE
journal of quantum electronics. 1987;
23(12): 2089-94.

[12] Adair R, Chase L, Payne SA.
Nonlinear refractive - index measurements
of glasses using three - wave frequency
mixing. JOSAB. 1987; 4(6): 875-81.

[13]  Sheik-Bahae M, Said AA, Van
Stryland EW. High-sensitivity, single-
beam n 2 measurements. Optics letters.
1989; 14(17): 955-7.

[14] Sheik-Bahae M, Said AA, Wei T-H,
Hagan DJ, Van Stryland EW. Sensitive
measurement of optical nonlinearities
using a single beam. IEEE journal of
guantum electronics. 1990;26(4):760-9.



