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Effect of Aaluminum nanoparticle size on the linear and nonlinear
optical properties of Polyvinyl alcohol(PVA)

Fatemeh Naseri, Davoud Dorranian

Laser Lab., Plasma Physics Research center, Science and Research Branch, Islamic Azad University,
Tehran, Iran

Abstract- Effect of Aluminum nanoparticle size on the linear and nonlinear optical properties of PVA film is investigated
experimentally. Aluminum nanoparticles were produced with using laser ablation method in water. In order to produce

nanoparticles with different sizes, nanoparticles were made by three different intensity of ¥, 1,4, and # J/cm” of Nd:YAG

laser at 1-£F nm wavelength and ¥ ns pulse width. Then PVA solution was doped with the equal amount of nanoparticle to

make three thin films to studied effect of Aluminum nanoparticle size on the linear and nonlinear optical properties PVA
films. Z-scan method was employed to measure the nonlinear refraction index of samples. Results show that with increasing
the size of nanoparticles bandgap energy decrease and nonlinear refractive index increase.

Keywords: Aluminum nanoparticle, PVA polymer, Z-scan technique, bandgap energy, nonlinear refractive index.

VYYY
il s B WWWLOPSILIE ol jo a5 sl jliel l)ls g0 4o allie ol


http://www.opsi.ir/
https://opsi.ir/article-1-828-fa.html

[ Downloaded from opsi.ir on 2026-02-04 ]

Slpld sl sl canilie aspd o)l p il
Oldgl wgline glacdale L PVA ol ooVl

RO PRVt N PUCION |

o lo3l-¥

PUTSUN| BN YT
i) 5l eslinul b ot ojsy ol o (3,37 ewiees]]
Job 51 odsil adss sl wiload piw ailish (ol
goe Job b Slmoss b ) S ol e
amio 5 ooliiul ailigh V Gl Jsb g yiegli V- $F

Ambo jgwgdS  lawg

ool 13 03ig ybgs ol (Ggimme B,b S o s‘*"""?ﬂ
Jodo e85 3 5 g B CoS e g 0
sl Sogll 055 5 T YU Losls o5gs ol 5l oolarul
5 las ayymie la Sogll 0459 il o 65U o3lail 5o
50 ioden # y5) rsys AS) b s5bgn ]
9y rosilo A G55 alold 4 pwae S lawgs oS
SBan (gg, ol il gl o 35 e cs"*““'ﬁﬂ dxawo
5135wl aigai jo 1 05 e e VY sorias]
20,5 oo odlaiwl T s e Yoo yo 5 (b waily
FegSae Yo 09> (0 ceniedl] G (g5, aST ojlul
60,3550 wiges ¥ o sialej] cpl 5o .l 0ol dwle
208 i b 58l daliBee Al YL paiedl|
L1y ohdgl plo cul onds adgy wad lo )V Joo
o5lal  Dynamic light Scattering(DLS) ;.JuT

.Mloola Oled ¥ Jgaz 0 38 I)OT as Ms)f
DLS 55T 4 a>g5 b &l,3050 ol juis 1) Jgam

Sample | Sample | Sample
Sample number \p Yp vp
Alem”) ;5 Sl ool Y N ¥
SPR(Surface Plasmon
Resonance) v-q YaA Yas
peak position (hm)
Hydrodynamic size
(nm) VA 0 ANy

6l g o5 )l PVA (LS (gilueslal sl
e S g0 Jo shaie OT 2 e Yo 0 1, PVA
o207 C ol a0 o cels ¥ Gas ]y Jolore
Voo hie mle ey gilueolel Iam e
e pocks s Vo 201 sl (50,350 2 s
a0 0l o 1) belre (pl 5 ouiS oo a8l

YYYA

St S e oKssls N YAY oLo..{O YO LYY

doddio —

Pl S 4 GlodynS axg p3l slale o
3 Sl Glop 5 lpy e cosls Loolge
Cloliws Cais ;o (60,5 sladaly glp iz
shls a5 aiis (golge o 40 wlbls )| alis 5 (S
L A8l g 5 53 ot el Sey] laini
(fomas layedy aile (JI olge a5 CiS g o
oy 0,8 arid] oiies sole ez slls
5 Semtl ool 5 et el D39 4 eytas
Pl san w il o b ssiiee lagl (Sl
o)l L3l 4 oan VT (gredly slapld Sl
a1y gousin 5lge (lg5 0 PVA GLlse 51 easlo oo
Pl s Wl 0 Wl Do 4 o2l o
5 el sl glas Y 8 0ed o el I Saies
S8 eolatwl 9,90 Sloo S jeb 4 (SO Sl
[\]o).f

h Sl zge S 4 osle So (ot e Sl Bl
Iy oole yiudnd .o co by oole iudad L
Sl b ) Syge Ol

,» P(®) = xOE + xME + xME + - )
SorSIl g s i X ol joas b e Slalxe
@ gbliie zoe (S Gl B aiiis ool
lizs slge j0 AV Geeni slagds; Geolel 5
Log ool @) jgome p a5 cuwl Z-SCAN iolejl
g > polis Gl &5 Cul ol Ed jpais
'[Yﬁ\‘]‘})jj Cewd ‘) XYI SOFRg0

Beamsplitter Lens Sample ’
Nd:YAG laser . | 9 o
v » : H ~< 2.8
— i

| 2 |

Reference
Detector

Z-scan yiolejl leas ) IS

Ay 4 oad bl sla bl s dlie cpl o
Coyd e g SpSojlul Cas Z-sCan oSS
Py Ay heh ity L &5 N (s pd cuSs


https://opsi.ir/article-1-828-fa.html

[ Downloaded from opsi.ir on 2026-02-04 ]

a=1In(T)/d D)
dy some b T i copo o alaly opl yo
5o b oo ol v oY pl aS Cnly diges Cawlius
5o Oldgil ojlail alS b 0uiS oo cdplice i iyl
ol @Bl ioli8l S el o Gds e bdiged
g oo pRed> ool il UV asl o a5yl >
Gl g wales ladiges 5l i jecdy @i Gl
O rSIO0 B O g 50 ladiges iz ad Jlages

g oo 0dpline &g

5L PVA _
—=-Sample 1 ;

a0t —Sample 2 /’
——-Sample 3 4

N o
(=] (=]
T T

—_
(=]
T

Absorption coefficient (mm™1)

1 15 2 25 3 35 4 45 5 55 6
Photon energy (eV)
S35l sl aky 5 5 ok i oy Jlages ¥ JSS

Sl B 5,50 sl sil5 5 ooliiul b sy al e 4o
LF] 6 ol @ollas orid 3 o5l 1) Sl )dgt

aE = B(E — Ep)M )
G5 o5 By NS 4y b coli B oalal, ol o
28 b i) BB g9 4 bgpye (6 My (Sl
Ol boadlios Glre e b 5lne) 057 298 5 (pufinse
225,5 U> MEVY e e 35 gl |, alay]
iz ad Y caspae’ Jlga alal, ool Gl
2 ol s 5l Jobo o5 wlioo Conoty (ot &j50 4,
Sl BB gy ol ) el Sl SIE g5
1545 130,5 acle |y Sldgl a4y oan¥T ol yarly
ol Z-SCAN . iolesT 51 solzw! b .ol ool ¥ Jgo
0¥l (gloyarly (b3 b CS o 655 o3l 4,
Oialesl ol 5l oo (655 ojlasl bt ees,S Oly3g5k &
ol ool F g ¥ Jgoz 50 g oo ools ol B S o
Rl gy 35 6T Jore ay dged (Al Seap L
[0]og5 o diges o Self-lensing 4 oo ¢ asily

rd ol ol @ de g b bediges Al goae polie Y Jgas

‘ PVA ‘ Sample ‘Sampler ‘ Sample ‘

ARA

= 0l ]
0.3 ==-Sample 1
02 ——Sample 2 | ]
01 —-—-Sample 3 ||

St S e oKssls N YAY oLo..{O YO LYY

0 ol 5o ey o el SO Soe 4 ol 5 sl
slasds gamao g5, o |y Aol aiges 5l od Lo
w0 syl Shaie Ol g JSII 5l soliiwl b WS oS csw
laplsd oS oo S G sl 0 5 mnyse
olKiws 3l eolaiwl b lediges 31 ulSsil g yoe il
sl (5 Sejlasl Varian carry 0. ylogids 1Sl
ools Liales Z-Scan islesl plesss ) Ko jo ool
s.iu}n)hb 9))4 L wJLA)T 5 o..\.').._i»‘).’ & RGO PR
g5 Jsb > NA-YAG (CW) arssy z5o 55 poo
o S V3L ) 65 Sl 009y yegll OYY
Aol b 53 Aoy & 4535, S Gk Ll )
ko Job 5o sk Bas 9, Fe e Ve S5
all Glyr g e Hlade Sl lp maplss 9
)5 diges S, ol a8 ,5 18 solawl 050 3]
oo pll g Ko amio Gl eolanwl b ioles]

] 0393 yio &m «/IA d._;)j) )Jaﬁ S|

o 9 -y

Sldgh 4 ooVl sloeddy e b slaloges
Gl o8 pgal (el oads oals L ¥ IS [0 pudoesl ]
Sroaly slopld jo r"-‘-’-“"?ﬂ 134l ojlasl alS L as
ol ol Jdo el asl palS beld jee ol
Ak g (SaSTy e Shdgh b Wl e
sbapkd ;5 sszse D35L Lawg lapygisd (SwSTy
S waly> e jone Oliee ol Sl ol

800 400 600 800 1000 1200 1400 1600 1800 2000
Wavelength {(nm)

039l ol pocky 9l perky sees b Jlages Y JSCo
Sogee b 655,54 5 el (98 5 eolitul L
@255 dslme 5 abal, 5l ) o] Qe cib w356

Sl ool ooy yiules ¥ SS j0 a8


https://opsi.ir/article-1-828-fa.html

[ Downloaded from opsi.ir on 2026-02-04 ]

ATsAq , Leff sl el )by yolie ¥ Jgu

PVA | Sample | Sample | Sample
) 1 ¥
AT SEYYY | - 00-f NN < FEEA
(arb.unists)
Ag VAOYY | v #vY VEAVY VYeva
(arb.units)
Less X £ £A o4 0,5 oxY
V- "Y(mm)
Ny L;U:)La‘)l.; )ieLS.a -f Jgaq
PVA | Sample | Sample | Sample
) 1 ¥
ny X V.74 “YA- -Y&A -Y,00 - XY
(cm'/w)

LT 0550 50 a5 008 oo 4 39 lasySoslul
lagy] lslp day] ojlasl §l L lydgl ot
» b3l ple el L az 51 (Gile 4 o)l Coenl
I3 Eyoge oal s ol il Ll My Lo sl
s il @ age ) bl e ladigaiys ldeil sl
ol e Sly30 as e ples jo ax il 4 col

09 s SuSTy (lie g wdbioe gl 5,8 ©,08

&1y ¥

[] M.Baker, et all,” A review of polyvinyl alcohol and its uses
in cartilage and orthopedic applications”, Journal of
Biomedical materials research B: Applied Biomedicals.

Y)Y voL 4994B,ISSUE * +.

[Y] Sheik-Bahae M., Hasselbeck M.P.(Ed.). “OSA Handbook of
Optics”. McGraw-Hill Y« + +. IV, chapter V.

[¥] M. Sheikh-Bahae, M.P. Hasselbeck, “Third order optical
nonlinearities ,in: M. Bass” (Ed.), OSA Hand book of
optics, vol.£, McGraw-hill, USA, Y++), pp. VV,¥-
VV,YA,

[£] J. Tauc, R. Grigorovici,"Optical Properties and Electronic
Structure of Amorphous Germanium", physic. solid.
(b),Yo (VAT Yy,

[°] M. A. Quasy, P. K. Palanisamy, “Z-scan determination of
the third order optical nonlinearity of organic dye nile
blue chloride”, Mod. Phys. Lett. B, Y+¢1¥YY.AyY
(Y e T)_

[*1 R. W. Boyd,” Nonlinear optics”, Third Ed., (Y * * V) chapter
¢

[V1 J. Zyss, “Molecular Nonlinear Optics: Materials”, Physics
and Devices, Academic Press, Boston () 14Y),

[M E. W. Van Stryland, M. Sheikh-Bahae, in: M. G. Kuzyk C.

W. Dirk (Eds), “Characterization Techniques and
Tabulations for Organic Nonlinear Optical Materials”,

Marcel Dekker, New York, p. 10 (Y43A),

Mormalized transmittance

YA

St S e oKssls N YAY oLo..{O YO LYY

s — Y N s
ok
5

(I/em”)

S TC I TE 2 BN

Sk
Q%)

FAYY FA

ooy B oaluly 5l osliiul b s canSd cu s
S 5B Jasl Ag maedob A akaly ol o ‘Ji]cs"
Soo Jsb Lerr 9 085 9, oid o I (s,
Mo

- YTL’I.Leff (f)
53,5 (1,519) Jaws & bLes self-lensing(coie) ace
Wyl S5 alols 51 LS j90 lagly 9, » $p
3w e e (LRl Gl 1) jee Jlade ol b
oy @lyys [Plassl o 3lis) LugSae Sl gilS alold
FSZ5S o] Cules a5 olKs diges Jas d CenSs

Ny

S oy 1y ol il 35 50te 5 Bln Jsb )
se5 Sl alols gl ste Jsb b 3L owos

14 . . . . . . . .
o O PVA
13t o f s 3 -
o ample 1
121 o s O o Sample2 | |
a §8 o v Sample3d
11} H v'p |
oy a
1la¥ Ve, __
v O ¢
09t 80 g .
P
| §o o8 |
Q gog” eV
07t Yot 7 1
0 8 6 4 2 0 2 4 6 8
Z{mm)

Wgad ¥ gl aty 4354, Z-sCaN logai :F S
odd ol £ 50 bl b cus i @ Lepp 5 A polis
oy gald o jeue oud pYley Ol AT AS col
Cawlis 0 g Gl copo @ Wy, L Z-SCaN loges
TAgV]asl o lnaigas

AT
A(p - v (r0)tTe ©
\—e~ad
Lepr=— )

10


https://opsi.ir/article-1-828-fa.html
http://www.tcpdf.org

