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Laser-Induced Synthesis of Ag-Au Alloy Nanoparticles and the Effect
of External Electric Fields on the Alloying Process

Ehsan Ahmadinejad, Mohammad Hossein Mahdieh
Department of Physics, Iran University of Science and Technology, Narmak, Tehran, Iran
ehahmadinejad@gmail.com , mahdm@iust.ac.ir

This paper discusses the results of synthesizing Ag-Au alloy nanoparticles (NPs) using a nanosecond pulsed laser.
In this study, the colloidal Ag and Au NPs were separately prepared by nanosecond pulsed laser ablation in
distilled water. An appropriate mixed sample of these colloidal NPs was post-irradiated under a uniform external
electric field (EEF), resulting in Ag-Au alloy formation. The synthesized colloidal alloy NPs were characterized
using scanning electron microscopy (SEM) and UV-vis absorption spectroscopy. The results indicated that the
EEF could significantly reduce the Ag-Au alloy formation time. The results also showed that the localized surface
plasmon resonance wavelength of the NPs synthesized under a uniform external electric field was less than those
NPs produced apart from the field.

Keywords: alloy nanoparticles, electric field, laser ablation, Surface plasmon.


mailto:mahdm@iust.ac.ir
mailto:ehahmadinejad@gmail.com
http://www.opsi.ir/article-1-2724-fa.html

[ Downloaded from www.opsi.ir on 2025-07-25 ]

sl Ol yez g oA (ol Sgisd (559l 5 (et (ST e oz 5 Rl S 5 Sel (RIS (retie g Cenn

VEe o et VE VY il ol

&5 1,346 LT (Post-irradiation)sasee 2 b
o S e Jlasl bl 00l g5 0,5 -
w50 5 Sl Glase il ((ROGE (> o

ool )58 sy 9550 53l

Shale]
500 oo plas |y g yls posle J}%Lc)'—‘ oleaz (V) IS8
Syl OYY zge Jsb L NAIYag ;5 55, (DY o
& ol y Jo3 0 S badbgh Ve Gl Jsb g
53 S35 s, (il 58 55 e 55 pato oske gl 49
L2000l b sy a4 000 0.8 (p5ls L o)
el 00 s Gy VA g VY e

(I 36l s jslane 4 Galosl pos al>ye o
A 0,85 9 Mb Dly3gl 51 Vi) pem Cd b (bgline
SBI0E 950 (D)) S8 ledezr Bllae e 5 00
Y0 i ee diged Sl ol jo sl a8 518 susxe
2ol @y e Sle p Jo5 77 LS L ks ol
Jlasl b opizan ol 423,515 anlllas 5,50 ¢ o
oz 309 sl gs Gk 5l (So Sl el SO
Wgas U3 50 K0Sy 5l et alols L a5 pgeiies]
anlp o 5 (Sopsll Gl bl a3 Sl

el 48 18 2 050 (53l

s
Az ey ¥oj0 aS 0,8 M ol3gl pd> b
BRI IR WIS CRF AT S L SRRV R X
(0 Hley) wlaid ) )18 20 il 0,90 Ol )3gik 4" >
20 SalS” 0900 5 5 Mo 3956 Sgamdly 90 Jbo
zoo Jsb (2o il aado Ve glil 4 .ol ovalive L8
T Jsbo 5 (Redshiftyse s olole o isasdl
4 5 Sl ails Blue-shift) ol obul> Mo Sgedl
—oE plej Se lRIL wlowd 35005 e 4 (S)le

odls ,alb jloges jo iz Al G s ag S Ve U 00

-

dodo

JrsS BB Pl o Dls s 4 318 256l
63k oo )5 (plend 5 (unblide (S xSl (S
99 4 3l S jeka [V Y] a5 ls Galises slooe 5o
tbord () e adsd LB (058 5 leend B,

Djmso oO).g )15 O u‘)O}:L} )‘ =9 u:.._b ..\.,.]9.: u.@‘.‘>

O 5o alwlgSl olend dlge adgs o 4 g, i)
FUSN | f BV TR NN |9 PNV SRR C SV It
Oldgl i Cax (o slaby, olse (nl o

Sy ge Sl

Sl posle by, Sly3el i (58 slahs, 5l (S
(o) ol ol le laxs ,o (Laser ablation) 5]
— b )00 el )3l b mle dae SO 5o AT 90 00l
bgi j5d @55 @iz bl cpl 10 05 oo )18 20
22 oo 7y o0l maw jo 1SS 5 gd slrosyay wols
5 i) wBL YL (S oplwil a5 o ol axilisy
5 05edgy Do 4 plewdly gye o il p D)+
3 Sley Do CldS 5l ey 09 o0 ddgi oole mlaw yo
JEl J1 s dlewdly joe Job) asliglh oo wiz a4l e
3loads oaiS olge g9l slacls (ale ass 4y (55,
5 99850 Sbml (o3l slaadss 5 @il (o Jold) o
L oonsls )36l e taloyms il 3 51 50 T Jlss
Shdgl bg, cnl ,o LF] 05 o ol Jasin clale

[06] sxiee oy LB 0T 5 bl dous o538
—osle g, b s5LT hdgl adg sl slale o
Shdgl V] el a3 3 13 asdllas 3,50 55 ()l
& e i by 0,39 £ 99 5l (oS5 o5 3L
S oeas BB Seedly zoe Jsb o9 s b Lo
D 15595 5 (65 Zowal Gl 6518 ST 230 o
AaBl g y5d (g5 pro0le g, 5l ooliiasl b Tl e ol 4o
b g Zol 00 0,85 9 Mo (goolS 3956 adg 4

$9slS 0,35l 93 90 (pl 5l pattive > (10,5 gl


http://www.opsi.ir/article-1-2724-fa.html

[ Downloaded from www.opsi.ir on 2025-07-25 ]

Slgal Olrez daged SIS () Sgig 655l8 5 (st WLES Grend ez 9 (Il S 5 Sl ST el g S
VEe o et VE VY il ol

= ==+20 min
30 min
= = 40 min

Absorbtion (a.u)

— T T T T T T T 1
300 400 500 600 700 800 900
Wavelength (nm)

Olej 8 o2 b sl 4 085 5 Mo S35 pder el Y IS5
.

Gyl s oads 20 il 0,85 9 b &l )39 SEM by oY S
EEIERN O I I G I CHR (W1 g A Py

¥ UK Glae (F JS0) col a8 5 )18 o) 0590
o) as S5 558 Lo sad adys Syl
(ol sl YL cdale 51 o oldgl as glasols
2ol b gl oo cnalin ¥ SS o a5 jghiles
U gollae LT Jagia o3lasl o, ¢ Mo 3650 boglsea
Gl 3B Sloy IS L e 5 281 Lot ¥
ojlail g pde b sl ool adgi (6,55 )5 ol S g a8l
S S e g 3 oS 0,55 5 Mo S35l Lssi
Wlais ) 18 a0 il 0,90 4880 Ve e 4 >,
odalice (@) O JSo jo .cawl o ool las O JSi o

S g Jlasl 1 50 oS 055 00

()

9y 00u8lSLS

(<)

O3an

S35l adg gz 61, esle Lialejl Gl (Gl 1) JSs
oy s Post-irradiation iolej] ledus (o o, ¢ Mb

S e jpa 0 3T S5l
Qoo g Mb (38 ST D3l cdls pl yo S cul
s Ggedly zae Jsb b oyi b (55T ol 34k
2ol azilis cwloads Lo (5egilb TFY) i
(5T el Lags ces ol aslol 6 i ey S o
—Eye Jsb S 4 D39 (xlaw (90l 5o Job
3l 5l bglie oS (alan 398 o0 bl il sla
ol 6551 esdige (2L i Gl Loy s M
9o bl ogd 4y e g o e Sl )35k b 5
Sleogas og alie Jodo 4 ogd anld Job o
3B LT slasl woyi g M Sl 3gl il 5 s ylsle
255 515w Tl (Jbe 54l S5 0 ks
oloys S50 55l Gl plal 5 ey g0 2l
sl ol Gl 08 IS Wil 3T el sl

Dyl oo At (Seewdl zgo Job S L wax

o3lasl g IS conds adgy Dl gl ion axlllas Helais 4
(FESEM) (sivg, 9,8l oS ;eSS a4 ol 3436


http://www.opsi.ir/article-1-2724-fa.html

[ Downloaded from www.opsi.ir on 2025-07-25 ]

sl Ol yez g oA (ol Sgisd (559l 5 (et (ST e oz 5 Rl S 5 Sel (RIS (retie g Cenn

VEe o et VE VY il ol

G oa-viem I S asdh lae Gilidl b ()0 S
3o el @l als 10 &350 lawgie o5luil YO V/iEM
S35 2 PG b losan (Sl e 38l o
bR e 5 9IS e S (SN s
S L S i sgdiee gl (oSSl
@ by el Sl s gy S8 (e a5l 3L
Bk ol 315 5 e 5SS e3ladl Lyl 3

Il o 2alS oly3gik o5l

S S ol

U9y 4 0,8 9 Mb 36l (5lusldT anl b alis cpl yo
w8 18 aslllas 590 ailighl (cudly)5d b (g)l0 0 o0le
&3t anTp 5o (S Sl e 53l izon 5 o
2ol b s o lis mls casl ouls cwy g ps
3l aseiie Gy olass g5l 4y 0,5 g b &34k
Olee Jlosl (izman 0580 adgi oyi b g5
Oley Do &Sl ped (2oL > 0 (Sl
Sldgl LSis el wms o pals 1) g5les]

Dgb e JSsS

o2 yo

[1] A. K. Sharma, G.J. Mohr, J. Phys. D. Appl. Phys.
41, 2008.

[2] G.A. Sotiriou, S.E. Pratsinis, Curr. Opin. Chem.
Eng. 1, 2011.

[3] P.V Kamat, M. Flumiani, G. V Hartland, J. of Phys.
Chem. B, 3123-3128, 1998.

[4] T. Sakka, S. Iwanaga, Y. H. Ogata, A. Matsunawa,
T. Takemoto, J. Chem. Phys. 112, 8645-8653,
2000.

[5] M. Mahdieh, B. Fattahi, App. Surf. Sci. 329, 2015,
47-57.

[6] A. Momeni, M. Mahdieh, Laser Phys. Lett. 12,
2015.

[7] K. D. Malviya, K. Chattopadhyay, J. Phys. Chem.
C. 118, 2014, 13228-13237.

[8] R.K.Swarnkar, S.C. Singh, R. Gopal, Bull. Mater.
Sci. 34 (2011) 1363-1369.

25 4
20 .
g [
%154 .
g )
«
E: 1
Z 10 ®

5 T L T 3 T * T ¥ T

0 10 20 30 40

Irradiation Time (min)

@b slagle) 1o 0,8 5 b Sldgl lawste ojluil ¥ IS

- (ally —_0
1.0 H 50v/cm
) 1 —-=—100v/cm
. 474 e ”
& 0.8+ 4 5322 e 250v/cm
':é 0.6
g T
< 0.4
< J
0.2 -
0.0 T T T v . 7
300 400 500 600 700 800 900
Wavelength (nm)
20 (<)
18
E 16+
£
g 14 4 [}
2R *
% 12 4 ®
s10-p
<
8 -
6 -
L T L T . 1
0 100 200 300

Electric Field (v/em)

0,85 oMb &ly3gil Lawgie o3l (0 5 (e cinbs (Gl :0 S

Sl Gl jeas j0 aaBa Ve boad oo il
L ooyds b (5LT &l,3g0 «(0-viem Jslos) >
S o sl o 0dgi gl YD Sgewdly zoe Job
Blas> yley waw o 5WT SLdgl ¥ s gollas a5
g BB () (Sl plaee Sl o adds Y
Gk 3l SoaSl plase a8 cl (b el ol cde dog
Gleaisy Sy g Dldgl 4 S S 69, Jlesd
5 M oo SaS gd anld 4 5l 65l LS e !
b 3950 (a8 oloj e 53 SLIT St ey


http://www.opsi.ir/article-1-2724-fa.html
http://www.tcpdf.org

