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Synthesis of magnetite nanoparticles (Fe304) and study of their optical
properties

Fatemeh Alavi and Esmail Saievar

Condensed matter Physics Group, Department of Physics, Tarbiat Modares University,
Tehran, P.O. Box 14115-175 I.R Iran

In this study, magnetite(Fe;sO4) nanoparticles with a size range of 40 nm were prepared by the modified
controlled chemical co-pericipitation method. In the process, surfactant (sodium oleate) was used to attain
ultrafine, nearly spherical and well-dispersed Fe;O, nanoparticles. The size of nanoparticles were
determined by particle size analyzer. The magnetite nanoparticles was characterized by X-ray powder
diffraction (XRD) analysis, scanning electron microscopy (SEM), Fourier transform infrared
spectrometer (FTIR), UV-Visible absorption spectroscopy and vibrating sample magnetometer (VSM).
The results showed that the Fe304 nanoparticles coated by sodium oleate had a more uniform Size
Distribution, smaller size and better dispersion than the pure magnetite nanoparticles. On the other hand,
The morphology of particles coated with sodium oleate was spherical and the aggregation effect is low.
The results obtained from the (UV-Vis) absorption spectroscopy and Tauc relation showed the band gap
of nanoparticles was about 2.5ev.
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V£
2ib g yiws b8 WWW.OPSLLIF colu o a8 cul jLael slls b,90 5 alie oyl


http://opsi.ir/article-1-1597-en.html

[ Downloaded from opsi.ir on 2025-07-12 ]

VWAS gy VY-

Al byo ah alol Jslro oy o)ld ohad e
Slostd 4 (29,6 5l g yais Jslowe «Sligal (j0,5 4L
Godlis a8 .28l 5 i (e ol 4 o 9
Jsloe PH 4551 51 sl FE304 35l LSt
Jslo 5 0 adad Sligel (30,5 alol g, V) 4,
B s B g el il Cou Al oY o
G S b cenSe oldgl colye 88
Jobl 5 o5iges Ol 4o sazme (wpend 9 Soeds il
el Y Goes Oldgil Ggu,y colgsyo ol and

B S M gl o 40°C sled yo

e g @l -

600

Intensity

20 30 40 50 60 70 80
20

CaiSo Dl )31l Xgs il (oo (V S

(XRD) S5l g5y il 6ol (gonms las VS
ool galB 7 oSl pl o ol e odds Fiw alagS]
HeFEFIXDT YO0 XYIXRT (20) blsy e
Slio b jblie a5 )y Sezg FY.YA 4 £YN -
Ol sl ail oo JSKG p0 0al ool las (5)sb
S L og> az e 6N L gubais FEs0, (SOl (gan!
ok b oo (JCPDS N0.82-1533) Lol
Slwbre cans 9 a5l J1agilYY oS, sl (go;lal
Sy Sy shen dl oy yd saba,
olas a8 wiad g a8l JCPDS  sles st

il o Cutie Ol )3gil s Fia (godimd

\FY

IRl SE598 (5,9L8 g (qwiige il IS e 9 SLgied 9 Sl il A e lez g G

doddio — )

39> )9 oy Pl SIS 4 s aenST Sl)3gl
calbize (S0l s 6,9 so )5 )0 3l sl o
9 bl )os ojlal jo pnsd 0all oo a8 090l
Jio ol 659 ols 50 ool Sl el woljls
Ll olayl el b 15 0ad e (g5, B 5 5,
5 OBy Sl5 gt 5l sl g (Sesrsl
bl walyt ooy Slss Bl ceoml
b ol5s el Gt SRS 31 ol (5,55 58 5 i (3,
2 et Sl g ansls i gl G salol s
it slahs) o590l [1-3]0d walys 5,55 els>
(e w8l G5 ST Shdgl adys sl
23 45 308 S92y Gamdsaly S 5 o (Jlog e
oS BB g cn i dleate 5l (o (g o 02
svba s (2L Slge 5 hg,y cnl 5o [\C]ML’@“ b s,
Mg sl Shisel b5 aenSs 00 mo 5l Jsens
Sydgl o3l i e oolii] palacaST Ely3gl
S oz 51 gilizeo Jalse 4y 39y (2l )0 polaasT
Sy bl esle 9 S gy al oS Jge
Olie (5055 bole Zopr o] oS 5 S ol
s olsjls (Ko 39505 j9a> 5 Ol 42,0 PH
P gigmpR g & CeiiSe Sldel Ghagl ol
ol o a3l 5l (65 ol (sl o] s ) g cins
Syl praws SiliSE,gm 5l o] ple J s 5 @l,346

b eolatwl

g, g lge —¥
(FeCl,.4H,0) AJT)LQ>(||)U:¢T QL5 gl g
§l Slisel (FECI3.6H20) &l zas(l) ol oyl
lasl .was sl > sigma chemical company
505 0FY 5 FeCla4HO 51 o5 144
s?T ):1Jg5L?°\’ T N:Y ksj}a S b F:e(:|3.6*42()
alol> Joloo ol ) il (59500 jea> 50 5 05dgd
Oad Joloe 40 b ol il 661 sleo o aaBoY-
Sl prons SbSE g o 0 RS (K5 (00

sy B0°C & Jsloo (glos 28 s abla] Jalowa 4
(100M1,6.4M) pssgelonnS g oun 51 slosl Jgloxe

a3l o yiws B WWW.OPSLLIF colu jo a5 cul jLael glls (590 50 allis oy


http://opsi.ir/article-1-1597-en.html

[ Downloaded from opsi.ir on 2025-07-12 ]

VWAS gy VY-

Magnetization (emu/g)

1 UBUU -50‘00 o 5UIUU 1UéUU
Applied Field (Os)

adg Fes0s cubline &l 356 wilowy 4z > (Y IS

SR Ry 4 09
Sl Gl gles e diged iblse (g Sojlul ol
sl &> VO USS o l sl VSM o&ius
iblixe .l 0ais 03,51 U1 slos o cuiiKe diloms

A5 70 emu/g ol oo e oly3450 gliil

100

Y

60

% Transmitanc

40

20

0 T T T T T T
4000 3500 3000 2500 2000 1500 1000 500

Wavenumbers(cm™)

Fes0y oyplopsT o356 FTIR Cagls (F S

sols oylas ¥ JSs ,0 oalanns| &lydgl FTIR loges
Sgm 4 3425cmT s ean el Sy el oud

ol J Jdo a5 s e ooly s -OH oziS
o W) )AUG \_i:) Sl Fe304 U‘)Q})L} Ja.wy OH"
0ols oo Fe304 jo Fe-O  oles,l wign 4 566cm™

Iv #lose oo

OlRl SS9 (59l 5 (cwiiper S ed 5 Sgigd 9 Syl AT e )lozr 5 S

AccV Spot Magn 4!
L 20.0kV' 2.8 30000x SE 71

£

P AccV' Spot:Magn  “Det WD F—— 350 nm {
200 kV.25 30000x SE .89 AZ10 - -

A L P
D —

ty ! Philips XL30

CoiSe Dly3gl (S9iSl gSang e pglal (Y USS
Lg ods odld W’J (TSSO "“'/ Ql)é}?lj 9 (A)ualb

(SEM) (siug) (S92 oSy S polas Y S 5o
ol uiifo @lydgil 5l oads jiiw sdigeigd 4 bgiye
oAl Sldeil 4 bgy e (A) pgad 45 (awl oals ools
Oy Ko )35l 4y bgyye (B) prga 5 CoiSe
pobai ol adl oo Sldgl puas CilSE gu b ool ools
loslasl oals i Ll caiXe @l)d a5 wols las
Oy CutiSe Olyd a5 Jl> 0 Wyl gl Al sg0s
gl Fesgam go;lasl glyls (oliSE ygm b oo ools

Ll wxilise 59,5 592 Shslsdrge i) ailie

ool 4, S CiliSEypm o] o a5 slaiges &I,
Al on S o] o o asglS Sl g sesless

a3l o yiws B WWW.OPSLLIF colu jo a5 cul jLael glls (590 50 allis oy


http://opsi.ir/article-1-1597-en.html

[ Downloaded from opsi.ir on 2025-07-12 ]

VWAS gy VY-

& 35 At ¥
@ Fes0y oyolonnST &ldgl 5l diges 9o idgh opl 5o
Ohdglh Jol aigas jo WD 3hw agwsed ()
odls Jiligy I3l pgd (sdiges 0 9 LAl CuiiXe
S goslail o i oldgl o ColiSEgu b onds
Szl Feopos (saigai 5 agili Ar dgax Jol (saiges
Fe- ool Wign 4 566cm™ s ouds jalls Sy ol
UV- 56T ol & as g5l xS o ol | Fes0y 50 O
0o rSIVD dga onds jww olydsib (65,50 S8 Vis

&=l —-0

N Kelly, K.L., et al., The optical properties
of metal nanoparticles: the influence of
size, shape, and dielectric environment,
2003, ACS Publications.

T Kelsall, R., LW. Hamley, and M.
Geoghegan, Nanoscale science and
technology. 2005: John Wiley & Sons.

r Turkki, T., Studies on preparation and
properties of nanophase metal oxides,
1999, Materialvetenskap.

F Sun, Y.-k., et al., Synthesis of nanometer-
size maghemite particles from magnetite.
Colloids and Surfaces A: Physicochemical
and Engineering Aspects, 2004. 245(1): p.
15-19.

.0 Gregorio-Jauregui, K.M., et al., One-step
method for preparation of magnetic
nanoparticles coated with chitosan.
Journal of Nanomaterials, 2012. 2012: p.
4.

7 Cornell, R.M. and U. Schwertmann, The
iron  oxides:  structure . properties,
reactions, occurrences and uses. 2003:
John Wiley & Sons.

Y Ma, M., et al, Preparation and
characterization of magnetite
nanoparticles coated by amino silane.
Colloids and Surfaces A: Physicochemical
and Engineering Aspects, 2003. 212(2): p.

YYEYI9

A Tauc, J., R. Grigorovici, and A. Vancu,
Optical  properties and  electronic
structure of amorphous germanium.
physica status solidi (b), 1966. 15(2): p.
627-637.

IRl SE5598 (5,9l8 g (owiige il IS e § Sgied 9 Sl il ,45T (o) lor g e

1/0

0/8 4

0/6

Absorbance

0/4

0/2 4

T T T T T
300 400 500 600 700 800 200
Wavelenght(nm)

ST Sldsil 4 by UVAVis loges (F S
Fe;0,

Cdz el odls ool lis TS o a5 jebles
b Fer gosgame slazse Jsb slila FesOy o35t
CoiSe (planST D356 il e AL gl A
Fer Slagge Job godgamme) (Syo ik gosgama 5o
obsy S gp 9 i h> Ojga (eglVe - b

I (el

(ahv)?

T T T T 1
15 20 25 3.0 35

Energy (gV)

ST gabhly SaS 4 Sl (65,5 GB es (0SS

SaS s codds o 13636 (655 5)lg BB (B) S0
BE YU loges b [Alcud cus g, ST gl
ol Cawdy gy ySIl YO Gldgl 65l 6lg
aS il 0 0-3eV o Lalils ) aed (65,51 S 38,k
0 CwiXe Oldgl g Llu, ded (goaims lis

sl

a3l o yiws B WWW.OPSLLIF colu jo a5 cul jLael glls (590 50 allis oy


http://opsi.ir/article-1-1597-en.html
http://www.tcpdf.org

