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The nucleation and growth processes of iron oxide nanoparticles were analyzed by ferromagnetic resonance (FMR) technique. The
FMR signals were measured for aliquots samples sequentially taken from the reaction solution during thermal decomposition process.
The Fe(OL); precursors produce the Fe-OL monomers at 200 °C, which is contributed to the nucleation of iron oxide nanoparticles. In
initial growth stage, the iron oxide nanoparticles have y-Fe,O; structure with positive anisotropy constant. As temperature increases
over 260 °C, the antiferromagnetic FeO layer is formed on the surface of y-Fe,O; nanoparticles by Fe-OL monomer reduction. These
nanoparticles are transformed from y-Fe,O; to Fe;0, structure with negative anisotropy constant during constant temperature stage of
300 °C.
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Fig. 1. (Color online) Temperature and time condition for the sample
fabrication by thermal decomposition method. The circle marks
indicate the temperature and time for aliquots samples. The insert
figure shows the FMR signal for aliquots sample taken at 7= 260 °C.
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Fig. 2. (Color online) FMR signals with magnetic field for aliquots
samples as shown in Fig. 1.
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Fig. 3. (Color online) Diameter of iron-oxide nanoparticles for
aliquots samples as shown in Fig. 1. The insert photography show the
TEM images for aliquots samples at 7= 220 °C, C5 and C60.
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Fig. 4. (Color online) FMR amplitude 4 for S1 and S2 signals,
respectively, for aliquots as shown in Fig. 1.
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Fig. 5. (Color online) Asymmetric factor k£ for S1 signal for aliquots
samples as shown in Fig. 1.

Sl
< oMe =4 #e 7K, 2% A 7RI
= ¥Y BoE ¥zEn. olg AAETH 2% FE
ZHORIA AdE AR Wiedxhe el APIeld 2
TES 25 y-Fe0yF AGEReH, 252 fA] 77H(11pl
w2 Ao B FEE 2 Fe00F BEE2

=
o x ot

T Js DS T=200 °CollA AA3E Fe-OL WAl
= ke 89 &0 dkhe} Agslel ] 2
2 y-Fe,05 27 720 Ak viesizlz 3%
s & 7 Utk T=260°CoA oPFolX= Fe-OL
& OL-chain®] ®&]== HAA 2k} BE3)
PEAPAIR] FeOZ}F A== whebA 7=280 °CollA B
Ag®] Hae A WedAke] w8 ARk Aa whi
o2 4T & ot

5 A TIPS AR 2A BRSS9
ZHE g ke AaAsbt doju w2 Aol
& 25 Fe04 2% 720] AR Witz 433t
IS & F Atk y-Fe,0,Y E3AF L (0|27 72
emu/g) Fe;0,2] ESIAISFEIEFE: 92 emu/g) T} 2T 17-
19]. w5 fA] 7= ZeAEke] 1-Fe0;
Hth 2 Fe,0,5 BA8IM Aol 343] S7ksHAl =,
m2bA Agol S7FH e AR & 5 ok Ik
o] 7k A Wesirhe S Aol 23AHelA
A e e WWeAE wskE, o3 M &
e Zhe WedAks FMRE S35 919k A PdsielA
Wedrbs 1te] daa8oll ofste] Fig. 20 FAIRE S3 A
T 540 eS¢ 5 ok

2 Arelle AR WiedAtel AR S 24
aF7] 9fste] A w1 S ol8sivlor, WAl
A A7l digk 24 dike a3 edA AxE 9
g s}t 24 Aol L8 US A= I

=2
X2
rr
1
(Dw

o O
Rl o%
L o
o flo

N

r o%
i‘"/
=2
0

£ g o
:

fr

o]

12

ko Hr

v. 4 =

2 AFollA= Fe(OL); A7A17F aollA sl g &
A WeixE skl sk s B4 3
o] T=300°C7IA1] 2% ‘& FH D 60 52t 300 °C
o] 2% A FAHWPIA vk PAS FAH 0T FE3
ot WegAte] =7] wiskE £49817] TEM ARLS #eds)
om, G| o Fe*t o9 23 g F Ak e
UAF] 7ol mE Aol o] Wist §AS EAs)



-12- A

ol

7] S5t A B 2lsE S7g3IsiTt
28 VeI RE T=200 °ColA] high spin FEIS 2H=
Fe-OL TFAIZRE AYAE7] AlRsl &% F7HI) 2
= 52 FAHI) B2t 12mme] FV)E A& o= xé;g-o]_%l\
ok, Z7PF A Wegile] 27 444 Bgell e Fe-OL &
Pl Qe F7} Hhg gage) Aol Agtele] o] 2}
T EAS ZH= y-Fe,0; WPrAIE S4B AS &
Aok 280°C AN B2 FMR 259 7124 Fe-OL
S| o] 74 A y-Fe,05 EHOIA ¥ 548
Z¥= FeOZ} A= A8 7T AL & 4
AATE 300°Ce] 2% A FAHI)IME FAFez 4
A5 RSl ZspAisiEe] A *—-4 A7)0l EA
FE FesO, WA= A48e <& 5 dsinh oled
=dA] g7 el tigk A 7&4— A3 =9z}
AZE 3 HHs =4 Ao 8T & s A=
7] gk},

y

rlr i

L tlo >

>1\(

HAlel =

o] =F2& 20158Pd% oF=ristw
of AT

Stz olat

References

[1] S. Laurent, D. Forge, M. Port, A. Roch, C. Robic, L. V. Elst,
and R. N. Muller, Chem. Rev. 108, 2064 (2008).

[2] J. Park, K. An, Y. Hwang, J. G. Park, H. J. Noh, J. Y. Kim, J. H.
Park, N. M. Hwang, and T. Hyeon, Nat. Mater. 3, 891 (2004).

[3] J. Park, E. Lee, N. M. Hwang, M. Kang, S. C. Kim, Y. Hwang,
J. G. Park, H.-J. Noh, J. Y. Kim, J. H. Park, and T. Hyeon,
Angew. Chem. Int. Ed. 44, 2872 (2005).

8 W= ol8

B9 W8 hegiAe) 44T 4 Y AT - 05D - 84T

[4] A. Lassenberger, T. A. Griinewald, P. D. J. Oostrum, H. Renn-
hofer, H. Amenitsch, R. Zirbs, H. C. Lichtenegger, and E.
Reimhult, Chem. Mater. 29, 4511 (2017).

[5] R. Hufschmid, H. Arami, R. M. Ferguson, M. Gonzales, E
Teeman, L. N. Brush, N. D. Browning, and K. M. Krishnan,
Nanoscale. 7, 11142 (2015).

[6] D. Ortega, J. S. Garitaonandia, C. Barrera-Solano, and M.
Dominguez, Sensors and Actuators A 142, 554 (2008).

[7] R. Berger, J. Kliava, and J. C. Bissey, J. Appl. Phys. 87, 7389
(2000).

[8] Yu. A. Koksharov, D. A. Pankratov, S. P. Gubin, I. D. Kosobud-
sky, M. Beltran, Y. Khodorkovsky, and A. M. Tishin, J. Appl.
Phys. 89, 2293 (2001).

[9] D. L. Hou, X. F. Nie, and H. L. Luo, Appl. Phys. A. 66, 109
(1998).

[10] R. Aragon, Phys. Rev. B 46, 5334 (1992).

[11] E. Lima, Jr., A. L. Brandl, A. D. Arelaro, and G. F. Goya, J.
Appl. Phys. 99, 083908 (2006).

[12] D. Y. Kim and S. S. Yoon, J. Korean Magn. Soc. 24, 11 (2014).

[13] J. Kliava and R. Berger, J. Magn. Magn. Mater. 205, 328
(1999).

[14] S. Palchoudhury, W. An, Y. Xu, Y. Qin, Z. Zhang, N. Chopra,
R. A. Holler, C. H. Turner, and Y. Bao, Nano Lett. 11, 1141
(2011).

[15] L. M. Bronstein, X. Huang, J. Retrum, A. Schmucker, M. Pink,
B. D. Stein, and B. Dragnea, Chem. Mater. 19, 3624 (2007).

[16] F. A. Taiwo, Spectroscopy 17, 53 (2003).

[17] M. A. Morales, T. K. Jain, V. Labhasetwar, and D. L. Leslie-
Pelecky, J. Appl. Phys. 97, 10Q905 (2005).

[18] M. Fang, V. Strom, R. T. Olsson, L. Belova, and K. V. Rao,
Appl. Phys. Lett. 99, 222501 (2011).

[19] D. Bonvin, D. T. L. Alexander, A. Millan, R. Pifiol, B. Sanz,
G. F. Goya, A. Martinez, J. A. M. Bastiaansen, M. Stuber, K. J.
Schenk, H Hofmann, and M. M. Ebersold, Nanomaterials 7
225 (2017).



