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Seed-Mediated Synthesis of One-Dimensional Fe;O, Particles under Magnetic Field
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Abstract: One-dimensional Fe;0, particles were prepared by combination of seed-mediated growth and magnetic

field induction. The effects of seed size, magnetic field intensity, seed volume and the steps of seed addition on

the shape of samples were discussed. The results show that the number of rod-like Fe;O, particles increases with

magnetic field increasing and the aspect-ratio of particles increases with an increase of steps of seed addition. A

three-step seeding method leads to preparation of particles with an aspect ratio of 9.0. A small amount of seeds

are favorable to rod formation with uniform shape and aspect-ratio while large size seeds tend to obtain chain-like

particles. The effects of magnetic field and the size of seeds on particle shape were analyzed based on the forces

between neighboring particles.
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Table 1 Parameter values
Parameter Value Unit Parameter Value Unit
A 1.0x10™% J ho 1.5x10°® m
R 1.0x107 m X 1.0x10° 1
H variable m B variable T
&, 6.95x107° Fem™ r variable m
@0 -0.001 o 47x107 T-m-A™
K 1.0x10% m! vy 22.786 kT,
0 1 S 6.5x107 m
4.5x10° mol - L Vv 1.66x107! m’
363 K kg 1.38x107% J-K!
To 298 K

Notes: A: Hamarker constant; R: particle radius; H: particle space; €, dielectric constant of solvent; ¢,: surface potential of
particles; k': Debye length; V, solvation constant; h,: relaxation length; y: magnetic susceptibility of volume; B: magnetic field
intensity; r: center- to-center distance between particles; w,: vacuum permeability; k: Bolizman’s constant; T, Ti: temperature; C:
concentration of macromolecular in the adsorption layer; X: interaction parameter of Flory-Huggins; &: adsorbed layer thickness; V:

overlapped area volume.
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(b) Oxidation
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Fig.1 SEM images of seeds by different methods
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Fig.2 Interaction energy of the particles under different

magnetic field
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Fig.4 SEM image of products obtained by adding seeds

of oxidation

XTECEL 3c FEL 4 ATAT, fbFORLAR (9 R/ X
aE A W, Bl 3e TR R ZHO IR
AR CIIP R SR VAR S Ay i3 /NI = RS BT ST Aw B o e
NI A R A AT N T TR B R ek 2 N
5 BB 7= S ORI R 18] 55 HE R 7, B 1k Bk
Z A B R A INEURL 32 B RE J1 AE R i 4 —
Y97 A KO BRIE . MM A SRR B R i T

Det WD |———— 200 nm
E B csu

AccV  Spot Maan
10.0kV 4.0 100000x SE 5.0

(2) 10%

Det WD
43 CcSuU

10.0 kv 4.0 100000x TLD

(b) 02T

AN TR R 3758 BE T 7 i SEM [
Fig.3 SEM images of products under different magnetic field
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Table 2 Influence of seed amount on the aspect

ratio of particles

Seed amount  Rod length / nm  Rod width / nm  Aspect ratio

1.25% 113.58 36.50 3.11
5% 93.66 37.02 2.53
10% 79.50 38.41 2.07
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Table 3 Influence of steps of seed addition on the
aspect ratio of particles

Number Rod length rod / nm Width / nm  Aspect ratio
1 113.58 36.50 5.00
2 194.52 38.90 3.11
3 341.68 37.89 9.02
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Fig.6 SEM images of products with different steps of seed addition
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