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We investigated the relationship between magnetic properties and colloidal stability through the

surface modification of Fe3O4 nanocrystals with amine-based aliphatic ligands.

Target molecules with NOBF4 and amine-group treated NCs is attributed to N-H bending (1630

cm-1) and BF4 (1084 cm-1) peak in FT-IR. The interparticle distance and colloidal stability tended

to increase with the number of hydrocarbon of surface ligand. It showed that the surface

modification took place successfully from oleylamine to the target molecule and the softness of

NCs tended to increase with the length of surface ligand.

In thermogravimetric analysis, the core fraction and length of ligands showed weak correlation on

their ligand density. The measured saturated magnetization showed 10% improved magnetic

properties compared with Fe3O4 with oleylamine.

When the density of surface ligand increase, the magnetic properties increasing or decreasing by

less expose of Fe2+ / Fe3+, decreasing canted surface region or decreasing effective core fraction,

respectively. From thermogravimetric analysis and vibrating sample magnetometer, we suppose

that density of surface ligand highly affect the canted surface region than effective core fraction,

which leading to increasing magnetic properties.
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1. Synthesis of monodisperse magnetic building blocks 

2. Surface modification by ligand-exchange 

1. Surface modification

(c)

Fig 1. (a) photographs of surface functionalization of the (i) oleylamine-, (ii) BF4
-, (iii) amine-based aliphatic-modified Fe3O4 NCs dispersed 

in organic solvent (upper) hexane, (below) DMF, respectively. (b) crystallography of modified Fe3O4 NCs with preserving crystallinity. (c) 

FT-IR spectra of (blue) BF4
- and (red) aliphatic amine-functionalized Fe3O4 NCs, respectively. Interparticle distance analysis of surface 

modified Fe3O4 NCs on (d-e) transmission electron microscopy images and distribution, and (f) spectra of dynamic light scattering.

3. Magnetic properties

Fig 3. (a) hysteresis loop of surface modified Fe3O4 NCs measured by vibrating sample magnetometer (b) (red) expected and (black) 

measured saturated magnetization, respectively.

NCs with different ligand dispersed in different solvent 

(d)
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2. Surface ligand density
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The interparticle distance tended to increase with the number of hydrocarbon of surface ligand

Peak difference at BF4 (1084 cm-1), N-H bending (1630 cm-1)

Fig 2. (a) thermogravimetric analysis under argon atmosphere, 30 ℃ - 600 ℃ interval, 5 ℃/min rate and hold at 200 ℃, 120 min, (b) 

equation of surface ligand density of Fe3O4 NCs, (c) surface ligand density and number of particle per unit mass of modified Fe3O4 NCs.
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Recent research has focused on improving the 

magnetic properties and colloidal stability of magnetic 

nanocrystals (NCs) for bio-medical applications.

Magnetic nanocrystals are consist of magnetic 

inorganic core and organic ligands. The magnetic 

properties and colloidal stability of nanocrystals are 

correlated to the effective magnetic core fraction and 

softness.

We studied the influence of length of surface ligand 

on the magnetic properties and colloidal stability of 

magnetic nanocrystals by surface modification in 

aliphatic amines with different number of 

hydrocarbons. 

Inorganic

core

Amine-based aliphatic 

organic ligands

CH2(CH3)nNH2, n = 3 - 17

Length of surface ligand

Softness

Low

High

Short Long

Colloidal stability

Effective magnetic-

core fraction

Magnetic properties

(i) (ii) (iii)

Conversing crystallography

after ligand exchange

10
2 theta (degree)

20 30 40 50 60 70 80

JCPDS Fe3O4 # 19-0629

(1
1
1
)

(2
2
0

)

(3
1
1
)

(2
2
2

)

(4
0
0

)

(4
2
2

)
(5

1
1
)

(4
4
0

)

1000

N-H

2000 3000 4000

C-H
N-H

Fe-O
BF4

Surface functionalized Fe3O4 with target molecules
NH2

BF4

C=O

(b)

Nucleation Growth

Iron (III) acetylacetonate

Oleylamine

Iron oxide

NOBF4

Target 

molecule

Dispersed in non-polar solvent Dispersed in polar solvent Dispersed in non-polar solvent

The colloidal stability tended to increase with the number of hydrocarbon of surface ligand 
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Total number of core, N1 = 
total mass of core

single mass of core

Total number of ligands, N2 = 
total mass of ligands
single mass of ligands

Number of ligands 

per particle =  
N2

N1

Surface ligand density (# of ligands / nm2) = 
# of ligands per particle
single surface area of core

Number of ligands per unit mass (# of ligands / g) = 
#of ligands per particle
single mass of NCs

We showed that we can control the magnetic properties, colloidal stability and interparticle distance

of Fe3O4 NCs by surface modification.

In further study, we will use the unary / binary linear or branched aliphatic ligand with short length

to improve the magnetic properties and colloidal stability of Fe3O4 NCs. Since the polarity of NCs

differs with the number of hydrocarbon of surface ligands, we will study the solvent screening to

investigate the influence of solvent polarity on the colloidal stability of NCs.

In addition, we will synthesize the Magnetic Nanoassemblies (MNAs) to control packing density of

building blocks in MNAs by surface modification. We suppose the packing density of MNAs

correlating the interparticle distance of building blocks.
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Ligand mass loss occurred at 200 ℃ - 600 ℃
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