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Size Distribution of Magnetic Nanoparticles Estimated from Browninan
Relaxation in a Solution
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Abstract: We measured complex magnetic susceptibility of magnetic nanoparticles in a solution. An-
alyzing the frequency dependence of the susceptibility with the so-called singular value decomposition
(SVD) method, we obtained the size distribution of magnetic nanoparticles in the sample. It was shown
that the frequency dependence of the susceptibility reconstructed from the estimated size distribution
agrees well with the experimental result. It was also shown that the estimated size distribution reason-
ably agrees with that obtained from different measurement, i.e., optical dynamic light scattering (DLS).
These agreements show the validity of the present method to evaluate the size distribution from magnetic
the measurement.
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Fig. 1 Frequency dependent complex magnetic suscep-
tibility calculated from Eq.(5) with parameters
Xoo = 0.1, xo = 1 and 7 = 1ms. The solid and
broken lines are the real and imaginary compo-
nents of the complex susceptibility, respectively.
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Fig. 2 Brownian rotation of the magnetic nanoparticles
in a solution. Brownian relaxation time is pro-
portional to the volume of the particle. The re-
laxation time is long for large particles, while the
relaxation time becomes short for small particles.
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Fig. 3 Distribution of the particle size. The solid line
shows the original size distribution measured
with DLS. The frequency dependence of the sus-
ceptibility is calculated from the original distri-
bution, as shown in Fig. 4. The frequency depen-
dence was analyzed with the SVD method, and
the size distribution was estimated. The symbols
show the estimated distribution.
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Fig. 4 Frequency dependent complex susceptibility.
The symbols show the result calcuiated with the
original size distribution shown in Fig.3. The
lines show the results reconstructed from the size
distribution estimated with the SVD method.
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Fig. 5 Frequency dependent complex susceptibility of
sample 1. Magnetic particles Si-MAG was dis-
persed in distilled water with a solid content of

10pg/50ul.

WIS L /I AWM R ERPRTEN D, Fig. 4
ELEHACHBAEREIZICBRSA TV LD bR
5. LoT, WAL OSVDEILL2BHOEEEOE S
MAZ .

3. RNEDH O

3.1 XB

A E 3 THE Z M 0 B /AR T (Si-MAG, No.157,
R&D) 122V TR LBl E 247 - 72. Si-MAG & No.157
DEBIEIREKE, RDDERIZEIPBNNYy 775 H
WTEH, FhFEN10ug, 10ug, TugT2BEP»LTH5.
UgdsnFhodBzs 1, I, I&EERTIELLETAH.
Fig.5, Fig.6(a), B L UFig.7(a)il, FNEFILOFHE
I2#90.3mT OREF % EIIN L 72354 OGN E O R
FRT. Moy VRV ERERERL TV,

Fig. 5 CIIBLICRBREEREENIZRA O, Z
DOFMIE, SEMAGR TR AT Y RABEO 0I5
HHAETRFL LW LCBRT S, BABRTICBNT
BoDL) BEFIIPPE MVY T =m X Hee DD T
NEVTBRTFDT ¥ LEEOHRPEIY, BLrH
BEROBREBIEF LR, FEOL ) 2t E o
RATIIHESAHNEZTI LR TELRV D, NE
FHEBTEAEREKEET 3 oRB L, ABDLHVT
179,

3.2 NESHARR

Fig.6(a), Fig. T(@) IR T XRHEALO W EE = B
WU O K G RAT R AT oo K R % Fig. 6(b),
Fig. 7(b)IZR Y. MHDOSVD[n]Re, 3 & SVDn]Im&
VW) RELBRMBALOER, 8L UBBOERERION
LTSVD|IZ L @ e T o722 L 2R L T 5.,
Fig. 6(b) 2B\ TIZERMOBHTHER & BMOBATHR
IZERSR ON D, SVD[4|RefF AT Tld110~140nm R E

(a)
350 l :
- Re (exp.
300 =5 2 in e —
Re (SVD[4]Re
250 - Im(SVD[4]Re __|
"""""" i
—————— Im m
c 200 —
>
= 150 _
100 < —
50 _
0 | | N
10 100 1000 10*
T (Hz)
(®)
30, 15
——— DLS ‘
----0---- SVD[4]Re
= 20 —~—A--—-SVD[4]lm~10&
2 5
= &
< =
B ol 2
e
K

0
40 60 80100

d (nm)

Fig. 6 (a)Frequency dependent .complex susceptibility
of sample II. Magnetic particles No.157 was
dispersed in distilled water with a solid content
of 10ug/50ul. Symbols show the experimental
results, while the lines show the resuits recon-
structed using the size distributions estimated
with the SVD method. (b)Size distribution of
sample II. The solid line shows the distribution
obtained by DLS, while the symbols show the dis-
tribution estimated with the SVD[4] analysis.
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Fig. 7 (a)Frequency dependent complex susceptibility
of sample M. Magnetic particles R&D was dis-
persed in distilled water with a solid content of
7rg/50ul. (b)Size distribution of sample I esti-
mated with the SVDI[3] analysis.
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