
 
 
General rights 
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright 
owners and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights. 
 

 Users may download and print one copy of any publication from the public portal for the purpose of private study or research. 

 You may not further distribute the material or use it for any profit-making activity or commercial gain 

 You may freely distribute the URL identifying the publication in the public portal 
 
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately 
and investigate your claim. 
  
 

   

 

 

Downloaded from orbit.dtu.dk on: May 27, 2023

Comment on "Macroscopic Resonant Tunneling of Magnetization in Ferritin"

Hanson, M.; Johansson, C.; Mørup, Steen

Published in:
Physical Review Letters

Link to article, DOI:
10.1103/PhysRevLett.81.735

Publication date:
1998

Document Version
Publisher's PDF, also known as Version of record

Link back to DTU Orbit

Citation (APA):
Hanson, M., Johansson, C., & Mørup, S. (1998). Comment on "Macroscopic Resonant Tunneling of
Magnetization in Ferritin". Physical Review Letters, 81(3), 735-735. https://doi.org/10.1103/PhysRevLett.81.735

https://doi.org/10.1103/PhysRevLett.81.735
https://orbit.dtu.dk/en/publications/ab934798-e2d1-4339-8e0f-64bc7f4757fe
https://doi.org/10.1103/PhysRevLett.81.735


VOLUME 81, NUMBER 3 P H Y S I C A L R E V I E W L E T T E R S 20 JULY 1998

ed

]

d

.

s.

s.

.

,

,

Comment on “Macroscopic Resonant Tunneling
of Magnetization in Ferritin”

In the recent Letter [1], Tejadaet al. presented experi-
mental results of zero-field cooled (ZFC) magnetizatio
MZFC and hysteresis of ferritin. The authors conclude
that their data showed strong departure from convention
behavior of thermally blocked particles and suggeste
quantum tunneling as an alternative explanation. O
of their arguments is that they observed that for applie
fields up to about 0.4 T, the temperatureTB at the maxi-
mum of MZFC increases with field, a feature which the
authors claimed to be contrary to the case for simple s
perparamagnetic blocking. A similar increase ofTB with
the applied magnetic field has earlier been observed
ferrofluids containing Fe3O4 [2] and Fe12xCx [3,4] par-
ticles with negligible interparticle interactions. We hav
shown [3] that the effect can be explained by superpa
magnetic relaxation in a simple model where the no
linear relation between the magnetization and the fie
is taken into account according to the Langevin func
tion. We have applied this model to a system of particle
with the properties of the ferritin particles in the paper b
Tejadaet al. We have used the values of the anisotrop
constantK  2.6 3 104 J m23, the spontaneous magneti
zation MS  4.7 kA m21, and the average magnetic mo
mentm  8.2 3 10222 A m2 deduced from Tejadaet al.
[1], and an intrinsic relaxation timet0  10212 s from
Ref. [5]. In the calculations we included the effect of th
anisotropy on the magnetization [6] and the effect of th
field on the energy barrierE for magnetization reversal.
We applied the relationE  KV s1 2 ByB0da for par-
ticles with a random orientation of easy axes, using the a
erage switching fieldB0  0.958KyMS  5.3 T [7], and
a  1.5 [8]. V is the particle volume. By use of this
model we found that the increase ofTB with the field,
observed by Tejadaet al., may be reproduced if we as-
sume that the magnetic moments of the ferritin particle
are log normally distributed with a geometrical standar
deviation,s  1.4. This distribution reflects the distri-
bution of magnetic moments within the range of particl
sizes 3.5 to 7.5 nm given by Tejadaet al., as well as the
particle size distribution for ferritin in Ref. [9]. The val-
ues ofTB calculated for fields up to 0.6 T are shown in
Fig. 1, together with the experimental data obtained b
Tejadaet al. As can be seen, the observed increase
TB with the applied field may well be described with ou
simple model for superparamagnetic particles and therm
blocking. The observed decrease ofTB in fields above
0.4 T may be explained by other effects coming into pla
because the Zeeman energy becomes comparable to
anisotropy energy. From these considerations we co
clude that with respect to the field dependence ofTB, up
to 0.4 T the experimental results of Tejadaet al. are fully
compatible with the behavior expected for particles th
undergo simple superparamagnetic blocking and the
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FIG. 1. The temperatureTB at the maximum of zero-field
cooled magnetization vs applied fieldB. Comparison between
calculated and experimental values. The data were calculat
for a field independent energy barrier (filled circles) and for a
barrier depending on field as described in the text (squares).

fore give no evidence for macroscopic tunneling of the
magnetization.
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