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Novel functional materials :Bio-
molecules
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Magnetic Ferritin

Apoferritin Magnetoferritin

Peptide out-shell surrounding ~6 nm iron oxide (Fe,O,)
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Diluted Magnetic Semiconductor (DMS)

4. There d-electrons of Mn
may align by a double
exchange mechanism of
the semi-covalent model
of Perovskite-like Mn

. Magnetic semiconductors
are materials that exhibit
both ferromagnetism (or a
similar response) and
useful semiconductor
properties.

. Silicon substrate are doping
with II-Mn-VI A materials,
such as Cd;_ Mn,O, Cd;.
oMn,S, Cd;_,Mn,Se or Cd
(1-oMn,Te. Where x<0.1.

. 1I-Mn-VI A materials are
in Zinc blende structure.

Metallothionein-2: native Zn, Cd binding
protein.

Robbins et al. ] Mol Biol. (1991)
Y.-L. Liu et al. Biochem. Biophys. Res. Commun. (2003)




Metal binding cluster of MT-2
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B-cluster a-cluster

Refolding of metallothionein via an
over-critical reaction path.
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Circular Dichroism spectra of MTs
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Motivation

Protein is not a magnetic material in nature. However, if we replace
the metal species, (such as Zn, Ca) of metal binding protein with
magnetic ion: Mn, Ni, Co), we may obtain a novel
magnetic material, “magnetic protein”.

Objectives

* Creating a room temperature molecular
magnet from metal binding protein, MT-2.
By combining biomaterial and
semiconductor techniques we have created
novel biomaterial based molecular devices.
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(sensitivity ~0.01 PPB) analysis indicated
that there are and ions in each MT molecule. There
is 1o trace Fe containing.

The UV spectrum is similar to native MT and this indicated that,
when Mn is substituted for Zn, the conformation of metal binding
clusters does not change.

Dynamic light scattering study indicated that the effective diameter
of Mn/Cd bound MT is 2.86 nm and the particle sizes are uniform.

Molecular simulation of Mn,Cd-MT
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Mn.Cd-Metallothionein Magnetization measurement of MTs by SQUID
m Mn, Cd-MT-2

@ native MT-2
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C.C. Chang et al. Biochem. Biophys. Res. Commun. (2006)
Chang C.-C, et. al (2006) Applied Physics Letters.

Modified semi-covalent model of

Temperature versus Corecive field of Mn,Cd-MT-2
Perovskite-like Mn ions.
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This can fit with modified Neel Brown’s model very well and it’s o

value is about 0.5. Namely, it is a magnetic nanoparticle.
John B. Goodenough, Pk eview (1955)

C.-C. Chang et al. Biochem. Biophys. Res. Commun. (2006)

Conventional molecular magnet
Magnetic ions clustered via VI A elements linkage
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D.J. Price, S.R. Batten, B. Moubaraki and K.S. Murray, Chem. Gomm., 2002, 762-763 finite size Heisenberg model simulated by Monte Carlo method




Pitch: 600nm

Flow chart of the lithography, etching
process and growth of protein molecules.
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SEM image of the nanopores on a Si (001)
substrate

C.-C. Chang etal.
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after e-beam lithogray rocess

Pore size is 40~130 nm and pitch size is 300 ~600 nm.

AFM images of the dense molecular s /ith a den
approximately 10'° cm™2. It is about 100-fold dense than the highest conventional

ds were all bent magnetic data storage devices.
Chang C.-C, et. al (2006) Applied Physics Letters 88, 263104

With the 1 operated in contact mode, due to las e applied on the
molecul embly in com

down and leaned along the tip scanning direction.




onal AFM image of the patterned MT molecules. i SEM image of the Si template shows a ring
i ape a around the circumference

2D and 3D AFM images of the patterned MT-
molecules.

pore size:130 nm; pitch size 300 nm.

AFM image of protein rods array for MFM measurement.
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MFM images of nanorods: (a) without the magnetic field; (b) with a
500 Oe magnetic field applied with a field direction from right to left.

Innovative magnetic protein nanoclusters
molecular device? engineering and applications.

Can we create a room temperature magnetic sensing

Electric and magnetic field effects on electron conduction
through bio-molecules.

Patterned Molecular Magnets
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Room temperature molecular magnetic

o : Summary
sensing device.
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ZOE0S e e LA e F il . . Mn,Cd-MT is a room temperature molecular magnet.
MT can be patterned on nanostructured semiconducto:
BRI s consormboms i s surfaces.

The shapes of self-assembled MT are depending on the
nanostructures patterned on the silicon templates.
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