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Our Mission
"The IEEE Magnetics Society 
promotes the advancement of 
science, technology, applications 
and training in magnetism. It fosters 
presentation and exchange of 
information among its members and 
within the global technical 
community, including education and 
training of young engineers and 
scientists. It seeks to nurture 
positive interactions between all 
national and regional societies 
acting in the field of magnetism. The 
Society maintains the highest 
standard of professionalism and 
technical competency.”

Our Vision
The Vision of the IEEE Magnetics Society is 
to be the leading international professional 
organization for magnetism and for related 
professionals throughout the world.
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THE IEEE MAGNETICS SOCIETY IS THE PREMIERE 
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MAGNETICS RESEARCH AND TECHNOLOGY. 
MEMBERS ENJOY A WIDE RANGE OF BENEFITS.
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• University of South Florida – 12th largest in the country –
47000 students

• USF Physics offers the only Applied Physics Ph.D. program
in the State of Florida….PhD near the beach!   (www.physics.usf.edu)

Welcome to Tampa and USF!
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• Magnetic Nanostructures
• Nanomedicine
•Tunable Microwave Materials
• Spin Seebeck Effect
• Multicaloric oxides 
• Helical magnets
•Magnetic Refrigeration
• Giant Magnetoimpedance

Magnetic Sensors

Our group’s current focus areas….
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DC, AC Magnetization

Transport measurements

RF transverse susceptibility

MCE

GMI

MOKE

SAR for hyperthermia

Spin Seebeck Effect

Spin Hall Magnetoresistance
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Anisotropic nanoparticles are omnipresent!

Magnetotactic
bacteria

Magnetite crystals in 
Allen Meteorite from 
Mars

Ferrite crystals 
produced in plasma 

chamber at CMU
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Tuning the anisotropy
NANORODS OCTOPODS

The high aspect ratio of the

nanorods gives rise to an

enhanced shape anisotropy.

By deforming the surface of the

nanoparticles, the surface

anisotropy can be increased.
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Transverse susceptibility using a resonant RF TDO method

• Ultrastable Tunnel Diode 
Oscillator

• LC Tank circuit self-resonant at ~ 
10 – 25 MHz

• Operates in a PPMS

• Sensitivity 1-10Hz in 25 MHz

• Temperature range: 2K < T < 300K

• Variable DC field: 0 < H < 7T

•P. Poddar, G. T. Woods, S. Srinath and H. Srikanth, IEEE Trans. Nanotech. 4, 59 (2005)
•P. Poddar, J. L. Wilson, H. Srikanth, D. F. Farrell, S. A. Majetich, PRB 68, 214409 (2003)
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• Aharoni, 
1957
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Cell Separation

Targeted Drug 

Delivery

MRI Image Enhancement

Magnetic Heating

(Hyperthermia)

Nanoparticles for biomedical applications
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Magnetic hyperthermia for cancer treatment:
Using magnetic nanoparticles under an external AC magnetic field to target,
heat and destroy cancer cells.

The standard measure of heating efficiency is the Specific 
Absorption Rate (SAR):
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[5] D. Ortega and Q. Pankhurst, "Magnetic hyperthermia," Cambridge, Royal Society of Chemistry, 60-88 (2013).
[6] R. Ivkov et al. Int. J. Hyperthermia, 29(8), 703-851 (2013).

Higher SAR → fewer nanoparticles 

MagForce AG (Germany)

NanoTherm™ Therapy

• protein denaturation

• cell membrane restructuring

• cell deactivation

• (driven to apoptosis) around 40-45 °C
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I. Calorimetric method
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𝐶𝑝: specific heat of the solution

ms: mass of the solvent

mn: mass of the nanoparticles

ΔT/Δt: initial slope of the heating curves

4.2 kW Ambrell Easyheat LI 3542 system

Pick 

up 

coils

Main 

inductor

Sample

II. AC Magnetometry method
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University of Basque Country

Eneko Garaio, Irati Rodrigo, Jose Angel Garcia

𝑺𝑨𝑹 = 𝑨𝒓𝒆𝒂 × 𝒇𝒓𝒆𝒒𝒖𝒆𝒏𝒄𝒚

• AC magnetometry is

more accurate and

reproducible than other

methods.

Atkinson Brezovich limit: H x f = 4.85 x 108 Am-1Hz 14



Motivation

Heating 
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Anisotropy
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[7] C. Binns, "Magnetic Nanoparticle Hyperthermia Treatment of Tumours," Berlin, Springer-Verlag, 197-215 (2013). 15



How to increase Ms and retain biocompatibility?

➢ By creating core/shell nanostructures with a metallic core and an Fe oxide
shell, it is possible to achieve nanoparticles with good biocompatibility
and high saturation magnetization.

➢ Bulk saturation magnetization:

✓ Iron-oxide  ----- 92  emu/g

✓ Iron             ----- 220 emu/g

SAR = Area ∙ f
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Synthesis of Core/Shell and Hollow Nanoparticles
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Magnetic Hyperthermia

➢ The heating efficiency of the core/shell iron/iron oxide decays with
time because the iron core shrinks and the particles transform from
core/shell to hollow.
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➢ The heating efficiency of the 14 nm core/shell iron/iron oxide is bigger
than solid spherical iron oxide nanoparticles.
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Exchange coupled nanoparticles for hyperthermia

✓ A significant increase in the efficiency of magnetic thermal induction by

nanoparticles taking the advantage of the exchange coupling between a

magnetically hard core and magnetically soft shell to tune the magnetic

properties of the nanoparticle and maximize the specific loss power.

✓ The optimized core–shell magnetic nanoparticles have specific loss power values

that are an order of magnitude larger than conventional iron-oxide nanoparticles. 19



Exchange coupled FeO/Fe3O4 nanoparticles

20



➢ The Fe3O4 nanoparticles were obtained by further annealing the as-

prepared exchange coupled FeO/ Fe3O4.

H. Khurshid et al. Nanoscale, 5, 7942 (2013).

Nanoparticle legos: Playing with shapes

21



Increased shape or surface anisotropy gives rise to higher heating rates:  

SAR (octopods) > SAR (cubes) > SAR (spheres)

octopodscubesspheres

Shape dependence: Dancing with the Stars…SARs!
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➢ Chains of magnetosomes (magnetic nanoparticles produced by

bacteria) show higher heating efficiency than isolated

magnetosomes.

➢ High aspect ratio nanostructures (chains, wires, rods…) can give

rise to a notable increase of the SAR.

C. Martinez-Boubeta et al., Scientific Reports 3, 1652 

(2012); E. Alphandery et al., ACS. Nano. 3, 1539–1547 

(2009). 

‘Chains’ of improving SAR is higher in high aspect ratio nanostructures!
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Fe3O4 nanorods with tunable aspect ratio

Fe(CO)5

OA/HDA = 6.6

Aspect ratio=5.8

Aspect ratio=11

Aspect ratio=5.6

S1

S2

S3

A B

Hydrothermal cell
24



Length 
(nm)

Width 
(nm)

Aspect 
ratio

S1 41.0 7.0 5.8

S2 65.0 5.7 11.0

S3 56.0 10.0 5.6

➢ XRD, TEM and HRTEM confirm

that the nanorods are composed

of highly crystalline magnetite.
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➢ The aspect ratio and volume of 

the nanorods were tuned.

S1 Vol = 2000 nm3

A.Ratio = 5.8
S2 Vol = 2100 nm3

A.Ratio = 11.0
S3 Vol = 5600 nm3

A.Ratio = 5.6

Structural Characterization
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Inductive heating properties of Fe3O4 nanorods

ZFC magnetization @ 20 Oe

M-H loops @ 300 K SAR for S1 and S2

SAR for S2, in agar with different orientations

➢ The saturation magnetization (MS) is close to the bulk value.

➢ M(T) curves show a sharp Verwey transition, indicating that the nanorods are highly crystalline.
26
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Fe3O4/CoFe2O4 Core/Shell Nanoparticles
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SAR in different viscous environments



Ag@Fe3O4 Nanohybrids as Highly Efficient Agents for Photothermal and Magnetic

Hyperthermia

Magnetic and photothermal hyperthermia. (a-b) Heating

curves for the Ag@Fe3O4 nanohybrids under different ac

magnetic fields (100 < H < 800 Oe) at a constant frequency, f

= 300 Hz, under irradiation of 442 nm diode laser at two

different powers: 0.53 (a) and 0.93 (b) W·cm-2. (c) Evolution

of the SAR as a function of the magnetic field for different

laser powers.
29



Internalization of Fe3O4 nanorods in the macrophages
Cells were kept at 37 ºC, 5% CO2

Total volume: 3.5 ml/well

5×105 cells/ml

30 µg nanorods /ml
After 2 h After 24 h

In vitro experiments were carried out by Rosa Martínez, David Muñoz and 

Eneko Garaio at the University of Basque Country (UPV/EHU) 

Control Control + AMF

Nanorods Nanorods + AMF

Control Control + AMF

Nanorods Nanorods + AMF
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BIMS’18 – Exeter, July 9-11, 2018

Magneto-mechanical cancer cells destruction

1 image / 10 min – total 48h

U87 Glioma cells with gold-plated vortex Au/NiFe/Au

Cécile Naud,
Thèse de Doctorat (Univ. Grenoble Alpes, 2019)

“Triggering the apoptosis of targeted human renal cancer 
cells by the vibration of anisotropic magnetic particles 
attached to the cell membrane”
Selma Leulmi, Xavier Chauchet, Mélissa Morcrette, 
Guillermo Ortiz, Hélène Joisten, Philippe Sabon, Thierry 
Livache, Yanxia Hou, Marie Carrière, Stéphane Lequien, 
and Bernard Dieny,
Nanoscale 7, 15904 (2015). doi 10.1039/c5nr03518j

Credits for the video:

If one paper cited:

This video was taken during a toxicity test for the 
particles, without applied field. Here, the 
amount of particles is maximum. Viability of the 
cells is assessed after 48h incubation with the 
particles. Cells death would be achieved by 
applying a 20 Hz rotating field.



Effect of Hyperthermia

• The incorporation of nanorods into cells slows down their growth.

• Application of AMF generates a 40% decrease in their population after 24 h.

• These results are very promising for magnetic hyperthermia treatment of cancer. 
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Magneto-mechanical destruction of cancer cells

Kim et al. Nature Materials 9, 165 (2010) Argonne group

(Ryzkhova, Novosad)

Mansell et al. Scientific Reports 7, 4257 (2017)

Vemulkar et al. APL 110, 042402 (2017) 

Cambridge group (Russell Cowburn)

• Microdiscs with vortex states

• Synthetic antiferromagnetic discs

• Low field/frequency actuation induced torque
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MagForce AG Receives FDA Investigational Device 

Exemption Approval to Conduct a Clinical Trial with 

NanoTherm Therapy as Focal Ablation Treatment for 

Intermediate Risk Prostate Cancer

February 10, 2018 05:55 AM Eastern Standard Time

BERLIN & CARSON CITY, Nev.--(BUSINESS WIRE)--

MagForce AG (Frankfurt, Scale, XETRA: MF6, ISIN: 

DE000A0HGQF5), a leading medical device company in 

the field of nanomedicine focused on oncology, together 

with its subsidiary MagForce USA, Inc., announces that it 

has received U.S. Food and Drug Administration (FDA) 

Investigational Device Exemption (IDE) approval to conduct 

a clinical trial with NanoTherm therapy as focal ablation 

treatment for intermediate risk prostate cancer.

Source: www.businesswire.com

FLASH NEWS!

https://www.businesswire.com/
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Summary

Functionalized 

magnetic 

nanoparticles with 

variable size and 

shapes for 

nanomedicine 

applications

The importance of 

anisotropy and its 

influence on 

functional response 

in hyperthermia and 

tunable RF device 

applications
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Nano size that is….and shapes, 

surfaces and interfaces
38



Some sample fabrication and characterization facilities at USF 

Functional Materials Laboratory 39



Advanced DC, AC, RF magnetization, transport and thermal 

measurements @USF Functional Materials Laboratory 40



The USF FML group and IEEE Magnetics Society thanks you 

for your attention…

FML group seen here doing what we love 

the most…discussing research in bars and 

coffee shops…

Yep…we put the ‘fun’ in dysfunctional 

☺ 41
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Schemes for functional material structures for tunable EM applications 
(Magnetoelectric, multiferroic, meta-materials…)

Candidate host matrix 
systems can range from 
ceramics to polymers

substrate

Magnetic Nanoparticles

Ferroelectric polymer




=Z

Tunability

MagneticDielectric
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400 nm 10 µm

Ester Palmero and Manuel Vazquez (ICM-CSIC, Madrid)
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~80 nm diameter mulit-walled CNTs

7 nm NiFe2O4–Filled CNTs

2 µm
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• Clustering is a common problem in polymer composites
• Molecular dynamics simulations predict interaction conditions favoring uniform 

dispersion or formation of larger clusters Can we control this process?

Soft Materials Structure and Dynamics,
ed J. Dutcher and A. Marangoni 
(Marcel Decker, New York NY, 2005)

Controlled dispersion and assembly of 
nanoparticles within a polymer matrix is a challenge 
in materials processing and manufacturing

The aggravation of agglomeration….
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Cross-sectional TEM of Bilayer

Yes! Countering steric forces with surface charges on nanoparticles
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ZFC and FC curves of  Fe3O4 nanoparticles

ZFC and FC curves of  particles in PMMA

TB ~ 150 K

First demonstration of superparamagnetic
polymer nanocomposite films
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Microwave Tunability

49

Resonator in Electromagnet

Cavity Resonator Microstrip Linear Resonator

H

In collaboration with microwave gurus Jing Wang and Tom Weller (EE, USF)
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• Q-Factor increases 5.4 

times 

• Power loss decreases 

by 13.7 dB

• Resonance Frequency 

varies by 57MHz

Q-factor, Power loss and Resonance Frequency
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Morales, C., et al., Tunable Magneto-Dielectric Polymer Nanocomposites for Microwave 

Applications. Ieee Transactions on Microwave Theory and Techniques, 2011. 59(2): p. 

302-310.



Microstrip patch antenna fabrication and performance
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