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The cover image was captured using a TEM at 40,000x magnification during work on the
synthesis of iron oxide nanoflowers with outstanding heating efficiencies (ILP of 8.4 nH m?/kgre
or SAR = 2426 + 76 W/gee) measured at a frequency of 488 kHz and a field strength of 25 kA m™.
Each flower contains approximately 50 coalesced nanoparticles. (Storozhuk, L., Besenhard M.
0., Mourdikoudis, S., LaGrow, A. P., Lees, M.R., Tung, L. D., Gavriilidis, A., Thanh, N. T. K* (2021)
Simple and Fast Polyol Synthesis of Stable Iron Oxide Nanoflowers with Exceptional Heating
Efficiency. Journal of Applied Materials and Interface. 13: 45870-45880). The work has become

a finalist for 2022 The Royal Society of Chemistry Emerging Technologies Competition in
Health category.



\f

13 International Conference on the
SCIEI'Il'IfIC and Cfmlwl Apphcauons of Magnetic Carriers

fmagnencmlcraspﬁfre com

Welcome Message

It is our great pleasure to welcome you all to the 13™ International Conference on the
Scientific and Clinical Applications of Magnetic Carriers. We are happy that it is now once
again possible to have this wonderful meeting in-person to discuss our recent achievements
in research on magnetic particles and their applications.

London is an excellent location to host such a conference and we are very fortunate that the
selected venue, University College London, or UCL for short, is located right in the heart of
the city. This allows easy access to a great variety of historical landmarks and areas around
the city in reasonable time.

Unfortunately, the COVID-19 pandemic is not yet over, so while our conference will be held
in person, we are basing our plans on you having received your vaccinations and booster
shots, all of us wearing masks during the conference, and following all the local and UK
national requirements regarding meetings and gatherings. Also, if you feel unwell during the
conference or demonstrate COVID-19 symptoms, please perform a lateral flow test, and stay
home if you are positive.

At our conference location, University College London (UCL), we will have a large auditorium
so we can be well spaced out during the talks. In addition, the spaces for poster sessions,
lunches and breaks are extensive enough for social distancing, and we also have a large
outside space available.

We welcome you for a successful and interesting conference!
Your organizers,

Urs Hafeli, University of British Columbia, Vancouver, Canada,
Nguyen T. K. Thanh, University College London, UK,

Maciej Zborowski, Cleveland Clinic Foundation, Cleveland, USA,
Wolfgang Schutt, IMC Krems, Austria & Rostock, Germany.



Social Program

It has been said that science may never come up with a better system for
communication than the coffee break. But why not also extend our social interactions
beyond the conference venue? In this way, we will have fun, enjoy London, and get to know
each other better.

Tuesday, June 14

After the end of the first poster session, we will have a reception in the Wilkins Terrace,
with lots of food and drinks. This traditional get-together is generously sponsored by
nanotherics. Enjoy!

Wednesday, June 15
At the end of the day, beer and Pretzels will be offered following the end of the second poster
session. This is graciously supported by micromod Partikeltechnology GmbH.

Thursday, June 16

During the day, there will be a spouse tour. This tour is complimentary and always
fun. Spouses will meet at 9:00 at the registration desk in the UCL Wilkins building, in
the North Cloisters. Spouses will be back at UCL latest at 17:15.

The traditional boat trip along the river Thames is generously sponsored by Imagion
Biosystems. We will start at 17:30 with a double decker bus ride to Butlers Wharf Pier,
board at 18:15 and cast off at 18:30 — please be on time! During the trip, we will enjoy a
wonderful dinner, picturesque views of London and as always, a great time. The New
Orleans style jazz band "The Blind Tigers" will keep us on our feet and is generously
sponsored by chemicell. Our boat, the ‘Dixie Queen’ will be back at a different pier, the
Tower Millenium Pier at 22:30. The buses will bring us back to UCL from there.

I

- -

Friday, June 17
The meeting will come to an end at 17:00. Please take the opportunity to explore the English
capital on your own after the end of the conference!
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Basics of Magnetic Nanoparticles

Karen Livesey

Three tutorials

1. Basics and energies

2. Magnetic nanoparticle dynamics

3. Characterizing magnetic nanoparticles



Karen Livesey

Three tutorials

1. Basics and energies

Magnetic materials

Have atomic magnetic dipoles due to electrons

Dipoles (left) are equivalent to mini bar magnets (right)
H

L

Current loop |

Orbiting electron

[l = atomic magnetic dipole moment [A m?]

ie. Current X area




FERROmagnetic materials

All those dipoles tend to align

IRRREARERRRERRE
IRRRARRAREARARR
ARERARENAREARE
IARERARERARERRE

We say there is a net magnetization, found by summing up
dipole moments fi and dividing by the volume V they occupy

Yl
V

M = = magnetization [A/m]

FERRImagnetic materials

All the dipoles tend to anti-align, with different moments on
each sublattice

fetetetetetetet
tetetetetetetet
Petetetetetotet
tetetetetetetet

Still a net magnetization, found by summing up dipole

moments [ E—
M=

LK
| %4

= magnetization [A/m]




FERROmagnetic materials: exchange energy

e This is what most people mean by “a magnet”

IRRREARERRRERRE
IRRRARRAREARARR
ARERARENAREARE

IARERARERARERRE

e Alignment is due to an interaction between neighbouring
dipoles: the quantum “exchange” energy E,.

Thermal energy

* Atomic-level jiggle affects all systems at finite temperature T

T=0

IRRERARERAREREA
ARENARERRRERER
IRRRRRRARERRARA
(RRREARERAREARE

e Jiggle reduces the alignment =% lower net magnetization M

)2
<@\

i

T>0

(VR NARVANRRRVAY
ZNHEANERTL AT
(NENARRVATEERRY
AEASVARRRUREPA|




Magnetization versus temperature

* For large temperatures, thermal energy dominates exchange
and magnetization is lost! (M=0)

3

M 2 Curie
temperature
Eg. Magnetite 1
Fe;0,
Levy et al. Phys. Chem. ol ‘ . . . .
Minerals 39, 169 (2012) 300 400 500 600 700 800

Ferromagnet and paramagnet

* Exchange energy in competition with thermal energy

M 2 M =0 Curie M=0
temperature
R Q\J
Eg. Magnetite 1 it 7
Fe;0, ferromagnet paramagnet
Levy et al. Phys. Chem. ol . . . . .
Minerals 39, 169 (2012) 300 400 500 600 700 800

T(K)
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Now make it nano!

Imagine a tiny ferromagnetic ball

10 — 30 nanometer-wide core
(40 —-120 atoms)

Now make it nano!

Imagine a tiny ferromagnetic ball

Since the atomic dipoles are all aligned, replace with one

“macrospin” magnetic moment

—> 5 .
m =V M = macrospin moment

[A m?]

11
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Now make it nano!

* Imagine a tiny hairy ferromagnetic ball

\ Ligands

ie. Stabilizing organic molecules
Vary in length
Ligand exchange may occur!

One slide for the chemists!

13

Single domain particle

* If nanoparticles are too big, then the magnet splits into
regions of aligned magnetization, ie. “domains”

—>

! |

.

Single domain Two domains Multi-domain
< 50 nm

* Domains form to reduce stray magnetic field energy
14



Stray field energy

Kittel, Intro to Solid
State Physics.

< >
Large stray field energy Low stray field energy
Low exchange energy Large exchange energy
Single domain Multi-domains

15

Anisotropy energy

Easy anisotropy

* There is a preferred axis s
for macrospin to point, due I R
to underlying crystal structure m

e Usually assume “uniaxial”
e Key to understanding

thermal behaviour of
magnetic nanoparticles!

16



Anisotropy energy

Easy anisotropy

axis
|
! —>
 Two happy directions m
* Energy barrier KV in between
0.0f 7y
é -0.2} |
s -04f down
Q.
o  _o6f KV ]
& up down
E -08r ] K = anisotropy constant [J/m?3]
1.0 ) ) V ) ) > I = volume [m3]
0.0 0.5 1.0 1.5 2.0 2.5 3.0
0 (rad)
Angle of macrospin moment 17
o Easy anisotro
Anisotropy energy yaneooRy
|
! —>
* Consider competition between m
anisotropy energy and thermal energy Jiggling!
0.0} 7V
é -0.2} ;
s -04f down
Q.
5 sl Kv .
& up down
()] -0.8}F J
o v
_1.0 -l L L L L L L
0.0 0.5 1.0 1.5 2.0 25 3.0

0 (rad)

18



Low temperatures...

* Macrospin is stuck in an energy well
* Anisotropy dominates thermal energy
* "Blocked” moment

0.0} 7y

-0.2}

-0.4}

KV

-0.6}

-0.8 '
\4

-1.0}
0.0 0.5 1.0 1.5 2.0 2.5 3.0
0 (rad)

Energy of particle

19

High temperatures...

* Macrospin jumps over barrier easily.

* Average magnetization M=0
* "Superparamagnetic” behaviour !

Onset depends on size
~ 25 K for 5 nm radius
magnetite

Energy of particle

0.0 0.5 1.0 1.5 2.0 25 3.0
0 (rad)
20



Zeeman energy © T

Tl

* Macrospin prefers to align with
an applied magnetic field H

K 0.0
£ -0.2
g -0.4
5 -06
& -08 f
g 1.0 V. The two wells are
o -1.2f ‘&~ no longer equal
0 1 2 3 4 5 6

0 (rad) )1

Dipolar interaction energy

* Each macrospin produces a |l . ' |
dipolar magnetic field / oy \

e Other macrospins want to
align with that dipolar field

* Very complicated magnetic //l l._\ /,.' \\\

arrangements /N



Dipolar interaction energy — in fluids

Chain End Ring
Formation Clump Formation
{ I {1
‘o.o'.

Applied Zero

field field

Recap of energies

Exchange energy
Stray field energy
Anisotropy energy
Thermal energy

Zeeman energy

> kW DNPR

Dipolar interaction energy

These energies will be needed to understand dynamics... next time!

23
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Basics of Magnetic Nanoparticles

Karen Livesey

End of part 1

25

Basics of Magnetic Nanoparticles

Karen Livesey

Three tutorials

2. Magnetic nanoparticle dynamics

26



Why study dynamics (changes with time)?

* Most applications of magnetic carriers rely on their
magnetic or physical response to a stimulus over time

e.g. Drug delivery through mucus

30 nm magnetite particles in magnetic field gradient
Picture courtesy Profs Spendier & Celinski (UCCS)

27

Why study dynamics (changes with time)?

* Most applications of magnetic carriers rely on their
magnetic or physical response to a stimulus over time

e.g. Hyperthermia

Oscillating field
- jiggling particles

- heat generated ) l) o ('

A. Andrade et al., Biomedical Engineering-
Frontiers and Challenges (2011)

28



Dynamics to reach a steady state = “relaxation”

1. Magnetization relaxation - M moves towards a steady
value

2. Physical relaxation = Particle density/microstructure
moves towards a steady state

29

Magnetization relaxation mechanisms

1. Macrospm rotation — caIIed Néel relaxatlon TH

2. Physical rotation — called Brownian relaxation

start @ @ end
: ; 30



Macrospin rotation — Néel relaxation time

. . I
e Macrospin must surmount energy barrier

* Small particles and/or high temperature

e A stochastic process!
So we can only talk about 00

“average time” to relax 5 02
for a nanoparticle sample g Py
“'6 -0.6 4
; -0.8 u g
5 "°*fup down
S -0 OrN
Deatsch and Evans, IMMM 354 (2014) 00 05 10 15 20 25 30
Brown, Phys. Rev. 130, 1677 (1963) 6 (rad)

31

Average Néel relaxation time

Sample of many thousands or millions
of nanoparticles

Constant
Applied
Field

Constant
Temperature

NSF DMR-1808412

: VIDEO: Thermal Landau-Lifshitz equation simulations
Artek Chalifour (UCCS)

32



Average Néel relaxation time

Constant
Applied
Field

Constant

Temperature

NSF DMR-1808412
Artek Chalifour (UCCS)

H=500e T=150K

T 142ns

Simulations yield an average relaxation time

Average Néel relaxation time

Fast intra-well Longer time hopping
dynamics over energy barriers
0.4
0.2 /
0.0F -/
E‘h "02 Simulated Solutions
E _0.4 J * H=2000e a=0.01 T=150K
-0.6F ° Fitted Curve
—0_8 == 71=46.3ns Error<0.57%
-1.0F ;

NP PR B
0 50 100 150 200
Time (ns)
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5000 particles
5 nm radius magnetite

Chalifour et al. Phys. Rev. B
104 (2021)
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Macrospin rotation — Néel relaxation time

e Analytic estimate: I
Average time depends on barrier height (KV)

compared to thermal energy (kgT)

0.0
— kT
TN TO e 2 02
o
£ Lo
o
2 KV |
% -0 ]
5 pup down
S -0
Deatsch and Evans, IMMM 354 (2014) 00 05 10 15 20 25 30
Brown, Phys. Rev. 130, 1677 (1963) 6(rad)

Physical rotation — Brownian relaxation time
 Whole particle rotates in a fluid (driven by field or diffusive)
* Larger particles and/or lower temperature

* Average time depends on fluid viscosity (1)
and hydrodynamic volume (V},)
compared to thermal energy (kgT)

~ 3V,
kT

B

Frenkel, Kinetic Theory of Liquids (1955)



Physical rotation — Brownian relaxation time

* Whole particle rotates in a fluid (driven by field or diffusive)

| VIDEO!
Q@ TB=20 mT
0.ps 1 particle

(radius =10 nm)

* Brownian translations are seen here, as well as rotations
37

An aside on units

A,
- K
\ LS }ﬁv
; ity
4

e |am using Standard International (SI) here... mostly,
rather than Centimeter-Gram-Second (CGS)
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An aside on units

* Magnetic field (H) and Magnetic induction (B) have S| units of
[A/m] [T]
In a vacuum, B = uyH, where p, is the vacuum permeability

1.6 x 10°A/m =20 mT

=400 X larger than Earth’s
magnetic field in London

= 100 X smaller than in a Magnetic Resonance Imaging machine
= insufficient to dominate Brownian rotations

39

An aside on units

* Magnetic field (H) and Magnetic induction (B) have Sl units of
[A/m] [T]
In a vacuum, B = uyH, where p, is the vacuum permeability

* Volume magnetization has units [A/m].

* Mass magnetization (total moment
per unit mass) has units [Am?/kg].

You may see emu/g (CGS) regularly...
..'m sorry.
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Combined magnetic relaxation time

* Fastest process dominates relaxation. — = +

Characteristic Rotation Times

.

0

® 10-5

£ .

1076 Brownfan | - Analytic relaxation
. — Analytic Néel

[}

‘g 108 —— Analytic Brownian
g

O 107

10 16 20 25

Particle Diameter [nm]
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Dynamics to reach a steady state = “relaxation”

1. Magnetization relaxation - M moves towards a steady
value

2. Physical relaxation = Particle density/microstructure
moves towards a steady value

42



Physical relaxation mechanism
* Macrospins feel a force due to magnetic field gradients

e Gradients are depicted by
a changing density of magnetic \ A

field lines /\
A /'\

* Most bar magnets produce H } H
a gradient field — especially \’/ \/
at sharp edges/changes \// ‘ K_/

3

Tim St Pierre notes (2002)

-~

— —
— —
— —
— —
— —
— —
— —
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Self-assembly by magnetic field gradients

e e.g. magnetic substrate with magnetization transitions
produces large field gradients there
5]

o 9 o ©

q.e0 % ©°°

National Science Foundation DMR-1808412
Prof. Crawford (Uni. South Carolina)
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Video: Simulation of self assembly in a fluid

* Field gradient
generated
by 2 magnetic
transitions

NSF DMR-1808412
Jonathon Davidson (UCCS)

Dipolar interactions

* Particles are attracted/repelled o
by the field gradients of others /

* Presence of a static OR
oscillating applied field can aid

45

in the formation of chains
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Physical structures affect magnetic relaxation

‘ VIDEO!

TB=20 mT

' 1 particle
| (radius = 10 nm)
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Physical structures affect magnetic relaxation

(L | VIDEO!
Magnetization % TB=20 mT
relaxation takes | Q/ ‘
much longer | " 5 particles
than for the v (radius = 10 nm)

isolated particle 0. us
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Dynamics summary

Magnetization relaxation - M moves towards a steady value
Brownian and Néel mechanisms

Physical relaxation = Particle density/microstructure
moves towards a steady value
Magnetic field gradients

Relaxation times over 10 orders of magnitude!!!
1 nanosecond (Néel) to

1 minute (self-assembly)
50



Dynamics — implications

Hyperthermia example: maximize energy produced by oscillating

the field with a period that matches the magnetic relaxation time.

Then particles can just keep up (left), and there is less static waiting (right).

N NN S
Y V| M M

time (ms) time (ms)
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Dynamics — implications

e Characterization methods rely on relaxation processes:
Dynamic Magnetic Susceptibility measurements

How the magnetization keeps up with an oscillating field frequency
- tells us the relaxation time
- tells us the nanoscale

energy barriers

M in phase with H

10° 10* 10° 105 10°
frequency (Hz)
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Basics of Magnetic Nanoparticles

Karen Livesey

End of part 2

More on characterization tomorrow!

53

Basics of Magnetic Nanoparticles

Karen Livesey

Three tutorials

3. Characterizing magnetic nanoparticles

54



Experiments and what they tell us

e According to a theorist... @

X
®@

e Some useful articles:

Maldonado-Camargo, Unni and Rinaldi-Ramos, In Biomedical Nanotechnology, pp. 47-71.

(Humana Press, New York, 2017).

Sandler, Fellows and Mefford, Anal. Chem. 91, 22, 14159-14169 (2019)
55

What we may want to know

1. Particle size

2. Saturation magnetization

3. Particle interaction strength and sign
4

Anisotropy barriers

e.g. Hyperthermia: want a large saturation magnetization and
moderate anisotropy to generate the most heat.
Interactions may help or hinder!
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Particle size

* Transmission Electron Microscopy (TEM) or
Scanning Electron Microscopy (SEM)

e.g. TEM image
Immobilized particles

FitzGerald PhD dissertation,
University of South Carolina
(2021). Fig. 4.2
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Particle size from TEM

* From images, measure each particle and construct
histogram of diameters

150}

100¢

Number

50¢

10 15 20
diameter (nm)

58



Particle size from TEM

* From images, measure each particle and construct
histogram of diameters

E o

£

< 0201 Fit a log-normal
‘@ 0.15} distribution to data
(]

T

> 0.10f

S .05}

o]

2

& 0.00¢

10 15 20 25 30
diameter (nm)

e Option: fit analytic function to particle size distribution
59

Particle size from TEM: notes
 The immobilized particles may be different to when in fluid
* It’s possible to measure magnetic core size, subtracting ligands
* Beware the log-normal size distribution!

- Mean and mode size are different
- Diameter distribution is different from the volume distribution
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Particle size

* Dynamic light scattering (DLS) of fluids

* Measures the
“hydrodynamic” size
of particles

* Relies on their
Brownian motion
in solution

Wikipedia “"Dynamic Light
Scattering.” (Image by Mike Jones)

o: O

S
J \\ E |

o

©

\.

Larger Particles

o

:
0 9-g\ .]

Smaller Particles

61

Saturation magnetization M [A/m]

* Magnetization versus static applied field measurement
e Performed using a SQuID or VSM magnetometer

/—'P—'-

=0

>

Saturation magnetization
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M vs H — Low temperature

 The system has a memory ... “Hysteresis loop’

e Macrospins are “blocked” at low temperature

and for fast field sweep rates

* Areainside loop =
magnetic work done by
the field (heat?)

I
/
/
i
) [
Y
N
\
]

Stuck upv

vard |
/A'/
~

=0

’ﬂck downward

M vs H — High temperature

* The curve is now reversible — no memory

* Macrospins are “superparamagnetic”

at high temperature and/or
slow field sweep rates

e The net moment
follows the field

0
H

colder

-
-
-
-

/" hotter

/d

=0




M vs H — High temperature — Langevin function

e Superparamagnetic magnetization can be predicted using the
Langevin function (not given)
Assumes anisotropy barriers negligible & particles are non-interacting

colder —
* For small fields, M has V. ~" hotter
. . =0
linear behaviour '\ J
ﬂ,\, (MOMSV) H /-._-_-_—— .
M, \ 3kgT 5
H
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Low field susceptibility y — High temperature

* Susceptibility = the rate of magnetization M increase with an
increase in field H (unitless slope)

M ugM?v

Xzﬁ - 3kT —

———'
-
-
: 0 ~
/ )

-
——
-

m——
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Low field susceptibility y — High temperature

* Susceptibility = the rate of magnetization M increase with an
increase in field H (unitless slope)

M pugMZV
ATH T T3kt |
>
 Aplotof1/yversus T should y,;"" '
be linear and = | e
should extrapolate to origin... a -:;’:;/
3 '/f
l~ 3k T 0k
X HoM2V Curie’s Law r

67

Interaction temperature

e Often 1/y versus T does not go through the origin!!!!

0.06¢}
0.05¢
0.04¢
S
< 0.03}
0.02f
0.01p * °

0.00, 100 200 300 400

Interaction
temperature

* Due to dipolar interactions
* Can tell their strength and sign
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Anisotropy barriers

» Zero-field cooled (ZFC) and field cooled (FC)
magnetization versus temperature measurements

* Dynamic Magnetic Susceptibility measurements

69

Zero field cooled measurement

* Cool sample in zero field, then heat back up in a weak field
H~10 Oe (CGS) or ugH~1 mT (SI)

0.15 VIDEO!
, 0.10

S

=

0.05

0'000 10 20 30 40 50 60 > nm radius

magnetite particles

T (K)
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Field cooled measurement

* Cool sample in weak field, then heat back up in a weak field

0.15}- VIDEO!
» 0.10
S
=
0.05
0'000 10 20 30 40 50 60 5 nm radius
T (K) magnetite particles
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Mean “Blocking temperature” Tp

= The average temperature at which particles become unblocked.

Transition

0.15 ' '
Ferromagnetic 0.10 @ Superparamagnetic
or Blocked s @ or Unblocked

= Thermal fluctuations
0.05} dominate.
@ Langevin function
0-000 =50 20 30 40 50 60
T (K)

* Transition region is smeared because of particle size distribution
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Audience poll: Where is the mean Blocking temperature?

a) Atthe ZFC peak, you idiot!
b) To the right of the ZFC peak
c) To the left of the ZFC peak

0.15f
FC
,0.10
=
S
Vote now! 0.05¢
ZFC
000 =90 "20 30 40 50 60

T(K)
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Left of peak = “Blocking temperature” Tg

 The mean Blocking temperature
tells us about the mean
energy barrier KV

0.14}
0.12}
e Recall the 0.10t

Néel relaxation = 0.08}

time formula = 0.06}

0.04¢ / i It’s not at the peak. .

0.02} 4 | Stop it. '

0.00L=ZZ2 T T ST

0 10 20 30 40 50 60
T (K)
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Extracting anisotropy constant K [J/m?3]

Important for choosing

0.14-'—'\'\' materials for hyperthermia and
813 other applications!
o U Pletel

< 0.08f ’ \\

S .06 L
0.06 = Volume distribution
0.04} /!

0.02} J/ KV/ |
ooobz====7 L b
0 10 20 30 40 50 60 —==p| T3 =
T (K) Extract Tp kB hl Tm/TO
from
ZFC/FC data
Measurement Attempt
time ~100 s time ~1 ns

Livesey et al. Sci. Reports 18 (2018)

75

Summary of characterization

1.

Particle size

Electron Microscopy and Dynamic Light Scattering

Saturation magnetization
Magnetization versus applied field

Particle interaction strength and sign

Low field susceptibility

Anisotropy barriers

Magnetization vs temperature (ZFC and FC) and

Dynamic Susceptibility
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Thank you for listening

Karen Livesey

Karen.Livesey@newcastle.edu.au

S

THE UNIVERSITY OF

NEWCASTLE

AUSTRALIA

13th Magnetic Carriers Meeting, London, 2022
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Sponsors and Exhibitors

%e» Micromo
-

MODULAR DESIGNED PARTICLES

\VAVAN
nanoTherics

Specalists in Magnetic Nanoparticie Healing

chemicell

NEW TOOLS IN BIOSCIENCES

9 nB

nanoScale
Biomagnetics

-Experts in Magnetic nanoHeating

nanotech
SOLUTIONS

Micromod Partikeltechnology GmbH

hitps://www.micromod.de/

micromaod Partikeltechnologie GmbH is the reliable supplier of particle-based
system components for in vitro diagnostics, high-throughput screening, magnetic
bio-separation, cell labeling as well as a partner in R&D of novel components for
diagnosis (MPI, MRI) and cancer therapy (hyperthermia). A modern quality
management according to EN ISO 13485:2016 ensures a high quality standard in
the development and production of micro- and nanoparticles.

Imagion Biosystems Limited

https://imagionbiosystems.com/

Imagion's purpose is to find and eliminate cancer. Treatments are more successful
and survival rates improve with early detection. By combining high sensitivity
imaging technologies with nanoparticle technology, we aim to make the detection of
diseases like cancer better and safer for patients as well as provide new methods
for therapeutic intervention.

nanoTherics Ltd.

http://www.nanotherics.com/

Nanotherics are the market leader in products for nanoparticle heating and
hyperthermia studies utilizing AC magnetic fields. The magneTherm™ system is a
totally unique, very competitively priced bench top device which enables magnetic
fluid and nanoparticle hyperthermia testing. It operates at a wide range of user-
configurable frequencies and field strengths in one system with no hidden extras
needed. The magneTherm™ allows users to study magnetic nanoparticle and
material heating effects calorimetrically, in-vitro and in-vivo. The magneTherm™
offers internal/external solenoid/pancake coils, options for water jackets (in vivo)
plus capabilities to expose cells to AMF on a microscope stage for time lapse
studies.

Chemicell

http://www.chemicell.com

Chemicell develops and produces magnetic nano- and microparticles for innovative
bioseparation, gene transfection and detection systems. Focus of our product
development is to design particles for high quality customer-oriented ,ready to use*
kits with special orientation towards the compatibility for labor automatisation. It is
chemicell’s policy to be open for cooperations with other companies or scientific
institutes to maximize the chances and opportunities that evolve from the rapid
development of biotechnological procedures and to distribute innovative new
products.

nB nanoScale Biomagnetics

https://www.nbnanoscale.com/

We are a technology based company dedicated to the production of scientific and
biomedical instruments for Magnetic Hyperthermia and other experiments based
on magnetic heating of nanostructured materials.

Nanotech Solutions

www.ntsol.es

Nanotech Solutions develops and manufactures advanced instrumentation for
characterising magnetic properties under alternating magnetic fields. Our
instrumentation performs AC magnetization measurements of magnetic
nanoparticles dispersed in liquids (aqueous or organics), gels, or inside biological
matrices at room temperature. Magnetic losses and Magnetization harmonic
parameters (amplitude and phase) can be determined for field frequencies from 1
kHz to 350 kHz and field intensities up to 150 kA/m.

Bruker Biospin Gmbh
https://www.bruker.com

With more than 6000 employees in over 90 locations on all continents, Bruker is
one of the world's leading companies for analytical instrumentation and
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Taylor & Francis Group
an informa business

e Quantum Design
UK AND IRELAND

sepmag

Ferolee

magnetsales

and service limited

measurement technology. The Bruker BioSpin Pre-Clinical Imaging (PCI) division is
a renowned provider of state-of-the-art preclinical imaging technologies, ranging
from Magnetic Resonance Imaging (MRI), Computed Tomography (CT), Positron
Emission Tomography (PET), Single Photon Emission Computed Tomography
(SPECT) to its youngest imaging technology, Magnetic Particle Imaging (MPI).

MSI Automation, Inc.
https://www.msiautomation.com/

MSI| Automation, Inc. provides superior power to heat difficult to heat nanoparticles.
Power Range available is 3.0 KW to 12.0 KW. Frequency Range is 100-450/800
kHz. Heating coils of the round type are available from 40-150 mm. Magnetic Field
measurement and Frequency are displayed on the color touch screen. Special Petri
Dish Coil is offered for studying the effect of heating while videoing the heating
reaction live. A light weight Hand Unit and flexible 3-Meter Cable is available to treat
near surface tumors as; Infant Brain, Bone, Thyroid, Breast and Skin.

For more info, check out this link.

Taylor & Francis

https://www.routledge.com/

Taylor & Francis is one of the leading research publishers in the world. Its key
components include Taylor & Francis, Routledge, CRC Press, F1000 Research and
Dovepress. Our work as a leading publisher champions the knowledge-maker:
serving, connecting and sustaining communities of scholars, instructors, and
professionals.

Quantum Design UK and Ireland Ltd

https://qd-uki.co.uk/

Quantum Design UK and Ireland is part of the Quantum Design International (QDI)
group. The company distributes scientific and industrial instrumentation through an
international network, with subsidiaries in every major technological centre around
the world. QDI's success in distributing scientific products comes from more than
30 years’ experience in manufacturing and distributing its own industry-

leading materials characterisation systems. We also offer the DynoMag instrument
which enables determination of the dynamic magnetic properties of liquids, powders
and solid samples.

Sepmag

https://www.sepmag.eu/

SEPMAG manufactures constant force biomagnetic separation equipment. Its
systems enhance the reproducibility of diagnostic kits eliminating assay
variability, recover the maximum of beads and facilitate the validation process
through a full scale up technology.

FerroTec

https://www.ferrotec.com/

Ferrotec provides customers with advanced technology solutions that make their
products work better, more precisely, and more reliably. Founded in 1968 on a
technology core of FerroFluid magnetic liquid and Ferrofluidic® sealing products,
the company and their product portfolio have grown to meet the evolving customer
needs

Magnet Sales & Service Limited

https://magnetsales.co.uk/

Magnet Sales & Service Limited provides magnetic solutions to a wide variety of
markets and applications. Over many years we have worked closely with

leading magnetic bead manufacturers, developers and users in providing both
standard and bespoke separation devices. Whether you're looking for a rapid or
improved separation device for a tube, vessel or plate, or if you require a magnetic
separation process as part of your automated equipment or production, then
Magnet Sales can help.




PrecisionMRX" Superparamagnetic

Iron Oxide Nanoparticles

The highest quality iron oxide magnetite (FesOy) nanoparticles
commercially available.

PRECISE, UNIFORM, CONSISTENT

PrecisionMRX" nanoparticles are superparamagnetic iron PrecisionMRX Conventional Suppliers
oxide nanoparticles with uniform spherical morphology,
narrow size dispersity, and high magnetic relaxivity.

To achieve the highest quality, Imagion Biosystems uses
the thermal decomposition process, which allows precise
control over size, shape, and magnetic properties of the
nanoparticles. The manufacturing process is robust and
produces high-quality magnetite (Fe3O,) core
nanoparticles with minimal batch-to-batch variability.

Key Applications Other Applications
« Superparamagnetic Relaxometry + Vaccine Adjuvant + Theranostic Application
+ Magnetic Resonance Imaging + Drug Delivery » Magnetic Immunoassays
. Magnet!c Particle Imaging ' « Magnetomotive « Magnetic Cell
+ Magnetically Induced Hyperthermia Ultrasound Imaging Enrichment Assays

PrecisionMRX nanoparticles are made specifically for the
demands of biomedical applications and are available with a
variety of coatings to facilitate their uses.

» Carboxylic Acid Functionalized PrecisionMRX® Nanoparticles

» Dextran-Coated PrecisionMRX® Nanoparticles

» mPEG Coated PrecisionMRX® Nanoparticles

» Oleic Acid Coated PrecisionMRX® Nanoparticles

IMAGI¥.N

imagionbiosystems.com
info@imagionbio.com
PH: (855) 564-5264




\VAVAN
nanolherics

Specialists in Magnetic Nanoparticle Heating
Magnetherm Systems & Accessories

The magneTherm™ system has been purpose built for this application for
over 16 years and is now the most flexible, affordable, reliable and fit for
purpose bench top system available.

Installed on 5 Continents and over 28 Countries

The best-selling, purpose designed systems for Nanoparticle Heating
studies including: Hyperthermia, Calorimetry, In Vitro & In Vivo studies,
Drug Release & Drug Delivery Research.

The New Magnetherm System is available with Full Software control
and display of all operating parameters. Method Storage and recall with
full data analysis and display of SAR/SLP/ILP.

@

Water Jacket
Options

Our wide range of accessories makes the

Magnetherm the most flexible System for all
your Nanoparticle Heating Studies.

Software Controlled
Option

=
Live Cell Exposure
Option

Customised &
Large FormatCoil
Options

Drug Release/Delivery
Option

Visit our website for further details — www.nanotherics.com

Tel. +44 1925 812554 E-mail. enquiry@nanotherics.com


http://www.nanotherics.com/

Chemicell develops and produces magnetic nano- and
microparticles for innovative bioseparation, gene transfection
and detection systems. Focus of our product development is to
design particles for high quality customer-oriented ,,ready to
use“ kits with special orientation towards the compatibility for
labor automatisation.

It is chemicell’s policy to be open for cooperations with other
companies or scientific institutes to maximize the chances and
opportunities that evolve from the rapid development of
biotechnological procedures and to distribute innovative new
products.




Fast and efficient isolation of DNA and RNA by means of magnetic

SIMAG-DNA particles not only in SARS-CoV-2 times.

SiMAG-N-DNA particles have been successfully used
to isolate SARS-CoV-2 RNA for rapid large scale
testing by RT-gPCR and RT-LAMP.

Steffen Klein et al. - July 2020 - SARS-CoV-2 RNA virus.  RNA  magneticbead  magnet

extraction using magnetic beads for rapid large- with RNA
scale testing by RT-qPCR and RT-LAMP.
https://www.mdpi.com/1999-4915/12/8/863

Magnetofection — magnetic transfection of pollen

The simple and efficient Magnetofection technology
was successfully applied to the transfection of pollen.
This opens the possibility of the rapid and efficient
generation of new variations of transgenic crops.

Zhao et al. 2017 Pollen magnetofection for genetic
modification with magnetic nanoparticles as gene
carriers Nature Plants 3, 956-964 (2017).

MagnetoFACTOR plate

Magnetofected
pollen

@
o

Cell culture
dish with pollen

—

Contact

chemicell GmbH

Eresburgstrasse 22-23 chemicell
12103 Berlin info@chemicell.com

Germany www.chemicell.com NEW TOOLS IN BIOSCIENCES



nanotech
SOLUTIONS

Nanotech Solutions S.L. is an innovation company
founded on January 2019 and composed by experts
in instrumentation and nanomagnetics research,
development and manufacturing.

NTSOL focuses its commercial activities on the
development and manufacturing of instrumentation
for AC/DC magnetic field generation, or Magnetometry.
These Systems are used for characterising the
magnetic properties of nanomaterials and for its
applications in different areas.

A tight interaction with customers to satisfy
their requirements is our major fingerprint as
manufacturer.

We are committed with magnetic nanomaterial’s
users to provide the best to benefit their research
and/or industrial activities. NTSOL offers commercial
alternatives to suit customer requirements and
purchase capabilities: Sales or renting ?

For achieving this goal, “flexibility” guides our
actions concerning the design, development,
manufacturing and commercialization of NTSOL
advanced instrumentation.
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Commercial office:

C\Tomas Breto6n, 50-52 4°
Nave 7, 28045 Madrid, Spain
+34 609 411812

+34 921 124 860

+34 915 060 293

Nanotech
Solutions

Headquarters:

C\Miguel Unamuno, 2 3°B
40150 Villacastin, Spain

PROVIDING INSTRUMENTATION
FOR EXPLOITING NANOMAGNETICS

AC Magnetometry

AC Hyster series are inductive magnetometers that
perform calibrated magnetization measurements
of magnetic nanoparticles dispersed in liquids,
or inside biological matrices under alternating
magnetic fields.

We have 3 different models measuring under AC
magnetic fields at different field frequency ranges:

LF AC Hyster is an inductive magnetometer whose
performance is close to quasistatic conditions:
single field frequency (1 kHz) and intensities up
to 150 kA/m.

SENS AC Hyster is an inductive magnetometer
working in a field frequency range between 10
and 100 kHz up to 24 kA/m with sensitivity down
to 300 nano Am?2.

ADVANCE ACHysteris an inductive magnetometer
workingin afield frequency range between 25 and
350 kHz up to 24 kA/m.

www.ntsol.es



Check out this video and find out all the possibilities our Ty
magnetic heating equipment can offer youl! \ >

Up to 80 kKA/m
Unlimited number of frequencies
Advanced Software integration

Easily expandable

® T

~ nanoScale
Biomagnetics

@ nbnanoscale.com @ contact@ Q



http://www.nbnanoscale.com/
http://www.nbnanoscale.com/

The World’s First MPl System, ™\ %
Only from Bruker

The Bruker BioSpin Pre-Clinical Imaging (PCI) division is a renowned provider of state-of-the-art preclinical imaging
technologies, ranging from Magnetic Resonance Imaging (MRI), Computed Tomography (CT), Positron Emission
Tomography (PET), Single Photon Emission Computed Tomography (SPECT) to its youngest imaging technology, Magnetic
Particle Imaging (MPI). Preclinical imaging plays an important role in the understanding of biological processes in both
healthy and diseased states and of responses to pharmacological, physiological, or environmental challenges. The use of
state-of-the-art analytical technologies can significantly advance clinical diagnosis and therapy routines. With our mission
to develop each imaging technology to its best, Bruker drives innovation in new methodologies and solutions for scientists
enabling ground-braking discoveries. Bruker constantly advances Magnetic Particle Imaging in the preclinical area, paving
the translational way to clinical perspectives. The use of nanomaterials and their specific response to external magnetic
fields is not only crucial for molecular imaging but opens the door to the development of novel theranostic strategies, which
in turn can improve patient outcomes and save lives.

To learn more please visit www.bruker.com/mpi

Innovation with Integrity




FERROFLUIDS AND ;
FUNCTIONALIZED BEADS/NANOPARTICLES
For BIOMEDICAL APPLICATIONS .
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FERROBEADS - SILICA COATED MAGNETIC NANOPARTICLES

" PBG Skries - PEG Coatep MAGNETIC NANOPARTICLES

\

EMG Skeries - WATER-BASED FERROFLUIDS

s

Customizeo MAGNETIC NANOPARTICLES/BEADS - CARBOXYL, AMINE, OTHER COATINGS

FerroTEC (USA) CorproraTiON * 33 ConsTiTuTiON DRIVE * BEDFORD

603-472-6800 * www.FERROTEC.COM * FLUIDSCS@FERROTEC.CON




MAGNETIC HYPERTHERMIA
INSTRUMENT

Features:

A. RF Power Supply: 5.0-12.0 kW / 150-450 kHz
B. Magnetic Power Intensity: 350-1200 Gauss / High SAR Values
C. Round and Planar Heating Coils: 40-130 mm

Hand Heating Unit is designed for Hyperthermia Treatment.

The 3.5 kg hand heating device applies hyperthermia heating energy downward and thru
the skin to a depth of 30-40 mm. A 3-5 meter flexible cable allows the technician to
easily position the heating anywhere over the body’s surface. Heating can be
concentrated in one area or heating can scan a larger area. Tumors that can be treated
are bone, infant brain, thyroid and breast.

/| INDUCTION
HEATING

POWER _FREQ.
0
Zas

IR

MSI Portable Power Supply is Free-Standing and on Wheels. (See Details)

MSI AUTOMATION, INC.
Wichita, Kansas 67220 USA
Website: www.msiautomation.com / Email: dave@msiautomation.com
International Representatives:
Hong Kong/Shanghai: www.worldwide-china.com / Romania: www.pro-tehnic.ro
Singapore: www.dmxasia.com



http://www.msiautomation.com/
mailto:dave@msiautomation.com
http://www.worldwide-china.com/
http://www.pro-tehnic.ro/
http://www.dmxasia.com/
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EDITED BY Nguyén T. K. Thanh

March 2020: 516pp
358 illustrations

Hb: 978-1-138-05155-3 | $375.00
Pb: 978-0-367-90193-6 | $140.00
eBook: 978-1-315-16825-8

S

CRC Press

Taylor & Francis Group

20% discount with this flyer!

Clinical Applications of
Magnetic Nanoparticles

From Fabrication to Clinical Applications

Edited by Nguyen TK Thanh, University College London,
UK

Offering the latest information in magnetic nanoparticle
(MNP) research, this book builds upon the success of the
first volume and provides an updated and comprehensive
review, from synthesis, characterization, and
biofunctionalization to clinical applications of MINPs,
including the diagnosis and treatment of cancers. The book
captures some of emerging research area which was not
available in the first volume. This volume, also written by
some of the most qualified experts in the field, incorporates
new developments in the literature, and continues to
bridge the gaps between the different areas in this field.

20% Discount Available - enter the code FLE22 at
checkout*

Hb: 978-1-138-05155-3 | $300.00
Pb: 978-0-367-90193-6 | $112.00

*Offer cannot be used in conjunction with any other offer or discount and only applies to
books purchased directly via our website.

For more details, or to request a copy for review, please contact:

For more information visit:
www.routledge.com/9780367901936
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and service limited

Magnet Sales & Service Limited provides magnetic

od °

Prov' Ing solutions fo a wide variety of markets and applications.
° Over many years we have worked closely with leading

separation

magnetic bead manufacturers, developers and users in

° providing both standard and bespoke separation devices.
solutions

Whether you're looking for a rapid or improved separation

° device for a tube, vessel or plate, or if you require a
for magnetic

magnetic separation process as part of your automated

beads equipment or production, then Magnet Sales can help.

Magnet Sales & Service Limited
Unit 31 Blackworth Industrial Estate
Highworth, Swindon, Wiltshire

SNé6 7NA UK

T +44 (0)1793 862100

F +44 (0)1793 862101 MAacC netSO |eS
E sales@magnetsales.co.uk

www.magnetsales.co.uk and service limited



e Quantum Design

UK AND IRELAND

Keeping you at the front of
the quantum revolution

The most extensive range of low temperature
physics instrumentation

B Fully automated temperature and magnetic field testing platforms for
materials characterisation

B Helium Liquefiers

B Measurement and control solutions for materials characterisation under
extreme temperature and magnetic field conditions

B High-precision electrical, optical, and cryogenic systems

Quantum Design UK and Ireland Ltd For more information visit

1 Mole Business Park, Leatherhead, Surrey KT22 7BA i k
Tel: +44 (0)1372 378822 | Email: info@qd-uki.co.uk gd-uki.co.u




S e m a ® Advanced Biomagnetic
Separation Systems

Solutions for R&D and small volumes:
monitor your biomagnetic separation process

Developing a magnetic bead-based process is a laborious task. Users often need to work with a wide range
of volumes, starting with small tubes and increasing the sample size. Sepmag® proprietary technology
generates constant magnetic force at their inner bore, with minimum stray fields. Processes are monitored
and recorded, which enables the operator to explore the effects of bead size, concentration, or buffer
conditions on the separation time.

= Real-time monitoring. Our Monitor - software and hardware - measures optical changes in the
suspension, displaying its behavior and comparing different compositions.

= Well-defined magnetic separation conditions. Applying a well-defined magnetic force to the entire
sample means variations are restricted to suspension characteristics (particles, buffer, ...).

= Safe System. Large magnets can be dangerous. Our systems are designed to operate near
computers and to protect operators from risks.

Sepmag® LAB, especially suited to viscous media
and/or small magnetic beads/particles

Model Use

For small tubes (1.5-50 ml),
filled up to 50 mm

For small tubes (1.5-50 ml),
filled up to 90 mm

Sepmag® LAB

Sepmag® LAB L

Sepmag® A, for the first steps with commercial magnetic beads
and water buffers

Model Use
Sepmag® A200ml For 250 ml bottles
Sepmag® A200ml For 500 ml bottles

Most popular adaptors

MA211 2x 2ml + 1x 15ml + 1x 50ml
MAO022 2x 15ml, 2x 50 ml
MAO003 3x 50ml

Any questions? Do you need customized systems? Contact us at contact@sepmag.eu

Sepmag® Systems www.sepmag.eu

CENT. Parc Tecnologic del Vallés
E-08290 Cerdanyola del Vallés - Barcelona
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MODULAR DESIGNED PARTICLES

Trusted quality in a new design

operating internationally

more than 25 years experience in particle
synthesis and modification

certified according to ISO 13485 since 2007

Frontier research with high-quality products

perimag®

micromer®-M

m for Magnetic Particle Imaging (MPI)
and Magnetic resonance Imaging
(MRI) research

= high magnetomobility and
selectivity for cell separation

® components in biosensor and
lab-on-chip applications

>

for homing and tracking of stem
cells in regenerative medicinell

nanomag®-D synomag®-D

high-throughput nucleic acid m for MRI and MPI research
separation

for hyperthermia applications[®!
components in diagnostic kits = yp PP

and biosensors/?l

® Do you require particle design and modification in compliance with ISO 134857

Get in contact with us: info@micromod.de or www.micromod.de

References:

[ Labeling of hAMSC with fluorescent perimag® (nucleus: blue; perimag® in cytoplasm: green) , T. Kilian et al. Nanomedicine 2016, 11 (15) 1957-1970.
121 Viability assessment of Salmonella cells with nanomag®-D particles, E. Fernandez et al. Biosensors and Bioelectronics 2014, (52) 239-246.
[BI'TEM tomography image of synomag®-D, L.J. Zeng, Chalmers University of Technology, Géteborg.
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