-

View metadata, citation and similar papers at core.ac.uk brought to you byﬁ CORE

provided by Online Research Database In Technology

Technical University of Denmark DTU
oo

Mdssbauer, SANS and magnetic characterization of interacting iron oxide
nanoparticles (IONPs)

Bender, Philipp; Venero, Diego Alba; Barquin, Luis Fernandez ; Costo, Rocio; Hansen, Mikkel Fougt;
Frandsen, Cathrine; Fock, Jeppe; Rogers, Sarah; Svedlindh, Peter; Wetterskog, Erik; Johansson,
Christer

Publication date:
2015

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

Link back to DTU Orbit

Citation (APA):

Bender, P., Venero, D. A, Barquin, L. F., Costo, R., Hansen, M. F., Frandsen, C., ... Johansson, C. (2015).
Mdssbauer, SANS and magnetic characterization of interacting iron oxide nanoparticles (IONPs). Poster session
presented at 20th International Conference on Magnetism, Barcelona, Spain.

DTU Library
Technical Information Center of Denmark

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.

e Users may download and print one copy of any publication from the public portal for the purpose of private study or research.
e You may not further distribute the material or use it for any profit-making activity or commercial gain
e 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.


https://core.ac.uk/display/43255199?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1
http://orbit.dtu.dk/en/publications/moessbauer-sans-and-magnetic-characterization-of-interacting-iron-oxide-nanoparticles-ionps(87b51e43-f927-4b7a-b507-bfee5638a36a).html

ResearchGate

See discussions, stats, and author profiles for this publication at:

Mossbauer, SANS and magnetic characterization of interacting iron oxide nanoparticles (IONPs)

CONFERENCE PAPER - JULY 2015

READS

88

11 AUTHORS, INCLUDING:

6 Technical University of Denmark @ Uppsala University

145 PUBLICATIONS 2,997 CITATIONS 275 PUBLICATIONS 5,232 CITATIONS

SEE PROFILE SEE PROFILE

Available from: Philipp Bender
Retrieved on: 02 December 2015


http://www.researchgate.net/publication/279972136_Mssbauer_SANS_and_magnetic_characterization_of_interacting_iron_oxide_nanoparticles_%28IONPs%29?enrichId=rgreq-eaecdec3-8235-411c-919b-93887cc87ae5&enrichSource=Y292ZXJQYWdlOzI3OTk3MjEzNjtBUzoyNTE0MzQ0ODY3MjY2OTBAMTQzNjk1ODA2MTk3Ng%3D%3D&el=1_x_2
http://www.researchgate.net/publication/279972136_Mssbauer_SANS_and_magnetic_characterization_of_interacting_iron_oxide_nanoparticles_%28IONPs%29?enrichId=rgreq-eaecdec3-8235-411c-919b-93887cc87ae5&enrichSource=Y292ZXJQYWdlOzI3OTk3MjEzNjtBUzoyNTE0MzQ0ODY3MjY2OTBAMTQzNjk1ODA2MTk3Ng%3D%3D&el=1_x_3
http://www.researchgate.net/?enrichId=rgreq-eaecdec3-8235-411c-919b-93887cc87ae5&enrichSource=Y292ZXJQYWdlOzI3OTk3MjEzNjtBUzoyNTE0MzQ0ODY3MjY2OTBAMTQzNjk1ODA2MTk3Ng%3D%3D&el=1_x_1
http://www.researchgate.net/profile/Mikkel_Hansen?enrichId=rgreq-eaecdec3-8235-411c-919b-93887cc87ae5&enrichSource=Y292ZXJQYWdlOzI3OTk3MjEzNjtBUzoyNTE0MzQ0ODY3MjY2OTBAMTQzNjk1ODA2MTk3Ng%3D%3D&el=1_x_4
http://www.researchgate.net/profile/Mikkel_Hansen?enrichId=rgreq-eaecdec3-8235-411c-919b-93887cc87ae5&enrichSource=Y292ZXJQYWdlOzI3OTk3MjEzNjtBUzoyNTE0MzQ0ODY3MjY2OTBAMTQzNjk1ODA2MTk3Ng%3D%3D&el=1_x_5
http://www.researchgate.net/institution/Technical_University_of_Denmark?enrichId=rgreq-eaecdec3-8235-411c-919b-93887cc87ae5&enrichSource=Y292ZXJQYWdlOzI3OTk3MjEzNjtBUzoyNTE0MzQ0ODY3MjY2OTBAMTQzNjk1ODA2MTk3Ng%3D%3D&el=1_x_6
http://www.researchgate.net/profile/Mikkel_Hansen?enrichId=rgreq-eaecdec3-8235-411c-919b-93887cc87ae5&enrichSource=Y292ZXJQYWdlOzI3OTk3MjEzNjtBUzoyNTE0MzQ0ODY3MjY2OTBAMTQzNjk1ODA2MTk3Ng%3D%3D&el=1_x_7
http://www.researchgate.net/profile/Peter_Svedlindh?enrichId=rgreq-eaecdec3-8235-411c-919b-93887cc87ae5&enrichSource=Y292ZXJQYWdlOzI3OTk3MjEzNjtBUzoyNTE0MzQ0ODY3MjY2OTBAMTQzNjk1ODA2MTk3Ng%3D%3D&el=1_x_4
http://www.researchgate.net/profile/Peter_Svedlindh?enrichId=rgreq-eaecdec3-8235-411c-919b-93887cc87ae5&enrichSource=Y292ZXJQYWdlOzI3OTk3MjEzNjtBUzoyNTE0MzQ0ODY3MjY2OTBAMTQzNjk1ODA2MTk3Ng%3D%3D&el=1_x_5
http://www.researchgate.net/institution/Uppsala_University?enrichId=rgreq-eaecdec3-8235-411c-919b-93887cc87ae5&enrichSource=Y292ZXJQYWdlOzI3OTk3MjEzNjtBUzoyNTE0MzQ0ODY3MjY2OTBAMTQzNjk1ODA2MTk3Ng%3D%3D&el=1_x_6
http://www.researchgate.net/profile/Peter_Svedlindh?enrichId=rgreq-eaecdec3-8235-411c-919b-93887cc87ae5&enrichSource=Y292ZXJQYWdlOzI3OTk3MjEzNjtBUzoyNTE0MzQ0ODY3MjY2OTBAMTQzNjk1ODA2MTk3Ng%3D%3D&el=1_x_7

Mossbauer, SANS and magnetic characterization

of interacting iron oxide nanoparticles (IONPs) NanoMag

Philipp Bender i, Diego Alba Venero !, Luis Fernandez Barquin !, Rocio Costo %, Mikkel Fougt Hansen 3, Cathrine Frandsen 3,
Jeppe Fock 3, Sarah Rogers 4, Peter Svedlindh >, Erik Wetterskog >, Christer Johansson ©

L CITIMAC, Universidad de Cantabria, Santander, Spain

2 Instituto de Ciencia de Materiales de Madrid, CSIC, Spain

3 Department of Physics/DTU Nanotech, Technical University of Denmark 4 ISIS-STFC, Rutherford Appleton Laboratory,
United Kingdom ~ Faculty of Technology, Uppsala University, Sweden © Acreo Swedish ICT AB, Géteborg, Sweden

Introduction

Magnetization behavior of ensembles of Iron
Oxide Nanoparticles (IONPs) primarily depends
on their structural as well as magnetic properties
+ interparticle interactions.

Presence of dipolar interactions has significant
implications in biomedical applications [1].

Standardizing the determination of magnetic
parameters (e.g. chemical composition, magnetic
moment distribution, dipolar interactions) driving
those applications is a need for the future and
goal of the NanoMag project.

[EC FP7 NMP project, grant no. 604448]

Current study: IONPs with different amounts of
dipolar interactions are characterized by
Mossbauer, SANS (structural properties) and
combined M(H)/ZFC-FC-measurements (magnetic
properties) to detect the influence of dipolar
interactions on their magnetization behavior.
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Results: Magnetic characterization
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i) M(H) curves of dispersions | Couddspersion
Fit with Langevin function, 100 - T._s(fl:ata
assuming a normal distribution o |+ Saua
- of the core diameters d.. D
S < ]
- .
% _ 11.1(1) 9.7(1) -
- adc 'nm' 2.2(1) 2.1(2) -
o— e ————————————"
M. [Am?/kg..] 98.5(1) 99.5(1) 1E-3 0.01 oL 1 5
Hy
| | Reduced M. values can be attributed to spin canting at particle surface [6].
| /-\ ﬁ m [\ ii) Simulation of ZFC curves including d_ distributions [7]
o | With: M(T) = M ,(1-BT*/?) [6], K = K, +6K/d_[8]
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i) Influence of sample preparation |
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S1: Mossbauer data of dispersion (black), powder (red) and gel (blue) at 0 50 100 150 200 250 300 50 100 150 200 250 300

250 K show no influence of sample preparation.

ii) Iron oxide composition

Maghemite/magnetite composition analysis using the mean isomer shift
[3] corrected for 2"? order Doppler shift gives that main iron oxide is 0
maghemite (at% Fe in magnetite: 25(5) for S1 and 0(5) for S2).

iii) Relaxation — size effect / dipolar interactions

S1: Using K=9.05kl/m3, V=m/6-d_3, 7, =1ns and a measuring time of 7=
5 ns, we estimate a blocking temperature T, = KV/[k;In(7/7,)] = 300K. s
Experimentally, we find T; = 300 K (data not shown) consistent with the
simple estimate. A more accurate analysis is topic for future work
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S1: Curve can be simulated by introducing a surface anisotropy constant K..
S2: Curve is shifted probably due to dipolar interactions [9].

iii) Distribution of blocking temperature T, [7]: P(T;) < -d(AM)/[TdT]
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S2: We observe a lower blocking temperature than for S1, possible due

to the slightly smaller size or due to dipolar interactions [4,5].
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