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EFFECT OF THE HOLLOW TOPOLOGY ON THE LOCAL SPIN DYNAMICS 
IN IRON OXIDE MAGNETIC NANOPARTICLES

M. Basini1, P. Arosio1 , V. Bonanni1,3D.Peddis2, A. Lascialfari1

MORE CHANCE TO OBSERVE THE SURFACE WITH RESPECT TO A FULL NPs !!!

STATIC  INVESTIGATION vs FIELD

0 1 2 3 4 5 6

-60

-40

-20

0

20

40

60

 F_5

M
 (

e
m

u
/g

)

Field (T)

𝑀 𝐻 = 𝑀𝑠 𝐿 𝑥

LOCAL SPIN DYNAMICS INVESTIGATION

STATIC  INVESTIGATION vs TEMPERATURE

𝑭𝑼𝑳𝑳 𝑯𝑶𝑳𝑳𝑶𝑾

𝑨𝒔𝒚𝒎 𝒕 = 𝒂𝟏𝒆
−𝝀𝑭𝒂𝒔𝒕 ∙𝒕 + 𝒂𝟐𝒆

−𝝀𝑰𝒏𝒕∙ 𝒕 +𝒂𝟑𝒆
− 𝝀𝑺𝒍𝒐𝒘∙𝒕

𝟎.𝟓

𝑨𝒔𝒚𝒎 𝒕 = 𝒂𝟐,𝟏𝒆
−𝝀𝑰𝒏𝒕 𝒕 +𝒂𝟐,𝟐𝒄𝒐𝒔(𝝎𝒕)𝒆

−𝝀𝑰𝒏𝒕 𝒕 + 𝒂𝟑𝒆
− 𝝀𝑺𝒍𝒐𝒘𝒕

𝟎.𝟓

T<T*T>T*

𝟏

𝝉𝒄
=

𝟏

𝝉𝑺𝒊,𝑷𝑴
+
𝟏

𝝉𝑫 𝜏𝐷 =
𝑟2

𝐷

𝜏𝑆𝑖,𝑃𝑀 = 𝜏0𝑒
𝑬𝑩
𝒔𝒖𝒓𝒇 𝒁𝑭𝑪

𝑘𝐵𝑇

𝟏

𝑻𝟏
= 𝑨% 𝑯𝑭

𝝉𝒄

(𝟏 +𝝎𝟐𝝉𝒄
𝟐)
+ (𝟏 − 𝑨%)

𝟏

𝑻𝟏
𝑯𝒆𝒖

𝟏

𝑻𝟏
𝑺𝑷𝑴,𝒉𝒆𝒖

=
𝟑𝟐𝝅

𝟑𝟓𝟎𝟎𝟎
𝝁𝑺𝑷𝑴
𝟐 𝜸𝑰

𝟐 𝑵𝑨𝑪

𝒓𝒅𝑫
𝟕𝑷

)𝑳(𝒙

𝒙
𝑱𝑭 𝝎𝑺 , 𝝉𝑫, 𝝉𝑵 + 𝟕 𝟏 −𝑷

)𝑳(𝒙

𝒙
+ 𝟑 𝟏 − 𝑳𝟐 𝒙 −

)𝟐𝑳(𝒙

𝒙
∙ 𝑱𝑭 𝝎𝑰 , 𝝉𝑫, 𝝉𝑵 + 𝟑𝑳𝟐 𝒙 𝑱𝑨 𝟐𝝎𝑰𝝉𝑫

Nuclear Magnetic Resonance (NMR) Muon Spin Resonance (MUSR)
SPIN DYNAMICS INVESTIGATION VS FIELD SPIN DYNAMICS INVESTIGATION VS TEMPERATURE

Mössbauer

HEURISTIC MODEL FOR FULL SUPERPARAMAGNETIC NPs (A. Roch et. al,  1999, [1] 

OUR NOVEL PHENOMENOLOGICAL MODEL FOR HOLLOW NPs (M. Basini et. al, 2017) 

EXPERIMENTAL DATA + FIT by (1) and (2)

(1)

(2)

Conclusions: 

• The heuristic model is not able to reproduce the experimental data
• The novel model wors for EVERY semple we measured

• The surface is paramagnetic-like (correlation time  𝝉𝑺,𝑷𝑴 ~ 𝟏𝟎−𝟏𝟒 𝒔)

• The  core is superparamagnetic (correlation time  𝝉𝒄,𝑺𝑷𝑴 ~ 𝟏𝟎−𝟗 𝒔 )

1Dipartimento di Fisica and INSTM, Universita' degli Studi di Milano,  20133 Milano, Italy
2ISM-CNR, Area della Ricerca Roma 1, 00016 Monterotondo Scalo (RM) Italy
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𝜏𝑐,𝑆𝑃𝑀 = 𝝉𝑵 = 𝜏0𝑒

𝑘𝐵𝑇

Conclusions: 

• The anomaly at higher temperature (𝑻𝟐
𝑴𝑨𝑿) is ascribed to the surface spins

• The anomaly at higher temperature (𝑻𝟏
𝑴𝑨𝑿) is ascribed to the core spins

• The core is superparamagnetic (correlation time  𝝉𝒄,𝑺𝑷𝑴 ~ 𝟏𝟎−𝟗 𝒔 )

• The FIT ascribes an higher HF coupling between the hollow NP and the muon spin

T*=40K T*=35K
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