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Magnetic measurements results on Co@Au  and Au@Co nanoparticles

Daniel Llamosa Pérez, Manuel Ruano Díaz, Lidia Martínez, Alvaro Mayoral, Elisa Roman, 
Mar García-Hernández and Yves Huttel.

Magnetic measurements have been performed in a Superconducting Quantum 

Interference Device (SQUID) magnetometer from Quantum Design and equipped with a 5 

Teslas coil. The samples consisted of multilayers of Co@Au and Au@Co nanoparticles in 

order to increase the magnetic response. The multilayers were deposited on Si(100) 

substrates and the diamagnetic contributions (in particular that coming from the Si 

substrates) have been carefully subtracted from the measured data. The magnetic field was 

applied parallel to the sample surface, and the samples were carefully demagnetized before 

measurements. In the case of field-cooled (FC) measurements the samples were cooled 

under a magnetic field of 1500 Oe. As expected, the assembly of Co@Au NPs exhibited a 

low blocking temperature TB ≈ 3 K (cf. Figure S3.1a)) in agreement with the small Co 

magnetic core (3.1 nm diameter). A ferromagnetic behavior was evidenced through the 

hysteresis loop measured at 2 K (cf. Figure S3.1 b)) where a coercive field Hc ≈ 120 Oe was 

observed. Also it can be seen in Figure S3.1 b) that the Field-Cooled (FC) hysteresis loop 

measured at 2 K is perfectly centered around zero magnetic field and hence revealing the 

absence of exchange bias. This is coherent with the presence of an uniform and protective 

Au shell that prevents the formation of cobalt oxide in contact with cobalt that would induce 

an exchange bias. [1] Note that the separation between the FC and ZFC branches in the 

magnetization curves versus temperature (cf. figure S3.1a)) is at 10 K, i.e. at higher 

temperature than the blocking temperature. Such behavior could indicate that the NPs are 

still interacting despite the presence of the Au shells that keep the Co cores in non-contact.
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Figure S3.1. a) Magnetization versus temperature for an assembly of Co@Au nanoparticles. 

b) Field cooled hysteresis loop measured at 2 K.

The results of the magnetic characterization of the inverse structure, i.e. Au@Co NPs 

are displayed in Figure S3.2. The measured magnetic properties are very similar to those 

reported by other authors on similar nanoparticle systems. [2-3] For this system, the 

interpretation of the SQUID results is more complex since the Au@Co multilayer cannot be 

seen as an assembly of isolated NPs since the Co shells are in contact and, consequently, 

strongly interact rendering in magnetic patches with a larger effective diameter than that of a 

single shell. Note, that the Au@Co multilayer is rather close to a system where small Au 

nanoparticles are inserted into a porous cobalt matrix that can partially oxidise. Such 
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oxidation is clearly observed throught the exchange bias effect measured in the field cooled 

hysteresis loop displayed in figure S3.2a. Note also that the magnetization curves are very 

different from the previous Co@Au multilayer. In particular there is no clear evidence of a 

blocking temperature that could be associated with the presence of nanoparticles. 

a)

b)

Figure S3.2. a) Field cooled and zero field cooled hysteresis loops measured on a multilayer 

of Au@Co NPs. b) Corresponding field cooled and zero field cooled magnetization curves 

as a function of temperature.
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