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Scheme of the synthesis
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Figure 1S. Scheme of the solvothermal synthesis. All samples were recovered after separation with
magnet from the bottom of the Teflon liner, whashing with hexane and ethanol, redispersing in
hexane, and centrifugating. The sample MnA@FelS was recovered from the organic phase of the
mother liquor, after destabilizing the system with ethanol, washing the particles as before,
redispersing in hexane, and centrifugating.



Additional measurements of the samples

Figure 2S. HRTEM image with inter-lattice distances and Miller’s indexes of MnA.

FTIR spectra (Figure 3S) show the main vibrational modes related to the oleate molecule, i.e., the COO-
vibrational modes (v, COO-, vy COO-at 1548 and 1421 cm’!, respectively) and those related to the hydrocarbon
chain ( v,; C-H(CHj3), v,s C-H(CH,), vy C-H(CH,), v, C-H(CH3;), at 3004, 2954, 2921, and 2850 cm’!,
respectively). The band at about 570 cm™! are due to the Me-O stretching mode of the tetrahedral and octahedral
sites of the spinel structure in the manganese ferrite samples.”®”! These band is shifted to 580 cm™ for
MnA@Co, due to the presence of cobalt ferrite.”!’> The samples where iron oxide is present, feature, in the
region between 700-350 cm™!, the typical bands of maghemite.!%-63
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Figure 3S FTIR spectra of the samples

TGA curves (Figure 4S) display a weight loss at about 260-270 °C, correspondent to the oleate
decomposition.!®”3 The percentage correspond to a monolayer of capping molecule on the nanoparticles’

surface.
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Figure 4S TGA curves of the samples.
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Figure 5S. Rietveld refinements of the XRD patterns of the samples.




Parameters of cations

Table 1S. Reported parameters for the cations. C.N. = coordination number. HS = high spin. LS =

low spin.
. . Ionic Radius, Ionic Radius, Ionic Radius,
Cation | HYdratation enthalpies Ko CN4*(m) | CN.6 HS* C.N.6 LS
aqua ions’ (kJ/mol) hydroxides
(pm) (pm)
Fell -4430 6.3-10-38 49 64.5 55
Co!! -1996 2.5-10°1° 58 74.5 65
Fell -1946 7.9-10-13 63 78 61
Mn!! -1841 461014 66 83 67




Magnetic properties
Table 2S. Room temperature >’Fe Mossbauer parameters of the samples: values of the isomer shift
(0), hyperfine field (Byy), and full width at half-maximum (FWHM) of the components.

Sample Signal Site 0 (mm/s) Byt (T) FWHM (mm/s)
MnA Singlet - 0.32 - 2.92
Sextet Ty 0.30 46.8 0.38
MnA@Co Sextet | O, 0.39 443 0.98
MnA@Fel Singlet - 0.41 - 2.48
MnA@Fe2 Singlet - 0.36 - 1.95
Co Sextet Ty 0.30 48.1 0.44
Sextet On 0.36 45.5 0.91

Table 3S. Low temperature 3’Fe Mossbauer parameters of the samples: values of the isomer shift (3),
hyperfine field at 0 and 6 Tesla (Byy), relative area (A), spin canting (o), and inversion degree (y).
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Singlet | T, 0.41 532 592 37 0
MnA@Fel i
nA@Fel g et | 0, 0.55 542 48.4 63 15
3
S
>
‘»
c
8]
S

Figure 6S. LT >’Fe Mdssbauer spectra of the samples in the presence and in the absence of external

magnetic field of the sample MnA



Volume reduction of manganese ferrite
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Figure 7S. Linear fit of Dgy v of manganese ferrite cores vs volume reduction of the cores in the

respective core-shell nanoparticles




Magnetic Fluid Hyperthermia
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Figure 8S. Rietveld refinement of the XRD pattern, TEM image with size distribution, HRTEM
image with interlattice distances and Miller’s indexes, STEM-EDX chemical mapping images, RT

S7Fe Mossbauer spectrum, FT-IR spectrum, and TGA curve of the Co sample. Particles used for the
analysis: 11600.

Considered the higher hyperfine field values of Co than MnA@Co, we can hypothesize a higher
anisotropy constant for the cobalt ferrite sample, therefore a slower Néel relaxation time, since Ty =
10eKVKBT) Moreover, DLS analysis (Figure 9S) revealed a hydrodynamic diameter for the single-
phase and core-shell samples of 33 nm and 23 nm, respectively, corresponding to 2-3 aggregated
particles. The associated Brown relaxation times (tg) correspond to 1.1-10* for MnA@Co and 1.2-10
3 s for Co. Therefore, both 15 and 1y are closer to the characteristic time of the hyperthermic

measurement (tsar =1/2nv = 8.7 x1077 s) for the core-shell sample, explaining the reason behind the
increased heating ability.
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Figure 9S. DLS and curves of the aqueous colloidal dispersions of the samples.

Table 4S. Volume-weight particle size (Dtevm v) and percentage standard deviation (o),
hydrodynamic diameter (Dpis), diffusion coefficient (D), Brown relaxation time (Tg), specific
adsorption rate (SAR), and intrinsic loss power (ILP) of the samples MnA@Co and Co.

Sample | Dygy v (nm) | 6 (%) | Dpis (nm) | D (0?/s) | 78 (s) | SAR (W/g,,) | ILP (nH-m*-kg,,")
MnA@Co 11.6 9 23(6) 77 | 1L110* 43(5) 0.81(9)
Co 11.7 12 33(8) 3.5 | 1.2-103 24(1) 0.45(2)
MnC 11.4 13 42(10) 2.6 | 3.0-10° 0 0
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Figure 10S. STEM-EDX chemical mapping of the samples
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Figure 11S. STEM-EDX chemical mapping of the sample MnA@Co. Cobalt is represented in blue,
manganese in green, and iron in red
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Figure 12S. STEM-EDX chemical mapping of the sample MnB@Fe. Manganese is presented in
green, iron in red.
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Figure 13S. STEM-EDX chemical mapping of the sample MnC@Fe. Manganese is presented in
green, iron in red.
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