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DIFFUSE REFLECTANCE INFRARED FOURIER TRANSFORM SPECTROSCOPY.

FIG. S1: DRIFTS spectrum of cobalt ferrites MNPs coated with OA in the mixture with KBr.

FIG. S2: DRIFTS spectrum of cobalt ferrite MNPs functionalized with MA (11-maleimidoundecanoic acid) with the
band of C=O stretching at 1700 cm−1 together with two strong singlets of an out-of-plane bending of a maleimide
C–H bond at 825 and 690 cm−1, and two typical broad singlets at 600 and 420 cm−1 corresponding to the infrared

absorption of spinel-structured CoFe2O4 (298 K, KBr, cm−1).
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FIG. S3: Comparison of DRIFTS spectra of CoFe1 OA and CoFe functionalized with 11-maleimidoundecanoic acid
(CoFe MA).

FIG. S4: DRIFTS spectrum of cobalt ferrites functionalized with 11-(furfurylureido)undecanoic acid with
characteristic NH stretching bands around 3320 cm−1 together with C=O ureido stretching bands at around 1700

cm−1. In addition, besides the clear presence of –CH2– stretching, the 2-substituted furan ring is confirmed by three
bands at around 915-800 cm−1 originated from a C-H out-of-plane deformation. Two typical broad singlets

corresponding to the infrared absorption of spinel-structured CoFe2O4 are present at 600 and 420 cm−1 (298 K,
KBr, cm−1).
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FIG. S5: Comparison of DRIFTS spectra of CoFe OA and CoFe functionalized with 11-(furfurylureido)undecanoic
acid (CoFe FU).
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SUMMARY ON HEATING MECHANISMS.

In small MNPs with the size below the single-domain limit, the heating mechanism is dominated by the MNP’s
relaxation losses. These are a combination of both Néel (τN) and Brownian (τB) relaxation mechanisms, which occur
simultaneously (see Figure S6) and can be expressed as follows:[1–3].
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Where: K is the anisotropy constant, V c the MNP volume, kB the Boltzmann constant, T the temperature and τ0

is the ”event time” or ”attempt frequency” (which typically; ≈ 10−9, 10−10 s), η is the viscosity of the surrounding
medium and V h the hydrodynamic volume.

Considering the general relaxation time given by the eqution 2, the heat is generated as a result of the MNP’s
macrospin alignment with the applied high-frequency MF, and subsequent relaxation back to its original direction.
In the Néel mechanism, the physical position of the overall MNP (V h) is kept fixed, while the superspin moment,
µ rotates and aligns with the direction of the external field (Figure S6 (a)). Whereas in the Brownian mechanism
the full MNP (V h) rotates within the fluid medium so as to align with the external MF direction (Figure S6 (b)).
Both regimes are expected to occur simultaneously and the dominant mechanism depends on the MNP and solvent
properties, as well as on the MNP’s concentration, temperature and parameters of the external MF.

(a) Néel mechanism (b) Brownian mechanism

FIG. S6: Heating mechanisms. (a) Néel mechanism; where only the superspin moment µ of the core (V c) rotates.
(b) Brownian mechanism, where the entire MNP rotates within the fluid to align towards the external field.
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DETAILS ON CALCULATION OF SELECTED MAGNETIC PARAMETERS.

The main analysis of the MNPs heating properties is done by determining their Specific Power Absorption (SPA).
This quantity represents the capacity of a magnetic material to absorb energy from the high-frequency MF, and it is
represented by the following equation; [2, 4]

SPA =
mNPcNP + mlcl

mNP
≈ δlcl

ϕ

dT

dt
(W/g) (3)

where: δl is the solvent density (g/ml); cl the specific heat capacity of the solvent (J/g.K) and ϕ the NP concentration
(g/ml). Note that the approximation shown in eq.3 is due to the mass on the MNP (mNP) being much smaller than
the mass of the solvent (ml).

For the corrlation of the heating performance with the properties of the MNPs, we also derived other usefull
magnetic parameters, such as the magnetic size (dMAG). The dMAG is directly related to the particle’s magnetic
moment and is determined by the following equation 4 [5];

dMAG = 23

√
3

4π

µm

µuc
V uc (m) (4)

where: dMAG is the MNP diameter in the unit cell volume V uc corresponding units; µm is the mean magnetic
moment and µuc the unit cell magnetic moment, which for our CoFe2O4 samples is; 24 µB for inverse spinel and 56
µB for normal spinel.

The estimate of the effective anisotropy, for both normal and inverse spinel configuration, we used the following
expression [6];

TB =
KV

25kB
(K) (5)

Considering that the MNPs in our samples are uniform and spherical, and that the magnetic properties arise mainly
from the magnetically ordered part of the MNP represented by the dMAG, we can assume the effective anisotropy in
the form:

Keff =
6

π

25kBTB

d3
MAG
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ADDITIONAL DATA ON THE CORRELATION OF HEATING PERFORMANCE AND MAGNETIC
PARAMETERS.

FIG. S7: Heating curves for different frequencies and amplitudes of the MF. (a) CoFe1 OA. (b) CoFe2 OA. (c)
CoFe MA. (d) CoFe FU.
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FIG. S8: SPA curves for different frequencies and amplitudes of the MF. (a) (a) CoFe1 OA. (b) CoFe2 OA. (c)
CoFe MA. (d) CoFe FU.
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FIG. S9: Temperature changes (∆T) at several frequencies and amplitudes of the MF. (a) CoFe1 OA. (b)
CoFe2 OA. (c) CoFe MA. (d) CoFe FU.
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J. Vejpravová, Nanoscale 11, 16773 (2019), URL http://dx.doi.org/10.1039/C9NR03531A.

[6] G. Cullity and C. D. Graham, Fine Particles and Thin Films (John Wiley & Sons, Ltd, 2008), chap. 11, pp.
359–408, ISBN 9780470386323, https://onlinelibrary.wiley.com/doi/pdf/10.1002/9780470386323.ch11, URL https://

onlinelibrary.wiley.com/doi/abs/10.1002/9780470386323.ch11.


