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1. TGA experiments  

 

Figure S1 shows the TGA analysis recorded for the MNPs used in this contribution. 

 
Figure S1. Weight vs. temperature for the MNPs studied in this contribution. 

 

2. Preparation of patterns on mica surfaces  
 

In order to characterize the local effect of the applied magnetic field on the deposited 

MNPs and their local environment, it is necessary to measure exactly the same area within 

the sample, before and after applying hyperthermia. With this aim, a patterning procedure 

of the mica substrates was developed. This methodology can be summarized in three 

different steps: 

 

1. Four 30 x 30 µm2 squared marks separated by 100 µm were made by FIB (Focused 

Ion Beam) indentation in Si3N4 membranes in a clean room. These marks can be 

easily identified with the optical camera of the AFM setup. Analogue marks but, 

in this case, 3.0 x 3.0 µm2 wide, and separated 30 µm from each other, were also 

made. The latter act as inner references when the AFM images are collected. 

Figure S2.a shows a photograph (taken with the AFM optical microscope) of the 

as-modified mica substrate with the afore-mentioned squared features. Both the 

large outer squares and the small inner ones are clearly visible. 
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2. A successive evaporation of Cr (5 nm Cr) followed by Cu (75 nm) onto the mica 

surface and through the patterned membrane was carried out. Figure S2.b exhibits 

a 3D AFM image of a successfully modified bare mica substrate with the inner 

marks. Dimensions of the latter (3.0 µm wide and 80 nm high) are obtained by 

carrying out cross section profiles as shown in Figure S2.c and d. 

3. AFM imaging of the bare mica within the inner marks has been addressed to 

confirm that the evaporation process does not affect the topography of the 

substrate. 

By using this patterned substrate, it is possible to explore exactly the same area of 

the mica surface before and after the successive modification steps, namely the 

modification of the mica substrate with a DPPC:Chol 1:1 monolayer, the adsorption 

of MNPs onto the latter, and finally, after the application of an alternating external 

magnetic field, together with their associated topographic changes. 

 

Figure S2. (a) 600 x 450 µm2 optical image corresponding to the final squared pattern onto the mica 

substrate. (b) 50 x 50 µm2 3D AFM image showing the inner pattern in detail. (c) 50 x 50 µm2 2D AFM 

image showing the inner pattern in detail. (d) Cross section unveiling the dimensions of the squared 

features engraved on the mica surface. 

 

3. Device to locate the substrate for the hyperthermia experiments  
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Figure S2 shows a photograph together with a cartoon illustrating the device used to 

locate the mica modified substrates for the hyperthermia experiments performed in this 

work. The substrates are 1x1 cm2 and fit well within the indicated position (tube diameter 

= 1cm) in the test tube which is introduced in the DM100 Series equipment from nB 

nanoScale Biomagnetics instrument. 

 

Figure S3. Photograph (left) and cartoon (right) showing the holder used for the hyperthermia 

experiments. 

 

4. Deposition of the MNPs onto the model cell membrane  

Figure S4 shows a reproducible surface pressure vs. area per MNP isotherm. These 

MNPs were transferred at a constant surface pressure of 15 mN·m-1 onto a mica substrate 

previously coated by a monolayer of DPPC:Chol 1:1.  
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Figure S4. Surface pressure vs. area per MNP isotherm recorded at 20 ºC onto a pure water subphase. 

 

5. Measurement of the surface roughness by AFM  

  Root Mean Squared (RMS) roughness values were obtained for a 

mica/DPPC:Chol 1:1 monolayer/MNPs system, Figure S5.a, and the same surface after 

being exposed to the AMF, Figure S5.b. The RMS roughness measurements were always 

conducted on 1.5 x 1.5 µm2 areas of the AFM images corresponding to one-single smooth 

terrace of the underlying mica surface (to rule out the influence of mica steps and 

monolayer defects as well), averaged over at least 10 AFM images extracted from 

different zones in each sample and also from distinct but equivalent samples.  

 

Figure S5. 1.5 x 1.5 µm2 AFM images showing the topography and RMS roughness values of a 

mica/DPPC:Chol 1:1 monolayer/MNPs system: (a) before application of an AMF; (b) after application of 

an AMF. 

6. Control AFM experiments before and after applying an alternating magnetic 

field.  

As a control experiment, reference measurements before and after applying an 

alternating magnetic field of the DPPC:Chol 1:1 monolayer, without MNPs, have been 

carried out. The AFM image recorded after applying an AMF, shows exactly the same 

topographic features than those obtained for the pristine film, Figure S7. Consequently, 

there are no changes in the morphology of DPPC:Chol 1:1 due to the application of an 

AMF. This experiment probes that the observations described in this contribution for the 

mica/DPPC:Chol 1:1 monolayer/MNPs after the application of an AMF are only 

attributable to its effect on the MNPs and not to any effect on the model cell membrane 

on its own. 
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Figure S6. 5.0x5.0 µm2 AFM images of the mica/DPPC:Chol 1:1 monolayer: (a) before (a) and (b) after 

the application of an AMF. 

 

7. Control experiment: Measurements of the mica/DPPC:Chol 1:1 monolayer/MNPs 

after thermal annealing by AFM  

Measurements of the height values exhibited by the mica/DPPC:Chol 1:1 

monolayer/MNPs system have been carried out after the temperature of the sample was 

increased by a global thermal annealing at 40 and 60 ºC (see Figure S7) for 90 minutes, 

without the application of any AMF. An increase in the global temperature of the system 

does not result in an embedding of the MNPs into the model cell membrane. This result 

further confirms that the local heating of the MNPs which results after the application of 

an AMF is the responsible of the penetration of the MNPs in the membrane. 
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Figure S7. 2.0 x 2.0 µm2 AFM images and their corresponding cross sections recorded after annealing a 

mica/DPPC:Chol 1:1/MNPs sample at 40 ºC and 60 ºC for 90 minutes.  

 


