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Figure S1. Topographic AFM images (10 x 10 µm2) of an air-oxidized steel surface obtained 

using a DLC-coated silicon AFM tip. The topographic images were collected at a non-

perturbative load. Height images (a) and (b) were acquired with the AFM tip immersed in 

trihexyltetradecylphosphonium bis(2-ethylhexyl) phosphate ([P6,6,6,14][DEHP]) IL at 111 ± 1ºC. 

Additionally, image (b) was obtained after scanning the central part of the image with an applied 

pressure of 5.5 ± 0.3 GPa (highlighted with a red, dashed box) for 1000 frames. After the AFM 

experiments, the sample was washed with and sonicated in methanol and isopropanol to remove 

the supernatant [P6,6,6,14][DEHP] IL. The height image (c) was collected in the same sample area 

of (a) and (b) and revealed the complete removal of the surface layer and the absence of any 

material removal from the underlying air-oxidized steel substrate.
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Figure S2. (a) Topographic AFM image (10 x 10 µm2) of an air-oxidized steel surface obtained 

using a DLC-coated silicon AFM tip. The topographic image was collected at a non-perturbative 

load after scanning the central part of the image with an applied pressure of 5.5 ± 0.3 GPa 

(highlighted with a red, dashed box) for 1000 frames. After the AFM experiments, the sample 

was washed with and sonicated in methanol and isopropanol to remove the supernatant 

[P6,6,6,14][DEHP] IL. The corresponding friction force map (b) was collected on the same sample. 

The absence of any contrast in the friction force map indicates that no chemical changes 

occurred in the area scanned with an applied pressure of 5.5 ± 0.3 GPa (highlighted with a red, 

dashed box) for 1000 frames.
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Figure S3. Dependence of the volumetric growth rate of the interfacial layer formed by 

[P6,6,6,14][DEHP] on the normal applied pressure at 111 ± 1ºC. The growth rate was computed 

using the data displayed in Figure 3.
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Figure S4. Dependence of the dynamic viscosity of [P6,6,6,14][DEHP] on temperature. The 

viscosity measurement was conducted using a ATS NOVA Advanced Research Rheometer. The 

instrument was operated in stress control mode at a constant stress of 1 kPa with a 30 mm plate-

plate configuration. Each measured temperature was allowed to equilibrate over 60 s. Integration 

time for each viscometry measurement was 75 s and a total of 4 measurements were taken for 

each temperature (points on the chart represent the average measured values, while error bars are 

the standard deviations).
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Figure S5. Thermogravimetric analysis (TGA) of [P6,6,6,14][DEHP]. The sample was heated from 

room temperature to 110ºC with a rate of 20ºC, maintained at 110ºC for 45 min, and then heated 

up to 500ºC with a rate of 10ºC/min.
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