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S1. Experimental part – the Fringe Projection Phase-Shifting 
The contact angle corrected by roughness it is the value of the contact angle on the 

Young surface. An implementation of the fringe projection phase-shifting method is 
giving a unique opportunity to analyze surface roughness and contact angle of the same 
location of the sample. As a result, the contact angle on the rough surface, flat surface, 
roughness, and area factor of roughness are determined. In Fig. S1 and Fig. S2 the prin-
cipal of the method is presented.  

 
Figure S1. Fringe Projection Phase-Shifting schematics (A) and an example of a surface with the 
projected pattern (B). A sinusoidal pattern is sequentially projected on the sample surface and a 
camera is utilized to capture the fringe patterns and reconstruct the 3D image by phase-shift cod-
ing. 
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Figure S2. In the sinusoidal phase-shifting method a series of phase-shifted sinusoidal patterns are 
recorded (top), from which the phase information at every pixel is obtained (bottom). The phase 
shift correlates with sample surface topography from pixel to the pixel that defines the resolution. 

As illustrated in Figure S1 the 3D topography module consists of a projector with an 
LED light source and a slide with sinusoidal fringe patterns on a grey-scale. These illu-
mination patterns are sequentially projected onto the studied surface, and a digital cam-
era captures the fringe patterns from which the 3D shape of the object is reconstructed by 
phase-shift coding. This enables pixel level measurement resolution. In the 3D Topog-
raphy Module, the pixel size is 1.1 μm x 1.1 μm for analysis of micron-scale surface fea-
tures.  

The sinusoidal fringes can be expressed by  I୬ሺx, yሻ ൌ a ൅ b cos ൬2pxp ൅ φ଴ ൅ δ୬൰ (1)

where (x, y) is the coordinate in the slide frame plane, a is background intensity, b is 
amplitude modulation, p is the sinusoidal grating wavelength, φ0 is the additional phase 
shift caused by the surface height and δn is the phase shift from the slide movement. 

As an example, for a color pattern with red, green, and blue light, it can be demon-
strated the case of three divided wavelengths where Ir, Ig, and Ib are the corresponding 
intensities for each of the colors. The phase shifts can be plotted as in Figure S2. 

Then the spatial phase shift can be expressed with the following equation 

φሺx, yሻ ൌ arc tan ቮඨ I୰ െ Iୠ2I୥െI୰ െ Iୠቮ (2)

The phase shift indicates the horizontal coordinate, i.e. the height differences in 
every pixel providing the sample topography. 
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Figure S3. The test synthesis of 1-butyl-3-(3-triethoxysilylpropyl)urea (3). 

 
Figure S4. 1H NMR spectra of 3. 
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Figure S5. 13C NMR spectra of 3. 

 
Figure S6. IR spectrum of 3. 
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Figure S7. Synthesis of modifiers and attachment way of the modifier molecules to the ceramic 
support, i.e. metal oxide powders or ceramic membranes. 

 
Figure S8. A cross-flow reactor for ceramic membrane modification. 
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Figure S9. Scheme of covalent immobilization. 

 
Figure S10. ATR-FTIR spectra of pristine and modified metal oxide powders. A and B parts are 
presented in Fig. 3 in detail. 
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Figure S11. Range of ATR-FTIR spectra representing the attachment of modifiers to the surface. 
Spectra of pristine and modified metal oxide powders. 

 
Figure S12. HR-TEM – bright field (A), SEAD images (B) and EDX spectra (C). Pristine Al2O3. 
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Figure S13. HR-TEM – bright field (A,D), SEAD images (B,E) and EDX spectra (C,F). A, B, C – 
sample modified with C10H20O2NH2, D, E, F - sample functionalized with C10H20O2NH2 and en-
zymes. 
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Figure S14. Changes in hydrodynamic diameter determined by DLS after modification with 
C4H8NH2 and enzyme immobilization. 

 
Figure S15. Correlation between contact angle and roughness of the surface. 

 
 
 
 
 


