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Chapter 4: Bottom-Up Nanofabrication with 
Extreme Ultraviolet Light: Metal-Organic 
Frameworks on Patterned Monolayers* 

  

 

* Lugier, O.; Thakur, N.; Wu, L.; Vockenhuber, M.; Ekinci, Y.; Castellanos, S.; “Bottom-up nanofabrication 
with extreme ultraviolet light: metal-organic frameworks on patterned monolayers”; manuscript under 
revision. 
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Hydrophobicity test 

 

Figure S4.1: Photographs of samples obtained via EUV exposure (open frame) at various 
doses of a monolayer of HFDT and exchange procedures a few moments after being taken 
out of a solution of pure ethanol. Some of the pads (500 µm × 500 µm) are visible when 
soaked because the ethanol preferentially settles on hydrophilic surfaces (exchanged areas) 
and drips away from hydrophobic surfaces (unexchanged areas). The pictures of the 18 h 
procedures in air and ethanol were not taken because redundant with the equivalent 48 h 
procedures. 

Videos: 
à Hydrophobicity test 1 
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Lateral HKUST-1(Cu) growth 

 

Figure S4.2: Optical images of rectangle pads of HKUST-1(Cu) obtained via EUV exposure 
of a monolayer of HFDT on Au, exchange procedure (MBA, 6 mM, 48h) and growth of the 
SURMOF by layer-by-layer liquid phase epitaxy. A transparent layer of the SURMOF can 
be seen bridging adjacent patterns as a result of side-way growth.  

Line/space patterns performances 

 

Figure S4.3: SEM picture of line/space patterns (half pitch: 50 nm; dose: 500 mJ/cm2) 
obtained via EUV patterning and exchange procedure (MBA, 6 mM, 48 h) of a monolayer of 
HFDT on Au. The three white lines on the right corner of the image indicates the orientation 
of the patterns. 
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Figure S4.4: SEM images of line/space patterns of different half-pitches obtained on a 
monolayer of HFDT on Au via EUV patterning and exchange procedure (4pyr, 6 mM, 18 h). 
The code on each image correspond to the half-pitch and dose values of the patterns and 
should be read as follows: “[half-pitch value in nm]HP(EUV dose in mJ/cm2)”. The three 
white lines at the top right corner of each image indicates the orientation of the line/space 
patterns. 
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Figure S4.5: SEM images of line/space patterns (half-pitch 22 nm) obtained on a monolayer 
of HFDT on Au via EUV patterning (500 mJ/cm2) and exchange procedure (4pyr, 6 mM, 18 
h). The three white lines superimposed on the right of the image indicates the orientation of 
the line/space patterns. 
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Optical microscope pictures of SURMOF grown on pads obtained from open 
frame exposures 

500 𝜇m × 500 𝜇m and 1.7 mm x 1.7 mm exposed and exchanged areas 

 

Figure S4.6: Optical microscope images of pads of HKUST-1(Cu) obtained via open frame 
EUV patterning and exchange procedure (MBA, 6 mM) of a monolayer of HFDT on Au 
followed by a layer-by-layer growth of the SURMOF.  
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Figure S4.7: Optical microscope images of pads of HKUST-1(Cu) obtained via open frame 
EUV patterning and exchange procedure (4pyr, 6 mM) of a monolayer of HFDT on Au 
followed by a layer-by-layer growth of the SURMOF. The exchange procedure lasted 18 h 
for (A) and 48 h for (B). The table on the right indicates the dose used to expose each pad. 
No growth was obtained for the three lowest doses of the sample shown in (A). 

The trend of improving film homogeneity with increasing exposure dose is clearly visible 
from these images. Due to technical reasons, there was a long delay between the exposure in 
the synchrotron and the exchange and growth steps. Such aging of the sample lead to 
SURMOF growth on pristine areas, as thiol molecules desorb with time, which decreases the 
packing quality of the monolayer. Desorbed HFDT molecules create vacancies in the SAM 
and enable the nucleation of HKUST-1(Cu) on unexposed areas, either through direct 
nucleation of the MOF on Au or through the formation of a domain of exchanging thiol 
where desorption happened. Moreover, ageing samples accumulate increasing amounts of 
adventitious material on their surface which blends the chemical contrast at the surface and 
decreases the selectivity of the growth. 

Etching of pads obtained with open frame exposure 

 

Figure S4.8: Photograph of a sample after etching procedure (left) and SEM images of open-
frame patterns after etching procedure. The irregularities visible at the border of the squares 
originate from defects present on the EUV masks and are not a product of the post-exposure 
procedures. 
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Relative F-contents as a function of EUV incident dose 

 

Figure S4.9: Relative peak area of F 1s signal in XPS spectra as a function of incident EUV 
dose. As each dose corresponds to a different sample, to make the recorded peak areas 
comparable, the F 1s peak area was normalized to the Au 4f peak area of the same sample. 

  


