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SUPPORTING INFORMATION 
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OPTICAL CHARACTERIZATION 

 

Figure S1. Scheme of the confocal optical setup used for sensing and characterization 

experiments. 
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Figure S2. Optical image of the HKUST-1 TF before plasma etching (400 cycles, 50x 

magnification). 
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Figure S3. Optical image of the PESC HKUST-1 TF (400 cycles, 50x magnification, 3 min of PE 

treatment). 
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Figure S4. Optical image of the PESC HKUST-1 TF (400 cycles, 50x magnification, 5 min of PE 

treatment). 
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Figure S5. Optical image of the PESC HKUST-1 TF (400 cycles, 50x magnification, 7 min of PE 

treatment). 
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X-RAY DIFFRACTION ANALYSIS  

 

 

Figure S6. Comparison of the characteristic diffraction’s peaks for each HKUST-1 TF: as-

syntesized (black line) and PESC (red line), respectively. HKUST-1 TF (400 cycles (a)) and 

HKUST-1 TF (600 cycles (b)). 
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Figure S7.  Comparison of the intensity ration of the FWHM diffraction’s peaks of the HKUST-

1 TF before and after plasma etching.  
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Figure S8. PXRD spectra of as-synthesized and PESC HKUST-1 TFs. 
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Figure S8 shows X-ray diffraction pattern of HKUST-1 thin films (produced in this study 

before and after PE). The formation of HKUST-1 was confirmed by the presence of the 

characteristic peaks in each XRD pattern [S1]. The broad peaks observed in each XRD pattern 

confirm that nano-crystallite films are produced. The appearance of narrow diffraction peaks 

after the PE (PESC HKUST-1 TF, 400 and 600 synthesis cycles) indicates an increase in the 

degree of crystallinity of the thin film. Using the Scherrer equation [S2] the average 

crystallite size for as-synthesized (400 and 600 synthesis cycles) and PESC HKUST-1 TFs (400 

and 600 synthesis cycles) was estimated, as shown in Table S1 including the full width at half 

maximum (FWHM).  

 

Table S1. As-synthesized HKUST-1 TF (400 and 600 cycles) and PESC HKUST-1 TF (400 and 

600 cycles) crystallite sizes calculated by Scherrer Equation. 

Peak 
Angle  
(2 θ) 

FWHM  
(2 θ) 

Calculated crystallite size 
(nm) 

Average crystallite size 
(nm) 

As-synthesized HKUST-1 TF, 400 cycles 

1 6.9 0.5 14.5 

27.5 

2 8.9 0.2 48.1 

3 9.6 0.3 26.8 

4 11.8 0.5 17.4 

5 13.67 0.3 25.6 

6 17.6 0.3 26.8 

7 22.8 0.2 41.3 

8 26.1 0.4 19.7 

As-synthesized HKUST-1 TF, 600 cycles 

1 6.9 0.4 18.7 

19.4 

2 9.7 0.3 23.8 

3 11.8 0.4 20.3 

4 13.7 0.5 17.3 

5 15.2 0.3 23.0 

6 16.7 0.4 22.2 

7 17.7 0.4 21.7 

8 19.2 0.5 14.7 

9 20.5 0.5 17.1 

10 26.1 0.5 15.4 

PESC HKUST-1 TF, 400 cycles 

1 5.9 0.4 22.4 

19.8 

2 6.9 0.5 16.1 

3 9.6 0.4 20.7 

4 11.8 0.4 19.8 

5 13.7 0.4 22.4 

6 15.2 0.6 14.6 

7 17.7 0.4 19.9 

8 19.3 0.7 11.5 

9 21.5 0.5 17.9 
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10 22.9 0.3 29.8 

11 26.2 0.4 23.2 

PESC HKUST-1 TF, 600 cycles 

1 5.9 0.3 25.0 

21.6 

2 6.9 0.3 23.0 

3 9.6 0.3 25.7 

4 11.8 0.4 20.3 

5 13.6 0.3 22.9 

6 15.2 0.4 19.7 

7 17.7 0.3 23.2 

8 19.2 0.5 17.4 

9 26.2 0.5 17.0 
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ATOMIC FORCE MICROSCOPY 

 

Figure S9. 3D plot of HKUST-1 TF surface before the plasma etching (Figure 5a). 

 

 

Figure S10. AFM scan of the PESC HKUST-1 TF surface (Z-bar in nm scale). 
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Figure S11. (a) AFM scan of the PESC HKUST-1 TF surface with (b) corresponding  

cross-section (white line). 

 

 

Figure S12. Optical profilometry of PESC HKUST-1 TF. 

 

 

  



20 
 

ENERGY DISPERSIVE X-RAY (EDX) and OSE ANALYSIS  

 

 

Figure S13. EDX mapping of the elements in PESC HKUST-1 TF. 

 

As ions at atmospheric pressure do not gain enough energy to overcome the thresholds 

needed for sputtering, we assumed that the thin film is etched chemically. Optical emission 

spectroscopy, from 230 nm to 800 nm (Figure S14) shows the following emissions systems: 

• NO- system (A2+ - X2) 

• OH 3604 Å system (A2+ - X2) 

• NH 3360 Å system (A2 - X3−) 

• N2 second positif system (SPS) (C3u - B
3g) 

• Ar I and O I lines 

No emissions of copper, carbon, or carbon-containing molecules were observed. The 

absence of these species from the film in the spectrum could be due to their lack of 

excitation. 

Upon comparing this spectrum with a similar one [S3], the only discernible difference is the 

presence of NH emission lines. We propose that the etching mechanism of the HKUST-1 film 

proceeds through hydrogen abstraction via reaction with active nitrogen species from the 

discharge. 

At this stage, we cannot definitively assert that oxygen is also etched from the film via NO 

formation, as NO emissions are present even without the film. Further investigations are 

now necessary to confirm and expand upon this scenario. 
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Figure S14. Optical emission spectrum of the argon plasma in air in contact with the HKUST-

1 thin film. 
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