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Materials data  

 

 

Figure S1. Specifications of 3M PSA tape. 

 

 

 

 

Figure S2. Data on Secretape. 

 

 

Figure S3. PRO1502 tape characteristics. 

 

 

Figure S4. Masktite tape data. 

 



 

Figure S5. Vapon tape characteristics. 

  



Experimental results 

 

 

 

Figure S6. (a, b) Digital images of tapes, (c, d) Optical and (e, f) SEM micrographs of commercial 
medical-graded double-sided adhesives. Scale bars: (a-c) 10 mm, (d-f): 200 µm. (g-i): 50 µm.  

  



 

 

Figure S7. FT-IR spectroscopy of selected adhesive materials. 

 

Characteristic peak assignments confirm modified acrylic and aliphatic composition: 

2950 – 2960 cm-1 : asymmetric CH3 stretching vibration1,2 

2926 – 2928 cm-1 : CH2 asymmetrical stretching2,3 

2860 – 2870 cm-1 : symmetric CH3 stretching vibration2,3 

1730 cm-1 : C=O stretching vibration1,2 

1455 – 1460 cm-1 : CH2 asymmetric methyl (C-H) bending deformation mode1,2 

1375 – 1380 cm-1 : symmetric methyl (C-H) bending deformation mode2,3 

1230 – 1240 cm-1 : C-O stretching vibrations of the ester groups1,2 

1160 cm-1 : C-O stretching vibrations of the ester groups1,2 

 

  



 

Figure S8. Contact angle measurements for ethanol and acetone on 3M PSA. 

 

Figure S9. Pulling forces of 3M PSA tapes to separate from clean skin and oily skin.  



 

 

Figure S10. Stress strain curves of PSA films. (a) 3M, (b) Secretape, (c) Pro1502, (d) Masktite, 
and (e) VAPON. 

 

 

Figure S11. Crossed polarized photos of PSA tapes during different elongations. (left: 25%, right 
- a: 110%, b: 130%, c: 135%, d: 110%, and e: 135%) (a) 3M, (b) Secretape, (c) Pro1502, (d) 
Masktite, and (e) VAPON. Scale bars: 2 cm. 

 



 

 

Figure S12. Mechanical properties of 3M PSA tape at different strain rates. (a) Stress-strain curve, 
(b) modulus, (d) elongation at break. 

 

 

 

 

Figure S13. Set-up for lap shear tests of PSAs. Scale bar: 2 cm. 

  



 

 

Figure S14. Lap shear test results of 3M PSAs at different shear rates. (a) Adhesion shear 
strength-stroke data of 3M PSA tapes. (b) Adhesion shear strength variation. 

 

 

  



 

Figure S15. AFM QNM analysis of 3M PSA film. (a) Broken cantilever was caused by extremely 
high surface adhesion. Scale bar: 200 µm. Force distance data for: (b) non-adhesive glass substrate 
and (c) highly adhesive 3M PSA surface (pay attention to by two orders of magnitude higher force 
scale and four orders of magnitude difference in pull-off forces, 115 nN for PSA vs 0.03 nN for 
glass. QNM mapping of adhesive layers: (d) topography, (e) modulus, and (f) adhesion. Scale bars: 
200 nm.  Large indentation is visible on the bottom due to initial engagement under high 
attraction conditions. 

  



 

 

Figure S16. FT-IR spectroscopy of PSA films stored under different temperatures. (a, b, c) 
different temperatures, (d, e, f) water-based liquids. 

 

The peaks after temperature treatments have negligible changes compared to the initial state of 

PSAs. This implies that the PSAs are chemically stable under human-centric extreme 

environments. The PSAs immersed under different water conditions, the new peaks correspond 

for FT-IR spectrum of water.  

The main characteristic peak positions are: 

Around 3300 cm-1: hydroxyl bond (-OH) peak 3,4 

1640 cm-1: H-O-H scissoring peak 2,4 



 

Figure S17. Surface profiles of all PSA films treated under various temperatures with measured 
surface roughness as left top insets in all panels. 

 

 

  



 

 

Figure S18. SEM micrographs of interfaces between glass substrate and 3M PSA before/after 
thermal treatments. Scale bars: (a, b) 1 mm, (c, d) 200 µm, (e, f) 20 µm. 

  



 

 

Figure S19. (a) Lap shear test results after storage under different environments. (b)  Surface of pulled 
3M PSA tapes separated from substrates, initial and those which have been stored under different 
environments for two weeks. Scale bar: 1 cm. 

 

  



 

 

 

Figure S20. Contact angles of dried PSAs after different liquid treatments. 

  



 

 

Figure S21. Optical transmittance of PSAs tapes under different conditions: (a, b, c) temperatures, 
(d, e, f) waters, (g, h, i) humidities. 

  



  

 

Figure S22. (a) Trajectory of circular vibrations with applied force for cyclical loading testing. (b) 
x- and (c) y-position of circular vibration loading. 
  



 

Table S1. Maximum value of detachment force. 

 

 

 

Table S2. Surface roughness of film stored at different temperatures. 

 3M Secretape PRO1502 
Initial 14.6 µm 5.7 µm 10.1 µm 
-70 °C 15.5 µm 5.7 µm 12.5 µm 
-20 °C 13.7 µm 6.1 µm 9.8 µm 
37 °C 8.6 µm 6.8 µm 9.8 µm 
60 °C 8.0 µm 6.1 µm 8.4 µm 
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