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Nanoporous Vycor glass

K.S. and R.P., Phys. Rev. B 83, 184110 (2011)

 3D network of 
interconnected pores

 average pore radius: 
rP=3.8-4.0 nm

 porosity: φ=0.25-0.28



Effective longitudinal modulus β

 Liquid argon (86 K) in 
porous Vycor glass

 for f<1:
 modulus unchanged
𝛽𝛽 ≈ 𝛽𝛽0

 for f≈1:
 increased modulus
𝛽𝛽 > 𝛽𝛽0



Effective modulus 𝛽𝛽 ↔ intrinsic modulus 𝛽𝛽𝐴𝐴𝐴𝐴,𝑎𝑎𝑎𝑎𝑎𝑎

for f≈1 (filled pores):

𝛽𝛽𝐴𝐴𝐴𝐴,𝑎𝑎𝑎𝑎𝑎𝑎?

effective medium equation

∆β=(β−β0) = C βAr,ads



𝛽𝛽𝐴𝐴𝐴𝐴,𝑎𝑎𝑎𝑎𝑎𝑎 in Vycor

K. Schappert and R. Pelster, J. Phys. Chem. C 122, 
5537–5544 (2018)



𝛽𝛽𝐴𝐴𝐴𝐴,𝑎𝑎𝑎𝑎𝑎𝑎 in Vycor

K. Schappert and R. Pelster, J. Phys. Chem. C 122, 
5537–5544 (2018)

𝛽𝛽𝑎𝑎𝑎𝑎𝑎𝑎 = 𝛽𝛽𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏 𝑝𝑝0 + 𝛼𝛼∆𝑝𝑝𝑆𝑆𝑎𝑎𝑎𝑎𝑠𝑠Enhancement as a result
of adsorption stress:

with ∆𝑝𝑝𝑆𝑆𝑎𝑎𝑎𝑎𝑠𝑠 from:
G. Y. Gor, Langmuir 30, 
13564–13569 (2014)



Influence of nanoconfinement
on 𝛽𝛽𝑁𝑁𝑁,𝑎𝑎𝑎𝑎𝑎𝑎?



Longitudinal modulus of empty nanoporous glass



Longitudinal modulus of empty and filled sample

liquid N2



Effective medium analysis for 𝑓𝑓 = 1

∆β=(β−β0)
= C βN2,ads 

liquid N2
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Longitudinal modulus of nanoconfined adsorbates
NITROGEN

significant enhancement
40-70%

ARGON
enhancement

≈15%

𝛽𝛽𝑎𝑎𝑎𝑎𝑎𝑎 =
𝛽𝛽 − 𝛽𝛽0
𝐶𝐶
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enhancement
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𝛽𝛽𝑎𝑎𝑎𝑎𝑎𝑎 = 𝛽𝛽𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏 𝑝𝑝0 + 𝛼𝛼∆𝑝𝑝𝑆𝑆𝑎𝑎𝑎𝑎𝑠𝑠



- Experimental observation:   
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- Simulations or DFT calculations required of
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Thank you very much
for your attention!
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