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2𝐻2 + 𝑂2 → 2𝐻2𝑂

∆𝐻 = −2.96 𝑒𝑉 (× 2)



o

 𝑉𝐷 ~ 36 kg/m3

 𝐺𝐷 ~ 6 wt.%


𝑃 ≈ 300 − 700 bar
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 𝑉𝐷 ~ 70 kg/m3

 𝐺𝐷 ~ 3 − 10 wt.%



𝑇 ≈ 21 K
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𝐸𝑏 ≈ 0.01 − 0.3  eV
𝐺𝐷 <  3.3 wt%



𝐸𝑏 ≈ 1 − 1.5  eV
𝐺𝐷 <  8.3 wt%
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𝐸𝑏 ≈ 1.1 − 1.5  eV

H2 
 

Ti 
 
graphene 

Yali Liu, et al. “Titanium-decorated graphene for high-capacity hydrogen storage studied by density 
functional simulations” Journal of Physics: Condensed Matter, 22(44), 445301 (2010) 
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Si, 290 μm 

SiO2, 280 nm 

Ti, 5 nm 

Au,  20 nm 
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𝑅 𝑇 = 𝑅0 1 + 𝛼(𝑇 − 𝑇0)



𝑅 𝑇 = 𝑅0 1 + 𝛼(𝑇 − 𝑇0)
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𝑃 𝑡 ⟶ Δ𝑇 𝑡
λ 

𝐶
𝑑Δ𝑇(𝑡)

𝑑𝑡
= 𝑃 𝑡 − 𝜆 Δ𝑇 𝑡

Δ𝑇 𝑡 = 𝑇 𝑡 − 𝑇0



𝜆

𝑃 𝑡 = 𝑃 ⟶  𝜆

Δ𝑇 𝑡 = 𝑇 𝑡 − 𝑇0 =
𝑃

𝜆
1 − exp −

𝑡

𝜏

𝜏 =
𝐶

𝜆



𝐻2

𝑃 𝑡 =
𝛿𝐻𝑟(𝑡)

𝛿𝑡

𝛿𝐻𝑟(𝑡)

𝛿𝑡
= 𝐶

𝛿Δ𝑇(𝑡)

𝛿𝑡
+ 𝜆 Δ𝑇(𝑡)

𝐻𝑟



Δ𝑇

Δ𝑇 ~ 5.1 K



Δ𝑇

Δ𝑇 ~ 5.1 K

Δ𝑇 ~ 6.6 ∙ 10−4 K
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𝑅1 ≈ 𝑅2 ≈ 1KΩ

𝑅3 ≈ 𝑅S (𝑇0)
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100 nm × 100 nm 
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α

𝛼 = 2.7 ± 0.1 ∙ 10−3 K−1 

𝛼𝐸𝐹𝐹 = 1.8 ± 0.3 ∙ 10−3 K−1 



ρ

𝜌 = 3.2 ± 0.4 ∙ 10−8 Ωm 

𝜌𝐸𝐹𝐹 = 3.6 ± 0.4 ∙ 10−8 Ωm 



Δ𝑇 𝑡 = Δ𝑇 0 + 𝐴1𝑒
−𝑡

𝜏1 + 𝐴2𝑒
−𝑡

𝜏2  +𝐴3𝑒
−𝑡

𝜏3 
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𝜏3 

 𝜏1 = 3.0 ± 0.2  s
 𝜏2 = 47 ± 2  s
 𝜏3 = 475 ± 5  s
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𝐷2

1st → 12.4 ML 

∆𝑇 = 0.065 K



∆𝑇 = 0.065 K

τ1 = 2.94 ± 0.63  s →  𝜆𝐺3 = 5.1 ± 1.1 ∙ 10−6 W/K

𝐻𝑟 = 23.4 ± 4.7  μJ 



𝑇𝑝 = (495 ± 3) K

𝐸𝑏
𝑘𝐵𝑇𝑝

= 𝐴 𝜏𝑚 exp −
𝐸𝑏
𝑘𝐵𝑇𝑝

 

𝐸𝑏 = 1.32 ± 0.07  
eV/molecule



𝑝 𝑉 = 𝐹 𝑆 = 𝑛 𝑅 𝑇 

𝐹 

𝑆 ≈ 300 L s  

𝐻𝑟 = 𝑛 𝑁𝐴 𝐸𝑏 = 21.8 ± 1.3  μJ 

𝑛(𝐷2)  → 1.71 ∙ 10−10 mol 



𝐷2

2nd → 16.6 ML 

∆𝑇 = 0.25 K

𝐻𝑟 = 58 ± 12  μJ 



𝑇𝑝 = (442 ± 3) K

𝐸𝑏 = 1.24 ± 0.09  
eV/molecule

𝑛(𝐷2)  → 4.50 ∙ 10−10 mol 

𝐻𝑟 = 53.8 ± 4.3  μJ 



𝐸𝑑 𝐻𝑟

(ML) 𝐸𝑏/molecule (eV) 𝐻𝑟  (μJ)

TDS calorimetry TDS

𝐺3(1) 1.32 ± 0.07 23.4 ± 4.7 21.8 ±1.3

𝐺3(2) 1.24 ± 0.09 58 ± 12 53.8 ± 4.3
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∆𝑇~0.01 K   (∆𝑅~0.03 mΩ)
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