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Motivation 
 Hydrogen is considered one of the most 

promising energy carriers. In fact, it can 
store a large amount of energy (120 
MJ/kg versus 44 MJ/kg for gasoline), and 
the only byproduct of its combustion is 
water. 

 A Hydrogen economy could strongly help 
to cut down pollution in cities and, in a 
broader vision, in the global environment. 

 Graphene, the first demonstrated two-
dimensional atomic crystal [1], has 
attracted an increasing interest to 
develop hydrogen storage devices [2-6]. 
In particular, metal-functionalized 
graphene has been the object of huge 
research efforts in both theoretical and 
experimental fields. 

 Here, a new calorimetric technique to 
evaluate the hydrogen uptake in Ti-
functionalized graphene has been 
successfully developed and tested. 

Measuring principle 
The idea is to utilize a thin film of gold as a thermometer, 
exploiting the linear relation between resistance and 
temperature valid for gold: 
 

𝑅 𝑇 = 𝑅0 1 + 𝛼(𝑇 − 𝑇0)  
 

A heating power P(t) produces a temperature increase 
Δ𝑇 𝑡  affected by thermal losses λ through the substrate, 
according to the relation 
 

𝐶
𝑑Δ𝑇(𝑡)

𝑑𝑡
= 𝑃 𝑡 − 𝜆 Δ𝑇 𝑡  

where  
Δ𝑇 𝑡 = 𝑇 𝑡 − 𝑇0 

 
is the change in Temperature with time. The heating 
power is related to the enthalpy release during the 
hydrogen adsorption by 
 

𝑃 𝑡 =
𝛿𝐻𝑟(𝑡)

𝛿𝑡
 

Sample structure 

Sample characterization procedure 
𝛼 𝜌

D.) Results: 

Thermometer calibration 

𝛼 = 2.7 ± 0.1 ∙ 10−3 K−1 

𝛼𝐸𝐹𝐹 = 1.8 ± 0.3 ∙ 10−3 K−1 

Δ𝑇 𝑡 = Δ𝑇 0 + 𝐴1𝑒
−𝑡

𝜏1 + 𝐴2𝑒
−𝑡

𝜏2  +𝐴3𝑒
−𝑡

𝜏3 

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

Heat tranfer coefficient 

𝑆 ≈ 300 L s  

𝐻𝑟 = 𝑛 𝑁𝐴 𝐸𝑏 = 21.8 ± 1.3  μJ 

𝑛(𝐷2)  → 1.71 ∙ 10−10 mol 

𝑝 𝑉 = 𝐹 𝑆 = 𝑛 𝑅 𝑇 

𝐹 

∆𝑇 = 0.065 K

τ = 2.94 ± 0.63  s →  𝜆𝑠 = 5.1 ± 1.1 ∙ 10−6 W/K

𝐻𝑟 = 23.4 ± 4.7  μJ 

(ML) 𝐸𝑑/molecule (eV) 𝐻𝑟  (μJ)

calorimetry TDS

𝐺2(1) 1.29 ± 0.02 22 ± 11 6.75 ± 0.16

𝐺2(2) 1.30 ± 0.06 34 ± 17 26.4 ± 1.4

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

𝑅1 ≈ 𝑅2 ≈ 1KΩ

𝑅3 ≈ 𝑅S (𝑇0)

Calorimetric analysis 

o

𝐻𝑟

𝐷2
Resolution: ∆𝑇~0.01 K   (∆𝑅~0.03 mΩ)

o →

o

Conclusions 
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(Up) Sample structure: gold film thermometer and a CVD graphene foil 
on top. (Bottom) three samples ready for experiment. 

Wheatstone Bridge set-up utilized to 
measure DR(T) DT  during 

hydrogenation 

𝑠𝑙𝑜𝑝𝑒𝑠

𝟏 𝛍𝐦 ×  𝟏 𝛍𝐦 

200𝐧𝐦× 𝟐𝟎𝟎𝐧𝐦 

100𝐧𝐦× 𝟏𝟎𝟎𝐧𝐦 

100 nm × 100 nm 
25% coverage 

500 nm × 500 nm 
100% coverage 
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𝜆𝑠 = 
𝐶

τ1
 

1st → 12.4 ML  

n(D2). 

 


