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Chapter 6:  Adsorption
Thermodynamics of Adsorption V

(Heat of Adsorption)

• How do we measure the heat 
of adsorption?

• Why are there different heats 
of adsorption?
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Experiment: microcalorimetry

Sabine Wrabetz, Electronic Structure and Adsorption / Metals, Dept. AC, Fritz Haber Institute of the MPG, Berlin, Germany

Equipment
at the Fritz-Haber-Institute

Calorimeter

Sample cell Reference cell 

Adsorptive
Microcalorimetry

Volumetric system
(probe molecule dosing system)

Sample cell

Isolation

Electronics

Sample cell chamber

Heating

Heat flow

Calorimetric Element

Thermocouple

Body sample holder
L = 70 mm

= 15 mm

catalyst

MS 70 Tian-Calvet calorimeter
of SETARAM combined with a
custom-designed high vacuum
and gas dosing apparatus.
Karge, H.G. etal., J. Phys. Chem. 98, 1994, 8053.

Calorimetric Element

Sabine Wrabetz, Electronic Structure and Adsorption / Metals, Dept. AC, Fritz Haber Institute of the MPG, Berlin, Germany

Reference Cell

Setup according to
Tian and Calvet

The calorimetric block consists of
a sample cell and a reference
cell.

The reference cell compensate
external temperature fluctuations
and it provides a good stability of
the baseline.

Measurement of the temperature
difference Δ θ

Reference      Sample
Cell               Cell

The heat-flow detector gives a
signal “U” which is propotional to
the heat transferred per time unit.

Δ θ

N. C. Cardona-Martinez and J.A. Dumesic, Advances in Catalysis 38 150-243.

kept at constant 
temperature

thermo couples

why a 
reference cell?

measure the difference 
in current generated by 
the thermo couples
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Experiment: What do we measure?

Sabine Wrabetz, Electronic Structure and Adsorption / Metals, Dept. AC, Fritz Haber Institute of the MPG, Berlin, Germany

Reference Cell

Setup according to
Tian and Calvet

The calorimetric block consists of
a sample cell and a reference
cell.

The reference cell compensate
external temperature fluctuations
and it provides a good stability of
the baseline.

Measurement of the temperature
difference Δ θ

Reference      Sample
Cell               Cell

The heat-flow detector gives a
signal “U” which is propotional to
the heat transferred per time unit.

Δ θ

N. C. Cardona-Martinez and J.A. Dumesic, Advances in Catalysis 38 150-243.

Begin: gas + empty sample

End: some gas in sample + heat

In the Google we find:
• differential heat of adsorption
• isosteric heat of adsorption

Which one do we measure?

Why are there these differences?
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Rule 1 of thermodynamics: Never think you understand it

Sabine Wrabetz, Electronic Structure and Adsorption / Metals, Dept. AC, Fritz Haber Institute of the MPG, Berlin, Germany

Reference Cell

Setup according to
Tian and Calvet

The calorimetric block consists of
a sample cell and a reference
cell.

The reference cell compensate
external temperature fluctuations
and it provides a good stability of
the baseline.

Measurement of the temperature
difference Δ θ

Reference      Sample
Cell               Cell

The heat-flow detector gives a
signal “U” which is propotional to
the heat transferred per time unit.

Δ θ

N. C. Cardona-Martinez and J.A. Dumesic, Advances in Catalysis 38 150-243.

Boundary conditions (which variables are kept 
constant)
• volume and temperature

• ----> differential heat of adsorption
• pressure and temperature

• ----> isosteric heat of adsorption

Rule 2 of thermodynamics: Understand the boundary 
conditions of the experiment
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Rule 2 of thermodynamics: Understand the boundary 
conditions of the experiment

Before After

T, V

T, P
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Before After

T, V

First law:

ΔU = −QisoTV

Total system is at constant temperature and constant volume
Experiment:

• We start with an empty adsorbate and a gas
• We open the separation and let the system equilibrate
• We measure the heat that is released QisoTV

• We measure the number of molecules that adsorb: nA 

dU = δQ +δW
Volume is 
constant: no work!

Why the - ?
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First law: ΔU =UAfter −UBefore = −QisoTV

ΔUA + ΔUG = −QisoTV

ΔUA = nA ΔuA − ΔuG( ) = −QisoTV

−qisoTV = −QisoTV

nA
= ΔuA − ΔuG

−qisoTV = ΔuA − ΔuG

Hence differential heat of adsorption 
measures the change in the internal 
energy if a molecule moves from the 
gas phase to the adsorbed phase
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Before After

T, P

First law:

ΔU + pΔV = −Qiso

Total system is at constant temperature and constant pressure
Experiment:

• We start with an empty adsorbate and a gas
• We open the separation and let the system equilibrate, 

keeping the pressure constant
• We measure the heat that is released Qiso

• We measure the number of molecules that adsorb: nA 

dU = δQ +δW Volume is not 
constant: work!
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First law: −Qiso = ΔU + pΔV = UAfter −UBefore( ) + p V After −V Before( )
pΔV = pV After − pV Before ≈ n − nA( )kBT − nkBT

−qiso = −Qiso

nA
= ΔhA − ΔhG ≈ ΔuA − ΔuG( ) + kBT

Hence isosteric heat of 
adsorption measures the change in 
the enthalpy if a molecule moves 
from the gas phase to the adsorbed 
phase

Ideal gaspΔV = −nART

Enthalpy: H ≡U + pV
ΔH = −Qiso
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Summary
We have seen how the heat of 
adsorption is measured and why 
different experiments give different 
heats of adsorption.
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