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The idea behind TDS! 

A: Pre-adsorbed species 

 

 
B: Removed from the surface by T 

C: Detection of the desorbing species  

TDS signal / curve: 

Peaks can be analyzed, qualitatively and quantitatively! 



Outline 

1. Fundamentals of adsorption/desorption 

 

2. Different TDS/TPD Setups 

 

3. Curves and Evaluation methods 

 

4. A new TDS setup: Between UHV and TPD! 

 

5. Results and Limitations! 

 

6. Summary 



Hertz-Knudsen equation: 

Flux of incident molecules 

Sticking 
probability: 

S = f (θ) . exp ( -Ea / RT ) 

Fundamentals: Adsorption kinetics 

Rads = S * F  in  1/(m2*s) Rate of Adsorption 

F = P / (2πmkbT)1/2 



Fundamentals:  

Adsorption/Desorption Thermodynamics 

Gibbs energy decreases for spontaneous processes,  

ΔG < 0. 

    ΔG = ΔH – TΔS 

 

Adsorption confines the gas to the surface: Δ S < 0. 

  

 for spontaneous adsorption ΔH is negativ (exothermic). 

 

 for desorption extra energy is needed. 

 

Reversibility: At microscopic scale depending on the energy,  

at macroscopic scale averaging in equilibrium. 



Fundamentals:  

Adsorption Thermodynamics 

Activated adsorption 

Non-activated adsorption 

distance to the surface 
M + A 

M-A 

Physisorption 

Chemisorption 

~50 kJ/mol (for Physisorption) 



Fundamentals:  

Desorption Kinetics 

Polanyi-Wigner equation 



TPD curve represents  

the desorption rate 

rate constant 

1/sec 

Fundamentals:  

Desorption Kinetics 



Order of Desorption 

0: rate independent of coverage; fast exchange with an “infinite” 

reservoir; e.g. evaporation, sublimation, surface species replenished 

from bulk 

0.5: desorption occurs from the perimeter of i.e. a cluster/edge of a cluster 



Order of Desorption 

1: classical molecular desorption: rate proportional to Θ1 

2: associative desorption, the coverage of 2 species matters, mobility of 1 

species is needed: rate proportional to Θ2 



The pre-exponential or frequency factor 



The pre-exponential or frequency factor 

J.A. Dumesic et al., The Microkinetics of Heterogeneous Catalysis, ACS Professional 

Ref. Book, Washington, DC 1993. 



Parameters governing TDS peak T  

• Edes 

• Pre-exponential 

• Coverage 

• Desorption order 

• Heating rate 

Information from TPD curves 



CAW-Method  Chan, C. M.; Aris, R.; Weinberg, W. H.Appl.Surf.Sci.1978,1,360. 

HRV Method    Falconer, J. L.; Madix, R. J.Surf. Sci.1975,48, 393 

Differential and integral methods  

for data analysis 





Different TDS/TPD Setups! 



Different TDS/TPD Setups! 



Different Coverages in TPD 



Challenges for powder TDS/TPD 



Challenges for powder TDS/TPD 



A new TDS setup! 



A new TDS setup! 
sample 



A new TDS setup! 

1. Sample has to be properly pre-treated: Activated / cleaned / reduced etc. 

2. Adsorption process at dedicated T and t! 

3. Bring from 1 bar to 2*10-6 mbar! 

4. Move MS to the end of the oven! 

5. Start Desorption with constant heating rate! 
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The pretretament temperature (200-350 °C) shifts the desorption 
maximum to higher temperatures and new desoption events are 

created.  

Oxygen TDS on Ag powder 
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The only desorption event which is recovering belongs likely to 

oxygen disolved in the Ag bulk invisible for supported samples. 

Oxygen TDS on Ag powder 
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Only one main de-sorption event is visible independent 
from the pre-treatment temperature. 

Oxygen TDS on Ag@α-Al2O3 



High quality powder TDS data 
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Adapted Polanyi-Wigner Equation 

HRV Analysis 

(Heating rate variation)  



Determination of activation energy for 

oxygen desorption based on Polanyi-

Wigner. 

 2nd order desorption 

 No readsorption or transport limitations 

Ag(111): Edes = 51.9 kJ/mol 
C.T. Campbell, Surf. Sci. 157 (1985) 43. 

Adapted Polanyi-Wigner Equation 



Summary from previous TDS lectures 



Summary from previous TDS lectures 

See above, quantitative information are extrated!! 


