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Analysis of temperature programmed desorption (TPD) data for the characterization of 

catalysts containing a distribution of adsorption sites 

 

Patrick J. Barrie 

Department of Chemical Engineering, University of Cambridge, Pembroke Street, 

Cambridge CB2 3RA, U.K. 

 

The following pages show the results of some simulations on datasets containing different 

levels of noise, and differing numbers of data points. 

 

“Ideal” TPD data were generated for samples containing known activation energies for 

desorption. Different levels of Gaussian-distributed noise were added to the ideal TPD data. 

The noise level is quoted as the root mean square of the noise level divided by the peak 

intensity of the highest peak. 

 

The data were analysed by least squares fitting using the two regularization penalty functions 

described in the paper. The first penalty function is based on the area of the distribution 

(equation 34), while the second penalty function is based on the square of the second 

derivative of the distribution (equation 35). The fits shown are those in which the 

regularization parameter λ was chosen by the L-curve method as described in the paper. 

 

Datasets of type A correspond to a sample with two types of adsorption site, one with a 

relatively narrow distribution (E1 = 65 kJ/mol; σ1 = 3 kJ/mol) and the other with a relatively 

broad distribution (E2 = 110 kJ/mol; σ2 = 10 kJ/mol). The relative populations of the sites was 

1:2. Both sites have pre-exponential factors A = 1010 s–1. The heating rate was 0.1 K/s. 

Datasets containing different levels of noise are presented. 

 

Datasets of type B correspond to a sample with a single type of adsorption site (E = 100 

kJ/mol, σ = 3 kJ/mol, pre-exponential factor A = 1010 s–1). The heating rate is 0.1 K/s. 

Datasets containing a different number of data points are presented. 
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Dataset A1: noise level = 1%. Top = TPD data (points) and simulation (curve) ; bottom = energy distribution: actual (curve) and derived 
(points). Left-hand side = penalty function based on area (Eq. 34). Right-hand side = penalty function based on second derivative (Eq. 35). 
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Dataset A2: noise level = 2%. Top = TPD data (points) and simulation (curve) ; bottom = energy distribution: actual (curve) and derived 
(points). Left-hand side = penalty function based on area (Eq. 34). Right-hand side = penalty function based on second derivative (Eq. 35). 

-0.0005

0

0.0005

0.001

0.0015

0.002

0.0025

200 300 400 500 600

Temperature (K)

de
so

rp
tio

n 
ra

te

 

-0.0005

0

0.0005

0.001

0.0015

0.002

0.0025

200 300 400 500 600

Temperature (K)

de
so

rp
tio

n 
ra

te

 

-0.00002

0

0.00002

0.00004

0.00006

0.00008

0.0001

0.00012

0.00014

0.00016

0.00018

40 60 80 100 120 140 160

E (kJ/mol)

N
o(

E)

 

-0.00002

0

0.00002

0.00004

0.00006

0.00008

0.0001

0.00012

0.00014

40 60 80 100 120 140 160

E (kJ/mol)

N
o(

E)

 

Supplementary Material (ESI) for PCCP
This journal is © The Owner Societies 2007



 4 

Dataset A3: noise level = 3%. Top = TPD data (points) and simulation (curve) ; bottom = energy distribution: actual (curve) and derived 
(points). Left-hand side = penalty function based on area (Eq. 34). Right-hand side = penalty function based on second derivative (Eq. 35). 
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Dataset A4: noise level = 5%. Top = TPD data (points) and simulation (curve) ; bottom = energy distribution: actual (curve) and derived 
(points). Left-hand side = penalty function based on area (Eq. 34). Right-hand side = penalty function based on second derivative (Eq. 35). 
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Dataset B1: 20 K between points. Noise level = 2%. Top = TPD data (points) and simulation (curve) ; bottom = energy distribution: actual 
(curve) and derived (points). Left-hand side = penalty function based on Eq. 34. Right-hand side = penalty function based on Eq. 35. 
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Dataset B1: 10 K between points. Noise level = 2%. Top = TPD data (points) and simulation (curve) ; bottom = energy distribution: actual 
(curve) and derived (points). Left-hand side = penalty function based on Eq. 34. Right-hand side = penalty function based on Eq. 35. 

-0.0005

0

0.0005

0.001

0.0015

0.002

300 350 400 450 500 550

Temperature (K)

de
so

rp
tio

n 
ra

te

 

-0.0005

0

0.0005

0.001

0.0015

0.002

300 350 400 450 500 550

Temperature (K)

de
so

rp
tio

n 
ra

te

 

-0.00002

0

0.00002

0.00004

0.00006

0.00008

0.0001

0.00012

0.00014

70 80 90 100 110 120 130

E (kJ/mol)

N
o(

E)

 

-0.00002

0

0.00002

0.00004

0.00006

0.00008

0.0001

0.00012

0.00014

70 80 90 100 110 120 130

E (kJ/mol)

N
o(

E)

 

Supplementary Material (ESI) for PCCP
This journal is © The Owner Societies 2007



 8 

Dataset B3: 5 K between points. Noise level = 2%. Top = TPD data (points) and simulation (curve) ; bottom = energy distribution: actual (curve) 
and derived (points). Left-hand side = penalty function based on Eq. 34. Right-hand side = penalty function based on Eq. 35. 
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Dataset B4: 2.5 K between points. Noise level = 2%. Top = TPD data (points) and simulation (curve) ; bottom = energy distribution: actual 
(curve) and derived (points). Left-hand side = penalty function based on Eq. 34. Right-hand side = penalty function based on Eq. 35. 
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