
 

 

 

Preprint of the Department of Inorganic Chemistry, Fritz-Haber-Institute of the MPG (for personal use only) (www.fhi-berlin.mpg.de/ac) 

 

 

 

 

 

43. Jahrestreffen Deutscher Katalytiker, (2010) Weimar 

 

 

Structure-Activity Relationship Investigation of  

Pt/H-Mordenite Catalyst for n-Butane Isomerization 

 

Genka Tzolova-Müllera, Sabine Wrabetza, Jutta Kröhnerta, 

Friederike C. Jentoftb, and Robert Schlögla 

 
a
 Department of Inorganic Chemistry, Fritz-Haber Institute of the Max Planck Society, Faradayweg 4-6, 

14195 Berlin, Germany  

b
 Chemical, Biological & Materials Engineering, University of Oklahoma, Norman,  

OK 73019, USA 

 

The zeolite H-mordenite doped with a small amount of platinum is used as a solid acid catalyst for the 

isomerization of light alkanes [1]. Optimization of the acid site distribution and the metal site reactivity of 

this bi-functional material are necessary for obtaining an active and stable catalyst. Therefore the prepa-

ration and even more the activation of the catalyst are very important. To establish correlations between 

surface sites and catalytic performance a series of Pt/HM materials with differing catalytic properties are 

compared after various activation procedures. We studied (i) catalytic activity in the isomerization of n-

butane at 623 K by GC, (ii) n-butane adsorption by microcalorimetry and (iii) CO and n-butane adsorption 

by FTIR spectroscopy. Further material characterization includes in situ UV-vis spectroscopy, XRD and 

TEM. 

Pt/HM samples with high dispersion and different state of reduction of the platinum show different (one 

order of magnitude) rates of n-butane isomerization (Fig. 1). In both cases the catalysts have a stable 

activity with time on stream; hence, enough hydrogenation sites seem to be present to prevent coke for-

mation. The drastic difference in rates may not be attributable only to variations in state of the platinum; 

thus further investigation of the sites is required. 

The results from the microcalorimetric study of n-butane adsorption show that the majority of sites are 

energetically uniform on both samples, with heats of approximately 40 kJ/mol (fully H2-reduced Pt/HM) 

and 50 kJ/mol (Pt/HM partially reduced through heating in vacuum), Fig. 2. The weaker interaction with 

the alkane is apparently favorable for the catalytic performance; perhaps because of easier product de-

sorption. Initial high heats on a partially reduced sample arise from a redox reaction with n-butane. The 

associated adsorption isotherms (not shown) indicate a higher number of n-butane adsorption sites for 

the H2-reduced Pt/HM. 

The IR spectra of CO adsorption at RT on completely and partially reduced Pt/HM samples (Fig. 2, inset) 

indicate the presence of Pt
0
 (2088 cm

-1
, ~1880 cm

-1
), oxidic moieties Pt

x+
 (2200–2100 cm

-1
) and extra 

framework aluminum (Lewis acid sites, ~2222 cm
-1

) [3]. The H2-reduced Pt/HM is characterized by a 

higher fraction of metallic Pt
0
 and a significantly smaller amount of strong Lewis acidic sites. Furthermore, 
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the IR spectra of Pt/HM after activation in H2 indicate more bridged Brønsted OH groups (3610 cm
-1

, 3586 

cm
-1

) than after activation in vacuum.  
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Figure 1:  n-Butane isomerization in a flow of 15 kPa n-butane in H2 on a fully H2-reduced Pt/HM () and partially H2-

reduced Pt/HM () at 623 K. 

 

 
 

Figure 2: Differential heats of n-butane adsorption at 313 K on almost fully H2-reduced Pt/HM () and partially re-

duced Pt/HM ().  
Inset: IR spectra of CO adsorption at RT on both samples. 

 
 

Pt/HM catalysts with high platinum dispersion are highly active for n-butane isomerization only if acti-

vated (reduced) properly. The active state of Pt/HM is characterized through Brønsted acidic bridging OH 

groups, a small amount of strong Lewis acid sites (Al
3+

oct., extra framework alumina), small metallic plati-

num particles, and an overall weak interaction of the surface acid sites with n-butane. 
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