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Abstract 

The diversity of surface active sites of transitional aluminas is characterized using alcohol dehydration as 

a probe reaction. Chemical titration using pyridine shows higher inhibition of unimolecular dehydration 

and dehydrogenation reactions than bimolecular dehydration, elucidating the distinct site requirements of 

these chemistries. A comparison of ethanol dehydration on alpha, gamma, and eta alumina gives 

different olefin selectivity. All aluminas catalyze dehydration and dehydrogenation reactions but have 

different site populations. In contrast with spectroscopic approaches done at temperatures and in gas 

environments that are not reflective of catalytic conditions, our approach to understanding probe reaction 

kinetics and mechanisms allows us to elucidate the number and identity of sites under reaction-relevant 

conditions. 
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A diversity of coordination and hydration of aluminum 

centers is noted using structural and probe molecule 

spectroscopic methods and in density functional 

computational chemistry investigations of alumina surfaces 

(Christiansen et al., 2015, Kovarik et al., 2015, Lundie et 

al., 2005, and Wischert et al., 2012). We use alcohol 

dehydration as a probe reaction to catalytically describe 

the diversity in speciation of surface species on transitional 

alumina surfaces. The kinetics, mechanism, and site 

requirements of alcohol dehydration on alpha, gamma, and 

eta alumina surfaces are reported to show the diversity and 

function of catalytic sites on transition alumina materials 

under catalytically-relevant conditions.  

Results and Discussion  

Steady-state pyridine co-feed measurements of ethanol 

dehydration on γ-Al2O3 at 623 K show different 

normalized rates (rate with pyridine/rate without pyridine) 

as a function of pyridine pressure between unimolecular 

reactions (forming ethene and acetaldehyde) and 

bimolecular dehydration (forming diethyl ether (DEE)) as 

shown in Figure 1 (DeWilde and Bhan, 2015). This result 

elucidates that these two groups of reactions are catalyzed 

by distinct sites, demonstrating surface and active site 

diversity.  

Ethanol dehydration on transition alumina materials 

(alpha, gamma, and eta) at 573 K shows similar olefin and 

ether formation rates that are described by the expressions 

shown in Eqs. (1) and (2). Multimer inhibition is observed, 

consistent with prior reports of alcohol dehydration on γ-

Al2O3 (DeWilde et al., 2014 and Kang et al., 2015). 

Similar rate expressions among different transitional 

alumina materials suggest that site identities for 

unimolecular and bimolecular dehydration are the same 

among these materials. As shown in Figure 2, however, the 



  
 

selectivity to ethene is different among the different 

transitional aluminas as a consequence of different site 

populations as we demonstrate using in-situ chemical 

titration.   

 

Figure 1.  Normalized rates (rate with pyridine/rate 

without pyridine) of ethanol conversion at 623 K on 
gamma alumina as a function of pyridine pressure. 

DEE Disproportionation produces ethene and 
ethanol from DEE. 
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Conclusions 

Chemical titration studies reveal that unimolecular 

reactions are catalyzed by sites distinct than those for 

bimolecular dehydration. Transition aluminas catalyze 

unimolecular and bimolecular dehydration reactions with 

varying selectivity because of a change in the site density 

of these two types of sites, as inferred from in-situ pyridine 

titration and mechanistic studies in this report. 

   

Figure 2.  (a) Olefin selectivity for ethanol 

dehydration and (b) number of sites per surface area 
at 573 K on alpha alumina, gamma alumina, and 

eta alumina with 2.0 kPa of ethanol and 1.1 kPa of 
water. 
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