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Adsorption Energies of Molecules and Molecular Fragments on Pt(111) 
 We also plan to measure the heats of adsorption of various species on Pt(111).  We will 
study species of interest in catalysis, whose adsorption energies cannot be measured by TPD 
(i.e., those with high dissociation probabilities).  The adsorption reactions to be studied include: 
(1) c-C5H8,g  →  di-σ c-C5H8,a , at 100-180K; 
(2) c-C6H10,g  →  di-σ c-C6H10,a , at 100-180K; 
(3) c-C6H10,g  →  π-allyl c-C6H9,a + Ha , at 240-260K; 
(4) c-C6H10,g  →  benzenea + 4Ha , at 310K, low coverage;  
(5) benzeneg  →  benzenea , at  100-300K;  
(6) 2H2Og + Oa  → 2 OHa + H2Oa , at 170K;  and, 
(7) 2 CH3OHg + Oa  → 2 CH3Oa  + H2Oa , at 170K. 
Here the subscript "a" refers to gas and "g" is adsorbed phase.  The temperature following the 
reaction is that temperature range where this reaction is known to occur with nearly unit sticking 
probability on Pt(111) at low coverages [16-22] 
[23-25].  While David King’s group has performed beautiful, pioneering adsorption calorimetry 
on Pt(111) [26], his capabilities on Pt(111) crystals are limited to room temperature 
measurements and high vapor pressure gases.  (He has made cryogenic measurements on 
Ni(100) [3], but Ni can be annealed at lower temperature than Pt(111).  Annealing Pt would 
destroy the pyroelectric detector in King’s approach.)  Thus, these proposed experiments can not 
be performed by King’s group.   
 In the first two reactions, two C-Pt σ bonds replace the C-C double bond, so these 
energetics should directly reveal the strength of C-Pt σ bonds.  The change in this adsorption 
energy between ethylene (measured already by King’s group [26], and the larger molecules 
should reveal if the other parts of these larger molecules interact with the surface.   
 Since the heat of hydrogen adsorption is fairly well known on Pt(111) from TPD [27, 28], 
reactions (3-4) should reveal the heats of formation of π-allyl c-C6H9,a and adsorbed benzene.  
The later value can be checked more directly through the energy of reaction (5), which should 
tell us also if our heat of adsorption of hydrogen used in analyzing reactions (3) and (4) was 
correct.  The bonding strengths of aromatic rings to Pt(111) should be revealed by the heat of 
reaction (5).  
 Reactions (6) and (7) should reveal the heats of formation of CH3Oa  and OHa , since the 
heats of adsorption of oxygen and water are already fairly well estimated from TPD data [29, 
30].  These values will in turn tell us the strength of Pt-O sigma bonds.  It should be noted that 
the heat of formation of OHa has been indirectly estimated from kinetic data [31]. 
 These energies can be used to make predictions about the kinetics of various catalytically 
interesting elementary steps.  For example, the difference in energies for reactions (2) and (3) 
should give us the energy of the reaction: c-C6H10,a  →  π-allyl c-C6H9,a + Ha .  This is a rapid 
dehydrogenation reaction whose kinetics we have measured [19].  Its activation energy is about 
14 kcal/mol  [19].  The reverse process is much slower, and difficult to measure.  Its activation 
energy, however, should just be 14 kcal/mol minus this reaction energy.  Since the heat of 
adsorption of cyclohexane is known [32], these energetics should also show us relative energetic 
stabilities of many of the key adsorbed intermediates in the catalytic dehydrogenation of 
cyclohexane to benzene. 
 To perform these experiments, we will be adding a molecular beam to one of our 
calorimeters (see below), so that we can extend our adsorption energy measurements to 
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molecules and not just metal atom beams.  The molecular beam to be added has been designed to 
operate with low vapor pressure molecules, such as those above.  The only other single crystal 
adsorption calorimeter in the world with a molecular beam is in David King’s group at 
Cambridge in England, and it only handles high vapor pressure gases.  Thus, we will be adding a 
new dimension to the world’s capability in adsorption calorimetry. 
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