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Quantum Monte Carlo: The application to chemically accurate reaction activation barrier evaluation on 
metal catalysts

To introduce the Quantum Monte Carlo approach (QMC), recap first quantum mechanics, structure, and properties. The 
time-dependent or stationary Schrödinger equation is used. There is currently also a hive of research activity in developing 

the related approaches for and heterogeneous systems. Most methods are ‘deterministic’, is a unique valid solution which in a 
few ‘toy’ cases, such as the H2 molecule or the uniform electron gas model of metals, can be obtained analytically. Arbitrary 
accuracy for any system must then be ab initio full configuration interaction (full CI). This gives electron correlation and 
properties. These reference calculations are often approximated. QMC provides a stochastic first principles ‘solution’ of the 
Schrödinger equation. To obtain precise results, stepwise in Diffusion Monte Carlo (DMC). DMC can be made CI, with explicit 
and is accessible for larger and more complex systems. It is reputed to give the ‘correct’ answer, albeit cited with standard error. 
Heterogeneous systems include molecule-metal surface reactions. This theoretical prediction of catalytic activation barriers 
uses QMC. The QMC methodology has been used for increasingly large molecules for 30 years and 15 years for solid fermion 
systems. The QMC random error for such systems can be made small by long simulations and averaging techniques but any 
systematic contribution must be removed with the help of benchmarks compared to reliable molecular beam experiment. 
The breakthrough regarding QMC metal surface reaction activation barriers presented here we have shown energy values 
to chemical accuracy, as compared to the molecular beam results for bond dissociation of hydrogen at Cu(111) and Pt(111). 
These values are poorly estimated by other first principles methods, yet QMC is very satisfactory. Secondly, reactions used in 
an involve a key bond-dissociation step, the validated QMC approach can be extended. Recently, we have been involved in the 
‘hot-topic’ of the water-gas shift reaction. This is carbon-monoxide reacting (conditions at a Pt(111) surface) to yield hydrogen 
as a and carbon-dioxide burned to recover water, so removal of carbon-dioxide is the only issue and it can be accomplished by 
dissolution. The forward reaction removes the toxic effluent, carbon-monoxide. This so-called ‘water-gas’ equilibrium can go 
thermodynamically ‘uphill’ i.e. towards hydrogen, suitable catalyst. Barrier heights are less than 20 kcal/mol. Yields are excellent 
since a catalytic process is selective.
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