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Accurate Gas Enthalpies of Formation

• The standard enthalpy of formation (HoF, or ∆fH
⦵) of a compound is the energy 

associated with the reaction to form the compound from its component elements. 

• It is an important fuel thermochemical property for energy balance calculation and 

equilibrium dynamics determination in combustion reactions among other things [1].

• Experimental measurements involve using a calorimeter to burn a very pure sample of the 
compound [2].

• The goal computationally is chemical accuracy, i.e., < 1 kcal/mol error to experiment.

• This heavily depends on the quality of experimental data, often the data is not accurate.

Definition Composite methods

DLPNO-CCSD(T)

Approaches for calculating HoF

Atomisation Reaction-based

Pros

• Simple method to implement.

• Transferable to other systems.

• No major errors due to experimental atom 

enthalpies of formation.

Cons

• No systematic error cancellation, can be 
wrong for aromatic molecules for 

example.

• Can be less accurate than the reaction-
based methods*.

*Some protocols exist that take into account further 

corrections (such as FPD) but those require relatively 
complicated workflows, and the computational cost  
increases accordingly.

For a chemical reaction

aA + bB → cC+dD,

where the ∆fH⦵ of A can be found using the 

enthalpy of the reaction and the 

experimental ∆fH⦵ of B, C, and D.

Pros

• Error cancellation (usually) leads to more 
accurate ∆fH⦵.

• Homodesmotic reactions and similar 

schemes can lower computational cost 
whilst retaining the accuracy.

Cons

• Ambiguous choice of the reaction to use.

• Very accurate ∆fH⦵ of larger compounds 

are often either unavailable or uncertain.

• Some of the most popular composite methods, such as the Wn, Gn, and CBS series scale 

at around O(7-8) or worse with system size. Wn series is only practical for up to 8 heavy 
atoms. Gn series is practical up to 12 heavy atoms but was used for larger systems [3].

• Combining DLPNA-CCSD(T) with some parametrisation/reactions can give accurate (but 

not quite chemical accuracy) ∆fH⦵ (and other thermochemical values) at a relatively low 
computational cost.

• Chemical accuracy can be usually achieved with DLPNO-CCSD(T1) at a much larger 

computational cost.
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• Used with either the 

atomisation or the 
reaction-based approach, 

both Gn and Wn series, 

heavily benchmarked for 
small-medium molecules, 

have been shown to 
achieve chemical 

accuracy.
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TL;DR: accurate 
thermochemistry is 
difficult to do.
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