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Reactions in Chemistry for Formation Enthalpies

Background Connectivity-based hierarchy

Reaction selection methods

Sources of error and fixes

• Hess’ Law states that the enthalpy is a state function, i.e., only the beginning and 

end point matter, the middle parts are irrelevant.

• Therefore, the reaction we use is not important if it gives a reliable value.

• Pople’s relationship applies [1]: accuracy increases and error decreases with the 

level of theory. A key difference is that even at the HF level nearly exact formation 

enthalpies can be achieved through hyperhomodesmotic equation**.

• Usually, there’s a mix of theory levels, CCSD based energy with hybrid functional 

thermal corrections.

Common sources of errors include core-valence correlation, anharmonicity, scalar 

relativistic effects, BSSE, basis-set incompleteness, experimental, ‘aromaticity’, etc. 

Certain errors can be cancelled via clever reactions, but more accurate energies 

result in less need to do so. Corrections schemes:

𝐸HF
CBS :fixes HF basis-set error; 𝐸corr

MP2,CBS
:Basis set error + valence correction error; 𝛿𝐸CCSD

TZ :corrects MP2 to CCSD 

error; 𝛿𝐸 𝑇
TZ :corrects connected triples missing from CCSD; 𝛥 𝐸AE − 𝐸FC :All electron - frozen core; 𝛥 ቀ𝐻298

− 𝐻0)RRHO: RRHO correction for ZPE/Thermal factors.

𝐸CV
DLPNO: All electron - frozen core; 𝐸CBS

DLPNOBasis set incompleteness; 𝐸IT
DLPN𝑂: Iterative triples correction (T1)-(T); 𝐸SR

DLPN𝑂:

Scalar relativistic effects; 𝐻CORR
Hybrid

: ZPE/Thermal correction via RRHO.

• Recipe for constructing balanced reactions that 

conserve properties.

• Uses predefined products/reactants.

• The drawback of this method is that aromaticity and 

highly strained molecules may be incomplete: just 

matching the bonds does not automatically cover 

”special” effects.

Error-cancelling balanced reactions Nosach’s reaction generating 

algorithmUsing linear programming, molecular 

connectivity, and Wheeler’s scheme 

reactions from RC5 to RC1 are 

generated. Formational enthalpy and the 

associated uncertainty are obtained from 

statistical analysis.

• Certain reactions may have high experimental 
uncertainty. Some formation enthalpies are taken 
from NIST. 

• Relies on statistics to prune poor reactions, 
particularly for larger reference species, required in 

RC4 reactions.
• Somewhat black-box. Many reactions are 

generated and weighted.

• Based on connectivity, which may miss more 
exotic compounds.

• Subjective weights assigned, unclear impact of the 
absolute difference term.

• Unclear how E_corr helps match chemical 

environment. Might be better to just match it.
• Single reactions which are linearly independent only 

guarantees uniqueness, not necessarily good 
reactions.

Reproduced with permission from 
WIREs Comput. Mol. Sci. 2012, 2, 204.
***Note that the default for 

CCSD/MP/DLPNO calculations is 
generally frozen core in ORCA.

Focal point approach (FPA)

J. Am. Chem. Soc. 2009, 131, 2547.

Reduced Feller-Peterson-Dixon approach for PAHs

Adv. Theory Simul. 2024, 7, 2400319.

Reproduced with permission from J. 
Chem. Theory Comput. 2011, 7, 2094.

• In the CBH-2 scheme, the reactant and product matrices of (hybridization, carbon 

group) match on both sides.

• This method has been made into an algorithm, which generates reactions.

Combust. Flame 2018, 187, 105.

Generate various unique (up to 

multiplicity) reactions using small 

reference species with relevant reference 

molecules. Each reaction is linearly 

independent of the others. Reactions are 

then weighted on:
• ATCT uncertainties
• E_corr = CBS-extrapolated DLPNO-CCSD(T) and 

Hartree-Fock (HF)
• The sum of stoichiometric coefficients and the 

absolute difference between total stoichiometric 

coefficients of products and reactants.

Adv. Theory Simul. 2024, 7, 2400319.
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