
• Caged hydrocarbons

• Compact carbon skeleton

• High strain of various types

• High symmetry

• Highly customizable

• Efficient crystal packing

• Prone to disorder

• Reasons for study?

• Great variety of shapes and sizes

• Relatively overlooked

• Unresolved thermodynamic data

• Theorized uses

• Energy storage, 

pharmaceuticals…
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Theoretical study of sublimation, local disorder and strain energies of crystalline caged hydrocarbons

• Fuzzy concept – various types of strain

• Bayer, torsional (Pitzer)…

• Enthalpies of homodesmotic (RC4) reacitons1

• Error cancellation, use for strain energies limited

• CCSD(T)/CBS, G4, and M062X/6-31+G(2df,p)

• Rablen‘s2 non-strained increments

• Easy to use, defined for use in strained species

• G4 and M062X/6-31+G(2df,p)

• Temperature dependence of enthalpies

• A simple rigid-rotor harmonic-oscillator model for the Cp

• Computational scheme for bulk properties

• General idea

• Perform a cheaper (low-tier) calculation with PBC

• Correct proximate pairwise (or many-body) interactions with an 

expensive (high-tier) method

• Long-range regime at low level of theory

• Force field, low-tier quantum-mechanical method…

• Creation of a short-range region within lattice

• Reasonable cut-off distance – convergence of two-body/many-body 

energies

• Computation of two-/many-body interactions within short-range cell

• Both low and high level of theory

• Expected trends achieved

• e.g., E(cubylcubane) ≈ 2E(cubane)

• Unnatural bond angles → high strain

• Rablen‘s increments vs. Reaction enthalpies

• Comparable results and computational resources usage
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THIS SCHEME USED FOR:

• Cohesion energy

• Only two-body interactions assumed 

in the short-range regime

• Many-body interactions in the 

long-range regime

• Rotational perturbation energy differences

• Many terms cancel out in the short-

range regime

Advantages

• Possible to use high levels of 

theory otherwise 

unachievable for big systems

• Many terms may cancel out –

less computational resources

Sublimation properties – e. g. cubane
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• High symmetry → rotation of 

nearly spherical molecules 

• e.g., adamantane

• Rotation in periodic lattice → 

lower energy

• Rotation as a point defect → 

higher energy

• One unresolved polymorph

Possibility for more?

• Metastable phase?

Unrealistic geometry?

Computational artifact?

Disorder in solid phases of caged hydrocarbons

DFT/PBE

Periodic boundary conditions

ΔE = -12.94 kJ mol−1

adamantane basketene cubane cubylcubane cyclooctaquinane diamantanebullvalene

dodecahedrane dronene iceane norbornane p-octahedrane pagodane snoutene

Rotational disorderProton transfer

• Cubane

• Two sets of incompatible experimental sublimation data

• Close correspondence of one data set to computed values

• Validation of computational scheme for other caged 

hydrocarbons

Fundamental

TMD Laws

Periodic rotation 
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