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Polymorphs

Because it affects so many properties, polymorphism is important to pharmaceuticals, 
biomineralization, metallurgy, geology, etc. 
The key challenges in computational studies of polymorphism are:
• discovery/prediction of new polymorphs,
• quantifying the free energy difference between polymorphs, and
• predicting nucleation and growth kinetics for each polymorph.
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Different polymorphs have different:
1. mechanical properties,
2. optical properties,
3. solubility,
4. melting temperatures,
5. catalytic activities, and
6. crystal growth habits.

Interesting Example!

Form I (active) Form II (inactive)

Ritonavir (pharmaceutical drug)

Image-Bauer et al. Pharm Res 18(859), 2001

Simulations are driven along a fictitious path that
connect the two polymorphs. Forms a direct
route to compute the free energy difference
between polymorphs.

𝒓𝒊
𝜶
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𝛼
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Lattice Switch Monte Carlo (LSMC)

Image- Bruce et al. PRL 79(16)1997

A lattice switch move attempts to swap the reference 

lattice positions (𝑅𝑖
𝛼

) without changing the 
displacements (𝑢𝑖).

Diabat interpolation framework

Image- Blumberger et al. J. Chem. Phys. 124(6), 2006

Similarity to works on electron transfer
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Lattice Energies computed at 0 K (ab initio calculations)

Aspirin
(Complex molecule to simulate classically)

Image-Price, S. Acc. Chem. Res,42(1), 117–126, 2008 

Relative stabilities can be different at finite 
temperatures from those predicted at 0K. 

Image-Dybeck et al. JCTC, 12(8), 3491–3505,2016 

Table 1-Free energy difference Δ𝐹 = 𝐹𝐹𝐶𝐶 − 𝐹𝐵𝐶𝐶 for Gaussian core solid 
predicted from our calculations compared to independent Frenkel-Ladd 

estimates. 

*Prestipino et al. Phys. Rev. E. 71(5), 1–4, 2005.

𝛽𝐹𝑎 Δ𝐸 = −𝑙𝑛 𝑑𝒖 𝑒
−𝛽𝐸𝑎 𝒖 𝛿(Δ𝐸 𝒖 − Δ𝐸 )

𝛽𝐹𝑏 Δ𝐸 = −𝑙𝑛 𝑑𝒖 𝑒
−𝛽𝐸𝑏 𝒖 𝛿(Δ𝐸 𝒖 − Δ𝐸 )

𝐹𝑎 Δ𝐸 − 𝐹𝑏 Δ𝐸 = 𝑘𝐵𝑇 𝑙𝑛
𝑒𝛽Δ𝐸 𝒖 𝛿(Δ𝐸 𝒖 − Δ𝐸 )

𝑎

𝛿(Δ𝐸 𝒖 − Δ𝐸 ) 𝑎

𝐹𝑎 Δ𝐸 − 𝐹𝑏 Δ𝐸 = Δ𝐸

a

b

Energy gap is a special order parameter.
Δ𝐸 𝒖 = Ea 𝒖 − Eb 𝒖

𝐹𝑎 Δ𝐸 = 𝜆 Δ𝐸
2 + 𝜙Δ𝐸 + 𝐹0

𝐹𝑏 Δ𝐸 = 𝜆 Δ𝐸
2 + (𝜙 − 1)Δ𝐸 + 𝐹0

Polymorphs are different crystal structures for the same molecule or compound.

The electron jumps from the
donor atom (D) to an acceptor
atom (A) with all atoms at fixed
positions.

The LSMC move analogously jumps 
between the reference lattices while 
maintaining fixed displacements. 

Unfavourable position on the product diabat

Typical equilibrium location in the reactant state

General limitations that are common to methods that use classical forcefields is the use of advanced non-Boltzmann bias sampling
techniques and/or multistage free energy perturbations.

On the contrary, ab initio methods are expensive and predictions based on 0K lattice energy ignore entropic contributions at finite 
temperatures which can potentially affect the stability hierarchy predicted for polymorphs.

For complex molecules, the difficulty of computing free energy
difference between polymorphs hampers computational studies
of nucleation and growth.

Helmholtz 

free energy

projection on an 

order parameter

LSMC moves are employed to compute Δ𝐸 𝒖

Summary

The method requires only two unbiased simulations to compute polymorph free energy differences.

It may become possible to estimate polymorph free energy differences directly from ab initio MD 
simulations when force fields are not available.

Different numbering schemes (adopted for the one to 
one mapping) can potentially influence the distributions 
of energy gaps and the efficiency of the interpolation 
procedure.

Image- Underwood and Ackland, arXiv: 1609.04329,2016.

When the diabats are not perfect 
parabolas, the deviation can be modelled 
by replacing 𝜆 with 𝜆 = 𝜆0(1 + 휀Δ𝐸).

Future work would aim at addressing the aforementioned issues to extend the diabat interpolation 
framework as a powerful computational methodology for estimating polymorph free energy 
differences.
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𝑈𝜆 = 𝑈𝑅 1 − 𝜆 + 𝜆𝑈𝐸

Frenkel-Ladd Einstein crystal approach

𝑈𝑅,𝐵 =  

<𝑖,𝑗>

𝑢(𝒓𝒊𝒋
𝑩)

Δ𝐹1 Δ𝐹2

Large absolute free energies of two 
polymorphs are subtracted to obtain 
a typically small difference in free 
energy which can lead to uncertainty 
in results.  


