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Experimental Data 
The three molecules, coronene, succinic acid and desloratadine, show a range of aqueous 

solubilities, and a progression in size and conformational flexibility. All three have multiple 

polymorphs, however this study focuses on the thermodynamically most stable form of each 

molecule at room temperature. Details of the experimental crystal structures of the three 

molecules can be found in Table S1. 

Succinic acid (CSD1 REFCODE: SUCACB03) has three polymorphs, but the α form is highly 

metastable and the conformational γ polymorph has only been observed once.2 Succinic acid 

in the β form exists in the extended conformation with all four carbon atoms in one plane, 

which has been calculated to be slightly higher in energy than the gauche conformation in the 

γ form. The gauche conformer is the dominant conformation in solution. The phonon and 

relative stability calculations suggest that γ may be the most stable form at low temperatures, 

but the β form is the most stable form under ambient conditions. The experimental solubility 

of logS0 = -0.22 at 25C was measured by Forbes & Coolidge.3 The sublimation enthalpy was 

reported as 123.2 kJ/mol by Ribeiro da Silva et al.4 The form was not specified, but this 

solubility is expected to be that of the β form. The hydration free energy was reported by Rees 

& Wolfe5 as -61.08 kJ/mol. 

The γ polymorph of coronene (CSD REFCODE: CORONE03), a rigid molecule, is the most 

stable polymorph at room temperature. The β polymorph has only recently been discovered by 

crystallisation in a magnetic field and was shown to be more stable at low temperature, though 

the two polymorphs are closely related,6,7 with a 1st order thermal phase transition between 

them. All the experimental thermodynamic and solubility measurements are for the γ 

polymorph. The measured solubility is logS0 = -9.33 at 25C by Miller et al.8 The sublimation 

enthalpy was measured as 148.2 kJ/mol by Chickos et al.9 

Form I of desloratadine (CSD REFCODE: GEHXEX) exhibits two endothermic transitions 

upon heating with peak temperatures of 338.6 K and 431.3 K, corresponding to successive 

transitions to form II and form III.10 These transitions are reversible, and so any 298 K 

thermodynamic data and solubility data will be that of form I. The P21 form I has been 

determined in reference10 to have an experimental cell volume of 773.8(5)Å3 at 293 K and 
755.2(2)Å3 at 80 K. The phonon curves are in reasonable agreement with the room-temperature 

terahertz spectrum.10 Desloratadine in form I is in the AAA conformation, one of the eight 

conformational minima, four of which are more than 3 kJ/mol higher (PBE0/6-31G(d,p)), while 

the other three are about 1 kJ/mol in conformational energy above the global minimum, the 

SAA conformation. The experimental intrinsic aqueous solubility obtained by Popovic et al. is 

logS0 = -3.42 at 25C.11 

   

  



3 
 

Sublimation Free Energy Calculations 

I. Theory 

A. Theoretical basis of the calculation of thermodynamics of sublimation 
All thermodynamic properties and equations in this section are assumed to be under the 

standard states of 1 atmosphere pressure at 298.15K (see section I.C), e.g. ∆𝐻𝑠𝑢𝑏
°  etc. For the 

sake of clarity, the superscript  has been omitted in this section.  

 

The enthalpy of sublimation ∆𝐻𝑠𝑢𝑏 can be expressed as: 

∆𝐻𝑠𝑢𝑏 = −𝐸𝑙𝑎𝑡𝑡 + (𝐸𝑍𝑃𝐸
𝑔

− 𝐸𝑍𝑃𝐸
𝑠 ) + ∫ (𝐶𝑝

𝑔(𝑇′) − 𝐶𝑝
𝑠(𝑇′))𝑑𝑇′

𝑇

𝑇′=0
          (1) 

where 𝐸𝑙𝑎𝑡𝑡 is the crystal lattice energy, 𝐸𝑍𝑃𝐸 is the zero point energy, 𝐶𝑝 is the constant-

pressure heat capacity, T is the temperature, and superscripts g and s refer to the gas and solid 

(crystalline) phases, respectively. Since 𝐸𝑙𝑎𝑡𝑡 = 𝐸𝑒𝑙𝑒𝑐
𝑠 − 𝐸𝑒𝑙𝑒𝑐

𝑔
, it has the opposite sign from 

sublimation enthalpy and is negative. The entropy of sublimation ∆𝑆𝑠𝑢𝑏 can be written as: 

𝑇∆𝑆𝑠𝑢𝑏 = 𝑇 ∫ (𝐶𝑝
𝑔(𝑇′)/𝑇′ − 𝐶𝑝

𝑠(𝑇′)/𝑇′)𝑑𝑇′
𝑇

𝑇′=0
.                                      (2) 

 

Making the approximation that the pressure-volume work (pV term) for the solid can be 

neglected, the enthalpy of sublimation ∆𝐻𝑠𝑢𝑏 of a crystal to the gas phase can also be expressed 

as:  

∆𝐻𝑠𝑢𝑏(𝑇) = 𝐻𝑔(𝑇) − 𝐻𝑠(𝑇) = 𝐻𝑔(𝑇) − 𝑈𝑠(𝑇).                                        (3) 

 

Defined in this way, ∆𝐻𝑠𝑢𝑏(𝑇) is always positive. The internal energy of the solid phase  𝑈𝑠(𝑇) 

can be calculated from the total electronic energy of the solid 𝐸𝑒𝑙𝑒𝑐
𝑠  plus an addition correction 

𝑈𝑐𝑜𝑟𝑟
𝑠 (𝑇) that can be computed with phonons from CASTEP12 :   

𝑈𝑠(𝑇) = 𝐸𝑒𝑙𝑒𝑐
𝑠 + 𝑈𝑐𝑜𝑟𝑟

𝑠 (𝑇) = 𝐸𝑒𝑙𝑒𝑐
𝑠 + 𝐸𝑍𝑃𝐸

𝑠 + ∑ (
ℏω𝑘,𝑖

𝑠

exp(
ℏω𝑘,𝑖

𝑠

𝑘𝐵𝑇
)−1

)𝑘,𝑖 , (4) 

where the last term, involving the sum of the i normal modes with frequency ω𝑘,𝑖
𝑠  over the k 

points in the Brillouin zone, represents ∫ 𝐶𝑣
𝑠(𝑇′)𝑑𝑇′

𝑇

𝑇′=0
.  

In the gas-phase, 𝐻𝑔(𝑇) was also calculated as the sum of the gas-phase energy 𝐸𝑒𝑙𝑒𝑐
𝑔

 and an 

additional correction term 𝐻𝑐𝑜𝑟𝑟
𝑔

(𝑇):  

𝐻𝑔(𝑇) = 𝐸𝑒𝑙𝑒𝑐
𝑔

+ 𝐻𝑐𝑜𝑟𝑟
𝑔 (𝑇).    (5) 

 

Treating the molecules as non-interacting in the gas-phase, 𝐻𝑐𝑜𝑟𝑟
𝑔

 can be calculated as the sum 

of contributions from the pV term (RT), the translation (3RT/2), rotation (in general 3RT/2) and 

vibrational modes of the molecule. This can be explicitly written as: 

𝐻𝑐𝑜𝑟𝑟
𝑔 (𝑇) = 4𝑅𝑇 + 𝐸𝑍𝑃𝐸

𝑔
+ ∑

ℏω𝑗
𝑔

exp(
ℏω

𝑗
𝑔

𝑘𝐵𝑇
)−1

𝑗 ,            (6) 

with the sum again over j (intramolecular) vibrational normal modes of the molecule, and 

𝐸𝑍𝑃𝐸
𝑔

=  ∑ ℏω𝑗
𝑔

/2𝑗 . Note the ZPEs are already included in 𝐻𝑐𝑜𝑟𝑟
𝑔

(𝑇)  and 𝑈𝑐𝑜𝑟𝑟
𝑠 (𝑇) in normal 

Gaussian0913 and CASTEP12 output. Thus: 

∆𝐻𝑠𝑢𝑏(𝑇) = −𝐸𝑙𝑎𝑡𝑡 + 𝐻𝑐𝑜𝑟𝑟
𝑔 (𝑇) − 𝑈𝑐𝑜𝑟𝑟

𝑠 (𝑇)   (7) 

 

The Helmholtz free energy change of sublimation can be calculated as: 
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∆𝐴𝑠𝑢𝑏(𝑇) = −𝐸𝑙𝑎𝑡𝑡 + 𝐴𝑐𝑜𝑟𝑟
𝑔

(𝑇) − 𝐴𝑐𝑜𝑟𝑟
𝑠 (𝑇);   (8) 

Again ignoring the pV term in the solid phase, and assuming an ideal gas for the gas phase, the 

Gibbs free energy change of sublimation is: 

∆𝐺𝑠𝑢𝑏(𝑇) = ∆𝐴𝑠𝑢𝑏(𝑇) + 𝑅𝑇 = −𝐸𝑙𝑎𝑡𝑡 + 𝐴𝑐𝑜𝑟𝑟
𝑔 (𝑇) − 𝐴𝑐𝑜𝑟𝑟

𝑠 (𝑇) + 𝑅𝑇  (9) 

and 𝑇∆𝑆𝑠𝑢𝑏 = ∆𝐻𝑠𝑢𝑏(𝑇) − ∆𝐺𝑠𝑢𝑏(𝑇). 

 

The lattice energy 𝐸𝑙𝑎𝑡𝑡 is the main component of ∆𝐻𝑠𝑢𝑏, though the two are defined so that 

they have opposite signs.  

 

B. Beyond the 2RT Approximation 

The additional components of ∆𝐻𝑠𝑢𝑏
°  have often been estimated by the 2RT approximation: 

14,15,16 

∆𝐻𝑠𝑢𝑏
° (𝑇) = −𝐸𝑙𝑎𝑡𝑡 − 2𝑅𝑇,         (10) 

 

However recent calculations on small organic crystals have shown that this 2RT approximation 

can be seriously in error.14  

 

In the 2RT approximation one assumes, amongst other things, that intramolecular vibrational 

modes are not affected by the crystal packing even when there is intermolecular hydrogen 

bonding, that intramolecular modes which are similar to or even lower in frequency than the 

lattice phonon modes do not mix with those intermolecular modes in the crystalline phase, and 

that the phonon modes’ contributions follow equipartition. The first two of these, at least, are 

highly questionable.14 Hence, a clear route to improvement in modelling lattice thermo-

dynamics lies in revisiting the 2RT approximation. 

 

Through resource-intensive phonon calculations, current periodic DFT-D codes, e.g., 

CASTEP,13 can provide the thermodynamic corrections (𝑈𝑐𝑜𝑟𝑟
𝑠  and 𝐴𝑐𝑜𝑟𝑟

𝑠 ) for the crystal. 

Standard quantum chemical software applications such as Gaussian0913 can give the 

corresponding thermodynamic correction terms (𝐻𝑐𝑜𝑟𝑟
𝑔

 and 𝐴𝑐𝑜𝑟𝑟
𝑔

) of isolated gas phase 

molecules. Using Equations (7), (8) and (9), which needs the absolute value of lattice energy, 

the thermodynamic properties associated with sublimation can be calculated. Thus, we obtain 

the enthalpy, entropy and free energy contributions of each vibrational and phonon mode. We 

believe that these accurate computations, explicitly considering vibrational and phonon modes 

in the gas and solid phases, are a prerequisite for the chemical accuracy needed to compute 

aqueous solubility to an accuracy comparable with either that of informatics methods, around 

0.7 to 1.1 logS0 units, or the typical experimental error of around 0.6 to 0.7 logS0 units.17 On 

the other hand, the calculation of the absolute lattice energy of an organic crystal is by no means 

trivial. 

 

C. Standard State for Sublimation Thermodynamics 
In the above, we calculate pV on the assumption of 1 atmosphere pressure at 298.15K. Hence, 

we are using the 1 atmosphere standard state when calculating thermodynamic quantities 

associated with sublimation. Thus, the enthalpy, entropy and Gibbs free energy of sublimation 

calculated are, using the nomenclature of reference18,  𝐻𝑠𝑢𝑏
 , 𝑆𝑠𝑢𝑏

 , and 𝐺𝑠𝑢𝑏
 , where the 

symbol  indicates the use of a 1 atmosphere standard state. 
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II. Methods 
 

A. Protocol for first principles computation of sublimation free energy  
 

The protocols adopted in this work are listed below, summarized in Figure S1 and given in 

detail as the results for each step are analysed: 
1) The experimental crystal structure is optimised with CASTEP using PBE-TS, and the harmonic 

phonon spectra calculated. From calculated crystal phonons, 𝐸𝑍𝑃𝐸
𝑠 , 𝑈𝑐𝑜𝑟𝑟

𝑠 , 𝐴𝑐𝑜𝑟𝑟
𝑠  and the solid 

state contribution to 𝑇∆𝑆𝑠𝑢𝑏 at 298.15 K are calculated. 

2) The molecular conformation is extracted from the optimised crystal structure in step 1), using 

NEIGHCRYS.19 The molecular energy in its crystal conformation (𝐸𝑚𝑜𝑙_𝑖𝑛_𝑐𝑟𝑦𝑠𝑡) and 

distributed multipoles (DMA) are evaluated for the PBE/6-311++G(2d,p) charge density using 

a PCM model with =3. 

3) The molecular conformation is optimised using the PBE/6-311++G(2d,p) charge density within 

the PCM model (=3) to the global minimum of the molecule to obtain the 𝐸𝑚𝑜𝑙_𝑚𝑖𝑛, and the 

harmonic vibrational modes are calculated. This also provides 𝐸𝑍𝑃𝐸
𝑔

, 𝐻𝑐𝑜𝑟𝑟
𝑔

, 𝐴𝑐𝑜𝑟𝑟
𝑔

 and a gas-

phase molecular structure at the global minimum.  

4) The PCM-optimized molecular structure is used to compute hydration free energy by the four 

methods described in the article: (i) Molecular Dynamics simulations using GAFF combined 

with Free Energy Perturbation; (ii-iv) three different density functionals (PBE, PBE0, PBE0-

DH) combined with the 6-311++G(2d,p) basis set and SMD implicit continuum model for 

water. 

5) The PBE-TS optimized crystal structure in step (1) is re-optimised using DMACRYS to obtain 

the intermolecular interaction energy, 𝑈𝑖𝑛𝑡𝑒𝑟, while keeping the molecule rigid, and using an 

intermolecular potential calculated from the distributed multipoles from step (2) and the FIT 

exp-6 repulsion-dispersion model. The lattice energy can then be obtained as:  

𝐸𝑙𝑎𝑡𝑡 =  𝑈𝑖𝑛𝑡𝑒𝑟 + 𝐸𝑚𝑜𝑙_𝑖𝑛_𝑐𝑟𝑦𝑠𝑡 −  𝐸𝑚𝑜𝑙_𝑚𝑖𝑛 . 

6) The components of the thermodynamic cycle are combined to estimate the intrinsic aqueous 

solubility according to the equation:18 

 

𝑆0 =  
𝑝0

𝑅𝑇
𝑒𝑥𝑝 (

∆𝐺𝑠𝑢𝑏
° +∆𝐺ℎ𝑦𝑑𝑟

∗

−𝑅𝑇
)   (12) 
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Figure S1 The protocol developed in this work for physics-based computation of sublimation and hydration 
free energies and their application to solubility calculations. 

 

B. Crystal structure optimisation 
For all three crystal structures, full DFT-D crystal structure optimizations were carried out with 

CASTEP12 using the PBE functional and Tkatchenko-Scheffler (TS)20 dispersion correction 

scheme, with on-the-fly pseudopotentials. Initial structures for the optimizations came from 

published searches for crystal structure prediction for succinic acid2 and desloratadine,10 where 

the molecular conformation in the crystal is AAA. For coronene, the initial structure was taken 

from the experimental structure (REFCODE: CORONE03)6,7 in the Cambridge Structural 

Database with the C-H bond lengths corrected to neutron values. For each structure, a plane 

wave cut-off energy and Monkhorst-Pack k-point grid spacing21 were selected after extensive 

convergence testing. The PBE-TS optimization was carried out using the BFGS (Broyden-

Fletcher-Golfarb-Shanno) algorithm with an SCF electronic energy tolerance of 10-10 eV, force 

convergence tolerance of 0.001 eV/Å, and fine grid scale of 4. Cell parameters of the PBE-TS 

optimized crystal structures are listed in Table S1, and compared to those of the experimental 

ones. Details of parameters used in the optimizations are summarised in Table S2. More details 

of PBE-TS structure optimization can be found in reference 10. 

Although the PBE functional has been recently shown to fail to reproduce the structure of an 

organic polymorph,22 the next level on the Jacob’s ladder of density functionals, i.e., hybrid 

functionals, are prohibitively costly in computing resource for all but a few crystal structures. 

This choice of density functional has considerable impact on the adopted approach for the 

calculation of lattice energy in Section II.D. 
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Table S1 The polymorphs selected for the solubility calculations. Cell parameters given are the experimental ones with 
PBE-TS optimized ones in parentheses. 

 succinic acid β coronene γ desloratadine I 

CSD REFCODE SUCACB03 CORONE03  GEHXEX 

Temp Exptal /K 77 100 100 

Space group, Z’ P21/c  P21/n P21 

Z’ (Z) Z’=0.5 (Z=2) Z’=0.5 (Z=2) Z’=1 (Z=2) 

a (Å) 5.464 (5.4870) 10.0086 (9.9599) 6.9336 (6.8932) 

b (Å) 8.766 (8.7162) 4.6651 (4.5891) 11.998 (12.0800) 

c (Å) 5.004 (5.0909) 15.5437 (15.4387) 9.4691 (9.2954) 

β (°) 93.29 (91.66) 106.576 (106.77) 107.365 (107.05) 
*RMSD20 /Å 0.078 0.091 0.108 

*RMSD20 is the minimum root mean square difference in the non-hydrogenic atomic positions in a 20-molecule co-ordination 

cluster between the PBE-TS lattice energy optimised structure used to calculate the phonons and the experimental structure. 

Full periodic PBE-TS optimization gave a consistent model for the molecules within the static 

lattice at 0 K. The optimized crystal structures are in very good agreement with the 

experimental low temperature structure determinations.  

C. Phonon calculations and thermodynamic corrections for the crystals 
PBE-TS harmonic phonon calculations were performed on the PBE-TS optimized structures, 

using either linear response or finite differencing algorithm with a supercell selected to ensure 

no imaginary frequency across the phonon Brillouin zone. A tighter SCF energy convergence 

tolerance (10-12 eV) was used to ensure properly converged numerical derivatives during 

phonon calculations. Details of phonon calculations on desloratadine can be found in reference, 

10 and the same method was used for coronene. For the β form of succinic acid, a slightly 

different approach to that in reference2 was used in its phonon calculation to remove a small 

but persistent region of imaginary frequencies, using norm-conserving pseudopotentials and 

linear response theory in CASTEP. This leads to a phonon dispersion free from any imaginary 

frequencies. The details of the calculations are summarised in Table S2.  

 
Table S2 Calculation parameters and methods used in the PBE-TS optimizations and phonon calculations of crystal 
structures of succinic acid β, desloratadine I and coronene γ forms. 

Molecule CASTEP 

ver. 

Pseudopotential Planewave 

cut-off 

energy 

(eV) 

k-point 

grid 

spacing 

(Å-1) 

Phonon 

method 

Phonon 

Supercells 

Succinic acid 

β 

18.1 On-the-fly 

norm-conserving  

1200 0.10 Linear 

response 

4x2x4 

Desloratadine 

I 

17.2 On-the-fly 

ultrasoft 

1100 0.05 Finite 

differencing 

2x1x1 

Coronene γ 17.2 On-the-fly 

ultrasoft 

1000 0.05 Finite 

differencing 

2x4x1 

Once a phonon calculation was completed, the phonon Brillouin zone was sampled with a finer 

nuclear Brillouin point (-point) spacing and the resultant phonon density of states integrated 

to obtain the thermodynamic corrections for the crystal as listed in Table S3. 
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Table S3 Harmonic thermodynamic corrections for the succinic acid β, coronene γ and desloratadine I forms 
calculated from PBE-TS harmonic phonons. 

In kJ/mol (T = 298.15 K) succinic acid β coronene γ desloratadine I 

Crystal ZPE 𝐸𝑍𝑃𝐸
𝑠  (PBE-

TS) 
275.25 722.72 875.48 

Crystal 𝑈𝑐𝑜𝑟𝑟
𝑠  (PBE-TS) 297.90 764.87 926.90 

Crystal 𝐴𝑐𝑜𝑟𝑟
𝑠  (PBE-TS) 253.26 685.63 826.57 

 

D. Lattice energies 
As shown in Section I.A, the lattice energy contribution dominates the heat of sublimation, so 

its calculation deserves careful consideration. We have considered two different approaches to 

calculating the lattice energy: 

 

 II.D.1 using periodic DFT-D, which is widely used for relative lattice energies in crystal 

structure prediction,23 but where the absolute lattice energies calculated with PBE-TS, the 

method used for geometry optimization of the crystals II.B, can be over-binding.24,25,26 The 

effect of improving the dispersion corrections by taking into account the multi-body 

interactions such as MBD*,27 which is often an improvement,25,26 is the only currently 

affordable variation we investigated. This we categorise as a Ψcrys-based method.19 

 

II.D.2 using a model intermolecular pair potential, which has been parametrised by fitting to 

crystal structures and some heats of sublimation, in conjunction with an electrostatic model 

derived from the  DFT charge distribution of the molecule, i.e. a Ψmol-based method.19 The 

conformational energy penalty for shifting the molecule away from its lowest energy 

conformation is also obtained from the molecular electronic structure calculation. In the case 

of desloratadine, this corresponds to the difference between the SAA and AAA conformations. 

 

 It is possible to use better quality functionals and basis sets for the molecular electronic 

structure calculations (II.D.2) than for periodic ones (II.D.1). Hence for both the Ψmol approach 

to the lattice energy and the gas phase molecular calculations (II.D), the hybrid PBE0 

functional is considered as well as the PBE functional used for the phonon calculations (II.B) 

and two sizes of basis set. The use of a polarisable continuum model (PCM) to approximate 

the change in the molecular charge distribution upon going into the crystalline phase was also 

considered. The results for the lattice energy (Table S5) and gas-phase properties (Table S6) are 

combined in Table S7 and used to develop our protocols (II.A). The data relating to our best 

sublimation protocols are shaded in yellow.   

 

1. Periodic DFT-D lattice energies 

The total PBE-TS electronic energies of the crystals were also obtained in the process of 

optimizing the three crystal structures in Section II.B. To test the effect of different dispersion 

corrections on the absolute lattice energies, single-point calculations at the optimized structures 

using the MBD* dispersion correction27  were also performed, using the same plane wave cut-

off energy and k-point grid spacing.  

 

To calculate the periodic DFT-D lattice energy, the energies of an isolated molecule-in-a-box 

were subtracted from the total energy of each polymorph. The starting point for each 

optimisation of succinic acid and coronene was the optimized gas phase global minimum 

obtained during the DMACRYS calculations in Section II.D.2. For desloratadine it was the 
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minimised AAA conformer, which means that the periodic DFT-D sublimation free energy 

(but not the version using model potentials) here is computed between AAA conformers in 

both crystal and gas. In each case, the molecule was placed in a cubic box and then had its 

atomic positions optimized with a fixed unit cell. It is important to choose a large enough cubic 

box to minimise the interaction of the molecule with its periodic copies. To obtain an optimal 

box size, the molecule was put in a large cubic box, with the side length of the cubic box 

increased through a series of single-point PBE-TS energy calculations to make sure the energy 

change is small enough (< 0.2 kJ/mol for desloratadine, < 0.1 kJ/mol for the others). This ends 

up with the following table for the optimal side length of the box for each molecule: 

 

Molecule-in-a-box Succinic acid Coronene Desloratadine 

Side-length (Å) of the cubic box 15 20 25 

Using the selected cubic box, the PBE-TS molecule-in-a-box optimization converges in a few 

steps. The optimized molecule-in-a-box structure was also used in the PBE-MBD* single-point 

energy calculation for the PBE-MBD* lattice energy. Each molecule-in-a-box calculation was 

performed using the same plane wave cut-off energies and other convergence criteria used for 

the corresponding crystal structure Table S2 . 

 

2. Lattice energies using model intermolecular potentials and the Ψmol 

approach  

 The Ψmol approach partitions the lattice energy into intermolecular energy of separating the 

molecules in the crystal to infinite distance, 𝑈𝑖𝑛𝑡𝑒𝑟 and the conformational energy change 

associated with this process, ∆𝐸𝑖𝑛𝑡𝑟𝑎.  The dispersion-repulsion contributions to  𝑈𝑖𝑛𝑡𝑒𝑟  were 

calculated with an isotropic atom-atom exp-6 force field, using the FIT parameters19 which had 

been empirically fitted to experimental crystal structures and some heats of sublimation. The 

electrostatic contribution to 𝑈𝑖𝑛𝑡𝑒𝑟 was calculated from the distributed multipole representation 

of the DFT molecular charge distribution. Within a crystal the molecules are polarized by the 

crystal environment, which can be approximated by calculating the distributed multipoles 

within a polarisable continuum model (PCM), using the IEFPCM default in Gaussian0913 and 

a dielectric constant of 3.0, typical for organic crystals.23 

 

The conformational energy ∆𝐸𝑖𝑛𝑡𝑟𝑎 is calculated using Gaussian0913 as the energy difference 

between the optimized global minimum of the molecule and the molecule in its crystal 

conformation: 

𝐸𝑙𝑎𝑡𝑡 = 𝑈𝑖𝑛𝑡𝑒𝑟 + ∆𝐸𝑖𝑛𝑡𝑟𝑎 =  𝑈𝑖𝑛𝑡𝑒𝑟 + 𝐸𝑚𝑜𝑙_𝑖𝑛_𝑐𝑟𝑦𝑠𝑡 −  𝐸𝑚𝑜𝑙_𝑚𝑖𝑛.   (13) 

For each molecule, the molecular structure in the crystal conformation 𝐸𝑚𝑜𝑙_𝑖𝑛_𝑐𝑟𝑦𝑠𝑡 is extracted 

from the PBE-TS optimised crystal structure (Table S1). Distributed multipoles were 

calculated with GDMA28 from a PBE/6-311++G(2d,p) or PBE0/6-31G(d,p) charge density, 

calculated using Gaussian09 with or without a PCM model (ε = 3.0). This also provides the 

energy of the molecule in its crystal conformation (𝐸𝑚𝑜𝑙_𝑖𝑛_𝑐𝑟𝑦𝑠𝑡) in the specific model.  

 

DMACRYS19 was then used to calculate the intermolecular energies 𝑈𝑖𝑛𝑡𝑒𝑟, as the final energy 

in the re-optimization of the PBE-TS optimized crystal structures (Table S1) keeping the 

molecule rigid for each functional/basis set/PCM combination, using distributed multipoles 

calculated from the corresponding charge densities and the FIT potential (Table S4). To obtain 

the conformational energy (∆𝐸𝑖𝑛𝑡𝑟𝑎) relative to the global minimum, the extracted molecular 

conformation was optimized with PBE0/6-31G(d,p) or PBE/6-311++G(2d,p), again with and 

without the PCM model. In the cases of succinic acid and desloratadine, starting from the 
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extracted conformations led to the closest local stationary points on the potential energy 

surfaces, and so the starting structure was changed so the optimization could locate the global 

minimum, with an energy of 𝐸𝑚𝑜𝑙_𝑚𝑖𝑛.  ∆𝐸𝑖𝑛𝑡𝑟𝑎 was calculated and combined with 𝑈𝑖𝑛𝑡𝑒𝑟 to 

obtain the DMACRYS lattice energy, see equation (13) and Table S5. 

 

The re-optimization of cell parameters led to only small changes, as shown in Table S4. 

Although all the Ψmol models reproduced the PBE-TS structures fairly well, the PCM-

reoptimized structures with the PBE/6-311++G(2d,p)/PCM electrostatic model are slightly 

closer to the experimental and PBE-TS optimized ones. The marginal improvement in the 

reproduction of the crystal by the Ψmol models may be because the FIT potential was derived 

by fitting to experimental crystal structures and so includes some thermal expansion and zero-

point energy effects in the lattice energy. 
 

Table S4 Cell parameters after rigid-molecule optimization using DMACRYS with various functional/basis 
set/PCM combinations for the Ψmol calculation used for the electrostatic model.   The structural change is 
measured by RMSD20. the minimum root mean square difference in the non-hydrogenic atomic positions in a 
20 molecule co-ordination cluster. 

 succinic acid β coronene γ desloratadine I 

PBE/6-311++G(2d,p)/PCM 

a (Å) 5.3787 10.0919 6.9510 

b (Å) 8.8596 4.5780 12.2172 

c (Å) 5.0933 16.5289 9.5966 

β (°) 94.29 110.20 106.94 

RMSD20 /Å (vs. PBE-TS) 0.151 0.285 0.181 

RMSD20 /Å (vs. Expt.) 0.131 0.253 0.161 

PBE/6-311++G(2d,p) 

a (Å) 5.3804 10.1193 6.9570 

b (Å) 8.8939 4.5176 12.2158 

c (Å) 5.1105 16.7342 9.6204 

β (°) 94.65 110.43 106.94 

RMSD20 /Å (vs. PBE-TS) 0.177 0.355 0.193 

RMSD20 /Å (vs. Expt.) 0.149 0.334 0.168 

PBE0/6-31G(d,p)/PCM 

a (Å) 5.4091 10.0824 6.9561 

b (Å) 8.8609 4.6057 12.2248 

c (Å) 5.1147 16.4488 9.6006 

β (°) 94.40 110.17 107.01 

RMSD20 /Å (vs. PBE-TS) 0.173 0.259 0.183 

RMSD20 /Å (vs. Expt.) 0.140 0.219 0.164 

PBE0/6-31G(d,p) 

a (Å) 5.4128 10.1117 6.9620 

b (Å) 8.8784 4.5338 12.2237 

c (Å) 5.1272 16.6878 9.6188 

β (°) 94.62 110.41 107.01 

RMSD20 /Å (vs. PBE-TS) 0.185 0.336 0.192 

RMSD20 /Å (vs. Expt.) 0.152 0.313 0.169 
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3. Choice of lattice energy model 

 
Table S5 Lattice energies of the three crystal structures calculated in various approaches. The yellow shaded 
row shows the results calculated with the protocol in Section II.C.  

Lattice Energies in kJ/mol succinic acid β coronene γ desloratadine I 

Ψmol-based methods    

DMACRYS PBE/6-

311++G(2d,p)/PCM 
-125.89 -155.61 -144.40 

DMACRYS PBE/6-

311++G(2d,p) 
-110.87 -156.08 -138.44 

DMACRYS PBE0/6-

31G(d,p)/PCM 
-103.22 -155.36 -141.86 

DMACRYS PBE0/6-31G(d,p) -92.35 -155.94 -136.37 

Ψcrys-based methods    

CASTEP PBE-TS -148.43 -205.09 -202.37 ** 
CASTEP PBE-MBD*/PBE-TS -139.42 -161.13 -173.30 ** 

** the AAA conformation was used in the molecular calculation. 

The periodic PBE-TS lattice energies from the CASTEP Ψcrys calculations in Table S5 are 

considerably larger than those calculated with Ψmol-based methods and give a large error when 

used to estimate heats of sublimation or solubilities. The MBD* dispersion correction is a 

significant improvement, emphasising the importance of the dispersion energy, but still the 

absolute lattice energies with the PBE functional are unrealistic, as has been found in other 

studies. 29,24,25,26
  

The Ψmol-based DMACRYS lattice energies (Table S5) show a much larger variation with 

functional, basis set, or use of a PCM model for β succinic acid than for coronene or 

desloratadine. Compared to the reference experimental lattice energy for the β form of succinic 

acid in the revised X23 set26 (-130.1 kJ/mol), DMACRYS lattice energies were all 

underestimated, with the best DMACRYS lattice energy given by the PBE/6-

311++G(2d,p)/PCM combination. For this reason, PBE/6-311++G(2d,p)/PCM multipoles 

were chosen for the sublimation free energy contribution to our solubility predictions, and 

sublimation data obtained with this method are shaded yellow in the tables. The Ψmol lattice 

energy for desloratadine and succinic acid includes the conformational energy penalty that 

arises because the molecule changes conformation between the gas-phase and the crystal phase.  

 

E. Thermodynamic corrections for gas-phase molecules 
For each molecule optimized in Section III.C.1, the molecular vibrations were calculated with 

Gaussian09 using the same functional/basis set/PCM combination. Thermal analysis by 

Gaussian09 then provided the 𝐸𝑍𝑃𝐸
𝑔

, 𝐻𝑐𝑜𝑟𝑟
𝑔

, 𝐴𝑐𝑜𝑟𝑟
𝑔

 for the global minimum, which are included 

in solubility predictions.  The “Tight” convergence criteria within Gaussian09 were used along 

with an ultrafine integration grid from two-electron integrals and their derivatives. Although 

this has little influence on the total energy, it ensures more accurate calculations of low-

frequency vibrational modes and it affected the thermochemistry calculations, particularly for 

coronene.  

 

As shown in Table S6, there is a significant difference between the thermodynamic corrections 

calculated using the PBE0/6-31G(d,p) and PBE/6-311++G(2d,p) combinations, since the 

molecular frequencies calculated were systematically different. Table S6 shows a much smaller 

difference between the thermodynamic corrections with or without the PCM model. The largest 
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such difference is ~ 2kJ/mol, enough to be significant for logS0, for 𝐴𝑐𝑜𝑟𝑟
𝑔

 of coronene at the 

PBE/6-311++G(2d,p) level. 

 
Table S6 Calculated thermodynamic data using different functional/basis set/PCM combination for the three 
molecules. 

Molecular thermal corrections 

 In kJ/mol 

succinic acid  

(gauche) 

coronene  desloratadine  

(SAA) 

𝐸𝑍𝑃𝐸
𝑔

 

DMACRYS PBE/6-

311++G(2d,p)/PCM 
268.55 711.53 865.26 

DMACRYS PBE/6-311++G(2d,p) 269.20 711.18 865.57 

DMACRYS PBE0/6-

31G(d,p)/PCM 
281.76 741.05 901.98 

DMACRYS PBE0/6-31G(d,p) 282.61 740.92 902.27 

𝐻𝑐𝑜𝑟𝑟
𝑔

 

DMACRYS PBE/6-

311++G(2d,p)/PCM 
293.05 752.77 916.22 

DMACRYS PBE/6-311++G(2d,p) 293.64 752.44 916.44 

DMACRYS PBE0/6-

31G(d,p)/PCM 
305.56 780.47 950.99 

DMACRYS PBE0/6-31G(d,p) 306.28 780.36 951.22 

𝐴𝑐𝑜𝑟𝑟
𝑔

 

DMACRYS PBE/6-

311++G(2d,p)/PCM 
176.43 606.59 739.46 

DMACRYS PBE/6-311++G(2d,p) 177.28 604.57 739.91 

DMACRYS PBE0/6-

31G(d,p)/PCM 
190.46 634.26 778.19 

DMACRYS PBE0/6-31G(d,p) 191.98 634.11 778.61 

 

Comparing the molecular frequencies in Table S6 to the crystalline thermodynamic corrections 

calculated from periodic PBE-TS phonon calculations in Table S3, it becomes clear that the 

systematic differences between the PBE0 and PBE functionals are a potential source of error 

for the calculation of solubility.  The PBE0/6-31G(d,p) calculations should provide better 

molecular vibrational frequencies and hence better thermodynamics for the gas phase. 

However, for optimising the cancellation of errors in the thermodynamic cycle for solubility 

calculations, the gas phase properties were calculated with the same functional (PBE) and basis 

set (6-311++G(2d,p)) using PCM. 

III. Results 
 

A. Thermodynamics of sublimation 
Combining DMACRYS and periodic DFT-D lattice energies (Table S5) and thermodynamic 

corrections from periodic PBE-TS (Table S3) and the corresponding molecular models (Table 

S6) gives the thermodynamic properties of sublimation (Table S7). Compared with the 

experimental values for β succinic acid and γ coronene, the best results are given by using the 

PBE/6-311++G(2d,p)/PCM Ψmol lattice energies. The periodic DFT-D lattice energies were 



13 
 

always overestimated, with those using the MBD* dispersion correction showing a marked 

improvement over those using the pairwise additive TS dispersion correction. 

The use of a PCM model significantly improves the calculated heat of sublimation for β 

succinic acid, slightly changes that for desloratadine form I, but does not affect the coronene 

results. This reflects the relative importance of the electrostatic contribution to  𝑈𝑖𝑛𝑡𝑒𝑟 , which 

is most significant in succinic acid, smaller in desloratadine, which has fewer hydrogen bonds 

relative to the size of the molecule, and small in coronene. With a PCM model, 𝑈𝑖𝑛𝑡𝑒𝑟 between 

succinic acid molecules increases by more than 12 kJ/mol, and the PCM model stabilizes the 

elongated O-H bonds of succinic acid in the crystal, reducing ∆𝐸𝑖𝑛𝑡𝑟𝑎 by 3 kJ/mol. Together 

this shifts the 𝛥𝐻𝑠𝑢𝑏 significantly closer to the experimental value.  It appears that using the 

PCM model for all phases helps the cancellation of errors due to the change in O-H bond 

lengths between phases. 

 
Table S7 Thermodynamics of sublimation of β succinic acid, γ  coronene  and desloratadine form I, calculated 
using thermodynamic corrections from PBE-TS phonons and a variety of methods for the other components. 
All thermodynamic quantities are given in kJ/mol and correspond to T = 298.15 K. 

Lattice energy 𝐸𝑙𝑎𝑡𝑡  𝐻𝑠𝑢𝑏
  𝐴𝑠𝑢𝑏

  𝐺𝑠𝑢𝑏
  𝑇𝑆𝑠𝑢𝑏

  𝐻𝑠𝑢𝑏
 + 𝐸𝑙𝑎𝑡𝑡 ** 

succinic acid β (expt. 𝜟𝑯𝒔𝒖𝒃 = 123.2) 

PBE/6-

311++G(2d,p)/PCM 

121.04 49.06 51.54 69.50 -4.85 

PBE/6-311++G(2d,p) 106.61 34.89 37.37 69.24 -4.26 

PBE0/6-31G(d,p)/PCM 110.88 40.42 42.90 67.98 7.66 

PBE0/6-31G(d,p) 100.73 31.07 33.55 67.18 8.38 
+PBE-TS 143.58 71.60 74.08 69.50 -4.85 
+PBE-MBD* 134.57 62.59 65.07 69.50 -4.85 

coronene γ (expt. 𝜟𝑯𝒔𝒖𝒃 = 148.2) 

PBE/6-

311++G(2d,p)/PCM 

143.51 76.57 79.05 64.46 -12.1 

PBE/6-311++G(2d,p) 143.65 75.02 77.50 66.15 -12.43 

PBE0/6-31G(d,p)/PCM 170.96 103.99 106.47 64.49 15.6 

PBE0/6-31G(d,p) 171.43 104.42 106.90 64.53 15.49 
+PBE-TS 192.99 126.05 128.53 64.46 -12.1 
+PBE-MBD* 149.03 82.09 84.57 64.46 -12.1 

desloratadine I 

PBE/6-

311++G(2d,p)/PCM 

133.72 57.29 59.77 73.95 -10.68 

PBE/6-311++G(2d,p) 127.98 51.78 54.26 73.72 -10.46 

PBE0/6-31G(d,p)/PCM 165.95 93.48 95.96 69.99 24.09 

PBE0/6-31G(d,p)/PCM 160.69 88.41 90.89 69.80 24.32 
+PBE-TS 191.69 115.26 117.74 73.95 -10.68 
+PBE-MBD* 162.62 86.19 88.67 73.95 -10.68 

+ Gas-phase thermodynamic corrections from PBE/6-311++G(2d,p)/PCM calculations were used with periodic DFT-D lattice 

energies. ** This quantity is often approximated as -2RT=-4.96 kJ/mol. 



14 
 

Solvation Free Energy Calculations 

I. Methods 

A. Additional Information about the Clustering Method used in the 

Calculation of SFE1 and SFE3. 
 

In calculating SFE1 and SFE3, to avoid double counting identical states in Boltzmann-

weighted averages, the low-energy structures produced by the conformational search algorithm 

were clustered to remove duplicates.   Using succinic acid as an example, the force-field based 

conformational search (described in the “Computational Methods” section of the main article) 

produced 432 conformers.   These structures were each re-optimised at the appropriate level of 

DFT theory (e.g. PBE, PBE0, or PBE0-DH with the 6-311++G(2d,p) basis set) in the 

appropriate phase (e.g. gas or water modelled using SMD).   The resulting re-optimised 

conformers were then sorted into groups with identical calculated energy.  This typically gave 

between 10 and 20 groups, depending on which DFT method was used and which phase was 

being modelled, e.g. there were 14 groups for succinic acid modelled using PBE/6-

311++G(2d,p) in the gas-phase.  Within each group, a distance matrix was then calculated by 

aligning each pair of conformers using the “obfit” command in OpenBabel and recording the 

root-mean-square-deviation (RMSD) in the atomic coordinates.  Only one of each pair of 

conformers with a RMSD < 0.1 Å was retained in the Boltzmann-weighted averages. This 

typically removed all but one conformer from each group.  Sensitivity testing suggested that 

modifying the RMSD cutoff between 0.05 and 0.5Å had a negligible effect on the results. 

 

B. Comment on Thermal Corrections to the Solvation Free Energy 
 

The non-polar terms in the SMD model for water were initially parameterised and validated 

against experimental data for organic molecules.30    Since most of those molecules were small 

with few rotatable bonds, the authors of that work were able to make several simplifications to 

the quantum chemical calculations without loss of accuracy, namely: (i) using the same 

conformer in gas and solution phase; (ii) not calculating the thermal corrections to the ab initio 

or DFT energy. For larger non-rigid solutes, it is usually preferable to re-optimise the molecular 

structure in gas and solution-phase separately, to account for the conformational rearrangement 

energy (this is the default approach in most quantum chemical software packages, including 

Gaussian16, and this was done here).   However, there has been some disagreement in the 

literature about whether thermal corrections should be calculated,31,32 with most of the 

discussion focusing on whether they are implicitly included in the parameterised non-polar 

terms or not.  From a practical point-of-view, it influences the computational expense since a 

frequency calculation in each phase is required to obtain contributions from the vibrational 

partition function.  Comparing these two approaches to experimental data for 25 molecules 

from the Minnesota Solvation Database suggests that the extra computational expense in 

obtaining the thermal corrections is not justified. Since we did not know whether that 

conclusion would hold for the solubility dataset, however, results with and without thermal 

corrections were evaluated, and are presented in Table S8. 
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II. Results 
 

A. Minnesota Solvation Database 
 

A dataset of 130 small drug-like molecules were obtained from the Minnesota Solvation 

Database and used for benchmarking hydration free energies at the PBE/6-311++G(2d,p)/SMD 

and PBE0-DH/6-311++G(2d,p)/SMD levels of theory.   
 

 
Figure S2 Correlation between experimental and calculated hydration free energy for 130 molecules from the Minnesota 
Solvation Database.  Calculated values were obtained at the PBE/6-311++G(2d,p)/SMD  level of theory. 
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Figure S3 Correlation between experimental and calculated hydration free energy for 130 molecules from the Minnesota 
Solvation Database.  Calculated values were obtained at the PBE0-DH/6-311++G(2d,p)/SMD  level of theory. 

 

 

 

B. Succinic Acid, Desloratadine, and Coronene 
 

Predicted hydration free energies for all three compounds are shown in Table S8. Numbers 

resulting from our preferred protocols are shaded in green.   The experimental hydration free 

energy for coronene is obtained by back-calculation from the known solubility and sublimation 

enthalpy8,9 under the assumptions detailed in the footnote to Table 2 in the accompanying 

article. 
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Table S8 Summary of experimental5 and calculated hydration free energies. All energy values are given in 
kJ/mol. LogS0 was predicted from three different treatments of conformations: SFE1, SFE2, and SFE3, as 
defined in the accompanying article. Calculated hydration free energies are given for the PBE/6-
311++G(2d,p)/SMD, PBE0/6-311++G(2d,p)/SMD and PBE0DH/6-311++G(2d,p)/SMD levels of theory. Results 
used to compute logS0 in the paper are shaded green. 

Molecule 𝚫𝑮𝒉𝒚𝒅(exp) 

[kJ/mol] 

SFEn Method 𝚫𝑮𝒉𝒚𝒅(SCF) 

[kJ/mol] 

𝚫𝑮𝒉𝒚𝒅 

(SCF+ZPE) 

[kJ/mol] 

𝚫𝑮𝒉𝒚𝒅 

(SCF+Therm) 

[kJ/mol] 

Coronene -38.40 SFE2 

PBE -18.68 -17.90 -17.85 

PBE0 -23.01 -22.30 -22.26 

PBE0DH -26.32 -25.61 -25.57 

Desloratadine 

 

SFE1 

PBE -44.91 -44.64 -44.92 

PBE0 -47.88 -47.86 -48.01 

PBE0DH -49.17 -49.05 -48.88 

SFE2 

PBE -45.11 -44.84 -45.13 

PBE0 -48.08 -48.05 -48.22 

PBE0DH -50.38 -50.35 -50.52 

SFE3 

PBE -44.74 -44.12 -44.27 

PBE0 -46.57 -46.32 -46.44 

PBE0DH -51.11 -51.00 -51.02 

Succinic acid -61.08 

SFE1 

PBE -49.20 -51.65 -54.18 

PBE0 -52.65 -55.39 -59.97 

PBE0DH -56.13 -56.40 -59.95 

SFE2 

PBE -49.33 -51.77 -53.52 

PBE0 -52.78 -55.51 -57.41 

PBE0DH -56.23 -56.49 -58.65 

SFE3 

PBE -49.27 -51.72 -51.52 

PBE0 -52.73 -55.47 -54.16 

PBE0DH -56.20 -56.48 -55.89 
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Solubility Prediction from Sublimation and Hydration Free Energies  
 

Calculated values of 𝐺𝑠𝑢𝑏
  and 𝐺ℎ𝑦𝑑𝑟

∗  are combined to compute logS0, for each combination 

of sublimation and hydration models, using equation (12). The results are shown in Table S9.  

 

 

Table S9 Calculated logS0 values for coronene, desloratadine, and succinic acid obtained from different 
combinations of sublimation and hydration models, computed using equation (12). SFE 1-3 are defined as 
for Table S8.  logS0 values were calculated using hydration free energies computed from DFT energy only (A), 
DFT energy plus zero-point-energy only (B), or DFT energy plus all thermal corrections (C). 

Molecule Hydration Method Sublimation Method 
log S  
(A) 

log S  
(B) 

log S  
(C) 

Error  
log S 
(A) 

Error  
log S  
(B) 

Error 
 log S  
(C) 

Coronene 
 

logSexp=-9.33 
SFE2 

PBE 
6-311++G(2d,p) 

SMD 

PBE/6-311++G(2d,p)/PCM -11.96 -12.10 -12.11 2.63 2.77 2.78 

PBE/6-311++G(2d,p) -11.69 -11.83 -11.84 2.36 2.50 2.51 

PBE0/6-31G(d,p)/PCM -16.77 -16.91 -16.91 7.44 7.58 7.58 

PBE0/6-31G(d,p) -16.84 -16.98 -16.99 7.51 7.65 7.66 

+PBE-TS -20.63 -20.77 -20.78 11.30 11.44 11.45 

+PBE-MBD -12.93 -13.07 -13.08 3.60 3.74 3.75 

PBE0 
6-311++G(2d,p) 

SMD 

PBE/6-311++G(2d,p)/PCM -11.21 -11.33 -11.34 1.88 2.00 2.01 

PBE/6-311++G(2d,p) -10.93 -11.06 -11.07 1.60 1.73 1.74 

PBE0/6-31G(d,p)/PCM -16.01 -16.13 -16.14 6.68 6.80 6.81 

PBE0/6-31G(d,p) -16.09 -16.21 -16.22 6.76 6.88 6.89 

+PBE-TS -19.87 -20.00 -20.01 10.54 10.67 10.68 

+PBE-MBD -12.17 -12.30 -12.30 2.84 2.97 2.97 

PBE0-DH 
6-311++G(2d,p) 

SMD 

PBE/6-311++G(2d,p)/PCM -10.63 -10.75 -10.76 1.30 1.42 1.43 

PBE/6-311++G(2d,p) -10.35 -10.48 -10.49 1.02 1.15 1.16 

PBE0/6-31G(d,p)/PCM -15.43 -15.55 -15.56 6.10 6.22 6.23 

PBE0/6-31G(d,p) -15.51 -15.63 -15.64 6.18 6.30 6.31 

+PBE-TS -19.29 -19.42 -19.43 9.96 10.09 10.10 

+PBE-MBD -11.59 -11.72 -11.72 2.26 2.39 2.39 

Desloratadine 
 

logSexp=-3.42 
SFE1 

PBE 
6-311++G(2d,p) 

SMD 

PBE/6-311++G(2d,p)/PCM -3.99 -4.04 -3.99 0.57 0.62 0.57 

PBE/6-311++G(2d,p) -3.03 -3.07 -3.02 -0.39 -0.35 -0.40 

PBE0/6-31G(d,p)/PCM -10.33 -10.38 -10.33 6.91 6.96 6.91 

PBE0/6-31G(d,p)/PCM -9.44 -9.49 -9.44 6.02 6.07 6.02 

+PBE-TS -14.15 -14.20 -14.15 10.73 10.78 10.73 

+PBE-MBD -9.05 -9.10 -9.05 5.63 5.68 5.63 

PBE0 
6-311++G(2d,p) 

SMD 

PBE/6-311++G(2d,p)/PCM -3.47 -3.48 -3.45 0.05 0.06 0.03 

PBE/6-311++G(2d,p) -2.51 -2.51 -2.48 -0.91 -0.91 -0.94 

PBE0/6-31G(d,p)/PCM -9.81 -9.82 -9.79 6.39 6.40 6.37 

PBE0/6-31G(d,p)/PCM -8.92 -8.93 -8.90 5.50 5.51 5.48 
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Molecule Hydration Method Sublimation Method 
log S  
(A) 

log S  
(B) 

log S  
(C) 

Error  
log S 
(A) 

Error  
log S  
(B) 

Error 
 log S  
(C) 

+PBE-TS -13.63 -13.63 -13.60 10.21 10.21 10.18 

+PBE-MBD -8.53 -8.54 -8.51 5.11 5.12 5.09 

PBE0-DH 
6-311++G(2d,p) 

SMD 

PBE/6-311++G(2d,p)/PCM -3.25 -3.27 -3.30 -0.17 -0.15 -0.12 

PBE/6-311++G(2d,p) -2.28 -2.30 -2.33 -1.14 -1.12 -1.09 

PBE0/6-31G(d,p)/PCM -9.59 -9.61 -9.64 6.17 6.19 6.22 

PBE0/6-31G(d,p)/PCM -8.70 -8.72 -8.75 5.28 5.30 5.33 

+PBE-TS -13.40 -13.42 -13.45 9.98 10.00 10.03 

+PBE-MBD -8.31 -8.33 -8.36 4.89 4.91 4.94 

SFE2 

PBE 
6-311++G(2d,p) 

SMD 

PBE/6-311++G(2d,p)/PCM -3.96 -4.00 -3.95 0.54 0.58 0.53 

PBE/6-311++G(2d,p) -2.99 -3.04 -2.99 -0.43 -0.38 -0.43 

PBE0/6-31G(d,p)/PCM -10.30 -10.34 -10.29 6.88 6.92 6.87 

PBE0/6-31G(d,p)/PCM -9.41 -9.46 -9.41 5.99 6.04 5.99 

+PBE-TS -14.11 -14.16 -14.11 10.69 10.74 10.69 

+PBE-MBD -9.02 -9.07 -9.02 5.60 5.65 5.60 

PBE0 
6-311++G(2d,p) 

SMD 

PBE/6-311++G(2d,p)/PCM -3.44 -3.44 -3.41 0.02 0.02 -0.01 

PBE/6-311++G(2d,p) -2.47 -2.48 -2.45 -0.95 -0.94 -0.97 

PBE0/6-31G(d,p)/PCM -9.78 -9.78 -9.75 6.36 6.36 6.33 

PBE0/6-31G(d,p)/PCM -8.89 -8.89 -8.86 5.47 5.47 5.44 

+PBE-TS -13.59 -13.60 -13.57 10.17 10.18 10.15 

+PBE-MBD -8.50 -8.50 -8.48 5.08 5.08 5.06 

PBE0-DH 
6-311++G(2d,p) 

SMD 

PBE/6-311++G(2d,p)/PCM -3.03 -3.04 -3.01 -0.39 -0.38 -0.41 

PBE/6-311++G(2d,p) -2.07 -2.07 -2.04 -1.35 -1.35 -1.38 

PBE0/6-31G(d,p)/PCM -9.37 -9.38 -9.35 5.95 5.96 5.93 

PBE0/6-31G(d,p)/PCM -8.49 -8.49 -8.46 5.07 5.07 5.04 

+PBE-TS -13.19 -13.19 -13.16 9.77 9.77 9.74 

+PBE-MBD -8.10 -8.10 -8.07 4.68 4.68 4.65 

SFE3 

PBE 
6-311++G(2d,p) 

SMD 

PBE/6-311++G(2d,p)/PCM -4.02 -4.13 -4.10 0.60 0.71 0.68 

PBE/6-311++G(2d,p) -3.06 -3.17 -3.14 -0.36 -0.25 -0.28 

PBE0/6-31G(d,p)/PCM -10.36 -10.47 -10.44 6.94 7.05 7.02 

PBE0/6-31G(d,p)/PCM -9.47 -9.58 -9.56 6.05 6.16 6.14 

+PBE-TS -14.18 -14.29 -14.26 10.76 10.87 10.84 

+PBE-MBD -9.08 -9.19 -9.17 5.66 5.77 5.75 

PBE0 
6-311++G(2d,p) 

SMD 

PBE/6-311++G(2d,p)/PCM -3.70 -3.74 -3.72 0.28 0.32 0.30 

PBE/6-311++G(2d,p) -2.74 -2.78 -2.76 -0.68 -0.64 -0.66 

PBE0/6-31G(d,p)/PCM -10.04 -10.09 -10.06 6.62 6.67 6.64 

PBE0/6-31G(d,p)/PCM -9.15 -9.20 -9.18 5.73 5.78 5.76 

+PBE-TS -13.86 -13.90 -13.88 10.44 10.48 10.46 
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Molecule Hydration Method Sublimation Method 
log S  
(A) 

log S  
(B) 

log S  
(C) 

Error  
log S 
(A) 

Error  
log S  
(B) 

Error 
 log S  
(C) 

+PBE-MBD -8.76 -8.81 -8.79 5.34 5.39 5.37 

PBE0-DH 
6-311++G(2d,p) 

SMD 

PBE/6-311++G(2d,p)/PCM -2.91 -2.92 -2.92 -0.51 -0.50 -0.50 

PBE/6-311++G(2d,p) -1.94 -1.96 -1.96 -1.48 -1.46 -1.46 

PBE0/6-31G(d,p)/PCM -9.25 -9.27 -9.26 5.83 5.85 5.84 

PBE0/6-31G(d,p)/PCM -8.36 -8.38 -8.37 4.94 4.96 4.95 

+PBE-TS -13.06 -13.08 -13.08 9.64 9.66 9.66 

+PBE-MBD -7.97 -7.99 -7.98 4.55 4.57 4.56 

Succinic acid 
 

logSexp=-0.22 

SFE1 

PBE 
6-311++G(2d,p) 

SMD 

PBE/6-311++G(2d,p)/PCM -1.80 -1.37 -0.93 1.58 1.15 0.71 

PBE/6-311++G(2d,p) 0.68 1.11 1.56 -0.90 -1.33 -1.78 

PBE0/6-31G(d,p)/PCM -0.28 0.14 0.59 0.06 -0.36 -0.81 

PBE0/6-31G(d,p) 1.35 1.78 2.23 -1.57 -2.00 -2.45 

+PBE-TS -5.75 -5.32 -4.87 5.53 5.10 4.65 

+PBE-MBD -4.17 -3.74 -3.30 3.95 3.52 3.08 

PBE0 
6-311++G(2d,p) 

SMD 

PBE/6-311++G(2d,p)/PCM -1.19 -0.71 0.09 0.97 0.49 -0.31 

PBE/6-311++G(2d,p) 1.29 1.77 2.57 -1.51 -1.99 -2.79 

PBE0/6-31G(d,p)/PCM 0.32 0.80 1.60 -0.54 -1.02 -1.82 

PBE0/6-31G(d,p) 1.96 2.44 3.24 -2.18 -2.66 -3.46 

+PBE-TS -5.14 -4.66 -3.86 4.92 4.44 3.64 

+PBE-MBD -3.56 -3.08 -2.28 3.34 2.86 2.06 

PBE0-DH 
6-311++G(2d,p) 

SMD 

PBE/6-311++G(2d,p)/PCM -0.58 -0.54 0.08 0.36 0.32 -0.30 

PBE/6-311++G(2d,p) 1.90 1.95 2.57 -2.12 -2.17 -2.79 

PBE0/6-31G(d,p)/PCM 0.93 0.98 1.60 -1.15 -1.20 -1.82 

PBE0/6-31G(d,p) 2.57 2.61 3.24 -2.79 -2.83 -3.46 

+PBE-TS -4.53 -4.49 -3.86 4.31 4.27 3.64 

+PBE-MBD -2.95 -2.91 -2.29 2.73 2.69 2.07 

SFE2 

PBE 
6-311++G(2d,p) 

SMD 

PBE/6-311++G(2d,p)/PCM -1.78 -1.35 -1.04 1.56 1.13 0.82 

PBE/6-311++G(2d,p) 0.71 1.13 1.44 -0.93 -1.35 -1.66 

PBE0/6-31G(d,p)/PCM -0.26 0.17 0.47 0.04 -0.39 -0.69 

PBE0/6-31G(d,p) 1.38 1.80 2.11 -1.60 -2.02 -2.33 

+PBE-TS -5.72 -5.30 -4.99 5.50 5.08 4.77 

+PBE-MBD -4.15 -3.72 -3.41 3.93 3.50 3.19 

PBE0 
6-311++G(2d,p) 

SMD 

PBE/6-311++G(2d,p)/PCM -1.17 -0.69 -0.36 0.95 0.47 0.14 

PBE/6-311++G(2d,p) 1.31 1.79 2.12 -1.53 -2.01 -2.34 

PBE0/6-31G(d,p)/PCM 0.34 0.82 1.15 -0.56 -1.04 -1.37 

PBE0/6-31G(d,p) 1.98 2.46 2.79 -2.20 -2.68 -3.01 

+PBE-TS -5.12 -4.64 -4.31 4.90 4.42 4.09 

+PBE-MBD -3.54 -3.06 -2.73 3.32 2.84 2.51 
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Molecule Hydration Method Sublimation Method 
log S  
(A) 

log S  
(B) 

log S  
(C) 

Error  
log S 
(A) 

Error  
log S  
(B) 

Error 
 log S  
(C) 

PBE0-DH 
6-311++G(2d,p) 

SMD 

PBE/6-311++G(2d,p)/PCM -0.57 -0.52 -0.14 0.35 0.30 -0.08 

PBE/6-311++G(2d,p) 1.92 1.96 2.34 -2.14 -2.18 -2.56 

PBE0/6-31G(d,p)/PCM 0.95 0.99 1.37 -1.17 -1.21 -1.59 

PBE0/6-31G(d,p) 2.58 2.63 3.01 -2.80 -2.85 -3.23 

+PBE-TS -4.52 -4.47 -4.09 4.30 4.25 3.87 

+PBE-MBD -2.94 -2.89 -2.51 2.72 2.67 2.29 

SFE3 

PBE 
6-311++G(2d,p) 

SMD 

PBE/6-311++G(2d,p)/PCM -1.79 -1.36 -1.39 1.57 1.14 1.17 

PBE/6-311++G(2d,p) 0.70 1.13 1.09 -0.92 -1.35 -1.31 

PBE0/6-31G(d,p)/PCM -0.27 0.16 0.12 0.05 -0.38 -0.34 

PBE0/6-31G(d,p) 1.37 1.79 1.76 -1.59 -2.01 -1.98 

+PBE-TS -5.74 -5.31 -5.34 5.52 5.09 5.12 

+PBE-MBD -4.16 -3.73 -3.76 3.94 3.51 3.54 

PBE0 
6-311++G(2d,p) 

SMD 

PBE/6-311++G(2d,p)/PCM -1.18 -0.70 -0.93 0.96 0.48 0.71 

PBE/6-311++G(2d,p) 1.30 1.78 1.55 -1.52 -2.00 -1.77 

PBE0/6-31G(d,p)/PCM 0.33 0.81 0.58 -0.55 -1.03 -0.80 

PBE0/6-31G(d,p) 1.97 2.45 2.22 -2.19 -2.67 -2.44 

+PBE-TS -5.13 -4.65 -4.88 4.91 4.43 4.66 

+PBE-MBD -3.55 -3.07 -3.30 3.33 2.85 3.08 

PBE0-DH 
6-311++G(2d,p) 

SMD 

PBE/6-311++G(2d,p)/PCM -0.57 -0.52 -0.63 0.35 0.30 0.41 

PBE/6-311++G(2d,p) 1.91 1.96 1.86 -2.13 -2.18 -2.08 

PBE0/6-31G(d,p)/PCM 0.94 0.99 0.89 -1.16 -1.21 -1.11 

PBE0/6-31G(d,p) 2.58 2.63 2.53 -2.80 -2.85 -2.75 

+PBE-TS -4.52 -4.47 -4.58 4.30 4.25 4.36 

+PBE-MBD -2.94 -2.89 -3.00 2.72 2.67 2.78 
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Table S10 Calculated logS0 values for coronene, desloratadine, and succinic acid obtained from different combinations of 
sublimation and hydration models, computed using equation (12). logS0 values were calculated using hydration free 
energies computed from MD/FEP energy only. 

Molecule Hydration Method Sublimation Method log S 
Error 
log S 

Succinic acid 
 

logSexp=-0.22 
GAFF/AM1-BCC, SPC/E 

PBE/6-311++G(2d,p)/PCM -0.35 0.13 

PBE/6-311++G(2d,p) 2.13 -2.35 

PBE0/6-31G(d,p)/PCM 1.16 -1.38 

PBE0/6-31G(d,p) 2.80 -3.02 

+PBE-TS -4.30 4.08 

+PBE-MBD -2.72 2.50 

Coronene 
 

logSexp=-9.33 
GAFF/AM1-BCC, SPC/E 

PBE/6-311++G(2d,p)/PCM -8.23 -1.10 

PBE/6-311++G(2d,p) -7.96 -1.37 

PBE0/6-31G(d,p)/PCM -13.03 3.70 

PBE0/6-31G(d,p) -13.11 3.78 

+PBE-TS -16.90 7.57 

+PBE-MBD -9.20 -0.13 

Desloratadine 
 

logSexp=-3.42 
GAFF/AM1-BCC, SPC/E 

PBE/6-311++G(2d,p)/PCM -3.99 0.57 

PBE/6-311++G(2d,p) -3.02 -0.40 

PBE0/6-31G(d,p)/PCM -10.33 6.91 

PBE0/6-31G(d,p) -9.44 6.02 

+PBE-TS -14.14 10.72 

+PBE-MBD -9.05 5.63 
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