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2. Representation of the experimental naproxen structures 

The representation of the experimental structures using different modeling techniques is given in 

Table S2. The model used for the crystal energy landscape is highlighted.	

Table S2. The stationary points in the lattice energy (Elatt = Eintra +Uinter) obtained starting from the 
experimental racemic and enantiomeric naproxen crystal structures, as a function of the wavefunctions used to 
calculate the conformational energies and multipoles. For Eintra method see Table S3. 

 Lattice parameters  
cell 

density 
g cm-3 

rmsd15
a
 

(Å) 
Elatt 

kJ mol-1  a/Å b/Å c/Å β/o 
 

Structure/method Uinter (S)-naproxen (COYRUD11) 
Expt, 25°C 13.375 5.793 7.914 93.91 1.250 - - 

HF/6-31G(d,p) 13.090 5.582 8.291 92.39 1.263 0.38 -137.00 
HF/6-31G(d,p), PCM (=3) 13.070 5.576 8.294 92.47 1.266 0.39 -143.95 
HF/6-31G(d,p), PCM (=5)b 13.075 5.565 8.310 92.33 1.266 0.39 -146.71 

MP2/6-31G(d,p) 13.148 5.608 8.272 92.21 1.255 0.35 -125.11 
MP2/6-31G(d,p), PCM (=3) 13.080 5.568 8.832 92.31 1.264 0.38 -143.39 
MP2/6-31G(d,p), PCM (=5) 13.075 5.565 8.310 92.33 1.266 0.39 -146.20 

PBE0/6-31G(d,p) 13.137 5.620 8.244 92.23 1.257 0.34 -129.54 
PBE0/6-31G(d,p), PCM (=3) 13.080 5.568 8.312 92.31 1.264 0.34 -134.42 

PBE0/aug-cc-pVTZ (HF) 13.128 5.576 8.301 92.06 1.259 0.39 -131.96 
PBE0/aug-cc-pVTZ (PBE0) 13.103 5.585 8.340 91.38 1.253 0.41 -129.77 

Structure/method Uinter (RS)-naproxen 
expt, 25°C 25.830 15.494 5.946 90 1.285 - - 

HF/6-31G(d,p) 24.837 17.084 5.495 90 1.312 0.67 -143.74 
HF/6-31G(d,p)c 24.868 5.456 17.156 90 1.314 0.89 -144.58 

HF/6-31G(d,p), PCM (=3) 24.852 17.035 5.500 90 1.314 0.66 -150.05 
HF/6-31G(d,p), PCM (=3)c 24.881 5.460 17.108 90 1.316 0.88 -151.12 
HF/6-31G(d,p), PCM (=5)b 24.872 16.932 5.520 90 1.316 0.66 -153.02 
HF/6-31G(d,p), PCM (=5)b,c 24.891 5.470 17.038 90 1.319 0.85 -154.0 

MP2/6-31G(d,p) 24.869 17.070 5.518 90 1.306 0.67 -133.69 
MP2/6-31G(d,p)c 24.888 5.469 17.182 90 1.308 0.89 -134.40 

MP2/6-31G(d,p), PCM (=3) 24.873 16.950 5.519 90 1.314 0.70 -149.53 
MP2/6-31G(d,p), PCM (=3)c 24.891 5.470 17.056 90 1.317 0.86 -150.50 
MP2/6-31G(d,p), PCM (=5) 24.872 16.932 5.520 90 1.316 0.66 -152.91 
MP2/6-31G(d,p), PCM (=5)c 24.891 5.470 17.038 90 1.319 0.85 -153.88 

PBE0/6-31G(d,p) 24.963 16.907 5.547 90 1.306 0.76 -136.35 
PBE0/6-31G(d,p)c 24.948 5.481 17.065 90 1.308 0.86 -137.13 

PBE0/6-31G(d,p), PCM (=3) 24.967 16.858 5.555 90 1.308 0.74 -141.07 
PBE0/6-31G(d,p), PCM (=3)c 24.951 5.487 17.047 90 1.311 0.85 -141.92 

PBE0/aug-cc-pVTZ (HF) 24.972 16.792 5.568 90 1.310 0.62 -140.35 
PBE0/aug-cc-pVTZ (HF)c 24.903 5.466 17.143 90 1.311 0.86 -141.17 

PBE0/aug-cc-pVTZ (PBE0) 24.996 16.724 5.619 90 1.302 0.58 -138.17 
PBE0/aug-cc-pVTZ (PBE0)c 24.943 5.520 17.056 90 1.303 0.85 -139.01 

aReproduction of the crystal structures was evaluated by the optimal root-mean square overlay of all non-
hydrogen atoms in a 15 molecule coordination cluster (rmsd15).

 bHF energy extracted from MP2 calculation. 
cTrue minimum Pca21 structure (Z=2), obtained by symmetry reduction of the Pbca (Z=1) transition state. 
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Table S3. Comparison of calculated lattice energies for the lattice energy minima corresponding to the two 
experimental NPX crystal structures using different methods for evaluating the conformational energy penalty, 
Eintra, and electrostatic contribution to the intermolecular energy, Uinter. 
 

(a) Using the Pca21 structure (Z=2) lattice energy minimum for (RS)-NPX  
 Method Uinter 

atomic multipole 
MethodEintra Eintra(S) Eintra(RS) Elatt(S) Elatt(RS) Elatt  

(S)–(RS) 
       

HF/6-31G(d,p) HF 6-31G(d,p) 2.73 1.61 -137.00 -144.58 -7.58 
HF/6-31G(d,p), PCM (=3) Taken from Uinter

b 3.01 1.26 -143.95 -151.12 -7.16 
HF/6-31G(d,p), PCM (=5) Taken from Uinter

c 2.44 0.86 -146.71 -154.00 -7.29 
MP2/6-31G(d,p) HF 6-31G(d,p) 2.73 2.04 -125.11 -134.40 -8.29 

MP2/6-31G(d,p), PCM (=3)a Taken from Uinter
b 3.21 1.77 -143.39 -150.50 -7.11 

MP2/6-31G(d,p), PCM (=5) Taken from Uinter
c 2.95 0.98 -146.20 -153.88 -7.68 

PBE0/6-31G(d,p) HF 6-31G(d,p) 1.12 0.81 -129.54 -137.13 -7.59 
PBE0/6-31G(d,p), PCM (=3) Taken from Uinter

d 1.78 1.33 -134.42 -141.92 -7.50 
PBE0/aug-cc-pVTZ HF 6-31G(d,p) 1.11 0.81 -131.96 -141.17 -9.21 
PBE0/aug-cc-pVTZ PBE0 6-31G(d,p) 3.30 2.41 -129.77 -139.01 -9.24 

 
(b) Using the corresponding Pbca (Z=1) structure for (RS)-NPX 

Method Uinter 

atomic multipole 
MethodEintra Eintra(S) Eintra(RS) Elatt(S) Elatt(RS) Elatt  

(S)–(RS) 
       

HF/6-31G(d,p) HF 6-31G(d,p) 2.73 1.91 -137.00 -143.74 -6.74 
HF/6-31G(d,p), PCM (=3) Taken from Uinter

b 3.01 1.70 -143.95 -150.05 -6.10 
HF/6-31G(d,p), PCM (=5) Taken from Uinter

c 2.44 1.17 -146.71 -153.02 -6.31 
MP2/6-31G(d,p) HF 6-31G(d,p) 2.73 1.99 -125.11 -133.69 -7.58 

MP2/6-31G(d,p), PCM (=3)a Taken from Uinter
b 3.21 2.08 -143.39 -149.53 -6.14 

MP2/6-31G(d,p), PCM (=5) Taken from Uinter
c 2.95 1.28 -146.20 -152.91 -6.71 

PBE0/6-31G(d,p) HF 6-31G(d,p) 1.12 1.03 -129.54 -136.35 -6.81 
PBE0/6-31G(d,p), PCM (=3) Taken from Uinter

d 1.78 1.82 -134.42 -141.07 -6.65 
PBE0/aug-cc-pVTZ HF 6-31G(d,p) 1.11 1.03 -131.96 -140.35 -8.39 
PBE0/aug-cc-pVTZ PBE0 6-31G(d,p) 3.30 3.33 -129.77 -138.17 -8.40 

aMethod as used for generating the crystal energy landscape (Figure 3). bHF/6-31G(d,p) (PCM, =3) 
conformational energy penalty taken from single point charge density calculation. cHF/6-31G(d,p) (PCM, =5) 
conformational energy penalty taken from single point charge density calculation. dPBE0/6-31G(d,p) (PCM, 
=3) conformational energy penalty taken from single point charge density calculation. 
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3. Computationally generated crystal energy landscape 

The hypothetical crystal structures are available in *.res from the authors on request. 

Table S4. Hypothetical low-energy crystal structures of naproxen. Known structures are highlighted in grey. 

Structure Space 
group 

Cell parameters Elatt/ 
kJ mol-1

Density/ 
g cm-3 

H-bonding
Motif a/Å b/Å c/Å α/° β/° γ/°

Homochiral Structures 
af92 P21 13.073 5.572 8.306 90 87.60 90 -143.39 1.265 C1,1(4)ab 
ah12 P21 13.378 7.473 6.139 90 87.08 90 -139.02 1.248 C1,1(4)a 
aq49 P212121 14.436 15.281 5.563 90 90 90 -138.73 1.246 C1,1(4)b 
af41 P21 5.885 10.996 9.290 90 78.11 90 -131.88 1.300 C1,1(11) 

Racemic Structures 
CO_1_SR Pca21 24.891 5.470 17.056 90 90 90 -150.50 1.317 R2,2(8) 

CO_1 Pbca 24.873 16.950 5.519 90 90 90 -149.53 1.314 R2,2(8) 
ak57 P21/c 14.166 5.336 24.349 90 140.94 90 -147.54 1.319 R2,2(8) 
fc15 P21/c 11.270 5.535 20.066 90 71.06 90 -146.61 1.292 R2,2(8) 
am85 P21/c 10.029 5.374 21.875 90 86.13 90 -145.56 1.300 R2,2(8) 
fc100 P21/c 12.106 5.341 18.607 90 84.27 90 -144.34 1.278 R2,2(8) 
fb24 P21 5.363 18.339 12.935 90 69.25 90 -144.31 1.285 R2,2(8) 
ak35 P21/c 12.989 7.203 13.423 90 74.23 90 -143.51 1.266 R2,2(8) 
ak63 P21/c 8.157 5.620 26.845 90 92.29 90 -142.86 1.244 R2,2(8) 
ab9 P-1 12.683 5.336 9.634 78.50 79.26 70.31 -142.49 1.282 R2,2(8) 

fc119 P21/c 12.004 5.330 19.607 90 105.04 90 -142.10 1.262 R2,2(8) 
ca102 P-1 11.950 5.386 12.781 101.61 48.98 93.68 -141.19 1.263 R2,2(8) 
fa31 P21/m 5.363 19.061 11.871 90 95.16 90 -140.81 1.266 R2,2(8) 
bh18 Pca21 16.111 13.179 5.699 90 90 90 -140.49 1.264 C1,1(4) 

am133 P21/c 5.331 9.547 24.138 90 95.97 90 -140.34 1.252 R2,2(8) 
fc125 P21/c 13.472 5.748 15.762 90 89.44 90 -140.12 1.253 R2,2(8) 
cc56 Pbca 5.830 22.775 17.987 90 90 90 -139.32 1.281 C1,1(4) 
fa104 P21/c 11.917 15.126 8.600 90 51.85 90 -139.00 1.255 R2,2(8) 
ai123 P2/c 21.899 5.192 11.663 90 65.49 90 -138.51 1.268 R2,2(8) 
de83 C2/c 19.660 5.411 27.578 90 56.03 90 -138.40 1.257 R2,2(8) 
am57 P21/c 7.150 20.727 7.849 90 95.86 90 -137.98 1.322 C1,1(11) 
ca69 P-1 6.996 12.505 8.034 98.83 64.00 81.24 -137.96 1.264 R2,2(8) 
ca79 P-1 7.314 10.929 8.170 104.42 107.03 92.84 -137.81 1.276 R2,2(8) 
fc83 P21/c 5.982 7.707 27.004 90 80.98 90 -137.78 1.244 R2,2(8) 
ak52 P21/c 12.215 5.498 22.656 90 128.46 90 -137.73 1.284 R2,2(8) 
fc116 P21/c 5.266 12.039 30.070 90 140.08 90 -137.50 1.250 R2,2(8) 
cd 137 Pbcn 19.131 5.436 23.408 90 90 90 -137.31 1.257 R2,2(8) 
de139 C2/c 29.058 5.247 19.352 90 55.92 90 -137.29 1.252 R2,2(8) 
ca89 P-1 5.465 5.230 22.312 95.06 94.98 74.95 -136.78 1.249 R2,2(8) 
ai43 P2/c 15.544 5.680 26.786 90 31.85 90 -136.03 1.225 R2,2(8) 

CO_70 Pca21 11.594 40.333 5.201 90 90 90 -135.88 1.258 R2,2(8) 
CO_433 Pbca 7.575 25.835 12.196 90 90 90 -135.53 1.282 C1,1(4) 

ab52 P-1 14.806 5.733 9.685 55.83 77.58 65.46 -135.02 1.236 R2,2(8) 
ak86 P21/c 8.458 13.352 11.928 90 65.55 90 -134.95 1.247 R2,2(8) 
ca87 P-1 5.321 11.291 11.296 73.93 78.45 69.77 -133.90 1.258 C1,1(11) 
dc96 C2/c 25.863 7.331 24.679 90 31.49 90 -133.40 1.252 R2,2(8) 
aw48 Pba2 21.148 7.742 7.104 90 90 90 -133.30 1.315 C1,1(11) 
Labels for hypothetical structures correspond to internal file names. aContains the stack Fig. 5. b contains the 

catemer arrangement  in Fig 5. 
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