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AE [kJ mol! molec?]
This work Ref. 7

XC AE(a—pB) AE(y—pf)  Ordering AE(a—pB) AE(y-—pB) Ordering
PBE -2.91 -1.72 a<y<p - -
PBEO 2.38 -7.19 y<B<«a - -
B3LYP 0.65 -5.88 y<p<«a - -
PBE-D2 -0.40 0.17 a<B<y -0.53 -0.59 y<a<p
PBE-D3 -0.64 -0.54 a<y<p - -
PBE-TS 141 0.11 B<y<«a 1.71 -0.42 y<pf<a

2 It is useful to clear up a potential confusion about the appearance of “per mole” alongside “per molecule”. An
alternative unit often used is “electronvolts per molecule” or “eV molec”. The substitution of the energy unit
eV by the common energy unit “kJmol*“ is perhaps confusing in this context. The default interpretation of
“kJmol** ought to be "kJ per mole of molecules". So the "per molecule" (i.e. “molec?”) appears redundant.
However, leaving it out may lead to ambiguity when discussing multi-molecule entities such as dimers, clusters
or crystals with multiple molecules per unit cell.

Table S1. Energy differences AE(a — ) and AE(y — ) between a-/y-SA and B-SA calculated
with six different exchange correlation functionals: the PBE! generalised-gradient approximation
(GGA) exchange-correlation (XC) functional, the PBEO? and B3LYP? hybrid functionals, and PBE with
the DFT-D2% DFT-D3> and Tkatchenko-Scheffler (DFT-TS)® dispersion corrections. The energy
differences obtained with PBE-D2 and PBE-TS are compared to the calculations in Ref. 7. All energy
differences are those obtained after full optimisation of the crystal structures.



Xc alA]  bIA] c[A] al] B[] vyl VIRl  dal%] Ab[%] Acl%] Aal%] AB[%] Ay[%]  AVI%]
Expt. 6.867 7.198  5.727 109.10  97.18  101.84 256 - - - - - - -
PBE 7.306  7.405  5.964 111.93 9534 10052 290 6.40 2.87 4.14 2.59 -1.89 -1.29 13.10
PBEO 7.135 7333 5.897 11156 9563  100.96 277 3.90 1.88 2.97 2.25 -1.59 -0.86 8.13
B3LYP 7301  7.457  5.989 11211 95.09  100.14 293 6.32 3.59 4.58 2.76 -2.15 -1.67 14.42
PBE-D2 6.615  7.122  5.655 108.58  97.19  102.93 240 -3.67 -1.06  -1.26 -0.47 0.01 1.07 -6.09
PBE-D3 6.762  7.160  5.691 109.02  96.85  101.89 250 -1.53 052  -0.63 -0.07 -0.34 0.05 -2.50
PBE-TS 6.785  7.147  5.690 108.89  96.95  101.99 250 -1.19 071 -0.65 -0.19 -0.23 0.14 -2.37

Table S2. Optimised lattice parameters of &-SA obtained with the PBE, PBEO, B3LYP, PBE-D2, PBE-D3 and PBE-TS exchange-correlation functionals (XC). The
experimental values are shown in the first row for comparison, and the rightmost columns show the percentage deviation between the calculations and these values.



XC a [A] b [A] c[A] B Il V [A%] Aa [%] Ab [%] Acl%] AR [%] AV[%]
Expt. 5.464 8.766 5.004 93.29 239 - - - - -
PBE 5.754 9.183 5.396 85.83 284 5.31 4.76 7.84 -8.00 18.85
PBEO 5.619 9.034 5.221 88.29 265 2.84 3.06 4.34 -5.36 10.72
B3LYP 5.739 9.115 5.370 86.62 280 5.04 3.98 7.32 -7.15 17.20
PBE-D2 5.422 8.660 4.948 93.76 232 -0.78 -1.21 -1.13 0.51 -3.13
PBE-D3 5.477 8.754 5.033 92.28 241 0.23 -0.13 0.58 -1.09 0.76
PBE-TS 5.478 8.746 5.048 92.10 242 0.27 -0.23 0.88 -1.27 1.02

Table S3. Optimised lattice parameters of $-SA obtained with the PBE, PBEO, B3LYP, PBE-D2, PBE-D3 and PBE-TS exchange-correlation functionals (XC). The
experimental values are shown in the first row for comparison, and the rightmost columns show the percentage deviation between the calculations and these values.

Xc aldl  b[Al  CcIA] Bl VIR  Aa[%]  Ab[%] Ac[%] AB [%] AV[%]
Expt. 5702 8415 10354  90.37 497 - - - - ;
PBE 6.025  8.828  10.827  94.26 574 5.67 4.90 4.57 4.30 15.60
PBEO 5838 8766  10.609  92.97 542 2.40 4.17 2.47 2.88 9.16
B3LYP 5954 8911 10811  93.99 572 4.43 5.88 4.42 4.00 15.18
PBE-D2 5631 8243 10337  89.39 480 -1.24 -2.05 -0.16 -1.09 -3.42
PBE-D3 5697 8414 10369  90.31 497 -0.09 -0.02 0.15 -0.07 0.04
PBE-TS 5649 8370  10.390  89.90 491 -0.92 -0.53 0.35 -0.53 -1.10

Table S4. Optimised lattice parameters of y-SA obtained with the PBE, PBEO, B3LYP, PBE-D2, PBE-D3 and PBE-TS exchange-correlation functionals (XC). The
experimental values are shown in the first row for comparison, and the rightmost columns show the percentage deviation between the calculations and these values.



RMSD [102 A]

XC a-SA B-SA y-SA
PBE - - -

PBEO 2.17 2.32 2.43
B3LYP 1.46 1.45 1.59
PBE-D2 1.12 1.22 2.63
PBE-D3 0.80 1.61 2.78
PBE-TS 0.83 1.61 2.46

Table S5. Root mean square distance (RMSD) between succinic acid (SA) molecules extracted from the a-
SA, B-SA and y-SA structures optimised with the PBE, PBEO, B3LYP, PBE-D2, PBE-D3 and PBE-TS exchange-
correlation functionals (XC). The RMSD values in each column are calculated with respect to the PBE
structures, and the statistical analyses were performed using the tools in the VMD software®.

d(C=0--H) [A]
XC a-SA B-SA y-SA
PBE 1.566 1.589 1.591
PBEO 1.586 1.613 1.601
B3LYP 1.636 1.660 1.651
PBE-D2 1.538 1.573 1.552
PBE-D3 1.542 1.581 1.557
PBE-TS 1.537 1.577 1.553

Table S6. C=0...H H-bond distances in the succinic acid (SA) dimers in &-, 8-, and y-SA structures optimised
with the PBE, PBEO, B3LYP, PBE-D2, PBE-D3 and PBE-TS exchange-correlation functionals (XC). The distances
shown are averaged over all dimers in the unit cell and the standard deviations are on the order of 104, 108
and 107 A, respectively, for the a-, B-, and y-SA structures.



Figure S1. Overlay of the planar succinic acid (SA) molecules taken from a-SA structures optimised with the
PBE (blue), PBEO (red), B3LYP (green), PBE-D2 (purple), PBE-D3 (orange) and PBE-TS (magenta) functionals.
The molecules were aligned and the image generated using VMD.

Figure S2. Overlay of the planar succinic acid (SA) molecules taken from S-SA structures optimised with the
PBE (blue), PBEO (red), B3LYP (green), PBE-D2 (purple), PBE-D3 (orange) and PBE-TS (magenta) functionals.
The molecules were aligned and the image generated using VMD.

Figure S3. Overlay of the twisted succinic acid (SA) molecules taken from y-SA structures optimised with the
PBE (blue), PBEO (red), B3LYP (green), PBE-D2 (purple), PBE-D3 (orange) and PBE-TS (magenta) functionals.
The molecules were aligned and the image generated using VMD.
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AE (Twisted - Planar) [kJ mol* molec]
Xc Molecule Dimer
PBE -0.7 -1.1
PBEO -1.0 -1.1
B3LYP -0.7 -0.9
PBE-D2 -1.9 -2.6
PBE-D3 -1.4 -2.0
PBE-TS 1.7 -2.3

Table S7. Differences in the gas-phase total energies of the twisted (y) and planar (a/B) conformations of a
single succinic acid molecule obtained using the PBE, PBEO, B3LYP, PBE-D2, PBE-D3 and PBE-TS exchange-
correlation functionals.

Dimer E [k) mol?]

XC Planar Twisted AE g (Twisted - Planar)
PBE -73.4 74.2 0.8
PBEO -71.1 -71.3 -0.2
B3LYP -65.1 -65.5 -04
PBE-D2 -82.7 -83.9 -1.2
PBE-D3 -80.6 -81.9 -1.3
PBE-TS -80.0 -81.3 -1.4

Table S8. Gas-phase dimer formation energies Ep = E(Dimer) — 2E(Monomer) (i.e. H-bond formation

energies) for the twisted (¥) and planar (/) conformations of succinic acid obtained using the PBE, PBEO,
B3LYP, PBE-D2, PBE-D3 and PBE-TS exchange-correlation functionals (XC). The rightmost column shows the
difference in the formation energies of the twisted and planar dimers.
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Figure S4. Comparison of energy/volume curves for a-SA (red squares), B-SA (blue circles) and y-SA (green
triangles) calculated using four methods: (a) constant-volume geometry optimisation with the PBE exchange-
correlation functional, (b) single-point B3LYP calculations on the PBE-optimised structures, (c) single-point
B3LYP calculations on gas-phase cluster models extracted from the PBE-optimised structures, and (d)
partitioned IQA energies® from reference central molecules in the clusters. These plots clearly show the
energetic stability ordering predicted by the different methods.
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V [A% molec?]

RMSD [102 A]

9.30
6.97
4.84
3.15

2.34

1.58
3.38
4.55
6.01

7.62

@[]
180
180
180
180
180
180
180
180
180
180

180

dyp [A]
1.521
1.536
1.538
1.547
1.551
1.566
1.574
1.573
1.579
1.580

1.584

Adpyp [102 A]
-4.55
-3.08
-2.80
-1.98

-1.50

0.78
0.63
1.30
1.34

1.75

Table S9. Structural changes in the succinic acid monomer geometry and dimer H-bonding distance dyp in
a-SA as a function of volume compressions and expansions about the optimised equilibrium obtained using
the PBE functional. The RMSD values in the second column are calculated with respect to the monomer
geometry at the equilibrium volume using the VMD software, and the ¢ angle in the third column is the C-C-

C-C dihedral angle defined in Fig. 2 in the main text.
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V [A2 molec?]

RMSD [103 A]

6.81
5.28
3.93
3.15

291

1.59
2.03
2.49
3.00

3.74

o[l

180
180
180
180
180
180
180
180
180
180

180

dyp [A]
1.559
1.564
1.570
1.572
1.573
1.589
1.591
1.593
1.594
1.594

1.592

Adyp [102%A]
-3.07
-2.48
-1.90
-1.69

-1.64

0.18
0.38
0.46
0.48

0.31

Table S10. Structural changes in the succinic acid monomer geometry and dimer H-bonding distance dyp in
B-SA as a function of volume compressions and expansions about the optimised equilibrium obtained using
the PBE functional. The RMSD values in the second column are calculated with respect to the monomer
geometry at the equilibrium volume using the VMD software, and the ¢ angle in the third column is the C-C-

C-C dihedral angle defined in Fig. 2 in the main text.




V [A® molec?] RMSD [107 A] @[] dyp [A] Adyp [102A]
123 25.4 77.36 1.533 -5.73
127 20.3 77.41 1.543 -4.72
131 15.0 77.42 1.554 -3.70
135 10.3 77.38 1.561 -2.93
139 5.71 77.38 1.567 -2.32
144 - 77.46 1.591 -
148 4.38 77.54 1.598 0.72
152 8.38 77.53 1.599 0.88
157 13.6 77.30 1.587 -0.37
161 16.5 77.36 1.600 0.90
166 20.6 77.29 1.600 0.93

Table S11. Structural changes in the succinic acid monomer geometry and dimer H-bonding distance dyp in
¥-SA as a function of volume compressions and expansions about the optimised equilibrium obtained using
the PBE functional. The RMSD values in the second column are calculated with respect to the monomer
geometry at the equilibrium volume using the VMD software, and the ¢ angle in the third column is the C-C-
C-C dihedral angle defined in Fig. 2 in the main text.
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