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1 Neutron powder patterns
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Figure S1: As-measured neutron-powder patterns, showing the full data range collected at all pressure
points. All fits to these data, over a truncated range, are given further below. Each box in one column
corresponds to a separate loading of the Paris—Edinburgh press (i.e. three loadings in total), as detailed

in the main manuscript.

d-spacing ranges available on the PEARL instrument.
which, aside from the higher pressure, can be attributed to the use of sintered-diamond anvils (SD),
instead of zirconia-toughened alumina (ZTA).
several additional intense reflections (at ca. 2.1 A and below) and broad Bragg edges. Furthermore,
they markedly attenuate the neutron beam, reducing the signal-to-noise ratio; this is particularly evident

in the long d-spacing data.

The left and right columns correspond, respectively, to the short and long

The SD anvils contaminate the diffraction pattern with

Notable differences are present at 9.27 GPa
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Figure S2: Rietveld-refined high-pressure neutron powder data. Data shown are from the first loading

of the Paris—Edinburgh press, as described in the Experimental section of the main manuscript. The

y-axis shows intensity in arbitrary units—all data within the same column are shown on the same scale.

Data are shown as open circles, the fitted Rietveld profile in red and the residual in blue. Tickmarks from

top to bottom: black—OP RQOY sample; orange—Ilead pressure marker; green—alumina; pink—zirconia.

The last two of these are components of the ZTA anvils used. Contributions from only the ROY sample

are present in the long d-spacing range. The pressure is indicated between the corresponding plots.

Data-to-noise are notably worse for the longer d-spacing range (right column) due to a factor of four

decrease in measurement statistics and the reduced neutron flux at the longer wavelengths used over
this range. Top to bottom: Rg.age = 0.01815, 0.01147, 0.01558. Full fitting statistics are given in Table

S2.
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Figure S2: continued. Top to bottom: Rp,ass = 0.01132, 0.01090, 0.00968, 0.01105. Full fitting statistics
are given in Table S2.
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Figure S3: Rietveld-refined high-pressure neutron powder data from the second loading of the Paris—
Edinburgh press. Plot details are the same as the previous Figure except no indication of zirconia
was detectable in the pattern—this phase was excluded from the refinement. Top to bottom: Rp,ags =
0.01331, 0.01454, 0.01299. Full fitting statistics are given in Table S2.
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Figure S3: Continued. Top to bottom: Rg;as; = 0.01198, 0.01250, 0.01233, 0.01250. Full fitting
statistics are given in Table S2.
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Figure S4: Pawley-refined high-pressure neutron powder data from the third loading of the Paris—
Edinburgh press. Plot details are the same as the previous Figures except sintered diamond anvils
are used. From top to bottom, the tickmarks indicate: black—OP ROY sample; orange—lead pressure
marker; blue—sintered diamond anvil. Data are shown over a relatively restricted d-spacing range as
at low d, the pattern was dominated by intense Bragg reflections from the diamond anvils and at high d,
the anvils significantly attenuated the sample signal, reducing the quality of data. R,,, = 0.01674. Full

fitting statistics are given in Table S2.



2 DFT-derived restraints
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Figure S5: CASTEP-calculated torsion angles as a function of pressure, shown by open circles. The
corresponding torsion rotation is indicated on the molecules with a red arrow. The scatter in the data
is likely due to variation in the starting atomic coordinates used for the geometry-optimisations (these
were derived from preliminary, unrestrained Rietveld refinements), coupled with a, likely, shallow energy
potential with respect to rotation. The form of each fit to data is indicated in the plot; for TfSCNC a =
43.5(4),b = —0.224(13), R? = 0.96; for TCNCC a = 16.10(13),b = —0.58(11),c = —0.09(2), R? = 0.83; for
7ONCC a = 19.5(5),b = —1.6(4),c = 0.0(12), R? = 0.84. The fitted functions were used to derive the
torsion values at each pressure and these values were used as restraints on the subsequent rigid-body
Rietveld refinements.



3 Energy calculations
Lattice energies calculated by PIXEL appear to decrease initially, as a function of pressure (see main
manuscript). Although this is counter-intuitive, this energy can be compensated for by energy penalties
in molecular conformation and the work done by the pressure on the unit cell volume, such that the
overall effect of pressure on Gibbs free energy (G = H — T'S) is to increase it.
Starting by considering enthalpy H in terms of its constituent parts:

H=U+PV
Therefore, the change in enthalpic contribution on increasing pressure to x GPa, from 0 GPa, is:

H.r - HO = (Ur - UO) + (PTVT - POVO)
As PV = 0, then:

H, — Hy = (U, — Uy) + P,V,

Taking the internal energy U from the DFT geometry optimisations, we then correct this for the energetic
effects of conformation change, relative to zero pressure (calculated in Gaussian), so that:

Ucorr = Uz + (Econfz — Econgo)

Then the effect on the change in enthalpy, at pressure z is given by:
AH, = AUcorr + PV,

where AH, = H, — Hy and AU_orr = Ucorre — Ucorro)

The effect of conformation change on internal energy and the enthalpy change on increasing pressure
are plotted below, for both OP and Y forms. Note: all energies are calculated in kJmol~*
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Figure S6: DFT-optimised internal energies (black circles) and conformation corrected energies (red
triangles), shown for OP (open symbols, left) and Y-forms (filled symbols, right). Energies are shown

relative to the ambient-pressure structure in each case.
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Figure S7: Pressure dependence of enthalpy in OP (open circles) and Y (filled circles) forms. En-
thalpies are shown relative to the ambient-pressure structure in each case.
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4 Interstitial voids

Phase: OP Phase: OP

Pressure: 1.63 GPa Pressure: 1.63 GPa

Probe radius: 0.2 A Probe radius: 0.5 A

Voids: 17.1% unit cell volume Voids: 7.7% unit cell volume
L ¥ L

Phase:Y Phase:Y

Pressure: 1.89 GPa Pressure: 1.89 GPa

Probe radius: 0.2 A Probe radius: 0.5 A

Voids: 15.1% unit cell volume // Voids: 3.8% unit cell volume

Figure S8: Available void space, shown in red, in the unit cells of OP- (top) and Y-ROY (bottom) using
a probe radius of 0.5 A (left) and 0.2 A (right). H atoms are omitted and molecules are shown in a stick
format for clarity. It is evident that there is little difference between the structures using a small probe
radius of 0.2 A (see also Figure 7 in the main manuscript), but increasing its size to 0.5A shows that
the probe sphere can be located in many more areas of the OP unit cel—the void spaces are more
concentrated than in Y.



5 Low-temperature methyl group orientations

Figure S9: Progression of methyl group orientations as a function of temperature. All images are shown
with the thiophene group in the same orientation. Only set of methyl hydrogen positions is present at
40 K; a second set of preferred sites develops by 60 K; and three orientations are identified at 100 K and
above.
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6 Crystallographic refinement details

Table S1: Crystallographic refinement details for all temperature points, continuing as an extension of

Table 1 in the main manuscript.

Temperature / K 40(2) 60(2) 100(2) 150(2) 293(2)
a-axis / A 7.651(2) 7.670(2) 7.713(2) 7.765(3) 8.011(3)
b-axis / A 13.243(3) 13.254(3) 13.271(3) 13.283(3) 13.395(3)
c-axis / A 11.624(4) 11.618(4) 11.611(4) 11.615(4) 11.726(4)
B/° 104.118(19) 104.066(18)  104.004(19) 104.140(19)  104.759(19)
Volume / A3 1142.2(6) 1145.6(6) 1153.2(6) 1161.7(6) 1216.8(6)
Density / gcm—3 1.508 1.503 1.493 1.482 1.415
7SCNC / ° 43.2(2) 43.4(2) 43.5(3) 44.1(3) 46.2(5)
Parameters 249 243 255 255 257
Unique reflections 9984 8999 8243 7180 5438

R1 0.0690 0.0718 0.0701 0.0673 0.0689
Goodness of fit 1.448 1.551 1.549 1.498 1.397
Apmax, Apmin / €A™3 2,23, -2.08 2.40, —2.69 1.74, —1.44 1.24, —1.27 0.96, —0.61
Extinction coefficient ~ 0.0080(3) 0.0073(3) 0.0064(3) 0.0060(3) 0.0084(5)

15



€890 200°1 G26°0 0v0’| 8G8°0 €90°1 ¥€8°0 1} JO SSBUP00YD
¥/910°0 GOLLOO 896000 0601L0°0 2eL00 8GG10°0 Y1100 Ay PPy
€2 10.€ 10.€ 10.€ 10.€ 10.€ 10.€ sjuiod ereq

4% LS 9G 9G 9g 9g 9 slsjowesred

- (9)z82 (9)8°82 (9)9°0¢ VAYAIR (9)eze (2)5ve o [ PNOSL

66| 6.8°1 ev8’L v8L°1 2sL'L 611 vy9'1 ¢—wob / Ausueq
(2),°€98 (Z1)2L 916 (81).2'v€6 (61)€5°596 (2)0°e86 (@)1°2001 (€)8'L¥01 ¢y / SWN|OA
(€)21°€0l (8)¥68'201 (6)208201 (8)212 201 (8)612201 (6)€02°201 (LL)z18201 old
(9)oL6 0l (@L)szv0 L1 (€1)S160° L1 (€1)9g9L LI (GLee6l L1 (€HLLv2 1L (91)goee L1 Y / Sixe-0
(ieszr  (S1)1898ek  (£1)s806'2k  (81)28262L (2)eeoel (81)1€90°€t (@)estel Y / sixe-q
(€1)516€9 (5)e519'9 (9)6169°9 (g)s0e8'9 (5)2606'9 (S)¥566°9 (9)8902°2 Y / sixe-
(9126 (8)2¥8'S (8)0L0°S (2)1sz°¢ (2)98L°€ (9)829°2 (9)0g9'1 BdD / dInssald
1110 ¥28°0 8180 7180 G/8°0 258°0 0/8°0 198°0 1 JO SSauUpooy)
052100 £€210°0 0521070 861100 66210°0 ¥S¥10°0 LEEL00 GI810°0 dmag ey
L0/€ 108 108 L0.€ 108 L0/€ L0.€ 108 sjuiod ejeq

6% 0S 0S 0S 6% 2 €S LS slsjoweled

(g)ese (G)29¢ (S)L°2€ (Q)1ee (9)oor (9)0' L+ Qv or 81y o/ PNOSL
08G'| LGG°1 0€g°1 20G°| 8LY'| YoV’ L g9Vl ovy'L  ¢—wob / Ausueg
(Z1)eL'6801 1I6'GoLL  (81)62°G2k) (@ ortL (@)1LsoLl @1osLL (81)L0°LLLL (€)e 16l ¢y / Wn|oA
(L)zereor  (L)1iveeol  (8)oereol  (9)e8z€0l  (8)280%0L  (8)LGev0L  (2)eSe+0L  (21)60S° 701 ol d
(LLegey L 129sv 1L (21)886¥ L1 (21)906S kL  (€1)206G° kL (LDPLL9 kL (0L6129 kL (LS9 L1 Yy / sixe-o
(SL)zzleel 1ogez el  (r1)SL9gel (91)8L8zel (8L)esez el (L1)¥eoe€l  (G1)S00€€EL (@)eleel Y / Sixe-q
(v)oziv'L (v)6061"L (¥)ozes L (5)8e69°L (S)626.L°L (g)2168°L (¥)9958° L (8)eLe6 L Y / Sixe-e
(9)s26°0 (#)292°0 (g)e9g0 (¥)28e0 (g)2€2°0 (Q)rz10 (#)2st0 (5)601°0 edD/ainssaid

‘pealsul Uanib s| 9y alaym ‘4D /26 1e 1} Aojmed oy} Joj 1daoxe ‘S1oselep [[e 40} USAID S| Tty

1duosnuew ulew 8yl Ul | 9|gel JO uolsuaxe ue se Buinuiuod ‘siulod ainssald |e 4o} s|ielap juswsaulal olydeibojeisAiy :gs alqel

16



	Neutron powder patterns
	DFT-derived restraints
	Energy calculations
	Interstitial voids
	Low-temperature methyl group orientations
	Crystallographic refinement details

