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Definitions of the structural parametersdiscussed in the main paper.

2 and @ are defined as follows:
12 24
S =Y]90- 3| O = zl|60—yj|
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where S are the twelve cis-N-Fe-N angles about the iron atom and y, are the 24 unique

N—-Fe-N angles measured on the projection of two triangular faces of the octahedron along their
common pseudo-threefold axis (Scheme S1). X isagenera measure of the deviation of ametal ion
from an ideal octahedral geometry, while ® more specifically indicates its distortion towards atrigonal
prismatic structure. A perfectly octahedral complex gives ¥= @=0.1%

Because the high-spin state of a complex has a much more plastic structure than the low-spin, thisis
reflected in 2 and ® which are usually much larger in the high-spin state. The absolute val ues of these
parameters depend on the metal/ligand combination in the compound under investigation, however.
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Scheme S1. Angles used in the definitions of the coordination distortion parameters > and 6.
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Scheme S2. Definition of the Jahn-Teller distortion parameters 6 and ¢.

These two parameters define the magnitude of an angular Jahn-Teller distortion, that is often observed
in high-spin [Fe(1-bpp),]** derivatives like 1 (6 < 90°, ¢ < 180 °).¥ Spin-crossover isinhibited if 9 and
¢ deviate significantly from their ideal values, because the associated rearrangement to a more regular
low-spin coordination geometry (6= 90°, ¢~ 180°) cannot be accommodated by a rigid solid lattice.™
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Figure S1. Differential scanning calorimetry (DSC) plot of a powder sample of 1[ClO,],, a a scan
rate of 5 Kmin™'.

The main exotherm/endotherm centered around 256 K reproduces the features of the magnetic
susceptiblity data, including the small hysteresis on the spin transition; and, the shoulder from the
crystallographic phase change, that is observed in cooling mode but not in warming mode.

There is an additional weak hysteretic feature at around 225 K, that has no counterpart in the
susceptibility data. One possible origin for this feature might be an anion order:disorder transition (all
four unique ClIO4 anionsitesin the crystalline material are disordered at 240 K, but
crystallographically ordered at 150 K).
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Figure S2. The two crystallographically unique [Fe(L™®),]* cationsin phase 1 of 1[ClO,], at 280 K.

Atomic displacement ellipsoids are at the 50 % probability level, and H atoms have been omitted for

clarity. Theview isthe same asin Fig. 4 of the main article. Symmetry code: (i) 1-Xx, y, ¥>=z

Colour code: C, white; Fe, green; N, blue; S, purple.
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Figure S3. The two crystallographically unique [Fe(L®%),]** cationsin phase 2 of 1[CIO,], a 150 K.
Detailsasfor Fig. S2.



Table S1. Intermolecular interactions in the crystal structures of 1[CIO,], —intra-layer =
interactions between pyrazolyl rings (Fig. 5 of the main article).!?

Interplanar distance  Dihedral angle  Lateral offset

A) ) A)
T =280K (phase 1)
[N(8A)-C(12A)]... [N(8AM-C(12A™)] 3.55(3) 0 2.5
[N(8B)-C(12B)]... [N(31B™)-C(35B™] 3.46(3) 5.5(5) 2.4
T=253K (phase 1)
[N(8A)-C(12A)]... [N(8AM-C(12A™)] 3.56(3) 0 2.3
[N(8B)-C(12B)]... [N(31B™)-C(35BA™™)] 3.58(2) 4.1(5) 2.0
T=240K (phase 2)
[N(8A)-C(12A)]... [N(26B")-C(30B™)] 3.56(2) 7.4(5) 15
[N(26A)-C(30A)]... [N(8B)-C(12B)] 3.40(3) 9.4(5) 2.5
T=150K (phase 2)
[N(8A)-C(12A)]... [N(26B")-C(30B")] 3.53(2) 7.8(4) 1.4
[N(26A)-C(30A)]... [N(8B)-C(12B)] 3.38(2) 9.3(4) 2.4

ASymmetry codes: (i) 1-x, 2=y, 1-z (iii) x, 1=y, 2 +z (iv) 1+x,y,

Table S2. Intermolecular interactions in the crystal structures of 1[CIO,4], —inter-layer C-H...x
contacts involving the methylsulfanyl groups (Fig. 5 of the main article). Only C...C contacts <3.6 A
areincluded, 0.1 shorter A than the sum of the van der Waals radii of the interacting groups.”®

H...C(A) C...C(A) CH...C(°)

T=280K (phase 1)
None

T=253K (phase 1)

C(19A)-H(19B)...C(15B") 2.9 3.463(9) 115.4
T =240K (phase 2)

C(19A)-H(19C)...C(30B") 2.9 3.493(12) 117.1
C(37A)-H(37B)...C(16A"") 3.2 3.601(11) 109.0
C(37A)-H(37B)...C(11B"") 2.9 3.572(13) 128.5
C(19B)-H(19F)...C(12A"" 32 3.467(12) 99.9
C(19B)-H(19F)...C(16B™) 31 3.437(11) 104.8
T=150K (phase 2)

C(19A)-H(19C)...C(30B") 2.8 3.473(9) 122.6
C(37A)-H(37A)...C(16A"") 3.1 3.502(8) 107.7
C(37A)-H(37B)...C(11B"" 3.0 3.524(9) 114.8
C(19B)-H(19F)...C(12A"") 31 3.412(8) 102.5
C(19B)—H(19F)...C(16B"™) 3.0 3.384(8) 104.0

[Asymmetry codes: (V) x, 1+y, Z, (Vi) 1-X, Y2+y, 32—z, (Vi) 1X, —H2+y, 3=z, (Viii) =/2+X, Sy, 1-Z;
(ix) Y2+x, 3oy, 1z



Figure $4 Packing diagram of phase 1 of 1[ClO4], at 253 K, showing the ABBABB stacking of the cation layersin the lattice. The ‘A’ cations have
pale coloration while the ‘B’ cations are dark, and only one orientation of each disordered anion is shown. The view is approximately parallel to the
[010] vector, with a horizontal. Colour code: C, white or dark gray; H, pale gray; Fe, green; N, blue; S, purple; CIO,4-, yellow.
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Figure S5 Packing diagram of phase 2 of 1[CIO4], at 240 K

cation layer. The*A’ cations have pale coloration whilethe ‘B’ cations are dark, and only one orientation of each disordered anion is shown. The

view is parald to the [001] vector, with b horizontal. Colour code: C, white or dark gray; H, pale gray; Fe, green; N, blue; S, purple; CIO

, yellow.
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Apart from a general realignment of the molecules, there are two important differences between phases 1 and 2:

- In contrast to phase 1, each cation layer in phase 2 is composed of aternating ‘A’ and ‘B’ crystallographic sites.

- In phase 1, the methylsulfanyl groups in each layer are all oriented the same way. In phase 2, the “up/down” or “left/right” methylsulfanyl orientations

alternate between mol ecules within each layer.
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Figure S6 Summary of the spin-crossover temperatures (dashed black line) and the phase behaviour,
including any phase transitions (solid cyan line) exhibited by a series of near-isostructural complexes
that includes 1[CIO,],. See Scheme Sl for the structures of the literature compounds 4[BF 4] -6[ BF 4] ».

The temperature scale for 6][BF 4], is different from the other compounds in the Figure.
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Scheme S3. Literature compounds referred to in Fig. S6.
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Figure S7 Variable temperature magnetic susceptibility datafor 2[BF 4], (black) and 3[BF4]. (red) in
the solid state, measured on a 300—5—350—300 K temperature cycle at a scan rate of 5 Kmin .

Thereversibility of the datafor 2[BF4],-nH,O upon heating and cooling shows that its spin-crossover
is not associated with the loss of lattice water in the temperature range of the experiment.®
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