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1. Synthetic Details

1.1 Compound Synthesis

The metal complex [Fe(qsal-OMe)2]NCS[1] and 1,3,5-triiodotrifluorobenzene (1,3,5-TITFB)[2] were 

synthesized according to literature procedures and used in subsequent crystallizations. 

1.2 Nuclear Magnetic Resonance Spectra of 1,3,5-TITFB

13C and 19F NMR spectra were recorded at 150.9 and 564.7 MHz respectively, on a Bruker Avance III 
600 MHz spectrometer, equipped with a 5mm BBO probe with z-gradients. All spectra were carried 
out in CDCl3. 13C chemical shifts (δ) were determined relative to the CDCl3 resonance. 19F chemical 
shifts (δ) were referenced to hexafluorobenzene (-164.9 ppm) which was added as an internal 
standard. The stated coupling constants were calculated in Hertz (Hz)

Figure S1. 13C NMR spectrum of 1,3,5-TITFB in CDCl3 (referenced solvent peak to 77.16 ppm), with 
chemical shifts (δ) and coupling constants (J) determined (151 MHz, Chloroform-d): δ 163.05 (t, J = 
7.8 Hz),  161.44 (t, J = 7.8 Hz).
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Figure S2. 19F NMR spectrum of 1,3,5-TITFB in CDCl3 showing a single fluorine peak at 72.06 ppm.

1.3 Crystallization Details

[Fe(qsal-OMe)2](NCS)∙MeCN (1∙MeCN)

Previously synthesized [Fe(qsal-OMe)2]NCS[1] (12 mg, 17.1 μmol) was dissolved in a 2:1 mixture of 

MeCN:MeOH (12 cm3) and left to crystallize via slow evaporation of the solvent. Small dark needle-

like crystals formed after 5 days, with SCXRD revealing that the crystals were [Fe(qsal-

OMe)2](NCS)∙MeCN. Further elemental analysis and PXRD confirmed the identity and phase purity 

of the entire batch of crystals as [Fe(qsal-OMe)2](NCS)∙MeCN. Found C 62.31, H 4.02, N 11.25%. 

Calc. for 1:1 complex C37H29Fe1N6O4S1: C 62.63, H 4.12, N 11.84%.

[Fe(qsal-OMe)2][(1,3,5-TITFB)(NCS)]∙MeOH (1∙IFB∙MeOH)

[Fe(qsal-OMe)2]NCS (10 mg,  14.3 μmol) and 1,3,5-TITFB (7.3 mg, 14.3 μmol) were dissolved at a 

1:1 ratio in a 2:1 mixture of MeCN:MeOH (12 cm3) and left to crystallize via slow evaporation of the 

solvent. Small block-like crystals formed after 5 days. The dark crystals were filtered and dried under 

atmospheric pressure, with the formula of [Fe(qsal-OMe)2][(1,3,5-TITFB)(NCS)]∙MeOH confirmed 

through SCXRD. PXRD and elemental analyses were conducted on the resulting crystals to confirm 

the phase purity. Found C 41.74, H 2.35, N 6.03. Calc. for 1:1 complex C42H30F3Fe1I3N5O5S1: C 

41.68, H 2.50, N 5.79%.



5

2. Experimental Details

2.1 Single Crystal X-ray Diffraction

SCXRD data were collected for [Fe(qsal-OMe)2](NCS)∙MeCN (1∙MeCN; 150-450 K), [Fe(qsal-

OMe)2][(1,3,5-TITFB)(NCS)]∙MeOH (1∙IFB∙MeOH ; 100-350 K), [Fe(qsal-OMe)2][(1,3,5-

TITFB)(NCS)]∙H2O (1∙IFB∙H2O; 170-450 K) and [Fe(qsal-OMe)2][(1,3,5-TITFB)(NCS)] (1∙IFB; 

180-400 K) using the CrysAlis software package[3] on a Rigaku Synergy using Mo-Kα wavelength 

(0.71073 Å) and X-rays generated from a sealed tube at 50 kV and 1 mA. Data reduction was 

completed using CrysAlis RED[4], with multi-scan absorption corrections being applied through the 

use of spherical harmonics, implemented in the SCALE 3 ABSPACK scaling algorithm.[4] Crystal 

structure solutions were acquired via direct methods using either SHELXT[5] or SHELXL[6], where the 

structure was modelled using both Olex2[7] and SHELXLE[6] as the graphical user interface. Full 

occupancy non-hydrogen atoms were refined with anisotropic thermal displacement parameters, 

without applying rigid positional constraints. C−H hydrogen atoms were included in idealized 

positions and a riding model was used for their refinement. Residual electron density present in the 

difference Fourier map belonging to hydrogen atoms bound to heteroatoms was modelled if 

appropriate to do so. If no significant electron density was evident in the difference Fourier map, then 

hydrogens bound to heteroatoms were not mot modelled. The structure of [Fe(qsal-

OMe)2](NCS)∙MeCN (1∙MeCN; 150-450 K) displayed significant disorder associated with the 

solvent MeCN molecule, and as such for the most part was refined over two sights with rigid body 

models applied and occupancies of 80:20. In some higher disordered cases, the MeCN is split into two 

equal occupancy components, with the large anisotropic displacement parameters attributed to the 

diffraction quality, due to the small crystal size. High temperatures (close to desolvation temperature) 

during structure collection are also a strong contributor to these thermal effects. Crystal data and is 

supplied below (Section 9). CIF files have been deposited with the Cambridge Structural Database 

(CCDC reference numbers 2019663-2019679, 2019681-2019715, 2020300-2020310, 2020317-

2020371, 2020374-2020416 and 2020428-2020447) and can be obtained free of charge via 

www.ccdc.cam.ac.uk/conts/retrieving.html or deposit@ccdc.cam.ac.uk). Crystal structures pertaining 

to collection numbers: 53-61 and 62-73 for the desolvated crystal 1 (Tables S10 and S11 respectively; 

Section 8) were not deposited into the CSD, as a result of the low diffraction quality of the data, 

associated with the loss of long range order and crystallinity after loss of crystallized solvates. 

mailto:deposit@ccdc.cam.ac.uk
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2.2 Powder X-ray Diffraction 

Samples were prepared by adhering a thin film of powdered sample on to a silicon wafer (20 mm × 30 

mm × 0.6 mm) containing an ultra-thin layer of Vaseline. This technique allows for a small quantity 

of sample to be used (20-50 mg), resulting in a small sample displacement error compared to that 

which would be present if an infinitely thick sample were used. Powder Patterns were collected on a 

PANalytical X’Pert PRO X-ray diffractometer with a line focused PW1050 cobalt (Co) X-ray tube at 

40 kV and 40 mA, with a Kα wavelength of 1.78901 Å. Data collections were performed at room 

temperature using Bragg-Brentano geometry, between 4.5 to 55° 2θ with an approximate step-length 

of 0.017° 2θ over 30 minutes and a programmable divergence slit for a 20 mm irradiation length and a 

15 mm axial width. Experimental powder patterns were compared with patterns simulated from the 

refined single crystal data at the corresponding temperature. The X’pert Highscore Plus 

(PANanalytical) and DIFFRAC.EVA software packages were used to analyze and refine the 

diffraction patterns.

PXRD pattern of [Fe(qsal-OMe)2](NCS)∙MeCN (1∙MeCN) at 293 K

Figure S3. Experimental PXRD pattern of [Fe(qsal-OMe)2](NCS)]∙MeCN (blue trace) at 293 K, 

compared to the simulated (red) pattern, generated using Co wavelength from the structure at 295 K.
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PXRD pattern of [Fe(qsal-OMe)2][(1,3,5-TITFB)(NCS)]∙MeOH (1∙IFB∙MeOH) at 293 K

Figure S4. Experimental PXRD pattern of [Fe(qsal-OMe)2][(1,3,5-TITFB)(NCS)]∙MeOH (blue) at 

293 K, compared to the simulated (red) pattern, generated using Co wavelength from the structure at 

295 K.

2.3 Thermogravimetric analysis

Thermogravimetric analyses (Figure S5) were carried out using a Q500 high-resolution 

thermogravimetric analyser (TA Instruments, Inc.) in a flowing nitrogen atmosphere (60 cm3 min–1). 

Analysis was conducted on approximately 40 mg of sample with a heating rate of 5°C min−1 

(resolution 6) from 24 to 1000°C.
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Figure S5. TGA traces of (a) 1∙IFB∙H2O and (b) 1∙IFB∙MeOH. The initial onset of mass loss is 

below the temperature used in desolvation experiments. This mass loss corresponds to the loss of one 

water and one methanol equivalent respectively.

3. Description of Crystal Packing

[Fe(qsal-OMe)2](NCS)∙MeCN (1∙MeCN)

Determination of the crystal structure of [Fe(qsal-OMe)2](NCS)∙MeCN (1∙MeCN) was conducted at a 

series of temperatures ranging from 150-450 K (warming and cooling modes inclusive). At 150 K 

crystals of 1∙MeCN were solved and refined in the triclinic P  space group, with one meridional N4O2 1̄

octahedral [Fe(qsal-OMe)2]+ cation, a thiocyanate anion and an acetonitrile molecule within the 

asymmetric unit (Figure S6). The average Fe-N and Fe-O bond lengths were found to be 1.958(3) and 

1.872(3) Å, respectively, indicating a fully low spin metal centre, with these measurements coinciding 

with those observed in crystals of [Fe(qsal-OMe)2](NCS)∙(CH2Cl2) and [Fe(qsal-

OMe)2](Cl)∙(MeCN)∙(H2O), (collected at 100 and 150 K respectively) with average Fe-N and Fe-O 

bond lengths of 1.958(5) and 1.874(4) Å and 1.963(3) and 1.879(2) Å respectively.[1,8] 
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Figure S6. Asymmetric unit of 1∙MeCN at 150 K, displaying a single [Fe(qsal-OMe)2]+ cation, 

thiocyanate counterion and acetonitrile molecule. 

From the crystal packing of 1∙MeCN a total of five unique cation-cation π-interactions were identified 

within the structure, with the most significant of these present in the form of OFF π-interactions 

arising between pairs and neighboring pairs of [Fe(qsal-OMe)2]+ cations, demonstrating a high degree 

of ligand overlap between both ends of the qsal-OMe ligands (Quin∙∙∙Sal-OMe) (Figure S7). This is a 

common ligand-ligand packing motif observed in crystals throughout both this work and the literature 

describing [Fe(qsal-X)2]+ units, which predominantly show Quin∙∙∙Sal-X interactions, with 

Quin∙∙∙Quin/Sal-X∙∙∙Sal-X OFF π-interactions less commonly observed.[1,8–11] 
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Figure S7. [Fe(qsal-OMe)2]+ cation packing arrangement displaying the Quin∙∙∙Sal-OMe OFF 

embrace motif between intra and inter-pairs of cations, propagating along the crystallographic a axis 

in 1∙MeCN at 150 K.

The OFF-embrace motif between pairs and neighboring pairs of cations propagate in 1D chains along 

the crystallographic a axis. These 1D chains demonstrate a tight qsal-OMe embrace motif with Fe∙∙∙Fe 

centre distances of 6.886(7) and 6.989(6) Å, respectively. In addition to measuring the Fe∙∙∙Fe 

distances between complexes, we are also able to determine the distance between centroids of 

opposing ligands, which give an indication of the degree of overlap and the relative strength of the π-

stacking interactions. In this case, the two OFF interactions show centroids measuring 3.513 and 

3.711 Å apart for pairs and neighboring pairs of cations (purple and red) (Table S1), respectively. 

These values along with the Fe∙∙∙Fe centre distances indicate that the cations are being held closely in 

a tight parallel fourfold aryl embrace within 1D chains.

Table S1. Centroid∙∙∙centroid distances between interacting qsal-OMe ligands in 1D chains of 

1∙MeCN.

Crystal π-interaction Embrace Motif Centroid Distance 
(Å)

M-M Distance 
(Å)

1∙MeCN OFF Sal-OMe∙∙∙Quin 
(Purple) 3.513 6.886(7)

OFF Sal-OMe∙∙∙Quin 
(Red) 3.711 6.989(6)

The 1D chain of cations is connected to neighboring 1D chains through one additional OFF and two 

EF interactions. These interactions result in the development of 2D sheets, propagating in the ab 

plane. The cation pairs are connected to neighboring cation pairs in adjacent chains through 
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Quin∙∙∙Quin OFF interactions with Fe∙∙∙Fe centre and centroid distances of 8.800(7) and 3.561 Å 

(Table S2), respectively (black rectangle in Figure S8). Additional non-covalent interactions include 

EF C-H∙∙∙π-interactions between quinoline functionalities, with the hydrogens on the 4th and 6th carbon 

pointing directly at the centroids of the quinoline rings (red rectangle) on the neighboring ligand 

measuring 2.899 and 2.443 Å (Table S2) further stabilising the 2D networks (Figure S8). 

Figure S8. The 2D sheets of complex cations present in 1∙MeCN (at 150 K) displaying OFF and EF 

C-H∙∙∙π interactions between pairing and neighboring pairs of cations, respectively, allowing for the 

propagation of the cation sheets along the ab plane.
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Table S2. List of centroid distances between interacting qsal-OMe ligands in 1D chains of 1∙MeCN.

Crystal π-interaction Embrace Motif Centroid Distance 
(Å)

1∙MeCN OFF Sal-OMe∙∙∙Quin 
(Blue) 3.711

OFF Sal-OMe∙∙∙Quin 
(Purple) 3.513

OFF Quin∙∙∙Quin 
(Black) 3.561

EF Quin′4∙∙∙Sal-OMe 
(Red) 2.899

EF Quin′6∙∙∙Sal-OMe 
(Red) 2.443

The 2D cation sheets (in ab plane) were also found to form EF H∙∙∙π-interactions (OMe-H∙∙∙Sal-OMe) 

with neighbouring 2D sheets along the c axis (Figure S9 (a)). These intermolecular interactions are 

highlighted by the red dotted lines in Figure S9 (a) and measured to be 2.801 Å apart. The connection 

between 2D sheets resulted in the formation of a 3D cation packing arrangement, with the closest 

Fe∙∙∙Fe contact along c measured at 10.2970(8) Å (blue dotted line; Figure S9 (a)). The MeCN solvate 

and NCS- counterions are situated within discrete pockets (red circle in Figure S9 (b)), bound by the 

complex cations.
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Figure S9. (a) The crystal packing between 2D cation sheets along the c axis in 1∙MeCN, connected 

through EF H∙∙∙π-interactions (OMe-H∙∙∙Sal-OMe; red dotted line) allowing for the development of a 

3D cation network with the shortest Fe∙∙∙Fe distance measured as 10.2970(8) Å (blue dotted line). (b) 

Pockets of MeCN solvate and NCS- counterions (red circle) within the crystal packing of 1∙MeCN. 

For the spin transition profile acquired through variable temperature crystallography (Figure S10), 

complete data sets were collected at 5 K increments from 280-335 K (blue trace). The change in 

average Fe-N bond lengths indicates an abrupt and incomplete spin transition takes place, with a HS 

population measuring 81% at 335 K (preliminary VT studies indicated that the crystal loses solvent at 

T>335 K; blue circles in Figure S10). The crystal was cooled back to 180 K (again in 5 K 

increments), where the Fe(III) centres reverted back to the LS state by 305 K (blue triangles). At this 

stage we are able to confirm that the spin transition profile collected through VT-SCXRD matches 
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that acquired using SQUID magnetometry. The crystal was then warmed to 450 K in 5 or 10 K 

increments, with T1/2↑ = 333 K and a maximum HS population of ~88% at 335 K (open and solid red 

circles trace) for the solvated species (1∙MeCN). 

Figure S10. Spin transition profile of 1∙MeCN collected through VT-SCXRD, showing both the 

change in average Fe-N bond lengths and cell length a against T. 

The structures collected between 340 and 355 K displayed a high degree of disorder, making it 

difficult to discern the components present within the crystal. This disorder can be attributed to the 

crystal gradually losing solvent and in doing so temporarily losing long-range order. Interestingly, the 

structures collected from 360-380 K exhibit a good solution with clear unit cell contents, and a change 

in the unit cell, with the volume increasing by 91% from 1640.70(3) Å3 at 335 K to 3133(4) Å3 at 360 

K (Table S3) indicative of a change in symmetry and crystalline phase. The degradation of the crystal 

was monitored through the decreasing quality of the diffraction pattern, in which the loss of long-

range order was as a consequence of the change in phase caused by the loss of solvent. The low 

quality of the diffraction data prevents the use of Fe-N/O coordinate bond lengths, and other distances 

(Fe∙∙∙Fe distances, π-π interactions, etc.) from being used quantitatively (corresponding to W2 after 

desolvation and C2, 360→450→100 K; Figure S10), as they are not able to be determined with 

significant accuracy. 
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Table S3. List of cell parameters and coordinate bond lengths for crystals of 1∙MeCN and 1.

1∙MeCN 1

Temperature (K) 150(2) 335(2) 360(2)
Fe-Nav (Å) 1.958(2) 2.111(4) - a
Fe-Oav (Å) 1.874(2) 1.899(4) - a

a (Å) 12.3109(5) 11.7635(10) 11.033(6)
b (Å) 12.3269(5) 12.7160(12) 13.77(13)
c (Å) 12.5501(5) 13.2423(14) 21.811(10)
α (°) 61.629(3) 61.743(10) 92.48(6)
β (°) 83.794(4) 83.250(8) 102.12(5)
γ (°) 69.996(4) 70.312(8) 103.69(6)

Volume (Å) 1571.27(13) 1640.70(3) 3133(4)

In this instance the cell parameters and in particular cell length a was used as a guide and proxy for 

the previously used Fe-Nav bond lengths, in order to follow the changes experienced by the desolvated 

crystal (1) during warming (solid red circles; Figure S10) and cooling (red triangles), allowing for the 

determination of the HS population and plotting of the change in spin state of Fe(III) metal centres. 

The change in cell length a after desolvation (solid red circles) demonstrates the stabilization and 

plateauing of the magnetic trace, with metal centres having reached a HS population of 93% by 360 

K. Subsequent cooling of 1 back to 100 K demonstrates a similar plateau to Figure 2 (red triangles) 

measured using SQUID magnetometry, with the trapping of the Fe(III) metal centres in the HS state 

due to the change in crystal phase and structure after the loss of solvent. The similarities between 

SQUID and VT-SCXRD results are able to confirm the validity of our VT-crystallography data and 

provide an explanation as to the change in SCO behaviour during warming and cooling in Figure 2.

Interestingly, the structure of 1 collected at 360 K displays two crystallographically independent 

complex cations and two NCS- counterions within the asymmetric unit, with no solvent acetonitrile 

molecules present (Figure S11). This new crystalline phase (1) was produced as a result of the 

removal of solvates from the crystal, with further heating and cooling showing no additional changes 

in crystal phase and the ‘switching off’ of SCO behavior, permanently trapping the Fe(III) metal 

centres in the HS state. 

a The data quality does not allow for quantitative measurements to be made for this structure.
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Figure S11. (a) The two sets of structurally independent metal complexes within the unit cell of 1 

([Fe(qsal-OMe)2](NCS)) at 360 K, showing the OFF Quin∙∙∙Sal-OMe ligand overlap (hydrogens and 

NCS- counterions were omitted for clarity).

Crystals of 1 display a local 1D cation packing arrangement extending along the ab axes (highlighted 

in Figure S12 (a)), with the cations demonstrating strong OFF π-overlapping of opposing ligands 

within the chain, and adopting the common Quin∙∙∙Sal-OMe [Fe(qsal-OMe)2]+ embrace motif. Also, 

within the 1D cation chains, there is evidence of EF C-H∙∙∙π interactions and weak electrostatic 

interactions (just within the sum of the van der Waals radii) arising between the hydrogens from the 

OMe groups, that are oriented towards the electron rich Sal-OMe ring. The 1D cation chains form 

additional EF OMe-H∙∙∙π connections along b, enabling the development of 2D cation sheets (red 

interactions in Figure S12(b)). These 2D cation sheets form two different EF Quin-H∙∙∙π interactions 

(red and blue interactions in Figure S12 (c)) in addition to the Quin∙∙∙Quin OFF-embrace motif 

(purple interaction; Figure S12 (c)) that extends along the crystallographic a axis. The accumulation 

of these interactions result in the formation of an overall 3D cation packing arrangement. The NCS- 

counterions are encapsulated within pockets by the network of cations. 
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Figure S12 (a) Crystal packing of 1, displaying the 1D complex cation chains running along the ab 

axes, with the red rectangle highlighting the OFF-embrace motif. (b) View of the crystal packing of 1 

along the b axis, displaying the EF OMe-H∙∙∙π interactions (red dotted lines) enabling the formation of 

2D cation sheets. (c) The linking of 2D cation sheets via two separate EF Quin-H∙∙∙π interactions (red 

and blue dotted lines) and a Quin∙∙∙Quin OFF overlap (purple dotted lines) between neighbouring 

cations, resulting in an overall 3D cation network.
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Overlay of equivalent [Fe(qsal-OMe)2]+ molecules in the crystal structures of 1∙MeCN and 1 (Figure 

S13 (a)) shows significant deviation (1.83 Å) in the position of adjacent complexes between the two 

crystal structures. This variation in crystal packing explains the significant differences in the magnetic 

behaviour between the two materials. This structural variation can be partially attributed to the 

disappearance of a pair of bifurcated N∙∙∙HC(π) hydrogen bonds (Figure S13 (b)) upon desolvation.

Figure S13. (a) Overlap of crystal structures of 1∙MeCN (blue) and 1 (red). (b) Bifurcating H-

bonding motif in 1∙MeCN, the loss of which leads in part to structural variation.

[Fe(qsal-OMe)2][(1,3,5-TITFB)(NCS)]∙MeOH (1∙IFB∙MeOH)

Slow evaporation of an acetonitrile/methanolic solution of [Fe(qsal-OMe)2]NCS and 1,3,5-

triiodotrifluorobenzene (1,3,5-TITFB) produced dark block-like crystals of [Fe(qsal-OMe)2][(1,3,5-

TITFB)(NCS)]∙MeOH (1∙IFB∙MeOH). Crystals of 1∙IFB∙MeOH were analyzed between 100-350 K 

via X-ray diffraction, with the structure at 150 K containing a single [Fe(qsal-OMe)2]+ complex 

cation, one thiocyanate counter ion, a 1,3,5-TITFB molecule and one solvent methanol molecule 

within the asymmetric unit (Figure S14). At this temperature, the average coordinate bond lengths 

were found to be representative of a LS configuration for Fe(III) centres, measuring 1.963(4) and 

1.872(3) Å for Fe-N and Fe-O bond lengths respectively.[1,8,9,12,13]
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Figure S14. Asymmetric unit of 1∙IFB∙MeOH at 150 K displaying a [Fe(qsal-OMe)2]+ cation, 

thiocyanate counterion, 1,3,5-TITFB and methanol molecule, with the expanded XB contacts (shown 

in green). 

The complex cations are arranged as 1D chains held together by several OFF and EF π-interactions. 

There are two different alternating connections between cations within 1D chains, the first of which 

comprises of OFF π-interactions displaying the Quin∙∙∙Quin ligand overlap (purple box in Figure S15) 

with centroid∙∙∙centroid and Fe∙∙∙Fe distances of 3.721 and 8.730 Å respectively. Additional EF π-

interactions developed between Quin-H∙∙∙Sal-OMe as highlighted by the red box in Figure S15, 

measuring 3.189 Å apart. Complex cations are further linked to adjacent cations by Sal-OMe∙∙∙Quin 

(OFF) connections measuring 3.764 and 7.102(9) Å, for Centroid∙∙∙Centroid and Fe∙∙∙Fe distances 

respectively (blue interactions; Figure S15). The propagation of 1D cation chains along the c axis 

results in the development of a parallel fourfold aryl embrace (P4AE).

Figure S15. 1D complex cation chains displaying the P4AE with OFF π-interactions between pairs of 

[Fe(qsal-OMe)2]+ cations and both OFF and EF C-H∙∙∙π interactions between inter-pairs of cations.
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 Table S4. List of centroid distances between interacting qsal-OMe ligands in 1D chains of 

1∙IFB∙MeOH.

Crystal π-interaction Embrace 
Motif

Centroid Distance 
(Å)

1∙IFB∙MeOH OFF Quin∙∙∙Quin 
(Purple) 3.721

OFF Sal-OMe∙∙∙Quin 
(Blue) 3.764

EF Quin∙∙∙Sal-OMe 
(Red) 3.189

Additional connectivity between neighboring 1D cation chains resulted in the development of 2D 

cation sheets that extend along the bc plane. These were found to have developed through interchain 

OMe-H∙∙∙Ar π-interactions (red interactions in Figure S16), with a minimum interchain Fe∙∙∙Fe 

distance of 10.530(9) Å. Similar OMe-H∙∙∙Ar interactions were also observed to arise between cations 

within 1D cation chains due to the OFF Quin∙∙∙Sal-OMe embrace (blue interaction; Figure S16).

Figure S16. The development of 2D cation sheets in 1∙IFB∙MeOH extending along the bc plane, by 

OMe-H∙∙∙Ar π-interactions (red interactions) between cations of adjacent 1D cation chains. 

Comparable OMe-H∙∙∙Ar interactions (blue interactions) occur between pairs of complex cations with 

1D chains.

The inclusion of the halogen bond donor (1,3,5-TITFB) within crystals of 1∙IFB∙MeOH resulted in 

the development of discrete 2+2+2 rhombic halogen/hydrogen bonding motifs. Each of these XB 

motifs comprises of two ditopic 1,3,5-TITFB molecules halogen bonded with a NCS- anion (I∙∙∙S) and 

MeOH molecule (I∙∙∙O) (Figure S17). There is an additional hydrogen bond between O-H∙∙∙N 

(MeOH∙∙∙NCS-) completing the motif.  
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Figure S17. (a) Crystal structure of 1∙IFB∙MeOH at 150 K, depicting the halogen/hydrogen bond 

distances within the discrete X/HB motifs. The complex cations are represented as orange spheres.

The use of the potentially tritopic halogen bonding component did not result in the formation of 

infinite supramolecular anionic frameworks, however, the discrete XB motifs separate the two-

dimensional cation sheets, preventing further connectivity with neighboring sheets and developing 

into a 3D cation network (Figure S18 (b)). The shortest Fe∙∙∙Fe distance between cation sheets 

(Figure S18 (b)) is 11.546(9) Å, extending along the a axis.

Figure S18. (a) Overall crystal packing of 1∙IFB∙MeOH (at 150 K) viewed along the a axis, with 2D 

metal complex cation sheets propagating in the bc plane. (b) 90° vertical rotation of the structure, 

looking down the c axis, showing the 11.546 Å separation between 2D cation sheets from neighboring 

sheets (along a).
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[Fe(qsal-OMe)2][(1,3,5-TITFB)(NCS)]∙H2O (1∙IFB∙H2O)

Crystals of [Fe(qsal-OMe)2][(1,3,5-TITFB)(NCS)]∙H2O (1∙IFB∙H2O) were studied at temperatures 

ranging 150-320 K through VT-SCXRD, with crystals of 1∙IFB∙H2O found to be a solvatomorph of 

1∙IFB∙MeOH. At 150 K, the crystal structure revealed that the single metal complex within the 

asymmetric unit is in the LS configuration, with Fe-Nav and Fe-Oav coordinate bond lengths measuring 

1.963(3) and 1.875(2) Å respectively. The [Fe(qsal-OMe)2]+ cations in 1∙IFB∙H2O are arranged as 

pairs of cations extending along the c axis as one-dimensional chains displaying a P4AE motif, and 

Fe-Fe centre distances of 7.131 and 8.561 Å for pairing and inter-pairs of cations respectively (Figure 

S19).  Neighboring 1D cation chains are linked together through OMe-H∙∙∙Ar interactions resulting in 

the development of 2D cation sheets 10.269 Å apart, structurally identical to 1∙IFB∙MeOH. 

Figure S19. The 1D [Fe(qsal-OMe)2]+ complex cation arrangement in 1∙IFB∙H2O exhibits several 

OFF and EF C-H∙∙∙π interactions between pairs and inter-cation pairs within the cation chains running 

along c, leading to the development of a P4AE packing motif.

The extended crystal packing of 1∙IFB∙H2O once again demonstrates the 2D nature of the complex 

cation sheets, and the pseudo-encapsulation effects of the discrete XB motifs, which completely 

isolate cation sheets from neighboring sheets along a by 11.692Å .

[Fe(qsal-OMe)2][(1,3,5-TITFB)(NCS)] (1∙IFB)

A crystal of [Fe(qsal-OMe)2][(1,3,5-TITFB)(NCS)]∙MeOH (1∙IFB∙MeOH) was heated above 350 K 

(for 30-60 min) to remove the methanol solvent. The resulting crystal was characterized by VT-

SCXRD between 400-100 K and confirmed as [Fe(qsal-OMe)2][(1,3,5-TITFB)(NCS)] (1∙IFB). From 
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the structure of 1∙IFB collected at 180 K, we are able to confirm that the arrangement of the 

molecular components (apart from solvate) making up the crystal packing were not affected by the 

loss of solvent. The main difference in 1∙IFB (compared to 1∙IFB∙MeOH) is the change from a six 

component X/HB motif to a four component XB motif, due to MeOH no longer being part of the XB 

motifs. This change sees the original connectivity of NCS-∙∙∙MeOH∙∙∙1,3,5-TITFB∙∙∙MeOH, revert to 

strict I∙∙∙NCS-∙∙∙I (1,3,5-TITFB∙∙∙NCS-∙∙∙1,3,5-TITFB) halogen bonding contacts, not only resulting in 

the compression of the XB motifs, but also prompting the compression of the other crystal 

components, with the unit cell volume decreasing by 3.64%. The arrangement of [Fe(qsal-OMe)2]+ 

cations retains the 1D chain motif (propagating along c), however, due to the reduced volume the 

Fe∙∙∙Fe metal center distances were shortened to 7.071 and 8.469 Å corresponding to reductions of  

0.338 and 3.24%, respectively (Figure S20). 

Figure S20. The 1D packing arrangement of [Fe(qsal-OMe)2]+ cations in 1∙IFB (at 180 K), displaying 

multiple π-interactions between pairing and inter-cation pairs.

Apart from the change in XB motif connectivity and compressing of the molecular components, the 

overall crystal packing arrangement remained the same, with the OMe-H∙∙∙Ar interactions between 

neighboring chains still allowing for the formation of 2D cation sheets that propagated in the bc plane, 

with a minimum Fe∙∙∙Fe distance of 10.130 Å (along b). The separation of the cation sheets by the XB 

motif (Figure S17 (a)) prevented further supramolecular dimensionality, with cation sheets separated 

by 11.735 Å (along a) (Figure S21 (b)).
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Figure S21. Crystal packing of 1∙IFB at 180 K, looking down the a axis (a) and down the c axis (b).

The crystal structure of 1∙IFB (dehydrated) is not discussed further due to it being isostructural with 

1∙IFB (desolvated). 
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4. Additional Crystal Packing Analysis

Figure S22. (a) Crystal structure of 1∙IFB∙MeOH displaying the inclusion of MeOH into the X/H-

bonding motif. (b) Crystal structure of 1∙IFB (desolvated) showing the change in halogen bonding 

motif and change in halogen bond lengths. Both structures were measured at 180 K.

Normalized Contacts

Normalized contacts (Nc) refer to the distance between two atoms or ions and the ratio between the 
van der Waals atomic radii or Pauling ionic radii.[14–16]

The following equation was used to calculate the Nc:

Nc = Dij / (rvdwi + rvdwj)

were Dij = interatomic distance between atoms i and j, rvdwi/j = corresponding van der Waals radii for 
atoms i/j (I = 1.98, S = 1.80).14

Here, the Nc for 1∙IFB (I∙∙∙SCN-) was measured to be 0.856 (Table S5).

Table S5. List of halogen bonding distances and normalized contacts between I∙∙∙S for 1∙IFB∙MeOH 

and 1∙IFB.

Structure Interacting 
Atoms

Interatomic 
Distance (Å)

Normalized 
Contact

1∙IFB∙MeOH I3∙∙∙S1 3.266(2) 0.864
1∙IFB I3∙∙∙S1 3.234(2) 0.856
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Table S6. Increase in complex cation packing density within 1D chains of 1∙IFB∙MeOH, after loss of 

MeOH.

Pairs of cations (Fe∙∙∙Fe) Inter-pair (Fe∙∙∙Fe)
1∙IFB∙MeOH (180 K) 7.095 Å 8.753 Å

1∙IFB (180 K) 7.071 Å 8.469 Å
Pairs of cations (Fe∙∙∙Fe) Inter-pairs (Fe∙∙∙Fe)

Difference between 
1∙IFB∙MeOH and 1∙IFB 0.024 Å, 0.338% 0.284 Å, 3.245%

Figure S23. Overlay of 1∙IFB∙MeOH and 1∙IFB∙H2O (green color) displaying isostructural crystal 

packing and highlighting the fact that the H2O solvent molecules occupy the same position in the 

halogen/hydrogen bonded motif as the MeOH molecules (structures compared at 150 K).

5. Procedure for Resolvation of [Fe(qsal-OMe)2][1,3,5-TITFB)(NCS)] (1∙IFB)

5.1 Desolvation and resolvation of halogen-bonded adducts

Single crystals of 1∙IFB∙MeOH and 1∙IFB∙H2O were removed from the mother liquor and deposited in 

an open vial or glass Petri dish, then heated at 80 °C for 16 h. Subsequent SCXRD analysis confirmed 

the formation of the desolvated 1∙IFB.

1∙IFB∙MeOH could be prepared from 1∙IFB by two related methods. Single crystals of 1∙IFB were 

soaked in methanol for 24 h; subsequent SCXRD analysis confirmed the identity of the methanol 

solvate. Alternatively, a vial containing single crystals of 1∙IFB was placed in a chamber containing 
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several millilitres of methanol, which was then sealed and left to stand overnight. SCXRD analysis 

again confirmed the identity of the methanol solvate.

5.2 Resolvation with H2O

Crystals of [Fe(qsal-OMe)2][1,3,5-TITFB)(NCS)] (1∙IFB) were left exposed and open to the 

atmosphere overnight, after which the crystals were examined using SCXRD, and identified as 

[Fe(qsal-OMe)2][1,3,5-TITFB)(NCS)]∙H2O (1∙IFB∙H2O).

5.3 Triple Hysteresis and Solvation Cycle

Figure S24. Reversible solvation and hydration cycle of 1∙IFB, producing 1∙IFB∙MeOH and 

1∙IFB∙H2O upon absorption of MeOH or H2O. 
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6. Solvent Accessible Void Space Analysis

[Fe(qsal-OMe)2][(1,3,5-TITFB)(NCS)]∙MeOH (1∙IFB∙MeOH) (150 K)

 Removed MeOH solvate from the instruction file.

- Probe radius: 1.2 Å; Approximate Grid Spacing: 0.7 Å (using the contact surface over solvent 

accessible surface); Unit cell volume = 2.9% (58.21 Å3).

Figure S25. Crystal packing of 1∙IFB∙MeOH at 150 K, with the MeOH molecules removed from the 

instruction file, with rough orange spheres depicting the residual void space, with the OMe groups on 

the ligand highlighted in red. 
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[Fe(qsal-OMe)2][(1,3,5-TITFB)(NCS)] (1∙IFB) (100 K)

 MeOH desolvated co-crystal.

- Probe radius: 1.2 Å; Approximate Grid Spacing: 0.7 Å (using the contact surface over solvent 

accessible surface); Unit cell volume = 0.5% (10.21 Å3).

Figure S26. Void space analysis of 1∙IFB at 100 K.

[Fe(qsal-OMe)2][(1,3,5-TITFB)(NCS)]∙H2O (1∙IFB∙H2O) (150 K)

 Removed H2O solvate from the instruction file.

- Probe radius: 1.2 Å; Approximate Grid Spacing: 0.7 Å (using the contact surface over solvent 

accessible surface); Unit cell volume = 1.6% (32.23 Å3).

Figure S27. (a) Crystal structure of 1∙IFB∙H2O and visualization of void space present after removal 

of water molecules from the instruction file. 
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[Fe(qsal-OMe)2][(1,3,5-TITFB)(NCS)]∙MeOH (1∙IFB∙MeOH) (150 K)

 Removed MeOH solvate and OMe groups (on the ligand) in the instruction file, in addition to 

changing the probe radius to 0.85 Å, resulting in the development of channels running along 

the c axis.

- Probe radius: 0.85 Å; Approximate Grid Spacing: 0.7 Å (using the contact surface over 

solvent accessible surface); Unit cell volume = 13.4% (272.05 Å3).

Figure S28. Visualization of 1D zig-zag void channels running through 1∙IFB∙MeOH (at 150 K) 

along the c axis, colinear with the 1D complex cation chains after the removal of MeOH and OMe 

groups from the instruction file. 
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7. Magnetism

7.1 SQUID Magnetometry

Magnetic susceptibility data were acquired using a Quantum Design MPMS 5 SQUID magnetometer 

under an applied field of 0.5 T over the temperature range 50 to 360 K, in settle mode with a 10 

K/min sweep rate in a dc field of 5000 Oe using single crystals of 1∙MeCN and 1∙IFB∙MeOH, which 

were kept in the original mother liquor prior to analysis, in order to prevent the loss of solvent from 

the crystals.  

7.2 Determination of HS Population

The HS population (%) was estimated using the maximum and minimum average Fe-N (Fe-Nav) 

coordinate bond lengths for each individual crystal and data set (entire SCXRD experiment). This 

approach was employed due to the high variation in maximum and minimum Fe-Nav bond lengths that 

arise between different crystals. An example of this is shown here, with Fe-Nav bond lengths for a 

completely HS crystal of A at 350 K measured to be 2.145 Å, whilst a similarly HS crystal of B at 350 

K was measured to have Fe-Nav bond lengths of 2.132 Å. Both of these crystals (A and B) have 

completely transitioned into the HS state, and through the use of each crystal’s individual maximum 

and minimum Fe-Nav bond lengths, crystals A and B can be plotted on the same graph. 
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8. Crystallographic spin crossover data for [Fe(qsal-OMe)2](NCS)∙solvate and [Fe(qsal-OMe)2][(1,3,5-TITFB)(NCS)]∙solvate crystals

8.1 Tabulated Fe-Nav Bond Lengths or Cell Parameter a for [Fe(qsal-OMe)2](NCS)∙MeCN (1∙MeCN)/ [Fe(qsal-OMe)2](NCS) (1, desolvated)

Table S7

Warming Mode 1 (1∙MeCN)
LS Fe-Nav = 1.954 Å             HS Fe-Nav = 2.135 Å

Collection 
No. CCDC Temp 

(K)
Fe-Nav 

(Å)
HS Pop 

(%)
Collection 

No. CCDC Temp 
(K)

Fe-Nav 
(Å)

HS Pop 
(%)

1 2019681 150 1.959(2) 2.76 10 2019690 300 1.966(3) 6.63
2 2019682 200 1.958(2) 2.21 11 2019691 305 1.966(3) 6.63
3 2019683 250 1.957(2) 1.66 12 2019692 310 1.968(2) 7.73
4 2019684 260 1.959(2) 2.76 13 2019693 315 1.974(3) 11.05
5 2019685 270 1.960(2) 3.31 14 2019694 320 1.975(3) 11.60
6 2019686 280 1.961(2) 3.87 15 2019695 325 1.984(3) 16.57
7 2019687 285 1.959(2) 2.76 16 2019696 330 1.992(7) 20.99
8 2019688 290 1.962(2) 4.42 17 2019697 335 2.101(5) 81.22
9 2019689 295 1.963(2) 4.97
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Table S8

Cooling Mode 1 (1∙MeCN)
LS Fe-Nav = 1.954 Å             HS Fe-Nav = 2.135 Å

Collection 
No. CCDC Temp (K) Fe-Nav 

(Å)
HS Pop 

(%)
Collection 

No. CCDC Temp 
(K)

Fe-Nav 
(Å)

HS Pop 
(%)

18 2019698 330 2.106(7) 83.98 27 2019707 285 1.958(5) 2.21
19 2019699 325 1.979(7) 13.81 28 2019708 280 1.956(6) 1.10
20 2019700 320 1.978(6) 13.26 29 2019709 275 1.955(5) 0.55
21 2019701 315 1.970(5) 8.84 30 2019710 260 1.958(7) 2.21
22 2019702 310 1.967(5) 7.18 31 2019711 250 1.959(4) 2.76
23 2019703 305 1.962(6) 4.42 32 2019712 240 1.956(4) 1.10
24 2019704 300 1.961(5) 3.87 33 2019713 220 1.954(4) 0.00
25 2019705 295 1.958(6) 2.21 34 2019714 200 1.955(4) 0.55
26 2019706 290 1.960(5) 3.31 35 2019715 180 1.956(5) 1.10

Table S9

Warming Mode 2 (1∙MeCN)
LS Fe-Nav = 1.954 Å             HS Fe-Nav = 2.135 Å

Collection 
No. CCDC Temp 

(K)
Fe-Nav 

(Å)
HS Pop 

(%)
Collection 

No. CCDC Temp 
(K)

Fe-Nav 
(Å)

HS Pop 
(%)

36 2019663 150 1.958(2) 2.21 45 2019672 300 1.966(2) 6.63
37 2019664 200 1.960(2) 3.31 46 2019673 305 1.967(2) 7.18
38 2019665 250 1.960(2) 3.31 47 2019674 310 1.968(2) 7.73
39 2019666 260 1.961(2) 3.87 48 2019675 315 1.971(2) 9.39
40 2019667 270 1.963(2) 4.97 49 2019676 320 1.978(2) 13.26
41 2019668 280 1.962(2) 4.42 50 2019677 325 1.982(2) 15.47
42 2019669 285 1.963(2) 4.97 51 2019678 330 1.993(2) 21.55
43 2019670 290 1.963(2) 4.97 52 2019679 335 2.111(4) 86.74
44 2019671 295 1.965(2) 6.08
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Table S10

Warming Mode 2 (1, desolvated)
LS Cell length a = 12.3669 Å             HS Cell length a = 10.935 Å

Collection 
No.

Temp 
(K)

Cell length 
a (Å)

HS Pop 
(%)

Collection 
No.

Temp 
(K)

Cell length 
a (Å)

HS Pop 
(%)

53 350 11.066(7) 90.85 58 380 11.044(7) 92.39
54 355 11.055(6) 91.62 59 390 11.078(7) 90.01
55 360 11.033(6) 93.16 60 400 11.065(7) 90.92
56 365 11.079(6) 89.94 61 450 11.100(12) 88.48
57 370 11.057(5) 91.48

Table S11

Cooling Mode 2 (1, desolvated)
LS Cell length a = 12.3669 Å             HS Cell length a = 10.935 Å

Collection 
No.

Temp 
(K)

Cell length 
a (Å)

HS Pop 
(%)

Collection 
No.

Temp 
(K)

Cell length 
a (Å)

HS Pop 
(%)

62 350 10.981(10) 96.79 68 290 10.966(9) 97.84
63 340 10.995(11) 95.81 69 280 11.020(7) 94.06
64 330 11.033(16) 93.16 70 270 11.032(9) 93.23
65 320 11.007(11) 94.97 71 250 10.977(9) 97.07
66 310 10.981(10) 96.79 72 200 10.935(8) 100.00
67 300 11.015(8) 94.41 73 100 10.941(10) 99.58
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8.2 Tabulated Fe-Nav Bond Lengths for [Fe(qsal-OMe)2][(1,3,5-TITFB)(NCS)]∙MeOH (1∙IFB∙MeOH) and [Fe(qsal-OMe)2][(1,3,5-TITFB)(NCS)] 
(1∙IFB, desolvation pathway)

Table S12

Warming Mode 1 (1∙IFB∙MeOH)
LS Fe-Nav = 1.959 Å             HS Fe-Nav = 2.135 Å

Collection 
No. CCDC Temp 

(K)
Fe-Nav 

(Å)
HS Pop 

(%)
Collection 

No. CCDC Temp 
(K)

Fe-Nav 
(Å)

HS Pop 
(%)

1 2020383 150 1.963(4) 2.27 17 2020399 230 2.097(4) 78.41
2 2020384 155 1.965(4) 3.41 18 2020400 235 2.104(4) 82.39
3 2020385 160 1.964(4) 2.84 19 2020401 240 2.108(4) 84.66
4 2020386 165 1.967(4) 4.55 20 2020402 245 2.111(4) 86.36
5 2020387 170 1.965(4) 3.41 21 2020403 250 2.112(4) 86.93
6 2020388 175 1.968(4) 5.11 22 2020404 255 2.119(5) 90.91
7 2020389 180 1.970(4) 6.25 23 2020405 260 2.119(5) 90.91
8 2020390 185 1.974(4) 8.52 24 2020406 265 2.119(5) 90.91
9 2020391 190 1.977(4) 10.23 25 2020407 270 2.120(4) 91.48
10 2020392 195 1.987(5) 15.91 26 2020408 275 2.123(4) 93.18
11 2020393 200 2.008(5) 27.84 27 2020409 280 2.124(4) 93.75
12 2020394 205 2.042(4) 47.16 28 2020410 285 2.1254(4) 94.32
13 2020395 210 2.056(4) 55.11 29 2020411 290 2.124(4) 93.75
14 2020396 215 2.067(4) 61.36 30 2020412 295 2.125(4) 94.32
15 2020397 220 2.080(4) 68.75 31 2020413 300 2.126(4) 94.89
16 2020398 225 2.090(4) 74.43
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Table S13

Cooling Mode 1 (1∙IFB∙MeOH)
LS = 1.959 Å             HS = 2.135 Å

Collection 
No. CCDC Temp 

(K)
Fe-Nav 

(Å)
HS Pop 

(%)
Collection 

No. CCDC Temp 
(K)

Fe-Nav 
(Å)

HS Pop 
(%)

32 2020414 290 2.122(4) 92.61 38 2020305 230 2.097(4) 78.41
33 2020300 280 2.123(4) 93.18 39 2020306 220 2.078(4) 67.61
34 2020301 270 2.120(4) 91.48 40 2020307 210 2.055(4) 54.55
35 2020302 260 2.116(4) 89.20 41 2020308 200 2.004(5) 25.57
36 2020303 250 2.111(4) 86.36 42 2020309 190 1.977(4) 10.23
37 2020304 240 2.106(4) 83.52 43 2020310 180 1.972(4) 7.39

Table S14

Warming Mode 2 (1∙IFB∙MeOH)
LS Fe-Nav = 1.959 Å             HS Fe-Nav = 2.135 Å

Collection 
No. CCDC Temp 

(K) Fe-Nav (Å) HS Pop 
(%)

44 2020415 300 1.963(5) 2.27
45 2020416 350 1.965(6) 3.41
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Table S15

Cooling Mode 2 (1∙IFB)
LS Fe-Nav = 1.959 Å             HS Fe-Nav = 2.135 Å

Collection 
No. CCDC Temp 

(K)
Fe-Nav 

(Å)
HS Pop 

(%)
Collection 

No. CCDC Temp 
(K)

Fe-Nav 
(Å)

HS Pop 
(%)

46 2020428 400 2.135(9) 100.00 56 2020438 260 2.027(6) 38.64
47 2020429 350 2.119(6) 90.91 57 2020439 250 2.008(6) 27.84
48 2020430 340 2.114(6) 88.07 58 2020440 240 1.985(6) 14.77
49 2020431 330 2.112(6) 86.93 59 2020441 230 1.974(6) 8.52
50 2020432 320 2.110(6) 85.80 60 2020442 220 1.967(5) 4.55
51 2020433 310 2.099(6) 79.55 61 2020443 210 1.966(5) 3.98
52 2020434 300 2.095(6) 77.27 62 2020444 200 1.964(5) 2.84
53 2020435 290 2.086(6) 72.16 63 2020445 190 1.959(5) 0.00
54 2020436 280 2.066(6) 60.80 64 2020446 180 1.960(5) 0.57
55 2020437 270 2.046(6) 49.43 65 2020447 100 1.960(5) 0.57
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8.3 Tabulated Fe-Nav Bond Lengths for [Fe(qsal-OMe)2][(1,3,5-TITFB)(NCS)]∙H2O (1∙IFB∙H2O) and [Fe(qsal-OMe)2][(1,3,5-TITFB)(NCS)] (1∙IFB, 
dehydration pathway)

Table S16

Warming Mode 1 (1∙IFB∙H2O)
LS Fe-Nav = 1.960 Å             HS Fe-Nav = 2.138 Å

Collection 
No. CCDC Temp (K) Fe-Nav 

(Å)
HS Pop 

(%)
Collection 

No. CCDC Temp 
(K)

Fe-Nav 
(Å)

HS Pop 
(%)

1 2020317 100 1.960(4) 0.00 11 2020327 240 1.966(3) 3.37
2 2020318 150 1.963(3) 1.69 12 2020328 250 1.970(3) 5.62
3 2020319 160 1.963(3) 1.69 13 2020329 260 1.973(3) 7.30
4 2020320 170 1.963(3) 1.69 14 2020330 270 1.983(3) 12.92
5 2020321 180 1.962(3) 1.12 15 2020331 280 2.002(3) 23.60
6 2020322 190 1.963(3) 1.69 16 2020332 290 2.030(3) 39.33
7 2020323 200 1.961(3) 0.56 17 2020333 300 2.054(3) 52.81
8 2020324 210 1.964(3) 2.25 18 2020334 310 2.074(3) 64.04
9 2020325 220 1.962(3) 1.12 19 2020335 320 2.088(3) 71.91
10 2020326 230 1.965(3) 2.81
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Table S17

Cooling Mode 1 (1∙IFB∙H2O)
LS Fe-Nav = 1.960 Å             HS Fe-Nav = 2.138 Å

Collection 
No. CCDC Temp 

(K)
Fe-Nav 

(Å)
HS Pop 

(%)
Collection 

No. CCDC Temp 
(K)

Fe-Nav 
(Å)

HS Pop 
(%)

20 2020336 310 2.079(3) 66.85 29 2020345 220 1.965(3) 2.81
21 2020337 300 2.062(3) 57.30 30 2020346 210 1.963(3) 1.69
22 2020338 290 2.043(3) 46.63 31 2020351 200 1.963(3) 1.69
23 2020339 280 2.015(3) 30.90 32 2020347 190 1.962(3) 1.12
24 2020340 270 1.990(3) 16.85 33 2020348 180 1.963(3) 1.69
25 2020341 260 1.980(3) 11.24 34 2020349 170 1.962(3) 1.12
26 2020342 250 1.971(3) 6.18 35 2020350 160 1.962(3) 1.12
27 2020343 240 1.968(3) 4.49 36 2020352 150 1.962(3) 1.12
28 2020344 230 1.964(3) 2.25

Table S18

Warming Mode 2 (1∙IFB)
LS Fe-Nav = 1.960 Å             HS Fe-Nav = 2.138 Å

Collection 
No. CCDC Temp 

(K)
Fe-Nav 

(Å)
HS Pop 

(%)
37 2020353 350 2.112(4) 85.39
38 2020354 400 2.128(4) 94.38
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Table S19

Cooling Mode 2 (1∙IFB)
LS Fe-Nav = 1.960 Å             HS Fe-Nav = 2.138 Å

Collection 
No. CCDC Temp 

(K)
Fe-Nav 

(Å)
HS Pop 

(%)
Collection 

No. CCDC Temp 
(K)

Fe-Nav 
(Å)

HS Pop 
(%)

39 2020355 450 2.138(4) 100.00 52 2020368 280 2.076(3) 65.17
40 2020356 400 2.132(4) 96.63 53 2020369 270 2.057(3) 54.49
41 2020357 390 2.129(4) 94.94 54 2020370 260 2.034(3) 41.57
42 2020358 380 2.123(4) 91.57 55 2020371 250 2.003(3) 24.16
43 2020359 370 2.125(4) 92.70 56 2020374 240 1.981(3) 11.80
44 2020360 360 2.122(4) 91.01 57 2020375 230 1.973(3) 7.30
45 2020361 350 2.121(4) 90.45 58 2020376 220 1.969(3) 5.06
46 2020362 340 2.117(3) 88.20 59 2020377 210 1.965(3) 2.81
47 2020363 330 2.115(3) 87.08 60 2020378 200 1.964(3) 2.25
48 2020364 320 2.110(3) 84.27 61 2020379 190 1.963(3) 1.69
49 2020365 310 2.106(3) 82.02 62 2020380 180 1.964(3) 2.25
50 2020366 300 2.100(3) 78.65 63 2020381 170 1.963(3) 1.69
51 2020367 290 2.089(3) 72.47 64 2020382 150 1.963(3) 1.69
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9. Crystallographic Tables

Table S20. VT crystallographic information for [Fe(qsal-OMe)2](NCS)∙MeCN (1∙MeCN) at 150, 335, 320 and 335 K and [Fe(qsal-OMe)2](NCS) (1, after 

desolvation and phase change) at 360 K.

1∙MeCN 1
Temperature (K) 150(2) 250(2) 335(2) 360(2)

Collection No. 36 38 52 55
Empirical Formula C37H29FeN6O4S C37H29FeN6O4S C37H29FeN6O4S C70H50Fe2N10O8S2

Mr 709.57 709.57 709.57 1335.02
Crystal system Triclinic Triclinic Triclinic Triclinic
Space group P1̄ P1̄ P1̄ P1̄

a/Å 12.3109(5) 12.3520(10) 11.7635(10) 11.033(6)
b/Å 12.3269(5) 12.3884(9) 12.7160(12) 13.770(13)
c/Å 12.5501(5) 12.6137(10) 13.2423(14) 21.811(10)
α/° 83.794(3) 61.774(8) 61.743(10) 92.48(6)
β/° 61.629(4) 83.962(7) 83.250(8) 102.12(5)
γ/° 69.996(4) 70.143(7) 83.250(8) 103.68(6)

V/Å3 1571.27(13) 1595.9(2) 1640.7(3) 3133(4)
Z 2 2 2 2

Color Dark brown Dark brown Dark brown Dark brown
Habit Block Block Block Block

Crystal dimensions (mm3) 2 × 1 × 1 2 × 1 × 1 2 × 1 × 1 2 × 1 × 1
ρcalcd (g/cm3) 1.500 1.477 1.436 1.415

Wavelength (Å) 0.71073 0.71073 0.71073 0.71073
μ (Mo Kα/ mm-1) 0.600 0.591 1.575 0.596

F(000) 734.0 734.0 734.0 1376.0
2θ range: data collection (º) 4.356 to 56.56 4.334 to 56.562 3.81 to 56.564 4.31 to 56.564

Reflections collected 39108 39887 38800 66113
Independent reflections 7794 7909 8130 15545

R(int) 0.0801 0.0752 0.2307 1.6929
Data/restraints/parameters 7794/0/445 7909/0/445 8130/0/445 15545/0/277

Goof (F2) 1.063 1.056 0.961 0.951

R1 / wR2 [I>2σ(I)] R1 = 0.0502, 
wR2 = 0.1222

R1 = 0.0528,
wR2 = 0.1253

R1 = 0.0772,
wR2 = 0.1772

R1 = 0.3038,
wR2 = 0.5434

wR2 [all data] 0.1325 0.1377 0.2397 0.7507
Δρmax/min (eÅ−3) 1.84/-0.51 1.12/-0.71 0.36/-0.41 1.96/-1.24
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Table S21. VT Crystallographic Information for [Fe(qsal-OMe)2][(1,3,5-TITFB)(NCS)]∙MeOH (1∙IFB∙MeOH) at 150, 180, 205, 300 and 350 K.

1∙IFB∙MeOH
Temperature (K) 150(2) 180(2) 205(2) 300(2) 350(2)

Collection No. 1 7 12 44 45
Empirical Formula C42H30F3FeI3N5O5S C42H30F3FeI3N5O5S C42H30F3FeI3N5O5S C42H30F3FeI3N5O5S C42H30F3FeI3N5O5S

Mr 1210.32 1210.32 1210.32 1210.32 1210.32
Crystal system Triclinic Triclinic Triclinic Triclinic Triclinic
Space group P1̄ P1̄ P1̄ P1̄ P1̄

a/Å 11.5457(3) 11.5520(3) 11.4401(3) 11.3960(4) 11.4441(4)
b/Å 12.5260(3) 12.5620(3) 12.8003(3) 13.0608(4) 13.1048(4)
c/Å 14.3742(3) 14.3922(3) 14.3840(3) 14.4018(4) 14.4177(4)
α/° 84.690(2) 95.389(2) 95.597(2) 95.775(2) 95.764(2)
β/° 79.175(2) 100.726(2) 100.236(2) 99.734(2) 99.781(3)
γ/° 89.978(2) 90.058(2) 90.367(2) 90.581(2) 90.604(2)

V/Å3 2032.76(8) 2042.62(9) 2062.33(9) 2101.19(11) 2119.22(12)
Z 2 2 2 2 2

Color Dark brown Dark brown Dark brown Dark brown Dark brown
Habit Block Block Block Block Block

Crystal dimensions (mm3) 2 × 1 × 1 2 × 1 × 1 2 × 1 × 1 2 × 1 × 1 2 × 1 × 1
ρcalcd (g/cm3) 1.977 1.968 1.949 1.913 1.897

Wavelength (Å) 0.71073 0.71073 0.71073 0.71073 0.71073
μ (Mo Kα/ mm-1) 2.768 2.754 2.728 2.677 2.655

F(000) 1170.0 1170.0 1170.0 1170.0 1170.0
2θ range: data collection (º) 4.158 to 56.564 4.144 to 56.562 4.092 to 56.564 4.232 to 56.56 4.026 to 56.562

Reflections collected 46043 46351 46772 48033 48234
Independent reflections 10085 10126 10221 10427 10525

R(int) 0.0718 0.0607 0.0626 0.0804 0.0997
Data/restraints/parameters 10085/0/545 10126/1/545 10221/0/545 10427/0/545 10525/0/545

Goof (F2) 1.058 1.030 1.026 1.091 1.051

R1 / wR2 [I>2σ(I)] R1 = 0.0517, 
wR2 = 0.1461

R1 = 0.0542,
wR2 = 0.1559

R1 = 0.0609,
wR2 = 0.1742

R1 = 0.0691,
wR2 = 0.2099

R1 = 0.0801,
wR2 = 0.2714

wR2 [all data] 0.1524 0.1644 0.1871 0.2290 0.2714
Δρmax/min (eÅ−3) 2.52/-1.64 2.56/-1.70 2.19/-2.38 2.29/-2.63 1.87/-2.56
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Table S22. VT Crystallographic Information for [Fe(qsal-OMe)2][(1,3,5-TITFB)(NCS)] (1∙IFB, desolvation pathway) at 400, 270, 180 and 100 K.

1∙IFB
Temperature (K) 400(2) 270(2) 180(2) 100(2)

Collection No. 46 55 64 65
Empirical Formula C41H26F3FeI3N5O4S C41H26F3FeI3N5O4S C41H26F3FeI3N5O4S C41H26F3FeI3N5O4S

Mr 1178.28 1178.28 1178.28 1178.28
Crystal system Triclinic Triclinic Triclinic Triclinic
Space group P1̄ P1̄ P1̄ P1̄

a/Å 11.5837(11) 11.6109(6) 11.7346(6) 11.7353(4)
b/Å 12.9498(8) 12.6546(8) 12.3624(7) 12.3244(3)
c/Å 14.1678(10) 14.0161(9) 14.0037(7) 13.9599(3)
α/° 95.676(5) 83.488(5) 83.140(4) 82.853(2)
β/° 100.681(7) 78.239(5) 77.406(4) 77.177(2)
γ/° 90.197(6) 89.746(5) 89.302(4) 89.222(2)

V/Å3 2077.7(3) 2002.8(2) 1968.21(18) 1953.17(9)
Z 2 2 2 2

Color Dark brown Dark brown Dark brown Dark brown
Habit Block Block Block Block

Crystal dimensions (mm3) 2 × 1 × 1 2 × 1 × 1 2 × 1 × 1 2 × 1 × 1
ρcalcd (g/cm3) 1.883 1.954 1.988 2.003

Wavelength (Å) 0.71073 0.71073 0.71073 0.71073
μ (Mo Kα/ mm-1) 2.703 2.804 2.854 2.876

F(000) 1134.0 1134.0 1134.0 1134.0
2θ range: data collection (º) 4.094 to 56.564 4.148 to 56.56 4.124 to 56.562 4.124 to 56.564

Reflections collected 45111 41962 40775 39998
Independent reflections 10295 9938 9778 9693

R(int) 0.1492 0.1241 0.1146 .1179
Data/restraints/parameters 10295/0/525 9938/0/525 9778/0/526 9693/0/525

Goof (F2) 1.046 1.033 1.028 1.038

R1 / wR2 [I>2σ(I)] R1 = 0.0989, 
wR2 = 0.2834

R1 = 0.0725, 
wR2 = 0.1932

R1 = 0.0630, 
wR2 = 0.1640

R1 = 0.0645, 
wR2 = 0.1706

wR2 [all data] 0.3418 0.2336 0.1847 0.1862
Δρmax/min (eÅ−3) 0.91/-1.25 1.10/-1.52 1.50/-1.39 1.69/-2.04
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Table S23. VT Crystallographic Information for [Fe(qsal-OMe)2][(1,3,5-TITFB)(NCS)]∙H2O (1∙IFB∙H2O) at 100, 150, 250, 300 and 320 K.

1∙IFB∙H2O
Temperature (K) 100(2) 150(2) 250(2) 300(2) 320(2)

Collection No. 1 2 12 17 19
Empirical Formula C41H28F3FeI3N5O5S C41H28F3FeI3N5O5S C41H28F3FeI3N5O5S C41H28F3FeI3N5O5S C41H28F3FeI3N5O5S

Mr 1196.29 1196.29 1196.29 1196.29 1196.29
Crystal system Triclinic Triclinic Triclinic Triclinic Triclinic
Space group P1̄ P1̄ P1̄ P1̄ P1̄

a/Å 11.6736(2) 11.6917(3) 11.6994(2) 11.5620(2) 11.5254(3)
b/Å 12.3309(3) 12.3497(5) 12.4106(2) 12.6887(3) 12.7852(4)
c/Å 14.1938(2) 14.2037(5) 14.2475(2) 14.2701(3) 14.2685(4)
α/° 83.749(2) 83.777(3) 83.8900(10) 83.971(2) 84.017(2)
β/° 77.675(2) 77.663(3) 77.8910(10) 78.579(2) 78.849(2)
γ/° 89.164(2) 89.162(3) 89.2290(10) 89.596(2) 89.744(2)

V/Å3 1984.11(7) 1991.62(12) 2011.09(6) 2040.51(8) 2051.33(10)
Z 2 2 2 2 2

Color Dark brown Dark brown Dark brown Dark brown Dark brown
Habit Block Block Block Block Block

Crystal dimensions (mm3) 2 × 1 × 1 2 × 1 × 1 2 × 1 × 1 2 × 1 × 1 2 × 1 × 1
ρcalcd (g/cm3) 2.002 1.995 1.976 1.947 1.937

Wavelength (Å) 0.71073 0.71073 0.71073 0.71073 0.71073
μ (Mo Kα/ mm-1) 2.834 2.823 2.796 2.756 2.741

F(000) 1154.0 1154.0 1154.0 1154.0 1154.0
2θ range: data collection (º) 4.122 to 56.564 4.116 to 56.56 4.116 to 56.564 4.162 to 56.564 4.178 to 56.564

Reflections collected 48513 49291 50332 51026 51349
Independent reflections 9847 9882 9976 10100 10168

R(int) 0.1168 0.0788 0.0535 0.0568 0.0579
Data/restraints/parameters 9847/0/537 9882/0/537 9976/0/537 10100/0/537 10168/0/537

Goof (F2) 1.166 1.136 1.062 1.051 1.062

R1 / wR2 [I>2σ(I)] R1 = 0.0534, 
wR2 = 0.1456

R1 = 0.0413, 
wR2 = 0.1056

R1 = 0.0375, 
wR2 = 0.0865

R1 = 0.0429, 
wR2 = 0.1013

R1 = 0.0460, 
wR2 = 0.1099

wR2 [all data] 0.1571 0.1108 0.0940 0.1146 0.1244
Δρmax/min (eÅ−3) 2.12/-2.13 1.40/-1.20 0.91/-1.14 0.89/-0.99 1.07/-1.10



45

Table S24. VT Crystallographic Information for [Fe(qsal-OMe)2][(1,3,5-TITFB)(NCS)] (1∙IFB, dehydration pathway) at 450, 265, 190 and 150 K.

1∙IFB
Temperature (K) 450(2) 260(2) 190(2) 150(2)

Collection No. 39 54 61 64
Empirical Formula C41H26F3FeI3N5O4S C41H26F3FeI3N5O4S C41H26F3FeI3N5O4S C41H26F3FeI3N5O4S

Mr 1178.28 1178.28 1178.28 1178.28
Crystal system Triclinic Triclinic Triclinic Triclinic
Space group P1̄ P1̄ P1̄ P1̄

a/Å 11.7221(5) 11.7448(3) 11.8326(2) 11.8320(2)
b/Å 12.9457(6) 12.5681(3) 12.3511(3) 12.3306(4)
c/Å 14.1334(6) 14.0004(3) 13.9910(3) 13.9763(4)
α/° 95.581(4) 83.083(2) 82.790(2) 82.654(2)
β/° 101.025(4) 77.873(2) 77.247(2) 77.122(2)
γ/° 90.249(4) 89.620(2) 89.251(2) 89.231(2)

V/Å3 2094.61(16) 2005.40(8) 1978.29(7) 1971.24(9)
Z 2 2 2 2

Color Dark brown Dark brown Dark brown Dark brown
Habit Block Block Block Block

Crystal dimensions (mm3) 2 × 1 × 1 2 × 1 × 1 2 × 1 × 1 2 × 1 × 1
ρcalcd (g/cm3) 1.868 1.951 1.978 1.985

Wavelength (Å) 0.71073 0.71073 0.71073 0.71073
μ (Mo Kα/ mm-1) 1.868 2.801 2.839 2.849

F(000) 1134.0 1134.0 1134.0 1134.0
2θ range: data collection (º) 4.15 to 56.562 4.134 to 56.564 4.102 to 56.562 4.1 to 56.562

Reflections collected 52344 50310 48961 48483
Independent reflections 10389 9948 9821 9794

R(int) 0.0797 0.0641 0.0733 0.0882
Data/restraints/parameters 10389/0/525 9948/0/525 9821/0/525 9794/0/525

Goof (F2) 1.002 1.051 1.086 1.100

R1 / wR2 [I>2σ(I)] R1 = 0.0555, 
wR2 = 0.1466

R1 = 0.0416, 
wR2 = 0.0924

R1 = 0.0395, 
wR2 = 0.542

R1 = 0.0448, 
wR2 = 0.1140

wR2 [all data] 0.1843 0.1034 0.1007 0.1226
Δρmax/min (eÅ−3) 0.89/-0.89 1.04/-1.22 1.08/-1.48 1.64/-1.33
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