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Figure S1 Variation of T, with composition in [Fe:-M_(3-bpp):][NCSe]. (3-bpp = 2,6-bis {1 H-pyrazol-3-
yl}pyridine, a regioisomer of the 1-bpp ligand in Scheme 1 of the main article) with different dopant ions: M
= Mn (m), Zn (4 ) and Ni (e). Data for each dopant are linked by a regression line for clarity. The Figure is
modified from ref. 1 (copyright the Royal Society of Chemistry), and contains data from refs. 2-4.

All the dopant ions lower T, in the order: M = Mn > Zn > Ni. That is the trend predicted from the ionic radii
of the dopant ions (shown). Larger dopant ions lead to expansion of the lattice, thus reducing the chemical
pressure about each iron centre. That stabilises the larger high-spin form of the iron complex (» = 78 pm) and
reduces T, as observed.
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Figure S2 Variation of T, with composition in [Fe,M;_.(NCS)x(phen),] (phen = 1,10-phenanthroline) with
different dopant ions: M = Cd (m), Mn (V), Zn (4 ), Co (#) and Ni (e). Data for each dopant are linked by a
regression curve for clarity. Data are replotted from refs. 5-7.

Some of these literature data are more scattered than for Figure S1, but it is clear that the dopant’s influence
on T3, also correlates with the dopant ionic radius in this system.
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Table S1. Molecular SCO materials containing isomorphous or non-isomorphous dopant ions, that have been used to study or manipulate SCO cooperativity, or to
introduce other functionality. Other examples containing trace quantities of dopants are listed in Table S4.

Compound?® SCO Ty,; form Dopant | Notes Refs.
[Fe(mtz)s][ClO4]2 66 K; gradual, 50% complete Zn The crystal contains two unique high-spin Fe environments, only one of which 8
undergoes SCO.
Ni Feo.35Nip.¢s exhibits complete SCO with an unsymmetric hysteresis, implying a phase | 9
transition occurs below 60 K.
[Fe(ptz)s][BF4]2 125 or 131 K; abrupt, Zn T, depends on scan rate because of a kinetically slow phase change. The phase 10-14
7 K hysteresis change does not occur with more than ca 70% Zn doping.
Ru 15,16
[Fe(NCS)2(phen),] 179 K; abrupt Zn The LIESST relaxation temperature did not vary upon Zn doping across the complete | 5-7, 17,
concentration range.’ 18
Mn Increased doping makes SCO progressively less complete as 7, is lowered. 5
Co 5
Ni The LIESST relaxation temperature decreases measurably with increased Ni doping.® | 5, 7
Cd The LIESST relaxation temperature increases measurably with increased Cd doping, | 7
which is the opposite trend to the Ni-doped materials.
[Fe(NCS)2(dppz)2] - py 143 K; abrupt, 40 K hysteresis | Mn Increased doping makes SCO progressively less complete as T, is lowered, until the 19
material remains high-spin at 12% Mn. Intermediate compositions show TIESST on
thermal cycling.
[Fe(pic);]Cl,-MeOH 153 K; gradual Zn 20
Co 20
[Fe(pic);]Cl,- EtOH 114 and 121 K; abrupt, 2 steps | Zn Stepped transition reflects an intermediate mixed-spin crystal phase that exists at 50% | 21-27
conversion. The intermediate phase and step are not observed with >10% Zn doping.
Co 28
[Fe(1-bpp).][BF4]2 261 K; abrupt, 3 K hysteresis Zn 1,29
Co The LIESST relaxation temperature did not vary upon Co doping within the 30
concentration range examined (up to 23% Co).
Ni 1, 29,31
Ru 1
[Fe(1-bpp)2][ClO4]2 Complex is high-spin Ni The Fe and Ni precursor complexes are not isomorphous. The 26% Ni-doped material | 32

exhibits complete, abrupt SCO at 7, = 251 K.
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Table S1 continued.

Compound? SCO Ty,; form Dopant | Notes Refs.
[Fe(1-bppt©O°H),][C104]2 383 K; abrupt, 3 K hysteresis Co The Fe and Co precursor complexes are not isomorphous. The 8% Co-doped material | 33
is not an SIM at low temperatures.¢
[Fe(3-bpp).][BF4]2 176 K; abrupt, 10 K hysteresis | Mn Increased doping makes SCO progressively less complete as T3, is lowered, until the 34,35
material is almost high-spin at 15% Mn. The 10% Mn sample shows TIESST on
thermal cycling.®
[Fe(3-bpp)2][NCSe]» 231 K; abrupt, 2 K hysteresis Zn The LIESST relaxation temperature increases slightly with increased Zn doping® 2

Ni The LIESST relaxation temperature decreases slightly with increased Ni doping, 3
which is the opposite trend to the Zn-doped materials.

Mn Increased doping makes SCO progressively less complete as T3, is lowered, until the | 4
material remains high-spin at 80% Mn. The LIESST relaxation temperature increases
slightly with increased Mn (as in the Zn-doped samples).

[Fe(Mel,3-bpp)2][ClO4]> 184 K; abrupt Zn >36% Zn doping makes SCO progressively less complete as T, is lowered. Samples | 36
containing less Zn were not studied in detail.
[Fe(gnal),]-CH:Cl, 218 K; abrupt, 2 K hysteresis Zn 37

Ni 37

[Fe(NCS)2(bapbpy)] 183 and 237 K; abrupt, 2 steps, | Zn Stepped transition reflects a sequence of two crystallographic phase transitions 38
22 K and 4 K hysteresis during the SCO process. The step is not observed with >24% Zn doping.
[Fe(NCBH;),(*ML)] Complex is high-spin Zn The Zn-doped compound remains high-spin. 39

Ni Doping with >50% Ni reveals an abrupt spin-transition at 72 K, which is kinetically 39

inhibited in the undoped material.
[Fe(Py2-C)][ClO4]2-H2O 141 K; gradual Co The 60% Co-doped material is a field-induced SIM at low temperature, but did not 40
exhibit a LIESST effect.?¢
[Fe(CN)>(N302)] 210 and 155 K; abrupt, Mn The pure Fe complex shows a complicated interplay between two SCO processes, 41
ca 27 K and 10 K hysteresis reflecting a kinetically slow Fe—O bond breaking/formation step. Doping with 5%
Mn almost quenches the thermal SCO by stabilising the 7-coordinate isomer.
[Fe({MePy}stren)][PFs]» 215 K; gradual Zn Zn doping has an unusually small effect on the thermal SCO. 42
[Fe({MePy}stren)][PFs].-MeCN | Not reported Zn A crystal containing 0.5% Fe exhibited gradual SCO at T, = 125 K. 43
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Table S1 continued.

Compound? SCO Ty,; form Dopant | Notes Refs.
[{Fe(NCS)2(bt)}2(z-bpym)] 197 K (gradual) and 163 K Zn The dinuclear Fe complex exhibits two-step SCO via a discrete HS:LS intermediate 44
(abrupt) state. Doping with 85% Zn converts this to a gradual transition with no intermediate
step.
[MeNH:]s[Fes(u-trzs)s(H20)s] | 355 K; abrupt, 90 K hysteresis | Zn The linear trinuclear Fe; complex exhibits SCO at its central Fe atom, with an 45

exceptionally high-temperature TIESST effect.© The hysteresis and TIESST are
retained upon Zn doping, showing they are a property of the individual molecules not
the solid lattice.

[Co(terpyOCi6H33)2][BF4]> 239 K; reverse-SCO;® abrupt, Zn Doping with Zn stabilises the low-temperature, high-spin form of the reverse-SCO 46
43 K hysteresis lattice® and increases 73, without narrowing the hysteresis loop.
Fe Doping with Fe stabilises the high-temperature, low-spin form of the reverse-SCO 46, 47

lattice® and lowers 7i, without narrowing the hysteresis loop. The 20% Fe sample
shows TIESST on thermal cycling.®

1-bpp = 2,6-bis {pyrazol-1-yl}pyridine; 1-bpp“°H = [2,6-bis {pyrazol-1-yl}pyrid-4-yl]carboxylic acid; *M°L = N,N’-dimethyl-N, N "-bis-{pyrid-2-ylmethyl}-1,2-
diaminoethane; 3-bpp = 2,6-bis {1 H-pyrazol-3-yl} pyridine; bapbpy = N6,N6’-di(pyridin-2-yl)-2,2’-bipyridine-6,6’-diamine; bpym = 2,2’-bi(pyrimidine); bt = 2,2’-
bi(thiazoline); dppz = dipyrido[3,2-a:2°3’-c]phenazine; mtz = 1-methyltetrazole; Mel,3-bpp = 2-{3-methylpyrazol-1-yl}-6-{1H-pyrazol-3-yl}pyridine; {MePy}stren
= tris {4-(6-methylpyrid-2-yl)-3-azabutenyl } amine; N3O, = 2,13-dimethyl-6,9-dioxa-3,12,18-triazabicyclo[12.3.1]-octadeca-1(18),2,12,14,16-pentaene; phen = 1,10-
phenanthroline; pic = 2-(aminomethyl)pyridine; ptz = 1-n-propyltetrazole; py = pyridine; Py,-C = 1,8-bis(pyridin-2-ylmethyl)-1,4,8,11-tetraazacyclotetradecane;
Hgnal = N-(quinol-8’-yl)-2-hydroxy-1-naphthaldimine; terpyOC;¢Hs;3 = 4’-hexadecoxy-2,2’:6°,2* -terpyridine; [trzs]*~ = 2-(1,2,4-triazol-4-yl)ethane-1,1-disulfonate.
PLIESST = light-induced excited spin state trapping (ref. 143). “TIESST = thermally induced excited spin state trapping (ref. 144). SIM = single ion magnet (ref.
145). °Reverse-SCO is a low—high-spin transition on cooling (ref. 146).
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Scheme S1. Ligands listed in Table S1.
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Scheme S1 continued.
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Table S2. Coordination polymer SCO materials containing isomorphous or non-isomorphous dopants, that have been used to study or manipulate SCO
cooperativity. Other examples containing trace quantities of dopants are listed in Table S4.

Compound® SCO Ty,; form Dopant | Notes Refs.
[Fe(u-atrz);][NOs]2 328 K; abrupt, 37 K hysteresis Zn 1D coordination polymer. 48-53
Ni 53-55
Mn 53
[Fe(u-atrz)3][CH3SOs]2 281 K; abrupt, 15 K hysteresis Zn 1D coordination polymer. A sample containing 10% Fe was used to probe the 56
vibrational structure of this material by inelastic neutron scattering.
[Fe(x~Htrz);][NOs]>-H,O 350 K; abrupt, 10 K hysteresis Ni 1D coordination polymer. 57
[Fe(u-trz)(u-Htrz),|BF4 365 K; abrupt, 40 K hysteresis or | Zn 1D coordination polymer, which can be crystallised in two SCO-active polymorphs. | 58-61
333 K; abrupt, 20 K hysteresis Zn doping has been used to tune 7, in nanoparticles of this material.
[Fe(u-endi)s;][BF4]> 143 K; gradual Zn 1D coordination polymer. The LIESST relaxation temperature increases slightly 62, 63
with increased Zn doping.®
[Fe(u-btzp)s][BFa]» 158 K; gradual Zn 1D coordination polymer. The LIESST relaxation temperature increases slightly 62, 63
with increased Zn doping.®
[Fe(NCS)2(u-btr),]-H,0 134 K; abrupt, 21 K hysteresis Zn 2D coordination polymer. 64-66
Ni 65-70
Co 65, 70-72
[Fe(u-bbtr);][ClO4]2 105 K; abrupt, 8 K hysteresis Zn 2D coordination polymer, which undergoes a phase change just above 7. Zn 73-77
doping makes SCO progressively less complete as 7y, is lowered.
[Fe(u-pyz) {Pd(CN)4}] 296 K; abrupt, 12 K hysteresis Zn 3D porous metal-organic framework 78
Ni 78
Co 78
Mn 78
[Fe(u-pyz) {Pt(CN)4}] 295 K; abrupt, 26 K hysteresis Zn 3D porous metal-organic framework 79
Ni 80
Co 80
[Fe(u-pyz){Fe(CN)s(NO)}] 265 K; abrupt, 40 K hysteresis Ni 3D coordination polymer. 81
Co 81
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Table S2 continued.

Compound? SCO Ty,; form Dopant | Notes Refs.
[Fe(u-PyCCPy){Au(CN).} -] 224 K; abrupt, 5 K hysteresis Ni 3D coordination polymer. Ni doping makes the abrupt SCO more continuous 82
(gradual), revealing colossal thermal expansion about the SCO temperature range.
[Fe(xs-ta):] 524 K; abrupt, 117 K hysteresis Cu [Fe(ta).] and [Cu(ta),] are isomorphous but can’t be co-crystallised from solution. 83
Ball milling mechanical mixtures of [Fe(ta),] and [Cu(ta)] yielded a homogeneous
solid solution material, but whose SCO was not investigated.

“atrz = 4-amino-1,2,4-triazole; bbtr = 1,4-bis(1,2,3-triazol-1-yl)butane; btr = 4,4’-bi(1,2,4-triazole); btzp = 1,2-bis({tetrazol-1-yl}propane; endi = 1,2-bis({tetrazol-1-
yl}ethane; PyCCPy = bis(pyrid-4-yl)ethyne; pyz = pyrazine; Hta = 1H-1,2,2-triazole; Htrz = 4H-1,2 4-triazole. °LIESST = light-induced excited spin state trapping

(ref. 143).
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Scheme S2. Ligands listed in Table S2.
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Table S3. Highly dilute solid solutions of iron(II) complexes in inert host crystals, used to study the photophysics of isolated molecules in the solid state.

Compound? SCO Ty,; form Host lattice | Notes Refs.
metal ion
[Fe(ptz)s][BF4]2 125 or 131 K; abrupt, Zn T, depends on scan rate because of a kinetically slow phase change. Crystals 12
7 K hysteresis containing >0.5% Fe were used to probe isolated iron sites in the lattice.
[Fe(bipy)3][ClO4]> Complex is low-spin Zn Crystals containing 0.5% Fe were still low-spin, and were used to probe the 84
photophysics of isolated iron sites in the lattice.
Ni Crystals containing 0.5% Fe were still low-spin, and were used to probe the 84
photophysics of isolated iron sites in the lattice.
Mn Crystals containing 0.5% Fe were still low-spin, and were used to probe the 84
photophysics of isolated iron sites in the lattice.
[Fe(bipy)3][PFs]2 Complex is low-spin Zn Crystals containing 0.01-1% Fe were still low-spin, and were used to probe the 85-87
photophysics of isolated iron sites in the lattice.
Mn Crystals containing 0.01-1% Fe were still low-spin, and were used to probe the 86, 87
photophysics of isolated iron sites in the lattice.
Co Highly dilute crystals were still low-spin, and were used to probe the photophysics of | 87
isolated iron sites in the lattice.
Cd Crystals containing 0.01-1% Fe were still low-spin, and were used to probe the 86, 87
photophysics of isolated iron sites in the lattice.
[Fe(phen);][ClO4]> Complex is low-spin Zn Crystals containing 0.5% Fe were still low-spin, and were used to probe the 84
photophysics of isolated iron sites in the lattice.
Ni Crystals containing 0.5% Fe were still low-spin, and were used to probe the 84
photophysics of isolated iron sites in the lattice.
Mn Crystals containing 0.5% Fe were still low-spin, and were used to probe the 84
photophysics of isolated iron sites in the lattice.
[Fe(pic);]Cl,-MeOH 153 K; gradual Zn Crystals containing 0.05% Fe were used to probe the photophysics of isolated iron 88
sites in the lattice.
Mn Crystals containing 0.05% Fe were used to probe the photophysics of isolated iron 88
sites in the lattice.
[Fe(pic);]Cl.-EtOH 114 and 121 K; abrupt, Zn Stepped transition reflects an intermediate mixed-spin crystal phase that exists at 88
2 steps 50% conversion. Crystals containing 0.05% Fe were used to probe the photophysics
of isolated iron sites in the lattice.
Mn Crystals containing 0.05% Fe were used to probe the photophysics of isolated iron 88

sites in the lattice.
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Table S3 continued.

Compound? SCO Ty,; form Host lattice | Notes Refs.
metal ion

[Fe(terpy)2][ClO4]2 Complex is low-spin Mn A sample containing 2% Fe was still low-spin but exhibited a LIESST effect, which | 89
is not shown by the pure Fe complex.

[Fe({MePy}stren)][PFs)2 215 K; gradual Zn Crystals containing 0.31 and 0.05% Fe were used to probe the photophysics of 42,90
isolated iron sites in the lattice.

[Fe({MePy}stren)][PFs]2-MeCN | Not reported Zn A crystal containing 0.5% Fe was used to probe the photophysics of isolated iron 43
sites in the lattice.

[Fe(u-bbtr);][ClOs4]2 105 K; abrupt, 8 K Zn 2D coordination polymer, which undergoes a phase change just above 7. Samples 91,92

hysteresis containing 2-10% Fe remain high-spin on cooling, and were used to probe the

photophysics of isolated iron sites in a solid lattice.
*bipy = 2,2’-bipyridine; bbtr = 1,4-bis(1,2,3-triazol-1-yl)butane; {MePy}stren = tris {4-(6-methylpyrid-2-yl)-3-azabutenyl } amine; phen = 1,10-phenanthroline; pic =
2-(aminomethyl)pyridine; ptz = 1-n-propyltetrazole; terpy = 2,2°:6°,6” -terpyridine.  °LIESST = light-induced excited spin state trapping (ref. 143).

'/\ y |
N;N/ 7 N\ 7 N\_/ N\ /I\N N
\
N—N =N NH, =N N= N N =
ptz pic bipy terpy
O
N ( N
~— v N N -
N
N / / \ VY N/,N\N/\/\/N\N/
AN =
\ bbtr

{MePy}stren

Scheme S3. Ligands listed in Table S3.
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Table S4. SCO materials containing trace paramagnetic dopant ions, that have been used to probe SCO by EPR spectroscopy.

Compound? SCO Ty,; form Dopant | Notes Refs.
[Fe(ptz)s][BFal2 125 or 131 K; abrupt, Mn 1-2% Mn dopant used as an EPR probe of the iron spin state during thermal SCO. 93
7 K hysteresis Distinguished the two different low-spin phases accessible in the low-spin state (Table S1).
Cu 1-2% Cu dopant used as an EPR probe of the iron spin state during thermal SCO. 93
Distinguished the two different low-spin phases accessible in the low-spin state (Table S1).
[Fe(NCS)2(phen),] 179 K; abrupt Mn 1% Mn dopant used as an EPR probe of the iron spin state during thermal SCO. 94
[Fe(NCS)2(PM-BiA);] 225 K; abrupt, 60 K hysteresis | Mn A naturally occurring Mn impurity in the native iron complex was used as an EPR probe of | 95
the iron spin state during thermal SCO.
a-[Fe(NCS)a(bt)2] 177 K; abrupt, 10 K hysteresis | Mn Complex also forms a second S-polymorph, which is high-spin. <5% Mn dopant used as an | 96
EPR probe of the iron spin state during thermal SCO in the a-phase.
[Fe(tenq)2(abpt)z] 280 K; gradual Mn Trace Mn dopant used as an EPR probe of the iron spin state during thermal SCO. 97
Cu Trace Cu dopant used as an EPR probe of the iron spin state during thermal SCO. 97
[Fe(pic);]Cl,-EtOH 114 and 121 K; abrupt, 2 steps | Mn 1% Mn dopant used as an EPR probe of the iron spin state during thermal SCO. The SCO 94, 98
transition domains observed in ref. 98 may refer to the mixed-spin intermediate phase that
was subsequently discovered (Angew. Chem. Int. Ed., 2003, 42, 3825—-3830).
Co Co dopant used as an EPR probe of the iron spin state in the LIESST experiment. 99
[Fe(1-bpp).][BFa4]> 261 K; abrupt, 3 K hysteresis | Cu 3% Cu dopant used as an EPR probe of the iron spin state in the LIESST experiment,® and | 100, 101
to probe the Jahn-Teller properties of the Cu dopant in the Fe host lattice.
[Fe(3-bpp).][BF4)> 176 K; abrupt, 10 K hysteresis | Mn 3% Mn dopant used as an EPR probe of the iron spin state during thermal SCO. 102
Demonstrated the involvement of a crystallographic phase change during the transition.
[Fe(3-bpp)2][CF3S0s]>-H,O | 215 K; abrupt, unsymmetrical | Mn 3% Mn dopant used as an EPR probe of the iron spin state during thermal SCO. 102
140 K hysteresis loop Demonstrated the involvement of a crystallographic phase change during the transition.
[Fe(Me23-bpp).][BF4]> 205 K; abrupt, 65 K hysteresis | Cu 3% Cu dopant used as an EPR probe of the iron spin state during thermal SCO. 103
Demonstrated the involvement of a symmetry-breaking phase change during the transition.
[Fe(NCS)a(p-btr)2]-H.O 134 K; abrupt, 21 K hysteresis | Mn 2D coordination polymer. 5% Mn dopant used as an EPR probe of the iron spin state 104
during thermal SCO.
Cu 1-5% Cu dopant used as an EPR probe of the iron spin state during thermal SCO. 104, 105
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Table S4 continued.

Compound? SCO Ty,; form Dopant | Notes Refs.
[Fe(NCSe)2(u-btr)2]-H2O 214 K; abrupt, 7 K hysteresis | Mn 2D coordination polymer. 5% Mn dopant used as an EPR probe of the iron spin state during | 104
thermal SCO.
Cu 5% Cu dopant used as an EPR probe of the iron spin state during thermal SCO. 104

81-bpp = 2,6-bis {pyrazol-1-yl}pyridine; 3-bpp = 2,6-bis {1 H-pyrazol-3-yl}pyridine; abpt = 4-amino-3,5-bis(pyrid-2-yl)-1,2,4-triazole; bt = 2,2’-bi(thiazoline); btr =
4,4°-bi(1,2,4-triazole); Me23-bpp = 2,6-bis {5-methyl-1H-pyrazol-3-yl} pyridine; ptz = 1-n-propyltetrazole; phen = 1,10-phenanthroline; pic = 2-(aminomethyl)-
pyridine; PM-BiA = N-(2-pyridinylmethylene)[1,1’-biphenyl]-4-amine; [tcnq]” = 7,7°,8,8’-tetracyanoquinodimethanide.  °LIESST = light-induced excited spin
state trapping (ref. 143).

N N=\ /=N S S 72\
s Ml Sy
N—N N/ \=N 7N =N NH,

ptz btr bt pic

NC CN|
N/ ):@.:(
N NC CN

1-bpp 3-bpp Me,3-bpp
Scheme S4. Ligands listed in Table S4.
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Table S5. Non-stoichiometric mixed-anion salts of SCO complexes, [FeL,]X2:Y22- (X, Y~ = anion).

slow. The slow kinetics are retained in [Fe(z-bbtr)s][BF4]2:[ C104]2-2- for
z > 0.56, but not in more perchlorate-rich salts. The midpoint pressure of
SCO at room temperature (Py) varies approximately linearly with z.

Precursor compounds® SCO Ty,; form Are the precursor Notes Refs.
salts isomorphous?

[Fe(Hpt)s;][BF4]2-2H,O 135 K; gradual, incomplete Not known [Fe(Hpt)3][BF4]1.2[SO4]o.4-3H,0 exhibits gradual SCO with 73, = 170 K, 106
[Fe(Hpt);]SO4-3H,O ca 100 K; gradual, incomplete to full completeness at low temperature.
[Fe(1-bpp)2][BF4]> 261 K; abrupt, 3 K hysteresis No [Fe(1-bpp)2][BF4]2:[ClO4]2-2- with z > 0.5 are fully SCO-active, with 7). | 107
[Fe(1-bpp)2][ClOs]> High-spin decreasing slightly as z decreases. The salt with z=0.16 is a mixture of

phases, and exhibits 75 %-complete SCO as a rapidly precipitate powder.

The LIESST relaxation temperature is identical for all compositions.”
[Fe(1-bppNtA),][BF4]2- EtCN 181 and 192 K; abrupt Yes Stepped transition reflects a re-entrant mixed-spin crystal phase that 108
[Fe(1-bppNtA),][C104]2- EtCN 151 and 183 K; abrupt, exists at 50% conversion. [Fe(1-bppNtA€),][BF4]2:[ClO4]2-2.-EtCN (z =

5K and 11 K hysteresis 0.5) exhibits the same two-step transition, with 73, and hysteresis widths

intermediate between the pure BF;~ and ClO4 salts.
[Fe(Me23-bpp).][BF4]> 205 K; abrupt, 65 K hysteresis Yes SCO in the BF4™ salt involves a series of phase changes, which become 109
[Fe(Me23-bpp)2][C104]2 High-spin kinetically slower in [Fe(Me»3-bpp)2][BF4]2:[ClO4]»-2- as z increases up

to 0.5. Hence the absence of SCO in the ClO4™ salt is a kinetic effect.
[Fe(u-atrz)s][BF4]2 235 K; gradual, 10 K hysteresis | Not known 1D coordination polymer. Various SCO behaviours were observed for 110, 111
[Fe(u-atrz);]SiFs 248 K; gradual, 14 K hysteresis different [Fe(u-atrz);][BF4]2:[SiFs]i-- compositions, with Ty, = 310 £10 K

in most samples.
[Fe(u-bbtr);][BF4)2 83 K abrupt, 13 K hysteresis Yes (at room 2D coordination polymer. The ClO4™ salt undergoes a phase change 112
[Fe(u-bbtr);][ClOs]2 105 K; abrupt, 8 K hysteresis temperature) above T, but the BF,™ salt does not. SCO in the BF,™ salt is kinetically

1-bpp = 2,6-bis {pyrazol-1-yl}pyridine; 1-bppNtAc = N-(2,6-di{pyrazol-1-yl}pyrid-4-yl)acetamide; atrz = 4-amino-1,2,4-triazole; bbtr = 1,4-bis(1,2,3-triazol-1-
yl)butane; Me,3-bpp = 2,6-bis {5-methyl-1H-pyrazol-3-yl}pyridine; Hpt = 3-(pyrid-2-yl)-1H-1,2,4-triazole. *LIESST = light-induced excited spin state trapping

(ref. 143).

Examples of double salts of SCO complexes with stoichiometric anion compositions, [FeL,]XY, are described in refs. 113-123.
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Scheme S5. Ligands listed in Table S5.
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Table S6. Molecular alloys of SCO materials, that have been characterised with non-stoichiometric compositions.

Precursor compounds® SCO Ty,; form Are the precursors | Notes Refs.
isomorphous?

[Fe(u-atrz);][ClO4]2- H20 188 K;; abrupt, 2 K hysteresis Not known Bulk samples of [Fe(g-atrz)s,(u-Htrz)s-3,][ClO4],-H>O give abrupt, 124-126
[Fe(u-Htrz);][C104]2-H2O 311 K; abrupt, 15 K hysteresis hysteretic SCO with Ty, and hysteresis width varying linearly for 0 <n < 1.

Nanoparticles of this system follow a similar trend.
[Fe(u-atrz);][NOs]2 329 K; abrupt, 31 K hysteresis Not known SCO in [Fe(u-atrz)s,(u-Htrz);-3,][NOs]2-H,0 with 0 < 7 < 1 becomes 127
[Fe(1~Htrz);][NOs]2 ca 370 K; abrupt, hysteresis more abrupt as n decreases.
[Fe(u-atrz);]SiFs-H,O 248 K;; gradual, 14 K hysteresis | Not known [Fe(u-atrz)sn(p-Htrz)s-3,]SiFs- H2O exhibit gradual SCO, with a linear 128
[Fe(u-Htrz);]SiFe-2H,0O 404 K; gradual, irreversible dependence of 7, on composition for 0 <z < 1.
[Fe(u-atrz)s][BF4]>-H.O 255 K; abrupt, 10 K hysteresis No [Fe(u-Htrz) snm(p-trz)o-n(p-atrz),, ] [BF 4], xH>O nanoparticle polymer 129-132
[Fe(u-trz)(p~Htrz),][BF4]» 355 K; abrupt, 40 K hysteresis composites show abrupt hysteretic SCO for 0 <m < 0.3, with T,

decreasing as m increases. SCO induces a strong piezoelectric response.
[Fe(u-atrz);][NOs]2 329 K; abrupt, 31 K hysteresis | No Alloys produced by treating [Fe(u-atrz);][NOs]> with 4-anisylaldehyde. 133
[Fe(u-An-atrz);][NOs]2 287 K; gradual Intermediate compositions of [Fe(u-atrz)s,( u-An-atrz);-3,][NOs ]z exhibit

SCO in discrete steps, from unreacted and reacted regions of the sample.
[Fe(u-atrz);][Cl04].-H2O 329 K; abrupt, 31 K hysteresis Not known [Fe(u-atrz)s,(p-PCA-atrz)3-3,][C104]2 (n = 0.15) produced by reacting 134
[Fe(1-PCA-atrz);][ClOs4], Not known [Fe(u-atrz);][ClO4)2 and 1-pyrenecarboxaldehyde. It shows gradual SCO

at 225 K with 10 K hysteresis, and spin state-dependent fluorescence.
[Fe(u-atrz);][ClO4]2-H2O 329 K; abrupt, 31 K hysteresis | Not known [Fe(u-atrz)s,(g-RhB-atrz);-3,][ClO4]2 (7 = 0.10) produced by reacting 134
[Fe(x-RhB-atrz)3][ClO4]> Not known [Fe(u-atrz)3;][ClO4]» and rhodamine B. It shows gradual SCO at 258 K

with 11 K thermal hysteresis, and spin state-dependent fluorescence.
[Fe(u-atrz);][ClO4]2-H2O 329 K; abrupt, 31 K hysteresis | Not known [Fe(u-atrz)s,(p-ANTH-atrz);-3,][C104]> (n = 0.13) produced by reacting 135
[Fe(x-ANTH-atrz)3][ClOa4]» Not known [Fe(u-atrz)3;][ClO4]> with 9-anthraldehyde. It shows gradual SCO at 255 K

with 2 K thermal hysteresis, and spin state-dependent fluorescence.
[Fe(u-atrz);][ClO4]2-H2O 329 K; abrupt, 31 K hysteresis Not known [Fe(u-atrz)s,( u-PD-atrz)3-3,][C104]2 (n = 0.10) produced by reacting 135

[Fe(u-PD-atrz)3][C1O4]

Not known

[Fe(u-atrz)3;][ClO4]> with 9-phenanthrenecarboxaldehyde. It shows gradual
SCO at 255 K with 2 K thermal hysteresis, and spin state-dependent
fluorescence.
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Table S6 continued.

[Fe(Mel,3-bpp)][C1O4]2

184 K; abrupt

linearly to higher temperature and becomes more gradual as » increases.
Samples with n > 0.5 were mixed phase materials.

Precursor compounds® SCO Ty,; form Are the precursors | Notes Refs.
isomorphous?

[Fe(u-pyz) {Pd(CN)4}] 296 K; abrupt, 12 K hysteresis No SCO in [Fe(u-pyz)u( u-pyz™t2), -, {Pd(CN)4}] has lower Ty, as n decreases, 136
[Fe(u-pyz"12) {Pd(CN)4}] High-spin in the range 0.3 <7 < 1. The transition also becomes increasingly gradual,

with narrower hysteresis, for lower values of n.
[Fe(u-pyz) {Pt(CN)4}] 295 K; abrupt, 26 K hysteresis No SCO in [Fe(u-pyz)u(u-pyz~t2), -, {Pt(CN)4} | shows lower T, and narrower | 136
[Fe(u-pyzNt2) {Pt(CN)4} ] High-spin hysteresis as n decreases, for 0.6 <n < 1. The relationship between Ty, vs.

composition is approximately linear. Alloys with » < 0.5 are high-spin.
[Fe(u-pyz) {Pt(CN)4}] 295 K; abrupt, 26 K hysteresis Yes Alloys produced by reaction of [Fe(u-pyz) {Pt(CN)4}] with L. 137
[Fe(z-pyz) {PtI(CN)4}] 390 K; abrupt, 17 K hysteresis [Fe(u-pyz) {PtI,(CN)4}, {Pt(CN)4} 1] (0 < n < 1) exhibit consistently

hysteretic spin-transitions, with T, increasing linearly with n.
[Fe(NCEt)2(u-ebtz):][BF4]2 101 K; abrupt, 41 K hysteresis Yes SCO in the EtCN complex is only observed upon slow thermal scanning. 138
[Fe(NCPr)z(u-ebtz)s][BF4]a 190 K; gradual In [Fe(NCEt)2,(NCPr)2-2,(s-€btz)2][BF4]2 (0.72 < n < 1) Ty, increases and

the hysteresis narrows with larger PrCN content.
[Fe(u-btzx)3][ClO4]2 200 K; gradual No Compositions of [Fe(u-btix)s.(u-btzx)3-3,][C104]> with 1 < 0.2 undergo 139
[Fe(u-btix)3][ClO4]> High-spin gradual, incomplete SCO in two or three resolvable steps.
[Fe(NCS)2(u-bpe)]-solvent 84 K abrupt No Two compositions of [Fe(NCS),,(NCBH;3)2-2.(z-bpe)]-solvent with 140
[Fe(NCBH3)2(u-bpe).]-solvent 216 K; abrupt n > 0.8 undergo gradual SCO in two resolvable steps.
[Fe(LF)(HLF)]-H,O 317 K; abrupt No Ty, increases non-linearly for [Fe(Ho sLF)2,(Ho sL)2-2,]-H20 (0 <7 < 1). 141
[Fe(LY(HLY]-H,0O 230 K; abrupt SCO is abrupt for n < 0.2 and n > 0.8, but broadens as »n approaches 0.5.
[Fe(Me,1,3-bpp)2][ClO4]> 378 K; gradual No SCO in [Fe(Me:1,3-bpp)2.(Mel,3-bpp)2-2.][ClO04]2 (n < 0.5) shifts 142

*An-atrz = N-[(4-methoxyphenyl)methylene]-4H-1,2,4-triazol-4-amine; ANTH-atrz = N-[(anthr-9-yl)methylene]-4H-1,2,4-triazol-4-amine; atrz = 4-amino-1,2,4-
triazole; bpe = 1,2-bis(pyrid-4-yl)ethane; btix = 1,4-bis(1,2,4-triazol-1-ylmethyl)benzene; btzx = 1,4-bis(tetrazol-1-ylmethyl)benzene; ebtz = 1,2-bis(tetrazol-2-
yl)ethane; H,L®! = 2-({5-chloro-2-hydroxyphenyl} methylene)hydrazinecarbothioamide; HoLF = 2-({5-fluoro-2-hydroxyphenyl} methylene)hydrazinecarbothioamide;
Mel,3-bpp = 2-(3-methylpyrazol-1-yl)-6-(1H-pyrazol-3-yl)pyridine; Me:1,3-bpp = 2-(3,5-dimethylpyrazol-1-yl)-6-(1 H-pyrazol-3-yl)pyridine; PCA-atrz = N-

[(pyren-1-yl)methylene]-4H-1,2,4-triazol-4-amine; PD-atrz = N-[(phenanthren-9-yl)methylene]-4H-1,2,4-triazol-4-amine; pyz = pyrazine; pyz

NH;

RhB-atrz = 3,6-bis(diethylamino)-9-(2-{[4H-1,2,4-triazol-4-ylamino]carbonyl } phenyl)xanthylium chloride; Htrz = 4H-1,2,4-triazole.

= aminopyrazine;
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Scheme S6. Ligands listed in Table S6.
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