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Experimental Section

Crystallography. Single crystal of 1-(CH,Cl,); 5:(H,O) was mounted on a APEXII Bruker-
AXS diffractometer (MoK, radiation source, A =0.71073 A, T = 150(2) K) for data collection
from the Centre de Diffractométrie (CDIFX), Université de Rennes 1, France. Structures were
solved with a direct method using the SIR-97 program and refined with a full matrix least-
squares method on F? using the SHELXL-2014 program.! Complete crystal structure results
as a CIF file including bond lengths, angles, and atomic coordinates are deposited as
Supporting Information.

Physical Measurements. Elemental analysis (C, H, N) of the compounds 1-(CH,Cl,), and 1
were performed at the Centre Régional de Mesures Physiques de 1’Ouest, Rennes. Optical

absorption spectra were recorded on a Varian Cary 5000 UV-Visible-NIR spectrometer



equipped with an integration sphere. The dc magnetic susceptibility measurements were
performed on grinded selected single crystals (for 1-(CH,Cl,),) and powder (for 1) in Teflon
tape with a Quantum Design MPMS-XL SQUID magnetometer between 2 and 300 K in
applied magnetic field of 0.02 T in the temperature range 2-20 K, 0.2 T in the temperature
range 20-80 K and 1 T above 80 K. These measurements were all corrected for the
diamagnetic contribution of the Teflon tape and the intrinsic diamagnetism calculated with
Pascal’s constants.

Computational Details. DFT geometry optimization and TD-DFT excitation energy
calculations were carried out on the molecular structure of 1 (low-spin state (S = 0) for Fell)
with the Gaussian 09 (revision A.02) package? employing the PBEO hybrid functional,® and
applying both a tight self-consistent field convergence criterion (10° — 107!° a.u.) and an
improved optimization threshold (107> a.u. on average forces). The “Stuttgart/Dresden” basis
sets and effective core potentials were used to describe the iron atom,* whereas all others
atoms were described with the SVP basis sets.> The first 80 monoelectronic excitations were
calculated for 1. In all steps, a modelling of bulk solvent effects (solvent = dichloromethane)
was included through the Polarisable Continuum Model (PCM),° using a linear-response non-
equilibrium approach for the TD-DFT step.” Molecular orbitals were sketched using the
Gabedit graphical interface.®
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Fig. S1. Cyclic voltammetry of 1 in CH,Cl, at a scan rate of 100 mV-s*! with [N(C4Ho)4]PF
as supporting electrolyte (0.1 M). The potentials were measured vs a saturated calomel

electrode (SCE); glassy carbon working electrode; Pt wire counter electrode.
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Fig. S2. Experimental solid-state UV-visible absorption spectrum for 1 at room temperature.
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Fig. S3. MO diagram of L (left) and 1 (right) with the Fe'! ion in its low-spin (S = 0) state.
Energy levels of the centered TTF donor, dipyridophenazine acceptor and H,Bpz, anions are

shown in orange, blue and green, respectively.
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Fig. S4. Experimental UV-visible absorption spectra in CH,Cl, solution of L (¢ =4 %10~ mol
L") (open gray circles). Respective Gaussian decompositions (dashed lines) and best fit (full

black line) (R2 = 0.9981).
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Fig. S5. TGA curve of a fresh sample of 1-.(CH,Cl,),.
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Fig. S6. Two hysteresis loops measured on the same sample of 1.
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Fig S7. Proposed mechanism for the LIESST effect in 1.
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Fig. S8. PBE+D3+U optimized geometries for the HS (S'=2) and LS (§ = 0) states of 1 with

and without solvent molecules.



Table S1. Selected bond lengths (A) for compound 1-(CH,Cl,), at 150 K.

Compound 150 K
Fel-N1 2.126(3)
Fel-N2 2.107(3)
Fel-N3 2.108(3)
Fel-N4 2.097(3)
Fel-N5 2.091(3)
Fel-N6 2.098(3)

Table S2. Experimental and TD-DFT excitation energies and main composition of the low-
lying electronic transitions for L and 1 (calc for LS). In addition, the charge transfer and the
pure intramolecular transitions are reported. IA, IL and H, L represent intramolecular
dipyridophenazine (acceptor) transitions or transitions involving orbitals delocalized on the
whole ligand and the HOMO and LUMO, respectively. ILCT stands for Intra-Ligand (L)
Charge Transfer and LLCT for Ligand (H,BPpz,) to Ligand (L) Charge Transfer.

E exp (cm!) E theo (cm') Osc. Type Assignment Transition
19000 17844 042 ILCT  mrrpom¥ap HosL (99%)
27200 27338 031  ILCT  mrrpom¥ap H-1-L (80%)
31200 33361 011  ILCT  mprpomt* g HoL+5/46 (56/33%)
TrtE—>T 11p HosL+6 (27%)
. 33200 34504 161 IL Tt g0 HoL+5 (31%)
(@) Mappr—>T* appz H-2L+1 (30%)
35600 35252 037 1A Mappr—T aopz H-25L+1 (29
37800 36195 019 ILCT  Trrpom* g H-1L+1/42 (45/50%)
36315 0.13
41900 42128 046 1A a7 done H-6->L+2 (68%)
E exp (cm!) E theo (cm') Osc. Type Assignment Transition
18000 16924 052 ILCT  mpppom* g HoL (98%)
26800 27116 027 ILCT  myppom*gp H-5-L (78%)
31100 31585 0.13  LLCT  yppppr—>T* apps H-5/-6—L+1 (19/31%)
H-4—>L+2(56%)
TrTE—> T 11 H-13-L (23%)
32800 32612 0.54  ILCT  mppposm*gp H—L+5 (59%)
@ 34900 33732 0.61  LLCT 7 impm—T u H-14-L (26%)
+ H-10/-6—L+1 (78/20%)
ILCT  mpp—om* iy H-5—>L+1 (42%)
HoL+5/47 (17/14%)
38200 / / / / /
43200 / / / / /

* The DFT and TD-DFT calculations of the free ligand L were already published®!? but they

were performed again in order to be fully consistent with the applied method for 1.



Table S3. Optimized cell parameters within the PBE+D3+U scheme, with and without
solvent, in the LS (S = 0) and HS (S = 2) states of 1. In the case of the HS molecule with

solvent, our calculated results compare very well with the experimental structure.

LS HS LS H5 Exp. error
a(A) 12.66058 12.84277 12.75178 12.64236 12.86030 -1.69%
b (A) 13.37160 13.26478 13.98492 13.92497 14.26060 -2.35%
c (A) 14.23453 14.25514 14.85214 15.12474 15.79120 -4.22%

a 76.2502 76.3395 76.7781 78.1181 79.13%0 -1.29%
B 60.2133 60.3670 59 501 62.7387 66.2380 -5.28%
Y 64.2719 64.3674 67.4355 68.1179 71.8570 -5.20%

Table S4. Optimized Fe-N bond lengths (A) within the PBE+D3+U scheme, with and without
solvent, in the LS (S'= 0) and HS (S = 2) states of 1. Numbering is attributed following Figure
1. Again, a close agreement is obtained between calculated and experimental structures in the
case of the HS structure with solvent. As an important feature, one can notice the particularly

long Fe-N bond (2.42 A) in the HS state of the compound deprived of solvent.

LS HS LS HS Exp. error
Fe-N, 1.97 217 1.94 215 211 +1.90%
Fe-N, 1.95 2.14 1.96 217 2.12 +2.36%
Fe-N, 1.98 2.16 il 7 2.10 2.09 +0.48%
Fe-N, 1.98 2.09 i ot 2.13 2.08 +2.40%
Fe-N. 2.00 2.17 it 2. 2.12 2.10 +0.95%

Fe-Ng 2.10 2.42 2.00 215 = Jo i § +1.90%
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