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Fig. S1 The LIESST effect in undoped [Fe(bpp)2][BF4]2 (top) and compound 1 (bottom), from magnetic susceptibility

measurements. B = data recorded in cooling and warming modes without irradiation; A = data recorded with irradiation

at 10 K; o = data recorded in warming mode in the dark after irradiation for one hour. The insets show the derivate of

the dymT/dT vs. T curves, whose minimum corresponds to the T(LIESST) value. The Figure is adapted from ref 1
(copyright the Royal Society of Chemistry).

Comparable datafrom 2 and 3 have not been reported, but precedent suggests T(LIESST) = 80+1 K isto be expected
for those compounds (which would also be consistent with the EPR data in this study).S>$2
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1. Details of the EPR spectroscopy for 1

Figure S2a compares the EPR spectrum of 1 at 20 K measured prior to illumination with the
spectrum of “relaxed” compound at 20 K. The spectrum of “relaxed” compound refers to the
measurement after a series of experiments including illumination, warming up to 90 K with the light
switched off and cooling back again to 20 K. Within experimental accuracy, the spectra agree very
well, supporting the complete reversibility of LIESST-relaxation cyclesin 1. Note that the absolute
amount of cobalt(Il) centersis rather small, because it corresponds only to 3% of al SCO centers,
and at the same time the concentration of the whole mixed-metal compound cannot be very high to
ensure a sufficient transparency of the KBr pellet for incident light. Therefore, the Co?* signal is
rather weak. In addition, since it is difficult to avoid microwave saturation completely, the spectral
lineshape at 20 K is dlightly distorted. Note, however, that for practical purposes and for
determining the positions of resonance lines such minor imperfections are negligible.
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Fig. S2. (a) Q-band EPR spectra of 1 at 20 K: (blue) taken before illumination; (red) taken after illumination
and series of experiments shown in Fig.1 of the main text (i.e., illumination, warming up to 90 K in the dark
and cooling back to 20 K). (b) Q-band EPR spectra of 1 at 20 K measured in a broad range of magnetic field:
(blue) taken before illumination; (red) taken immediately after illumination. (c) Simulations of Q-band spectra
of LS (S=1/2, blue) and HS (S= 3/2, red) spectra using the same set of parameters (given below in Table 5.1).
For HS state D >> hv and linewidth of 100 mT were used. The green trace repesats the red one with magnified
intensity by afactor of 5.
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Figure S2b shows the EPR spectra of 1 measured in a broad range of magnetic field in the dark and
upon irradiation with light. In principle, one would expect that the conversion of Co(l1) from a low-
spin (S=1/2) to high-spin (S = 3/2) state must not only cause disappearance of the S= /2 spectrum at
central field, but should also result in simultaneous appearance of the S = 3/2 spectrum. For typically
large zero-field splittings (larger than the microwave quantum) such S = %2 features appear most
clearly near effective g ~ 4 (for gi). However, in our experiments no signature of the S = 32
spectrum was observed. This is unsurprising, because the intensity of LS S= /2 spectrum is already
guite weak due to a presence of only ~3% of Co(lIl) in the compound and additional ‘dilution’ by
dispersing it in aKBr disk (see above).

The intensity of the HS S = %2 spectrum must be much weaker compared to that of LS state,
because the EPR spectrum of HS state is drastically broader for the same number of spins; and,
electron relaxation of high-spin states is typically much faster. Figure S2c shows simulations
illustrating the different intensities of the low-spin and high-spin EPR spectra. The same set of
parameters was used in both cases (the parameters for the low-spin state are given below in Table
5.1). In addition, for the high-spin spectrum D >> hv and a linewidth of 100 mT were used. Such a
broad linewidth is very realistic for high-spin Co(Il) and even might be underestimated. For
example, a linewidth of ~400 mT was experimentally observed for high-spin Co(l1) in Fig. SI5 of
ref. S3.

This fully justifies the fact that the spectrum of the high-spin S = %2 state could not be detected.
Nevertheless, the reversible disappearance of low-spin spectrum upon irradiation and its
reappearance following the heating-cooling cycle has no other plausible explanation except for
reversible spin-state conversion of the [Co(terpy)2]2* dopant.
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2. Details of the EPR spectroscopy for 2

Figure S3a reports smulations of all spectra shown in Fig. 2 of the main text, and Figure S3b
confirms the reversibility of LIESST-relaxation cycles for 2. Figure $4 shows the experimental and
simulated spectra acquired without illumination. For similar reasons to those discussed previously
for 1, the lineshapes of experimental spectra are dlightly distorted in the g. region, which is
however negligible for the purposes of this study.
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Fig. S3. (8) Simulations of the Q-band EPR spectra of 2 shown in Fig. 2 of the main text. Colored lines show
the experimental data, black lines correspond to the best fits. Temperatures are indicated. (b) Comparison of
spectra at 20 K: (blue) taken before illumination; (red) taken after illumination and series of experiments
shown in Fig. 2 of the main article (i.e., illumination, warming to 90 K in the dark and recooling to 20 K).

s | —

V
1000 1050 1100 1150 1200
Magnetic field / mT

Fig. $4. Simulation of Q-band EPR spectra of 2 vs. temperature without illumination (this is the source of the
g-values shown as insets in Fig. 2 of the main article). Colored lines show the experimental data, black lines
correspond to the best fits. Temperatures are indicated.
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3. Details of the EPR spectroscopy for 3

Figure Sba reports ssmulations of all spectra shown in Fig. 3 of the main text, and Figure S5b
confirms the reversibility of LIESST-relaxation cycles for 3. Figure S6 shows the experimental and
simulated spectra taken without illumination.
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Fig. Sb. (a) Simulation of Q-band EPR spectra of 3 shown in Fig. 3 of the main text. Colored lines show the
experimental data, black lines correspond to the best fits. Asterisk marks radical impurity. Temperatures are
indicated. (b) Comparison of spectra at 20 K: (blue) taken before illumination; (red) taken after illumination
and series of experiments shown in Fig. 3 of the main article (i.e., illumination, warming to 90 K in the dark

and recooling to 20 K).
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Fig. S6. Simulation of Q-band EPR spectra of 3 vs. temperature without illumination (this is the source of the
g-values shown as insets in Fig. 3 of the main article). Colored lines show the experimental data, black lines
correspond to the best fits. The asterisk marks a radical impurity and temperatures are indicated.
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4. Effects of Sample Preparation

Using 3 as an example, Figure S7 illustrates the effect of sample preparation (compression of
polycrystalline powder into a KBr pellet) on SCO properties of the host lattice. One obvious
influence is the generation of radical center (marked by asterisk), which has a narrow EPR signal at
g~2 but does not disturb our experiments. The amount of generated impurity radical varies from
sample to sample, and it also has a finite lifetime; the impurity signal is stronger for freshly
prepared samples, and often decreases to almost zero after keeping the sample in afridge for afew
weeks. With respect to the target compound, the Cu?*-derived signals in the gxy region are very
similar for both KBr pellet and polycrystalline powder. The most informative signals in the g:
region are also very similar between T = 20-50 K. However, they dlightly differ from each other at
temperatures close to T(LIESST), between 70-90 K. We believe that this indicates that the SCO
becomes less abrupt (more gradual) in the pellet due to the exposure to an external pressure,
resulting in a broadening of the four g- peaks at ~70-90 K. Such phenomena are known, and, for
instance, have been recently observed by us for the other SCO-like materials.>*
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Fig. S7. Variable-temperature Q-band EPR spectra of 3 measured without illumination using KBr pellet (top)
and pure polycrystalline powder (bottom). Temperatures are indicated. Asterisk marks radical impurity. Grey
vertical lines guide the eye for comparison of the corresponding line positions.
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5. Simulation parametersfor 1-3

All simulations in the main text and Sl used the following sets of parameters, where gxy,z are the
principal components of the g-tensor (9. = gxy and gy = g: for axial symmetry); Axxyy.zz are the
principal components of the hyperfine interaction tensor
symmetry); and vmw IS the microwave frequency. The error on the simulated g-valuesis ca +0.002.

(AJ_ = Axyy and Ay = Az for axid

EPR parameters in frozen solution for the dopant complexes in 2 and 3 are also provided, for
comparison. No frozen solution data are available for the low-spin form of the [Co(terpy)2]?* dopant

inl.

5.1. Compound 1

Compound 1
dark irradiated
T/K 20 90
Ox 2.060 2.068
Oy 2.100 2.088
0z 2.200 2.201
Axxyy | MHz ~110* ~50*
Azl MHz 300 310
vw / GHz ~33.11

* These values are rough estimates, since Axx,y is poorly resolved.

5.2. Compound 2

Compound 2 [Cu(ter py)2][PFe]2>®
dark irradiated relaxed | d-ethanol solution
T/K 20 50 70 30 40 50 60 70 80 90 20 15
gL 2.061 | 2.062 | 2.063 | 2.066 | 2.066 | 2.065 | 2.063 | 2.064 | 2.063 | 2.063 2.060 2.062
al 2252 | 2.256 | 2.257 | 2.268 | 2.267 | 2.268 | 2.264 | 2.264 | 2.256 | 2.256 2.255 2.260
AL/ MHz 61 70 70 54 56 49 53 56 74 76 70 58
A/ MHz 500 500
vmw / GHz ~33.27
5.3. Compound 3
Compound 3 [Cu(bpp)2][BF4]2%
dark irradiated relaxed MeCN solution
T/K 20 50 70 30 40 50 60 70 80 90 20 120
Ox 2.038 | 2042 | 2.042 | 2.049 | 2.047 | 2.047 | 2.047 | 2.045 | 2.042 | 2.043 2.037 2.051
Oy 2.099 | 2113 | 2121 | 2107 | 2109 | 2115 | 2119 | 2124 | 2.131 | 2.135 2.099 2.099
0z 2270 | 2264 | 2.256 | 2.288 | 2.284 | 2.280 | 2.277 | 2.272 | 2.246 | 2.243 2.270 2.281
Axx/ MHz 120 120 120 120 100 120 110 110 120 100 120 —
Ay / MHz 50 120 120 80 80 120 100 120 150 150 50 -
Azl MHz 450 430 430 430 430 430 430 430 400 380 450 437
vmw / GHz ~33.27 GHz
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6. Description of the experimental EPR setup

All measurements were carried out using a commercial Bruker Elexsys E580 EPR spectrometer at
Q-band in continuous wave mode. The spectrometer was equipped with Oxford Instruments
temperature control system ER 4112HV-F including continuous gas flow cryostat, pumps and all
accessories. In al experiments we used Q-band resonator ER 5106 QT-W. Photoillumination was
performed with a 532 nm OLED fed directly into the EPR probe by an optical fiber. The fiber was
inserted directly into EPR sample tube from the top, through the sample holder, and illuminated
from outside the cryostat. A small piece of a KBr pellet with target compound dispersed in it was
placed on the bottom of 1.8 mm ID / 2.8 mm OD quartz tube with the plane perpendicular to the
fiber direction. In such conditions maximum photoswitching efficiency was obtained.

The spectra were recorded using standard experimental settings with modulation amplitude being 3-

10 Gs and microwave power adjusted as a trade-off between signal intensity, baseline stability and
nearly absent saturation. Number of scans varied depending on temperature and sample amount.
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