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Materials and methods

All chemical reagents and solvents were used without further purification.
Physical characterization

Fourier-transform infrared (FT-IR) spectroscopy data were recorded neat using a Jasco
FT/IR-6100. UV-vis was measured in a V-670 spectrophotometer (JASCO). Powder X-
ray diffraction data was collected using a Rigaku SmartLab diffractometer with Cu Ka
radiation (A = 1.54056 A) in Bragg-Brentano geometry. Rheological measurements of the
gels were performed using a stress-controlled AR-G2 (TA instruments, New Castle, DE,
USA) rheometer by compression mode. Shearing mode was also used in a Modular
Compact Rheometer MCR 502 (Anton Paar, Graz, Austria). Dynamic Light Scattering
(DLS) and zeta potential measurements were performed using a Zetasizer Nano ZS

(Malvern Instruments).

Aerogel formation. Super-critical CO; drying process was carried out on SCLEAD2BD
autoclave (KISCO) using super-critical CO; at 14 MPa and 40 °C.

Crystallography. Single crystal X-ray diffraction data was obtained on a Rigaku model
XtaLAB P200 diffractometer equipped with a Dectris model PILATUS 200K detector and
confocal monochromated Mo Ka radiation (A = 0.71075 A). The structure solution and
refinement were performed using ShelXT!" using Least Squares minimization operated
through the Olex2 interface (Table S1). The coordinated DMA molecules were refined
isotropically, and their hydrogen atoms were omitted. The disordered solvent molecules
were accounted for using SQUEEZE. The .cif file for the structures has been submitted
to the Cambridge Structural Database: CCDC 2263447. These S7 data can be obtained
free of charge from The Cambridge Crystallographic Data Centre via

www.ccdc.cam.ac.uk/data_request/cif

Porosity. N, (77 K) gas sorption isotherms were recorded on a BELSORP-max
volumetric adsorption instrument from BEL Japan Inc. Prior to gas sorption
measurement, the samples were activated at 120 °C for 12 h. BET surface identification
(BETSI) was used for surface area calculations.®! Pore size distributions (PSD) were

estimated by NLDFT using the slit-pore shape model.



Experimental details

Synthesis of [Ruz(OAc)4(THF);]BF.:

The starting cationic diruthenium complex, [Ruz(OAc)«(THF);]JBFs was prepared by

following a previously reported method.™
Synthesis of OH-RuMOP(OH)+. crystals and bulk OH-RuMOP[BF4]+.:

[Ruz(OAC)4(THF)2]BF, (0.180 g, 0.27 mmol), 5-hydroxyisophthalic acid (0.182 g, 1.0
mmol) and Na,CO3(0.020 g, 0.18 mmol), were suspended in 2 mL of a DMA, sealed in a
vial, and heated at 120 °C. After 16 hours heating, brown single crystals of OH-
RuMOP(OH)4, suitable for single crystal X-ray diffraction analysis were obtained. The
mixture was centrifuged, and the resulting solid was washed with DMA (3 x 10 mL), water
(2 x 10 mL) and methanol (2 x 5 mL). Then, the crystals were dissolved in 4 mL of
methanol with 100 pL of aqueous HBF. (50 wt. %). After centrifugation, the supernatant
was poured into 40 mL diethyl ether, resulting in the precipitation of orange OH-
RuMOP[BF.]+; solid. After centrifugation, the precipitate was washed with diethyl ether
(2 x 10 mL) and dried at air overnight (0.142 g, 81% yield).

General procedure to produce OH-RuMOP-based gels:

Initial OH-RUMOP[BF,]12solutions in H,O:DMF mixtures were prepared by first dissolving
OH-RuMOP[BF.]+. powder in DMF and then adding water. After centrifugation to remove
air bubbles, the resulting clear brown solutions were placed into a preheated oven at

80°C towards gelation.
One-pot synthesis of OH-RuMOP-gelce:

[Ru2(OAC)4(THF)2]BF4 (0.032 g, 0.048 mmol) was added to a previously heated (80 °C)
solution of 5-hydroxyisophthalic acid (0.035 g, 0.192 mmol) in 1 mL of a H.O:DMF (9:1,
v/v) solvent mixture. After stirring, the mixture was heated at 80 °C for 24 h, resulting in

the formation of a dark brown gel.

General procedure to produce OH-RuMOP-based aerogels:

Once formed, the gel samples were washed with the same H.O:DMF solvent mixture
used for the synthesis. Next, they were soaked in acetone for three days, replacing the
solvent every 12 h. Then, the resulting gels were dried by supercritical CO, at 14 MPa

and 40 °C for 90 mins to yield the corresponding aerogel.



Table S1. Selected crystallographic data for OH-RuMOP(OH)1.

Empirical formula
Formula weight
Temperature/K
Crystal system

Space group
alA
b/A
c/A
al®
B/°
y/°
Volume/A®
z
Pcacg/cm?®
p/mm-*
F(000)
Crystal size/mm?3

Radiation

20 range for data collection/®

Index ranges
Reflections collected
Independent reflections
Data/restraints/parameters
Goodness-of-fit on F?
Final R indexes [I>=20c (I)]
Final R indexes [all data]

Largest diff. peak/hole / e A

C224HosNsO144RU24
7628.76
200
tetragonal
Alm
30.9370(2)
30.9370(2)
31.2314(3)
90
90
90
29891.5(5)
2
0.848
0.635
7408.0
0.2x0.2x0.2
Mo Ka (A =0.71073)
3.706 to 52.742
-38<h=<35,-34<k<35,-39<1< 35
123553
15592 [Rint = 0.0367, Rsigma = 0.0232]
15592/0/432
1.009
R: =0.0505, wR, = 0.1402
R: =0.0624, wR, = 0.1533
1.17/-1.04
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Figure S1. Powder X-ray diffraction patterns of as-made OH-RuMOP(OH), crystals
(black) and bulk OH-RuMOP[BF.]+. (orange) compared to simulated OH-RuMOP(OH)+.
(green).

Figure S2. Representation of the structure of OH-RuMOP(OH):, highlighting the
occupancy of Ru. axial sites by eight external DMA molecules (orange), and
indistinguishable four external (purple) and twelve internal (violet) H,O/OH  ligands.
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Figure S3. FT-IR spectra of [Rux(OAc).Cl] (green), [Ruz(OAc)«(THF):]BFs (red), OH-
RuMOP(OH)+, (black), and OH-RuUMOP[BF.].. (orange), highlighting the symmetric,
Veym(COy2), and asymmetric, Vas,m(CO>), carboxylate stretching modes.
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Figure S4. FT-IR spectra of [Ruz(OAc).Cl] (green), [Ruz(OAc)s(THF):]BFs (red), OH-

RuMOP(OH),, (black), and OH-RuMOP[BF.]i> (orange), highlighting the
presence/absence of BF, at ca. 1050 cm™.
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EDAX ZAF Quantification (Standardless)
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SEC Table : Default
Element Wt % At ¥ K-Ratio Z 2 F
CK 32.80 60.55 0.2024 1.0982 0.5618 1.0001
O K 20.82 28.86 0.0269 1.0813 0.1195 1.0002
F K 0.13 0.15 0.0002 1.0169 0.1249 1.0004
RuL 43.93 9.64 0.4123 0.8388 1.1188 1.0000
CuK 2.32 0.81 0.0206 0.9077 0.9818 1.0000

Figure S5. EDX of OH-RuUMOP(OH).. crystals showing the F:Ru ratio.
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CK 32.40 51.42 0.1582 1.0706 0.4561 1.0003
O K 27.10 32.29 0.0431 1.0542 0.1509 1.0004
F K 10.06 10.09 0.0137 0.9915 0.1378 1.0004
Rul 26.41 4.98 0.2413 0.8124 1.1244 1.0000
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Figure S6. EDX of OH-RuMOP[BF.]s. powder showing the F:Ru ratio.
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Figure S7. UV-vis spectra of [Ruz(OAc)4BFs (red) and OH-RuMOP[BF,]:. (orange)
solutions in H,O:DMF (9:1, v/v).
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Figure S8. DLS measurement of OH-RUMOP[BF 4]+ in H.O:DMF (9:1, v/v).
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Figure S9. {-potential measurement of OH-RUMOP[BF.]+2 in H,O:DMF (9:1, v/v).
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Figure S10. Photographs showing the evolution of a 0.2 mM OH-RuMOP[BF4}1> H.O:DMF
(9:1, v/v) solution in the presence of increasing equivalents of triethylamine (EtsN).
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Figure S11. FT-IR spectra of OH-RuUMOP(OH)+. solids obtained after treating a OH-
RuMOP[BF 4]+, H.O:DMF (9:1, v/v) solution with 9 equivalents of triethylamine (purple) or
heating it at 80 °C for 24 h (brown), compared to OH-RuMOP[BF]1. powder, highlighting
the presence/absence of BF, at ca. 1050 cm™.
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EDAXZ ZAF Quantification (Standardless)
Element Normalized
SEC Table : Default

Element Wt % At ¥ K-Ratio Z A F
CK 30.50 53.48 0.1998 1.0939 0.5986 1.0002
0K 28.74 37.84 0.0452 1.0754 0.1461 1.0001
FK 0.21 0.24 0.0003 1.0106 0.1426 1.0003
Rul 40.55 8.45 0.3657 0.8203 1.0996 1.0000

Figure S12. EDX of OH-RuMOP(OH),, obtained after addition of 9 equivalents of
triethylamine (EtsN) to a OH-RuMOP[BF.]+. H.O:DMF (9:1, v/v) solution, showing the

F:Ru ratio.
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Figure S13. Photographs showing the evolution of a 0.2 mM OH-RuMOP[BF 4]+ H.O:DMF
(9:1, v/v) solution upon heating at 80 °C for 24 h.
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SEC Table : Default
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CK 11.89 42.39 0.0683 1.1929 0.4819 1.0001
O K 8.11 21.71 0.0095 1.1742 0.0995 1.0003
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Rul 72.93 30.92 0.6876 0.9246 1.0196 1.0000
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Figure S14. EDX of OH-RUMOP(OH).,, obtained after heating a OH-RuMOP[BF.]:.
H,O:DMF (9:1, v/v) solution at 80 °C for 24 h, showing the F:Ru ratio.
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Figure S15. UV-vis spectra (top) and photographs (bottom) showing the evolution of a
0.2 mM OH-RuMOPI[BF.]12 H.O:DMF (9:1, v/v) solution in the presence of increasing
equivalents of triethylamine (EtsN).
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Figure S16. UV-vis spectra (top) and photographs (bottom) showing the evolution of a
0.2 mM OH-RuMOP[BF ]+ H.O:DMF (9:1, v/v) solution upon heating at 80 °C for 10 h.
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Figure S17. Time-resolved dynamic light scattering experiments (TR-DLS) during the
thermo-induced self-gelation at 70 °C of OH-RuUMOP[BF]+2 solutions (1 mM) in H.O:DMF
9:1 v/v (a), 7:3 v/v (b), and 1:1 v/v (c) solvent mixtures.
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Figure S18. Time-resolved dynamic light scattering experiments (TR-DLS) during the
thermo-induced self-gelation at 80 °C of OH-RuMOP[BF]+2 solutions (1 mM) in H.O:DMF
9:1 v/v (a), 7:3 viv (b), and 1:1 v/v (c) solvent mixtures.
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Figure S19. Estimated gelation time (Ze) values for thermo-induced self-gelation of OH-
RuMOP[BF 4]+ solutions (1 mM) in H,O:DMF 9:1 v/v, 7:3 v/v, and 1:1 v/v at 70 °C and 80
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Figure S20. Comparison between {-potential and </>rdata of 1 mM OH-RuMOP[BF ]+,
solutions in H.O:DMF 9:1 v/v (a), and 1:1 v/v (b) during the thermo-induced self-gelation
at 70 °C
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Figure S21. Photographs of OH-RuMOP[BF.]+2 solutions in ~APrOH (1 mM), DMF (1 mM),
and MeCN (0.5 mM), before (left) and after (right) heating at 80 °C for 72 h.
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Figure S22. Thixotropic behavior of the gel obtained after 3 h heating at 80 °C, showing
reversible sol-gel transition upon shaking/resting.
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Figure S23. Step strain experiments of the gel obtained after 3 h heating at 80 °C. Under
1% strain G’ (storage modulus) remains higher than G” (loss modulus), which
corresponds to a gel phase. Under 100% strain gel is converted to the sol phase where
G"is higher than G’ After 100 s resting, sol is reverted to the gel phase as G'is greater
than G" This is repeated for two more cycles to show self-recovering properties of the
gel.
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Figure S24. Storage and loss Young's modulus, £ and £" respectively, of the gels formed
by thermo-induced self-gelation of OH-RUMOP[BF]+. solutions (1 mM) in H,O:DMF 9:1
v/v (black), 7:3 v/v (magenta), and 1:1 v/v (yellow) heated at 80 °C for 24 h. The
measurements were performed at a fixed strain amplitude (1%)
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Figure S25. Particle size distribution histogram of OH-RuMOP-agel determined from FE-
SEM images.
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Figure S26. EDX of OH-RuMOP-agel showing the F:Ru ratio.
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Figure S27. DLS measurement of the solution obtained after dissolving OH-RuMOP-agel
in HBF4/DMF.
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Figure S28. Powder X-ray diffraction patterns of OH-RuMOP-agel (magenta) and bulk
OH-RuMOP[BF.]:. (orange).
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Figure S29. BETSI analysis of OH-RuMOP[BF]+2.
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Figure S30. BETSI analysis of OH-RuMOP-agel.
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Figure S31. Photographs of the resulting products after heating H.O-DMF 9:1 v/v
mixtures containing [Ru>(OAc)4(THF).]BF. and 5-hydroxyisophthalic acid (1:4) at different
concentrations ([Ruz] = 12 to 72 mM) were heated at 80 °C for 24 h.
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Figure S32. FT-IR spectra of OH-RuMOP-agel (magenta) and OH-RuMOP-agelor
(purple).
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Figure S33. Particle size distribution histogram of OH-RuMOP-agelor determined from
FE-SEM images.
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