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Single Crystal Diffraction Data

Figure S1: Packing diagram of Ln(4-NO,Tp);-CsHq4 polymorph (disordered hexane molecules were
omitted for clarity) along [001] direction with hydrogen bonded sheets of Ln(4-NO,Tp); monomers
stacking in a ABBA arrangement.

S1



(b)

Figure S2: (a) Superposition of the structures of 5a (green), 5b (left, red) and [SmTps]* (right, red). (b)

Packing diagram of 5b with benzene molecules displayed.
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Powder X-Ray Diffraction Patterns
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Figure S3: PXRD patterns of isomorphous compounds, al — 9a with the simulated pattern of 4a (red lines).
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Figure S4: PXRD patterns of 5b and 8b with the simulated pattern of 5b (black lines).



Infrared Spectra
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Figure S5: IR spectra (ATR) of 1a — 9a, [Ln(4-NO,Tp)s]-CeH1a.
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Figure S6: IR spectra (ATR) of 5b and 8b, [Ln(4-NO,Tp)3]-7 CgHe.



NMR Spectra

La (4-N02Tp)3
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Figure S7: 'H NMR (400 MHz, acetonitrile-ds) of crude La(4-NO,Tp)s. & (ppm): 8.30 (s, 1H), 8.05 (s, 2H), 7.56 (s,
2H), 6.22 (s, 2H), 5.65 (d, 1H), 4.89 (s, 1H, BH), 2.20 (HDO), 1.98 (CD,HCN), 1.52 — 1.42 (cyclohexane). Low
intensity peaks at 3.09, 1.62, 1.38 and 0.99 ppm correspond to trace amounts of [TBA]* from the ligand and at
1.12 ppm to 'PrOH. & = 8.30, 8.05, 7.56, 6.22, 5.65 ppm correspond to La(4-NO,Tp)s.
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Figure S8: *H NMR (400 MHz, acetonitrile-ds) of crude Ce(4-NO,Tp)s. 6 (ppm): 20.00 (s, 1H), 12.86 (s, 1H), 11.46
(s, 2H), 4.09 (s, 2H), 2.25 (HDO), 1.94 (CD,HCN), 1.43 (cyclohexane) and -17.78 (s, 2H). Low intensity peaks
between 6 — 8 and at 3.10, 1.60, 1.34 and 0.97 ppm correspond to [TBA][4-NO,Tp]. 6 =20.00, 12.86, 11.46, 4.09,

-17.78 ppm correspond to Ce(4-NO,Tp)s.
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Pr(4—NOsz)3
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Figure S9: *H NMR (400 MHz, acetonitrile-ds) of crude Pr(4-NO,Tp)s. & (ppm): 21.47 (s, 1H), 13.35 (s, 1H), 12.62
(s, 2H), 4.62 (s, 2H), 2.09 (HDO), 1.91 (CD,HCN), 1.40 (cyclohexane), 1.06 (PrOH) and -18.87 (d, 2H). & =21.47,

13.35, 12.62, 4.62, -18.87 ppm correspond to Pr(4-NO,Tp)s.
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Figure S10: *H NMR (400 MHz, acetonitrile-ds) of crude Nd(4-NO,Tp)s. & (ppm): 16.04 (s, 1H), 12.39 (s, 2H), 12.21
(s, 1H), 6.21 (m, 2H), 3.88 (‘PrOH), 2.09 (HDO/CD,HCN), 1.45 (cyclohexane), 1.11 (‘PrOH), 0.99 (residual
tetrabutylammonium) and -8.80 (s, 2H). & =16.04, 12.39, 12.21, 6.21, -8.80 ppm correspond to Nd(4-NO,Tp)s.
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Sm(4—NOsz)3
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Figure S11: *H NMR (400 MHz, acetonitrile-d;) of crude Sm(4-NO,Tp)s. 6 (ppm): 9.04 (s, 1H), 8.55 (s, 2H), 8.29 (s,
1H), 5.71 (m, 2H), 3.90 ('PrOH), 3.31 (MeOH), 2.72 (s, 2H), 2.20 (HDO), 1.98 (CD,HCN), 1.47 (cyclohexane) and
1.11 ("PrOH). 6 =9.04, 8.55, 8.29, 5.71, 2.72 ppm correspond to Sm(4-NO,Tp)s.
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Figure S12: 'H NMR (400 MHz, acetonitrile-ds) of crude Eu(4-NO,Tp)s. 6 (ppm): 21.41 (s, 2H), 4.74 (s, 2H), 3.89
(s, 1H), 2.23 (HDO), 1.94 (CD,HCN), 1.89 (s, 1H), 1.44 (cyclohexane), 1.10 (‘PrOH) and -4.90 (s, 1H). Low intensity
peaks correspond to trace amounts of [TBA]*, 'PrOH and MeOH. 6 = 21.41, 4.74, 3.89, 1.89, -4.90 ppm

correspond to Eu(4-NO,Tp)s.
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Gd(4-N02Tp)3

Relaxation time was too fast to observe the peaks from this complex.
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Figure S13: 'H NMR (400 MHz, acetonitrile-ds;) of crude Tb(4-NO,Tp)s. 6 (ppm): 134.26 (s, 1H), 71.23 (s, 1H),
42.25 (s, 1H), 17.86 (s, 2H), 3.42 (HDO), 1.94 (CD,HCN), 1.38 (cyclohexane) and -28.39 (s, 2H). Low intensity
peaks correspond to trace amounts of [TBA]*, iPrOH and MeOH. & = 134.26, 71.23, 42.25, 17.86, -28.39 ppm

correspond to Th(4-NO,Tp)s.
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Figure S14: 'H NMR (400 MHz, acetonitrile-ds) of crude Dy(4-NO,Tp)s. 6 (ppm) 41.66 (s, 1H), 23.81 (s, 1H), 9.42
(s, 1H), 2.04 (CD,HCN), 1.49 (cyclohexane), -15.54 (s, 2H) and -137.83 (s, 2H). Low intensity peaks at 8.28, 7.23,
6.07, 3.20, 1.53, and 1.14 ppm correspond to trace amounts of [TBA][4-NO,Tp]. 6 = 41.66, 23.81, 9.42, -15.54

and -137.83 ppm correspond to Dy(4-NO,Tp)s.
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Thermogravimetric Analysis
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Figure S15: TGA curves of 5a (top, green) and 5b (bottom, blue). 5a features a mass loss of 9 % from
174 — 204 °C assigned as loss of lattice hexanes (theoretical mass loss = 8.5 %). 5b has a major mass
loss of 37 % from 70 — 170 °C assigned to the loss of lattice benzene molecules (theoretical mass loss
= 37 %). Mass losses are consistent with the assigned number of hexanes (1) and benzene (7) in
reported chemical formulae.
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Diffuse Reflectance Spectra
K[4-NO,Tp]
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Figure S16: DRS of K[4-NO,Tp] with absorption band from 225 to 425 nm.

1
100

B D
[e] (=]

Normalized Reflectance/ % @
S

225 325 425 525 625 725 825
A nm

Figure S17: DRS of 1a(La) with absorption band from 255 to 425 nm.
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Figure S18: DRS of 2a(Ce) with absorption band from 225 to 425 nm.
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Figure S19: DRS of 3a(Pr) with absorption band from 225 to 425 nm of 4-NO,Tp~ with direct Pr3* absorptions
from the 3H, ground state to 25*1L; at 449 nm (3Pg), 476 nm (3P;) and 491 nm (3Py) and 591 and 604 nm (D,).
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Figure S20: DRS of 4a(Nd) with absorption band from 225 to 425 nm of 4-NO,Tp~ with direct Nd3* absorptions
from the #lg/, ground state to 25*1L; at 432 nm (?Py/5), 466 nm (D3, 2Gg2), 525 nm (*Gyyy, 2K1s/2), 527 nm (*Gy2),
587 nm (465/2), 692 nm (4F9/2), 740 nm (453/2) and 799 nm (ZHg/z, 4F5/2).
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FigureS 21: DRS of 5a(Sm) with absorption band from 225 to 425 nm of 4-NO,Tp~ with direct Sm3* absorptions
from the ®Hs/, ground state to 25*1L; at 407 nm (8P3/2), 419 nm (*M1g/,), 442 nm (®Ps/2) and 468 nm (*13/,) and 480
nm (4|9/2).

S11
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Figure S22: DRS of 6a(Eu) with absorption band from 225 to 425 nm of 4-NO,Tp~ with emission from Eu3* (°Dy —
7F)) at 598 nm (J = 1), 622 nm (J = 2) and 693 nm (J = 4).
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Figure S23: DRS of 7a(Gd) with absorption band from 225 to 425 nm.
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Figure S24: DRS of 8a(Tb) with absorption band from 225 to 425 nm.
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Figure S25: DRS of 9a(Dy) with absorption band from 225 to 425 nm of 4-NO,Tp~ with direct Dy3* absorptions
from the ®Hys/, ground state to 2°*1L; at 429 nm (*Gyy/2), 456 nm (*l3s/2), 476 nm (*Fg2) and 761 nm (5Fs,).
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Figure S26: B3LYP optimized ground state structure of and xyz coordinates for Calc-1. The global energy
minimum for Calc-1 was -2753.56 hartrees. No imaginary frequencies were generated using this model.

Table S1: TD-DFT B3LYP/def2-tzvp transitions for calculated excited states corresponding to UV-VIS and

luminescence excitation bands.

Transition Energy Donor — Acceptor  Coefficient Contribution Oscillation

187 — 206 0.22848 11%
188 — 206 -0.17307 7%
188 — 207 0.38406 32%
188 — 208 0.13366 4%

So—S1 314 189 — 207 -0.12677 4% 0.000
189 — 208 -0.36474 29%
195 — 207 -0.12171 3%
196 — 206 -0.13392 4%
196 — 207 0.16549 6%
203 — 206 -0.17275 6%
203 — 207 0.21569 10%

So— Sy 276 nm 204 — 206 0.21297 10% 0.0161
205 — 207 0.40914 36%
205 — 208 0.42692 39%
179 — 206 0.43530 41%
179 — 208 0.22197 11%
180 — 206 -0.15601 5%

So— T4 404 nm 180 — 207 0.17855 7% 0.000
181 — 206 0.21409 10%
181 — 207 0.11750 3%
181 — 208 0.30976 21%
185 — 206 -0.12354 3%
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Judd-Ofelt Analysis

Table 2: Judd-Ofelt parameters for 6a and several Eu3* complexes

Compound Site Q,/ x10720 cm? Q,/ x10720 cm? Q¢/ x10720 cm?
Symmetry

ba D3, 1.2 10.3 N/A
[Eu,(MELL)(H,0)]2 D3 11.82 2.72 N/A
[Eu(DPA)]3~3 D3 10.5 5.31 8.32
(BMIm),[Eu(Pic)s]* Ca 15.1 13.9 N/A
(BEIm),[Eu(Pic)s]* Ca 12.0 10.3 N/A
(BBlm)z[EU(P|C)5]4 C4v 9.6 9.2 N/A

a — Determined using JOES® with an assumed refractive index of 1.5.
MELL — mellitic acid, DPA — dipicolinic acid, pic — pircric acid, BMIM — 1-butyl,3-
methylimidazolium, BEIM — 1-butyl,3-ethylimidazolium, BBIM — 1,3-dibutylimidazolium

The intensity of the hypersensitive °>Dy — ’F, transition can be used as a measure of the effect
of the ligand field on Eu3* and the JO parameter, Q, is a numerical representation of said LF
influence, aka covalency of Eu3*—4-NO,Tp~ bond. Q, is associated with a dynamic coupling
mechanism between the electric field of Ln3* and the electric dipole of the ligand induced by
the f-orbitals of Ln3*. (see references 48 — 51 from the main text)
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DC SQUID Data Fits and Parameters

Simulation of the temperature-dependent susceptibility data were accomplished using the
PHI software.® The |L, m; S,ms> basis was used to describe the lanthanoid centers, and, given
the local D3, geometry of the coordination sphere, the crystal field was described by the
Hamiltonian

H.r=B9,09 + B39,0% + B2,02 + BSOS

q . . . . .
where Bk are the crystal field parameters (including orbital reduction parameters), O are the

0

. q .
operator equivalent factors and “'k the Stevens operator equivalents.®”’

q
For each complex, a full survey of the full By space between -5000 and +5000 cm™ was
conducted. The best fit between experimental data and simulation were scattered over the

0 0 6 6
whole range for B2 and B+ but almost exclusively concentrated around O for By and Bs.

6 6 0 po
Therefore, in all further investigations, By and Bs were setto 0. The (BZ, B4) space was surveyed
in more detail, with the result represented Figure S27: Residual between experimental xmT data and
simulation on a logarithmic scale for 4a.Figure S27 - Figure $29.
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Figure S27: Residual between experimental x,,T data and simulation on a logarithmic scale for 4a.
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Figure S28: Residual between experimental x,,T data and simulation on a logarithmic scale for 8a.
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Figure S29: Residual between experimental x,,T data and simulation on a logarithmic scale for 9a.
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Contours plots of all three surfaces were superimposed (), to allow the search of sets of
crystal field parameters following a linear relationship with the number of 4f electrons in
the complexes. Of the various combination of parameters investigated, only two gave
satisfactory fits with the experimental data, and were manually optimized to give the two
parameter sets (sets 1 and 2 on Figure S30 below) reported in the article.

1000

800

) Nd
600} : I Dy

400

200

0

Bd /cm?

-200f
-400

-600

-800

_100(} 1 | | | 1 1 |
-5000 -4000 -3000 -2000 -1000 0 1000 2000

B3/ cm?t
Figure S30: Contour plot corresponding to the surfaces represented in Figure S27 - Figure S29. The dagger marker
is constrained at a 5:1 ratio to obtain a linear relationship between the crystal field parameters and the number
of f electrons in the complex. The two best sets of parameters are marked on the figure.
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Figure S31: Arrhenius plot of the magnetic relaxation time for 4a with curves fits obtained using the equations,
1-4.

All of the above equations/models yield a satisfactory fit for the experimental data. Equation
1 was chosen to fit the data given the low value for Ugs ~ 14 cm™ from all of the fits, is most
likely a vibronic (two-phonons Raman relaxation) process and not a true Orbach barrier.
Typical values for a real Orbach process would be >100 cm™.

S20



References

1. Apostolidis, C.; Kovacs, A.; Morgenstern, A. R., Jean; Walter, Olaf, Tris-{Hydridotris(1-
pyrazolyl)borato}lanthanide Complexes: Synthesis, Spectroscopy, Crystal Structure and
Bonding Properties. Inorganics. 2021, 9 (6), 44. https://doi/10.3390/inorganics9060044.

2. Rodrigues, M. O.; Paz, F. A. A,; Freire, R. O.; de S3, G. F.; Galembeck, A.; Montenegro,
M. C. B. S. M.; Araujo, A. N.; Alves, S., Jr., Modeling, Structural, and Spectroscopic Studies of
Lanthanide-Organic Frameworks. J. Phys. Chem. B. 2009, 113 (36), 12181-12188.
https://doi.org/10.1021/jp9022629.

3. Binnemans, K.; Van Herck, K.; Gorller-Walrand, C., Influence of dipicolinate ligands on
the spectroscopic properties of europium(lll) in solution. Chem. Phys. Lett. 1997, 266 (3), 297-
302. https://doi.org/10.1016/5S0009-2614(97)00012-2.

4, Borges, A. S.; Dutra, J. D. L.; Freire, R. O.; Moura, R. T., Jr.; Da Silva, J. G.; Malta, O. L,;
Araujo, M. H.; Brito, H. F., Synthesis and Characterization of the Europium(lll)
Pentakis(picrate) Complexes with Imidazolium Countercations: Structural and
Photoluminescence  Study. Inorg. Chem. 2012, 51 (23), 12867-12878.
https://doi.org/10.1021/ic301776n.

5. Ciri¢, A.; Stojadinovi¢, S.; Sekuli¢, M.; Dramiéanin, M. D., JOES: An application software
for Judd-Ofelt analysis from Eu3+ emission spectra. J. Lumin. 2019, 205, 351-356.
https://doi.org/10.1016/j.jlumin.2018.09.048.

6. Chilton, N. F.; Anderson, R. P.; Turner, L. D.; Soncini, A.; Murray, K. S., PHI: A powerful
new program for the analysis of anisotropic monomeric and exchange-coupled polynuclear
d- and f-block complexes. J. Comp. Chem. 2013, 34 (13), 1164-1175.
https://doi.org/10.1002/jcc.23234.

7. Bauer, E.; Rotter, M., MAGNETISM OF COMPLEX METALLIC ALLOYS: CRYSTALLINE
ELECTRIC FIELD EFFECTS. In Properties and Applications of Complex Intermetallics, pp 183-
248.

S21


https://doi/10.3390/inorganics9060044
https://doi.org/10.1021/jp9022629
https://doi.org/10.1016/S0009-2614(97)00012-2
https://doi.org/10.1021/ic301776n
https://doi.org/10.1016/j.jlumin.2018.09.048
https://doi.org/10.1002/jcc.23234

