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1. Experimental details of solid-state photophysical studies

1.1.  Experimental photophysical studies

Experimental intensity parameters, €, for the Eu?" coordination polymer was
determined from the emission spectra using the following Eq. 1: 12
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where y is the Lorentz local field correction term, given by y = n(n+2)*9 and
<7 Flu®

Dy — ’F, transition and 0.0023 for the °Dy — ’F4 one. The refractive index (n) has
been assumed equal to 1.5. In this work, the Dy — "Fg transition was not observed
experimentally; thus, the experimental Q¢ parameter could not be estimated. The
spontaneous emission coefficient, Ag; = 0.31 x 107'Y(n)*(vo;)’, leading to an
estimated value around 50 s™! for the refractive index (n) defined above. In Eq. (1),
the Ay, term, where A = 2 and 4, represents the spontaneous emission coefficients of
the Dy — ’F, and Dy — ’F, transitions, which can be calculated from Dy — ’F,
reference transition (magnetic dipole mechanism), therefore this transition is
practically insensitive to chemical environment changing, Eq. (2).
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Where Sy, and Sy, are the areas under the curves of the Dy — 7F; and Dy — "F,
transitions, with vy and v, being their energy barycenters respectively.

1.2. Theoretical calculations

The luminescent properties were calculated using the LUMPAC program.3
Initially, the Judd-Ofelt theory was used to calculate the intensity parameters €, (A = 2,
4, and 6) (Eq (3)).4°
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Where the B, term is the sum of the forced electric dipole (ed) dynamics coupling (dc)

contributions (Eq. (4)):
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All the terms appearing in this equation are thoroughly explained in the reference® and

in the LUMPAC homepage (https://www.lumpac.pro.br/theory).

The calculation of intensity parameters depends on the charge factors and
polarizabilities associated with the bonds between the Eu** ion and the ligand atoms.
Since there are no analytical equations for calculating these quantities, we proceed with
their adjustment using the QDC model,” aiming to fit the calculated Q, and Q4
parameters to their respective experimental values.

From the calculated intensity parameters, it was possible to calculate the energy
transfer and back transfer rates using the model developed by Malta and coworks.?
According to this model, the energy transfer rates, WET, can be determined from the
sum of two terms (Eq. (5)):

Wer =Wer' + Wy (5)

mm
The ™ ET term corresponds to the energy transfer rate obtained from the multipolar

mechanism (Eq. (6)):
(6)
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and the Wer term refers to the energy transfer rates obtained from the exchange mechanism

(Eq. (7))
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All the terms appearing in this equation are thoroughly explained in the

reference® and in the LUMPAC homepage (https:/www.lumpac.pro.br/theory).
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The intensity parameters were also used to determine the radiative emission rate
(Arad). The non-radiative emission rate (A,,q) Was calculated from A4 according to
Equation (9).

1
; = Arad + Anrad (9)

The energy transfer and back transfer rates, along with the rates of radiative and
non-radiative emission, made it possible to calculate, from Equations (10) and (11), the
quantum efficiency (1) and the quantum yield (q).

Arad (1 0)
n=———"
Arad + Anrad
Aradn 5D0
g=—° (11)
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where  D0is the Dy level population. and So correspond to the Sy singlet level
population and absorption rate, respectively.



2. Figures
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Fig. S1 '"H NMR spectrum for Etphox in (CDs),CO (400 MHz, . t.).
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Fig. S2 3C NMR spectrum for Etphox in (CD;),CO (101 MHz, r. t.)
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Fig. S4 '"H NMR spectrum for Naphox in (CDs),SO (400 MHz, . t.).

g3 L 2 o
28 g 82 e Ne e
\/ RN H 7
HC CH c
3\HC/5 0”80
4
5
3
4
8
7 : “Jﬂ~

T T
160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 ppm

Fig. S5 3C NMR spectrum for Etphox in (CD;),CO (101 MHz, r. t.).

Transmitance / a.u.

! I ! I ! I ! I ! 1 ! I ! I
4000 3500 3000 2500 2000 1500 1000 500

Wavenumber / cm”

Fig. S6 IR spectra of Etphox (black line) and Naphox (red line).
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Fig. S7 IR data of 1, 2 and 3.
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Fig. S8 TG curves of 1, 2 and 3.
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Fig. S9 Experimental and simulated X-ray diffraction patterns of (a) 1, (b) 2 and (c) 3.
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Fig. S10 Representation of the one-dimensional network of 1 by hydrogen bonds view through

the [010] direction. Interactions are represented by cyan dashed lines.
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Fig. S11 Ac susceptibility data for 2. (a) Frequency dependence of the in-phase () and out-of-
phase (y’’) components of the ac magnetic susceptibility taken at various temperatures using a
dc magnetic field of 1 kOe; solid lines correspond to the fit using the generalized Debye model.
(b) Cole-Cole plot using the dc magnetic field of 1 kOe with solid lines corresponding to the
generalized Debye model fitting results. (c) Temperature dependence of the relaxation time and

their fit using the phonon bottleneck effect.
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Fig. S12 Lifetime decay for (a) 1 and (b) 3, under excitation at 275.2 nm and 276.2 nm,

respectively.

Fig. S13 Chromaticity diagram obtained from the emission spectra of the 1 and 3 oxamate
complexes. The inserts display photographs of complexes 1 and 3 obtained with a digital
camera indicating the intense photoluminescence in the red region observed under UV

irradiation.
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3. Tables

Table S1. Selected bond lengths (A) and angles (°) for 1.

Bond lengths (A) Bond angles (°)
Eu(1)-0(1) 2.423(6) O(1)-Eu(1)-0O(9) 141.3(2)
Eu(1)-0(2) 2.522(6) O(10)-Eu(1)-0(9)! 73.86(19)
Eu(1)-0(4) 2.460(6) O(1)-Eu(1)-0(4) 107.3(2)
Eu(1)-0(5) 2.488(5) O(4)-Eu(1)-0(7) 70.81(19)
Eu(1)-0(7) 2.487(6) O(4)-Eu(1)-0(5) 64.57(19)
Eu(1)-0(8) 2.507(5) O(10)-Eu(1)-0(8) 138.72(18)
Eu(1)-0(9)! 2.460(6) O(11)-Eu(1)-0(7) 134.17(19)
Eu(1)-0(10) 2.436(6) O(11)-Eu(1)-0(10) 74.7(2)
Eu(1)-0O(11) 2.378(6) O(11)-Eu(1)-0(1) 75.8(2)

Symmetry operations () = —x+3/2, y—1/2, -z+3/2.
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Table S2. Selected bond lengths (A) and angles (°) for 2.

Bond lengths (A)

Bond angles (°)

Gd1-02
Gd1-03
Gd1-04
Gd1-051
Gd1-06
Gd1-07
Gd1-09
Gd1-010
Gd1-011

2.444 (2)
2.476 (2)
2435 (2)
2.483 (2)
2.487 (2)
2.409 (3)
2.510 (3)
2.370 (2)
2.429 (2)

02-Gd1-03
02-Gd1-04
02-Gd1-051
02-Gd1-06
02-Gd1-07
02-Gd1-09
02-Gd1-010
02-Gd1-011
04-Gd1-03
03-Gd1-051
03-Gd1-06
03-Gd1-07
03-Gd1-09
03-Gd1-010
03-Gd1-011
04-Gd1-05i
04-Gd1-06
04-Gd1-07
04-Gd1-09
04-Gd1-010
04-Gd1-011
05i-Gd1-06
051 -Gd1-07
051-Gd1-09
051-Gd1-010
051-Gd1-011
07-Gd1-06
06-Gd1-09
06-Gd1-010
06-Gd1-011
07-Gd1-09
07-Gd1-010
07-Gd1-011
09-Gd1-010
09-Gd1-011
010-Gd1-0O11

64.65 (8)
75.17 (8)
70.35 (8)
128.64 (8)
107.51 (9)
131.65 (8)
140.76 (9)
69.47 (8)
137.74 (8)
73.21 (8)
118.85 (8)
68.03 (9)
68.99 (9)
141.71 (9)
102.33 (9)
81.75 (8)
76.64 (8)
140.73 (9)
142.02 (8)
79.23 (9)
73.83 (8)
63.76 (7)
136.93 (9)
84.16 (9)
134.31 (8)
136.99 (9)
121.38 (9)
65.49 (8)
71.56 (8)
138.79 (8)
65.17 (9)
75.39 (10)
71.02 (9)
85.98 (10)
135.40 (9)
75.16 (9)

Symmetry operations (\) = —x+3/2, y—1/2, —z+1/2.
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Table S3. Selected bond lengths (A) and angles (°) for 3.

Bond lengths (A)

Bond angles (°)

Tb(01)-O(1)
Th(01)-O(2)
Th(01)-O(4)
Tb(01)-O(5)
Tb(01)-O(7)
Tb(01)-O(8)
Tb(01)-O(9)i
Tb(01)-0(10)
Th(01)-O(11)

2.450(3)
2.494(3)
2.416(4)
2.533(3)
2.454(3)
2.504(3)
2.498(3)
2.381(3)
2.436(3)

O(1)-Eu(1)-0O(9)
0(10)-Eu(1)-0(9)'
O(1)-Eu(1)-0O(4)
O(4)-Eu(1)-0(7)
O(4)-Eu(1)-0(5)
0(10)-Eu(1)-0(8)
O(11)-Eu(1)-0(7)
O(11)-Eu(1)-0(10)
O(11)-Eu(1)-0O(1)

70.55(11)
134.27(12)
107.43(12)
140.89(12)
64.86(12)
71.55(11)
73.75(11)
74.81(2)
69.56(11)

Symmetry operations () = —x+1/2, y+1/2, —z+1/2.
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Table S4. CShM calculations of the coordination environment at metal(III) ion in all complexes of MLy coordination sphere.?

Compound EP-9 OPY-9 HBPY-9 JTC-9 JCCU-9 CCU-9 JCSAPR-9 CSAPR-9 JTCTPR-9 TCTPR-9 JTDIC-9 HH-9 MFF-9
1 37.134 22.108 18.815 15.670 11.117 9.647 1.523 0.398 3.038 1.234 12.591 11.417 0.453
2 37.154 22.081 18.912 15.760 11.079 9.599 1.519 0.381 3.025 1.207 12.689 11.361 0.453
3 37.173 22.054 18.903 15.690 11.093 9.600 1.544 0.393 3.070 1.225 12.617 11.400 0.455

2Abbreviations: EP-9 = Enneagon (Dgp,); OPY-9= Octagonal pyramid (Cg,); HBPY-9 = Heptagonal bipyramid (D7y,); JTC-9 = Johnson triangular cupola J3 (Cs,); JCCU-9 = Capped cube J8
(C4); CCU-9 = Spherical-relaxed capped cube (Cs,); JCSAPR-9 = Capped square antiprism J10 (C4,); CSAPR-9 = Spherical capped square antiprism (Cs,); JTCTPR-9 = Tricapped trigonal
prism J51 (D3y); TCTPR-9 = Spherical tricapped trigonal prism (D3p,); JTDIC-9 = Tridiminished icosahedron J63 (Cs,); HH-9 = Hula-hoop (C,,); MFF-9 = Muffin (Cy)
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Table S5. Debye parameters from the AC susceptibility data were measured with an applied
magnetic field of 1 kOe for 2.

T/K t/s yr/ cm? mol! K xs / cm? mol~' K o

3 9.10E-4 0.001194 0.009895 0.19
4 5.88E-4 0.003171 0.008031 0.12
5 3.93E-4 0.002549 0.006551 0.11
6 2.77E-4 0.002123 0.005503 0.10
7 2.03E-4 0.001820 0.004719 0.09
8 1.54E-4 0.001592 0.004132 0.09
9 1.22E-4 0.001407 0.003699 0.09
10 9.74E-5 0.001273 0.003315 0.08
11 7.95E-5 0.001163 0.003003 0.07
12 6.66E-5 0.001069 0.002751 0.06
13 5.70E-5 9.890E-04 0.002541 0.06
14 4.95E-5 9.199E-04 0.002363 0.05
15 4.35E-5 8.562E-04 0.002209 0.05
16 3.86E-5 8.104E-04 0.002064 0.04
17 3.46E-5 7.660E-04 0.001938 0.04
18 3.13E-5 7.222E-04 0.001833 0.04
19 2.84E-5 6.815E-04 0.001738 0.04
20 2.61E-5 6.586E-04 0.001647 0.03
21 2.38E-5 6.199E-04 0.001572 0.03
22 2.18E-5 5.910E-04 0.001498 0.03

23 2.02E-5 5.677E-04 0.001431 0.03




Table S6. Debye parameters from the AC susceptibility data were measured with an applied
magnetic field of 2.5 kOe for 2.

T/K t/s yr/ cm? mol! K xs / cm? mol~' K o

3 0.001658 3.43E-4 0.002614 0.27
4 0.001244 2.9E-4 0.002753 0.15
5 8.848E-04 24E-4 0.002476 0.11
6 6.258E-04 2.02E-4 0.002148 0.10
7 4.535E-04 1.74E-4 0.001870 0.09
8 3.372E-04 1.5E-4 0.001650 0.08
9 2.573E-04 1.34E-4 0.001464 0.07
10 2.024E-04 1.20E-4 0.001324 0.07
11 1.613E-04 1.10E-4 0.001198 0.06
12 1.322E-04 1.01E-4 0.001101 0.06
13 1.100E-04 9.35E-5 0.001016 0.05
14 9.286E-05 8.76E-5 9.418E-04 0.04
15 7.983E-05 8.26E-5 8.804E-04 0.04
16 6.943E-05 7.82E-5 8.249E-04 0.04
17 6.090E-05 7.41E-5 7.742E-04 0.03
18 5.452E-05 6.93E-5 7.346E-04 0.04
19 4.903E-05 6.66E-5 6.976E-04 0.04
20 4.422E-05 6.26E-5 6.643E-04 0.04
21 3.995E-05 6.10E-5 6.292E-04 0.03
22 3.640E-05 5.91E-5 5.993E-04 0.03
23 3.340E-05 5.68E-5 5.739E-04 0.02
24 3.069E-05 5.42E-5 5.500E-04 0.02
25 2.825E-05 5.31E-5 5.258E-04 0.02
26 2.618E-05 5.21E-5 5.053E-04 0.02
27 2.428E-05 5.39E-5 4.820E-04 0.01
28 2.274E-05 5.07E-5 4.684E-04 0.01
29 2.109E-05 445E-5 4.558E-04 0.02
30 1.965E-05 4.38E-5 4.388E-04 0.02
31 1.834E-05 4.16E-5 4.246E-04 0.02
32 1.719E-05 4.01E-5 4.113E-04 0.02
33 1.615E-05 3.99E-5 3.976E-04 0.01

Table S7. Spherical Atomic Coordinates for the Sparkle/PM3 model Coordination Polyhedron,
Charge Factors (g), and the Polarizability (a) of the Coordinated Ligating Atoms for 1.

Atom R (A) 0 () D (%) g a (A3
Eu 0.0000 0.00 0.00 - -

0 2.4534 79.09 73.09 0.2396 6.1792
0 2.4975 9428 358.46 0.2434 3.3989
0 2.4813 21.75 337.99 0.2433 3.9535
O 2.4902 134.72 240.74 0.2435 4.2736
O 2.5123 88.41 301.34 0.2361 4.7835
O 2.5131 34.88 153.63 0.2372 5.5842
0 2.5104 80.11 222.36 0.2366 5.1597
0 2.4430 153.51 4921 0.2479 3.6369
0 2.4358 106.83 143.58 0.2477 3.7028
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