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1. Analytical data for [La(L2)(MeOH),] (1)
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Fig. S2. ESI mass spectrum of 1 (MeOH/CH,Cl, solution, 10> M). The ESI mass spectrum
showed peaks for the dinuclear La'' complex, but with very low intensity, suggesting a rather
labile nature under the experimental conditions. The signal at m/z = 1633.386 (inset) and m/z
1696.389 can be attributed to [La,(L?)+H*]" and [La,(L?)(MeOH),]"* cations.



Analytical data for [Eu,(L?*)(MeOH),] (2)
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Fig. S3. FT-IR spectrum of 2.
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Fig. S4. ESI mass spectrum of 2 (mixed MeOH/EtOH/CH,Cl, solution, 10-> M). The ESI mass
spectrum showed peaks for the dinuclear Eu"' complex but with very low intensity. The signals
at m/z 1677.464 (inset) and at 1722.451 can be attributed to [Euy(L?)(H,O)+H']" and
[Euy(L?)(MeOH),]" cations, respectively.



2. Analytical data for [Thy(L2)(MeOH),] (3)
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Fig. S5. FT-IR spectrum of 3.
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Fig. S6. ESI mass spectrum of 3 (mixed MeOH/CH,Cl, solution, 10> M). The ESI-MS
spectrum showed only weak signals at m/z 1705.500 and 1737.435 attributable to dinuclear
[Tby(L?)(MeOH)+H']" and [Tby(L?)(MeOH),]" cations, respectively. The base peak at 681.313
seen in the spectra of 1, 2 and 4 is absent in this case for yet unknown reasons.



3. Analytical data for [Yb,(L?)] (4)
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Fig S7. FT-IR spectrum of 4.
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Fig. S8. ESI mass spectrum of 4 (mixed MeOH/CH,Cl, solution, 10> M). The ESI-MS
spectrum showed only a weak signal at m/z 1765.437 which corresponds to a
[Yby(L?)(MeOH),]" cation.



4. Spectrophotometric titrations / Determination of Stability Constants

Batch data for [La(L2)(MeOH),] (1)
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Fig. S9. Spectrophotometric titration of HgL? with La(NO3);-6H,0 in a CH,Cl,/MeOH (1/1
v/v) solvent mixture (2-10-> M concentration) at constant ionic strength (10> M N"BuyPF¢, 7=
298 K) in the presence of 2-10~* M NEt;. The green curve refers to a final molar ratio of M/HgL2
= 5.0. The inset shows the evolution of selected absorbance values versus the [La3*]/[(L?)%]
molar ratio.

HypeSpec refinement output (see main text for titration conditions)

Project title: Titration of HygL? by La (NOj3) s

Converged in 1 iterations with sigma = 3.4384
standard

Log beta value deviation

[La (L?) ] 5.4163 0.0485

[La, (L?) ] 11.4865 0.0549

Correlation coefficients

2 0.442

1

Parameter numbers
1 [La(L?)]

2 [Lay(L*)]



Titration of HEL2 by La(NO3)3: Batch data at 302 Titration of H6L2 by La(NO3)3: point 11 ID
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Fig. S10. Titration isotherm extracted at 302 nm (left panel), spectrum corresponding to the
11th data point (right panel), and plot of residuals (bottom panels). Observed absorbance values
are plotted as blue diamonds and the calculated ones as red crosses. The solid lines in the right
panel show the calculated contribution of H¢L? (red), La(NO;); (green), the 1:1 complex
(brown) and the 1:2 complex (blue) to the total absorbance.

Batch data for [Eu,(L?)(MeOH),] (2)

HypeSpec refinement output (see main text for titration conditions)

Project title: Titration of H¢L? by Eu (NOj)?3

Converged in 1 iterations with sigma = 4.0091
standard

Log beta value deviation

[Eu(L?) ] 6.0139 0.0686

[Eu, (L?) ] 12.0494 0.0911

Correlation coefficients

2 0.741

1

Parameter numbers
1 [Eu(L?)]

2 [Eu,(L%)]



Titration of HEL2 by Eu(NO3)3: Batch data at 389 Titration of H6L2 by Eu(NO3)3: point 10 ID
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Fig. S11. Titration isotherm extracted at 389 nm (left panel), spectrum corresponding to the
10th data point (right panel), and plot of residuals (bottom panels). Observed absorbance values
are plotted as blue diamonds and the calculated ones as red crosses. The solid lines in the right
panel show the calculated contribution of Hg¢L? (red), Eu(NOj3); (green), the 1:1 complex
(brown) and the 1:2 complex (blue) to the total absorbance.



Batch data for [Th,(L?)(MeOH),] (3)
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Fig. S12. Spectrophotometric titration of HgLL?> with Tb(NO3);-6H,0 in a CH,Cl,/MeOH (1/1
v/v) solvent mixture (2.5-10~> M concentration) at constant ionic strength (107> M N"BuyPFg, T
= 298 K) in the presence of 2-10™* M NEt;. The green curve refers to a final molar ratio of

M/HgL? = 4.0. The inset shows the evolution of selected absorbance values versus the
[Tb3*])/[(L?)®"] molar ratio.

HypeSpec refinement output (see main text for titration conditions)

Project title: Titration of HgL? by Tb (NOj) s

Converged in 1 iterations with sigma = 2.6220
standard

Log beta value deviation

[Tb (L?) ] 6.5596 0.0605

[Tb, (L?) ] 13.2028 0.1025

Correlation coefficients
2 0.918

1
Parameter numbers

1 [Tb(L?)]

2 [Tb,(L?)]



data at 408Titration of HGL by Tb(NO3)3: point 14 ID
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Fig. S13. Titration isotherm extracted at 408 nm (left panel), spectrum corresponding to the
14th data point (right panel), and plot of residuals (bottom panels). Observed absorbance values
are plotted as blue diamonds and the calculated ones as red crosses. The solid lines in the right
panel show the calculated contribution of HgL? (red), Tb(NO3); (green), the 1:1 complex
(brown) and the 1:2 complex (blue) to the total absorbance.



Batch data for [Yb,(L2)(MeOH),] (4)
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Fig. S14. Spectrophotometric titration of HgLL?> with Yb(NO3);-5H,0 in a CH,Cl,/MeOH (1/1
v/v) solvent mixture (2- 107> M concentration) at constant ionic strength (107> M N"BuyPFg, T'=
298 K) in the presence of 2-10* M NEt;. The green curve refers to a final molar ratio of

M3*/HgLL? = 5.0. The inset shows the evolution of selected absorbance values versus the
[Yb3*])/[(L?)®"] molar ratio.

HypeSpec refinement output (see main text for titration conditions)

Project title: Titration of HygL? by Yb (NOj3) s

Converged in 1 iterations with sigma = 1.0518
standard

Log beta value deviation

[Yb (L?) ] 5.2480 0.0772

[Yb, (L?) ] 11.5752 0.0766

Correlation coefficients
2 0.468

1

Parameter numbers

1 [Yb(L?)]

2 [Yb, (L?) ]



Titratrion of HGL2 by Yb(NO3)3: Batch data at 409Titratrion of HEL2 by Yb(NO3)3: point 12 ID
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Fig. S15. Titration isotherm extracted at 409 nm (left panel), spectrum corresponding to the
12th data point (right panel), and plot of residuals (bottom panels). Observed absorbance values
are plotted as blue diamonds and the calculated ones as red crosses. The solid lines in the right
panel show the calculated contribution of HeL? (red), Yb(NOs); (green), the 1:1 complex
(brown) and the 1:2 complex (blue) to the total absorbance.



6. Determination of Coordination Geometries

Determination of Coordination Geometries utilizing SHAPE
The coordination geometries of the lanthanide ion in complexes [HNEt;][Lny(HL')(L1)] and
[Lny(L?),(MeOH),] were examined utilizing the SHAPE program.! According to SHAPE,
deviations from ideal coordination geometry are represented by a symmetry factor, that
increases upon increasing distortions from the ideal geometry, for which the deviation factor

1S zero.

Several coordination environments were considered for the seven-coordinate Eu** ions in
(HNEt;)[Euy(HL')(L1)]. According to SHAPE, the coordination geometry is best described as
intermediate between a capped octahedron and a capped trigonal prismatic coordination

geometry.
Compound ¥ (HNEt3;)[Lny(HL)(L1)]
Coordination Abbreviation | Symmetry | Symmetry Symmetry
Geometry Factor Factor

Lnl Ln2

Heptagon HP-7 Dy, 29.097 30.205
Hexagonal pyramid HPY-7 Cey 17.958 19.332
Pentagonal bipyramid | PBPY-7 D5, 4.519 4.050
Capped octahedron COC-7 Csy 2.257 2.368
Capped trigonal prism | CTPR-7 Cyv 2.616 2.369
Johnson pentagonal JPBPY-7 Dsy, 7.260 6.941
bipyramid J13
Johnson elongated JETPY-7 C3v 16.624 16.584
triangular pyramid J7

a) Data refer to the crystal structure of the Gd complex.

According to SHAPE, the coordination geometry of the seven-coordinate Ln3* ions in the
[Ln,(L?)(MeOH),] complexes is best described as a capped octahedral (for Eul) or capped
trigonal octahedral (Eu2, Tb1, Th2). The other complexes (Ln = La, Yb) are assumed to be
isostructural to the Eu and Tb complexes and to exhibit similar coordination environments.

Compound [Euy(L2)(MeOH),] | [Thy(L?)(MeOH),]
Coordination Geometry Abbreviation | Symmetry | Factor Factor Factor Factor
Eul Eu2 Tb1 Tb2
Heptagon HP-7 Dy 30.309 30.048 29.446 30.526
Hexagonal pyramid HPY-7 Cov 18.806 20.891 20.301 20.734
Pentagonal bipyramid PBPY-7 Dsp 6.605 4.932 6.540 5.620
Capped octahedron COC-7 Csy 1.428 1.821 1.760 1.493
Capped trigonal prism CTPR-7 Cyy 1.917 1.300 1.125 1.309
Johnson pentagonal JPBPY-7 Dsy, 8.558 7.666 8.522 8.385
bipyramid J13
Johnson elongated triangular | JETPY-7 C3v 15.979 18.148 17.086 16.506
pyramid J7




7. Luminescence Properties of [HNEt;][Eu,(HL,)(L;)], [HNEt;][Tbo(HL,)(L})],
[Euy(L?)(MeOH),] (2) and [Tby(L?)(MeOH),] (3)
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Fig. S16. UV—vis absorption spectra of HgL?, [Eu,(L?)(MeOH),] (2), [Tb,(L?)(MeOH),] (3)
(2.5-107 M concentration), [HNEt;][Euy(HL')(L')] and [HNEt;][Tbo,(HL)(LY)] (5:107° M) in
CH,CI,/MeOH (1/1, v/v) at 298 K. Inset: spectra of PMMA films 4 wt% doped with the
respective complexes (thickness = 0.2 mm).
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Fig. S17.  Excitation spectra of [HNEt;][Euy(HL')(L")], [HNEt][Tby(HL")(LY)],
[Euy(L?)(MeOH);] (2), and [Tby(L?)(MeOH),] (3) at 77 K and 298 K immobilized in a PMMA
thin film (4 wt%, thickness ~ 0.2 mm) and in the solid state for 3 upon monitoring at 615 nm
(Eu?") and 545 nm (Tb?").



6. Photoluminescence properties of [Euy(L?)(MeOH),] (2) and [Tb,y(L?*)(MeOH);] (3)
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Fig. S18. Emission (A, = 360 nm) and excitation (A, = 610 nm) spectra of Eu** complex 2 at
77 K in a CH,Cl,/MeOH 1:1 glassy matrix.

Table S1. Lifetimes (Aex = 376.7 nm), photoluminescence quantum yields (A, = 360 nm) and
deactivation rate constants for Eu complex 2 at 77 K in a CH,Cl,/MeOH 1:1 glassy matrix.

Emission 79 79 T DL k. ko

wavelength (us) (us) (ns) (%) (s (s

(nm)

580 908 £ 17 370+ 4 430 + 20 80 +£50 23+0.1)x10°
(10) (90)

610 787 £ 14 372+£2 402 £ 6 349 8050 | (2.41+0.09)x10°
(14) (86)

630 860 + 30 383+ 6 427+ 9 80+ 50 (2.3+£0.1)x10°
©) (&2Y)

a) Relative amplitudes are given in parentheses as %. b) Amplitude-weighted average lifetime.

10° |
|

Intensity [Counts]

X (red) = 0.867

Resids.

| Parameter Value | Conf. toner Conf. upper } Conf. estimation
Uil A [Cnts] 627.6 205 +20.5 | Fiting |
(1{1|| 2 [ms] 0.9077| -0.0156 +0.0156 Fitting

Az [Cnts] 5410.3 | -59.1] +59.1| Fitting

2 [ms] 0.36954 -0.00339 +0.00339 Fitting

Bkgr. pec [Cnis] 2.394] -0.411| +0.411] Fitting

Average Lifetime:

6.0
time [ms]

7.5

Tav.1
Tav2

=0.4889 ms (intensity weighted)
=0.4255 ms (amplitude weighted)




Fig. S19. Left: Time-resolved luminescence decay of Eu*" complex 2 in a glassy matrix of
CH,Cl,/MeOH 1:1 at 77 K, including the residuals (1ex = 376.7 nm, Ae,, = 580 nm). Right:
Fitting parameters including pre-exponential factors and confidence limits.
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Fig. S20. Left: Time-resolved luminescence decay of Eu’" complex 2 in a glassy matrix of
CH,Cl,/MeOH 1:1 at 77 K, including the residuals (1ex = 376.7 nm, Ae,, = 610 nm). Right:
Fitting parameters including pre-exponential factors and confidence limits.
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time [ms] Tay.2=0-4268 ms (amplitude weighted)

Fig. S21. Left: Time-resolved luminescence decay of Eu’" complex 2 in a glassy matrix of
CH,Cl,/MeOH 1:1 at 77 K, including the residuals (1ex = 376.7 nm, Ae,, = 630 nm). Right:
Fitting parameters including pre-exponential factors and confidence limits.
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Fig. S22. Emission (A = 360 nm) and excitation (A, = 543 nm) spectra of Tb** complex 3 at
77 K in a CH,Cl,/MeOH 1:1 glassy matrix.

Table S2. Lifetimes (Aex = 376.7 nm), photoluminescence quantum yields (A = 360 nm) and
deactivation rate constants for Tb** complex 3 at 77 K in a CH,Cl,/MeOH 1:1 glassy matrix

Emission 7@ 7, T ? DL k. ko

wavelength (ns) (1s) (ns) (%) (s (s

(nm)

490 1582+ 15 565+ 18 1040 + 30 180 + 30 (7.8 £0.5) x 10?
(71) (29) 19+2

543 1484 £ 9 451 £ 8 900 £+ 30 280+40 | (1.19+£0.07) x 103
(71) (29)

a) Relative amplitudes are given in parentheses as %. b) Amplitude-weighted average lifetime.

J" Xt (red) = 0.808 | |
3

8
2
5
Parameter Value Conf. Lower Conf. ypper Conf. estimation
(il | | A, [Cnts] 1290.9 -18.9 +18.9 Fitting
! MY |2 [ms] 15820 -0.0153 +0.0153 Fiting
L A; [Crts] 1498.3 466 +46.6 Fitting
Soi : . . : [ ms] 0.5645 -0.0179 +0.0179 Fitting
) 15-W |[Bkgr. oes [Cnts] 0.958 0352 +0.352 Fitting
£ oo |
2 . " | Average Lifetime:
3oL | ! | Tay.1=1.2840 ms (intensity weighted)
L thy,=1.0354 ms (amplitude weighted)

Fig. S23. Left: Time-resolved luminescence decay of Tb*" complex 3 in a glassy matrix of
CH,CI,/MeOH 1:1 at 77 K, including the residuals (Aex = 376.7 nm, A, = 490 nm). Right:
Fitting parameters including pre-exponential factors and confidence limits.



Intensity [Counts]

Parameter Value Conf. Lower Conf. ypger Conf. estmatien

il 10 Aq [Cnits] | 21590 -27.2 +27.2| __ Fitling
‘ sl [ [ms] [ 14844 -0.0123| +0.0123]  Fiting |
| = A; [Cnts] [ 2849.8| -76.8 +768|  Fiting |
1 12 [ms] 0.4505 -0.0127 +0.0127 Fitting
, 25 |BKgr. pe [Cnts] 1.076 -0.355 +0.355 Fitting
£ 00
2 25 f Average Lifetime:
L > 7 s s 0 e 7 6 8 .= 1.1887 ms (intensity weighted)

time [ms) Tay2=0-8962 ms (amplitude weighted)

Fig. S24. Left: Time-resolved luminescence decay of Tb3" complex 3 in a glassy matrix of
CH,CI,/MeOH 1:1 at 77 K, including the residuals (Aex = 376.7 nm, A, = 543 nm). Right:
Fitting parameters including pre-exponential factors and confidence limits.
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Fig. S25. Emission (A, = 360 nm) and excitation (A, = 607 nm) spectra of Eu** complex 2 at
77 K in the solid state.

Table S3. Lifetimes (Aex = 376.7 nm), photoluminescence quantum yields (Aexc = 360 nm) and
deactivation rate constants for Eu3* complex 2 at 77 K in the solid state.

Emission 7 ¢ 7 ¢ Ty ? D k¢ feor ¢

wavelength (1s) (us) (us) (%) (s (s

(nm)

607 258 £3 90 +1 143 +£4 <140 (6.98 > k. >
(31) (69) <> 6.84) x 103

630 253 +3 87 +2 139+ 4 <144 (7.20 >k, >
(31) (69) 7.06) x 103

a) Relative amplitudes are given in parentheses as %. ® Amplitude-weighted average lifetime. © The upper limit
of the @y is used for the calculation. 9 The upper and lower limits of the @, are used to calculate k.



X? (red) = 0.862

g
=
£
Parameter Value  Conf. Lower T Conf. upper Conf. Estimation
As [Cnts] 2083.8 -31.4 +31.4 Fitting
71 [ms] 0.25842 -0.00240 +0.00240 Fitting
A; [Cnts] 4547.9 835 +835 Fitting
af 2 [ms] 0.09038 -0.00166 +0.00166 Fitting
. 2 I i Bkgr. pe: [Cnts] 0.970 -0.307 +0.307 Fitting
£ o St L
g 2 f‘ Average Lifetime:
-4 o = o 3
000 075 150 225 300 375 450 525  6.00 Tay.1=0.18568 ms (intensity weighted)
time [ms] Tay2=0.14318 ms (amplitude weighted)

Fig. S26. Left: Time-resolved luminescence decay of Eu** complex 2 in the solid state at 77 K,
including the residuals (Aex = 376.7 nm, A¢y, = 607 nm). Right: Fitting parameters including pre-
exponential factors and confidence limits.

X2 (red) = 0.974

10*

2
o
z
8
z
Parameter Value Conf. Lower Conf. ypper Conf. gsymation

J A, [Cnts] 1891.6 322 +322 Fitting

| ot [ms] 0.25279 0.00264]  +0.00264 Fitting

—f—’ l L-‘,l»w‘ru-rwj I ulu#m A; [Cnts] 4189.4 -86.4 +86.4 Fitting

lms] 0.08741 -0.00181 +0.00181 Fitting

BKgr. oe [Cnts] 0.963 0322 +0.322 Fitling

Resids.

Average Lifetime:
Tay1=0-18106 ms (intensity weighted)
Tay2=0-13885 ms (amplitude weighted)

0.00 0.75 1.50 225 3.00 375 4.50 525 6.00
time [ms]

Fig. S27. Left: Time-resolved luminescence decay of Eu** complex 2 in the solid state at 77 K,
including the residuals (Aexe = 376.7 nm, 4., = 630 nm). Right: Fitting parameters including
pre-exponential factors and confidence limits.
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Fig. S28. Emission (A, = 360 nm) and excitation (A, = 550 nm) spectra of Tb** complex 3 at
77 K in the solid state.

Table S4. Lifetimes (Ax = 376.7 nm), photoluminescence quantum yields and deactivation rate
constants of Tb** complex 3 at 77 K in the solid state (Aex = 360 nm)

Emission 7,9 7,4 TV DL k.© ko @
wavelength (%) (s (s
(nm)
500 26+0.1 | 041+0.0lns | 0.50+0.03 <4x107 | (1.26 >k, > 1.23)
ns (22) (78) ns < x 10°
550 62+ 1ps | 17.74£0.06pus | 29+ 1 ps <69% | (349> ky > 3.42)
(27) (73) 102 x 10*

a) Relative amplitudes are given in parentheses as %. ® Amplitude-weighted average lifetime. © The upper limit
of the @, is used for the calculation. 9 The upper and lower limits of the @, are used to calculate k.

10*

X* (red) = 0.994

S P: | Value Conf. iwee | Conf. Upper Conf. gstmation

= A [Cnts] [ 15.72 -1.30] +1.30, Fitting
5 1 [ns] 2.628 0.142 +0.142 Fiting
& A: [Cnis] 350.8 144 +14.4 Fiting

-] - w2 [ns] [ 0.4090 -0.0118] +0.0118 Fitting

Ij [ " 'BKGr. pe [Chits] 2.600 -0.360 +0.360 Fitting

T i Bkgr. irr [Cnts] | -19.70 6.55| +6.55 Fitting

i Il' Mh J Shift e [ns] [ 2.23643 -0.00674|  +0.00674 Fitting
e A sca [Crts] 44940 6950 +6950 Fiting

o] Period nep [nS] 0.00100 -0.00756 +0.00756 Fitting

I

Resids.

Average Lifetime:
Tay 1=0-905 ns (intensity weighted)
Tay 2=0-504 ns (amplitude weighted)

4 8 12 16 ﬁ:]ne - 24 28 32 36 40
Fig. S29. Left: Time-resolved luminescence decay of Tb3* complex 3 in the solid state at 77 K
(blue), including the instrument response function (red) and the residuals (Ax = 376.7 nm, Ay,
=500 nm). Right: Fitting parameters including pre-exponential factors and confidence limits.
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10?

Intensity [Counts]

10'

Parameter Value Conf. Lower Conf. ypper Conf. esimation
A, [Cnts] 405.4 115 +11.5 Fitting
< [ps] 59.95 -1.10 +1.10 Fitting
10° ‘ A [Cnts] 1052.5 378 +37.8 Fitting
50 = [bs] 16.610 -0.594 +0.594 Fitting
s 25 : BKgr. pes [Cnts] 1.143 -0.320 +0.320 Fitting
2 00
z 25 Average Lifetime:
5.0 2 . . ;
0 75 150 25 300 375 450 525 600 Tays=41.81 s (intensity weighted)
time [ps] Tay»=28.66 ps (amplitude weighted)

Fig. S30. Left: Time-resolved luminescence decay of Tb** complex 3 in the solid state at 77 K,
including the residuals (1ex = 376.7 nm, A¢y, = 550 nm). Right: Fitting parameters including pre-
exponential factors and confidence limits.



—— Glassy Matrix 77 K
f|l- - - - Solid 298 K
0.8+
0.6 4

1
Vool e
L U U
A
L
i \

Relative Intensity

T T T T T - 1
450 500 550 600 650 700 750
Wavelength [nm]

Fig. S31. Emission spectra (A, = 360 nm) of Eu?" complex 2 at 77 K in a CH,Cl,/MeOH 1:1
glassy matrix and solid state and at 298 K as a powder.
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Fig. S32. Emission spectra (A, = 360 nm) of Tb3" complex 3 at 77 K in a CH,Cl,/MeOH 1:1
glassy matrix and in the solid state and at 298 K as a powder.



