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Table S1 Crystal parameters of PrL, PrLme, PrLpr, PrLdmpr, EuLme, EuLpr, and EuLdmpr.
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Fig. S1. Packing structure projected from the b-axis of (a) PrL, (b) PrLme, (c) PrLpr, (d) PrLdmpr, 
(e) EuLme, (f) EuLpr, and (g) EuLdmpr.
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Table S2 Selected interatomic distances, angles and dihedral angles of PrL, PrLme, PrLpr, PrLdmpr, 
EuLme, EuLpr and EuLdmpr

.

PrL PrLme PrLpr PrLdmpr EuLme EuLpr EuLdmpr

Mean Nbpy-Pr/Eu distances/ Å 2.653 2.655 2.568 2.651 2.592 2.591 2.575

Mean Nbridge-Pr/Eu distances / Å 2.585 2.599 2.593 2.621 2.550 2.547 2.560

Mean O-Pr/Eu distances / Å 2.556 2.561 2.579 2.564 2.508 2.528 2.525

Distance N3-N4 / Å 2.732 2.719 2.894 2.895 2.680 2.842 2.703

Dihedral angle* / 0 31.8 50.5 55.6 43.3 50.9 53.9 71.1

* Dihedral Angle between Ln1N1N2N3 and Ln1N6N5N4 (Ln=Pr or Eu)
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Fig. S2. Excitation spectra of (a) EuLme, (b) EuLpr, (c) EuLdmpr, (d) EuLmeH. (e) EuLprH and (f) 
EuLdmpr in the solid (dotted-line) and in acetonitrile (solid-line).
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Table S3 Wavelength positions of fluorescence and phosphorescence bands of a series of Gd 
complexes in the solid state, acetonitrile (for at rt) and ethanol (for at 77 K). “sh” means the 
shoulder position of the phosphorescence band.

Fluorescence (at rt) Phosphorescence (at 77 K)

in solution Solid state in solution Solid state

GdL 353 nm 364 500 480 (sh) 506 470 (sh)

GdLme 355 363 498 460 (sh) 523 470 (sh)

GdLpr 356 368 497 470 (sh) 505 470 (sh)

GdLdmpr 357 364 508 475 (sh) 508 475 (sh)

GdLH 335 355 494 440 (sh) 500 440 (sh)

GdLmeH 336 359 502 440 (sh) 510 460 (sh)

GdLprH 337 360 497 430 (sh) 497 430 (sh)

GdLdmprH 338 352 498 445 (sh) 510 445 (sh)



8

Fig. S3. Luminescence decay profiles monitored at the 5D0-7F2 transition of Eu ion for EuLme((a); 
in acetonitrile, (d); in the solid state), EuLpr  ((b); in acetonitrile, (e); in the solid state) and  
EuLdmpr((c); in acetonitrile, (f); in the solid state). (g), (h) and (i) are luminescence decay 
profiles of EuLmeH, EuLprH and EuLdmprH, respectively, in the solid state and acetonitrile. 

Fig. S4. Illustrated comparison between radiative- (Arad; sky-blue), nonradiative- (Anr; orange) 
rate constants and energy transfer efficiency (ηsense) of a series of Eu complexes in heliate 
ligands.
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Calculation of energy transfer efficiency by the Judd-Ofelt theory to evaluate luminescence 
of Eu complexes.[2-4]

The luminescence efficiency of Eu ion sensitized by the ligand (φff) is determined by 
the triplet yield of the ligand (φISC), the efficiency of the energy transfer (ηEnT) and the 
efficiency of the metal-centered luminescence (ηLn), as follows.

(1)
Based on the nπ* character of the ligand and the high spin-orbit coupling constants 

of the lanthanide ion, the φISC value of approximately 1 can be assumed. The value of φLn 
can then be calculated from the experimentally observed emission lifetime (τff) and the 
radiative rate constant (kR) of the lanthanide ion, as shown below.

(2)
The kR value of the emissive excited state, 5D0, is the sum of the spontaneous 

emission probabilities, AJ(0, J), to the lower 7FJ levels in Eu3+, and can in turn be 
calculated using the following equation.

(3)

Here, the spontaneous emission probability of the magnetic dipole 5D0 → 7F1 transition, 
AMD, is virtually independent of the ligand field or the environment of the ions, and can 
be determined directly from the theoretically calculated dipole strength as follows.

(4)

In the above, σMD is the energy gap between the excited (5D0) and final (7F1) states 
(with a value of 16949.2 cm-1), n is the refractive index (1.5 for the solid state and 1.34 
for acetonitrile [3,4]) and SMD is the magnetic dipole strength. The latter parameter has 
been calculated theoretically for the 5D0 → 7F1 transition of Eu3+ and found to have a 
value of 9.60 × 10-42 esu2cm2, resulting in a value of 37.93 s-1 for AMD.

AED in equation (3) is the emission probability associated with the electric dipole 
transition, as determined using the Judd-Ofelt parameter (Ωλ) in the equation below.

(5)

Ωλ is, in turn, calculated from the following equation.

(6)
Here, ʃ IJ dν/ ʃ IMD dν is the ratio of the integrated intensity of the corrected Eu3+ 

luminescence spectrum (5D0 → 7FJ : J = 0, 1, 2, 3 and 4) to the intensity of the 5D0 → 7F1 
band, and |〈ΨJ‖U(λ) ‖Ψ'J'〉| is the tensor operator [5]. Based on the Judd-Ofelt analysis, it 
is able to estimate AED value for the 5D0 → 7F2 transition, using the kR value obtained 
from equation (3). The non-radiative rate constant (kNR) can be estimated using the 
relationship below.

(7)
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Fig. S5. Luminescence spectra of (a, e) EuLH56,57, (b, f) EuLmeH, (c, g) EuLprH, and (d, h) 

EuLdmprH in the solid (left column) and in acetonitrile (right column). Inset shows the 5D0→7F1 

band. λex =300 nm.
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Fig. S6. Excitation spectra of (a) PrL, (b) PrLme, (c) PrLpr, (d) PrLdmpr, (e) PrLH, (f) PrLmeH. (g) 
PrLprH, (h) PrLdmprH in acetonitrile (red) and in the solid state (black).
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Fig. S7. Band assignment of ff transitions in luminescence spectrum of Pr complexes (PrL), and 
Energy diagram of trivalent Pr ion. [5]
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Fig. S8. NIR-luminescence spectra of Pr complexes, (a) PrL and (b) PrLpr in the solid state 
recorded on Hamamatsu Photonics C9920. λex = 300-400 and 475 nm.
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Table S4 Excitation wavelength dependences on QY in NIR luminescence of Pr complexes.

λmon = 480-850 nm λmon = 980 - 1080  nm

λex = 330 nm λex = 330 nm λex = 475 nm

PrL 1.0% 0.006% 0.008%

PrLme - 0.001% 0.002%

PrLpr 1.3% 0.004% 0.004%

PrLdmpr - 0.009% 0.010%
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Fig. S9. 1H-NMR of (a) Lme, (b) Lpr, and (c) Ldmpr, (d) LmeH, (e) LprH, and (f) Ldmpr H in CDCl3. 
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