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a) Ligand HL’. 
 

 

b) TbC. 
 

 

c) EuC. 

 

d) GdC.  
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e) Tb0.90Eu0.10 

 
f) Tb0.92Eu0.08 

 

 
a) Tb0.94Eu0.06 

 

 

a) Tb0.96Eu0.04 

 

Figure S1: Mass spectrometry spectra for HL’ and the LnC clusters in MeOH complexes. 
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    Table S1: Mass to charge (m/z) of the fragments of Ln(III) clusters. 

The complex The fragments m/z 
(found) 

m/z 
(calculated) 

TbC {[Tb2L’2(hfac)4(tfa)2]⋅Na2L2}– 2275.80 2275.8 

EuC {[Eu2L’2(hfac)4(tfa)2]}– 1744.10 1782.1 

GdC {[Gd2L’2(hfac)4(tfa)2]⋅[Na2L2]-F}– 2247.40 2249.4 

Tb0.90Eu0.10 {[Tb0.9Eu0.1L’2(hfac)4(tfa)2]⋅Na2L2}– 2280.00 2280.0 

Tb0.92Eu0.08 {[Tb0.92Eu0.08L’2(hfac)4(tfa)2]⋅Na2L2}– 2270.00 2274.68 

Tb0.94Eu0.06 {[Tb0.94Eu0.06L’2(hfac)4(tfa)1]⋅Na2L2}– 2170.00 2161.0 

Tb0.96Eu0.04 {[Tb0.96Eu0.04L’2(hfac)4(tfa)2]⋅Na2L2}– 2280.00 2275.24 

 

 

 

Figure S2: 1H NMR (500 MHz) spectrum of ligand HL’ in CDCl3. 
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Figure S3. The powder X-ray diffraction (PXRD) patterns for EuC (top) and TbC (bottom).   

 

 
 

Figure S4. The powder X-ray diffraction (PXRD) patterns for EuC (top) and TbC (bottom). 
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Figure S5: The IR spectra for the ligands and in the solid state at RT. 

 

 

Figure S6: The IR spectra for the ligands and the LnC clusters, Ln = Tb, Eu and Gd in the 
solid state at RT. 
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Figure S7: The IR spectra for the ligands and the Tb1-xEux clusters (x = 0.04–0.10) in the 
solid state at RT. 

 

Table S2: Summary of the important IR stretching frequencies for the Ln(III) clusters. 

                                            IR absorption (cm-1) 
Bond O–H 

(COOH) 
C=O 
(COOMe)  

C=O  
(hfac) 

C–C/C=C 
 

C–F 
 

Ln(III)–O 
 

TbC --- 1647 1520 802/1403 1140 584 
EuC --- 1631 1546 722/1401 1146 574 
GdC --- 1631 1530 812/1415 1134 531 
Tb0.90Eu0.10 --- 1727 1534 718/1405 1007 582/572 
Tb0.92Eu0.08 --- 1717 1532 693/1393 1001 576/570 
Tb0.94Eu0.06 --- 1727 1534 717/1405 1005 582/578 
Tb0.96Eu0.04 --- 1727 1542 718/1401 1005 584/576 
L --- 1668 --- 988/1408 --- --- 
HL` 3002 1685 --- 987/1391 --- --- 
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Figure S8. The TGA curves of TbC, Eu1 and GdC recorded under an inert atmosphere of N2. 
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Figure S9:  Above: The phosphorescence spectrum of GdC in ethanol (5 x10–5 M) at 77 K 
excited at 350 nm. Bottom: the corresponding phosphorescence spectrum processed via 

Jacobian transformation. The red mark indicates to the barycenter positions of the T1 state, 
while the shaded orange regions represent the full width at half maximum (FWHM) of the 

emission bands. 
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Figure S10. The excitation of the Ln(III) clusters: TbC (λem = 615), EuC (λem = 615)  
and Tb0.94Eu0.06 (λem = 615) in the solid state at room temperature. 

 

Table S3: Summary of the CIE 1931 chromaticity coordinates of the Ln(III) clusters, 
the Tb1-xEux clusters (where x = 0.04-0.10) and LED devices in the solid state at RT. 

1931 Measurements                   x Coord      y Coord      Color  

TbC 0.34103      0.60148      Green  

EuC 0.59978      0.31381      Red  

GdC 0.26928      0.27636      Blue  

Tb0.90Eu0.10 0.61664      0.32789      Red  

Tb0.92Eu0.08 0.55982 0.41317      Orange  

Tb0.94Eu0.06 0.52735      0.44016      Bright orange 

Tb0.96Eu0.04 0.48005      0.46070      Yellow  

LED devices:    

TbC LED 0.23291      0.49147      Green 

Tb0.90Eu0.10 LED 0.47829      0.16216      Pink  

Tb0.96Eu0.04 LED 0.36429      0.39198      Yellow  
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Table S4: Summary of the experimental photophysical parameters of the LED devices at RT. 

Cluster τ Ln[a]/ms QLn
[b] 

TbC 1.10 33.5% 
Tb0.90Eu0.10 1.43 81.3% 
Tb0.96Eu0.04 0.54 30.8% 

[a] In the solid state. [b] τrad = 3.28 ms for Tb(III) Ref. [45] and τrad = 1.76 ms for Eu(III) Ref. [21] 

 

 

Summary of TD DFT results   

The ligand HL’ is optimized from ground state geometries at the UAPFD function 6-311+g(2d,p) basis 
in the gas-phase. 

 
 

 

 

 

 


