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1. Experimental Procedures 
Synthesis. 

All experiments were conducted under aerobic conditions using analytically pure solvents. Lanthanide nitrate salts 

and (1R,2R)-(+)-1,2-diphenylethylenediamine were purchased from Energy Chemical. The phenolic ligand [6,6'-

((1E,1'E)-(((1R,2R)-1,2-diphenylethane-1,2-diyl)bis(azaneylylide-ne))bis(methaneylylidene))bis(2-methox-yphenol)] 

(1R,2R-H2L) was synthesized following a literature procedureS1. ZnSm crystals were grown via solvothermal method 

by dissolving 1R,2R-H2L (0.06 mmol, 0.0327 g), Zn(OAc)2·2H2O (0.06 mmol, 0.0196 g), and Sm(NO3)3·5H2O (0.03 

mmol, 0.0177 g) in 5 mL methanol. The solution was heated at 75 °C overnight in a sealed Schlenk tube, resulting in 

the formation of large colorless single crystals of 1R,2R-ZnLSm(OAc)(NO3)2 on the inner wall.  Elemental analysis 

(%) calcd. for C32H29SmN4O12Zn: C, 43.7; H, 3.3; N, 6.3. Found: C, 43.64; H, 3.1; N, 6.21. 

For the preparation of ZnGd, a mixture of H2L (0.06 mmol, 0.0327 g), Zn(OAc)2·2H2O (0.06 mmol, 0.0196 g), 

and Gd(NO3)3·5H2O (0.03 mmol, 0.0177 g) in methanol (5 mL) was heated at 70 °C for 4 hours in a sealed Schlenk 

tube, yielding a white precipitate. The precipitate was collected by filtration, washed with dichloromethane, and dried. 

The product was then dissolved in dichloromethane and crystallized via ether diffusion. After one-week diffusion, 

transparent block-shaped crystals were obtained. Elemental analysis (%) calcd. for C32H29GdN4O12Zn: C, 43.5; H, 3.3; 

N, 6.3. Found: C, 43.58; H, 3.1; N, 6.24.  

Preparation of ZnSm@PMMA film: First, ZnSm (2 mg) and polymethyl methacrylate (PMMA) (1200 mg) were 

dispersed in 3 ml toluene. The mixture was stirred at 70 °C for 1 hour to form homogeneous solution. This solution 

was then drop-cast onto a pre-cleaned glass substrate. A free-standing film was subsequently obtained by heating the 

substrate until the film spontaneously detached.  

Single-Crystal Structure Determination. 

Single crystals suitable for X-ray diffraction (XRD) were selected under an optical microscope. Diffraction data 

were collected using graphite-monochromatized Mo Kα radiation (λ = 0.71073 Å) at 150(2) K on an Agilent Bruker 

D8 diffractometer. Data collection, cell refinement, and reduction were performed using the CrysAlisPro software 

package.S2 The structure was solved by direct methods using SHELXS and SHELXLS3 Final refinements included 

anisotropic displacement parameters for all non-hydrogen atoms. The structure was checked for missed symmetry 

using the ADDSYM algorithm in PLATON,S4 and no higher symmetry was detected. Crystallographic parameters, 

data collection, and refinement details are summarized in Table S1. 

Elemental Analysis. 

Elemental analyses for C, H, and N were performed on an EA1110 microelemental analyzer to confirm the 

phase purity of the complexes. 

Thermal Stability. 

Thermogravimetric analysis (TGA) was performed on a TGA-550 instrument by heating the sample from room 

temperature to 800 °C under a nitrogen atmosphere at a heating rate of 10 °C min–¹. Differential scanning calorimetry 

(DSC) measurements were conducted on a Netzsch DSC 204 F1 thermal analyzer under flowing nitrogen, with a 

heating rate of 10 °C min–¹ from room temperature to 400 °C.  

UV-Vis Measurements.  

UV-Vis absorption spectra were recorded on a JASCO V-780 UV-Vis-NIR spectrophotometer over the 

wavelength range of 200–800 nm. 
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Powder XRD Analysis. 

Powder X-ray diffraction (PXRD) measurements for the ZnSm sample were carried out on a Rigaku Miniflex 

600 diffractometer equipped with a Cu Kα radiation source (λ = 1.5418 Å) and an incident-beam monochromator. Data 

were collected over a 2θ range of 5–50° with a step size of 0.02° and a fixed counting time of 0.20 s per step. 

Emission Spectrum. 

Emission and excitation spectra of the samples were recorded using a Horiba FluoroMax fluorescence 

spectrometer. Temperature-dependent emission spectra of the toluene solutions of ZnSm and ZnGd were measured 

on the same instrument equipped with an Oxford OPTISTAT-CFS temperature control system. Luminescence decay 

curves were obtained on an Edinburgh Instruments F920 spectrometer under excitation at 365 nm. 
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2. Theoretical Calculations 

For the calculation of the energy levels of the ZnL moiety, the Sm(III) ion was replaced by the closed-shell rare-

earth ions La(III), Y(III), and Lu(III), yielding ZnLa, ZnY, and ZnLu, respectively. Geometry optimizations and 

electronic-structure calculations were then carried out using density functional theory (DFT) as implemented in 

Gaussian 16S5. The CAM-B3LYP functional S6 with long-range correction was employed, and solvent effects were 

included. The Stuttgart-Dresden relativistic effective core potential (SDD)S7, S8 basis set was used for 

La(III)/Y(III)/Lu(III), the 6-31G(d,p)S9 basis set for Zn, and the 6-31G(d) S10 basis set for all remaining atoms. The 

DFT results for ZnLa, ZnY, and ZnLu were very similar (Table S4), and only the energy levels of ZnLa are discussed 

in the main text. 

For the calculation of the energy levels of the Sm(III) ion, ab initio calculations were performed using the 

OpenMOLCASS11 package. The computational fragments were constructed directly from the crystallographic 

structures without further geometry optimization. Basis sets for all atoms were taken from the ANO-RCC libraryS12, 

S13: ANO-RCC-VTZP for Sm, VTZ for the nearest O atoms, and VDZ for more distant atoms. The second-order 

Douglas–Kroll–Hess Hamiltonian was employed, with scalar relativistic effects included in the contracted basis sets. 

Spin-orbit coupling was treated within the restricted active space state interaction (RASSI-SO)S14, S15 approach. The 

active space comprised all seven 4f orbitals of Sm(III) with five active electrons (CAS(5,7)) in the CASSCF 

calculations, and dynamic correlation energies were further accounted for using the CASPT2S16 module. Calculations 

were carried out both with and without inclusion of solvent effects, and the results were found to be very similar (Table 

S5 and S6). In the gas-phase calculation (without solvent effects), we mixed the maximum number of spin-free states 

that could be handled by our hardware (all 21 sextets, 128 out of 224 quadruplets, and 130 out of 490 doublets for the 

Sm(III) fragment). When solvent effects were included, an energy cutoff of 40,000 cm⁻¹ was applied, and only spin-

free states below this threshold were mixed (all 21 sextets, 108 quadruplets, and 60 doublets for the Sm(III) fragment). 

The results including solvent effects are shown in Figure 2c. 
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3. Supporting Figures 

 

Scheme S1. Structure of the enantiopure 1R, 2R-H2L. 

 
Figure S1. Experimental and simulated XRD patterns of ZnSm. 
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Figure S2. TGA curves of ZnSm (temperature in °C). Under a nitrogen atmosphere, the initial weight loss of 19.26% 
is attributed to the decomposition of the acetate group and the redox reaction between the nitrate groups and metal ions 
(calcd 20.86%). The subsequent two weight-loss steps correspond to the decomposition of the ligand, with the 
accelerated rate observed in the second stage arising from the breakdown of the imine groups within the ligand. The 
final residues are metallic Zn and Sm formed through reactions with the nitrate groups (found 25.38%, calcd 24.59%). 

 
Figure S3. DSC curve of ZnSm recorded under a nitrogen atmosphere. The peak at approximately 340 °C is attributed 
to the thermal decomposition of the complex. 
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Figure S4. Solid-state UV-Vis spectrum of ZnSm. The complex exhibits a broad absorption band between 250 and 
400 nm, which is mainly attributed to ligand-centered π-π* transitions and ligand-to-metal charge transfer (LMCT) 
transitions involving the imine nitrogen atoms and the Zn2+ center. Coordination to Zn2+ increases the degree of electron 
delocalization within the ligand framework, leading to a broadened absorption band and a slight red shift due to a 
reduced HOMO-LUMO energy gap. 

 
Figure S5. UV-Vis spectrum of ZnSm in toluene. ZnSm exhibits two distinct absorption bands at 274 and 361 nm, 
which are assigned to the π-π* transitions of the aromatic rings and the imine group, respectively. Compared with the 
broad absorption observed in the solid state, the spectrum in solution appears significantly narrower, likely due to the 
more homogeneous molecular environment in solution and the reduction of intermolecular interactions, which 
diminishes electronic coupling between neighboring molecules. 
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Figure S6. Solid-state photoluminescence spectrum of ZnSm at room temperature under 365 nm excitation. 

 
Figure S7. Emission spectrum of ZnSm in toluene at room temperature under 365 nm excitation. 
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Figure S8. Temperature dependence of the luminescence lifetimes of the ZnL emission at 485 nm in ZnSm. 

 

Figure S9. Temperature dependence of the luminescence lifetimes of the 4G5/2 → 6H9/2 transition of Sm3+ at 644 nm 
in ZnSm. 
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Figure S10. Molecular structure of ZnGd. 
 
 

 
Figure S11. Temperature-dependent emission spectra of ZnGd in toluene (1.0 × 10–5 M) between 233 and 333 K 
under 365 nm excitation. 



11 
 

 

Figure S12. Temperature-dependent emission spectra of ZnSm@PMMA between 233 and 333 K under 365 nm 
excitation.  

 
Figure S13.Temperature dependence of the photoluminescence (PL) intensity at 485 nm for ZnSm@PMMA. The 
solid line serves as a guide for the eye. 
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Figure S14. Temperature dependence of the PL intensity at 644 nm for ZnSm@PMMA. The solid line serves as a 
guide for the eye. 
 
 

  
Figure S15. CIE chromaticity diagram showing the temperature-dependent luminescence color of ZnSm (left) and 
ZnSm@PMMA (right). 
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4. Supporting Tables 

Table S1. Crystallographic data and refinement parameters for 1R,2R-ZnLSm(OAc)(NO3)2 (ZnSm), 
ZnLGd(OAc)(NO3)2 (ZnGd) and 1R,2R-ZnLGd(OAc)(NO3)2. 

 
1R,2R-ZnLSm(OAc)(NO3)2 

(ZnSm) 
ZnLGd(OAc)(NO3)2 (ZnGd) 1R,2R-ZnLGd(OAc)(NO3)2 

Formula weight 877.31 884.21 884.21 
Empirical formula C32H29SmN4O12Zn C32H29GdN4O12Zn C32H29GdN4O12Zn 

Temperature/K 150.0 180 293(2) 
Crystal system monoclinic monoclinic monoclinic 
Space group P21 P21/n P21 

a/Å 10.1405(3) 10.0973(3) 10.2413(8) 
b/Å 19.2601(5) 19.1846(4) 19.4152(17) 
c/Å 17.2094(6) 17.4270(4) 17.4296(12) 
α/° 90 90 90 
β/° 95.1850(10) 94.501(2) 94.748(6) 
γ/° 90 90 90 

Volume/Å3 3347.36(18) 3365.42(14) 3453.8(5) 
Z 4 4 4 

ρcalcg/cm3 1.741 1.745 1.700 
μ/mm-1 2.523 2.735 2.665 
F(000) 1748.0 1756.0 1756 

Radiation MoKα (λ = 0.71073) MoKα (λ = 0.71073) MoKα (λ = 0.71073) 
2Θ range for data 

collection/° 
4.034 to 52.79 2.2460 to30.2080 3.519 to 29.416 

Index ranges 
-12 ≤ h ≤ 12, -24 ≤ k ≤ 24, -21 ≤ 

l ≤ 21 
-11 ≤ h ≤ 14, -24 ≤ k ≤ 26, -24 ≤ 

l ≤ 22 
-13 ≤ h ≤ 13, -26 ≤ k ≤ 17, -22 ≤ 

l ≤ 15 
Reflections collected 58670 37144 17282 
Goodness-of-fit on F2 1.077 1.107 0.990 

Final R indexes [I>=2σ 
(I)] 

R1 = 0.0510, wR2 = 0.1246 R1 = 0.0348, wR2 = 0.0683 R1 = 0.0750, wR2 = 0.0847 

Final R indexes [all 
data] 

R1 = 0.0589, wR2 = 0.1305 R1 = 0.0465, wR2 = 0.0716 R1 = 0.1360, wR2 = 0.1047 

Largest diff. peak/hole / 
e Å-3 

2.551/-0.793 0.755/-0.723 1.333/-0.875 

Flack parameter 0.017(9)  0.01(2) 
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Table S2. Selected bond distances (Å) for ZnSm. 

 Sm–O Zn–O Zn–N 

Sm1Zn1 

2.493(10) 
2.409(8) 
2.630(9) 
2.342(9) 
2.642(8) 

2.329(10) 
2.517(10) 
2.546(9) 

2.465(10) 

2.014(8) 
1.971(9) 
2.013(8) 

2.044(10) 
2.005(9) 

Sm2Zn2 

2.344(8) 
2.331(10 
2.629(9) 

2.533(10) 
2.469(9) 

2.493(10) 
2.632(10) 
2.492(10) 
2.355(9) 

1.998(8) 
1.972(9) 
2.011(8) 

2.025(9) 

Table S3. Selected bond distances (Å) for ZnGd. 

 Gd–O Zn–O Zn–N 

ZnGd 

2.350 (2) 
2.610 (3) 
2.314 (3) 
2.616 (3) 
2.319 (3) 
2.501 (3) 
2.484 (3) 
2.453 (3) 
2.463 (3) 

2.004 (3) 
2.019 (2) 
1.980 (3) 

2.024 (3) 
2.014 (3) 
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Table S4. DFT calculated energy levels of ZnL moiety for ZnSm. 

 ES1–ES0 / cm–1 ET1–ES0 / cm–1 ET1–ES0 / nm 
ZnY 28275 21101 473.9 
ZnLa 28419 20595 485.6 
ZnLu 28121 20829 480.1 

Table S5. Calculated energy levels (cm–1) of Sm3+ for ZnSm with inclusion of solvent effects. 

6H5/2 6H7/2 6H9/2 6H11/2 6H13/2 6H15/2 6F1/2 6F3/2 6F5/2 6F7/2 6F9/2 6F11/2 4G5/2 4G7/2 

0 1117 2459 3874 5366 6779 7351 7389 7855 8725 9989 11429 18665 19668 

160 1247 2511 3940 5449 6909  7445 7881 8765 10017 11481 19088 19847 

324 1382 2656 4065 5519 7008   7915 8797 10067 11521 19607 20539 
 1499 2720 4119 5606 7112    8833 10096 11549  20809 
  2808 4173 5667 7150     10129 11568   

   4270 5708 7205      11602   

    5772 7252         

     7301         

 

Table S6. Calculated energy levels of Sm3+ (cm–1) for ZnSm without inclusion of solvent effects. 

6H5/2 6H7/2 6H9/2 6H11/2 6H13/2 6H15/2 6F1/2 6F3/2 6F5/2 6F7/2 6F9/2 6F11/2 4G5/2 4G7/2 

0 1134 2466 3874 5364 6767 7362 7404 7832 8711 9963 11446 18353 19291 

176 1251 2515 3932 5431 6924  7455 7860 8750 9989 11492 18526 19363 

326 1400 2675 4083 5533 7025   7903 8786 10038 11532 18720 20527 

 1524 2736 4136 5626 7122    8815 10066 11561  20629 

  2831 4184 5688 7154     10102 11588   

   4280 5720 7208      11624   

    5769 7240         

     7308         

Table S7. DFT calculated spin density of triplet excited (T1) state of ZnL moiety for ZnSm. 

 O5 C16 N23 C27 C31 C38 C45 
ZnY 0.2526 0.4187 0.3228 0.2802 0.1773 0.1539 0.3577 
ZnLa 0.2448 0.4342 0.3399 0.1529 0.2424 0.1813 0.3225 
ZnLu 0.2558 0.4149 0.3226 0.2779 0.1754 0.1567 0.3535 
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Table S8. Temperature sensing properties for selected ratiometric luminescent thermometers.  

Thermometera 
Doped or 

not 
Emission 

center 
Maximum Sr 

(% K⁻¹) 
Temperature range 

(K, Sr>1%) 
Ref 

ZnSm N dual 3.4 (333 K) 253-333 This Work 

Tb2moshi8´: Sm2moshi8´ = 1:1 Y dual 3 (220 K) 150-350 
J. Am. Chem. Soc. 2022, 

144, 18259 

Tb0.1Sm0.9MC Y dual 2.33 (278 K) 278-333 Chem. Sci. 2025, 16, 4821 

Tb-MOFs@TGIC 
MOF 

composite 
dual 4.86 (~323 K) 273-323 

ACS Appl. Mater. 
Interfaces 2023, 15,18114 

Na[(Gd0.8Eu0.1Tb0.1)SiO4] Y dual 2 (12 K) ~12-50 
J. Am. Chem. Soc. 2015, 

137, 3051 

[Dy2(bpm)(tfaa)6] N dual 3.3 (~300 K) ~300-350 
ACS Cent. Sci. 2019, 5, 

1187 

ZJU-88⊃perylene Y dual 1.28 (293 K) 293-353 
Adv. Mater. 2015, 27, 

1420 

Tb0.9Eu0.1PIA Y dual 3.53 (300 K) ~250-300 
J. Am. Chem. Soc. 2013, 

135, 15559 

[SmIII(H2O)3][AuI(CN)2]3 MOF 
dual 1.08 (130 K) —— J. Mater. Chem. C 2023, 

11, 1008 dual 1.78 (110 K) ~80-200 

TbMC N single 2.51 (333 K) 278-333 Chem. Sci. 2025, 16, 4821 

[NEt4]2[(Ph4Si4O8)2(Dy/Eu)4(NO3)6(
EtOH)2(MeCN)2] 4(MeCN) 

Y single 1.15 (293 K) 293-373 RSC Adv. 2023, 13, 26302 

[Yb2(valdien)2(NO3)2] N single 
1.1 ( around 140 

K) 
80–320 Chem. Sci. 2019, 10, 6799 

[Yb(H3L1,1,4)]·2MeOH N single 
0.15 ( around 300 

K) 
—— 

Inorg. Chem. Front. 2020, 
7, 3019 

{[HoIII
0.11YIII

0.89(4-
pyridone)4(H2O)2][CoIII(CN)6]} 

Y single 6.9 (28 K) 25-140 Chem. Sci. 2021, 12, 730 

{[HoIII
0.12YIII

0.88(4-
pyridone)4(H2O)2][RhIII(CN)6]} 

Y single 2.7 (42 K) 25-130 Chem. Sci. 2021, 12, 730 

{[HoIII
0.1YIII

0.9(4-
pyridone)4(H2O)2][IrIII(CN)6]} 

Y single 4.6 (37 K) 35-144 Chem. Sci. 2021, 12, 730 

[YbCo(CN)6(bpyO2)2(H2O)3] N single ~0.1 (180 K) —— 
Dalton Trans. 2022, 51, 

8208 

TbIII[CoIII(CN)6] N single 5.28 (15.9 K) ~20-92 
Angew. Chem. Int. Ed. 
2023, 62, e202306372 

[TbIII(H2O)2][CoIII(CN)6]·2.7H2O N single 5.49 (13.6 K) ~5-93 
Angew. Chem. Int. Ed. 
2023, 62, e202306372 

[Dy(acac)3bpm] N single 1.5 (70 K) 30-140 
Chem. Commun. 2023, 

59, 8723 

[SmIII(H2O)3][AuI(CN)2]3 MOF 
single 3.5 (80 K) 10-300 J. Mater. Chem. C 2023, 

11, 1008 single 2.67 (70 K) ~25-170 

[DyCo(CN)6(bpyO2)2(H2O)3]·4H2O N single 1.84 (70 K) 40-140 
Inorg. Chem. 2022, 61, 

2546 
(H5O2)2(H)[YbIII(hmpa)4][CoIII(CN)

6]2·0.2H2O 
N single 4.6 (50 K) 50-175 

J. Am. Chem. Soc. 2020, 
142, 3970 

[Dy2(bpm)(tfaa)6] N single 14 (~300 K) <12 
ACS Cent. Sci. 2019, 5, 

1187 
a The names of the thermometers are quoted directly from the original literatures without modification. 
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