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1 Symmetry deviation values 
The central Sm3+ ion in Na3[Sm(DPA)3]·14 H2O and [Sm(DPA)(HDPA)(H2O)2]·4 H2O is both none-

coordinated. For nine-coordinated systems the Trigonal Tricapped Prism (TTP) and the capped 

Square Antiprism (cSAP) are the two possible arrangements of ligand atoms around the Sm3+ ion 

with the lowest potential energy.(Thomson, 1904, Drew, 1977) To evaluate the site symmetry for the two 

EuDPA and deviation from the ideal TTP and cSAP structure, a symmetry deviation value was 

calculated. 

This is achieved by the use of AlignIt developed by M. Storm Thomsen et al. AlignIt uses Eq. 1, after 

manual rotational optimization in Mercury, to calculate a symmetry deviation value, σideal:
(Thomsen et al., 

2022) 

 𝜎𝑖𝑑𝑒𝑎𝑙(𝑃 − 𝑄) = ∑
|𝑄𝑘 − 𝑃𝑘|

2

|𝑄𝑘 − 𝑄𝑂|2
·
100

𝑁

𝑁

𝑘=1

 Eq. 1 

 

where P is a point in the ideal structure, and Q is a point in the distorted structure. Q0 is the origin in 

the distorted model.(Thomsen et al., 2022) For two identical structures, the symmetry deviation value 

will be zero,  

σideal = 0.(Thomsen et al., 2022) 

Table 1 compares the Na3[Sm(DPA)3]·14 H2O and [Sm(DPA)(HDPA)(H2O)2]·4 H2O structures with 

different ideal structures to determine what ideal geometry describes each structure best and the 

degree of deviation. The two EuDPA complexes are compared to a range of different ideal 

geometries: The capped square antiprism (cSAP), and trigonal tricapped prism (TTP), both which are 

observed for nine-coordinated lanthanide(III) complexes The Hula hoop (HOOP), triangular cupola 

(TCup), and hexagonal bipyramid (HBPy) are used to create a scale for symmetry with larger 

deviation values. Muffin (MFF) is introduced as an in-between value for scale comparison. The scale 

ranges from 0 to 27, where σideal = 0 corresponds to two identical structures, meaning there is no 

deviation. 
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Table 1: Symmetry deviation values, σideal, for comparison of ideal nine-coordinated structures. Values were 

calculated using AlignIt.(Thomsen et al., 2022) 

 

      

 cSAP TTP MFF HOOP TCup HBPy 

cSAP 0 0.97 13.51 20.15 16.71 26.83 

TTP  0 9.63 14.12 19.26 23.25 

MUFF   0 14.61 20.40 24.92 

HOOP    0 19.79 14.49 

Tcup     0 21.52 

HBPy      0 

 

Table 2: Symmetry deviation values, σideal, for Na3[Sm(DPA)3]·14 H2O and [Sm(DPA)(HDPA)(H2O)2]·4 

H2O. 

  

      

  cSAP TTP MFF HOOP TCup HBPy 

 

Na3[Sm(DPA)3]·14 H2O 1.80 1.16 10.37 16.27 19.38 24.84 

 

[Sm(DPA)(HDPA)(H2O)2]·4 

H2O 
2.42* 0.73 9.20 12.69 18.63 20.98 

*This value might be lower if the structure was oriented in a different direction, where a different atom occupies the 

capping position. 
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2 PXRD 

2.1 Simulated PXRD for Single Crystals 

 

Figure 1: PXRD for Na3[Sm(DPA)3]·14 H2O and [Sm(DPA)(HDPA)(H2O)2]·4 H2O simulated from the CIF 

files. 
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2.2 PXRD for Powdered Crystals 

 

Figure 2: PXRD for the crystals crushed to a powder with samples at pH = 2, pH = 5, pH = 7, and pH = 10. 
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3 Spectroscopy 

3.1 Luminescence Lifetimes 

3.1.1 Powdered Crystals Luminescence Lifetimes at Different pH 

Table 3: Luminescence lifetimes For Sm(DPA) at pH = 2, pH = 5, pH = 7, and pH = 10 in 2-

methyltetrahydrofuran glass at 77 K. 

Complex τobs (μs) 

Sm(DPA) pH = 2 8.893 

Sm(DPA) pH = 5 28.589 

Sm(DPA) pH = 7 28.417 

Sm(DPA) pH = 10 28.298 
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3.2 Sm(DPA) pH = 2 

3.2.1 Sm(DPA) pH = 2 Excitation Spectrum 

 

Figure 3: Normalised excitation spectra (emission at 614 nm) for Sm(DPA) pH = 2 in 2-methyltetrahydrofuran 

glass at 77 K. 
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3.2.2 Sm(DPA) pH = 2 Luminescence Lifetimes 

 

 

Figure 4: Sm(DPA) pH = 2 luminescence lifetime in 2-methyltetrahydrofuran glass at 77 K. Fitted using the 

PicoQuant FluoFit software. 
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3.3 Sm(DPA) pH = 5 

3.3.1 Sm(DPA) pH = 5 Excitation Spectrum 

 

Figure 5: Normalised excitation spectra (emission at 614 nm) for Sm(DPA) pH = 5 in 2-methyltetrahydrofuran 

glass at 77 K. 
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3.3.2 Sm(DPA) pH = 5 Luminescence Lifetimes 

 

 

Figure 6: Sm(DPA) pH = 5 luminescence lifetime in 2-methyltetrahydrofuran glass at 77 K. Fitted using the 

PicoQuant FluoFit software. 
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3.4 Sm(DPA) pH = 7 

3.4.1 Sm(DPA) pH = 7 Excitation Spectrum 

 

Figure 7: Normalised excitation spectra (emission at 614 nm) for Sm(DPA) pH = 7 in 2-methyltetrahydrofuran 

glass at 77 K. 
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3.4.2 Sm(DPA) pH = 7 Luminescence Lifetimes 

 

 

Figure 8: Sm(DPA) pH = 7 luminescence lifetime in 2-methyltetrahydrofuran glass at 77 K. Fitted using the 

PicoQuant FluoFit software. 
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3.5 Sm(DPA) pH = 10 

3.5.1 Sm(DPA) pH = 10 Excitation Spectrum 

 

Figure 9: Normalised excitation spectra (emission at 614 nm) for Sm(DPA) pH = 10 in 2-methyltetrahydrofuran 

glass at 77 K. 
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3.5.2 Sm(DPA) pH = 10 Luminescence Lifetimes 

 

 

Figure 10: Sm(DPA) pH = 10 luminescence lifetime in 2-methyltetrahydrofuran glass at 77 K. Fitted using 

the PicoQuant FluoFit software. 
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