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1. Abstract 

Lanthanides have many commercial and industrial uses due to their luminescence 

characteristics. To be able to understand the effect that counterion size has on these 

characteristics can lead to optimization and better products. The ligand used in the 

synthesis of the complexes studied were alkoxide ligands. Alkoxide ligands have uses in 

industry when bonded to metals as a precursor to ceramics production, in this study the 

alkoxide ligand is used as an oxygen donor to the Ln(III) (Ln = Y, Ce, Pr, Eu) metal. The 

ligand used is also fluorinated and bidentate leading to reduction in luminescence 

quenching. All complexes used were synthesized using THF as the solvent. The 

absorption and emission spectra were gathered in solution. It was found by changing the 

group 1 counterion there was a noticeable change in the several of the luminescence 

characteristics. 

2. Introduction 

 The rare earth metals are a group of elements consisting of yttrium, scandium, and 

the lanthanides. The first rare earth ore was discovered in Ytterby Sweden in 1787 by 

Carl Arrhenius.1 From that mineral several rare earth elements were isolated. The name 

rare earth metal is a misnomer, the elements are not particularly rare. The most common, 

cerium, is about as common as copper.2 The rarest, rare earth metals Thulium (Tm), and 

Lutetium (Lu) are still almost 200 times more common than gold.2 However, the 

elements are less likely to form together into easily minable deposits, making the 

sourcing of these elements difficult.2  The main rare earth ores are monazite, bastnaesite 

and xenotime.1 Over the past several decades the uses for the rare earth metals have 

expanded dramatically.2 The largest section of the rare earth metals are the lanthanides, a 
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group of f-block elements ranging from lanthanum, atomic number 57, to lutetium, 

atomic number 71.1 Lanthanide chemistry is dominated by the +3 oxidation state, 

although many can be +2 and cerium can be +4.3 Lanthanides have a much larger range 

of coordination numbers than 3d metals.4 Lanthanide coordination numbers vary from 

three to twelve while 3d metals tend to have coordination numbers between four and six 

with some cases of three or very rarely two.4  

 The solvent used in the synthesis of the compounds analyzed in this paper, is 

THF, tetrahydrofuran. THF is a polar solvent, and the lanthanides, which are 

electropositive,4 will coordinate with the electronegative oxygen on THF. Coordinating 

solvents effect molecular characteristics in transition metals.5 The solvation of 

lanthanides also has effects on geometry.6 Lanthanide geometry also follows the trend of 

the lanthanide contraction, which is a phenomenon where the atomic radius shrinks with 

increasing atomic number.7 This occurs because the 5s and 5p orbitals penetrate the 4f 

subshell and are not shielded from nuclear charge.7 As the size of the lanthanides 

decrease so does the coordination number of the atom.7 To indirectly look at the effect 

that differing counterions can have on the geometry this study uses IR spectroscopy, as a 

change in geometry may have an effect on the vibrational modes of the molecule. 

 F-orbitals are contracted, close to the nucleus, and well shielded by s- and p-

orbitals meaning that 4f electrons are generally not involved in covalent bonding.8 Since 

the 4f electrons are not involved in bonding there is no quenching of orbital moment from 

ligands.8 Additionally f-f transitions are LaPorte forbidden, which along with the 

shielding of the f-orbitals, results in generally narrow absorption peaks and small Stokes 

shifts, meaning that the emission peaks are narrow as well.4 The LaPorte forbidden f-f 
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transitions also results in most of the lanthanides exhibiting phosphorescence, having 

relatively weak emissions and long luminescence lifetimes, the amount of time that an 

electron is in an excited state before relaxing and emitting a photon.4 Cerium differs in 

this regard because it excites into d-orbitals. This excitation is LaPorte allowed, so 

cerium experiences fluorescence, having a strong emission signal but a short 

luminescence lifetime.8 Yttrium also has LaPorte allowed transitions, as it excites to a p-

orbital and then relaxes to a d-orbital. These unique spectroscopic characteristics make 

lanthanides useful for many industrial uses. Specifically, lanthanides have optical uses in 

glass cleaning, phosphors, lasers, and fiber optics, among others.2 

In aqueous solution luminescence can be hindered by other relaxation pathways from the 

excited state.7 This generally occurs through transferring vibrational energy to nearby 

water molecules.7 This can be minimized by using non-aqueous solvents, and by using 

multidentate ligands to exclude water from the coordination sphere of the lanthanide.7 

The ligand used in this project is perfluoropinacolate, is a bidentate fluorinated alkoxide 

ligand. Alkoxide ligands are commonly bonded with metals, as precursors to ceramic 

materials.9 They are useful in this way because of they are very soluble and volatile and 

can crosslink when exposed to water.9 The fluorinated ligands are also useful in that they 

eliminate C–H groups, which are known to cause luminescence quenching. 10 The ligand 

being bidentate also helps to minimize quenching.7    
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Figure 1: Dieke Diagram 

 In order to describe the phosphorescence of some of the complexes that were 

synthesized term symbols needed to be used. In order to assign the proper term symbol to 

an emission, the graph above (Figure 1) was used in conjunction with gathered emission 

spectra. 

 The objective of this study is to synthesize and characterize luminescent 

lanthanide compounds. The fluorinated ligand, perfluoropinacolate, will be used as an 

oxygen donor for five rare earth metals: cerium (Ce), europium (Eu), yttrium (Y), 

gadolinium (Gd), and praseodymium (Pr). This study will look to see how that differing 
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counter ions (Na and K) could influence molecular geometry and luminescence 

characteristics. Specifically, absorption wavelength maxima (λmax), Stokes shift and molar 

absorptivity values are examined for differences.  

3. Experimental 

3.1 General 

The syntheses described here were all done under a nitrogen atmosphere in a 

glovebox. THF and hexane, were supplied directly to the glove box from an inert solvent 

purification system. The fluorinated alcohol, H2pinF, was purchased from TCI America, 

and was dried over molecular sieves prior to use. K[N(SiMe3)2] (KN*) was purchased 

from Sigma Aldrich and extracted from a saturated toluene solution prior to use. 

Na[N(SiMe3)2] (NaN*) and Li[N(SiMe3)2] (LiN*) were purchased from Thermo 

Scientific and Sigma Aldrich, respectively, and used without further purification. CeCl3 

was purchased from Acros, EuCl3 and YCl3 from Alfa Aesar, and used without further 

purification. Ln[N(SiMe3)2]3 (LnN*3; Ln = Ce, Eu, Y) were prepared according to the 

literature.11 

3.2 Syntheses 

[Ce(pinF)2(THF)3][K(THF)2] A solution of KN* (30 mg, 0.15 mmol) in THF (2 mL) 

was added dropwise via pipet to a yellow stirring solution of CeN*3 (91 mg, 0.15 mmol) 

in THF (2 mL). H2pinF (54 μL, 0.30 mmol.) was added to the stirred solution via glass 

syringe. Upon addition of H2pinF, the solution became clear and colorless. After thirty 

minutes of stirring the solution was dried to a powder. The resulting powder was 

dissolved in minimal THF, transferred to a new tared vial and left in freezer at –35 °C to 



 
8 

chill for 30 minutes. The solution was then layered with room temperature hexane then 

returned to freezer to crystallize for 7 days. The resulting crystals were small, cubic and 

colorless. The mother liquor was discarded, and the crystals were dried under vacuum (89 

mg, 51%). 

[Ce(pinF)2(THF)3][Li(THF)2] A solution of LiN* (28 mg, 0.17 mmol) in THF (2 mL) 

was added dropwise via pipet to a yellow stirring solution of CeN*3 (99 mg, 0.16 mmol) 

in THF (2 mL). H2pinF (112 μL, 0.33 mmol) was added to the solution via glass syringe 

and stirred into solution. Upon addition of H2pinF solution became clear and colorless. 

After one hour the solution was dried to a powder, then dissolved in minimal THF. The 

solution was transferred to a new tared vial and left in freezer at –35 °C to chill for 30 

minutes. The solution was then layered with room temperature hexane then returned to 

freezer to crystallize. After a month the mother liquor was discarded and the crystals 

dried (60 mg, 32%). 

[Ce(pinF)2(THF)3][Na(THF)2] A yellow tinted solution of NaN* (37 mg, 0.20 mmol) in 

THF (2 mL) was added dropwise via pipet to a yellow stirring solution of CeN*3 (119 

mg, 0.19 mmol) in THF (2 mL). H2pinF (72 μL, 0.40 mmol) was added to the solution via 

glass syringe and stirred into solution. Upon addition of H2pinF the solution became clear 

and slightly yellow tinted. The solution was left to stir over 3 days at room temperature. 

The solution was then dried under vacuum and dissolved in minimal THF. The solution 

was transferred to a new tared vial and left in freezer at –35 °C to chill for 30 minutes. 

The solution was then layered with room temperature hexane then returned to freezer to 

crystallize for 2 days. The mother liquor was removed, and the resulting crystals were 

dried. The crystals were then dissolved in minimal THF and chilled in the freezer at –35 
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°C. The solution was layered with room temperature hexane and returned to the freezer 

for 7 days. The mother liquor was discarded, and the solids were dried under vacuum 

(117 mg, 51%). 

[Eu(pinF)2(THF)2][K(THF)2] A solution of KN* (34 mg, 0.17 mmol) in THF (2 mL) 

was added dropwise via pipet to an orange-red stirring solution of EuN*3 (103 mg, 0.16 

mmol) in THF (2 mL). Upon addition the solution changed to a very dark green color. 

H2pinF (61 μL, 0.34 mmol) was added to the solution via glass syringe and stirred into 

solution. Upon addition of H2pinF the solution became yellow, and then colorless. After 

30 minutes of stirring the solution was dried to a powder, then dissolved in minimal THF. 

The solution was filtered into a new tared vial and left in freezer at –35 °C to chill for 30 

minutes. The solution was then layered with room temperature hexane then returned to 

freezer to crystallize for 8 days. The mother liquor was discarded, and the solids were 

dried under vacuum (56 mg, 30%). 

[Eu(pinF)2(THF)2][Na(THF)2] A solution of NaN* (30 mg, 0.16 mmol) in THF (2 mL) 

was added dropwise via pipet to an orange-red stirring solution of EuN*3 (102 mg, 0.16 

mmol) in THF (2 mL). Upon addition of NaN* the solution changed from orange red to a 

dark green color. H2pinF (59 μL, 0.32 mmol) was added to the solution via glass syringe 

and stirred into solution. Upon addition of H2pinF the solution became yellow and then a 

very faint yellow color. The solution was stirred for 3 days, before it was dried to a 

powder and was dissolved in minimal THF. The solution was transferred to a new tared 

vial and left in freezer at –35 °C to chill for 30 minutes. The solution was then layered 

with room temperature hexane and returned to the freezer to crystallize for 2 days. The 

mother liquor was then removed, and the resulting crystals were dried under vacuum. The 
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crystals were dissolved in minimal THF and chilled in a freezer at –35 °C before being 

layered in room temperature hexane. The solution was then chilled in the freezer for 15 

days. The mother liquor was removed, and the resulting crystals were dried (97 mg, 

53%). 

[Y(pinF)2(THF)2][K(THF)2] A solution of KN* (43 mg, 0.22 mmol) in THF (2 mL) was 

added dropwise via pipet to a colorless stirring solution of YN*3 (114 mg, 0.20 mmol) in 

THF (2 mL). H2pinF (77 μL, 0.43 mmol) was added to the solution via glass syringe and 

stirred into solution. After thirty minutes the solution was dried to a powder, then 

dissolved in minimal THF. The solution was transferred to a new tared vial and left in 

freezer at –35 °C to chill for 30 minutes. The solution was then layered with room 

temperature hexane and returned to freezer to crystallize for 15 days. The mother liquor 

was discarded, and the solids were dried under vacuum (153 mg, 66%). 

[Y(pinF)2(THF)2][Na(THF)2] A solution of NaN* (33 mg, 0.18 mmol) in THF (2 mL) 

was added dropwise via pipet to a colorless stirring solution of YN*3 (102 mg, 0.18 

mmol) in THF (2 mL). H2pinF (64 μL, 0.36 mmol) was added to the solution via glass 

syringe and stirred into solution. After 30 minutes the solution was dried to a powder, 

then dissolved in minimal THF. The solution was transferred to a new tared vial and left 

in freezer at –35 °C to chill for 24 hours. The solution was dried then layered with room 

temperature hexane then returned to freezer to crystallize for 24 hours. The mother liquor 

was removed, and the crystals were dried under vacuum. (106 mg, 52%).  

[Pr(pinF)2(THF)3][K(THF)2] A solution of KN* (36 mg, 0.18 mmol) in THF (2 mL) 

was added dropwise via pipet to a colorless stirring solution of PrN*3 (101 mg, 0.16 

mmol) in THF (2 mL). H2pinF (58 μL, 0.32 mmol) was added to the solution via glass 
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syringe and stirred into solution. The solution was left to stir for 24 hours. The solution 

was dried to a powder, then dissolved in minimal THF. The solution was transferred to a 

new tared vial and left in freezer at –35 °C to chill for 24 hours. The solution was then 

layered with room temperature hexane then returned to freezer to crystallize for 28 days. 

The mother liquor was discarded, and the crystals were dried under vacuum (135 mg, 

70%). 

[Pr(pinF)2(THF)3][Na(THF)2] A solution of NaN* (35 mg, 0.19 mmol ) in THF (2 mL) 

was added dropwise via pipet to a colorless stirring solution of PrN*3 (119 mg, 0.19 

mmol) in THF (2 mL). H2pinF (131 mg, 0.39 mmol) was added to the solution via glass 

syringe and stirred into solution. After 5 minutes the solution was dried to a powder, then 

dissolved in minimal THF. The solution was transferred to a new tared vial and left in 

freezer at –35 °C to chill for 30 minutes. The solution was then layered with room 

temperature hexane and returned to freezer to crystallize for weeks. The mother liquor 

was discarded, and the solids were dried under vacuum.  The solids were placed in the 

freezer for 24 hours. A small portion of hexane was added and then dried to clean crystals 

(130 mg, 57%). 

3.3 Absorption Spectroscopy 

Absorption spectra were gathered for the lanthanide (III) complexes. The samples 

were prepared in a glovebox with a nitrogen atmosphere. The crystalline samples were 

dissolved in minimal THF (2 mL). The solution was then added to a quartz cuvette with a 

slightly greased lid before being removed from the glovebox, with a standard of THF in a 

quartz cuvette. The sample was covered with parafilm. An Agilent 8453 UV-Vis 

spectrophotometer was used to acquire absorption spectra. 
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3.4 Emission Spectroscopy 

Emission spectra were measured for the lanthanide (III) complexes. The samples 

were prepared in a glovebox with a nitrogen atmosphere. The crystalline sample was 

dissolved in minimal THF (2 mL). The solution was then added to a quartz cuvette with a 

slightly greased lid before being removed from the glovebox. The lid of the cuvette 

holding the sample was covered with parafilm. A Perkin Elmer LS-55 luminescence 

spectrometer was used to collect the emission spectra. The samples were scanned for a 

range of 400nm depending on the location of the λmax. 

3.5 Infrared Spectroscopy 

Infrared spectra were gathered for the lanthanide (III) complexes. KBr salt plates 

were purchased from Specac. The samples were prepared in a glovebox with a nitrogen 

atmosphere. A crystalline sample (50 mg) was dissolved in minimal THF (0.5 mL). The 

solution was then pipetted onto a salt plate and spread to cover the surface. The plate was 

left to dry for 30 minutes until a film formed on the surface. The IR cell was assembled, 

and removed from the glovebox, while maintaining a nitrogen atmosphere inside the cell. 

The sample was then analyzed using a Perkin Elmer IR-spectrophotometer. 

3.6 Kinetics 

A kinetics experiment was done with EuN* and [Eu(pinF)2(THF)2][K(THF)2] . The 

samples were prepared in a glovebox with a nitrogen atmosphere. An Agilent UV 

spectrophotometer was used to gather spectra. The crystalline sample was dissolved in 

minimal THF (2 mL) and then added to a quartz cuvette with a slightly greased lid before 

being removed from the glovebox. The lid of the cuvette holding the sample was covered 
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in parafilm. The sample was transferred to the spectrophotometer, after a reference scan 

of THF was made the lid of sample was removed exposing the sample to oxygen. The 

sample was then scanned every 30 seconds for 5-10 hours. 

4. Results 

4.1 Cerium Complexes 

The absorption data for the [Ce(pinF)2(THF)3][K(THF)2] (Figure 2) and 

[Ce(pinF)2(THF)3][Na(THF)2] (Figure 4) was 319 nm and 320 nm respectively. The 

molar absorptivity of [Ce(pinF)2(THF)3][K(THF)2] and [Ce(pinF)2(THF)3][Na(THF)2] 

was found to be 2.62 x 10–2 L mol–1 cm–1 and 3.18 x 10–2 L mol–1 cm–1, respectively. The 

emission spectrum for [Ce(pinF)2(THF)3][K(THF)2] was collected and the λmax value was 

observed at 456 nm (Figure 3), which corresponds to 21930 cm–1.  The emission 

spectrum for [Ce(pinF)2(THF)3][Na(THF)2] was collected and the λmax value was 

observed at 450 nm (Figure 5), which corresponds to 22222 cm–1. The Stokes shift for 

[Ce(pinF)2(THF)3][K(THF)2] and [Ce(pinF)2(THF)3][Na(THF)2] was found to be 9418 

cm-1 and 9028 cm-1, respectively. 

 

Figure 2: Absorption spectrum of [Ce(pinF)2(THF)3][K(THF)2], λmax = 319 nm 
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Figure 3: Emission spectrum of [Ce(pinF)2(THF)3][K(THF)2] ] in THF, λmax = 456 nm, 

excited 319 nm 

 

Figure 4: Absorption spectrum of [Ce(pinF)2(THF)3][Na(THF)2] ], λmax = 320 nm 
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Figure 5: Emission spectrum of [Ce(pinF)2(THF)3][Na(THF)2]in THF, λmax = 450 nm, 

excited 320 nm 

4.2 Europium Complexes 

The absorption for [Eu(pinF)2(THF)2][K(THF)2] (Figure 6) and 

[Eu(pinF)2(THF)2][Na(THF)2] (Figure 8) was 250 nm, and 247 nm respectively. The 

molar absorptivity for [Eu(pinF)2(THF)2][K(THF)2] and [Eu(pinF)2(THF)2][Na(THF)2] 

was found to be 7.08 x 10–3 L mol–1 cm–1 and 9.35 x 10–3 L mol–1 cm–1, respectively. The 

emission spectra were collected for [Eu(pinF)2(THF)2][K(THF)2] (Figure 7) and 

[Eu(pinF)2(THF)2][Na(THF)2] (Figure 9). The λmax values for 

[Eu(pinF)2(THF)2][K(THF)2] was observed to be 456 nm, which corresponds to 21930 

cm–1. The λmax values for [Eu(pinF)2(THF)2][Na(THF)2] were observed to be 451 nm and 

620 nm, which correspond to 22173 cm–1 and 16129 cm–1, respectively. The Stokes shift 

for [Eu(pinF)2(THF)2][K(THF)2] and [Eu(pinF)2(THF)2][Na(THF)2] was found to be 

18070 cm–1 and 18288 cm–1, respectively. 
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Figure 6: Absorption Spectra of [Eu(pinF)2(THF)2][K(THF)2], ], λmax =250 nm 

 

Figure 7: Emission Spectra of [Eu(pinF)2(THF)2][K(THF)2], ] in THF, λmax =  456 nm, 

excited 250 nm 
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Figure 8: Absorption Spectra [Eu(pinF)2(THF)2][Na(THF)2], ], λmax = 247 nm 

 

Figure 9: Emission Spectra [Eu(pinF)2(THF)2][Na(THF)2]] in THF, λmax =451 nm, 

excited 247 nm 
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spectrum for [Y(pinF)2(THF)3][K(THF)2] was collected and the λmax value was observed 

at 400 nm (Figure 11), which corresponds to 25000 cm-1. The emission peaks for 

[Y(pinF)2(THF)3][Na(THF)2] were found to be at 287 nm and 564 nm (Figure 13), which 

correspond to 34843 cm-1 and 17731 cm-1, respectively. The Stokes shift for 

[Y(pinF)2(THF)3][K(THF)2] and [Y(pinF)2(THF)3][Na(THF)2] was found to be 22362 cm-

1 and 29663 cm-1, respectively.   

 

Figure 10: Absorption Spectra [Y(pinF)2(THF)3][K(THF)2]] in THF, λmax = 211nm 
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Figure 11: Emission Spectra [Y(pinF)2(THF)3][K(THF)2]] in THF, λmax = 400 nm, 

excited 211 nm 

 

Figure 12: Absorption Spectra [Y(pinF)2(THF)3][Na(THF)2]] in THF, λmax = 211 nm 
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Figure 13: Emission Spectrum [Y(pinF)2(THF)3][Na(THF)2]]in THF, λmax = 564 nm 

excited 211 nm 

4.4 Praseodymium Complexes 

The absorbance of [Pr(pinF)2(THF)3][K(THF)2] (Figure 14) and [Pr(pinF)2(THF)3][Na(THF)2] (Figure 

16) was found to be 221 nm and 217 nm, respectively. The molar absorptivity of 

[Pr(pinF)2(THF)3][K(THF)2] was 1.18 x 10–2 L mol–1cm–1. The molar absorptivity 

[Pr(pinF)2(THF)3][Na(THF)2] was 1.18 x 10–2 L mol–1cm–1. The emission spectra were collected for 

[Pr(pinF)2(THF)3][K(THF)2] (Figure 15) and [Pr(pinF)2(THF)3][Na(THF)2] (Figure 17). The λmax values 

for [Pr(pinF)2(THF)3][K(THF)2] were observed to be 309 nm, 380 nm, and 605 nm, which 

correspond to 32362 cm–1, 26316 cm–1, and 16529 cm–1, respectively. The λmax values for 

[Pr(pinF)2(THF)3][Na(THF)2] were observed to be 307 nm, 376 nm, and 600 nm, which correspond 

32573 cm–1, 26596 cm–1, and 16667 cm–1, respectively. The Stokes shift for 

[Pr(pinF)2(THF)3][K(THF)2] was 12886 cm–1. The Stokes shift for [Pr(pinF)2(THF)3][Na(THF)2] was 

13510   cm-1.  
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Figure 14: Absorption Spectra of [Pr(pinF)2(THF)3][K(THF)2]] in THF, λmax = 

221 nm 
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Figure 15: Emission Spectra of [Pr(pinF)2(THF)3][K(THF)2] ] in THF, λmax = 

309 nm, excited 221 nm

 

Figure 16: Absorption Spectra of [Pr(pinF)2(THF)3][Na(THF)2] in THF, λmax = 

217 nm 

 

Figure 17: Emission Spectra of [Pr(pinF)2(THF)3][Na(THF)2] in THF, λmax = 307 

nm, excited 217 nm 
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4.5 IR-Spectroscopy 

Via IR spectroscopy, it was observed that the vibrational spectra of complexes 

[Ce(pinF)2(THF)3][K(THF)2], [Ce(pinF)2(THF)3][Na(THF)2], 

[Eu(pinF)2(THF)2][K(THF)2], [Y(pinF)2(THF)3][K(THF)2] and 

[Y(pinF)2(THF)3][Na(THF)2] show signals with very similar wavenumbers and intensities 

despite differences in the identity of the lanthanide and metal counterion. This is likely 

due to the nature of lanthanides characteristically forming ionic type bonds. 

4.6 Kinetics 

Via UV-vis it was observed that EuN* and [Eu(pinF)2(THF)2][K(THF)2] decayed at 

different rates. [Eu(pinF)2(THF)2][K(THF)2] decayed from 2.57 to 2.0046 and reached the 

minimum after 171 minutes (Figure 18).  EuN* decayed from an absorbance of 2.53 AU 

to 0.2375 AU and did so in 205 minutes (Figure 19). The fastest rate that EuN* decayed 

was –0.023 AU/min. The fasted rate that [Eu(pinF)2(THF)2][K(THF)2] was – 0.0024 

AU/min. 
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Figure 18: [Eu(pinF)2(THF)2][K(THF)2] decay in THF 

 

Figure 19: EuN* decay in THF 

5. Discussion 

The luminescence observed for the Ce(III) complexes is high in energy 
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and likely results from a LaPorte allowed 4f→5d transition. The luminescence observed 

for the Y(III) complexes is similarly high in energy ([Y(pinF)2(THF)2][K(THF)2], 25000 

cm–1; [Y(pinF)2(THF)2][Na(THF)2]; 34843 cm–1, 17731 cm–1) results from a LaPorte 

allowed 4p→4d transition.  

The luminescence observed for [Eu(pinF)2(THF)2][K(THF)2] at 456 nm (21930 cm–1) 

and [Eu(pinF)2(THF)2][Na(THF)2] at 451 nm (22173 cm–1) are a surprisingly high energy 

transitions, which may correlate to 5D2 → 7F0, or from exciting into a low energy d orbital. 

A second, lower energy peak in the emission spectrum of [Eu(pinF)2(THF)2][Na(THF)2] 

at 620 nm (16129 cm–1) is likely the result of a 5D0 → 7F0 transition. 

The luminescence observed for [Pr(pinF)2(THF)3][K(THF)2] and 

[Pr(pinF)2(THF)3][Na(THF)2], resulted in three emission peaks that were similar 

between the two compounds. The highest energy peaks around 310 nm 

([Pr(pinF)2(THF)3][K(THF)2], 309 nm,  32362 cm–1;  [Pr(pinF)2(THF)3][Na(THF)2], 

307 nm, 32573 cm–1) and around 380 nm ([Pr(pinF)2(THF)3][K(THF)2], 380 nm,  

26316 cm–1;  [Pr(pinF)2(THF)3][Na(THF)2], 376 nm, 26316  cm–1) exceed what would 

be expected for an f-f transition, and is possibly the result of an occupied d orbital in 

the excited state. The lowest energy peaks around 600 nm 

([Pr(pinF)2(THF)3][K(THF)2], 605 nm,  16529 cm–1;  [Pr(pinF)2(THF)3][Na(THF)2], 

600 nm, 16667 cm–1) are likely the result of 1D2 → 3H4 transitions. 
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Ln 
Δ Stokes Shift (K-Na) 

(cm-1) 

Δ Molar Absorptivity 

(K-Na) 

Y -7301 -11% 

Ce 390 21% 

Pr -623 0% 

Eu -218 43% 

Table 1: Change caused by changing the counterion from K to Na 

 The emissions and absorptions of the yttrium complexes were affected by the 

changing counter ion (Table 1). The Stokes shift and molar absorptivity decreased when 

the counterion was changed from potassium to sodium. The shape of the emission 

spectrum (Figure 20) also was affected; the two peaks of the emission separated and the 

intensity at 564 nm increased significantly. 

 

Figure 20: Emission of [Y(pinF)2(THF)3][K(THF)2] and [Y(pinF)2(THF)3][Na(THF)2] in 

THF 
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the molar absorptivity. The shape of the spectra remained the same when the counterion 

was changed (Figure 21). 

 

Figure 21: [Ce(pinF)2(THF)3][K(THF)2] and [Ce(pinF)2(THF)3][Na(THF)2] emissions 

overlayed in THF 

 When the counterion changed from potassium to sodium for the praseodymium 

complexes the Stokes shift decreased, but the molar absorptivity stayed the same (Table 

1). The emission spectrum of [Pr(pinF)2(THF)3][K(THF)2] and 

[Pr(pinF)2(THF)3][Na(THF)2] were nearly the same shape except that the intensity of the 

emission for [Pr(pinF)2(THF)3][Na(THF)2] was much lower (Figure 22).  
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Figure 22: Emission of [Pr(pinF)2(THF)3][K(THF)2] and 

[Pr(pinF)2(THF)3][Na(THF)2]in THF 

 When the counterion changed from potassium to sodium for the europium 

complex the Stokes shift decreased, and the molar absorptivity increased (Table 1). A 

spectrum of EuN* was gathered as a benchmark to see the ligand effect on the emission, 

in the case of both counterions the emission intensity was increased, and peaks shifted. 

[Eu(pinF)2(THF)2][K(THF)2] had a lower intensity emission and fewer peaks than the 

[Eu(pinF)2(THF)2][Na(THF)2] emission (Figure 23). 
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Figure 23: Emissions of [Eu(pinF)2(THF)2][K(THF)2], [Eu(pinF)2(THF)2][Na(THF)2] 

and EuN* in THF overlayed 

The IR-spectra were initially gathered in order to see if there any perturbation in the 

geometry could be noticed when changing the Ln and the counter ion. It was found 

however that changing the Ln (Ln=Ce, Eu, Y) and the counter ion (K, Na) doesn’t have a 

noticeable effect on the IR spectra that were gathered. There is a noticeable difference in 

the intensity, but due to the method used no conclusions can be drawn from that. The 

similarity of the peaks aligns with the characteristic nature of lanthanides to form ionic 

bonds, so any changes in geometry that did occur wouldn’t be observable with this 

method.  
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Figure 24: IR-Spectra of the Ce compounds in THF layered 

 

Figure 25: IR-Spectra of the Y complexes in THF stacked 
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Figure 26: All the IR-Spectra in THF stacked  

 The kinetics experiment was done in order in order to see how the ligand effects 

the basicness of the complex. It was found that the EuN* compound decays ten times 

faster than [Eu(pinF)2(THF)2][K(THF)2], and more completely decays. 

 

 

Figure 27: Decay of EuN* and [Eu(pinF)2(THF)2][K(THF)2] in THF 
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6.  Conclusion 

Changing the counter ions did influence the luminescence of the different 

complexes. The change in the absorption and emission was minimal with the cerium 

complexes, but there was a sizable change in the molar absorptivity. The change in the 

Stokes shift of the europium complexes was minimal however there was a large change 

in the molar absorptivity. There was also a difference in the shape of the emission spectra 

with changing counterions. The yttrium complexes also saw a change in the emission 

spectra peaks, and Stokes shift, but a smaller change in the molar absorptivity. We 

assume that these changes are due to changes in the geometry and the solvation of the 

complexes. We tried to view if there were any differences we could observe with IR 

spectroscopy, but the ionic nature of lanthanide compounds resulted in no observable 

differences in the peaks. The next step to verify these changes is to gather crystal 

structures of the complexes with the differing counterions to understand what changes in 

geometry could be causing the shown luminescence changes. 

In the future the lifetimes of the luminescence should be collected for 

[Eu(pinF)2(THF)2][K(THF)2], [Eu(pinF)2(THF)2][Na(THF)2], 

[Pr(pinF)2(THF)3][K(THF)2], and [Pr(pinF)2(THF)3][Na(THF)2], to aid in the assignment 

of the observed high energy emission peaks. Lifetimes on the order of nanoseconds 

would support the assignment of a LaPorte allowed transition from a d orbital in the 

excited state. 
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