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Abstract 

 Three new lanthanide perfluoropinacolate complexes 

([K(THF)2][Ln(pinF)2(THF)x] (x = 3, Ln = Pr; x = 2, Ln = Tb, Ho)) have been synthesized 

and their solid-state structures were collected via single crystal X-ray diffractometry. Due 

to the fluorination of the pinacolate ligands, these complexes could display interesting 

electrochemical and luminescent properties. The bond angles and lengths of all three 

complexes were analyzed and it was found that the bond lengths in 

[K(THF)2][Tb(pinF)2(THF)2] and [K(THF)2][Ho(pinF)2(THF)2] were shorter than in 

[K(THF)2][Pr(pinF)2(THF)3]. As a result of these shorter bond lengths the bond angles in 

[K(THF)2][Tb(pinF)2(THF)2] and [K(THF)2][Ho(pinF)2(THF)2] were larger than in the 

[K(THF)2][Pr(pinF)2(THF)3] complex. This is due to a reduction in the radii of the 

lanthanide metal center, with praseodymium (Pr) being the largest of the three, terbium 

(Tb) the second, and holmium (Ho) the smallest, having ionic radii of 99.0 pm, 92.3 pm, 

and 90.1 pm, respectively.  
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Introduction 

The lanthanides and actinides are residents of the f-block of the periodic table. The 

lanthanides occupy the upper row of the f-block, and the actinides the lower. Each row is 

defined by the valence electrons occupying the 4f and 5f electron shells, each capable of 

housing 14 electrons.1 Most lanthanide chemistry is done in the third oxidation state (Ln3+, 

Ln = lanthanides, La-Lu).1,2 In the third oxidation state, lanthanum is isoelectronic to the 

noble gas xenon [Xe], cerium is [Xe]4f1 and so forth for all Ln3+ ions. As a result of being 

isoelectronic to xenon, cerium is uniquely stable in the fourth oxidation state.1 

Additionally, the electrons located within the 4f orbital are shielded by the 5s and 5p 

orbitals and do not participate in covalent bonding interactions.1 Since the valence electron 

orbitals are shielded, the bonding is primarily ionic and coordination geometries are heavily 

influenced by ligand steric factors.1 Traversing from left to right across the lanthanides 

from La to Lu, a decrease in both atomic radii and the radii of Ln3+ ions is observed. This 

decrease in size is commonly called lanthanide contraction and is due to the increasing 

number of protons in the nucleus and poor shielding of the 5s and 5p orbitals by the 4f 

orbital.1 The decrease in atomic radii shows a decrease from 103.2 pm for La3+ to 86.1 pm 

for Lu3+.1 

The synthesis of lanthanide-containing compounds reported in this work were 

confirmed by X-ray crystal diffractometry (XRD). Single crystal XRD is a common, non-

destructive method for analyzing crystalline compounds.3 All X-ray diffractometers 

contain three elements, an X-ray tube, a sample holder, and an X-ray detector (Figure 1).3 

When a voltage is applied to the X-ray tube the sample in the sample holder is hit with 

electrons. The electrons then dislodge inner shell electrons from the sample, and those 
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electrons are detected by the X-ray detector and a spectrum is produced. The sample is 

slowly rotated so that it is struck with X-rays from all angles. The highest-quality samples 

for XRD analysis are homogenous mixtures or single-phase materials.3 In this work single 

crystals were grown and then analyzed via XRD. 

 

Figure 1: A simple diagram of an X-ray Diffractometer.3 

Lanthanides have seen many applications, including in smart phones, magnets, 

lasers, as catalysts, and as powerful oxidizing agents.2,4–8  Recently, there has been research 

on the luminescent properties of Ln(III) (Ln = Ce, Nd, Eu, Gd, Dy) complexes with 

fluorinated, O-donating ligands to observe what effect ligand type has on the luminescent 

properties of the metals.5 This work is still ongoing, and the primary focus of this project 

was to synthesize several new [K(THF)2][Ln(pinF)2(THF)x] (Figure 3) compounds (Ln = 

Pr, Tb, Ho, Tm, Yb;                 [pinF]2– = perfluoropinacolate) (Figure 2). In addition to the 
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synthesis of these compounds, the crystal structures were also collected via XRD and 

analyzed using the software Mercury to make structural comparisons and evaluate select 

bond lengths and angles of each molecule. Crystal structures of 

[K(THF)3][Ln(pinF)2(THF)x] (Ln = Pr, Tb, Ho) are new to this work, 

[K(THF)3][Ln(pinF)2(THF)x] (Ln = La, Sm) were previously synthesized and characterized 

by former lab member Ian Kobelenz and have been included in this work as they are 

similarly unpublished. 

In the past, research has also been done on Ce(IV) complexes due to their strong 

oxidizing behavior.6 As a secondary goal of this project, the synthesis of a neutral complex 

Ce(OC4F9)4 ([OC4F9]
– = perfluoro-tert-butoxide) (Figure 2) was also attempted so that 

structural information could be collected via XRD. Cyclic voltammetry data would have 

also been collected to determine the reduction potential for comparison to known literature 

values for Ce(IV)/Ce(III) to test the hypothesis that the large amount of electronegativity 

from the fluorinated alkoxide donor ligands would allow Ce(IV) to be more easily reduced 

to Ce(III). 

 

Figure 2: Perfluoro-tert-butanol (left) and Perfluoropinacol (right) 
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Figure 3: General structure of [K(THF)2][Ln(pinF)2(THF)n] (n = 1, Ln = La, Pr, Sm; n = 0, Ln = Tb, Ho, 

Tm, Yb) 

 

 

Scheme 1: Synthesis of [K(THF)2][Ln(pinF)2(THF)n] complexes 
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Experimental 

General Procedures 

 Perfluoropinacol (H2pinF), Perfluoro tert-butanol (HOC4F9), LnCl3 (Ln = Pr, Tb, 

Ho, Tm, Yb), Ceric Ammonium Nitrate (CAN), and Sodium tert-butoxide (Na(OC4H9)) 

were purchased commercially and used without further purification. Potassium 

bis(trimethylsilyl)amide (KN(SiMe3)2 = KN*) was purchased commercially then further 

purified by extracting from toluene. THF and hexane were dried in a solvent purification 

system and stored over molecular sieves prior to use. Toluene and pentane were dried over 

NaK/benzophenone, vac transferred, and stored over molecular sieves prior to use. All 

reactions were carried out in a drybox under an N2 atmosphere at room temperature. Single 

crystal samples were prepared by suspending the crystal in parabar oil in a vial and sealing 

the cap with electrical tape. The sample vial was then placed in a larger jar that was likewise 

capped and sealed with electrical tape prior to being removed from the drybox. The sample 

was transported on ice. Single crystal X-ray diffraction data was collected using a 

microfocus source X-ray diffractometer and analyzed with the software Mercury. 

Synthetic Procedures 

PrN*
3, 1. PrCl3 (202 mg, 0.817 mmol) was stirred in THF (4.5 mL). Separately, KN* (491 

mg, 2.46 mmol) was dissolved in THF (6.0 mL) to form a clear colorless solution. The 

KN* solution was then added to the stirring PrCl3 slurry to form a cloudy grey suspension. 

The reaction was then left overnight on moderate stirring, then dried under vacuum to yield 

yellow solids, which were then stirred in hexane (6.0 mL) overnight. The resulting cloudy 
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yellow solution was then centrifuged, and the clear yellow supernatant was decanted, 

filtered, and dried to a yellow tinted powder (435 mg, 85.6%). 

TbN*
3, 2. TbCl3 (304 mg, 1.15 mmol) was stirred in THF (6.0 mL). Separately, KN* (686 

mg, 3.44 mmol) was dissolved in THF (6.0 mL) to form a clear colorless solution. The 

KN* solution was then added to the stirring TbCl3 slurry to form a cloudy colorless 

suspension. The reaction was then left overnight on moderate stirring, then dried under 

vacuum to yield colorless solids, which were then stirred in hexane (6.0 mL) overnight. 

The resulting colorless cloudy solution was then centrifuged, and the clear colorless 

supernatant was decanted, filtered, and dried to a colorless powder (419 mg, 56.9%). 

HoN*
3, 3. HoCl3 (209 mg, 0.771 mmol) was stirred in THF (4.5 mL). Separately, KN* (464 

mg, 2.33 mmol) was dissolved in THF (4.5 mL) to form a clear colorless solution. The 

KN* solution was then added to the stirring HoCl3 slurry to form an initially cloudy 

colorless suspension that then turned to a pink cloudy suspension. The reaction was then 

left overnight on moderate stirring, then dried under vacuum to yield pink solids, which 

were then stirred in hexane (6.0 mL). The resulting pink cloudy solution was then 

centrifuged, and the clear pink supernatant was decanted, filtered, and dried to a pink 

powder (447 mg, 89.7%). 

TmN*
3, 4. TmCl3 (118 mg, 0.429 mmol) was stirred in THF (4.5 mL). Separately, KN* 

(257 mg, 2.33 mmol) was dissolved in THF (6.0 mL) to form a clear colorless solution. 

The KN* solution was then added to the stirring TmCl3 slurry to form a cloudy colorless 

suspension. The reaction was then left overnight on moderate stirring, then dried under 

vacuum to yield colorless solids, which were then stirred in hexane (6.0 mL). The resulting 
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colorless cloudy solution was then centrifuged, and the clear colorless supernatant was 

decanted, filtered, and dried to a colorless powder (203 mg, 73.0%). 

YbN*
3, 5. YbCl3 (254 mg, 0.909 mmol) was stirred in THF (3.0 mL). Separately, KN* (545 

mg, 2.73 mmol) was dissolved in THF (6.0 mL) to form a clear colorless solution. The 

KN* solution was then added to the stirring YbCl3 slurry to form a cloudy yellow 

suspension. The reaction was then left overnight on moderate stirring, then dried under 

vacuum to yield yellow solids, which were then stirred in hexane (7.5 mL). The resulting 

yellow cloudy solution was then centrifuged, and the clear yellow supernatant was 

decanted, filtered, and dried to a colorless powder (429 mg, 72.1%). 

[K(THF2)][Pr(pinF)2(THF)3], 6. PrN*
3 (125 mg, 0.201 mmol) was dissolved in THF (1.5 

mL) to yield a clear yellow solution. KN* (40 mg, 0.201 mmol) was separately dissolved 

in THF (1.5 mL) to yield a clear colorless solution, which was then added to the stirred 

PrN*
3 solution to yield a clear yellow solution. H2pinF (72 L, 0.403 mmol) was then added 

dropwise, which resulted in a color change to colorless after complete addition and as the 

solution stirred for 20 minutes, then dried under vacuum to yield colorless solids (225 mg, 

98.8%). X-ray quality crystals were grown from a cooled, concentrated solution in THF 

layered with hexanes, and stored at –40°C. 

[K(THF2)][Tb(pinF)2(THF)2], 7. TbN*
3 (100 mg, 0.156 mmol) was dissolved in THF (1.5 

mL) to yield a clear colorless solution. KN* (32 mg, 0.160 mmol) was separately dissolved 

in THF (1.5 mL) to yield a clear colorless solution, which was then added to the stirred 

TbN*
3 solution to no visible change. H2pinF (56 L, 0.313 mmol) was added dropwise, 

then stirred for 20 minutes to no noticeable change. The solution was then dried under 



11 
 

vacuum to yield colorless solids (189 mg, 105%). The solids were then redissolved in 

minimal THF and layered with hexane, then stored at –40°C overnight. The mother liquor 

was then decanted, and the colorless precipitated solids were dried under vacuum. X-ray 

quality crystals were grown from a concentrated THF solution at             –40°C against 

pentane via vapor diffusion.  

[K(THF)2][Ho(pinF)2(THF2)], 8. HoN*
3 (126 mg, 0.195 mmol) was dissolved in THF (1.5 

mL) to yield a clear pink solution. KN* (39 mg, 0.196 mmol) was separately dissolved in 

THF (1.5 mL) to yield a clear colorless solution, which was then added to the stirred HoN*
3 

solution to no visible change. H2pinF (70 L, 0.392 mmol) was added dropwise to no 

noticeable change in the solution, then stirred for 20 minutes, the solution was then dried 

under vacuum to yield pink solids (184 mg, 99.9%). The solids were then redissolved in 

minimal THF and layered with hexane and stored at –40°C overnight. The mother liquor 

was then decanted, and the pink precipitated solids were dried under vacuum and this 

layering process was repeated for three rounds total. On the final layering, the mother 

liquor was decanted, and the precipitated pink solids were then redissolved in minimal THF 

and filtered. X-ray quality crystals were then grown from this concentrated THF solution 

at room temperature against hexane via vapor diffusion. 

[K(THF)2][Tm(pinF)2(THFx)], 9. TmN*
3 (75 mg, 0.116 mmol) was dissolved in THF (1.5 

mL) to yield a clear colorless solution. KN* (23 mg, 0.115 mmol) was separately dissolved 

in THF (1.5 mL) to yield a clear colorless solution, which was then added to the stirred 

TmN*
3 solution to no visible change. H2pinF (42 L, 0.234 mmol) was added dropwise to 

no noticeable change in the solution, then stirred for 20 minutes, the solution was then dried 

under vacuum to yield colorless solids (135 mg, 100%). The solids were then redissolved 
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in minimal THF and layered with hexane and stored at –40°C overnight. The mother liquor 

was then decanted, and the precipitated colorless solids were dried under vacuum. Growing 

X-ray quality crystals from concentrated THF was attempted via vapor diffusion against 

pentane at –40°C and against 6:1 Hexane/THF solution at room temperature, both attempts 

were unsuccessful. 

[K(THF)2][Yb(pinF)2(THFx)], 10. YbN*
3 (100 mg, 0.153 mmol) was dissolved in THF 

(1.5 mL) to yield a clear yellow solution. KN* (31 mg, 0.155 mmol) was separately 

dissolved in THF (1.5 mL) to yield a clear colorless solution, which was then added to the 

stirred YbN*
3 solution resulting in a clear red solution. H2pinF (55 L, 0.307 mmol) was 

added dropwise to yield a clear colorless solution, then stirred for 20 minutes, the solution 

was then dried under vacuum to yield colorless solids (237 mg, 132%). The solids were 

then redissolved in minimal THF and layered with hexane and stored at –40°C overnight. 

The mother liquor was then decanted, and the precipitated colorless solids were dried under 

vacuum. Growing X-ray quality crystals from concentrated THF was attempted via vapor 

diffusion against pentane at –40°C and against 6:1 Hexane/THF solution at room 

temperature, both attempts were unsuccessful. 

[Ce(OC4H9)4], 11. CAN (110 mg, 0,201 mmol) was stirred in THF (4.5 mL). Separately 

Na(OC4H9) (115 mg, 1.20 mmol) was dissolved in THF (7.5 mL) to form a clear colorless 

solution. The Na(OC4H9) was added dropwise to the stirring CAN slurry to form a cloudy 

yellow suspension. The reaction was left overnight on moderate stirring, then centrifuged 

and the clear yellow supernatant was filtered and dried under vacuum to yellow solids, 

which were then extracted in hexane (6.0 mL) and left stirring overnight. The yellow 
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cloudy solution was then centrifuged, and the clear yellow supernatant was decanted and 

filtered before being dried to a yellow powder (69 mg, 79.4%). 

[Ce(OC4F9)4], 12. [Ce(OC4H9)4] (69 mg, 0.160 mmol) was dissolved in THF (3.0 mL) and 

stirred to a clear yellow solution. HOC4F9 (89 L, 0.638 mmol) was added dropwise to the 

stirring solution to yield a clear amber solution, stirred for 10 minutes and dried under 

vacuum to yield orange solids which were then stirred in hexane (4.5 mL) overnight. The 

orange suspension was then centrifuged, and the supernatant was decanted and dried under 

vacuum to a bright orange powder (109 mg, 63.2%). The powder was then extracted into 

toluene and stored at –40°C overnight. The supernatant was then decanted from the 

precipitated solids. Attempts to grow X-ray quality crystals from concentrated toluene via 

vapor diffusion against vacuum grease at room temperature have been unsuccessful. 
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Results and Discussion 

Crystal Characterization 

Single Crystal X-Ray Diffractometry was used to determine the solid-state 

structures of [K(THF)2][Pr(pinF)2(THF)3] (Figure 4), [K(THF)2][Tb(pinF)2(THF)2] 

(Figure 5), and [K(THF)2][Ho(pinF)2(THF)2] (Figure 6). Structural data previously 

collected on [K(THF)2][La(pinF)2(THF)3] (Figure S1) and [K(THF)2][Sm(pinF)2(THF)3] 

(Figure S2) by previous group member Ian Kobelenz9 were included in the analysis, as 

was structural data on [K(THF)2][Ln(pinF)2(THF)n] (n = 3, Ln = Ce, Nd; n = 2, Ln = Eu, 

Gd, Dy) previously published by Doerrer and Kotyk.5 Single crystal diffractometry data 

was collected at Brown University in collaboration with Professor Jerome Robinson, all 

measurements were taken on a Bruker Instruments D8 Quest diffractometer. A noteworthy 

difference between the compounds of larger lanthanides [K(THF)2][Ln(pinF)2(THF)3] (Ln 

= La, Ce, Pr, Nd, Sm) and those of the compounds of the smaller lanthanides 

[K(THF)2][Ln(pinF)2(THF)2] (Ln = Eu, Gd, Tb, Dy, Ho) is that as the size of the Ln3+ ion 

decreases, the structure becomes more compact and the equivalent number of THF 

molecules decreases from three to two, with the cutoff occurring between samarium and 

europium. 
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Figure 4: The solid state structure of [K(THF)2][Pr(pinF)2(THF)3] is shown with hydrogen and fluorine atoms 

removed for clarity. Bond Angles O(3)–Pr(1)–O(5), O(3)–Pr(1)–O(4), O(4)–Pr(1)–O(6), and O(3)–K(1)–

O(4) are presented. 

 

Figure 5: The solid state structure of [K(THF)2][Tb(pinF)2(THF)2] is shown with hydrogen and fluorine 

atoms removed for clarity. Bond Angles O(3)–Tb(1)–O(5), O(3)–Tb(1)–O(4), O(4)–Tb(1)–O(6), and O(3)–

K(1)–O(4) are presented. 
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Figure 6: The solid state structure of [K(THF)2][Ho(pinF)2(THF)2] is shown with hydrogen and fluorine 

atoms removed for clarity. Bond Angles O(3)–Ho(1)–O(5), O(3)–Ho(1)–O(4), O(4)–Ho(1)–O(6), and O(3)–

K(1)–O(4) are presented. 

As outlined in Table 1, the compounds with larger lanthanide metals (Ln = La, Ce, 

Pr, Nd, Sm) had longer bond lengths about the Ln metal center when compared to those 

that contained the smaller lanthanide metals (Ln = Eu, Gd, Tb, Dy, Ho). Consequently, 

because of the longer bond lengths, the bond angles are smaller in the larger lanthanide 

species. Due to shorter bond lengths, the bond angles in the smaller lanthanide species are 

larger comparatively. The variation in bond lengths and angles is a result of the decrease 

in size of the lanthanide metal center. To compare the solid-state structures the angle Pln1–

Pln2 was defined as the angle between two triangular planes containing Ln(1), K(1), and 

the bridging [pinF]2– oxygen atoms (O(3) and O(4)) (Figure 7) and was found to be 

significantly larger in the smaller lanthanides (Figure 8). The larger angle is likely the 

result of fewer THF molecules. Additionally, angle Pln3–Pln4 was defined as the angle 

between two triangular planes containing Ln(1) and each of the [pinF]2– oxygen atoms 
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(Figure 9). Angle Pln3–Pln4 was significantly smaller in the larger lanthanide (Ln = La, 

Ce, Pr, Nd, Sm) complexes than in the smaller lanthanides (Ln = Eu, Gd, Tb, Dy, Ho) 

(Figure 10). This allows the larger lanthanide complexes to be much more planar through 

the “central diamond” (the quadrilateral formed by Ln(1)–O(3)–K(1)–O(4)) (Figure 11) 

than the smaller lanthanides (Figure 12). As the lanthanides decrease in size across the 

series, the ligands are forced closer together despite wanting to repel each other, and fewer 

THF molecules can coordinate around the lanthanide. When there are three THF molecules 

they spread out equally, yielding a more planar central structure. When there are two, 

however, they tend to favor one side of the metal, and repel the two [pinF]2– ligands to the 

opposite side. This not only causes the bent shape about the center of the molecule but 

could also be useful has in catalysis reactions as it leaves a larger active site on one side of 

the metal, as opposed to a strip around the center (Figures 13-14). 

 

Table 1: Select Bond Lengths (Å) and Angles (deg) of [Ln(pinF)]– Structures 

 La Pr Sm Tb Ho 

Ln(1)–O(3) 2.413(2) 2.381(2) 2.338(2) 2.277(2) 2.229(2) 

Ln(1)–O(4) 2.418(2) 2.386(2) 2.338(2) 2.247(2) 2.252(2) 

Ln(1)–O(5) 2.365(2) 2.319(2) 2.338(2) 2.195(2) 2.185(2) 

Ln(1)–O(6) 2.357(2) 2.312(2) 2.338(2) 2.204(2) 2.175(2) 

Ln(1)–O(7) 2.559(1) 2.514(1) 2.338(2) 2.387(2) 2.358(8) 

Ln(1)–O(8) 2.580(2) 2.560(1) 2.338(2) 2.395(2) 2.364(2) 

Ln(1)–O(9) 2.591(2) 2.55(4) 2.338(2) N/A N/A 

K(1)–O(3) 2.651(2) 2.644(2) 2.639(2) 2.676(2) 2.634(2) 



18 
 

K(1)–O(4) 2.642(2) 2.639(2) 2.633(2) 2.632(2) 2.682(2) 

O(3)–Ln(1)–O(4) 74.60(6) 74.43(5) 73.91(7) 80.41(6) 80.55(7) 

O(3)–Ln(1)–O(5) 65.61(6) 66.31(6) 67.34(7) 70.42(6) 70.74(7) 

O(4)–Ln(1)–O(6) 65.78(6) 66.37(6) 67.31(7) 70.06(8) 71.09(7) 

Pln1–Pln2 3.91 4.14 3.82 17.40 18.07 

Pln3–Pln4 12.58 10.56 10.25 58.05 58.83 

Table 1: O(3) and O(4) are O atoms part of the [pinF]2– ligands that are proximal to K+ and consequently 

share an interaction. O(5) and O(6) are O atoms part of the [pinF]2– ligands that are distant to K+ and 

consequently share no interaction. O(7), O(8) and O(9) are all O atoms part of the THF molecules coordinated 

around Ln. Bond length information for Ln(1)–O(9) (Ln = Tb, Ho)  is unavailable  as the corresponding THF 

molecule is not present on these structures. Pln1–Pln2 is the angle measured between the planes [Ln(1), O(3), 

O(4)] and [K(1), O(3), O(4)] respectively. Pln3–Pln4 is the angle measured between the planes of [Ln(1), 

O(3), O(5)] and [Ln(1), O(4), O(6)] respectively. 

 

Figure 7: Pln1 (red) and Pln2 (blue) projected on the central diamond of [K(THF)2][Pr(pinF)2(THF)3] formed 

by Pr(1)–O(3)–K(1)–O(4) as well as the angle (deg) measured between them. 
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Figure 8: A plot showing the correlation between atomic number and Pln1–Pln2. Atomic numbers 57-62 

(Ln = La, Ce, Pr, Nd, Sm) all have three THF molecules coordinated while atomic numbers 63-67 (Ln = Eu, 

Gd, Tb, Dy, Ho) all have two THF molecules coordinated. 
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Figure 9: Pln3 (Green) and Pln4 (purple) projected through the central diamond of 

[K(THF)2][Pr(pinF)2(THF)3] formed by Pr(1)–O(3)–K(1)–O(4) as well as the angle (deg) measured between 

them. 

 

 

Figure 10: A plot showing the correlation between atomic number and Pln3–Pln4. Atomic numbers 57-62 

(Ln = La, Ce, Pr, Nd, Sm) all have three THF molecules coordinated while atomic numbers 63-67 (Ln = Eu, 

Gd, Tb, Dy, Ho) all have two THF molecules coordinated. 

 

 

12.58 10.23 10.56 9.57 10.25

58.97 59.8 58.05 58.06 58.83

0

10

20

30

40

50

60

70

56 58 60 62 64 66 68

A
n

gl
e 

o
f 

In
te

rs
ec

ti
o

n

Atomic Number

Angle of Intersection of Plane 3 and Plane 4 
with Respect to Atomic Number 



21 
 

Figure 11: A side view of the diamond core formed by Pr(1), O(3), K(1), O(4) showing the nearly planar 

formation of the central diamond in (K(THF)2)[Pr(pinF)2(THF)3]. 

 

Figure 12: A side view of the diamond core formed by Ho(1), O(3), K(1), O(4) showing the bent center of 

(K(THF)2)[Ho(pinF)2(THF)2]. 

 

 

Figure 13: A spacefill diagram of both sides (rotated 180° about the x-axis) of (K(THF)2)[La(pinF)2(THF)3] 

showing the remaining open space around La(1). All THF groups omitted for clarity. 
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Figure 14: A spacefill structure of both sides (rotated 180° about the x-axis) of (K(THF)2)[Ho(pinF)2(THF)2] 

showing the remaining open space around Ho(1). All THF groups omitted for clarity. 
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Conclusion 

Three of the five target (K(THF)2)[Ln(pinF)2(THF)x] (Ln = Pr, Tb, Ho) were 

successfully synthesized, isolated and had their crystal structures collected via X-ray 

diffractometry. The remaining two salts (Ln = Tm, Yb) have likely been synthesized, but 

were not yet successfully isolated as single X-ray quality crystals. The synthesis of 

[K(THF)2][Ln(pinF)2(THF)x] with erbium and lutetium have yet to be attempted but are 

recommended for future work to complete the series. 

Cerium is uniquely stable in the fourth oxidation state, which makes it a good 

candidate in the attempted synthesis of a neutral Ln(OC4F9)4(THF)x complex. However 

there have been difficulties both with isolating it as a product and growing X-Ray quality 

crystals. Further work is recommended in the synthesis and isolation of Ce(OC4F9)4(THF)x, 

which would likely display interesting redox properties. Electrochemistry data is also 

recommended for the collected [K(THF)2][Ln(pinF)2(THF)x] compounds to determine their 

reduction potentials. The attempted synthesis of the known [K(THF)2][Ln(pinF)2(THF)x] 

compounds in a non-coordinating solvent such as diethyl ether or in the presence of a 

base/different coordinating solvent such as pyridine is also recommended for future study 

to determine what affect a change in coordinating solvent would have on both the geometry 

and stability of the complex. 
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Supplementary Information 

 

Figure S1: The solid state structure of [K(THF)2][La(pinF)2(THF)3] is shown with hydrogen and fluorine 

atoms removed for clarity. Bond Angles O(3)–La(1)–O(5), O(3)–La(1)–O(4), O(4)–La(1)–O(6), and O(3)–

K(1)–O(4) are presented. 
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Figure S2: The solid state structure of [K(THF)2][Sm(pinF)2(THF)3] is shown with hydrogen and fluorine 

atoms removed for clarity. Bond Angles O(3)–Sm(1)–O(5), O(3)–Sm(1)–O(4), O(4)–Sm(1)–O(6), and 

O(3)–K(1)–O(4) are presented. 
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