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ABSTRACT 

The syntheses and reduction potentials of the lanthanide fluoroalkoxides 

[K][La(OC4F9)4(THF)2] and [K][La(pinF)2(THF)3] (Ln = La3+, Sm3+, Ce3+; HOC4F9 = 

perfluorotertbutanol; pinF  = perfluoropinacol) are presented. A preliminary investigation of the 

influence of fluorinated ligand environments on redox behaviors of lanthanides was pursued. Both 

complexes were synthesized by a Brønsted–Lowry acid-base reaction from an Ln[N(SiMe-

3)2]3(THF)n precursor. Air-free cyclic voltammetry with a ferrocene/ferrocenium internal reference 

and single-crystal X-ray diffractometry were employed to characterize the reductive potentials and 

structural information for these materials.  

1. BACKGROUND 

Discovery and Definition of the Lanthanides 

 The f-block of the periodic table is often depicted as below and removed from the rest of 

the elements and contains two groups of metals: the lanthanides and actinides. The lanthanide and 

actinide metals have similar chemical properties, primarily accredited to the valence electron 

occupation in the 4f and 5f orbitals, respectively.1 Lanthanum, element number 57, is considered 

the beginning and the namesake of the lanthanide series. The series ends with lutetium, element 

number 71.1 Scandium and yttrium are considered pseudo-lanthanides because of their comparable 

chemical behaviors.1 Collectively, the lanthanides, scandium, and yttrium compose their own 

unique group named the rare earth metals, Ln (Ln = lanthanides, Sc, Y). 

 Ten of the lanthanides first discovered were isolated from a single mineral, yttria, by Johan 

Gadolin at Ytterby, Sweden in 1794.1 Gadolin was suspicious that yttria contained the oxide of an 
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undiscovered element. Unaware of his monumental discovery, further examination of yttria 

demonstrated that, in fact, ten oxides of undiscovered elements were present, which were later 

identified as scandium, yttrium, gadolinium, terbium, dysprosium, holmium, erbium, thulium, 

ytterbium, and lutetium. Cerium, lanthanum, neodymium, europium and samarium were later 

discovered in the mineral ceria by M.H. Klaproth, W. Hisinger and J.J. Berzelius.1 Closely 

following the discovery of the complete Ln series was the detection of the 4f orbital, capable of 

housing 14 more electrons than expected of the 4th primary quantum shell.2 With this 

understanding came an entirely new field of inorganic chemistry, rare earth chemistry. Today, 

lanthanides are commonplace in many modern technologies. 

Properties and Relevance of Lanthanides  

  Historically, the common uses for rare earth metals have been for catalysis, and for use in 

ceramics or glass.3 However, unique characteristics of lanthanides have resulted in modern 

applications taking advantage of their luminescence and magnetism.2 

Lanthanides exhibit luminescence through access to both f and d orbitals, differentiating 

them from the transition metals found in the d-block. For example, cerium(III) possesses the 

ground state electron configuration [Xe]4f1. Upon excitation the electron residing in the 4f orbital 

is promoted to the 5d orbital. This transition from 4f to 5d is LaPorte allowed and produces an 

intense emission.1 Mechanistically, electromagnetic radiation excites an electron from the ground 

state into an excited vibrational mode. The relaxation of the excited electron to the ground state 

results in fluorescence as energy is released in the form of light.1 This luminescent property, 

whether fluorescent or phosphorescent, is present for all of the lanthanides, some of which have 

been harnessed for use in colored electronic screens, such as those found in cell phones and 

televisions, as well as light emitting diodes (LEDs) found in automobile headlights.4  



4 

 

In addition to luminescence, occupation of the f orbitals gives rise to impressive magnetic 

properties. Many lanthanide ions demonstrate a large effective magnetic moment propagated by a 

potential seven unpaired electrons occupying the 4f orbital as well as a large degree of spin-orbit 

interactions.5 Through this characteristic arose various innovations across many professional 

fields. Cancer diagnosis and treatment have benefitted from the use of lanthanide-ion contrasting 

agents and nanotechnologies capable of specialized drug delivery, while the future of data storage, 

battery life, and processing speed are all expected to be affected by Ln magnetism with the recent 

advances of single molecule magnets.5, 6 

It is apparent that lanthanide metals play a monumental role in the progress of technology 

and science. In addition to being immensely useful themselves, the electronic properties of 

lanthanides prove to be capable of paving new routes for organic syntheses and providing powerful 

methods valuable to all disciplines of chemistry. A complete understanding of lanthanides and 

their electronic behavior contains solutions to many challenges facing science today, including the 

means to ensure lanthanides remain an abundant and sustainable resource. The aim of this study 

is to explore the effect of fluorinated ligand environments on the redox activities of model 

lanthanides including lanthanum (La), cerium (Ce), and samarium (Sm). 
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2. INTRODUCTION 

Redox Activities of Lanthanides 

 Ordinarily, lanthanides are most stable in their trivalent state.7 In fact, discovering 

conditions in which unusual oxidation states of Ln metals can be isolated has become a race among 

rare earth chemists. Certain lanthanides, in accordance to their specific electron configurations, 

may easily take on other oxidation states given an empty, half-filled, or filled valence 

configuration.1 Samarium (Sm) in the trivalent state, for example, has the electron configuration 

[Xe]4f5.1 Upon reduction to Sm2+ the electron configuration becomes [Xe]4f6, which is 

thermodynamically accessible as six electrons brings the metal closer to having a half-filled f-

orbital.1 On the other hand, the electron configuration of cerium (Ce) allows for an oxidative route 

to a higher oxidation state. Like the rest of the lanthanides, Ce is stable in the +3-oxidation state, 

having a [Xe]4f1 electron configuration. The loss of the single f-electron leaves cerium as a Ce4+ 

ion containing an empty f-orbital, which allows Ce to be uniquely stable in the tetravalent state 

and isoelectronic to the noble gas xenon.1 

Given the stability of Sm and Ce in oxidation states beyond the trivalent form makes these 

Ln metals commercially available for their use as oxidizing and reducing agents. Samarium(II) 

iodide is commonplace as a reducing agent and used in an array of organic preparations, such as 

the reduction of ketones to alcohols.8 Likewise, cerium (IV) ammonium nitrate is a frequently used 

and readily purchased oxidizing agent which is commonly used for water oxidation.9  

Under specific circumstances some Ln metals can be coerced into highly reactive valent 

states such as La2+ with electron configuration [Xe]5d1.10 A metal center such as La2+ is so reactive 
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that it is able to reduce and complex with inert aromatic organic compounds such as naphthalene 

and biphenyl, allowing forms of these organic molecules to be observed for the first time.10  

Ligand Field Theory and Fluorinated O-Donor Ligands 

 Electron count is not solely responsible for the redox activity of Ln metals. The ligand 

environment around a metal has a profound effect on its reductive potential. Ligand field theory 

makes predictions regarding the interactions between valence orbitals of metals and bonded 

ligands and in which molecular orbital the participating electrons reside.11 Classifying ligands can 

be simplified into two categories: donor ligands, which donate electron density onto the metal 

center, and acceptor ligands which accept electron density into their nonbonding or antibonding 

orbitals.11 Each of the categories range in relative “accepting” and “donating” strength, portrayed 

by the electrochemical series.11 The extent of this accepting or donating character and the geometry 

of the entire complex influence electrochemical behaviors of the core metal.11 Establishing patterns 

governing the effect of ligands on metals and their corresponding complexes allows chemists to 

design complexes engineered for desired purposes.  

Recently, work has been done to examine Ln-containing complexes dressed in fluorinated, 

O-donating, alkoxide ligands to see what affect variable ligand donation has on the luminescent 

properties of the metals.12 This work is on-going, but it is hypothesized that electron donation from 

alkoxide ligands will be mitigated somewhat by with the electron withdrawing effects of fluorine 

to propagate a relative decrease of electron density on the Ln metal center, affecting the energies 

of the f-orbitals and causing a change in their luminescence. 

This study is focused on studying the electrochemistry of similar Ln complexes containing 

fluorinated alkoxide donors: [K][Ln(OC4F9)4(THF)2] ([OC4F9]
– = perfluoro-tertbutoxide; Ln = La, 
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Sm, Ce) and [K][Ln(pinF)2(THF)3] ([pinF]2– = perfluoropinacolate; Ln = La, Sm, Ce). The 

structures of the protonated forms of each ligand are presented in Figure 1. It is hypothesized that 

the fluorination of alkoxide donors will decrease electron density on the metal centers resulting in 

Sm(III) and Ce(IV) to be more readily reduced. 

 

Figure 1: Structures of perfluorinated alkoxide ligands a) perfluoro-tert-butyl-alcohol and b) perfluoropinacol. 

Motivation 

Although abundant in the Earth’s crust, lanthanides are rapidly becoming scarce materials 

because of their wide range of applications and current underdeveloped means of lanthanide 

separation and recycling.13 This complication calls into action increased study of the lanthanide 

metals. Examination of the reductive potentials of these complexes via cyclic voltammetry will 

provide useful data towards describing and understanding electrochemical effects of fluorinated 

ligands on lanthanides.  

 

 

 

 

 

a b 
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3. EXPERIMENTAL 

All synthetic procedures and preparations were performed under an inert atmosphere with the 

rigorous exclusion of air and water in a nitrogen-filled glovebox or on a Schlenk manifold. 

Solvents were sparged with industrial nitrogen and dried by passage through columns containing 

molecular sieves prior to use. Anhydrous LaCl3, CeCl3, and SmCl3 were purchased from Strem, 

Acros Organics, and Alpha Aesar, respectively and used without further purifications. 

Perfluoroterbutanol and perfluoropinacol were purchased from Matrix Scientific and Alpha Aesar, 

respectively, dried over activated molecular sieves, and degassed prior to use. Parabar 10312 oil 

was purchased from Hampton Research and degassed prior to use. 

Single crystal X-ray diffractometry (XRD) was used for the structural characterization of 2-Sm 

in collaboration with Professor Jerome Robinson at Brown University. Crystal structures were 

collected using a Bruker Instruments D8 Quest diffractometer. 

In collaboration with Professor Robinson, the reductive potentials of the synthesized 

complexes were measured under an inert atmosphere in reference to ferrocene/ferrocenium as an 

internal reference. Solid powders of the finished products were dissolved in THF at concentrations 

of 0.30-0.70 millimolar. Tetrabutylammonium hexafluorophosphate (NBu4PF6) at 200 millimolar 

was added to each sample as an ionic strength adjustor. The working, reference, and counter 

electrodes used were platinum wire, silver wire and platinum wire, respectively. A scan rate of 100 

mV/s was used. For cerium complexes a cathodic sweep was used, for lanthanum and samarium 

complexes anodic sweeps were used. Data was collected, displayed and analyzed using a CH 

Instruments potentiometer and accompanying software.   
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Synthesis of La[N(SiMe3)2]3(THF)n, 1-La 

A clear and colorless solution of K[N(SiMe3)2] (471 mg, 2.36 mmol) in THF (6 mL) was added 

dropwise to a colorless stirred suspension of LaCl3 (200 mg, 0.815 mmol). The colorless 

suspension was stirred overnight and dried under vacuum. The resulting colorless powder was 

stirred in hexane (10 mL) for an hour and centrifuged for 10 minutes. The supernatant was filtered 

and dried under vacuum to yield 1-La as a colorless solid. 

Synthesis of Ce[N(SiMe3)2]3(THF)n, 1-Ce 

A clear and colorless solution of K[N(SiMe3)2] (469 mg, 2.35 mmol) in THF (6 mL) was added 

dropwise to a colorless stirred suspension of CeCl3 (200 mg, 0.811 mmol). The colorless 

suspension was stirred overnight resulting in a color change from colorless to yellow. The 

suspension was then dried under vacuum. The resulting yellow powder was stirred in hexane (10 

mL) for an hour and centrifuged for 10 minutes. The supernatant was filtered and dried under 

vacuum to yield 1-Ce as a bright-yellow solid. 

Synthesis of Sm[N(SiMe3)2]3(THF)n, 1-Sm 

A clear and colorless solution of K[N(SiMe3)2] (451 mg, 2.26 mmol) in THF (6 mL) was added 

dropwise to a pale-yellow stirred suspension of SmCl3 (200 mg, 0.779 mmol). The yellow 

suspension was stirred overnight. The suspension was then dried under vacuum. The resulting 

pale-yellow powder was stirred in hexane (10 mL) for an hour and centrifuged for 10 minutes. The 

supernatant was filtered and dried under vacuum to yield 1-Sm as a pale-yellow solid. 
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Synthesis of [K][La(OC4F9)4(THF)2], 2-La 

 A clear and colorless K[N(SiMe3)2] solution (48 mg, 0.24 mmol) in THF (4 mL) was added 

dropwise to a stirring clear and colorless solution of 1-La (150 mg, 0.242 mmol) in THF (10 mL). 

The mixture was stirred 10 minutes. Perfluorotertbutanol (228 mg, 0.967 mmol) was added slowly 

via syringe and allowed to stir for 30 minutes. The colorless solution was then dried under vacuum 

to yield 2-La as a colorless solid powder. The solid was dissolved in minimal THF (~2 mL), 

filtered into a new vial, chilled to -40˚C, and layered with room temperature hexane. The system 

was stored at -40˚C for 24 h to produce 2-La as a crystalline solid.  

Synthesis of [K][Ce(OC4F9)4(THF)2], 2-Ce 

 A clear and colorless K[N(SiMe3)2] solution (48 mg, 0.24 mmol) in THF (4 mL) was added 

dropwise to a stirring bright-yellow solution of 1-Ce (150 mg, 0.241 mmol) in THF (10 mL). The 

mixture was stirred 10 minutes. Perfluorotertbutanol (228 mg, 0.965 mmol) was added slowly via 

syringe and allowed to stir for 30 minutes, resulting in an immediate color change from bright 

yellow to colorless. The colorless solution was then dried under vacuum to yield 2-Ce as a 

colorless solid powder. The solid was dissolved in minimal THF (~2 mL), filtered into a new vial, 

chilled to -40˚C, and layered with hexane. The system was stored at -40˚C for 24 h to produce 

2-Ce as a crystalline solid. 

Synthesis of [K][Sm(OC4F9)4(THF)2], 2-Sm 

 A clear and colorless K[N(SiMe3)2] solution (47 mg, 0.24 mmol) in THF (4 mL) was added 

dropwise to a stirring pale-yellow solution of 1-Sm (150 mg, 0.237 mmol) in THF (10 mL). Upon 

addition of K[N(SiMe3)2], a color change from pale yellow to dark yellow was observed. The 
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mixture was stirred 10 minutes. Perfluorotertbutanol (224 mg, 0.949 mmol) was added slowly via 

syringe and allowed to stir for 30 minutes, resulting in a color change from dark yellow to 

colorless. The colorless solution was then dried under vacuum to yield 2-Sm as a colorless solid 

powder. The powdered solid was dissolved in minimal THF (~2 mL), filtered into a new vial, 

chilled to -40˚C, and layered with hexane. The system was stored at -40˚C for 24 h to produce 

2-Sm as a crystalline solid.  

Synthesis of [K][La(pinF)2(THF)3], 3-La 

 A clear and colorless K[N(SiMe3)2] solution (48 mg, 0.24 mmol) in THF (4 mL) was added 

dropwise to a stirring clear and colorless solution of 1-La (150 mg, 0.242 mmol) in THF (10 mL). 

The mixture was stirred 10 minutes. Perfluoropinacol (162 mg, 0.483 mmol) was added slowly 

via syringe and allowed to stir for 30 minutes. The colorless solution was then dried under vacuum 

to yield 3-La as a colorless solid powder. The powdered solid was dissolved in minimal THF (~2 

mL), filtered into a new vial, chilled to -40˚C, and layered with hexane. The system was stored at 

-40˚C for 24 h to produce 3-La as a crystalline solid.  

Synthesis of [K][Ce(pinF)2(THF)3], 3-Ce 

 A clear and colorless K[N(SiMe3)2] solution (48 mg, 0.24 mmol) in THF (4 mL) was added 

dropwise to a stirring bright-yellow solution of 1-Ce (150 mg, 0.241 mmol) in THF (10 mL). The 

mixture was stirred 10 minutes. Perfluoropinacol (161 mg, 0.483 mmol) was added slowly via 

syringe and allowed to stir for 30 minutes, resulting in an immediate color change from bright 

yellow to colorless. The colorless solution was then dried under vacuum to yield 3-Ce as a 

colorless solid powder. The powdered solid was dissolved in minimal THF (~2 mL), filtered into 
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a new vial, chilled to -40˚C, and layered with hexane. The system was stored at -40˚C for 24 h to 

produce 3-Ce as a crystalline solid. 

Synthesis of [K][Sm(pinF)2(THF)3], 3-Sm 

 A clear and colorless K[N(SiMe3)2] solution (47 mg, 0.24 mmol) in THF (4 mL) was added 

dropwise to a stirring pale-yellow solution of 1-Sm (150 mg, 0.237 mmol) in THF (10 mL). Upon 

addition of K[N(SiMe3)2], a color change from pale yellow to dark yellow was observed. The 

mixture was stirred 10 minutes. Perfluoropinacol (159 mg, 0.475 mmol) was added slowly via 

syringe and allowed to stir for 30 minutes, resulting in a color change from dark yellow to 

colorless. The colorless solution was then dried under vacuum to yield 3-Sm as a colorless solid 

powder. The powdered solid was dissolved in minimal THF (~2 mL), filtered into a new vial, 

chilled to -40˚C, and layered with hexane. The system was stored at -40˚C for 24 h to produce 

3-Sm as a crystalline solid.                 

4. RESULTS 

Synthesis of 1-Ln 

 The metathesis reaction by which complexes 1-Ln were synthesized is shown in Scheme 

1. These syntheses are similar to those presented by Anwander et al. in 1998.14 The commercially 

available K[N(SiMe3)2] was purchased with a purity of 95%. To prevent the potential interference 

of impurities, the K[N(SiMe3)2] was extracted in dried toluene prior to use. 

 

Scheme 1: Synthetic route of 1-Ln starting materials. 
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Syntheses of 2-Ln and 3-Ln 

 The syntheses of the 2-Ln and 3-Ln complexes are proposed to follow a Brønsted–Lowry 

acid-base mechanism wherein the fluorinated alkoxide ligands function as an acid and 1-Ln as the 

base. The chemical reactions are proposed in Schemes 2 and 3. It was observed that hasty addition 

of the ligands could result in an undesired brown discoloration of the reaction which would dry to 

an amber gel. Chilling the 1-Ln solution after addition of K[N(SiMe3)2] and dropwise addition of 

the ligands seemed to minimize this occurrence.  

 

Scheme 2: Proposed synthesis of 2-Ln. Ln = La, Ce, and Sm. 
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Scheme 3: Proposed synthesis of 3-Ln. Ln = La, Ce, Sm. 

 

Crystal Structure Characterization 

 Difficulties in producing X-ray quality crystals of 2-Ln and 3-Ln were persistent 

throughout the study as a result of challenges with size and disorder. A sample of 2-Sm produced 

a satisfactory single crystal from which the unit cell was able to be calculated. The structure is 

queued to be solved. However, the advent of the COVID-19 pandemic ceased laboratory work for 

this study and prevented a full rendering as well as the pursuit of additional crystal structures.  

Reduction Potentials 

 The reductive potentials of 2-Ln and 3-Ln were characterized by cyclic voltammetry with 

reference to ferrocene/ferrocenium as an internal reference.  

 Figure 2 presents the cyclic voltammograms of 2-La and 2-Sm. Vertical red lines denote 

the approximate half-cell voltages. 2-La shows only the one-electron oxidation of the ferrocene 

internal reference (-0.0965 V) as expected for lanthanum being mostly limited to the La (III) valent 

state. The voltammogram for 2-Sm shows two areas of interest: the ferrocene/ferrocenium 
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oxidation at -0.138 V and the quasi-reversible reduction of Sm(III)/Sm(II) at -2.483 V, a difference 

of -2.345 V. 2-Ce was unable to be presented as analysis produced unintelligible results accredited 

to potential synthetic or analytical errors. Circumstances around COVID-19 prevented additional 

analyses.  

 

 

Figure 2: Cyclic voltammograms with ferrocene internal standard and 200mM NBu4PF6 of a) 0.36mM 

[K][La(pinF)2(THF)3] in THF. b) 0.49 mM [K][Sm(pinF)2(THF)3] in THF. 

 

Cyclic voltammograms for 3-Ln are provided in Figure 3. As in Figure 2a., 3-La exhibits 

solely the ferrocene oxidation E1/2 at a voltage of -0.0965 V. The E1/2 for the quasi-reversible 

reduction of 3-Sm and the E1/2 for ferrocene are present at -1.326 V and -0.1405 V for a difference 
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of -1.1855 V. The E1/2 for the quasi-reversible oxidation of Ce(III)/Ce(IV) is present at -0.2550 V 

with the E1/2 for ferrocene occuring at -0.0965 V, a difference of -0.1585 V.  

 

 

 

Figure 3: Cyclic voltammograms with ferrocene internal standard and 200mM NBu4PF6 of a) 0.64mM 

[K][La(OC4F9)4(THF)2] in THF. b) 0.32 mM [K][Sm(OC4F9)4(THF)2] in THF. c) 0.58 mM [K][Ce(pinF)2(THF)3] in 

THF. 

 The half-cell potentials (V) for the complexes and the corresponding ferrocene and the 

observed differences between them are summarized in Table 1.  
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Compound E1/2 Complex E1/2 Ferrocene 
Reductive Potential 

Against Ferrocene (V) 

LaOCF n/a -0.097 n/a 

SmOCF -2.483 -0.138 -2.344 

LaPinF n/a -0.097 n/a 

SmPinF -1.326 -0.141 -1.019 

CePinF -0.225 -0.097 -0.159 
Table 1: Summarized half-cell potentials (V) determined from cyclic voltammograms for synthesized complexes 

and ferrocene reference and the difference between the two. 

5. DISCUSSION 

Crystal Structures 

 Apart from complications in growing X-ray quality crystals, tendency of the crystals to 

quickly become opaque and ineligible for single crystal XRD analysis when removed from a 

glovebox was observed, even under Parabar oil, ruling out oxidative degradation. It is possible 

that the coordinated THF molecules within the complex are evaporating causing the integrity 

of the crystals to breakdown, or that the crystals are more thermally sensitive than expected. 

In future work, less coordinating solvents, such as acetonitrile, should be tested as solvents in 

the synthetic steps. It is possible less solvent coordination would circumvent the observed 

degradation and allow more time for single crystal XRD analysis to be performed.  

Reduction Potentials 

 These cyclic voltammetry data collected abides by the expected trends for the chosen 

metals. This is most clearly seen in Figure 5a, b and c. Lanthanum, exceptionally stable as the 

La3+ ion, shows no sign of undergoing neither an oxidation nor a reduction. The reductive 

potentials for 2-Sm, 3-Ce, and 3-Sm have been measured. Ce(III) within the 3-Ce complex is 

oxidized to Ce(IV) with a reduction potential of -0.159 V, relative to ferrocene. Further, the 
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elongated shape of the produced curves for the oxidation and reduction of cerium and 

samarium express a quasi-reversible nature of the complexes. Conformational change of the 

complexes after undergoing redox transitions is probable. Thermodynamic stabilities of the 2-

Ln and 3-Ln complexes comprised of Ln2+,3+,4+ metal centers all remain unknown and should 

be pursued by use of density functional theory modeling and chemical stability assessments in 

the future. Such investigations would provide the basis for understanding the quasi-reversible 

nature observed in the cyclic voltammograms and the stabilities of 2-Ln and 3-Ln complexes 

in their reduced and oxidized states. 

 The goal of this study was to examine the change in reductive potentials of these fluorinated 

alkoxide complexes with the hydrogen-saturated proteo-analogs. Unfortunately, the protonated 

samples were not able to be synthesized identically to the fluorinated complexes. Upon the 

addition of the alkoxide ligand into the Ln[N(SiMe3)2]3 solution in THF, the ligand was 

observed to immediately precipitate out as a white solid. The solubility of the alkoxides in THF 

seems less than that of the fluorinated alkoxides. This obstacle provides additional motivation 

to explore synthesis using alternative, non-coordinating solvents. By cause of the limitations 

imposed by the COVID-19 pandemic, pursuing this direction was prevented along with 

collection of proper data to compare the reductive potentials between them. Nonetheless, these 

data provide a preliminary comparison between the reductive potentials of 2-Sm and 3-Sm. 

The 2-Ln complexes have a total of 36 fluorine atoms while the 3-Ln complexes have 24. As 

shown in Table 1, Sm(III) in the 2-Sm complex is reduced to Sm(II) at a reduction potential 

of -2.344 V, 2.3x that of 3-Sm, relative to ferrocene. A direct conclusion around the cause of 

this difference cannot be claimed without further experimentation. Many factors may influence 

the difference in redox activity between the two, such as geometric differences, the amount of 
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coordinated THF molecules, the overall size of the carbon backbones of the ligands, and the 

difference in fluorine concentration. The leading suspicion for explaining the more negative 

reduction potential of complex 2-Sm is that the lower coordination number of 2-Ln allows the 

fluorinated ligands to be closer to the lanthanide metal than in 3-Ln. A decreased bond distance 

between lanthanide and oxygen donor would increase electron density donation onto the 

lanthanide metal, causing the metal to then be more difficult to reduce. Further work in 

obtaining crystal structures, which would be useful for computational modelling, and 

successfully synthesizing the proteo-analogs for a more direct comparison is necessary to make 

a more definite inference about the effect of a fluorinated ligand environment on the redox 

activity of these complexes.  

6. CONCLUSION 

The aim of this experiment was to further characterize the electrochemical properties of 

the lanthanides and investigate influences of a fluorinated ligand environment. Motivation for 

this work arose from the immense potential of lanthanides in modern technological 

applications and the significance of the ligand environment coordinated to the metal. Although 

unforeseen circumstances concerning the global COVID-19 pandemic prevented the 

completion of this study and imposed large limitations, this work provides a preliminary 

investigation of the electrochemical properties of lanthanide fluoroalkoxides and will provide 

future student researchers working with Professor Kotyk a strong background of the future 

work that will be done regarding this project.  
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