CHEM 441	Luminescence of Eu2+ vs. Eu3+ Compounds	Spring 2026
Introduction:
	Towards the bottom of the periodic table are two rows of elements, the lanthanides and the actinides. Since their valence electrons are in f-orbitals, these elements demonstrate rather unique electronic and magnetic properties. The lanthanides (Ln) have a general ground state electron configuration of [Xe]6s25d14fn and are often found as trivalent cations with electron configurations of [Xe]4fn. To access the divalent cation often requires extreme conditions to overcome massive reduction potentials for most Ln, however, europium and ytterbium are notable exceptions. With reduction potentials of –0.35 V vs NHE (Eu) and –1.15 V vs NHE (Yb), these ions are able to be reduced with practical reducing agents.1 However, the reactivity of divalent Ln towards oxygen requires an inert atmosphere, oftentimes using a glovebox.2,3

	In this lab you will examine the difference in the electronic structure of Eu2+ and Eu3+ via spectroscopic investigation.4 Eu2+ is prepared for you in the glove box as an approx. 6.0 mM acetonitrile solution, by reducing europium(III) triflate (Eu(CF3SO3)3) with Zn dust. The Eu2+ will be reacted with 12-crown-4 and cyclen to form coordination complexes in situ for spectroscopic investigation. These solutions will then be exposed to air and again measured spectroscopically. 




Prelab Questions
1) What orbitals are typically attributed to the electronic transitions in Eu2+ and Eu3+. Compare and contrast the appearance of their spectra.
2) What makes a transition Laporte/parity forbidden? What makes a transition spin forbidden?
3) Generally speaking, molecules that are more rigid have stronger luminescence. In this case, bond vibrations are of concern. Using your knowledge of IR spectra, state which bonds are likely to be the most problematic.
4) According to the spectrochemical series, which complex will have a lower energy d–d transition, [Cr(NH3)6]2+ or [Cr(OH2)6]2+?
5) What is the expected ligand field geometry for the Eu2+ compounds you will make according to reference 2? Between the cryptand and the azacryptand complexes in reference 3, which complex had the lower energy transition?
Procedure:
Preparation of Eu2+ complexes:
	In the glovebox, prepare 5.00 mL of 12 mM acetonitrile solutions for each ligand, 12-crown-4 and cyclen. The degassed acetonitrile will already be in the glovebox. Filter 1.5 mL of the provided Eu solution using a 45 mm syringe filter (need to remove the Zn dust), then react with 1.5 mL of your macrocycle solution. Shake well and transfer the solutions to screwtop cuvettes. Once the cuvettes are sealed, you may remove them from the glovebox.
Spectroscopic investigation:
	Obtain UV–Vis absorbance spectra for the two Eu2+ complexes from 250–600 nm. Do not forget to prepare an appropriate blank! Obtain luminescent excitation and emission spectra for both Eu2+ compounds. Set the slit widths to 2 nm for all experiments. The remaining parameters are in the table below. Afterwards, open the cuvettes containing Eu2+ complexes for exposure to oxygen and note any color changes. Obtain UV-Vis absorbance spectra for these solutions from 250–600 nm. Obtain new excitation and emission spectra. Slit widths of 2 nm are appropriate and you will need a 400 nm cutoff filter. Additional parameters are given below.

	Expected Ion
	Ligand
	Experiment
	lex/nm
	lem/nm
	Scan range/nm

	Eu2+
	12-crown-4
	Excitation
	---
	400
	250–375

	
	Cyclen
	Excitation
	---
	595
	300–575

	
	12-crown-4
	Emission
	345
	---
	375–600

	
	Cyclen
	Emission
	480
	---
	500–700

	Eu3+
	12-crown-4
	Excitation
	---
	615
	250–450

	
	Cyclen
	Excitation
	---
	615
	250–450

	
	12-crown-4
	Emission
	395
	---
	525–750

	
	Cyclen
	Emission
	395
	---
	525–750




Report:
	Provide printouts of all spectra and identify the lmax of any notable peaks and shoulders in the spectra. Contrast the spectra observed between the [Eu(12-crown-4)2]2+ and [Eu(cyclen)2]2+ compounds. Compare your Eu3+ emission spectra to another example from the literature, beyond the references provided. Answer the following questions:
1) Predict what kind of molecular and/or atomic orbitals are involved in each transition you observed (e.g. s, p, s, p, d, or f) based on the provided DFT calculations.
2) Compare the Eu2+ absorbance and emission spectra between the two ligands. Describe any shift and rationalize this shift. You will need to use the spectrochemical series to rationalize your observations.
3) How would the Eu2+ absorbance and emission spectra of the ion dissolved in acetonitrile compare to the sandwich complexes assuming there is a similar eight coordinate complex that forms?
4) Rationalize the difference in intensity for the Eu2+ vs Eu3+ transitions. Rationalize the difference in intensity for the Eu3+ emissions for both complexes.
5) Does Eu2+ spontaneously oxidize to Eu3+ with air exposure? Support your answer with your data and observations.
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Ln2+/3+ Reduction Potentials vs. NHE
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