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Electronic Structures of Ytterbocene-Imine Complexes. Ryan E. Da Re, Christopher J. Kuehl, 

Kevin D. John, and David E. Morris 

The electronic structures of complexes of the form [(CsMe~)2Yb(L)1”’ (L = bipyridine, 

phenanthroline, terpyridine) have been probed using cyclic voltammetry and electronic 

spectroscopy. Remarkably, the voltammetric data reveal that the imine-based LUMO is stabilized 

and the redox-active metal f orbital is destabilized by ca. 1 V each upon formation of the 

ytterbocene-imine adduct, which is presumably responsible for the [(f)’3(n*(L))1] charge-transfer 

ground state Characteristic of these complexes. The ca. 0.8 V separation between ligand-based 

oxidation and metal-based reduction waves for each ytterbocene adduct correlates with the energy of 

its optically promoted n*(L)-f(Yb) charge transfer (LMCT) transition (ca. 5000 cm-I). The coupling 

between this LMCT excited state and the 2F7/2 ground and 2F5,2 excited states of Yb(II1) leads to 

unusually large intensities (E - 1000) for the metal-localized f-f bands, which will be discussed in 

the context of an intensity borrowing mechanism that invokes exchange between the ligand-based 2S 

and metal-based 2F spin states. 



Electronic Structures of a,a'-Diimine Adducts of (Cp*),Yb 

phen 

Schultz, Boncella, Berg, Tilley, Andersen Organometallics, 2002, 27, 460-472 

An electron is spontaneously transferred from the fI4 Yb center to the diimine 

ligand to yield an [(f)13(x*)1] ground state 

Physical properties are consistent with a radical-anion diimine ligand: IR, 

NMR, UV-Vis 



Magnetic Properties of Ytterbocene Adducts 
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Experimental Determination of the Sign of J 

Deducing the coupling between the Yb-based and ligand-based spins 

is difficult due to the splitting of the 2F ground-state term of Yb(lll) 
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Experimental Determination of the Sign of J 
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f+f Bands of (Cp*) Yb(phen) and [(Cp*) Yb(phen)]* 
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The Kahn method assumes that the ligand-field splitting 

of the 2F term is identical for (Cp*) Yb(L) and [(Cp*) Yb(L)]+ 
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Goals of this Work 

Probe the charge-transfer ground states found in the bpy and phen adducts of 

ytterbocene using electrochemistry and electronic spectroscopy 

Characterize the ligand-field splittings of the 2F7,2 ground-state term of Yb(lll) for the bpy 

and phen adducts of ytterbocene 

Correlate the intensities of the f- f bands in the phen adduct with the spin-spin coupling 

Da Re, Kuehl, Brown, Rocha, Bauer, John, Morris, Shreve, Sarrao horg. Chem., 2003, 42, 5551-5559 
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Cyclic Voltammograms of (Cp*) Yb(THF) , bpy, and (Cp*) Yb(bpy) 
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Cyclic Voltammograms of (Cp*) Yb(THF) , phen, and (Cp*) Yb(phen) 
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Summary of Electrochemical Data for Ytterbocene-Imine Complexes 

The oxidation potential of fI4 (C5Me&Yb(THF), is insufficient to reduce bpy or phen 

3+/2+ The separation between the Lo'- and Yb 

adducts yields a comproportionation constant of 10 

the fully oxidized and fully reduced forms: 

redox waves (- 0.8 V) for the bpy and phen 

13.4 for the following reaction between 

This separation (- 0.8 V) indicates that the [(f)I4(n*)O] excited state lies less than 7000 

cm-' above the [(f)13(n*)1] ground state: 

A[ I E d i i mi n eo" -) - E 1 /2( Y b3+l2') 13 = AE { [ (f ) 3( n* ) '3 +[ (f ) ( n*)O]} 
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f --)f Bands of [(Cp*) Yb(bpy)]* 
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UV-Vis-NIR Absorption Spectra of (Cp*) 3 Yb(bpy) and (Cp*) 3 Yb(phen) 
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f+f Bands of (Cp*) Yb(phen) and [(Cp*) Yb(phen)]+ 
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Proposed Intensity-Stealing Mechanism for the f Bands of (Cp*) Yb(phen) 
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The f+f bands steal intensity from the n;*(phen)+f(Yb) LMCT transition 

through mixing between 2F and 2S spin states 
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f + Bands of [(Cp*)-Yb(tpy)]* 
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Conclusions 

The electrochemical data indicate that the diimine LUMO is stabilized and the Yb f orbital 

is destabilized each by -1 .O V in the bpy and phen adducts of ytterbocene 

The ligand-field splitting of the 2F7/2 term for the phen adduct is sensitive to the unpaired 

electron on the phen ligand 

The anomalous intensities of the f+ f bands can be explained using a model in which 

coupling between the 2F and *S spins states allows the f+ f transitions to steal intensity 

from the low-energy n;*+ f LMCT transition 

Da Re, Kuehl, Brown, Rocha, Bauer, John, Morris, Shreve, Sarrao Inorg. Chem., 2003, 42, 5551-5559 
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