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The simplest organometallic compounds, which are produced
by electron transfer from an alkalr alkaline earthmetal to an
organic acceptor (e.g., reaction 1) are of significant theoretical
as well as practical useThe interaction between the metal cation
and the resulting anion radical is usually a simple ion association
moderated by the coulombic attraction between the two species
and the competitive ion solvating nature of the solvedawever,
we report here that exposure of an organic one-electron acceptor
to a metallic f-block lanthanide results in the formation of a new
class of organ_ometalllc Complexe§ In which both acceptor Figure 1. (Upper) X-band EPR spectrum taken immediately after the
molecules are I|g_ated_t0 the metal dication. Further, ;he donatedexpOsure of a 0.01 M solution of naphthalene in liquid ammonia to
electrons are spin-paired, and electron paramagnetic resonancgyropjum metal at-80 °C. The spectrum was recorded a3 °C.
(EPR) analysis (in the case of europium) reveals a lanthanide _ower) A computer simulation generated combining a 47.8% contribution
nucleus that appears as if it is interacting with a single unpaired from 159Eu (as;e,= 35.0 G) and a 52.2% contribution B§fEU (asseu
electron. = 15.7 G). The peak-to-peak line width is 17 G, and the spectrum for

the heavier isotopic system has a 2.5 G upfield shift. The structure shown
A+M—AT M (1) above the spectrum is tentative, but it is known that: (1) europium ions
prefer an octahedral geometry, (2) they complex well with ammonia, and

The lanthanide results are reminiscent of the organometallic (3) (in this case) two naphthalene units are involved.
complexes that were formed when Cd%J) metal was used to
reduce benzoquinone in tetrahydroquan.that case, EPR proved of the lanthanide$was the metal of choice for our initial studies.
to reveal a wealth of information concerning the resulting solvated The large spirrorbit coupling to excite® states together with
organometallic compounds, and it was found that the anion radical strong lattice couplings leaves most lanthanide complexes EPR
could be simply ion-associated with the Tar coordinated to  silent at temperatures above 20"KThis has prevented most

the metal dication as in Structures | and 1. previous observations of lanthanide hyperfine splitting in mobile
solution.
O Exposure of naphthalene {¢ls, electron affinity= 3.5 kcal/
O o O OO mol)X dissolved in liquid ammonia to europium metal im-
(\ 0 (\ mediately results in the forest green color of the naphthalene anion
Cd> cd?

\' radical. EPR analysis of this solution clearly exhibits a fleeting
Qo/ p Oo/ o] signal (lifetime~10 min at room temperature). This signal comes
from an unpaired electron i{gopic = 1.99) interacting with the
o BIEy (| = 5/2) and>Eu (| = 5/2) nuclei with coupling constants
(6] of ays3ey= 15.7 G and g1ey= 35.0 G, Figure 1. This spectrum
is identical to that expected for a single electron interacting with
® (I the metal nucleu$.Surprisingly, no hyperfine interaction with
) ) ) the protons on @Hs is exhibited.

Since an anion radical generated by electron transfer from & 14 prove that the naphthalene had, indeed, accepted the electron
lanthanide has not been reported, we were motlvated tp cary outirom the europium, water was added. The organic products were
an electron transfer from the doubly occupied s orbital of an 1,4-dihydronaphthalene {§:0) and naphthalene, meaning that
f-block lanthanide (e.gf,’s’) to gain a preliminary understanding  the G 4, was reduced to its anion radical and underwent a normal

of the interactions between the resulting organic anion radical gjych reductiont” There was also the possibility that the hyperfine
and the metal ion. To maximize the probability of a successful

electron transfer, europium, having the lowest ionization potential ~ (6) (a) The reduction potentials @1 + 3e- = M) of europium and

ytterbium are-1.99 and—2.22 V, respectively. (b) Cotton, A. F.; Wilkinson,
(1) (a) Chang, R.; Johnson, C. $.Am. Chem. S0d.966 88, 2338. (b) G. Advanced Inorganic Chemistryiley-Interscience: New York, 1980; pp

Zandstra, P. J.; Weissman, SJ]JAm. Chem. So&962 84, 4408. (c) Hirota, 981-990. (c) The various states arising from tieconfigurations are split

N. J. Phys. Chem1967, 71, 127. (d) Szwarc, M. Idons and lon Pairs in by the lattice only to the extent 6£100 cn* (KT =200 cn1?t) leaving more

Organic ReactionsSzwarc, M., Ed.; Wiley-Interscience: New York, 1974.  than one Kramer's double thermally accessible. Cotton, A. F.; Wilkinson, G.
(2) (a) Stevenson, C. D.; Schock. L. E.; Concepcion, R.; Peterson,R. A.  Advanced Inorganic ChemistryViley-Interscience: New York, 1980; p 981

Phys. Chem1985 89, 175. (b) Stevenson, C. D.; Nieves, |.; Echegoyen, L.  990.

J. Phys. Chem1984 88, 4332. (7) (@) Wertz, J. E.; Bolton, J. RElectron Spin Resonance Elementary
(3) For example see House, H. ®odern Synthetic Reaction2nd ed.; Theory and Practical ApplicationsChapman and Hall: New York, 1972, p
W. A. Benjamin: Menlo Park, CA, 1972; Chapter 3. 339. (b) Short relaxation times are due to coupling of the electronic-spin
(4) (a) Stevenson, C. D.; Caldwell, G.; Williams, E.Phys. Cheml979 lattice relaxation with molecular vibration and collisions, which lead to
83, 643. (b) Stevenson C. D.; Williams, H. Am. Chem. Sod979 101, fluctuations in the crystal field potential, see: Marks, TPtbg. Inorg. Chem
5910. (c) Stevenson, C. D.; Chang, ¥.Phys. Chem198Q 84, 2255. 1978 24, 51.
(5) Stevenson, C. D.; Reiter, R. C.; Burton, R. D.; Halvorsen, T. D. (8) For a recent example, see: Hou, Z.; Fujita, A.; Zhang, Y.; Miyano, T.;
Inorganic Chemistryl995 34, 1368. Yamazaki, H.; Wakatsuki, YJ. Am. Chem. Sod 99§ 120, 754.
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\ radical® The lifetime of the E&" oxidation state is limited, and

\ further oxidation occurs to give the more stablé- dxida-

,‘ tion state. The third electron is ejected from a 4f orbital to an

| available naphthalene molecule. The resulting solvatéd f

W EWt(CyoHg™)2(NH3)4 complex does not have a simple Kramer’s

| doublet transition available and is EPR silent. Thus, only the

‘ naphthalene anion radical, ion associated to the charged complex

Absorbance (AU)

(Structure 1V), is observed (reaction 2). The absence of an excess
. amount of naphthalene, does not prevent the EPR signal for the
"'”“‘““”“““'“’”'*‘“v“" EW(CioHg)2(NH3)4 complex (Structure 1lI) from the same
| quick!! decay and subsequent replacement by that of the solvated
| electron. This suggests that the driving force for the transition
Wavelength (nm) from EW to EWT is relatively large.

Figure 2. (Lower) UV—vis spectrum taken immediately after the
exposure of a solution of naphthalene in liqguid ammonia to europium
metal at—80 °C. The spectrum was recorded-af3 °C. (Upper) UV~ NHy,, l ~NH; NHy,

. | NH;
vis spectrum taken after the decay of the EPR active spepies. This NH/ETQNH _ NH/ETS'\NH @
spectrum clearly shows the presence of the naphthalene anion radical™"* 3 3 3

(broad band at-900 nm stretching well into the visible region) and the 4@@
charge-transfer bands at 295 and 435 nm expected forra $stem. an av)

Note their absence in the lower spectrum.

Removal of the solvent (N§) under reduced pressure concen-
X . . trates the solvated electron and renders it less thermodynamically
the line width, which would mean that they could not be resolved stable. As a consequence of this, the electron “jumps” back into

and w_ould only contribut_e to the line width of the europium_ the EG* complex, and the EPR signal can, again, be observed
hyperfine components. This proved not to be the case, as replaclnqzor the EG*compI’ex ' '

the GoHg with C1Ds did not alter the spectrum in any way. Immediately after the initial electron transfer from Eu to

Further, an identical EPR spectrum is observed when amhracenehaphthalene, the absorption spectrum FEDyHs )o(NHs)s can

g?ggﬁqutwggféc?rro%eggffr{ﬁp32g§5ngfggnﬁbﬁeetlgﬁggﬂ acecreﬁrrJ]the recorded. It shows a broad absorption at 365 nm, which trails
i P yp into the visible region, Figure 2. Just as observed via EPR, one

pa;t\err;roernttrlle E]ZRtJ\i/ge sSthgfrbns that were donated to the S S€e the oxidation of the europium Il with BVis spectros-
PP y . ; ; . . copy. Whenever an easily oxidized ligand is bound to a trivalent
Bapht_haler?e remalnfsp:n-palredllnﬁthe prganomet_arl]llchcompleT. europium, which can be reduced to the divalent state, charge-

espite the seven f electrons left to interact with the meta ’ : i’

o transfer bands are present in the Y¥is spectrunm? In a typical
dlcatllo.n, the £7/2 t0 £5/2, £5/2 'goii3/2: +3/2 to£1/2) EPR complex, e.g., Eua?p‘, these bands are a? 270 and 410 r):Pn When
transitions are broadengd to obI|V|6hTh|_s allows a relatively the EF*(CagHy~)2(NHs)s solution oxidizes to the trivalent state,
uncomplicated observation of the europium nucleus through the EU*(CagHs~)2(NHs)s, such bands are, indeed, exhibited. Spectra

—1/2 to+1/2 transition. EPR analysis of the frozen solution at - e e so1utions show charge-transfer bands at 295 and 435 nm,

160 K reveals some evidence of the other transitions. A weak, . : .
- : . ! Figure 2. This spectrum also reveals a very broad band starting
very broad line (peak to peak line width, 930 G) centered at 3360 at 650 nm with a maximum at 990 nm. This very large band is

G and a line at 1570 G (line width, 180 G) can be observed. . - ; :
X L L g absent in the B(CyoHg )2(NH3)4 solution and is due to the
These results are consistent with the initial donation of the two uncomplexed naphthalene anion radical.

i Oﬁ'%?;rgt?;nt%ft\g% ?Qfﬁef’,mt[) Th%leg#f sr‘1uvgllézscogrs:squurﬁgélgght The lanthanide with the penultimate lowest ionization potential
. 8 : ! is ytterbium, an #4s* systemf Exposure of ammonia solutions
through the europium s orbital. Since the two electrons, donated ! . .
by thg Eu. are in ?he same molecular orbital they are spin paired. of naphtha_lene to ytterb_lum results in the same forest green color
Hence, only the remaining seven unpaired f electrons can otk:set:yed n Itrt].e eyroEpFl,thqﬁnﬁ.phtthaleneéyﬁeim. NH|_(|)W€.V€I’, the
contribute to the EPR signal. Further, only the/2 to +1/2 yuer |tur3 S0 l114'0fn ||s " Zl.en , as Tbi toHs )of Th3)4IIES’ asd vb
e D9 ’ . expected, a -electron diamagnetic species. The Eu an

transition in liquid solution is not broadened out of existence, : . :
and the resulti%g EPR spectrum appears to reflect the interactionreSUItS suggest thap analogous EPR-active and -inactive complexes
of the europium nucleus with a sinale electron Spin can be obtained with the other lanthanides and a host of electron

P 9 pin. acceptors. However, the larger ionization potentials of the other

delcl:qatzewri)trheizegcfivsfn%%etzz Oarggni;c r??:fé%r’v\m]s tﬁgzss_:ﬁ%allanthanides may necessitate the use of the Ri€keetals to effect
Y ! P .~ electron transfer. This issue is under current investigation.
pattern normally observed for the solvated naphthalene anion

splittings from the naphthalene were significantly smaller than
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