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cations. {[(Ind)UBr(CH3;CN)4]o(u-0)}** with indenyl again v°-bonded but in a crowded
coordination sphere with a pentagonal bipyramidal coordination geometry around the
metal ion. The difference in bond distances which differentiate n® from 1°-bonding mode
are of the order of 0.2 A.

Recently, in a study of the reactivity of (Ind),Sm'(THF), (Evans et al. 1995a), it has
been pointed out that (Ind), Sm(THF); could be used in organic syntheses as an alternative
to the Cp3Sm(THF), complexes (x =0, 2), providing, as shown by the crystal structure of
(Ind),Sm(THF); (Evans et al. 1994e), a more open coordination environment of the two
indenyl ligands than the Cp3Sm unit which commonly adds two additional ligands.

2.3. Cyclooctatetraenyls

The aromatic dianion cyclooctatetraene (CgHg )>~(COT) forms a variety of complexes with
lanthanide and actinide ions due to their large ionic radii and possibly to the available
f orbital of convenient symmetry. Some of the complexes isolated are of the sandwich type
either monomeric as in uranocene COT,U (Streitwieser and Miiller-Westerhoff 1968a—c,
Avdeef et al. 1972) or oligomeric with the COT units shared among equal or different
metal ions. Mixed derivatives with Cp or Cp like ligands have been synthesized as well
as mono-COT either with halides and neutral ligands or 6-bonded ligands such as alkyl,
aryl, alkoxide, aryloxide, and amide. From the structural point of view a strict similarity
exists between actinide and lanthanide derivatives, even though the lanthanides due to
the more ionic nature of their bonding (Boussie et al. 1991) are more sensitive toward
oxygen and can easily undergo ligand exchange (Hodgson and Raymond 1973) as shown
by the nearly quantitative uranocene formation from [K(COT)Ce] when reacted with
UCly. The structure of the mono-COT derivatives is usually monomeric and the number
of the ligands is strongly related to their hindrance and to the ionic radii of the metal
ions.

An unusual dimeric structure has recently been reported for Sm where the bridge is
the COT unit (Schumann et al. 1993b) (see below) while, with halides, dimer formation
has been known since 1971 (Mares et al. 1971).

2.3.1. Lanthanides

COT ligands, due to their steric and electronic properties, can in principle stabilize
the three possible formal lanthanide oxidation states (II, III, IV). The first cyclooc-
tatetraene lanthanide complexes isolated were the Ln(COT) species [Ln=Eul, Yb;
COT=(CgHg)?"; Hayes and Thomas 1969], prepared by direct reaction of the metals
and cyclooctatetraene in liquid ammonia. Deep red-black crystals of (COT)Yb(py)s-0.5py
(Wayda et al. 1987) obtained by treatment of Yb(COT) with excess pyridine have a crystal
structure of the shape of a three-legged piano stool for the coordinated ligands. The first
monomeric Sm'' (COT) complex has been obtained with the highly substituted 1,3,6-
trimethylsilylCOT:

Smlz(THF)z + Ky [(Me3 S1)3 C3H5]—? [(Me3 Sl)3 C8H5] Sm (THF)3 + 2K,
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characterized by spectroscopic methods (Edelmann 1995b). An anionic bis-cycloocta-
tetraenyl-lanthanide! complex [K(DME);],[Yb(COT),] (Kinsley et al. 1985), is obtained
by stoichiometric reaction of COT, K and Yb in liquid ammonia solution. Its structure
shows planar parallel eclipsed COT rings, sandwiching a centrosymmetric Yb (Yb-C
2.74+.03 A). A K bound to DME is at the opposite side of each ring. By reacting tert-
butylcyclooctatetraene instead of COT, the same authors (Kinsley et al. 1986) prepared
the diglyme adduct (after diffusion into a diglyme solution) of dipotassium bis{terz-
butylCOT)ytterbate(Il). Its structure is similar to that of the DME adduct.

Most of the compounds synthesized are lanthanide(IlI}) COT and substituted COT de-
rivatives. In particular, a wide variety of half sandwich derivatives containing Ln to halide,
chalcogenide, pnicogenide and hydrocarby! bonds are known. A general approach to ionic
lanthanocene derivatives is:

LnCls + 2K,(COT)—~K[Ln(COT),] + 3KCl,

where Ln=Y, La, Ce, Pr, Nd, Sm, Gd, Tb. The structure of [(diethylene glycol dimethy]
ether)K][COT, Yb!"] (Boussie et al. 1991) shows a shorter metal-ring carbon distance
to the uncapped COT (Yb—Cg 1.843) than to the capped (Yb—Cg 1.902 A). Comparison
of the structural parameters of several COT complexes shows the importance of steric
interactions, particularly with metals in higher oxidation states in determining the metal—
ligand distances and with evidence for covalent bonding in these compounds. The tetranu-
clear nearly-linear complex (COT)Er(u-COT)K(u-COT)Er(r-COT)K(THF), (Xia et al.
1991b) was first synthesized by the reaction of benzylcyclopentadienyl erbium dichloride
(PhCH,CsH4)ErCl,-3THF with cyclooctatetraenyl potassium, K;COT, in 1:1 molar ratio
in THE. A single crystal X-ray study has shown that the complex has a tetralayer-sandwich
structure with adjacent Er** and K* ions bridged by n®-cyclooctatetraeny! group (fig. 41).

The Er-C bond lengths range from 2.569(14)-2.660(19), while from K—Ccor they
range 3.024(16)-3.284(13) A. In the dimeric Sc¢** derivative {[1,4(Me;Si)2(CsHe)]Sc}2-
(u-Cl)2(u-THF) (Burton et al. 1989) the more sterically demanding substituted COT
allows only bridging ligands: two chlorine and one THF molecule (O-bridging). Only
monomeric species are synthesized with iodine COTLnl(THF), (Mashima and Takaya
1989, Kilimann et al. 1994a,b, Mashima et al. 1994a) [Ln=La, Ce, Pr (n=3), Nd (n=2),
Sm (n=1)]. The X-ray structure of COTCel(THF); (Mashima and Takaya 1989) shows
a four-legged piano stool geometry. These compounds are useful starting materials for
the synthesis of mixed sandwich organolanthanides. Variously substituted Cp and COT
ligands have been used for the synthesis of Ln complexes. An approximately linear
arrangement (173°) of the ligand centroids around the metal is observed for unsolvated
complexes as for example in the pentamethylated Cp*COTLu (Schumann et al. 1989b)
shown in fig, 42. Its volatility and solubility is useful in CVD methods for the production
of thin films (A. Weber et al. 1990).

The introduction of the cyclopentyl-cyclopentadieny! (CsHoCsHy) ligand (Jin et al.
1995) allowed the synthesis of the complexes (COT)Ln(CsHoC5Hy)(THF), (Ln=Nd, Gd;
n=2; Gd, n=1) by reacting LnCl; with CsHyCsH4Na and K,COT.
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Fig. 41. Crystal structure of {(COT)-
Er(u-COTK(u-COT)Er(u-COTIK

(THF),] (Xia et al. 1991b).

The X-ray crystal structure of the Nd derivative shows the usual distorted tetra-
hedral geometry while in the Gd derivative the two forms with one and two THF
molecules coexist in the same crystal, the coordination geometry being triangular for
THF=1 and tetrahedral when THF=2. Also the 2,5-di-fert-butylpyrrolyl (pyr*) ligand
(Schumann et al. 1996) has been used in association with COT to produce the mixed
COTLnpyr*(THF), derivative according to the equation

[COT (Ln) (u-Cl) (THF)], + 2Na[pyr*]—2 [COTLn (pyr*) (THF),] + 2NaCl,

where Ln=Sm, x=1; Ln=Tm, Lu, x=0. They are volatile and can be used in the
*MOCVD processes” (Metal Organic Chemical Vapor Deposition) as precursors to
the carbon-free lanthanide oxides. The X-ray crystal structure of the THF solvated
Sm derivative shows a “triangular’coordination geometry of samarium.

The reaction of (COT)YCp* with 1,2,3 4-tetramethyl-2-methyleneimidazoline results
in the formation of (COT)Cp*Y(CH; =CC;N;Mey) (Schumann et al. 1995¢) where the
“end-on” coordinated olefin is characterized by a Y-CH,—C angle of 123.1°.

By reacting LnCly; with NaCp and K,COT (Wen et al. 1991) the compounds
CpLuCOT-#THF (Ln=Pr, Nd, n=2; Ln=Gd, n=1) are obtained, while in the reaction
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Fig. 42. Crystal structure of [(COT)-
LuCp*] (Schumann et al. 1989b).

of LnCl3, KCyH; and K,COT, the mixed indeny! derivatives are produced: (Ind}L.nCOT-
2THF (Ln=Pr, Nd). The X-ray structures of CpPrCOT-2THF and IndPrCOT-2THF
have been determined in which compounds are characterized by non-parallel sandwich
structures.

The synthesis and approximate X-ray structure of the Sm derivative (Ind)Sm(COT)-
(N>CgHg) (Wrobleski et al. 1986b) have been reported. One benzylcyclopentadienyl
(n*), one (COT) (n®) and two oxygen atoms of DME are coordinated to Gd(III) in the
complex (COT)Gd(C¢HsCH,CsH4)DME (Xia et al. 1996) with a formal coordination
number 10. The (COT)Sm(CsR4PR}) compounds (Visseaux et al. 1992) are useful
precursors for bimetallic complexes. The reaction of the new ligand HCsR4PMe; (as
its potassium salt) with [COTSmCI(THF),] produces the complexes (COT)Sm(CsR4PR})
(R=H, Me; R’=Me, Ph). They can react with CpRh(CO), giving the heterobimetal-
lic species (COT)Sm(u-CsR4PR})RhCp(CO), with phosphido-bridges between Sm!!
and Rh!, characterized by IR, 'H and 3P NMR spectra. The X-ray analysis of
(COT)Sm(C5H4PPh)(THF), shows a pseudo-tetrahedral geometry around the metal ion
with n3-COT and n’-CsH4PPh; coordination.

Ligand redistribution problems, with the production of stable M[COT,Ln] species
(M =alkalimetals), are often met in the preparation of COT o-bonded derivatives,
particularly when the chelating ligand 0-C¢H4sCH;NMe,;(L) has been used for the
steric saturation of the complex. [(COT)Lu(o-CcH4CH;NMe;)]THF is formed from
COTLuCI(THF) and LiL in THF (also the corresponding Er) (Wayda and Rogers
1985). On the contrary, the middle and early lanthanides give as the main byproduct
[Li(THF)4]{(COT),Ln]. [(COT)LnCI(THF),] when reacted with LiCH,SiMe; (1:4) gives
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Fig. 43. Crystal structure of {Sm[N(SiMe;),], },{u-COT) (Schumann et al. 1993b).

[(COT)Ln(CH,8iMes ), ][Li(THF);] (Ln=Y, Sm, Lu; Schumann et al. 1993c). The
X-ray structure of the Sm derivative shows a triangular geometry around Sm and
an unusual bonding of the Li cation to two carbon atoms of the COT ring besides
the two THF oxygens. With bis-trimethylsilylamide [N(SiMes);]~ the compounds
(COT)LaN(SiMes),-THF (Ln=Y, Gd, Er, Lu) and {Sm[N(SiMe;):];}2(u-COT) have
been synthesized. The X-ray structure of the latter is an unusual “inverse sandwich”
(Schumann et al. 1993b) where the two Sm[N(SiMej)], units are symmetrically
bridged by the COT ligand (fig. 43). Ln to nitrogen bonds in mono-COT species are
present in the THF solvate pyrazol-1-yl, [Ph,P(NSiMes),]™ and [4-XCsH4sC(NSiMe;)a]"
(X=H, MeO and CF3) derivatives COTLnL(THF) (Kilimann and Edelmann 1993, 1994,
Schumann et al. 1995d). Monomeric aryloxy and siloxy complexes COTLnOR(THF)
have been characterized by NMR and mass spectroscopy (Ln=Y, Lu; R=C'Buj, SiPh;;
Schumann et al. 1993a). [(COT)Y(u-OPhYTHF),], is dimeric like the triflate derivatives
{COTLA[W,1n*-0,S(0)CF;3)(THF), }; (Ln=Ce, Pr, Nd, Sm, Y; Kilimann and Edelmann
1994, Kilimann et al. 1994a). The X-ray structure of the Nd derivative has been
determined. From Sm metal, COT, diaryldisulfide or dienyl diselenide COT complexes
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with Sm-S and Sm~-Se can be obtained of the type [(COT)Sm(u-ER)(THF), ]2 (Mashima
et al. 1993, Mashima et al. 1994a; n=2) (ER=SPh, SC4H,Mes-2,4,6 and SePh, n=1,
ER =SC4H;-'Pr;-2,4,6. The X-ray structure of [(COT)Sm(u-SPh)(THF),], is analogous
to that of the Nd triflate (Mashima et al. 1993) but with pu-SPh bridges.

Cerium forms stable COT complexes only when tetravalent. The first one synthesized,
the dicyclooctatetraenyl Ce(COT), was pyrophoric, but stable in water. Self-consistent
field calculations established that the ground state in cerocene is almost entirely 4f!
corresponding to the formulation Ce**(COT!?"), rather than to Ce**(COT2), (Dolg
et al. 1991). The methyl substituent in the COT ring stabilizes the structure of
bis(methylCOT)cerium(IV) (Boussie et al. 1991) which presents an unusual non-linear
Cg—Ce~Cg angle of 176° that “may arise from intramolecular electronic effects”. The
COT substituents are not fully staggered and the two COT are equidistant from the Ce.

More substituted COT ligands allow the syntheses of 1,1’,4,4'-tetrakis(trimethylsilyl)-
cerocene (Fischer 1994) and of 1,1’,3,3',6,6'-hexakis(trimethylsilyl)cerocene (Kilimann
et al. 1994b) starting from Ce trichloride and Ce tristriflate, respectively. Their
solubility and stability to oxidative decomposition and their ready availability make these
compounds interesting candidates for novel one electron-transfer reactions. The X-ray
structure of Ce[1,3,6-(Me1Si); CgHs], shows a Cg—Ce-Cg angle of 176.1°.

An unusual organolanthanide complex containing two different lanthanides is obtained
in a redox reaction between the cerocene derivative with Yb powder in THF:

2Ce [1,3,6-((MesSi)y CsHs), |, + Yo [Yb (THE)g) [Ce (1,3, 6-(Me3Si); CgHs), | .

Upon heating in vacuo the “salt” is converted to the heterobimetallic tetradecker sandwich
complex (COT")Ce(u-COT")Yb(u-COT')Ce(COT’) (COT’ = 1,3,6-(Me;Si); CsHs) accord-
ing to the spectroscopic results (Edelmann 1995b).

2.3.2. Actinides
A milestone in the chemistry of 5f elements with COT was the synthesis of the uranocene
U(COT), (Streitwieser and Miiller-Westerhoff 1968b).

UCl, + 2K (COT) 225 1(COT), + 4KCL

The same procedure was used for the analogous Th derivative (Streitwieser and
Miiller-Westerhoff 1968c). The molecular structure of the isostructural “uranocene” and
“thorocene” has a Dg, molecular symmetry (Avdeef et al. 1972). In terms of orbital
symmetry, uranocene is an interesting f-orbital homolog of ferrocene.

Electronic structure calculations on actinide An(COT); compounds with the semi-
empirical LCAQO and the SCF-Xa scattered wave formalisms indicate the significance of
some covalent interaction. However, the Xa-calculations show that metal 6d,,6d,,-ligand
¢’’g overlap may be important in addition to greater metal-ligand bond covalency for ura-
nocene than for thorocene and a prediction of a J, =23 ground state for uranocene. The
crystal structure of (Kdiglyme)(MeCOT),U™ (diglyme = diethyleneglycoldimethylether)
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Scheme 20.

reveals an asymmetrical displacement of uranium between the two COT and a non-linear
Cg-U-Cg angle (176°% Boussie et al. 1991).

The first bridged uranocene (Streitwieser et al. 1993) obtained by reacting in THE, UCl,
with K5[1,2-CgHg(SiMe;);] ethane has the monomeric structure shown in scheme 20 from
mass and NMR spectral results.

A novel synthetic route for the preparation of “half-sandwich” COT, Th and
U derivatives is presented for (COT)U (BH,), derivative (Baudry et al. 1990a):

(COT), U + U(BH4);—2(COT)U(BH,);«—2COT + 2U(BH, ).

(COT)U(BH4); can be converted into Lewis base adducts (COT)U(BH4),L (L=PPhs;,
THE, OPPh;) and to the mixed ring derivative COT(Cp)UBH4L (L =THEFE, OPPhs):

(COTYU(BH), (COT)U(BH,),(OPPh,)

THF

PPh, OPPh,

(COT)U(BH,),(PPh,) THE (CODU(BH,),(THF)
lTle

(COT)(Cp)U(BH,)(OPPh,) (COTYCp)UBH)(THF)

The interest in different ligand combinations on a metal center is due to the multiple
reactive coordination sites offering multiple reactive positions at the neutral electrophilic
metal center on a pseudo bent metallocene coordination sphere. The structure of the
borohydride complex (COT)U(BH,);(OPPh;) (Baudry et al. 1990a) consists of discrete
molecules with a “piano stool” configuration, it is the first to be determined for a mono-
COT U derivative. Mixed ligand Th derivatives can be obtained by the reaction

toluene

(COT) ThCl, (THF), + Cp*™MgCl - THF —— (COT)ThCp* CI(THF), + MgCl,.
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Fig. 44. Crystal structure of [Cp*(COT)-
ThCH(SiMe;),] (Gilbert et al. 1989).

Reaction of this compound with ‘BuCHMgCI affords (COT)ThCp*(u-Cl),MgCH}Bu-
(THF) that can be considered as a “Grignard adduct” of (COT)Cp*ThCl (Gilbert et al.
1989). Its formation was rather surprising as many Cp;ThR complexes are prepared
from RMgX and Cp;ThCl. The bonding mode shown in the crystal structure is
typical of the Cp*Th(X)(Y) system. Significant dimensions are Th-Cgcor), 2.02 A; Th-
Cg{cp), 2.54A; Cg-Th-Cg, 138.0° Th-Cl, 2.890(3);\. (COT)Cp*ThCI(THF) desolvates
at 100°C yielding the dimer [(COT)Cp*ThCl], which reacts with LiCH(SiMes), giving
the monomeric alkyl (COT)Cp*Th[CH(SiMe;),] derivative.

toluene

[(COT)Cp*ThCl], + 2LiCH(SiMe3), —— 2[(COT)Cp*ThCH(SiMe;3),] + 2LiCL

X-ray determination of the structure of the latter confirmed the monomeric formulation,
the “bent sandwich” conformation and the presence of a o-bonded alkyl group. The
Th-C o-bond distance is 2.54(1)A. An agostic interaction Th-H of 2.71(9) A is also
present (fig. 44). The reaction of the alkyl complex with H; in alkane solvent produces
an oligomeric hydride [COTCp*ThH],.

The first mixed-ring U™ complex [(COT)(Cp*)U(THF)] (Schake et al. 1993), ob-
tained from Cp*UL(THF); and K,(COT) in THE has been characterized by NMR
and IR spectra. It reacts with Me;bpy to give the adduct (COT)Cp*U(Me;bpy)
(Mebpy = 4,4’ dimethyl-2,2’-bipyridine). The Cp*--U—~(COT) angle of 138.2° is comparable
to that of the Th derivative.

The mono cyclooctatetraenyl uranium dichloride pyridine adduct (COT)UCI,(Py), was
obtained by heating the THF derivative with an excess of pyridine. Its crystal structure
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is analogous to that of the non-isomorphous derivative (COT)ThCL,(THF) (Zalkin et al.
1980) and shows the usual distorted tetrahedral coordination around the metal ion.
The reaction of (COT)UCL,(THF), with Na(acac):

(COT) UCly(THF), + 2Na (CH;COCHCOCH;)%% (COT)U (CH3COCHCOCH;), ,

produces the “acac” derivative. The (COT)U(acac); structure (Boussie et al. 1990) shows
an average U—C bond distance of 2.694 A, longer than that found in the chloride derivative
(2.644 A) .

The reaction

(COT)UCILy(THF); + PMe; —(COT)UCL,PMe; (THF), + (2 — x)THF

has been investigated by variable 'H NMR spectroscopy showing an exchange behavior
for this process. Activation parameters have been also measured, as well as the reactivity
of (COT)UCL,(THF), with mono, bidentate alkyl metal and alkoxy metal reagents.

(COTYAnCly(THF); (An=Th, U) by metathetic reaction with NaN(SiMe3), produces
the diamide complexes COTAn[N(SiMes;),]; (Gilbert et al. 1988). The X-ray structure of
the thorium derivative shows an unsaturated pseudo-seven coordinate compound where
one carbon of each silyl amide ligand is in the direction of the thorium at a distance
of 3.147(15) and 3.041(13) A, respectively; this suggests a probable agostic interaction
with the attached hydrogens. The solution NMR data indicate weak interactions. The
analogous Ln anionic derivatives (Y, Gd, Er, Lu) are all THF solvated only with the
isolobal CH(SiMes);. A quite similar coordination geometry around the metal ion is
present in (THF),Li(u-n*m3-COT)Sm[CH(SiMe;),]> (Schumann et al. 1993c).

Mixed alkoxide-BH4 and bis(alkoxide) compounds [(COT)U(BH4)(OR)] and [(COT)U-
(OR);] (R=Et, ‘Pr or ‘Bu) can be obtained by alcoholysis of [(COT)U(BH4),] (Arliguie
et al. 1992). Their structure and dynamic behavior in solution have been studied by
NMR spectroscopy. The complexes (COT)U(BH4)(OR) are monomers in THF while
(COT)U(OR); are dimers in THF and monomers in pyridine. In the solid state structures
of the two dimers [(COT)U(BH4)(u-OEt)], (fig. 45) and [(COT)U(O'Pr)(u-O'Pr)]; there
are two bridging alkoxide groups, while the COT ligands are parallel and trans oriented
in the BH4 derivative and cis oriented in the (O'Pr) derivative, probably because of the
greater steric hindrance of BH, than of the O'Pr ligand at the metal center.

When thiol or NaSR reagents (R="Bu or ‘Pr) react with (COT)U(BH,), (Leverd et al.
1994) bis-thiolate complexes [(COT)U(SR),] are produced. For R='Bu a monometic
compound (COT)U(S'Bu); has been isolated; its crystal structure shows a three-
legged piano stool geometry, while the isopropane derivative [(COT)U(u-S'Pr)], is a
centrosymmetric dimer with four bridging S’Pr ligands. This different behavior seems
to be due to electronic effects, the ligand (COT)U(SR), being less electron rich than
the corresponding (COT)U(OR),. COT complexes with U™ are rare. The K(RCyH;),U
(R=H, Me) complexes have been obtained by potassium reduction of the corresponding
uranocenes (Billiau et al. 1981, Eisenberg et al. 1990).
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Fig. 45. Crystal structure of [(COT)U(BH,)-
(u-OEt)], (Arliguie et al. 1992).

2.4. Cyclopentadienyl compounds with hydride ligands

2.4.1. Lanthanides
The early 80s saw the beginning of the preparation and characterization of rare earth
organo hydride compounds (Schumann and Genthe 1981, Evans et al. 1982b) by
hydrogenolysis of Cp,Y, Er and Lu alkyl derivatives at atmospheric or high pressure.
THF, 50atm |
Cp;Lu—-R (THF) + H; ——— . [Cp,Lu-H(THF)], + RH,

where R="Bu, CH,SiMe;, CH,CMes;, CH,Ph.

toluene

2(MeCp),Ln—"Bu(THF) + 2H, “2* [(MeCp),Ln-H(THF)], + 2‘BuH,
where Ln=Y, Er, Lu.
[(MeCp),ErCH,(SiMes)], + 2H, 24 %0C 1 MeCp), Er—H], + 2SiMes.
2 2

The dimeric nature of these hydrides was established by cryoscopic molecular weight
measurements in benzene (Marks and Ernst 1982) and confirmed by the X-ray analysis
(Evans et al. 1982b) of [(MeCp), Y(THF)(u-H)], and the Er analog.

Different lutetium hydride species can be obtained according to the following reactions
(Schumann et al. 1986a).

CpoLuCl + NaH 5 [Na(THF)s][(Cp,LuH); H],
CpsLu + NaH 25 [Na(THF)s][(CpsLu),H] - 2THF.

The X-ray structure of [Na(THF)s][(CpsLu)2(n-H)]-2THF shows a centrosymmetric
dimeric anion, with a single hydrogen bridge. The hydrogenolysis of the solvent free
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derivative Cp3SmC(Ph)=C(Ph)SmCp* in hexane solution produces the orange solvent-
free [Cp;Sm(u-H)], (Evans et al. 1983c). The X-ray structure shows one of the
CpsSm units rotated with respect to the other by 87° such that the molecule shows
approximate S; symmetry. A dimeric structure is present in the isomorphous pair
[CpyLa(u-H)]; (Ln=Ce, Sm) (Gun’ko et al. 1992; Cp” ="Bu,CsH;) synthesized from
the corresponding [CpjLnAlH4-L], with an excess of triethylaminoalane THF mixture.
The Cp’ ligands are staggered and the Ce- - -Ce separation is 3.90(1) while Sm- - -Sm is
3.77(2) A. The low value for the Cg-Sm-Cg angle 121.5° versus 133.5° for the cerium
derivative could be related to a “distinct type of hybrid MO orbital orientation for the
Cp4'Sm moiety”.

A new type of anionic complex is represented by the structure of the trinuclear
polyhydride complex [Cp,ErH|;CI[Li(THF)4] (Evans et al. 1987¢c). It is formed from
cation—anion pairs. In the anion three Cp,Er units are connected by hydrogen and chlorine
bridges in a triangular array with one (W3-H)(Er-H,, 2.18 A), two (U2-H)(Er-H,,, 2.34 A)
and one (U—Cl) bridges.

An analogous anion structural type is present in [Li(THF);][(Cp,LuH);H] (Evans
et al. 1982a). Hydrogenolysis of [(1,3-Me;Cp), Y (1-Me)], in a THF/hexane (Evans et al.
1987¢) produces different hydride complexes, depending on the crystallization conditions.
The trimer [(1,3-Me;Cp), Y(u—H)]; crystallizes from toluene and, when recrystallized
from THF, produces the dimer [(1,3Me;Cp), Y(THF)(u-H)l,; in the presence of Li salts
a third product can be obtained [(I,3Me,Cp),Y(u~H)]3(w*-H)[Li(THF)4] where the
anion has the same structure as the Er trimer. The dimethyl substituted Cp complexes
are more soluble than their monosubstituted and unsubstituted Cp analogs. The dimer
[(1,3Me;Cp)(THF)Y (u-H))s is characterized by a nearly square planar geometry, for the
four cyclopentadienyl ring centroids (it was about tetrahedral in [Cp3Sm(u-H)}, (Evans
et al. 1983c). The X-ray crystal structure of {[Cp,Y(un-OCH;)]3(u3-H)},[Li(THF);],
(Evans et al, 1988f) shows {[Cp,Y(1-OCH;)]3(w*-H)}~ to be a triangular arrangement
of the three Cp,Y units bridged by methoxide groups in the anion. The central hydride
ligand was identified only by 'H NMR spectroscopy. The cation {{(THF);Li},[Cp,Y (u-
OCH;)]3(W*-H)}* has the same ligand arrangement as in the anion, except for two
additional Li(THF); moieties.

Compounds of the type [(Me;Si);CsH;],L.nBH4(THF) (Ln=La, Pr, Nd and Sm)
have been prepared with BHy as tridentate ligand. With Y and Yb, and with the
solvent free Sc complex BH4 behaves as bidentate ligand. The X-ray analysis of the
Sc derivative confirms the structure. The Sc-H bond length is 2.03(4) A (Lappert et al.
1983b). The structure of [(CsH3'Buy),Sm(u-BH4)]» (Gun’ko et al. 1992) is an example
of [(13-H),B(u?-H),] bridging as is the isostructural Ce derivative [(CsH3'Bu,),Ce(u-
BH,)], (Lobkovskii et al. 1991).

The possible use of unsolvated lanthanidocene hydrides as catalysts in alkene C-H bond
activation, hydrogenation of alkynes etc. gave rise to much research into the synthesis
and characterization of a series of aluminohydride organolanthanidocene derivatives.
The structures of these compounds generally contain a dimeric fragment (CpoMX) or
substituted (Cp}MX) (M=Ln, Y) comnected to AlH;L fragments by bridging hydrogen
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bonds. The aluminum hydride derivatives are generally more labile than simple hydride
complexes and that should enhance their catalytic activity.

The synthesis is generally an easy process involving the addition of AlH; to the
appropriate lanthanidocenes (or yttriocenes) in the form of the appropriate alkyl or
halide derivative. X-ray structure determination is the best way of clarifying the
somewhat complicated hydrogen bridging modes in these compounds. The structure
of [Cp, YC1]2[AIH;0Et,] (Lobkovskii et al. 1982) is polymeric: the Cp2 Y (u-Cl); YCpa
dimeric units are connected to AlH;-OEt; moieties via Y-H—Al bridges, forming infinite
chains: dimer—AlH;OEt,—dimer.

Three hydride bridges per metal center were observed in: [Cp, Y(W-H)(u>-H)AIH,-
(THF)], (Belskii et al. 1984a), [Cp,Y (W -H)(u2-H)AIH,(NEt)],, [Cp,Y (u3-H)(u-
H)ATH,(u-H), AIH(OEt,)], (Bel’skii et al. 1984b). The interaction of Cp;YCIl with
LiAIH,; (2:1) pl'OdLlCGS both [szYCI]2A1H3 OEt; and [szY]2A1H4C1LC(,H(, (L=NEt;s,
THF). The X-ray analysis carried out on the NEt derivative shows, a trimetallic structure,
in a triangular array where in the center a hydrogen is p*-bonded to the three metal
ions which are further connected on the periphery by hydrogen and chlorine bridges
(Erofeev et al. 1987). The interaction of Cp;LuCl with LiAlH4 in the presence of
Et;N, produces the dimeric complex [Cp,LuAlH4NEt;], which is coordinatively and
electronically saturated. In the presence of THE, the THF derivative is produced. (Both are
isomorphous with the Y analog; see above.) The crystals of the dimer undergo dissociation
under X-ray (MoKa) radiation exposure (about 2 h) producing the monomeric unsaturated
Cp,Lu(u?-H)AIH;NEt; compound with a monodentate AIH; group (Knyazhanskii et al.
1987). The changes in the solid state transformation are reflected in the breaking of all
four Lu-H bridge bonds with a change in the Al coordination polyhedron from trigonal
bipyramid to a distorted square pyramid with a bridge hydrogen atom as axial ligand.
The unstable CpjLuAlH4-Et;O (Knyazhanskii et al. 1991) aluminohydride complex
decomposes along three pathways: (i) desolvation, (ii) dissociation of solvated aluminium
hydride, and (iii) destruction of the metallocene moiety to produce the polynuclear
complex [('Bu,CsH;)Lul]4[AlHy Et;O]:[AlHy]o. Its structure is characterized by the
previously unknown tetrahedral metal core made of Lu atoms bound by bridging
hydrogens and tri-(AlH4) and tetra-dentate (AlH4-Et,O) groups.

The polynuclear compounds are important for understanding the “aging” and deactiva-
tion in the Ziegler—Natta catalytic systems which include Al alkyls or hydrides (Bel'skii
et al. 1991a). In this context the octanuclear complex Cp{Sm4(AlH,);H3(Me;NC,Hy-
NMe, ), (tmed)(Cp” CsH;Buy) (Bel'skii et al. 1991b) is obtained by reacting Cp4 Sm with
AlHj in ether or Cpy SmTHF with AIH; in THF with excess of tmed and pentane. (The
process involves the Sm!" — Sm' oxidation). Its structure is characterized by a cyclic
metal core of the shape of a “sitting frog”. The connection between the different metal
centers is made by p? and p? bridging hydrogens. The formation of this octanuclear
compound is a further demonstration of the tendency of aluminohydride metallocene
complexes, to form rather stable polynuclear species.

The [CprSm(u*-H)]J2[(U2-H),AIHNEf;], and [Cp;Smla(u-H)u-[(1>-H) Al(u*-H),-
Me,NC,HaNMe,] (Cp’ =CsH,Bu) compounds (Bel’skii et al. 1991c¢) are characterized
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Fig. 46. Crystal structure of [Cp,Y(THF)Re,H,(PMe,Ph),] (Alvarez et al. 1990).

by a formal 20 electron configuration. This coordinative oversaturation is considered
important for the prediction of reactivity and catalytic activity of the transition metal
complexes. In both complexes the Sm atom is coordinated by four hydrides. The
separation Sm- - -Al is similar, however the introduction of the strong bidentate Lewis
base tmed (= tetramethylethylendiamine) changes the type of binding of the AlH4 moiety,
having two u? and two p? bridging hydrogens to each samarium atom [(W-H),Al(u*-
H),].

The Sm'! complex {[Cp}Sm(p’-H)][(W* H),-AIH-THF]}; is, from X-ray data, a cen-
trosymmetric dimer where the central planar [Sm(n-H)], metallacycle is connected to Al
by additional bridging hydrogens. The eight membered metallacycle SmHAIHSmHAIH
is in a chair conformation (Gun’ko et al. 1990). Heterometallic hydride complexes of
the type Cp,LnRe,H7(PMe;Ph)s have been obtained from CpLnMe(THF) (Ln=Y, Lu)
and Re;Hg(PMe,Ph), in THF (Alvarez et al. 1990), but the solid state structures of
the respective Y and Lu derivatives are markedly different, because of the presence
in the first of a THF molecule. Cp,Y(THF)Re;H7(PMe;Ph), has an open triangular
structure (fig. 46) with one Re(2)- - Y separation of 4.186(2) A and the other Re(1)---Y
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Na/Hg

Cp,UCI > Cp,U(THF)
NaH I
Na/Hg(18-crown-6) Natt | | (Bt,NFIBPhY
v
[Cp,UCI][Na(18-crown-6)] [(Cp,U),(u-H)|[Na(THF),]
Scheme 21.

of 3.090(2) A suggesting the presence of a hydride-bridge, for the latter. A similar
hypothesis accounts for the short Re- - -Re distance (2.576(1) A). The bridging hydride
ligands were indicated by 'H NMR spectrum (Jy_y =7.2Hz). The THF free molecule
of Cp;LuRe;H;(PMe,Ph)s adopts a closed triangular shape for the three metals. Also
in this case hydride bridges are proposed, on the basis of the metallic distances and
NMR spectra.

Monocyclopentadienyl hydride derivatives are potential catalysts for olefine oligomer-
ization and polymerization. They can be stabilized by hindering Cp substituted derivatives
such as ‘Bu,CsHs, CsMes or chelating ones like MeyCsSiMe;N‘Bu; an example of a
structurally characterized complex is the centrosymmetric dimer {Me4CsSiMe;(n'N‘Bu)-
Sc(PMe; )(W-H)}2 (Shapiro et al. 1990) which is a regiospecific catalyst for polymerization
of a-olefins (Shapiro et al. 1994). The Sc coordination is trigonal bipyramidal.

The pentamethylated ligand (Cp*) in association with alkoxides was used by Schaverien
(1992a, 1994a) to synthesize a series of hydride derivatives [Cp*(2,6-'Bu,CsH30)Y o (u-
H)(u-R) R =Et, "Pr, "Bu, C¢H,3, C=CSiMe; as useful models for the first insertion step
in alkene polimerization processes. A stable Cp* dicarbollide derivative probably useful as
an olefin polymerization catalyst, is [Li(THF)},[Cp*(C.BoH;{)ScH]; (Bazan et al. 1993)
which as been characterized by X-ray analysis.

2.4.2. Actinides

The first organo 5f hydrides synthesized were [CpjAnH;]; and [Cp;ThCIH]; and their
dimeric structure was obtained by neutron diffraction studies (Broach et al. 1979;
An=U, Th).

Hydrogenolysis of Cp; Ubis(hydrocarbyls) in the presence of dmpe (Duttera et al. 1982)
gave the novel U bis(phosphine) hydride derivative Cp3U(dmpe)H. The usual “bent
sandwich” configuration of the Cp* ligand is present in its crystal structure.

The reduction of U(IV) species Cp3;UCI to U(IIT) by sodium amalgam in THF, or in
presence of 18-crown-6 ether gave the products indicated in scheme 21 (Le Maréchal
et al. 1989b).

A bidentate bridging mode (Porchia et al. 1987b, Zanella et al. 1987) of a boron hydride
ligand to a 5f actinide metal has been achieved, by alkyl substitution of two hydrogens
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of the BHj anion in the compound Cp;U(HBBN) [BBN = 9-borabicyclo(3.3.1)nonane)
obtained according to:

Cp;UCH + Na(HBBN) -2, Cp;U(HBBN) + NaCl.
room t.

The IR and NMR data were consistent with the bidentate bridging mode of the
HBBN ligand as confirmed by X-ray analysis. The pseudotetrahedral arrangement of the
ligands around U is characterized by the average Cg-U-Cg angle of 115(1)°. The U-
Cicppav: 18 2.76(1) A, and the U-B distance 2.78(3) A is typical for a bidentate bridge (the
H were not located). The complex exhibits the characteristic properties of tetrahydroborate
uranium complexes as molecularity, volatility, thermal stability and resistance to Lewis
bases.

The borohydride, CpsUBHy4, can be obtained by reaction of several tricyclopentadienyl
uranium derivatives, Cp;U~Z (Z=Me, Et, Ph, NEt;, OMe, E CONEt,, CO"Bu) with
substituted borohydrides, H3B-Z' (Z'=THF, BH;, SMe;; Porchia et al. 1987a). The
chemical and physical properties of CpiU(BHi), (MeCp);U(BH4), Cp;U(H;BMe),
Cp;U(H3BEt) and Cp3U(H3;BPh) have been investigated together with a partial structure
determination of Cp;U(BH4) showing a trihapto coordination of the borohydride group to
the uranium atom (U- - -B=2.48 A; Zanella et al. 1988). By reduction of Cp;UBH, with
Na/Hg the anionic U compound [Na(18-crown-6)][CpsUBH,] has been obtained (Le
Maréchal et al. 1988). As observed in almost all the covalent tetrahydroborates (Zanella
et al. 1988) the room temperature 'H NMR spectrum of Cp;UBH, shows the bridging
and terminal BH4 hydrogens to be magnetically equivalent, probably due to a rapid
intramolecular hydrogen interchange. In the case of Cp;U(H3BPh) it has been possible
to separate the '"H NMR contact and dipolar (pseudocontact) contributions. This is the
first contact shift data for a metal-bound hydride in a paramagnetic complex (Marks and
Kolb 1977).

Reaction of U(BH.);-n THF with Cp3 Th(PPh,), in THF/toluene in the presence of NaCl
produced [Na(THF)¢][Cp*U(BHj3);]1 (Ryan et al. 1989) with the unexpected migration of
a Cp from thorium to the uranium center. The X-ray analysis shows the Cp*U(BH4);
moieties coordinated by three tridentate groups, according to the characteristic U-
B distance of 2.61 A(av.). The stoichiometry of the complex and the black color
of the crystal (due to a facile U"' — U'Y charge transfer process) suggest a mixed
valent compound of average uranium oxidation state of 3.5. Reactions of the cationic
species [(RCsH4); Th]BPhy (R =Me;Si, ‘Bu) with ‘Buli yields the new thorium hydrides
(RCsHy4)3ThH characterized by NMR spectroscopy (Weydert et al. 1995).

2.5. Heterometallic cyclopentadienyl compounds with transition metals

2.5.1. Lanthanides

The coordinative unsaturation of some organo-lanthanide species can be overcome by
the insertion of transition metal complexes containing donor atom ligands such as for
example nitrosyl or carbonyl groups. The first studies on the subject deal with the
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synthesis of compounds containing either metal-metal bonds or lanthanide—isocarbonyl
or —isonitrosyl interactions. The reaction of Cp;Ln or (MeCp);Ln (Ln=Sm, Gd, Dy, Ho,
Er, Yb) with Co2(CO)s, MeCpMn(CO)s, [CpFe(CO),],, CpCr(NO),Cl, CpM(CO),(NO)
(M =Cr, Mo, W) yields compounds containing either isonitrosyl or isocarbonyl linkages
to the lanthanide ions, as confirmed by IR spectroscopy (Tilley and Andersen 1982).

Isocarbonyl bridges are in general more frequent with W, Mo, Mn, Fe, Co metal ions.
For the Cp,Ln moieties an example of isocarbonyl bridges between the two metal centers
is (THF)Cp2 Yb(u-OC)Co(CO); derivative (Magomedov et al. 1989) but surprisingly
in (THF)Cp,Lu-Ru(CO),Cp the two metal centers are directly connected by a Lu—Ru
bond (2.955(2) A; Magomedov et al. 1990). The analogous La complex (Beletskaya et al.
1993a) as well as (THF)[(1,3-MeSi),CsH3]; Lu—Ru(CO),Cp and Cp;Lu—Ru(CO),Cp have
also been isolated.

An unusual 12-membered ring is found in [Cp) Ce(u-OC)W(CO)Cp(u-CO)}, (Cp” =
1,3-(SiMes );-CsHj). The ring is formed by Ce—O=C-W groups with the O-C-W angle
essentially linear at 178° while the Ce—O-C angle is 154°. This structure is not very
stable, breaking up in acetonitrile solution to form [CpjCe(NCMe),]" ions (Hazin et al.
1988, 1990). The use of a diphenylphosphine substituted cyclopentadienide ligand has led
to the synthesis of another heterobimetallic complex [(CsHsPPh;), Yb(THF),PtMe,]- THF
(Deacon et al. 1989¢). The X-ray crystal structure reveals a pseudotetrahedral environment
around the Yb?* ion, comprising two oxygen atoms from the THF ligands and two 1’-
C5H4PPh2 ligands'

The first pentamethylcyclopentadienyl lanthanide derivative containing transition met-
als in the same molecule to be synthesized was Cp3Yb(u-OC)Co(CO);-THF (Evans
et al. 1988f). The structural characterization of the compound (by X-rays) shows the two
coordination tetrahedra around each metal ion (Yb or Co) connected via a CO bridge.

A wide range of CpjiLn transition metal complexes with Ln-OC-M bridges has
been obtained because of the electron transfer properties of Cp3Ln toward transition
metal carbonyl derivatives. The easy crystallization of the Cp* species, compared
with unsubstituted Cp, allowed the X-ray characterization of many compounds. The
X-ray structure (Boncella and Andersen 1984a) of Cp3YbMn(CO)s-0.25PhMe shows
polymeric chains of [Cp3Yb(u-OC);Mn(CO),] units with dimeric moieties [Cp}Yb(u-
0OC);Mn(CO); 1, packed between the polymeric sheets. “Contact ion pair formation tends
to localize electron density into the manganese—carbon bonds that are part of the Mn—
CO-Yb interaction”. The structure of [(Cp3Yb)(u3-OC)4Co3(CpSiMes),] has been also
reported (Boncella and Andersen 1984b). Carbonyl bridges are present in the tetranuclear
complex [Cp;Sm(u-OC),FeCp*], prepared according to the reaction (Recknagel et al.
1991d)

2Cp3Sm(THF) + [Cp*Fe(CO)a]2 — [Cp3Sm(1-OC)oFeCp’ .

(Its molecular structure is characterized by bridging OC units with Sm—O distance average
of 2.34 A.) A different type of linkage in the lower oxidation state products includes the
attachment of 1?-alkene group to Yb in Cp3Yb(u-C2Hy)Pt(PPh;), (Burns and Andersen
1987c¢).
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Fig. 47. Crystal structure of [Yb(THF),(CsH,PPh,),Ni(CQ),] (Deacon et al. 1982).

The phosphinoytterbocene {(CsH4PPh;)Ybo(THF)] which by reaction with Ni(CO);,-
(PPhs),, Mo(CO)4(nbd) (nbd=norbornadiene) or PtMe,(COD) (COD =cycloocta-1,5-
diene) in toluene gives [(CsH4PPh;); Yb(THF)X]-nPhMe (X=Ni(CO);, Mo(CO)4 or
PtMe;, n=2/3 or 1) and [(CsHsPPhy),Yb(THF),X] THF [X=PtMe;, Mo(CO)s and
Ni(CO), (unsolvated)] has been synthesized (Deacon et al. 1982). The crystal struc-
ture of the latter shows that around ytterbium there is a pseudo-tetrahedral ar-
rangement of two THF ligands and of the cyclopentadienyl ring centroids of two
1°-diphenylphosphinocyclopentadienide ligands which are also bonded via P atoms to
the Ni(CQO), group (fig. 47).

Very recently tetrathiometallate anions like [MoS;}>~ and [WS4]*>~ have been used
for the synthesis of new mixed metal Mo—Sm and W-Sm complexes (Evans et al.
1995b). In the trimetallic Mo(V) complex {[CpiSm]2Mo(u-S)s }(PPhy) (its solid state
structure shows about identical Cp3Sm(u-S); units) reduction of the metal center of
the tetrathiometallate unit occurs while in the bimetallic W(VI) complex [CpiSm(u-
S); WS, ]PPhy there is no reduction of the W(VI) metal ion; this is consistent with the
different redox potentials of MoS%~ and WS?".
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2.5.2. Actinides
Dicyclopentadienyl uranium bis(diethylamide) reacts with metal carbonyl hydrides to give
isocarbonyl-bridged binuclear complexes (Marks and Ernst 1982) such as for example
Cp2U[(n-OC)MoCp(CO); Ja.

A heterometallic compound can be made by the reaction

K[L2 ReHg] + Cp3 UC]HLzRCHﬁUCp3 ,

where L is a triarylphosphine. At 30°C all the hydride ligands are apparently equivalent
in the '"H NMR spectrum and as the temperature is reduced no variation is observed.
Nevertheless, at least three bridging hydrides are considered to be present (Baudry and
Ephritikhine 1986). Heterobinuclear products formed in the reactions

(RCp); AnCl + NaM(Cp)(CO),—(RCp)s An-MCp(CO),,

where R=H; An=Th, U; M=Fe, Ru; R=Me; An=Th; exhibit hindered rotation around
the metal-metal bonds and facile cleavage by alcohols and ketones. The free energies
of activation for rotation vary from 50 to 60kJmol™! (Sternal and Marks 1987). Bi-
and triheteronuclear complexes of uranium and group VIB metals were also prepared
(Dormond and Moise 1985) according to the reactions:

Cp;UCH + Na[M(CO);Cp’]—Cp3; U[OCM(CO),Cp’] + NaCl,
where M=Mo, W; Cp’=CsH;s or CsMes.
CpyUNEL ), + 2H[Mo(CO);Cp]—Cp,U[OCMo(CO),Cpl, + 2HNE®,.

The complexes show low CO stretching frequencies typical of isocarbonyl linkages
between Mo or W and uranium.

Deprotonated metalla-§ diphosphinites of the type M[(PR,0),] (R=alkyl, aryl or
alkoxy) may act as bidentate ligands toward another metal ion. An unusual pen-
tanuclear coordination complex U{Ni[P(O)(OMe),],Cp}4 is obtained from {Ni[P(O)-
(OMe),),Cp}NH, and UCly in THF (Paine et al. 1982). Its structure determined by
X-ray diffraction, shows a central uranium surrounded by four {Ni[P(O)(OMe),];}"
ligands n?-bonded via phosphoryl oxygen atoms in a square antiprismatic arrangement
without significant interactions between the metal ions. Polynuclear species such as
Cp,U[(O,C,CHPMe,R)Fe, Cpa(CO), ], (R=Me, CgHs; Cramer et al. 1983) show the
ability of the uranium-carbon multiple bond to react and reduce coordinated carbon
monoxide indicating their possible use for the catalytic reduction of CO. A possible
mechanism for compound formation involves the insertion of a terminal carbon of
[CpFe(CO),]; into the uranium carbon bond of Cp;U=CHPR. The insertion of a terminal
carbony! of the CpMn(CO); moiety in the uranium-carbon bond in Cp;U=CHPMe;Ph
(Cramer et al. 1984c) is shown in the structure of Cp(OC); MnC(OUCp3;)=CHPMe,Ph.
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The geometry around uranium is as usual, but the U-O bond distance is short 2.13(1) A,
with a large U-O-C angle 160(1)° in line with a multiple, U-O bond character. A further
example of an insertion product of a W(CO)¢ molecule in Cp;U=CHPPh;Me (Cramer
et al. 1986) is the complex (OC)s WC(OUCp;)=CHPPh;Me where the coordinated carbon
monoxide is converted to the enolate of an aldehyde and involves cleavage of the original
W-C bond:

H
\
C

MePPhR
Cp;U=CHP(Ph)(R)(Me) + W(CO), —> (OC);W
R = Me, Ph 0— UCp,

Its structural parameters are analogous to those reported for the Mn derivative. By heating
the complex to 90°C in THF solution for 48 h a new product was produced, where an
unusual metal migration is present, with a different type of carbonyl activation:

0O—UCp, O—UCp,

/ /

(OC)SW—-——\ H—C R = Me, Ph
N
/

H,C— PPhR (OC)sW — CH,—PPhR

This reaction is characteristic only of the W derivative. The X-ray crystal structure of
Cp; UOCH=CHPPh;CH,; W(CO)s confirms the scheme formulation.

The oxygen affinity of actinides is still used for the activation of small molecules
(Cramer et al. 1990). The reaction of CpCo(CO); with Cp3;U=CHPMeRPh (R=Ph
or Me) is the insertion of a terminal carbonyl in to the U=C bond. The cobalt
derivative represents a further example of M—C cleavage and the first of C-P cleavage as
demonstrated by the crystal structure of Cp(OC)CoC(OUCp;)=CHPMe,Ph (fig. 48).

The phosphido ligands provide stabie bridge anchors for bimetaliic units in the complex
Cp3Th(p-PPhy),Ni(CO); (Ritchey et al. 1985) in addition to bonding interaction between
the thorium and nickel atoms as shown by the X-ray diffraction results. The Th-
Ni distance of 3.206(2) A is considered as a donor—acceptor bond from nickel(0) to the
electron deficient Th'V center. Replacement of the Ni(CO), fragment with an electron-rich
transition-metal donor is made with the preparation (Hay et al. 1986) of the red-brown,
air sensitive Cp3Th(u-PPh;),PtPMe;:

oluene

Cp3Th(PPhy), + Pt(COD), + PMes ——% Cp3Th(u-PPh,),PtPMe; + 2COD,

where COD = 1,5-cyclooctadiene.
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Fig. 48. Crystal structure of [Cp(OC)CoC(OUCp;)=CHPMe,Phj (Cramer et al. 1990).

The ' Pt->!P coupling constants in the >'P NMR spectrum 25°C toluene-dg of 2459 Hz
(u-PPhy) and 2556 Hz (PMes) are taken as an indication of four coordinate platinum(0).
The X-ray diffraction study gave the Th—Pt distance of 2.984(1) A which was interpreted
as a direct thorium platinum bond. Theoretical calculations suggest that Th—Pt bond can
be regarded as a formal donor-acceptor or dative bond from the “filled” d'° shell of Pt
into the “empty” d shell of Th.

The first complex with “direct, unsupported” actinide to transition metal bond is
Cp3ThRu(Cp)(CO), (Sternal et al. 1985) obtained by reacting CpiThX; (X=Cl, I) with
CpRu(CO);Na:

Cp3ThX; + CpRu(CO)2Na—Cp; Th(X)RuCp(CO); + NaX,

The X-ray structure determination of the iodine derivative shows a Th—Ru bond of
3.0277(6) A comparable to the observed distances of 2.87-3.24 A in Th-Ru inter-
metallics. Spectroscopic results indicate a similar structure for the chlorine deriva-
tive.

Molecular orbital calculations on the Th—Ni interaction in Cp, Th(u-Ph; ), Ni(CO), have
been published (Ortiz 1986). The bonding in the closely related Cp;ITh-RuCp(CO); has
been interpreted by molecular orbital calculations in terms of electron-pair donation from
a Ru® fragment to a d°f°Th'V atom (Bursten and Novo-Gradac 1987).
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New types of actinide—organotransition metal molecules with p-methylene can be

obtained (Smith et al. 1987) according to the equation
i
Th

R
+CMe
R 4
Me

Cp*yTh(CH,CMe,CH) + (1,2-R',CsHy) MMe, —2e®
M=Zr,R'=H

M=Hf R'=H

M=Zr, R =Me

R'

R
The structural formulation is supported by NMR spectroscopy, mass spectroscopy and
X-ray diffraction analysis. The Cp3Th(u-CH,)(u-1-1':n>-3,4-Me,CsHy)Zr(1,2-Me, CsHs)-
Me molecule consists of two “bent metallocene” units connected via shared methylene
and Cp ligands. The Th-Zr distance of 3.727 A represents a non-bonding metal-metal
interaction. The Th-C methylene distance of 2.377(8) A has a multiple bond character.
The NMR variable temperature spectra show an upfield displacement and a small 'J¢_y
(85-95Hz) of the second methylene resonance suggesting an “agostic interaction”.

The first example of a U-Sn bond was found in the complex Cp;USnPh; (Porchia et al.
1986) obtained according to the equation

Cp;UNE, + HSnPh; —Cp;USnPhs + HNE,.

The main feature is the U~Sn bond length of 3.166 A.

A novel oxo-centered trimetal cluster of two uraniums and one magnesium: {Cp*U[u-
(CH,)P(Ph),(CH),]}:Mg[CH,; PMePh; ], (113 -0)(2-0)(u-Cl), has been grown in a NMR
tube, containing Cp*UCI, (synthesized with a Grignard reagent) and Li(CH,)(CH;)Ph;
in THF. Its characterization has been made by X-ray diffraction analysis on the only
single crystal obtained (Cramer et al. 1988c) (fig. 49). The molecule is chiral due to the
orientation of the phosphoylide groups bound to Mg. The coordination around uranium
is an irregular octahedron formed by Cp*, chloride, the u?-oxide, two -CH,PPh,CH,-
ligands which bridge the two uranium atoms and the p’-oxide which centers the three
metals. No metal-metal bonding interactions are present in the structure.

Polyoxoanion-supported organoactinides have been prepared and characterized by
reaction of MWs035; (M=Nb, Ta) anions with Cp3AnCl (An=Th, U). The X-ray crystal
structure of the tetrabutyl ammonium salt [(#-C4Hg)sN]s[Cps U(NbWs019),] (Day et al.
1985b), shows for the anion a trigonal bipyramidal coordination geometry, the two
axial ligands O-NbW50,5 have U-Q,, bond distance of 2.36 A. The same coordination
geometry around the An ions have been deduced for all four compounds from IR and
170-NMR) spectra.

The polyoxoanion [CITiWsO.g]>~ rteacts with Cp;UCI affording the unexpected
{[CP2ULo(1-k*O-TiWs019), }* anion, isolated as the CH3;CN solvate of its (n-C4Hg)sN*
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Fig. 49. Crystal structure of {Cp*U[u-~(CH,)P(Ph),(CH,)]};Mg[CH,PMePh,1,(1*-0)(u?-0)(u?-Cl), (Cramer
et al. 1988c¢).

salt (Day et al. 1985a). The dimeric structure shows two [TiWsO;g]*" anions bridged by
two “bent sandwich” [Cp,U]?* units with a formal nine coordination to the uranium(IV).
The stability of the complex has been related to the steric bulk of the polyoxoanion
blocking the U coordination sphere.

A heterobimetallic derivative [(MesFv);FeThCl;], unique for actinide chemistry, has
been recently synthesized (Scott and Hitchcock 1995) with the fulvalene (Fv) ligand
(MeygFv=1,2,3,4-tetramethylfulvalenediyl). In the X-ray structure (fig. 50) of the red
crystals the two MeyFv ligands are bridging the Fe and ThCl, centers with an angle
Cg-Th-Cg of 138.5° in the expected range, while the Th—Cc, bond lengths (av. 2.79 A)
and Th-Cl of 2.63 A are at the lower limit when compared with those of the Cp;ThX,
derivatives. The complex undergoes a quasi reversible one-electron oxidation at 0.15V vs.
to the ferrocenium/ferrocene couple.
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Fig. 50. Crystal structure of [(Me,Fv),FeThCl,] (Scott and Hitchcock 1995).

2.6. Other ligands

2.6.1. Arene complexes (lanthanides and actinides)

The chemistry of the arene complexes of the f-block elements is relatively new and only
a limited number of compounds have been reported. The first f-block-arene complex to
be synthesized is the U™ complex UM®-CgHg)(AICI4); (Cesari et al. 1971) which was
obtained from UCl,, AICl; and Al powder in benzene. A somewhat similar synthesis
was employed for the first arene-lanthanide complex Sm(n®-C4sMeg)(AICl4);3-1.5 toluene
(Cotton and Schwotzer 1986, 1987) prepared from SmCl;, AlCl; and hexamethylbenzene
in refluxing toluene in the presence of Al foil. A variety of other lanthanide and actinide
complexes was similarly obtained from the metal chloride, AICl; and the appropriate
aromatic hydrocarbon, which often acts also as the solvent. An interesting practical
aspect of this type of arylation reaction is the solubilization of f metal halides in
aromatic hydrocarbons. Metal vapor syntheses have been successfully used to obtain
an interesting series of zero valent lanthanide complexes of 1,3,5-C¢Hs-'Bus as the
sandwich compounds [Ln(0)(n®-'Bu;C¢H3),]. This procedure was successful for Ln=Nd,
Tb, Dy, Ho, Er and Lu; for Ln=Gd, La, Pr, Sm, thermally unstable complexes were
obtained, while for Ln=Ce, Eu, Tm and Yb, no isolable compounds were obtained
(Brennan et al. 1987b, Anderson et al. 1989). This pattern was rationalized in terms of
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Fig. 51. Crystal structure of [(n®-C4H,'Bu,),-
Gd] (Brennan et al. 1987b).

a bonding mode] in which the promotion energy from f”s? to f"~'d!s? is an important
factor. Where this energy is large, stable complexes are not formed. The X-ray structure
of [Gd(n%-Bu3CsHs),] (fig. 51) represents a unique example of an arene lanthanide
complex with a sandwich structure (Gd—Cyy, 2.630(4) A; Brennan et al. 1987b). With
scandium, in addition to the scandium(0) sandwich compound, a scandium(II} derivative
is unexpectedly obtained [Sc(n-'Bu;CsH3){n®n'-Buy(CMe,CH,)CsH; }H] (Cloke et al.
1991b). The low stability of compounds of early lanthanides, despite their favorable
electronic properties, is attributed to the inability of the ‘BuzCgHj ligand to sterically
saturate these larger ions.

In all f-block arene complexes for which the X-ray structures are known, the aromatic
rings behave in the usual manner as n° ligands. Following the convention of considering
the center of the C6 ring as a single coordination site, the most of the arene—
lanthanide(IIl) complexes are seven coordinate with pentagonal bipyramidal geometry.
Lower coordination numbers are observed when the ligands are very bulky or the metal is
in a lower oxidation state. The complexes of formula Sm(n°-CsMeg)(AICL,)5-1.5toluene,
Sm(n®-m-Me; CsHs)(AICl,); (Fan et al. 1989b).

Ln(m°-CsHg)(AICl4)3-benzene (Ln=La, Nd, Sm; Fan et al. 1989a) all have an
essentially pentagonal bipyramidal geometry as shown in scheme 22.

In the Eu" tetramer [Eu(CeMeg)(AICly)z]s (Liang et al. 1991) the centrosymmetric
structure is characterized by two bridging and one chelating AICl; moiety around each Eu.
The (C¢Meg)n®-bonded ligand completes the metal coordination sphere. The Eu-C bond
distance averages 2.999(23) A. For this complex a possible involvement of C¢Meg ligand
in the Eu"-Eu! redox process was suggested on the basis of GSMS spectra results. The
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effect of bulky arene ligands is evident in Yb(o-2,6-Ph,C¢Hs); (Deacon et al. 1990) where
there is an intramolecular Yb- - -7t arene interaction of 2.978(6) A from one of the phenyl
substituents of the aryloxide in this low coordinate complex.

Recently, a fully characterized La naphthalene derivative (W-1*m*-CoHg)[Lal,(THF)3 ],
has been reported (Fedushkin et al. 1995) where the two Lal,(THF); moieties share
the bridging naphthalene anion with a molecular geometry of the same type as
(u-n*n*PhCH=CH-CH=CHPh)[Lal,(THF);], (Mashima et al. 1994b).

Arene actinide complexes, so far limited to uranium, show a greater variety of
structures than the arene lanthanide species and are often di- or polynuclear. Examples
of mononuclear species are (C¢Hg)U(AICly); (Cesari et al. 1971) and the hexamethyl
benzene analog. The compounds are isostructural. The uranium is bonded to a hexahapto
benzene ligand and to three bidentate AICl, moieties, resulting in a pentagonal
bipyramidal coordination geometry. There is no evidence of a particularly strong
7-bonding interaction. They are also isostructural with the Sm derivative previously
mentioned (Cotton and Schwotzer 1986, 1987). The dimensions allowing for the
difference between the ionic radii of uranium and samarium, are comparable, suggesting
that the acceptor orbitals are comparable in the two series and that the f orbitals are not
substantially involved in arene bonding.

(CeMeg)U(BH,); has been prepared according to (Baudry et al. 1989)

U(BH,) mesitylene CeMeg
44
150°C toluene 20°C

U(BH,), U(BH,),
@ (Im (IID)

The '"H NMR spectrum of (IT) exhibits a large resonance at 150 ppm corresponding to the
borohydride ligands. Its X-ray structure shows a distorted tetrahedral arrangement of the
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Fig. 52. Crystal structure of {[U(C¢Me,)Cl,(u-Ch);],UCL} (Campbell et al. 1986).

ligands around uranium with the planar C¢Meg moiety parallel to the plane of the three
boron atoms. U-B of 2.57(3) A is characteristic for tridentate BH, ligands (U-C average
2.93 A).

The dinuclear complex cation [(CsMeg)UCI,],(u-Cl)3 in Uy Cly(CeMeg)AICL (Cotton
and Schwotzer 1985) consists of a face sharing bisoctahedron with the n°-CsMes ligand
occupying one octahedral coordination site. The tetrahedral AICI; anion balances the
positive charge. The trinuclear complex {[(C¢Mes)UCI(u-C1)3],UCH, } (Campbell et al.
1986) can be derived from the dinuclear one by formal insertion of a UCls sub unit into
the (u-Cl); bridge (fig. 52). The central uranium is at the center of a distorted square
antiprism defined by the two terminal and the six bridging chlorine which connect, on
opposite sides, the two octahedrally coordinated (C¢Meg)UCI, moieties. This leads to a
symmetrical bent chain of uranium atoms with an U(1)-U(2)-U(3) angle of 142.2° and
a U. - .U distance of 4.033(3) A. Its solid state >C NMR spectrum shows a temperature-
dependent behavior.

The structure of another trimeric compound [Us(u?*-Cl);(U2-Cl)s(u!,n2-AlCL)s(n°-
CsMeg )1 J[AICLT (Cotton et al. 1986) has been also determined. An unprecedented
structure (Sluys et al. 1988) of an arene U™ complex is shown by [U(0-2,6-'Pr,C¢H3)s]»
having an unusual dimerization of the [U(O-2,6-'Pr,CsH;)3] moicty via arene (fig. 53).
Each uranium is bonded to two terminal phenoxide oxygens to one bridging phenoxide
and to an arene ring, of a phenoxide coming from its centrosymmetric actinide partner in
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Fig. 53. Crystal structure of [U(O-2,6'Pr,C H,);], (Sluys et al. 1988) (isopropyls omitted for clarity).

the dimer with an U-U separation of 5.345 A. The short U-O distances (2.13 and 2.21 A)
and the large U-O—C angles (157 and 166°) could be indicative of t-bonding to the metal
ion.

2.6.2. Miscellaneous

2.6.2.1. Lanthanides. Reaction of LuCly with (2,4-dimethylpentadienyl)potassium in
THF yields as a major product (n*-Me,CsHs);Lu(n*-Me,CsHs) (Schumann and Dietrich
1991). Its structure indicates that one of the ligands is bonded n* to Lu with Lu—
Ca 2.59(1)A, while the other two are m’-bonded with Lu-C,, of 2.645A. The
same reaction produces as a secondary product (n°-Me;CsHs)Lu(n®:n*MeCsHsCH,CH,-
CHMeC;H;Me) (Zielinski et al. 1995). The X-ray structure shows the presence around the
lutetium ion of one 2,4-Me,-pentadienyl n°-bonded and one n’:1? chelate ligand resulting
from the “end-to-end” fusion of two 2,4-Me,-pentadienyl ligands (fig. 54) with the same
trend of Lu to carbon bond distances as in the previously quoted derivative.

The introduction of a heteroatom in the five membered ring ligands like Cs;MeysE
(E=P, As) allowed the synthesis of (C4MeyE);Ln(THF); (Ln=7Yb, Sm; Nief et al. 1993,
Nief and Mathey 1991). The X-ray structure of (2,5-Ph,C4H,P), Yb(THF), (Nief et al.
1993) is typical of the corresponding Cp* metallocenes. An example of a 1°-bonded
azacyclopentadienyl ligand is represented by (2,5-"BuyC4sH;N)YbCl(THF) obtained by
reaction between YbCl3(THF) and Na(NC4H;Bu,-2,5) (Schumann et al. 1995c).

The interest in organometallic carboranes is due to their close electronic similarity
with the cyclopentadienide ligand as shown (Hawthorne et al. 1988) in a study of the
frontier orbital of the nido-carborane (CszBgHg)'2 (R=H or a cage carbon) and of the
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Fig. 54. Crystal structure of (1°-Me,CsH;)Lu(n®m*-MeCsHs(CH,),CHMeC;H;Me) (Zielinski et al. 1995).
g

(CsRs) ion. There are a few reports of lanthanide complexes with carborane, sandwich
and halfsandwich complexes of Sm, Eu, Gd, Yb (Zhang et al. 1995).

The first X-ray analysis of the SmTHF adduct (Manning et al. 1988) [(Ph;P),N]-
[(n°C,ByH{;),Sm(THF),] is shown in fig. 55. Two other anions of the Gd derivatives
Na[(CyB9H; ), Gd}(THF) and [BuyN}[(C,B¢H;;), GA}(THF) have been characterized only
by spectral data (Lebedev et al. 1988). The X-ray structures of two isostructural
trinuclear carborane clusters (Ln=Gd, Oki et al. 1992; Tb, Zhang et al. 1995) consists
of three closo-terbacarboranes, three cage bridged Li(THF) units and three Tb-bridged
chlorolithiocarborane that form a tricapped trigonal prism with Tb atoms in the capping
position {p3-OMe-[u-1-Li-2,3(SiMe3);-2,3-C,B4Hy I3 H{u3-0-[u-1-Tb-2,3-(SiMes );-2,3-
C,B4Hy4]3 }-[Li(THF)3]-C¢Hg. New mixed 2,3-C;B4 and 2,4-C,B4Er'!" carborane bent-
sandwich complexes have been recently synthesized (Hosmane et al. 1995) of the type
shown in scheme 23.

With the (C;BoH,()?> ligand and bivalent lanthanides, half sandwich compounds have
been obtained while bent sandwich structures are present in the trivalent lanthanides
(Manning et al. 1988, 1991) similar to the uranacarborane. With the larger C,B;oH;; lig-
and, the type of the complex is related to the metal:carborane molar ratios used in the syn-
thesis; (1:1) gives polymeric structures for Eu and Sm [Ln{(C,B¢H;; (THF);]g while the
bent sandwich Eu derivative [NEty],[1,1-(THF);-commo-1,1’-Eu(1,2,4-EuC;B1H;5),] is
obtained with excess ligand (Khattar et al. 1991, 1992).

With a ligand to LnCl; (2:1) ratio the paramagnetic isostructural sandwich species
{[M*-1-Ln-2, 3-(SiMe3);-2, 3-C; B4HyJ3[(u?-1-Li-2, 3-(SiMes ),-2, 3-C;B4Hy )3 (13 -OMe)]-
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Fig. 55. Crystal structure of the anion of
[(Ph3P),N](C,BoH 1), Sm(THF),] (Man-
ning et al. 1988).

/
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Scheme 23.

[Mz-Li(THF)]g(M3-O)} (Ln=Sm, Gd, Tb, Dy and Ho; Hosmane et al. 1996) have been
synthesized and were structurally characterized by X-ray analysis and the Sm also by
NMR spectroscopy.

2.6.2.2. Actinides. Unique examples of cycloheptatrienyl complexes with f elements
are reported (Arliguie et al. 1994b) with the anions [(X3U)(u-C;H7)]” (X=NEt,,
BH,), synthesized from UX, and K[C;Hg]. An inverse sandwich structure has been
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detected, by X-ray analysis, in the anion of the [U(BH4)(THF)s][{(BH,); U}2(t-n"-C7H7)]
derivative. The cyclic ligand is planar and perpendicular to the U-(u-n"C;H7)-U axis
with a U-- U separation of 4.263(8) A. This topology is reminiscent of the inverse
sandwich structure of [Sm{M(SiMes); }]2(1-COT) (Schumann et al. 1993b). The same
authors (Arliguie et al. 1995) report for the cycloheptatrienyl ligand, an “uranocene-
type” structure in the complex [K(18-crown-6)][U(n-C;H7);]. The two rings are in a
staggered conformation with U~C average distance of 2.53(2) A, this is shorter than that
in the bridged anion previously reported (2.69(2) A) and is ascribed to an increased metal
valency. The cycloheptatrienyl ligand is formally described as C;H3™ anion, consequently
the formal U oxidation state is (V) (Green et al. 1994).

The use of the steric mimic ligand n-C4Me4P(tmp) of the CsMes ligand has allowed
(Gradoz et al. 1992a) the synthesis of U(tmp); X (X =Cl, H, Me, O’Pr) derivatives. The
crystal structure of U(tmp);Cl shows the three phospholyl ligands pentahapto bonded to
the uranium with U-Cy,g distances varying from 2.82(1) to 2.97(1) A. The ring centroids
and the uranium ion are almost coplanar, minimizing the ligand repulsions (U-P is
2.927(4)A and U-Cl 2.67(1) A). Other phospholyl uranium complexes (Baudry et al.
1990b, Gradoz et al. 1992b) have been synthesized according to scheme 24. The X-ray
structure of the monomer (4) shows the phospholy! ligand pentahapto bonded to uranium
(confirming the >'P NMR data) with short U-B distance 2.55 A typical of tridentate
BH, ligation. The crystal structure of the dimer (2) (Gradoz et al. 1994) represents
the only example of a U phospholyl complex. The two BH, ligands are in the cis-
position with respect to the U-P—U-P ring and possibly this configuration is maintained
in solution.

3. Perspectives

In the last few years the interest in application of organoactinides has experienced some
decline as compared to the worldwide interest during the 1950-1960’s despite their very
interesting reactivity and their possible use (mainly of U and Th) in industry.

Organoactinides have been widely used in organic synthesis and catalysis because
the Cp3AnR, complexes (An=Th, U; R=alkyl, H) are powerful catalysts for alkene
hydrogenation and polymerization. The introduction of bulky substituents on the cy-
clopentadienyl ligands has permitted the synthesis of U™' and Th'" base-free derivatives.
Reactions with organoamido functional groups resulted in the formation of complexes
with uranium in the rare UV oxidation state. These compounds are of potential relevance
in ceramic processes. The synthesis of heterometallic hydride complexes with f element
and d transition metals, plus a variety of alumino compounds, offer new perspectives
in structural and reactivity patterns due to the presence of different metal centers.
This suggests the validity of the approach to newly designed organoactinide and
organolanthanide complexes with specific steric and electronic requirements.

The most important industrial applications involving organolanthanides, are in Ziegler—
Natta polymerization of olefins and as reagents in stoichiometric organic synthesis. The
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growing interest of organolanthanides as volatile precursors for MOCVD applications
in the manufacture of semiconductors has its origin in the very interesting magnetic
properties of the lanthanides, and suggest their use in many optoelectronic apparatus.
A promising future could be foreseen for the enantiomerically pure organolanthanides in
the enantioselective catalytic hydrogenation, alkylation and hydroamination of prochiral

unsaturated systems.
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Taking into account that the first commercial applications of lanthanide derivatives
goes back to ca. 1980, and that to date there are over 80 well-defined industrial
applications which reflect a continuously growing market, undoubtedly the future will
see the chemistry of lanthanides and of organolanthanides as a center of interest both in

academic and industrial research.
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30BaF,-30InF;—10ThF,-9ZnF,-20LiF-1TbF, BY,NCl, 89
glass 193 Bi,Ge,0,,:Er** 200
30BaF,-30InF;—10ThF,—-9ZnF,~10NaF-10KF- 20.41Bi,0,-37.1Cd0-41.995i0,-0.50Nd, O, glass
1TbF, glass 193 182
30BaF,~30InF, 1 0ThF,~9ZnF,~20NaF-1TbF, 24.21Bi,0,-43.93Cd0-31.295i0,-0.56Nd, O,
glass 193 glass 184
30BaF,-20ZnF,-301nF;-8YbF;—10ThF,—2ErF, Biedenharn-Elliot sum rule 135, 139
glass 201 binary nitrides 53-58
BaFCl:Sm** 214 - preparation  53-56
BaF,;:Nd* 175 - properties 56, 57
Ba,LaNb,0,;:Nd** 185 bixbyite Mn,0; 87
Bag,sMg, 15 Y,Ge O, Nd 176 Bk™ 250
40Ba0-55P,0,-4.7La,0,-0.3Nd,0; glass 182 Bk 248, 249
8Ba(PO,),40AIF,-5BaF,-10MgF,-16CaF,— boiling point of rare earth metals 3
10S1F,~10NaF-1.0NdF; glass 177 -Al 3
BaTiO,;:Eu** 214 -Ca 3
BaYb,Fg:Er* 200 -Ce 3
BaYbSiy,N, 61 -Fe 3
58.59BeF, 40.41KF-INdF, glass 175 -La 3
47BeF,~10A1F,~14CaF,~27LiF-2NdF, glass -Mg 3
175 -Nd 3
47BeF,—-10AIF,-14CaF,—27NaF-2NdF; glass -Pr 3
175 -Si 3
47BeF,—10AIF,~14CaF,~2TRbF-2NdF, glass -Y 3

175 Boltzmann constant 120
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Boltzmann distribution 120
boron nitrides

- quaternary 69, 70

- ternary 6264

bovine serum albumin 229
bovine trypsin 229
brightness 240

brittleness 25

burning and hot tearing 36

[(CsHy), NI Y, Eu (NCS), 237

[(CH,),NL,UCI, 250

CIE 1931 chromaticity diagram 240

CLAP:Nd** glass 176

Ca2Al,Si0,Ert 203

10CaC0,~39Li,CO;—50H,BO,~1Er, O; glass
201, 202

10CaC0;-39L1,CO;~-50H;B0O,;~1Nd, 0, glass
185

CaCus-type structure 67

(CaF,,LaF,):Nd* 175

CaF,:Ce** 235, 236

CaF,:Er** 148, 235

CaF,:Eu?t 234, 235

CaF,:Eu®> 235

CaF,.eU* 233

CaF,:Gd* 235

CaF,:Ho®" 235

CaF;:Nd™ 176

Ca;Ga,Ge,0,,:Nd* 177

Ca,Ga,Si0;:Nd* 176

58Ca0-36A1,0,-6Na,0 glass (0.5mol% Nd,0,)
182

52Ca0-36Al,0,—6Na,0-6Ba0 glass (0.5 mol%
Nd,0,) 183

52Ca0-36A1,0,—6Na,0-6Sr0 glass (0.5 mol%
Nd,0,;) 181

64Ca0-36A1,0; glass (0.5 mol% Nd,0,) 183

40Ca0-55P,0,—4.7La,0,-0.3Nd,0, glass 183

Ca(PO,),:Eu’* glass 238

CaS:Ce* 243

CaYAlO,:Er'* 203

carbide nitride halides 91, 92

cast irons 24

casting 24

33CdClL,—17CdF,-34NaF-13BaF,~3KF glass
201

CdFy:Ho™ 235

Ce sBgN,; single crystal 64

Ce,Br;N - 90

Ce;Br,N 90

Ce,CIN; 64

Ce,CrN; structure 65

Ce,MnN; 64

CesN.1, 90

Ce,N,0 59, 60

CeO, 243

Ce,0,8 5

Ce,S;, 242

Ce;SigN,, structure 62

cellular ligand field model 153
C-Er,0, 246

ceramic properties of a-sialons 76
Cf3* 248, 249

charge transfer 227
charge-transfer energy 227
charge-transfer oscillator strength 227
charge-transfer transitions 226
Charpy absorbed energy 40, 41
Charpy shelf energy 12
chi-square method 167, 233
chroma 239

chromium nitrides 64

closure procedure 132, 140, 146
Cm* 250

Cm* 248

coefficients of fractional parentage 137
color

- of lanthanide ions 239-247

- variation over the lanthanide series 247
contact angle 24

covalent binding 230

Cp,U,U 269

crack initiation 27

creep rupture life 35

creep strength 32, 33
cross-substitution principle 70, 73-75, 85
crystal-field coefficient 129
crystal-field Hamiltonian 129
crystal structure Ce,B,N, 63
crystallographic disregistry 18
Cs,Na,_.LaI;;)N, 90

Cs,NaErCl, 238

Cs,NaEuCl, 223, 237-239
Cs,NaHoCl, 238

Cs,NaPrCl, 238

Cs,NaTbCl, 235, 237
Cs,NaTbF, 235

Cs,NaTmCl, 238

CsNdI, 186
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CsPryNbBr;N, 90 - effective field 117
Cs,UCl, 250 - Lorentz local field correction 117
Cs,UO0,ClL, 236 - refractive index 118
cubic lanthanum nitride 54 dimensions and units 109
cuspidine structure 74, 75 dipole strength  111-117, 119, 120

- correction for degeneracy 119
DCTA 222 dipole strength versus oscillator strength 117
DTPA 222 directionality of mechanical properties 13
O-iron 16 dislocations 33
O-(Nb,Sc)N phase 65 dispersion formula of Cauchy 118
0-(Ta,Sc)N phase 65 ductile-brittle transition temperature 21
dendrite arm length 16 ductility 16
dendrite arm spacing 16 Dy*
dendritic structure 22 - in 30BaO-71B,0; glass 195
density of rare earth compounds 15 - in 30Ba0O-60P,0,—10Al1,0, glass 195
- ALO, 15 - in BaO-TeO, glass 194
-CaO 15 - in 30Ca0-70B,0; glass 195
- CeO, 15 - in 30Ca0—60P,0,—~10A1,0, glass 195
- Ce, 05 15 - in 70Ga,S;~30La,S, glass 195
- Ce, 0,8 15 - in Gey,Asy S, glass 195
-CeS 15 - in Ge,5Gas0,, glass 195
- Ce,S; 15 - in Ge,sGa, Sy, glass 195
- La,0; 15 - in 52HfF,—18BaF,~3LaF;-2AIF;-25CsBr glass
- La,0,8 15 194
-LaS 15 - 1n 30K,0-70B,0, glass 195
- La,S; 15 - in 20K,0-20Ca0-60Si0, glass 195
-MnS 15 - in LINO;-KNO,; 195
- Nd,0, 15 - in 30L1,0-70B,0, glass 195
- Nd,0,8 15 - in 20Li,0-20Ca0-60Si0, glass 195
-NdS 15 - in 30Li,0-60P,0.~10Al,0, glass 195
- Nd,S; 15 - in 30MgO-60P,0,~10A1,0; glass 195
-Pr,0; 15 - in 30Na,0-70B,0; glass 195
- Pr,0,S 15 - in 20Na,0-20Ca0-60Si0, glass 195
- Pr,S; 15 - in 30Na,0-60P,05~10A1,0; glass 195
-Y,0; 15 - in Na,0-P,0; glass 194
density of rare earth metals 3 - in 40Na,0-60Si0, glass 195
-Al 3 - in Na,0-TeO, glass 194
-Ca 3 - in POCL/ZrCl, (solution) 194
-Ce 3 - in 35ZnF,-15CdF,-25BaF,-12LiF-7AIF,-6LaF,
-Fe 3 glass 194
-La 3 - in ZnO-TeO, glass 194
-Mg 3 Dy* (aquo) 194
-Nd 3 Dy,(CsHNO,)-(ClO,),-9H,0 194
-Pr 3 Dy,{CH,C0O0),-4H,0 195
-8 3 DyCl;-xH,0 in C,H,OH 194
-Y 3 DyCl;-xH,0 in C;H,OH 195
deoxidation and desulfurization constants 6 DyCl,-xH,0 in CH;OH 194
dielectric medium effects 117-119 Dy’:DPA 194
- biaxial crystals 119 Dy*":IDA 194

- Cauchy dispersion 118 Dy*:MIDA 194
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Dy**:ODA 194

Dy,S, 242

Dy(a-picolinate) in water 194
dynamic coupling (DC) 149, 228
- model 150

EDTA 222

effective linewidth 219

Einstein coefficient for spontaneous emission

218

electric dipole operator 127

- symmetry 127

electric quadrupole transition 108

electron g-factor 121

electron mass 113, 116

electron—phonon coupling strength 236

elementary charge 113, 116

emission 106

ErS?

- in 45A1F,-30BaF,-25YF, glass 201

- in 48A10 ;—36Ca0-8MgO-8Ba0 glass 203

- in BaSO,~K,S80,-ZnSO, glass 205

- in 66.7Ca0-33.3A1,0; glass 204

- in CaSO,~K,S0,~ZnS0O, glass 204

- in cadmium sodium sulphate glass 204

- in fluorophosphate glass 202

- in 45GaF,-30BaF,-25YF, glass 201

in 50Ga0, ;—8KO, s—14Ca0-19Sr0-9BaO glass

204

- in 55Ge0,-20PbO-10Ba0-10Zn0-5K, 0 glass
203

- in 30GeO,-30PbO-30Te0,—-10Ca0 glass 203

- in 52HfF,-18BaF,-3LaF;-2AIF;-25CsBr glass
202

- in 50HfF,~30BaF,-20YF, glass 202

- in 45InF,~40BaF,-15YF, glass 201

in La,$;—3Al,0; glass 203

in LINO,-KNO; melt 204

-~ in lithium sodium sulphate glass 204

- in magnesium sodium sulphate glass 204

in MgS0,-K,S0,~-ZnS0, glass 205

in Pb(PO,), glass 204

in PbZnGal a fluoride glass 200

- in phosphate glass 203

- in potassium sodium sulphate glass 203

in 45ScF,-40BaF,—15YF, glass 201

in tellurite glass 204

- in 85.6Te0,-8.4Ba0-4Na,0-1Mg0-1Zn0 glass
204

- in yttria-stabilized zirconia 200

1

EH

i

- in zinc sodium sulphate glass 204

- in 55ZnF,-30BaF,~-15YF, glass 200

- in 32ZnF,—28CdF,-20BaF,—11LiF-5AIF,-4LaF,

glass 200

- in Zn(PO,), glass 204

- in 50ZrF,-30BaF,-20YF, glass 202

Er* (aquo) 200

ErBr; vapor 205

Er(CCl,C0O0);.2H,0 202

Er*:CDA 204

Er*:CDO 204

Er,(CH;CO0),-4H,0 202

ErCL,—«AICly), vapor complex (400°C) 205

ErCl;-6H,0 202, 203

ErCl;-6H,0 in ethanol 203

Er(DBM), 205

Er(DBM),-H,0 205, 228

Er(DBM), vapor 205

EC*:DPA 204

EC*:IDA 203

Erl; vapor 205

Er*:MAL 203

Er*:NTA 202, 203

Er’*:NTA (1:3) in water 203

Er,0;, 212

Er*:0DA 203

ErP;0,, 200

Er(PO;); glass 154

Er(acetylacetonate); 205

Er(a-picolinate) 204

Er(thenoyltrifluoro-acetonate); 205

Es* 248, 249

estimation of free energy of formation of rare earth
compounds S

- oxysulfide values 5

Eu3+

- in germanate glass 190

- in 5K,0-35MgO-60Si0, glass 190

- in 10K,0-30Mg0-60Si0, glass 190

- in 20K,0-20Mg0-608i0, glass 190

- in 25K,0-20Mg0O-60Si0, glass 190

- in 30K,0-10Mg0O-60Si0, glass 190

- in 35K,0-5Mg0-608i0, glass 190

- in LiNO;—KNO; melt 190

- in 70PbO-30PbF, glass 189

- in phosphate glass 189

Eu** (aquo) 189

Eu(C,HsS0,);-9H,0 147, 148

EuCl; 245

Eu(DBM);-3H,0 190
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Eu(DBM),-H,0 228, 237
Eu®*:DPA 189, 190
Eu**-doped polyvinyl alcohol film 146
Eu,Mg,(NO,),, 24H,0 149
'3'Ey Méssbauer spectra 230
EuO-RN system 58
EuODA 151-153
EuO,_,_sN, phases 58
EuP,0,, 189

Euler angle 157
Eu(picNO);0-phen 190
Eu(picNO); Terpy 190

Faraday parameters 154

floatation rates 20

fluidity of steels 24

fluorite-type structure 86

formability 13

fractional therma! population 120, 121

fracture times 27

free energy of formation of rare earth oxysulfides
5

-Gd,0,8 5

- La,0,8 5

-Nd,0,8 5

g orbitals 140
Ga,S;-La,S;-Nd,S; glass 185
v/a transformation in steels 20
Gauss function 217
Gd-Si~Al-O-N 80
GdAL(BO,), Eu* 152

Gd* (aquo) 191

Gd,Br;N 90

GdCl; 234, 235

GdCl,-6H,0 212
Gd(Cl0,);-6H,0 237
GdGaGe,0,:Nd* 176

Gd* in lanthanum borate glass 191
Gd,NF, 88

Gd,0;-Si0,~AIN systems 80
GdODA 235, 236

Gd(OH), 234, 235

Gd,0,S:Pr* 243

Gd,S; 242
1Gd,(SO,);-TH,0-38ZnS0, - 7TH,0-50B,0,—
1Er,(80,);-7H,0 glass 205
78.40Ge0,-8.79Bi,0,—11.79PbO-1.02Er,0;, glass
203

57Ge0,-26.1K0; ;—16.5BaO-1ErO, 5 glass
204

87Ge0,~12.43Li,0-0.57Nd,0; glass 181

99.98Ge0,~0.02Nd, 0, glass 185

Ge0,-Ba0-Zn0-Y,0,~Tm,0, glass 209

gerade vibronic modes 234

glass-forming region of ternary oxynitrides 80

glasses and glass ceramics 77-83

- crystallization 82

- elaboration 77

- role of nitrogen 77-80

-role of R 82, 83

glassmaker’s goggles 244

grain refinement in steels 16

HAZ cracking 38

80H;B0;-10Na,CO;-9BaF,-INdF, glass 185

80H,B0;—-10Na,CO;-9KF-1NdF; glass 185

80H;BO;~10Na,CO;-9LiF-INdF; glass 184

80H;BO;~10Na,CO;-9ZnF,~1NdF; glass 185

HEDTA 222

HFAA 222

harmonic oscillator 116

heat-affected zone (HAZ) 36

heterogeneous nucleation potencies for 8-iron
16

STHfF,-34BaF,—4AlF,—4LaF,—-1NdF,
(HBLA:Nd*) glass 178

SSHfF,—31BaF,-4AIF;-9ThF,~INdF, glass
177

51HfF,-34BaF,-4LaF,-10ThF,~1NdF, glass
178

STHfF,-33BaF,-9ThF,~1NdF, glass 177

46HfF,—4CsF-30BaF,4YF,-5LaF,~10Th¥,—
INdF, (HBYLTCs:Nd*) glass 179

36HfF,—10ZrF,—4CsF-30BaF,4YF,-5LaF;—
10ThF,~1NdF, (HZBYLTCs:Nd**) glass
178

Ho}v

- in AlF;-ZrF,—MgF,-CaF,-SrF,-BaF,-NaF—

NaCl glass 196

- in Al,0,-Ca0-MgO-BaO glass 198

- in BZYTZ fluoride glass 196

- in 30Ba0-70B,0, glass 198

- in 30Ba0O-60P,0,—10A1,0, glass 198

- in 30Ca0-70B,0, glass 198

- in 30Ca0-60P,0,—10A1,0, glass 198

- in Ca0O-Li,0-B,0; glass 199

- in Ga,0;-K,0-Ca0-8rO-BaO glass 198

- in GeypAs oS¢ glass 199
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- in Ge0,-Ba0-K,0 glass 197
- in 52HfF,—18BaF,~3LaF;-2AlF;-25CsBr glass
197

- in 30K,0~70B,0; glass 198

- in 20K,0-20Ca0-60Si0, glass 198

- in La,S;-3ALS; glass 199

- in LiNO;—KNO; melt 199

- in 30Li,0-70B,0, glass 198

- in 20Li,0-20Ca0—-60Si0, glass 198

- in 30Li,0-60P,05~10A1,0; glass 198

in 30MgO-60P,0,-10AL,0; glass 199

- in 30Na,0-70B,0; glass 198

- in 20Na,0-20Ca0-60Si0, glass 198

- in 30Na,0-60P,0,-10A1, 0, glass 198

- in 40Na,0-60S10, glass 198

- in 20Na,0-80TeO, glass 199

- in NaPQO, glass 198

- in P,0;~Al,0,-MgO-BaO-K,0 glass 197

in P,0,—AlF,-YF;—MgF,—-CaF,-SrF,—BaF,—NaF
glass 196

in 56PbO-27Bi,0,-17Ga,0, glass 198

- in Si0,-Al,0,-L1,0-Na,0-Sr0 glass 197

in 32ZnF,~-28CdF,-20BaF,-11LiF-5AIF;—4LaF,
glass 196

Ho*":(12-crown-4) 196

Ho’*:(15-crown-15) (1:1) in acetonitrile 196
Ho*" (aquo) 196

Ho**:CDA 199

Ho*:CDO 199

Ho(DBM),-H,0 199, 228

Ho:DPA 197, 199

Ho**:DPA 198, 199

Ho:IDA 198

Ho:MIDA 198

Ho(NO,),-6H,0 196, 198

Ho’":NTA 196

Ho*:NTA (I:1) in water 196

Ho:ODA 197

HoODA 152, 153

HosSi;N, _, phase 61

Ho(a-picolinate) 198

holmium tris(methylcyclopentadienyl) 225

hot cracking 36

hot tearing 36

hot workability 12

hue 239

hydrogen diffusivity in steels 30

hydrogen embrittlement 25

hydrogen embrittlement cracking 27

hydrogen-induced delayed failure 26

!

1

hydrogen permeability 30
hydrogen permeation 31

hydrogen trapping 31
hypersensitivity 108, 117, 220224
- covalency model 226

3, parameters 162
[-S (interstitial-substitutional) interaction 33
impact strength in cast irons 25
48InF;—24BaF,-7AIF,—20KF-1EuF, glass 189
48InF,-24BaF,-7AlF;—20KF-1NdF, glass 179
481nF,—24BaF,-7AlF;—20LiF-1EuF; glass 190
48InF,-24BaF,-7AlF;—20LiF-INdF, glass
185
48InF,—24BaF,—7AIF;~20NaF-1EuF; glass
189
48InF,—24BaF,-7AlF,—20NaF-INdF; 184
InF;-BaF,-SrF,-CdF,-PrF, glass 170
InF;~BaF,-SrF,—PbF,~ZnF,~PrF; glass 170
30InF,—30BaF,~10ThF,~9ZnF,~10KF-10LiF—
[PrF, glass 172
30InF,—30BaF,—10ThF,—9ZnF,-20KF-1PrF; glass
170
30InF,~30BaF,~10ThF,~9ZnF,~20LiF-1PrF; glass
172
30InF,-30BaF,-10ThF,~9ZnF,-10NaF-10KF~
1PrF, glass 170
30InF,—30BaF,~10ThF,~9ZnF,-20NaF~1PrF,
glass 171
inclusion precipitation diagram for the Fe—-Ce-O-S
system 7
incubation time for fracture in steels 27
induced dipole matrix element 127
induced electric dipole transitions 107
- selection rules 144
inhomogeneous dielectric 225
integrated absorption band 117
integrated molar absorptivity 111
intensity parameters
- compositional dependence 229-233
- conversion factors 162
- determination by the chi-square method 167
- determination by the standard least-squares
method 165
intensity ratios in solutions and solids 223
interfacial energy of inclusions in steel 16, 25
intergranular corrosion 42
intergranular ferrite 21
intergranular fracture 39
intermediate coupling scheme 123
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intermediate state 234

intermetallic nitrides 66-70

interstitial nitrides in nitrided alloys 64-70
Intraconfigurational f-f transitions 107, 108
intrinsic intensity parameters 152
ionization potential 44

irreducible tensor operator 127

isoleucine and lanthanide complexes 237
isomer shift in Eu Mssbauer spectra 230
isotropic polarizability 150

J-mixing 123

Judd-Ofelt theory 126-146

- approximations 141

- modifications 147-154, 169-212

KCaF;:Er* 200

K;[DyW,,055] 194

K, [ErW,,0;5] 204
Ki3[Eu(SiWy; 05)] 225
K;[EuW,,055] 189

K,;[HoW ;03] 197

K,[NdW,,05,] 176

K, NiF,-type structure 85
30K,0-55P,0,-10Ca0—4.3A1,0,-0.7Nd, O; glass
182

KPrP,O,, crystal 170

K,[PtW,,055] 173

K,;[SmW,,0;] 188
10K,S0,-H,0-39ZnS0,-7H,0-50B,0;—
1Er,(SOy4)s-7TH,0O glass 205
10K,S0,-H,0-40ZnS0,-7TH,0-49B,0,-
1Ho,(80,),-8H,0 glass 199
K,[TmW,,0,5] 206

KY,F,:Eu® 148, 189, 214
KYF,:Nd* 176

KY,F10:Eu* 152

KY(WO,),:Er’* 204

knife line attack in steels 36, 42
Kronecker delta 122

Kuhn-Thomas sum rule 117

La—B-N phase 62
LaAlOy:Eu* 214
LaAlQ;:Pr** 148, 152
La,_,CaN,_,,; phases 58
LaCl; 243

LaCly:Eu** 215
LaCl;:Nd** 214
LaCl;:Pm* 187

LaCly:Pr*™ 148, 152, 215, 235
LaF, 213

LaF;:Dy** 194

LaFy:Er** 200, 216

LaF,:Eu™* 189, 235, 245
LaF,:Gd>* 191, 234, 235
LaF;:Ho* 196

LaF;:Nd* 175, 212, 214
LaF,:Pm* 187

LaF,:Pr’* 148, 170, 211, 212
LaF,:Sm*" 188

LaF;:Tb* 192

LaF;:Tm* 206

LaGaO;:Na* 178
La,Ga,Si0,,:Er't 204
La;Ga;Si0,,:Ho* 196
La,Ga;Si0,,:Nd* 179
La,GasSi0,,:Pr* 173
La;Lu,Ga;0,, 214
La,Lu,Ga,0,,:Nd* 176
LaNbON, 83

La,;Ni,B,N; superconductivity 70
LaOCLEw** 152

LaOF 214, 243

La,0,8:Tm* 235

La,0; structure 59
99.5La(P0,),-0.5Nd,0, glass 183
La, .Pr,0; 237

La,S, 242

LaVO,_,N, 84

LaWO(N,, structure 85
Lambert-Beer’s law 110

Landé factor 123

Laporte selection rule 108
lattice disregistry 17

Li,CeN, 59, 60

Li,CeN, structure 59
49Li,CO;-H,;BO;~1Er, 0, glass 202
49Li,CO;~50H;BO;—-1Nd,0; glass 186
LiErP,0,, 200
79.5LiF-20A1(PO,),-0.5NdF; glass 179
LiIKYFs:Nd* 176

LiNbO,:Dy** 195

LiNbO,:Er** 204
LiNbO,(MgO):Tm** 208
LiNbO;:Tm* 208
30L1,0-55P,0,-10Ca0-4.3A1,0,-0.7Nd,0; glass
180

LiPtP,0,, 171
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10Li,50,-H,0-39ZnS0,-7H,0-50B,0;~
1Er,(SO4);-7H,0 glass 205

10Li,S0,-H,0-40ZnS0,-7H,0-49B,0;~
1Ho0,(S0,);-8H,0 glass 199

LiTmF, 148

Lig Ys(BO;);:Nd* 180

LiYF, 236

LiYF,:Ce*" 235

LiYF,Er' 200-202

LiYF;:Eu?* 148, 152

LiYF,:Gd* 191

LiYF:Nd*™ 148, 175, 214, 235

LiYF,:Pr* 152, 170, 214, 243

LiYF,R* 148

LiYF,:Tb** 233,235

LiYF,: Tm* 207

LiYF,:U*" 249

ligand-mediated pseudo-hypersensitivity 221

ligand pK, 222

ligand-polarization model 228

light scattering 106

lightness 240

lilac tree colors in Nd compounds 244

line shape function 111, 217

long-range effects and the €2, parameter 231

Lorentz function 217

Lorentz local field correction 117

lower critical stress intensity 27

LuAlO;:Nd* 177

LuPO,:Ce* 236

Lu;Sc,Ga;0,, 164

Lu;Sc,Ga,0,,:Nd** 175

luminescence 106

luminescence spectra 218

MCD (magnetic circular dichroism) 153, 154

MCD parameters 154

machinability of steels 25

magnetic circular dichroism, see MCD

magnetic dipole matrix element 121

magnetic dipole operator 121

- symmetry 122

magnetic dipole transitions 107, 121-126

- selection rules 123

- sum rule 125, 126

magnetoplumbite-type structure 86

main classes of organolanthanides and
organoactinides 269-395

- cyclooctatetraenyls  366-374

- - actinides 371-374

- - = (COT),An, electronic structure calculations
371

-~ (COT)AnCL(THF), (An=Th, U) 374

- - (COT)AN[N(SiMe,),], 374

- - - (COT)Cp*Th[CH(SiMe;),] 373

- - - [(COTYCp'ThCI], 373

- - (COT)Cp*ThCTHF) 373

- - [COTCp*ThX], (X=H) 373

- - - COT(Cp)UBH,L (L=THF, OPPh,) 372

- - - [(COTYCp*)U(THF)] 373

- - - (COT)Cp*U(Me,bpy) (Mebpy =4,4'dimethyli-
2,2'-bipyridine) 373

- - - (COT)ThCL(THF) 374

- -~ (COT)ThCp*CKTHF), 372

- - - (COT)ThCp* (u-ChH,MgCH,Bu(THF) 373

---(COT),U 371

- - - [(COT)U(BH,),] 374

- - (COT)U(BH,),L (L=PPh,, THF, OPPh,)
372

- - - [(COT)U(BH, \1-OEf)], 374

- - - (COT)U(BH, XOR)] (R=Et, 'Pr, 'Bu) 374

- - (COT)U(CH,COCHCOCH,), 374

- - - (COT)UCI,PMe,(THF), 374

- = - (COT)UCL(PY), 373

- - - [([COT)U(OR),] (R=E¢, 'Pr, 'Bu) 374

- - - [(COT)U(O'Pr)u-0'Pr)], 374

- - - [(COT)U(SR),] (R="Bu, 'Pr) 374

- - - (COT)U(S'Bu); 374

- -~ (COTUY(BH,), 372

- -- [(COTYU(u-S'Pr),], 374

- - = K,[1,2-C,H,(SiMe,),] 372

- - - (Kdiglyme)(MeCOT),U™
(diglyme = diethyleneglycoldimethylether)
371

- - - (THF),Li(u-n*:*-COT)Sm[CH(SiMe; ), 1,
374

- - lanthanides 366-371

- - = [1,3,6-(Me,8i),CiH, ,Ce 371

- - = {[1,4(Me;Si),(CyH,)]Sc }o{p-Cl),(u-THF)
367

- - - [CyHy(SIMe,),-1,1",3,3,6,6,Ce 371

- - - [C,H(SIMe,),-1,1"4,4',Ce 371

- - - COTCel(THF), 367

- - = (COT")Ce(n-COT") Y{u-COT")Ce(COT')
(COT’ =1,3,6-(Me,Si),CyH,) 371

- - - (COT)CP'Y(CH, =CC,N,Me,) 368

- - - (COT)Er{(u-COT)K(u-COT)Er(y~
COT)K(THF), 367

- - - (COT)GA(C,H,CH,C,H,)DME 369

467
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main classes of organolanthanides and - - - {Sm[N(SiMe; )], },(1-COT) (Ln=Y, Gd, Er,
organoactinides ~ cyclooctatetraenyls — lanthanides Lu) 370
(contd) - - - [YB(THF),J[Ce(1,3,6-(Me, Si); CyH;s),]
- - - [(COT)Ln(CH,SiMe, ), J[Li(THF),] (Ln=Y, 371

Sm, Lu) 370 - cyclopentadienyl compounds with hydride ligands
- - = (COT)Ln(C;H,CsH, X THF), (Ln=Nd, Gd; 375-380

n=2; Gd, n=1) 367 - - actinides 379, 380
- [(COT)LHC](THF)Q] (Ln=Y, Sm, LLI) 369 R [CPEAHHZL (AH:U. Th) 379
- - - COTLnKTHF), [Ln=La, Ce, Pr (#=3), Nd - [CpTHCIH], 379

=2), Sm (n=1)] 367 :
(n=2), Sm (n=1)] ---Cp,UBH, 380

~ - = COTLnL(THF) (L =pyrazol-1-yl,
[Ph,P(NSiMe, ), ], [4-XC,H,C(NSiMe;),]
(X=H, MeO, CF;)) 370

- - - (COT)Ln(NSiMe;), THF (Ln=Y, Gd, Er, Lu)

- - - Cp;U(BH,), chemical and physical properties
380

- - - Cp;U(dmpe)H 379

- - - Cp,U(H;BEt), chemical and physical

370 '
- - - COTLnOR(THF) (Ln=Y, Lu; R=C'Bu;, properties 380 ‘
SiPh,) 370 - - - Cp;U(H,BMe), chemical and physical
- - - {COTLn[, 1?-0,S(0)CF,J(THF),}, properties 380
(Ln=Ce, Pr, Nd, Sm, Y) 370 - - - Cp,U(H;BPh), chemical and physical
- - - 2[COTLn(pyr* X THF),] (Ln=Sm, x=1; properties 380
Ln=Tm, Lu, x=0) 368 -~ - Cp,U(HBBN) [BBN=9-
- - - COTLuCKTHF) 369 borabicyclo(3.3.1)nonane] 380
- - - [(COT)Lu(o-C H,CH,NMe,)]THF 369 - - - (MeCp); U(BH,), chemical and physical
- - - {COT)Sm(C;H,PPh,)(THF), 369 properties 380
- -~ (COT)Sm(CsR,PR}) (R=H, Me; R'=Me, Ph) - - - [Na(18-crown-6)][Cp,UBH,] 380
369 - - - [Na(THF),J[Cp* U(BH,),] 380
- - = (COT)Sm(u-CsR,PR;)RACP(CO) 369 - - = [R(CsH,),; Th]BPh, (R =MeSi, ‘Bu) 380
- -~ [([COT)Sm(u-ER)(THF),], (n=2; - - lanthanides  375-379
ER=SPh, SC H,Me;-2,4,6, SePh, n=1, - == [(1,3-Me,Cp), Y(u-H)], 376
ER =SC,H,-'Pr,-2,4.6) 371 - == [(1,3Me,Cp),(THF)Y(w-H)), 376
- - - [(COT)Sm(u-SPh)(THF),], 371 - -~ [(1,3Me,Cp), Y (u—H) 1, (u*-H)[Li(THF),]
- - - (COT)YCp* 368 176
- =~ (COT)Yb(py); 0.5py 366 - -~ [(13Me,Cp), Y (THF)u-H)], 376
S QTR 370 - -~ [(C5Hy B, Cep-BHL )], 376
-~ - CelCOT), 371 - - = [(C.H,Bu,),Sm(u-BH,)], 376

---Cp*COTLu 367

- - - CpLnCOT-»THF (Ln=Pr, Nd, n=2; Ln=Gd,
n=1) 368

- - - [(diglyme)K][COT,Yb"] 367

- - - (Ind)LnCOT-2THF (Ln=Pr, Nd) 369

- - - (Ind)Sm(COTXN,C,,H) 369

- - - [K(DME),],[Yb(COT),] 367

- - - K[Ln(COT),] (Ln=Y, La, Ce, Pr, Nd, Sm,

- -~ (Cp'iLnAlH,-L), 376

« =~ (Cp,Y),AlH,CI'L-CH, (L=NEt,, THF)
377

- =~ [Cp,ErH],CH[Li(THF),] 376

~ -~ [Cpy'Ln(p-H)], (Ln=Ce, Sm;
Cp='Bu,CH;) 376

~ -~ Cp,LnRe,H;(PMe,Ph), (Ln=Y, Lu) 378

Gd, Tb) 367 - -~ [Cp,Lu-H(THF)], (R="Bu, CH,SiMe,,
- - - [Li(THF),][(COT),Ln] (Ln=middle and early CH,CMe;, CH,Ph) 375

lanthanides) 369 - - - Cp’yLuAiH,-Et,0 (Cp” ='Bu,CsH,) 377
- - - Ln(COT) species (Ln=Eu", Yb'; - - - [Cp,LuAIH,NEL:}, 377

COT=(CyHy)?) 366 - - - Cp,Lu(u>-H)AIH;NEt, 377
- =~ [(Me; Si),C,H,]Sm(THF), 367 - ~ = Cp'sSmy(AlH, ),H;(Me,NC,H,-

- - - (PhCH,C;H,)ErCl,-3THF 367 NMe, ), (tmed}Cp”’CsH,Bu,) 377



SUBJECT INDEX 469

~ - - [Cp,Sm],(u2-H)u-[(u-H), Al(u?- - - - ('BuCp),Sm(DME) 319
H),-Me,NC,H,NMe,] (Cp’ =C;H;Bu) - - - (‘BuCp),Yb"(THF), 319
377 - = = (‘BuCp), Yb(OPPh, (THF) 319
- [Cp;Sm(pn-H)], 376 - - - (‘BuCp),Yb(THF), 319
- [Cp,Sm(p*-H)],[(n*-H), AIHNEL; ], -~ Cp;M, Cp;ML and Cp;ML, 270-278
(Cp'=C,H{Bu) 377 - - - actinides 276-278
- - - {[CpiSm(p*-H)][(u*"H),-AIH-THF]}, 378 - - - - CpsAn (An=Pa, Np, Pu, Am, Cm, Bk, Cf)
- - - [Cp*(2,6-Bu,CH;O) Y1, (u-H)(1-R) (R=E, 278
nPr, nBu, C H,;, C=CSiMe,) 379 - ---Cp;AnL (L=H, CO, NO, OH) 278
- - - [Cp, YCI],[AIH;OE, | 377 -—--Cp;Th 277
- [Cp, YCI],AlH,OEt, (L=NEt,, THF) 377 —oo-CpU 276
- [Cp, Y(W-H)(W~H)ATH, (u-H),AIH(OEL, )], ----Cp;UTHF 277
377 - - - lanthanides  270-276
- == {[Cp, Y (n-OCH;)]5 (W -H) L, [LTHF); ], - - --CpsLn-L adducts 273
e L=nitriles 275
- [CpY “ H)(u -HAIH,(NEY), 377 L L =other Lewis bases 276
- - - [Cp,Y(W=-H)(W-H)AIH,(THF)], 377 _____ L=THF 274

- [Cp 2Sm(u-H)], 376
- - = [Li(THF)][(Cp,LuH),H] 376
-~ ~ [Li(THF)],[Cp*(C,ByH,)ScH], 379
- - - [(Me;Si),CsH;],LnBH,(THF) (Ln=La, Pr,

- - - - unsolvated Cp,Ln 270
————— crystal structures 271
————— NMR 273

————— properties 271

Nd, Sm) 376 Propert z
- - - {Me,C;SiMe,(n'N'Bu)Sc(PMe; -, reactivity
{376‘3 o ’ ’ - - CpiM and Cp;ML (Cp’ =substituted

cyclopentadienyls) 278-282
- - - actinides 281, 282
-~ - - (Me;SiC,H,),U(CO) 282
~ = - - [(Me;Si),CsH,; ], Th - 282
- - - - (Me;SiCp);U 282
- - - - MeCp;UANC;H,-4-NMe,) 281

-~ - [(MeCp),Er-H}, 375

- - - [(MeCp),Ln-H(THF}], (Ln=Y, Er, Lu)
375

- - - [(MeCp), Y(THF)(-H)], 375

- - - [Na(THF)¢][(Cp,LuH);H] 375

- - - [Na(THF) 1[(Cp;Lu),H]-2THF 375

: 3 , - - -~ MeCp,U-NH; 281
(LCTHP) LI CprY (1-OCH (149 L eChUPMe, 281
T ) . -~ - = MeCp;U-P(OCH,),CC,H, 281
[(3}37l;2C3H3)LuH]4[A1H4 Et,0],[AlH,], - <= MeCp,UN(CH,CH,);,CH 281
- cyclopentadienyls  269-361 A RCp3U'L 281
-~ Cp,Ln, Cp,Ln-L,, Cp,Ln and CpiLn.L, - - - lanthanides 278-281
(Cp’ =substituted cyclopentadienyls) - -~ - (CsMe,Et);Sm 28]
317-319 - - - - CpLa(CsH,PPh,),(THF) 281
- - - (CsMe,Et)Ln(THF) (Ln=Sm, Yb) 319 ~ ==~ CpsLn (Cp”=CH,CH,0CH;C;H,; Ln=La,
- - - [Cp'sLn] (Cp” =(Me;Si),-1,3-CsH,; Ln=Yb, Pr, Nd, Sm, Gd) 281
Eu) 319 - === [(Me;C),C5H;[,Ce - 280
---Cp,Ln (Ln=Yb, Eu) 317 - === [(Me,Si),CsH;1,Ce - 280
---Cp,M (M=Ca, St, Ba, Sm, Eu or Yb) - =~ - [(Me;S1),C5H,];Ce(CNCMe; ) 280
equilibrinm geometries calculations 318 -~ - - [(Me;Si),CsH; ;M (M=Th, Sm, Ce)
- - - Cp’sSm (Cp” =(Me;Si),-1,3-C;H,) 319 280
- - - Cp/4Sm(THF) (Cp” = (Me,Si),-1,3-C;Hs) - ==~ (MeCp),Ce(CNCMe,) 280
319 ~---(MeCp),La 278
- - -Cp,Yb(DME) 318 - - - - (MeCp);Ln (Ln=La, Ce, Nd, Yb)
---Cp,Yb(OPPhy), 318  e---- crystal structures 278

- - - (‘Bu,Cp);Sm-(THFy 319  «--=- mass spectrometric behavior 279
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main classes of organolanthanides and

organoactinides — cyclopentadienyls— CpiM and

CpsML (Cp’ = substituted cyclopentadienyls)—~

lanthanides (contd)

- - -~ (MeCp);Ln-L adducts (L =cyanides,

isocyanides, phosphines) 279

————— (MeCp);Ce-PMe, 279

————— (MeCp);Ce[P(OCH,);C,Hs] 280

————— (MeCp);Ce-THF 279

----Na'Bu-C;H, 280

- - - - RCp;Er (R=Me;Si, 'Bu) 280

- - --RCp,Gd (R=isopropyl; Ln=Gd, Er)

280

- - - - (‘Bu-C;H,);La(THF) 280

- ---('‘Bu-CsH,);Sm 280

- - Cp;M (lanthanides and actinides) 269, 270

---CpCe 269

---Cp,Cp,Th 269

- - Cp,MX,, Cp,MXY, Cp,MX 296-309

- -~ X=halide 296-299

- -~ - actCp, ThCl,(dmpe)L 298

- - -~ actinides 298, 299

""" [Cp,UCLL],
(L =Ph,P(O)CH,CH,P(O)Ph,)
298

————— {[Cp,U(u-Cl)L; (1 -C1, } [(UCPCIL ) (-
Ci),] 298

- - ~ - lanthanides  296~-298

————— [Cp,GdBr],, 296

————— [Cp,GdBr] 297

————— [Cp,GdBr], 296

————— [Cp,LnCl], (Ln=Er, Yb, Gd, Dy)
structures 296

————— [Cp,LnCl], (Ln=Y, Sm, Gd, Tb, Dy, Ho,
Er, Tm, Yb, Lu) 296

————— Cp,LnCIl-L adducts (Ln=, L=THF)
297

————— Cp,LnCI-2THF (Ln=Nd, Yb) 297

————— [Cp,Lnl], (Ln=S8m, Er, Yb) 297

————— Cp,NdCI-THF 297

----- [Cp,ScFl, 297

————— [Cp,YCl],-,(AIH,NEt;) 297

————— [Cp,YCI]-AlH;-OEt, 297

“““ [Cp,Y(u-CD)];(AlMe,) 297

- - - X=hydrocarbyl 299-301

- - - - actinides 301

————— Cp2An(COR)X 301

————— Cp,AnR, (R=alkyl, 1,3-butadiene,
metallacyclopentadiene, cyclobutadiene)
301

————— Cp,Th[(CH,),PPh,] 301

————— Cp,ThX,(dmpe) (X =Me, benzyl) 301

- - - - lanthanides 299-301

————— [(Cp,Yb-Me),H-THF]LiTHF 299

————— [Cp(CH,);Cp]NdC=CPh(phen) 300

————— Cp,Er-C=CCMe; 300

————— [Cp,Er-C=CCMe;], 300

————— [Cp,ErMe], 300

————— Cp,Er(u-CH,), Li(tmed) 300

————— Cp,Ln-Ind- THF (Ln=Sm, Dy, Ho, Fr,
Yb) 300

————— Cp,Ln-R-THF (Ln=Y, Er, Yb or Lu, and
R=H or Me) 300

————— Cp,LnC=CPh(phen) (Ln=La, Nd)
300

————— [Cp,LnR], (Ln=Y, Er, Yb, Lu; R=H,
Me) 300

————— Cp,LnR(u-R)AIR, 300

————— Cp,Ln('Bu)(phen) (Ln=La, Nd) 300

————— Cp,Ln'Bu-THF (Ln=Fr, Lu) 299

----- Cp,Lu—methylene triorganophosphoranes
300

————— Cp,Lu-R-THF (R=Me, Et, 'Pr, "Bu), non
isolable 299

————— Cp,Lu(C,H,-4-Me)} THF 299

————— Cp,Lu(CH,),;NMe, 300

————— Cp,Lu(CH,),P(‘Bu), 300

————— Cp,LuCH,PMe, 300

————— Cp,Lu(CH,SiMe;)- THF 299

————— Cp,SmCH,Ar (Ar=Ph, 0-/'BuC;H,,
2,5-Me,C;H;) 299

————— Cp,Yb-Me-THF 299

————— Cp, Yb-R(DME) (R=CF;, C,Cls,
C=CPh) 299

————— [Cp,YbH-THF], 299

————— Cp,YbMe: THF = 300

————— Cp, Yb(u-Me), AlMe, 299

----- [Cp,Y(u-Me)], 299

————— [Li,(DME),(dioxane)][Cp, Y(CH,SiMe;), ],
300

“““ [Na(diglyme),Cp,Lu(C;,H,)] 301

- - - X=non halide non hydrocarbyl 301-309

-~ - - actinides 309

————— Cp,U(8-hydroxyquinolate), 309

""" [Cp,U(BH,),1 309

————— Cp,U(L), (L=N,N'-di-p-tolyltriazenide,
N.N'-di-p-tolylformamidide) 309

————— Cp,U(NEt,), 309

————— Cp,U(OR), 309

————— Cp,U(trop), (trop =tropolate) 309
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- - - - lanthanides  301-309

————— Cp,DyS-C,H, 305

————— Cp,Er—NH, 306

————— Cp,Ln-OAc (Ln=Sm, Gd, Tb, Dy, Ho,
Tm, Lu) 302

————— Cp,Ln—-OR(F)- THF (Ln=Nd, Sm, Yb;
R(F)O=2,4,6-(CF,);C4H,-0) 303

————— Cp,Ln—phosphides 307-309

————— Cp,LnBH;- THF (Ln=Sm, Er, Yb, Lu)
309

————— Cp,Ln(u-1*-ONCMe) (Ln=Pr, Gd, Dy,
Yb) 303

————— [Cp;Ln(u-OR)], (R=(CH,),Me,
(CH,),CHMe) 302

----- [Cp,Ln(u-SR}], (R=CH,CH,CHj,
CH,CH,CH,CH,, Ln=Dy, Yb) 305

————— Cp,LnOC(O)CF;(phen), (Ln=Pr, Nd;
n=1or2; Ln=La, Ce; n=2) 302

————— Cp,LnO'Bu (Ln=Sm, Dy, Yb, Lu)
302

————— [Cp,Ln(OTY)], (Ln=Sc, Lu, Yb;
OTf=0S0,CF;) 302

————— Cp,LuAsPh,-THF 305

————— Cp,Lu[n’>~C(OyBu] 303

————— Cp,Lu(u-AsPh,),Li (tmed) 346

----- Cp,Lu(u-SePh),Li(THF), 305

S Cp,Lu(u-S'Bu),Li(THF), 305 o

————— {Cp,Lu[u-O(CH,),PPh,]}, 305 )

S Cp,Lu(NC,H,Me,)(THF) 307 o

i [Cp,Lu(NPh,)] [Li(THF),]” (Et,0) I
307

- [Cp,LuOC('Bu)=C=0], 304 .

————— Cp,Lu(OSO,CF;)THF 321

————— [Cp,Lu(PPh,),Li{tmed).1/2toluene]
308

————— Cp,LuPPh-THF 305

————— [Cp, Lu(THF)],(1-0) 305

————— Cp,Sc-Si(SiMe;);-THF insertion reaction
with CNC,H;Me2-2,6 307

————— Cp,Sc(ER);-THF (ER; =Si(SiMe,),,
SiPhiBu, Ge(SiMe;);) 304

————— Cp,Sc{n*-C[Si(SiMe; ); IN(-CNC H,;Me2-
2,6)} 307

“““ [Cp,Sc(u-0,CSiRy)], (Ry =(SiMe;);,
‘BuPh,) 304

————— Cp,ScN(C H;Me;2,6)-
C(SiMe;) = C{NCH,[Si(SiMe;),1}
307

- [Cp, YbPHPh]
- Cp, YB(THF)SR(F) (R(F)=2.4,6-

- [Cp, Y(u-N=CH'Bu)],

- Na[Cp, Y(BH,),]

471

Cp,Sc[OC(ER);C(L)O] (ER, = Si(SiMe;),,
SiPhjBu, Ge(SiMe;);; L=THF, MeTHF,
PMe2Ph) 304

Cp,ScOC(Me)CHC(O)Me

Cp,ScSi(SiMe,), - THF 304

[Cp,Sm(u-OC Hyo)l, 302

[Cp,Sm{u-OCH(Me)COO'Bu}],

{[Cp, Y];(p-OMe), (u;-0) )
[(Na(THF),),(u-Cp)] 305

CpYbL, (L=acetylacetone, 2,2,6,6-
tetramethylheptane-3,5-dione,
1,1,1-trifluoroacetylacetone,
benzoylacetone, 4-benzoyl-3-
methyl-1-phenyl-5-pyrazolone,
trifluoroacetyl-a-thiophenate) 303

[CpYBPC(H;,], 308

[CpYbPPh], 308

[Cp,Yb-Z] (Z=0,CMe, O,CC(Fs,
0,CC;H,N, Cl, Br, I, C=CPh, C,F;,
(MeCO),CH, (PhCO),CH) 302

Cp,YBH,-THF 309

Cp,YbL (L =acetylacetone, 2,2,6,6-
tetramethylheptane-3,5-dione
1,1,1-trifluoroacetylacetone,
benzoylacetone, 4-benzoyl-3-
methyl-1-phenyl-5-pyrazolone,
trifluoroacetyl-a-thiophenate) 303

Cp,Yb(u-DAB)Li(DME) (DAB='Bu~
N=CH-CH=N-Bu) 306

[Cp, Yb(u-S(CH, );CH;)], 305

[Cp,YbO,C],R (R=CH,, CH,CH,,
0-CgH,, p-C,Hy) 302

Cp, YbO,CR (R=CMe,, CCl,, Et, CH,CI)
302

Cp, Yb(O,CR) (R=Me, CF,, Ph, C(F;,
C,Brs, MeO,CC¢H,, C,H,-2,4,6-Me,,
NC;H,-2) 302
[Cp,YPPHC,H,,] 307

307

303

302

tris(trifluoromethyl)phenyl) 306
306
[Cp,Y(u-OH)],-C,Ph 304

- 1*-acyl or n?-iminoacyl derivatives
Y Y

(Cp,Sc-ketoenolates or -enediolates)
coming from CO or isocyanide insertions
into Sc—alkyl or Sc-silyl bonds of
Cp,Sc-R 304

309
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main classes of organolanthanides and
organoactinides — cyclopentadienyls— Cp,MX,,

Cp,MXY, Cp,MX~ X =non halide non hydrocarbyl

(contd)

————— [RCp,Ln(y, n*-HC =NCMe,)], (Ln=Y,
Er; R=H, Me) 306

- - CpyMX (Cp' =substituted cyclopentadienyls)

- - - actinides  293-296

- ---X=halide 293

————— (Me,Cp);AnCl (An=U, Th) 293

————— [(MeCp),UF] 293

- - - = X=hydrocarbyl 293, 294

————— CH, =CH, insertion into U-C(tert-alkyl)
bonds: (MeCp); U(CH,CH,)Bu 294

————— CO insertion into U-C(tert-alkyl) bonds:
(MeCp); UC(OYBu 293

————— Cp;UR (Cp’ =Me;SiCsH,, R="Bu, Bz,
CH,SiMe;, Me, vinyl, C=CPh), U-C
bond disruption enthalpies 293

————— [Li(tmed), [{[Li(tmed)], (-
MeC;H ) H{[(MeCsH, ), UL (u-Me)}
293

————— (Me,CsH),UCO 294

————— (Me,SiCsH,),UCO 294

————— (MeCp); U('Bu) with Lewis bases to
(MeCp), U"(L) (L=PMe;, THF, ‘BuCN
and EtNC) 293

————— [(RCp);U-X] (X=H or I; R="Bu or
SiMe;), U-H, U-I bond disruption
enthalpies 293

- - ~ - X=non halide non hydrocarbyl 294-296

————— CpiU-azide derivatives
(Cp’=Me,SiCsH,)

—————— CpyU-N; 294

—————— CpyUM(N,)UYCpy 294

—————— [Na(18-crown-6)][Cp'U™(N;)U"Cp} ]

294

—————— [Na(18-crown-6)][CpiU"(N3)] 295

“““ [(Me;SiCsH,); UL (1-0) 295

————— (Me,;SiCsH,); U-SR (R=Et, 'Pr, ‘Bu)
296

————— [(MeCp);ULLE (E=S, Se, Te) 296

““““ [(MeCp); UL [u-1,4-N,CH,] 294

————— [(MeCp); UL (1-S) 295

————— [(MeCp); Ul,[PhNCO] 294

————— (MeCp);U-OMe 296

————— (MeCp); U-OPPh, 296

————— (MeCp);UNPh 294

————— {(MeCp);UNR (R=Ph, SiMe;) 294

————— (MeCp); U(OCHMe,) 296

————— (MeCp);U(OPh) 296

————— (MeCp);USCHMe, 296

----- [(RCP);UL,[u-n'’-CS,] (R=Me, SiMe;)

295

‘‘‘‘ [(RCp); UL (1-O); (R=SiMe;) 295

“““ [(RCp);U],(u-O) (R=S8iMe;) 295

————— [(RCp);UOH] (R=SiMe,, 'Bu) 294

----- [(BuCsH,),U,(u-SPh),] 296

————— (‘BuC;H,),U-SPh 296

————— (‘BuC;H,),U-SR (R=Et, ‘Pr, 'Bu) 296

- - Cp;MX (lanthanides and actinides) 282-292

- -~ X=halide 282,283

----Cp,CeCl 282

- -~-Cp,UCI

————— crystal structure and physical properties

283

————— synthesis 282

- - - X=hydrocarbyl 284-286

- -~ - Cp;CeR (R=hydrocarbyl) 284

----Cp;M-R [M=U, Th; R=Me, "Pr,
"Pr, "Bu, 'Bu, neopentyl, ferrocenyl,
allyl, 2-methallyl, vinyl, Ph, C(F;,
p-C H,UCp;, C=CH, C=CPh, p-toly],
benzyl, 2-cis-2-butenyl, 2-frans-2-butenyl,
(CsHy)Fe(CsH4)UCps; synthesis, crystal
structures, physical properties and
reactivities 284, 285

- == - [CpNd(CH [LI(DME); ] 284

- -~ - [Cp;Pr-"Bu]~ 284

- -~ - CpyU-p-CcH,-UCp, 285

-~---Cp;U-C=CPh 286

- -~ - Cp;U(CH,-C,H,-p-CH;) 286

- ---Cp;UCHPMe,Ph 284

- = = = [Cpy UM-C,H  F[LIC,HygN, 04(2.1.1)]
286

----Cp;UR 286

————— molecular orbitals calculations 286

~ - - = [Na(18-crown-6)]{Cp;UR] (R=Me, "Bu)
286

- - - X=non halide non hydrocarbyl 286-292

- ---CO and CO, migratory insertion for
Cp, ThR (R='Pr, *Bu, neopentyl, "Bu,
CH,SiMe;, Me, CH,Ph) 291

- - - - CO, insertions into U-Cy,,, bonds 292

- - - - CO, insertions into U-C(allyl) bonds

————— Cp,U(CO,CH,CH=CH,) 292

- - - - Cp;An-NPPh; (An=U, Th) 288

----Cp;An-Z (An=U, Th; Z=0R, OAr,
NR,, NAr,, NPPh,, (CH,)CH,)PR,Ph,
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(CH,)(CH,)PRPh,, PPh,, NCS, NCBH;)  ----- Cp,UZ, (Z=D,0, SCN~, NCBHj3)
287 290
- - - - Cp,An(NEL,),_, (An=U, Th), synthesis, =~ ----- [KCrypt]"[Cp;An(NCS), ]
reactivity 287 (Crypt=cryptofix) 289
----Cp,Ce-O'Pr 287 o [Me, N [Cp;An(NCS),]- 289
- - --Cp;Ce~Z (Z=N;, NCS, CN, NCO; or NO,,  ----- [Ph,As][Cp;U(NCS),] 289
ONO;; or SCH;, SC,H;, SC;H;, SCHMe,, - - - - dihaptoiminoalkyl insertion products
Sn"Bu, Si'Bu, Si'Pent; or O,CH, O,CCH;, 291
0,CCHy, O,CCH,, O,CPh) 286 ___ .. Cp, UIP-CMeN(C.H,,)] 291
----Cp;Ce(OCMey) 287 L. Cp;U[m>-C("Bu)NR] (R="Bu, C,H,,
- - - - Cp;U-ketoiminates 289 C,H,Me,-2,6) 291
- ==~ Cp;U-NCHCHPh, —  _____ Cp;UX[?-C(Me)N'Bu] 291
“““ molecular orbital calculations 288 - - - - isocyanate insertions into U=CHP bonds
-~ -~ Cp;U-NCR (R=Me, "Pr, 'Pr, 'Bu) 288 292
o--CpUNH, Cp,U(NPh)(O)CCHPMe,Ph 292

————— molecular orbital calculations 288 - - - - isocyanide insertions into the U=CHP

- = - - Cp;U-NH;z ' bonds 292
————— molecular orbital calculations 288 - - - = = [Cp,U(C(NEL,)=NC,H;Me,-2,6)] 292
----Cp,U-NPh, 288 _____ Cp; U[>-CN(C¢H;, )CHPMePh,] 292
-~ - - Cp;U-NPH; ] ] - - - - isocyanide insertions into U-Ge bond of
————— molecular orbital calculations 288 Cp,U-GePh, 292
3 3

----Cp,U-OPh 287 - - - - isocyanide insertions into U-N bonds of
- - - - Cp;U-OR (R=CH,CF,, C(CF;),CH;, Cp,UNEL,

C(CF3),CCly, C(CFy),CF(CFy),, CFsy [Cp,U(C(NEt,) =NC,H;Me,-2,6)] 292

287 - - - - [Na(THF)][(CsH;SiMe, ), USeMe] 287

- ---Cp,U-PPh, 288 T e
CpUSMe 287 - - -~ [Na(THF)]{Cp;U(SR)] (R=Me, 'Pr, 'Bu,

Ph) 287
T Cgi}g;ilgtr_olr\f:;g?;;il?’ I;lgCgS), -~ - - nitrile insertions into U=CHP bonds
- - - - Cp,UAIH,, synthesis, characterization, 292
reactivity 288 tToo- Cp,UNC(Me)CHPMePh, 292
-~ --Cp,UBPh, 288 - - Cp3MX with substituted cyclopentadienyls
- - - CpUCKCOMe) 292 309-317
- - - - Cp;U(m*-OCCHPR,), migratory insertion in T X:}fal'lde 309313
the U-C multiple bond of Cp,U~CHPR, - - - - actinides 312, 313
(PR;=PMePh,, PMe,Ph) 291 """ °- Cp2AnX (Cp” =(8iMe;),CsHy; An=Th,
- - -~ Cp;U(-0CZ) (Z=Me, Et, 'Pr, "Bu, NEt,, U; X=CI; An=U, X=Br, 1, BH,)
PPh,, NCBH;) 291 312
----Cp;UMeBPh, 288  ==--- [Cpi*ThCly(dmpe)] (Cp's=1,2-
- - -~ [Cp;U(OH,),][BPh,]-nH,0 288 (SiMeyBu),-CsHy) 312
----CpUXY (X=Y, X=Y), trigonal ~ ----- [Cp;*ThCl(acac)] (Cp'+ = 1,2-(SiMe)Bu),-
bipyramidal species 289, 290 GH;) 312
----- [CpsU(CNR), [BPh,] 290 - - - - - [Cp;*Th(C)CH(SiMe;),] (Cp'+=1,2-
----- [Cp;U(CNR)(CNR)|[BPh,] (R=Me, "Pr, (SiMe}Bu),-C;H,) 312
‘CH,) 290  eeee- Cp”,ThCl, (Cp™ =1,2,4-(SiMe;);C,H,)
----- [Cp; U(NCMe), ],[UO,C1,]2X 312
(X=1,3-butadiene) 290 ~----- Cp"3ThClL,-E,0 (Cp"”'=1,2,4-
----- [Cp;U(NCMe), ]*[CpThCl,-NCMe]- (SiMe,);CsH,) 312
2 === [Cp"U(BF,)F], (Cp" =(Me,Si),C,H;)

----- Cp;U(NCBH, }(NCMe) 289 313
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main classes of organolanthanides and
organoactinides — cyclopentadienyls— CpyMX
with substituted cyclopentadienyls— X = halide
(contd)
----- Cp"U(CH,R), (Cp”"=(Me;SD),CsH;
R=SiMe,, Ph) 313
————— Cp"2U"M (u-Cl),Li(L),
(Cp"' =(Me,Si),CsH,; L=THF,
n=2; L=PMDETA (N,N,N',N',N"-
pentamethyldiethylenetriamine), n=1)
312
----- [CpyUCIX][PPh,] (Cp” =(Me;8i),CsHy;
X=Ch 312
————— [Cp,UMX], (X=F, Cl, Br;
Cp"’=(SiMe,),CsH;) 312
————— [CpsU(p-BF)(-F)];
(Cp”" =(SiMe;,),CsH;) 312
————— Cp/yU(u-Cl)(-X)[Li(THF), ]
(Cp" =(Me,Si),CsH;) 312
————— [CPUYX,] (X=F Cl, Br;
Cp"’ =(SiMe,),CsHy) 312
————— Cp'UXL, (Cp”=(Me,Si),CsH;;
X=Cl, L=CNC¢H;Me,-2,6;
L =NCSiMe;;X =Br, L=CNMe)
312
- - - - lanthanides  309-312
————— [Cp,Ln(u-X)], (Cp'=Me;Si~CsH,; Ln=Y,
Yb, Lu; X=Cl, [; L=THF, tmed, Et,0)
310
""" [CpiLn(u-X)];Li(L), (Cp’=Me;Si-CsHy;
Ln=Y, Yb, Lu; X=Cl, I; L=THF, tmed,
Et,0) 310
----- [Cp3*Nd(u-Ch], (Cp* =1,3-"Bu,-C;H;)
310
————— {Me,NCH,CH,Cp),NdCl 311
“““ {[(Me,S1),CsH; L Ln())-(NCMe), }
(Ln=La, Ce) 311
————— {[(Me;Si),CsH;1,Ln(u-Cl), } (Ln=Sc, Pr,
Yb) 310
————— {[(Me;Si),CsH; 1, Ln(u-Cl), }Li(THF),
310
————— {[(Me;S81),CsH; ], Ln(u-Cl), }[Z] (Ln=Y,
Pr, Nd, Dy, Tm; Z=N(PPh,),, PPh,,
AsPh,, PPh,(CH,Ph)) 310
""" {[(Me,81),CsH, 1, Ln(u-1), HK(THF), ]
(Ln=La, Ce) 311
————— [(MeOCH,CH,Cp),Ln(u-Ch)] (Ln-La, Pr,
Nd, Gd, Ho, Er, Yb, Y) 311
————— (MeOCH,CH,Cp),LnX (Ln=La, Nd, Y;
X=1) 311

SUBJECT INDEX

————— (MeOCH,CH,Cp),LnX (Ln=Nd, Dy, Er,
Yb; X=Cl) 3il
————— [(‘BuCp),LnCl], (Ln=Sm, Lu)} 310
- - - X=hydrocarbyl 313, 314
- - - - actinides 314
————— (CsH;(SiMeBu), 1,3), Th(C)CH(SiMe;),
314
————— [(Me,Si),CsH;],UCK{CN-2,6-
dimethylphenyl), 314
- - - - lanthanides 313, 314
————— Cp,Ln(u-R),AlIR, (Cp’=Me;Si-CH,;
R=CH,, C,Hy, C¢H,,, CsH,CH;;
Ln=Y, Ho, Er, Yb) 313
————— CpjLn(u-R),LnCp; (Cp'=Me, Si-CH,;
R=CH,, C,H,, C4H,,, C;H,CH,;
Ln=Y, Ho, Er, Yb) 313
————— [(Me,Cp), YMe], 313
————— (MeCp),Ln-R (Ln=Lu,
R =CH,CHMeCH,NMe,; Ln=Y,
R=CH,CH=CH,, C(Et)=CHEt,
CH,SiMe;) 313
————— [(MeCp),Sm~C=C-CMe,], 313
————— [(MeCp), Yb-CH,}, 313
————— [(MeCp), Yb-C=C-CMe,], 313
————— [(‘BuCsH,),Ln(C,H,S,-1,3)]LiCI-2THF
313
----- [(‘BuCp),NdMe], 313
----- ['BuCp,Sm—C=CPh], 313
- - - X=non halide non hydrocarbyl
- - - - actinides 316, 317
----- Cp'bUCIZ (Cp” =1P-1,3(Me, i), Cs Hy:
An=Th, U; Z=0CH,-2,6-Pr,,
OC,H,-2,6-Ph, SC,H,-2,4,6-Bu,)
316
----- [Cps Uu-03], (Cp'" =1°-1,3(Me;Si),Cs Hy)
316
----- [Cp'U(OC, H,-2,6-Pr, ) THF)]
(Cp" =1°-1,3(Me,Si),CsHy) 316
""" {[(Me;C),C5H;,U-C} 332
----- (MeC,H,),U,(u-NR), (R=Ph, SiMe,)
316
----- {[(Bu),CsH, L, ThHu-n21-As ) 317
————— [('Bu), CsH, I, Th(p-
TP, Th(CH{('Bu,)CsH, }»
317
- - - - lanthanides 314-316
""" [Cp";Ce(u-1*OC)W(CO)Cp(un*CO)l,
316
----- [Cp’;La(NCMe)(DME)][BPh,]-0.5DME
316

314-317
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————— Cp",Lnl(NCMe), [Ln=Ce, La; - ---CpThX,L, [X=Cl, L=MeCONPr,,
Cp" =1°-1,3(Me;Si),CsH;] 316 MeCON(C H,,),; X=Br,
----- {Ln(S)-1°:n'-CsH,(CH,CH(Me)NMe, ) }, L =Me,CHCONMe,, Me, CHCON'Pr,
(Ln=Sm, Yb) 315 EtCONEt,] 323
----- {Ln(S)-n*:n'-CsH,(CH,CHROMe)}, ----CpU(BH,); 324
(R=Me, Ln=Sm, Yb; R=Ph, Ln=Sm) - - - - CpU[(CH,)(CH,)PPh,]; 324
315 - - - - CpUCLL, (L =hexamethylphosphoramide,
----- {Ln(S)-n*n'-CsH,(CH(Ph)CH,NMe, )}, THF, OPPh;) 323
(Ln=Sm, Yb) 315 -~~~ CpUCLL, (L=0PMe,, OPMe,Ph,
----- [(Me;SiCsH,), Y(u-OMe)], 314 OPMePh,) 323
————— {[(Me,Si),CsH;1,Ln(-OH)}, 315 ----CpUC], 2L (L=DME, THF) 323
_____ {4(MeCp), Luln-n(HC=N'Bu)]}, 315 - - - - CpUCLL, [L=MeCON'Pr,, EtCON'Pr,,
————— {(MeCp), Yb[u-O(C,H,0)]}, 314 CO(NMe;),] 323
----- [(MeCp), YbNH,], 315 - ~ - - CpUCL[MeCON(CH,,),],(THF) 323
_____ [(MECP)ZY(H’N:CMG)IZ 315 - - CpUCIJ(OPPh3 )Z(THF) 323
----- [(MeCp),Y(u-OCH=CH,)], 314 - - - - CpUCL[OP(NMe,);], 323
_____ [(MeOCH,CH,Cp),Er(1-OH)], 315 - - - = CpU(NCS);L; (L.=OPMe,Ph, OPMePh,)
----- [Me, Si(Me,Cs)(CsH:R)LnN(SiMe,),] 323

-~~~ [CpU(OACc),],0, 323

- - - lanthanides 319-322

- =~ -~ CpHo(C=C-Ph), 322

- - - - CpLn(COT)(THF} (Ln=heavier lanthanides)
322

- - - - CpLn(CH[OCOC H,4(O-Z)] (Ln=Sm, Yb;
Z=H, E, Br, [ and OCH,) 321

- - - - CpLnCL(THF), (Ln=La, Tm, x=3;
Ln=Eu, x=2; Ln=La, Sm, Eu, Tm and
Yb, x=4) 320

----CpLnX,L; (Ln=Er, X=Cl, L=THF;

[Ln=Y, La, Sm, Lu; R =(+ )neomenthyl,
Sm; R=(—)menthyl, (+)neomenthyl,
(—)phenylmenthyl] 316

————— [(RCsH,),Ce(n-SR")], (R=Me, R'="Bu;
R='Bu, R’ ='Pr, Ph) 315

————— [('BuCsH,),Ce(1-OR)], (R='Pr, Ph)
315

————— [(‘BuCsH,),Ce(n-S'Pr)}, 315

————— [((BuCsH,);Ln(u-ER)}, (Ln=Y, E=§,
R=Ph, '‘Bu, “Bu, CH,Ph and ER =SePh)

315 Ln=Yb, X=ClI, Br, L=THF) 320
----- [(‘BuCsH,),Ln(u-OH)], (Ln=Dy, Nd) - - -~ Cp,Ln(fur)s_,, (Ln=Nd, Yb, n=1, 2;
7 —H el * » S
? 15 salH = salicylaldehyde; furH = furfuryl
----- [('BuCsH,), Y(u-TeMe)], 315 alcohol) 320
- - monocyclopentadienyls  319-324 --~--Cp,Ln(sal);_,, (Ln=Nd, Yb, n=1, 2;
- - - actinides 323, 324 salH =salicylaldehyde; furH =furfuryl
===~ Cp(Ac)U,0 323 aleohol) 320
——— CpAnClz(HBL3) (An :Th, U; L:3,5- e CpLu[(CH2)3ASR2]2 322
dimethylpyrazolyl) 323 - - - = CpLu[(CH,);NMe,[CI(THF), 322
- - - - CpAn(NCS),L, (x=2, An=Pu, L=0PMe,; - - = - CpLu[CH,CH(Me)CH,NMe, |(C1)}(THF},
An=Np, Pu, L =OPMePh,, OPMe,Ph) 320
323 - - - - CpLu(C HyY(DME) 322
- - - - CpNpCl3(PMePh,0), 323 - - - - CpLuCL(THF), 322
- - - - [Cp(OAc);U,0];, 323 - - - - [CpLu(DME)],[u-(Ph)C(Ph)C=C(Ph)C(Ph)]
- ==~ CpPuCl,L, [L=HCONMe,, MeCONMe,, 322
MeCON'Pr,, EtCON'Pr,, Me;CCONMe,, - = == CpLu(0SO,CF, ),(THF), 321
OPMe;, OPMe,Ph, OPMePh,, OPPh;, - - -~ [CpLu(OSO,CF, ),(THF)], (n=1,2) 322
OP(NMe,),] 323 == - - [CpSm(THF)],(N,Ph,), 321
- ~--CpThCLL, (x=2, L=THF; x=3, - -~ - CpScOEP (OEP =octaethyl porphyrin)
P
L=MeCN) 323 321

- - -~ [CPThy(O-Pr),], 323 - - = - CpSm(CH[CsH,(CH,NMe,)-FeCp - 322
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main classes of organolanthanides and

organoactinides — cyclopentadienyls—

monocyclopentadienyls— lanthanides (contd)

- - - - CpSmCI(THF),(u~Cl), SmCL(THF),
320

- - - - CpY{[C;H,;(CH2NMe,)|FeCp}, 322

- - = - (CPY)5(1-OMe),(11*-OMe), (*-0) 320

- - - - [CPYB(THF)],[N,Ph,], 321

- --=-Cp,Y(1-O'Bu), Y(O'Bu)Cp 320

- - == [CpY(u-O'Bu)(O'Bu}], 320

- - - - [LiDME); LI(CpNd) (1*-Me ), (nd-O)(1*-
Ch,] 322

- - - - [Li(THF),],(u~C1),CpLn-THF (Ln=La, Nd)
320

- - - - MeCpUCH,(THF), 320

- - monocyclopentadienyls with substituted

cyclopentadienyls 324-326

- - - actinides 326

- - - - [(Cp""ThCl,),NaCl(OEt,)], 326

- - - - {Cp”'ThCL;[MeN(CH,CH,NMe,),1}
326

- - - - [(CP")UCL(THF)(u-Cl),Li(THF),]
(Cp""'=CsH,(SiMe,),-1,2,4) 326

- ---(MeCsH,)UCL-2THF 326

- - == (MeCp)ThCI-THF 323

- - - lanthanides 324-326

- - - = [(CsHyCsH, Er(THF)L,(12-Cl); (-
Cl),[Na(THF),] 325

- - - -~ [Li{DME); ][(MeCp)Ln(NPPh,),] (Ln=La,
Pr, Nd) 325

- - - - [Li(THF), T, {[(MeCsH,)INACI(1*-
CHNACIp2-CHNACL,[(MeCsH, ), (1*-0)}
325

- - - - [(Me,C;SiMe; )(1y -N'Bu)]ScCH(SiMe; ),
325

- - - - [(Me,C,SiMe,)(n'-N'Bu)]ScL [L=C;H,,
CH(SiMe,),; C,H,, CH,,, CHPh(CH,)Ph]
325

- - - - {[(Me,C,SiMe, )(n'-N'Bu)]Sc(u'-Pr)},
325

- - - - (MeCp), Y, (u-Cl), (W -Cl)(u*-O)(THF),
326

- = = = (Me; SiCsHy ) Y[(U-O'Bu)(p-Me)AlMe;, |,
325

- - - - [(THF),Lil,(1-C1),[(McCp)Ln(THF)]
(Ln=Nd, La) 325

- - - - ('BuCp)Sml,-3THF 325

- - peralkylcyclopentadienyls 326355

- - - Cp3M halide derivatives 330-334

- - - - actinides  331-334

----- [(Cp3UN(p-Cl], 332

————— CpsAnCl, (An=Th, U) 331

————— Cp3An(?-CONR,),, CO insertion product
332

————— Cp;An(n*-CONR,)CI, CO insertion
product 332

————— Cp;An(?-CONR,)NR, CO insertion
product 332

————— Cp;Th-amidinate 333

————— Cp3ThBr,(THF) 332

————— Cp3ThCHCOR) (R =CH,Bu, CH,Ph),
reactions with isocyanides 334

————— Cp;Th(Cl){n*-COCH,-'Bu) 334

————— Cp;Th(C1)O,C,[CH,CMe, ][PMe, ]
334

----- Cp; Th(CDRu(Cp)(CO), 333

----- CpiTh(-CONEL,)Cl 332

----- [Cp3Th{OC(CH,'Bu)COICl], 334

————— Cpi ThHIOC(CH;Bu)C(PR,)O}(CL) (R = Me,
Ph) 334

""" CpiU(CH3N,), 332

----- CpyUCL(C,H,N,) 332

----- Cp;UCL(HNPPh,) 332

----- Cp;UCL(HNSPh,) 332

----- Cp;UCI(C,H,N,) 332

----- Cp;UCLL (L =THE, pyridine, PMe,, Et,0)
332

----- [(CpUXR)CI] 332

————— Na[Cp;UCL,-THF] 332

- - - - lanthanides 330, 331

————— CpiLn (Ln=Yb, Sm, Eu), cyclic
voltammetry 331

————— Cp;Lnl. (Ln=Yb, Er, Sm; L=THF, Et,0)
330

————— Cp;LnX (Ln=Sm, Yb; X=Br; Ln=Sc,
La, Ce, Sm, Yb; X=1) 330

----- CpiSeCl 330

————— [Cp:ScCl], 330

————— Cp;,Sm;Cl;[Me(OCH,CH,),0OMe]
330

————— [CpsSmCI]; 330

“““ [Cp; - Sm(P—CN)CN°C H, )], 330

----- Cp; YbCI(Me,PCH,PMe,) 330

————— Cp; YBF(OEt,) 330

----- CpyYbF(THF) 330

----- Cp;YCI(w-CLI(THF), 330

----- Cp3Y(u-Ch,Li(THF), 330

————— CpsY(r-CHY(CDCp; 330

----- Li[Cp'LnX;] 330

----- Li[CpiLnX,] 330
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- - - Cp;M hydrocarbyl derivatives 334-340

- - - - actinides  338-340

----- Cp;An(cn?-OCNR,)(NR;) (An=U, Th,
R=Me; An=U, R=C,H;), CO insertion
products 338

————— Cp;AnR, (An=U, Th; R=Me, CH,SiMe;,,
CH,Ph; An=Th; R=CH,CMe;, Ph)
338

————— Cp;Th(CH,MMe,), (M=C, Si),
thermolysis 338

----- Cp;Th{(CH,),MMe,] (M=C, Si) 338

————— Cp;Th(n*-C,Hy) 339

————— Cp;ThMe, as catalyst in phenyi silane
dimerization 340

————— Cp;Th(Me)(Aryly 339

““““ [Cp>ThMe][B(C,Fs)] 339

————— (CpsThMe)*(BPh,)~ 339

————— Cp;ThMeL (L =0-MeOC H,, O-MeC¢H,,
2,5-MeC H;) 339

————— [Cp;Th(Me)THF),]iBPh,] 339

————— (Cp;ThMe)* {'BuCH,CH[B(C,F;),],H}"
339

————— Cp;Th(Ph), 339

————— Cp;UCH(SiMe;), 338

————— Cp;UMe, as catalyst in phenyl silane
dimerization 340

- - - - lanthanides  334-338

————— (C;Me,Et),SmCH(SiMe,;), 337

""" [(Cp3Sm)y(u-1’m’-CyoH )] 336

————— {Cp;[CsMe,(CH,CH,)]Ce,}, 337

————— Cp3;CeCH(SiMe;), 337

----- Cp;La(THF)Yu-n', n*-C,H,)LaCp; 337

————— Cp;LnCH(SiMe;), 337

————— Cp:LnCH(SiMe,), (Ln=La, Nd, Sm, Lu)
337

————— Cp;LnMe(Et,0) 334

————— [CpsLn(u, 1?-HC=NC'Bu)(THF)], 336

————— [Cp;LuMe], 337

————— Cp;Sc-C=CH 338

————— Cp;Sc-C=CR 336

————— Cp;Sc(CH=CMe,) 336

————— Cp3ScH 336

————— CpiScMe 336

————— [Cp3Sc(u-n' P CH,CsMe,)], 337

————— [Cp3;Sm],(CH,CHPh) 335

————— Cp3Sm(C,H,)THF 334

————— Cp;SmCp 334

————— [CpSm(p-1?:*-PhCHCHPh)] 335

————— Cp;Sm[(u-Me)AlMe, (1u-Me)], SmCp3;
335

————— Cp3Y[1*-C(Ar)=NAr}THF 336

————— Cp; Y(u-C=C'Bu),Li(THF) 336

————— Cp: Y[N=C('Bu)CH(SiMe, ), INC'Bu
337

————— Cp*2Sc C=C-ScCp; 338

————— YbCp*Sn(CH;,Bu),(THF), 338

- - - Cp;M non-halide non-hydrocarbyl derivatives

340-350

- - - - actinides  346-350

————— [Cp;AnH,], (An=U, Th) 350

————— Cp;An(NR), (An=U, Th; R=Me), CO
insertion reactions 346

————— Cp;An(NR,)CI (An=U, Th; R=Me, Et)
346

————— Cp; An(X)[P(SiMe,),] (X=Cl, Me;
An=U, Th) 350

————— CpsTh(PPh,), 349

————— Cp3sTh(PR,), (R=Ph, ‘Cy, Et) 349

————— Cp3ThS;, organoactinide polysulfide
350

————— Cp3Th[S(CH,),Me], 350

————— Cp;U~imido complexes 347

————— Cp;UCL(HNSPh,) 354

————— Cp;U(C=CR), (R=Ph, ‘Bu) 349

————— CpiU(N-2,4,6-'Bu;C H,) 349

————— CpsU(NC(H;), 348

————— Cp;U(NHR), (R =2,6-dimethylphenyl, Et,
‘Bu) 349

————— [Cp;U(NMe),(THF)][BPh,] 349

————— Cp;U(NAr)O) 348

————— Cp;U[NH(CH;Me-2,6)], 349

————— Cp;U(0-2,6-Pr,-C H;)O 348

————— CpsU(OAr)(O) 348

————— [Cp,U(OMe)],(u-PH) 350

————— Li(TMED)[Cps U(NC.H,)Cl] 348

- - - - lanthanides  340-346

————— (CsMe,Et), YN(SiMe, ), 342

“““ [(Cp3Sm)-u-n*0,C  Hyp] 340

————— (Cp3Sm),(1-L)-(THF), (L=S8, Se, Te)
342

----- (CpiSm),N,Ph, 343

————— (Cp3Y ) [1-m-CONC, H,),] - 343

————— (Cp3Yb),Te, 342

----- [Cp:Cel,][BPh,] [L=THEF,
tetrahydrothiophene (THT)]
342

————— Cp;CeOCMe,CH,C(=0)Me 341

““““ [Cp3lal,(CHgN,) - 345
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main classes of organolanthanides and
organoactinides — cyclopentadienyls—
peralkylcyclopentadienyls— Cp3M non-halide
non-hydrocarbyl derivatives (contd)
————— Cp;LaNCH(CH;)CH,CR,CH,[HNCH-
(CH;)CH,CR,CH,] (R=H, CH;)
346
————— Cp;LaNHCH,(H,NCH,) 346
————— CpsLnCH(TMS), (Ln=La, Sm, Lu),
precatalyst activities 346
————— Cp;LnNHR(H,NR) (Ln=La, R=CH,,
CH,CHj; Ln=Nd, R=CH,CH;) 346
————— Cp;LnN(SiMe;), (Ln=Nd, Yb) 342
————— Cp; LnOC(Et)=C(H)Me-O=CEt, (Ln=La,
Ce) 341
————— Cp;LnOCMe,CH,C(=0)Me (Ln=La, Ce)
341
————— Cp;LnR compounds [R=H, CH(TMS),,
1°-C;H;, N(TMS),; Ln=La, Nd, Sm, Y,
Lu] 346
————— Cp;LuCH(TMS), 346
————— [Cp;Lu(u-S'Bu),Li(THF),] 341
————— Cp*2Y[N =C('Bu)CH(SiMe, ), INC'Bu)
342
----- [Cp;(Ph,PO)Sm],(u1-OCH=CHO) 341
————— [Cp*Sm],(N,Ph,)}(THF) 343
————— [Cp*SmTHF],[u-n*v°N,Ph,}, 343
————— Cp;ScNHCMeNNH, 342
————— Cp3ScNHCMeNNMe, 342
————— Cp;ScNHNR,; (R=H, Me) 342
“““ [Cp;Sm],C,(CeH;), 340
————— [Cp3SmI(1--N,Phy) 343
————— [Cp3Sm], [u-1*(PhCH=NNCHPh ),]
344
————— [CpsSm], [u-1'-(PhN)OCCO(NFPh)]
343
————— [Cp3Sm],(u-O) 340
————— [(Cp5)Sm],(u-n*:n*-Bi,) 346
————— [Cp;Sm],N, 344
————— [Cp3;Sm,(Q,CCCONTHF)], 340
----- [Cp:Sm(CNCMe,)1,0 340
————— Cp;SmDAD (DAD =1 ,4-diazadienes)
344
————— Cp;Sm(7’N,C,,H,) 344
————— Cp;Sm(MMA ), H
(MMA = methylmetacrylate)
340
————— Cp3Sm[p-n*(CsH,N)CH=C(0)C(0)=
CH(C;H,N)ISmCp; 343
————— CpiSm(p-n>:n?:m'-Sb;  THF) 346

----- (CpiSm)N,Ph, 343
----- Cp3Sm[O(CH,).Cp ]THF 340
----- Cp;Sm(0C,HMe,-2,3,5,6) 340
————— [Cp;Sm(THF),1[BPh,] 340
————— Cp:Sm('BuN=CHCH=N'Bu) 344
----- [Cp3Sm(THE)], [u-n'-
(CH=NNCH=CHCH-),] 344
----- [Cp;Sm(THF)], [p-1-(0SiMe, 0SiMe, 0)]
340
----- [CP3SmM(THF)],(w-n*m2HNNH) 345
~~~~~ [Cp3Ybl,(u-L) (L=S, Se, Te) 342
————— Cps YB(ER)(L) (L =Lewis base;
R =organic group; E=0, S, Se, Te)
342
————— Cp;Yb(O,CCMe,) 341
————— Cp; Yb(S,CNEt,) 341
----- [Cp;Yb(SPh)(NH,)] 342
----- [CPsYb(TePh)(NH,)] 342
----- Cp; Y {n*-[C(CH,C H;Me,-
3,5)= NC,H,Me,-2,6]} THF
342
————— Et, Si(CsH, ) (MeyC5 )LUCH(TMS), 346
————— Me,Si(Me,C;), LuCH(TMS), 346
“““ (L-CpHN)[Cp;Sm], 344
~ - - Cp*M derivatives 350-355
- - - - actinides 354, 355
————— [Cp* (CIY(HNSPh, ) U(1*-O) (1>~
O)U(CIXHNSPh,)], 354
----- Cp'U(NEt,), 355
----- [Cp*U(NEL,),(THF),]BPh, 355
----- Cp*U(COT)(Me,bpy) 355
————— Cp*U(COT)THF) 355
————— [Cp*U(COT)(THF),]BPh, 3535
————— Cp*UCI(THF), 354
————— Cp*U(allyl); 354
----- Cp*[(Me;8i),N]Th(u’-080, CF;);-
Th[N(SiMe,)(SiMe,CH,)]Cp*
354
~ - ~ - lanthanides 350-354
————— [(CpsSm),(u=n"n*-Se;)THF] 353
————— Cp*(C,BoH,)Sc{THF), 353
————— Cp*Ce[CH(SiMe;),], 333
————— Cp*CeH(SiMe;), 352
————— Cp*Cel,(THF); 351
----- Cp*Ce[N(SiMe,),], 353
————— Cp*Ce(OAr),(OAr=2,6-di-fert-
butylphenoxo) 353
----- [Cp*Ce(u-OCMe;),], 352
----- Cp*GdCL(THF), 351
----- Cp*La[CH(SiMe,),], 351, 352
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————— Cp*La[CH(SiMe,),|BPh, 352 - - - - [Cp*Sm(u-I}THF),], 328
————— Cp*La[CH(SiMe;),](THF);BPh, 352 ----CpsYb 327
————— Cp*Lu(CH,SiMe,)[CH(SiMe;),(THF) - -~-Cp:Yby(u-F), 329
351 -~ - - Cp3Yb(n*~MeC=CMe) 329
————— [Cp*Ln(O-'Bu),] (Ln=Y, Eu) 353 - - - - [Cp3Ybl,][Li(ether),] 329
————— Cp*Lu(alkyl), 351 ----Cp3YbL (L=THF, Et,0) 328
————— [Cp*Sm,],(NHNH),(NHNH,),(NH,), - - - - [Cp3YbMe,][Li(ether)] 329
353 - - - - Cp3YbOEL,, oxidative addition of R—X or
————— Cp*Sc(acac), 353 Ar-X 328
----- [(Cp*Sm)Se;;] 353 ----Cp;Yb(py), 328
————— [Cp*Sm(u-1)}(THF),], 351 ----Cp;YbR 328
————— Cp*YbCl, 351 ----Cp3YbX 328
————— Cp:YbsO(C,H,,0),Cly 351 ----Cp3YbX, 328
————— Cp*Y(acac), 353 - - - - [K(THF),,[Cp3NdC1,] 329
————— Cp*Yb(u?-1),Li(Et,0), 350 - - ring bridged cyclopentadienyls 355-361
————— [Cp Y(u-Me),]; 352 - - - actinides 361
————— {[Cp*[(Me;Si),CH]Sc(carbollide)],Li}- - - - - [Li(THF),{U,[(C;H,),CH,],CL} 361
(Li(THF);) 353 -~ - - (Me,SiCpi Th),(u-H) 361
————— [K(DME); {K[(Cp*Yb),CsK(DME),],} - - - - Me,SiCpy Th(CH,SiMe;), 361
351 - - -~ [Me,SiCpii ThH,], 361
————— [Li(THF);][LuCp*(CH,SiMe, )- - - - - Me,SiCpy ThR, (R=CH,SiMe;, CH,CMe;,
(CH(SiMe,),)C1] 351 C.Hs, n-C,H,, CH,C,H;) 361
————— [Li(tmed),]}[Cp*LuMe,] 351 - - - = Me,SiCp"'ThCl, -2LiCl-2DME
————— {[Na(THF)][Cp*Gd(THF)L,CL; }-6THF (Cp"'=Me,Cs) 361
351 - - - - u~{2,6-CH,C;H,;NCH,)(w*-CsH,), UCI,
----- [Na(u*-THF)[Cp* Gd(THF)], (w*-Chy; (- 361
Cl),] 35t - - - lanthanides  355-361
“““ [YbsCpi(u*-F)(W'-F),(w>-F)] 351 - ---[2,5-(CH.CH,),C,H,0]LnX 361
- - - mixed valent or low valent Cp; 326-329 ----[(C;H,SiMe,),0]LnX 361
----(Cp3Yb),(u-F) 329 - ---(CsH,CMe,CMe,CH, )LnX 361
-~~--CptEu 327 - - - - CH;N(CH,CH,C;H,),LnX 361
- ~---Cp;Eu(THF) 327 - - - - [Cp(CH,);Cp]LnCI (Ln=La and Ce;
----CpiLn (Ln=Eu, Yb) 328 Cp(CH,);Cp= 1,3<(CH,);(C;Hy),) 356
- ---CpiLn (Ln=Sm, Eu, Yb), XPS spectral data - - - - [Cp(CH,);Cp]LnR(THF) (R=CI; Ln=Pr,
328 Nd, Gd, Dy, Ho, Er, Lu) 356
- - - - Cp;Ln(Me,PCH,CH,PMe,) (Ln=Eu, Yb) - - -~ [Cp(CH,);Cp]LnR(THF) (R=Ph; Ln=La,
328 Pr; R=p-C,H Me, Ln=La, Pr; R=CMe;,
- - - - Cp,Ln-OEt, compounds (Ln=Eu or Yb), Ln=La, Nd, Y; R=CH,Me,, Ln=La)
photophysics 328 356
- - -~ [Cp;NdCI(THF)] 329 - - - - [Et,;S{(CsH )(CsMe, )LuH], 358
- -~ - [Cp;Nd(S,CNMe,)] 329 = = = - [ESI(C;H, )(Me, Cs)Luly (u-H)(n-C, Hy)
- - - - [Cp;NdSe(mesityl)(THF)] 329 358
----Cp;Sm 326 - = = - {{Me,Cy(CsHy),1YBCL, }-
----Cp:SmCp 327 [(Mg,Cl;-6THF)}- THF 357
-~ - - Cp3Sm(dihydropyran), 328 - - - - [Me,Si(C;H {Bu),Nd(u-C1), L{THF ), ],
----Cp3Sm(DME) 327 357
- - - - CpsSm"(u-Cp)Sm"Cp; 327 - - - = Me,Si(CsMe,),Ln(u-Cl), Li(Et,0),
- - -~ Cp;Sm(THF), 328 (Ln=Nd, Sm, Lu) 357
- - - = Cp3Sm(THF), (Cp*=C;Me;) 326 - - - - [Me,Si(CsMe,),Nd], (p-Ch), Li(THF),

- - - - Cp3Sm(tetrahydropyran) 328 357
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main classes of organolanthanides and - - - [(Me,Fv),FeThCl,] (Me,Fv=1,234-
organoactinides — cyclopentadienyls— ring bridged tetramethylfulvalenediyl) 387
cyclopentadienyls— lanthanides (contd) = = = [(n-C,Hy),Ns[Cp, U(NDW;0,,),] 386
- - - - [Me,Si(C;H,)(Me,C5)]LuCH(SiMe,) - - - (OC);WC(OUCp, )=CHPPh,Me 384

358 - - - (RCp),An-MCp(CO), (R=H; An=Th, U;
- ~ - - [Me,Si(CsMe, C,H,R*)ILnCH(SiMe,), M=Fe, Ru; R=Me; An=Th) 383

[R* =(—)-menthyl, (+)-neomenthyl, ~ - - U{Ni[P(O)(OMe),],Cp}, 383

(— )-phenylmenthyl; Ln=Y, La, Nd, Sm, - - lanthanides 380-382

Lu] 358 - - - [(CsH,PPh,), Yb(THF),PtMe,] THF 381
- - = - [(11-Me,SiCp,) Yb(1-X)], (X=Cl, Br) - - - [(CsH, PPh,), YH(THF), X]- THF [X =PtMe,,

356 Mo(CO),, Ni(CO), (unsolvated)] 382
- ~ = - [(1-Me, SiCp,) Yb(THF)], (u-H)(u-Cl) - - - [(CsH,PPhy), YB(THF)X]-nPhMe

356 (X=Ni(C0),, Mo(CO),, PtMe,, n=2/3, 1)
-~ = = [O(CH,CH,C;H,),]LnCl {Ln=Nd, Gd, Ho, 382 '

Er, Yb, Lu, Y) 359 ~ - - [(CP3Yb),(13-0C),Co,(CpSiMe,),] 381
-~ == {[O(CH,CH,CsH ), JLn}(n*-N,CHMe, (u- - = =~ [CP2Ce-0CIW(CO)Cp(n-CO)L,

OH) (Ln=Lu, Y) 360 (Cp"=1.3-(SiMe,),-C;Hy) - 381
- - - [(O(CH,CH,C5H,), La(u-H)l, 360 ==~ CpsLu-Ru(COLCp 381
- ~ - = {[O(CH,CH,CsH, ), JL(N,C, HMe, )} -~ - {[CpiSml,Mo(u-8), }(PPh,) 382

360 - - - [Cp;Sm(n-0C),FeCp*], 381

~ - - [Cp;Sm(p-S), WS, ]PPh, 382

- -~ Cp3YbMn(CO);-0.25PhMe 381

- - - Cp3Yb(u-C,H,)P(PPh,), 381

~ == Cp; Yb(u-OC)Co(CO), - THF 381

- - - reactions of Cp,Ln or (MeCp);Ln
(Ln=Sm, Gd, Dy, Ho, Er, Yb) with
Co,(CO);, MeCpMn(CO),, [CpFe(CO),],,
CpCr(NO),Cl, CpM(C0),(NO) (M =Cr, Mo,
W) to give Ln—isonitrosyl or Ln—isocarbonyl
linkages 381

- - - (THF)[(1,3-MeSi),CsH, ,Lu-Ru(CO),Cp

-~ - - O(CH,CH,C5H,), YB(DME) 361

- heterometallic cyclopentadienyl compounds with
transition metals 380-387

- - actinides  383-387

-~ - Cp,ITh-RuCp(CO), 385

- - - Cp(OC)CoC(OUCP;)=CHPMe,Ph 384

-~ - Cp(OC);MnC(OUCp,)=CHPMe,Ph 383

- - - Cp3Th(u-PPh,),Ni(CO), 384

- ~ - Cp;Th(u-PPh,),PtPMe, 384

- ~ - Cp,Th(n-Ph,),Ni(CO), 385

- = - Cps Th(p-CH,)(u-1-1'1>-3 4- 381
Me,C;H,)Zr(1,2-Me,C;H; )Me - - - (THF)Cp,Lu-Ru(COY,Cp 381
386 - - - (THF)Cp, Yb(1-OC)Co(CO), 381

-~ - CpiThRu(Cp)(CO), 385 - indenyls 362-366

- - - {[Cp, UL (u-k*0- - indenyls (lanthanides and actinides)
TiW;04), }* [(n-C4 Hy);N*](CH,CN) - - (1,24,5,6,7-Me,-C,H)UCL, 365
386 - - (1,4,7-Me;-C,H,), ThCl 363

-~-{Cp"Ulu- - - (1-Et-Ind),AnR (An=U, Th; R=Me,
(CH,)P(Ph),(CH),1},Mg[CH,PMePh, ],(1’- CH,CH;, CH,SiMe;, CHMe,, OCH,CF;)
O)W-0)u-Cly, 386 365

- - - Cp,U[(u-OC)MoCp(CO),], 383 - - (CeH;);An (An=U, Th) 363

- - - Cp,U[(0,C,CHPMe,R)Fe,Cp,(CO), 1, - - (CyH;);AnBH, (An=U, Th; R=Me, Et)
(R=Me, C4Hs) 383 363

- - - Cp;UOCH=CHPPh,CH,W(CO), 384 - - (CH,);,AnL (L=THF, CN‘Cy) 363

- - - Cp;U[OCM(CO),Cp'] (M=Mo, W; - - (CyH;);AnOR (An=U, Th; R=Me, Et) 363
Cp'=C,H;, CsMe;) 383 - - (CyH,),AnX (An=U, Th; X=CL Br, I) 363

- - - Cp,U[OCMo(CO),Cp], 383 - - (CyH,);Ce-pyridinate 363

---Cp,USnPh, 386 - - (CyH,);LnTHF (Ln=La, Sm, Gd, Tb, Dy, Yb)

---1,ReH,UCp, 383 363
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- - (C,H,);U(OCH,CF,) 364 - - - [U(0-2,6-Pr,C4Hs), ], 391
- - (Ind-Et); ThCl 365 - - miscellancous  392-395
- - [(Ind)AnX,(CH;CN), J[AnX,] 364 - - - actinides 394, 395
- - (Ind)AnX;-2(THF), (An=U, Th; X=Cl, Br) - - - - [K(18-crown-6)][U(n-C,H,),] 395
364 - - = - [UBH,)(THF),][{(BH,),U}(u-n"-C; H,)]
- - {Ind);AnR (An=U, Th; R=Me, CH,C(H;, 395
CH,SiMe;, CHMe,, OCH,CF,) 365 - == Utmp), X (X=Cl, H, Me, O'Pr} 395
- - [IndGdCL,-3THF]THF 363 o~ [(X,U)y(u-C,Hy)] (X=NEt,, BH,) 394
- - Ind,Ln(THF) (Ln=Nd, Gd, Er) 363 - - - lanthanides 392-394
- - Ind;Sm (Ind=C,H;) 363 - - == (2,5 Bu,C,H,N)YbCL(THF) 392
- - (Ind),Sm"(THF), 366 - - = = [Bu,NJ[{C,B,H,,),Gd](THF) 393
- - (Ind),Sm(THF), 366 - - - = (C,Me,E),Ln(THF), (Ln=Yb, Sm; E=P,
-~ (Ind),Th 363 As) 392
- - {[(Ind)UBKCH,CN),],(u-0)}** indenyl, - - - - {[-1-Ln-2,3-(SiMe,),-2,3-C,B,H, ], }
n’-coordinated 366 (Ln=Sm, Gd, Tb, Dy, Ho) 393
- - {[(Ind)UBH(CH,CN), 1, (u-0) }[UBr ] 365 - - = = (17-Me, CsHy ), Lu(mP-Me,CsHy) - 392
- - [(Ind)UBH(CH,CN),J[UBr > 364 - - = - (15-Me,CHs)Lu-
- - [(Ind)UBr,(THF)(OPPh,)] 364 (¥ *MeCsH,CH,CH, CHMeC,H,Me)
- - {[(Ind)UX(CH,CN), |, (1-0)}[UX,] 364 392
- - (Ind)UX,(THF), (X=Cl, Br) 364 - - == [Ln(C,B o H, XTHF) ) (Ln=Eu, Sm)
-~ (Ind),U(BH,), 364 393
- - (Ind);UCI 363 - - = = {}-OMe-[u-1-Li-2,3(SiMe;),-2,3-
- - [Na(THF),][NdInd,(4-C)NdInd,] 363 C,B,H. ]} {13-O-[p-1-Tb-2,3-(SiMe, ),-
- other ligands 388-395 2,3-C,B,H,]; }-[LTHF),]-C4H,
- - arene complexes (lanthanides and actinides) 393
388-392 - - - - [NEt,},[1,1-(THF),~commo-1,1’-Eu(},2.4-
- = = (CH)U(AICL), 390 EuC,B,Hp),] 393
- - - [(CeMe,Eu(AICL,),], 389 - - - - Na[(C,B,H,,),Gd|(THF) 393
- - - {CMeg)U(BH,); 390 - - - = [(Ph;P);N][("°C,B,H,),Sm(THF),] 393
- - - {[(CsMe UCL (u-C1); [, UCL } 391 manganese sulfide and anisotropy in steels 13
- - - M*-C,H,)Ln(AICl,);-benzene (Ln=La, Nd, many-body perturbation 236
Sm) 389 matrix elements 164
- - - (M*-C,HeU(AICL,), 388 (Me,N),Nd(NO,); 186
- - - (N°-C¢Me, )Sm(AICI,);-1.5 toluene 388 mechanical alloying (MA) 33
-~ - (M*-C Me,)Sm(AICI, );-1.5toluene 389 melilite structure  72-74
- - = M*-m-Me,C H,)Sm(AICL,), 389 melting point of rare earth compounds 15
- - - [(n*-'Bu;C4H;),Gd] 389 - ALO; 15
- = = [(n-"Buy CHy)Sef{n®, '~ -Ca0 15
"Bu,(CMe,CH,)C H, }H] 389 - Ce0, 15
- - - [Ln(O)(n~'BuyC¢H,),] (Ln=Nd, Tb, Dy, Ho, - Ce,0, 15
Er, Lu; Ln=Gd, La, Pr, Sm (thermally - Ce,0,S 15
unstable complexes)) 388 -CeS 15
- - - (un*n*-C o Hy)[Lal,(THF);], 390 - Ce,Sy 15
- - - (u-n*:*PhCH=CH-CH=CHPh)[Lal,(THF);1, -La,0, 15
390 - La,0,8 15
-~ - (0-2,6-Ph,C,H,), YD 390 ~LaS 15
- = - U,CL{C Me,AICT, 391 -1a,8, 15
- = = [Uy (u-Chy(W-Chy (!, m*-AICH )5 (n°- -MnS 15
CMe,);J[AICL] 391 -Nd,0, 15

- - - [U(0-2,6Pr,C H,),] 391 -Nd,0,8 15
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melting point of rare earth compounds (contd)

-NdS 15

-Nd,S; 15

-Pr,0; 15

-Pr,0,8 15

-Pr,S; 15

-Y,0, 15

melting point of rare earth metals 3

-Al 3

-Ca

-Ce

- Fe

-La

-Mg 3

-Nd 3

-Pr 3

-Si 3

-Y 3

metathetical reactions for nitride synthesis 55

10MgC0,-39Li,CO,-50H,BO,-1Er, 0, glass
200

10MgCO,-39Li,C0O,—50H,BO;-1Nd, 0, glass
184

24.69MgF,-18.25A1F;-29.39LiF-27.17NaPO,—
0.5Nd,0, glass 177

MgF,—CaF,-StF,-AlF,-St(PO,),~TmF, glass
208

40MgO-55P,0,—4.7La,0;—0.3Nd, 0, glass
184

10Mg(PO,),-25AIF,—13MgF,-23CaF,-14S1F —
14BaF,-1NdF; glass 178

MgYSi,OsN 75

mixed ED-MD transitions 120, 168

molar absorptivity 109-111

molar extinction coefficient 110

molecular dynamics 215

molecular precursors 55

molten iron 21

multiphonon decay 219

W W ow

NTA 222

Na;Eu(MoO,), 148
Na;[Eu(ODA);}-2NaClO,-6H,0 152
Na;[Eu(ODA),]-2NaCl0,-6H,0, see EuODA
Na;Eu(WO0,), 148
28NaF-47LiF-24Mg(PO;),—1Nd,0, glass 178
Na;[Ho(dpa);]-NaClO,-10H,0 199
Na;[Ho(ODA);]-2NaClO,-6H,0 152
Na;[Ho(ODA);]-2NaCl0,-6H,0, see HoODA
Na*/Nd** }’-alumina 216

Na;[Nd(DPA),]-14H,0 185
Na;[Nd(ODA);]-2NaClO,-6H,0 152
Na;[Nd(ODA),]-2NaClO,-6H, 0, see NdODA
30Na,0-55P,05-10Ca0-4.3A1,0,-0.7Nd, 0,
glass 181

75NaPO,-24BaF,-1EuF, glass 189
75NaP0O,-24BaF,~1NdF, glass 179
56NaPO,—8BaF,-36TbF, glass 192
58NaPO,—11BaF,-30YF,;—1EuF, glass 190
60NaPO,—15BaF,-10YF,—15EuF, glass 189
75NaPQO,-24CaF,-1DyF, glass 194
75NaPO,-24CaF,-1ErF, glass 201
75NaP0,-20CaF,—-5EuF; glass 189
75NaP0,-24CaF,-1EuF; glass 189
75NaPO,-24CaF,~1HoF, glass 197
75NaP0O;-24CaF,~INdF; glass 179
75NaP0,-24CaF,—-1PrF; glass 172
75NaP0;-20CaF,-5SmF; glass 188
75NaPO,-24CaF,~1SmF, glass 188
75NaPO,—20CaF,-5TbF, glass 192
75NaP0O,-24CaF,-1 TmF; glass 206
75NaP0O,-24CdF,~I1NdF, glass 180
NaPO,;—1Er, O, glass 202
75NaP0,;-24KF-1NdF, glass 181
75NaP0O,-24LiF-INdF; glass 180
75NaP0O,-24MgF,-1EuF, glass 190
75NaPO,-24NaF-1NdF; glass 180
99NaPO,—1NdF, glass 183
75NaP0,-24S1F,~1NdF, glass 179
81.3NaP0;-18.6ZnCl,-0.1Nd, 0, glass 180
66.6NaP0;-33.3ZnCl,-0.1Nd, O, glass 179
75NaP0O,-24ZnF,~1EuF, glass 190
75NaPO;-247ZnF,~INdF, glass 181
75NaP0;-24.5Zn0-0.5Nd, 0, glass 181
48(NaPO,),~20BaCl,~10ZnCl,~20KCI-2ErCl,
glass 201

48(NaPO, ),~20BaCl,—10ZnCl,~20KCI}-2HoCl,
glass 197
48(NaPO,),~20BaCl,-10ZnCl,~10KCI-10LiCl-
2ErCl; glass 200, 202
48(NaPQ,),—20BaCl,—10ZnC],~10KC1-10LiCl-
2PrCl, glass 171
48(NaPO,),-20BaCl,-10ZnCl,~20KCI-2NdCl,
glass 179
48(NaPO,)—20BaCl,~10ZnCl,~20K C}-2PrCl,
glass 171

48(NaPQ, ),~20BaCl,~10ZnCl,~20LiCI-2ErCl,
glass 201
48(NaPO,),~20BaCl,—10ZnCl,~20LiCl-2HoCl,
glass 196
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48(NaPO,),—20BaCl,-10ZnCl,-10LiCl-10KCl~
2HoCl, glass 197
48(NaPO,),-20BaCl,~10ZnCl,~10LiC}-10KCl-
2NdCl; glass 178

48(NaPO, ),—20BaCl,—10ZnC1,—10LiCl-10NaCl-
2ErCly glass 203
48(NaPO;)—20BaCl,-10ZnCl,-10LiCl-10NaCl—
2NdCI; glass 179
48(NaPO,),—20BaCl,-10ZnCl,—10LiCl-10NaCl-
2PrCl; glass 171
48(NaPO,),—20BaCl,—10ZnCl,—20LiCl-2NdCl,
glass 179
48(NaPO,),—20BaCl,-10ZnC1,-20LiCl-2PC];
glass 172

48(NaPO, ),~20BaCl,~10ZnCl,-20NaCl-2ErCl,
glass 201
48(NaPO,),—20BaCl,—10ZnCl,~20NaCl-2HoCl,
glass 196
48(NaPO,);—20BaCl,~10ZnCl,~10NaCl-10KCl-
2HoCl, glass 197

48(NaPO, );-20BaCl,~10ZnCl,~10NaCl-10KCl-
2NdCl; glass 178
48(NaPO,),-20BaCl,—10ZnCl,~10NaCl-10KCI-
2PrCl; glass 171
48(NaPO,),~20BaCl,—10ZnCl,~10NaCl-10LiCl-
2HoCl, glass 197
48(NaPO,),—20BaCl,~10ZnCl,—20NaCl-2NdCl;
glass 180
48(NaPO,),—20BaCl,—10ZnCl,—20NaCl-2PrCl;
glass 171

50(NaPO; ),—18BaF,~10ZnF,~20KF-2ErF, glass
202

50(NaPO, ),—18BaF,~10ZnF,-20KF-2HoF, glass
196, 197

50(NaPO; ),—18BaF,~10ZnF,~10KF-10LiF-2ErF,
glass 202

50(NaPO, ),—18BaF,—10ZnF,-10KF-10LiF-2HoF,
glass 197
50(NaPO;),—18BaF,-10ZnF,-10KF~10NaF-2ErF,
glass 203

50(NaPO, ),—18BaF,~10ZnF,—20KF-2PrF, glass
174

50(NaPO, ),~18BaF,~10ZnF,~20KF-2TmF, glass
209
50(NaPO,),~18BaF,-10ZnF,—20LiF-2ErF, glass
203

50(NaPO, ),—18BaF,—10ZnF,—20LiF-2HoF, glass
196
50(NaPO;),—18BaF,~10ZnF,~10LiF-10KF-2PrF,
glass 174

50(NaPO,),—18BaF,~10ZnF,—~10LiF-10NaF—
2HoF, glass 197

50(NaPO;),—18BaF,~10ZnF,~10LiF~10NaF-2PrF,
glass 174

50(NaPO,),—18BaF,~10ZnF,—20LiF-2PrF; glass
174

50(NaPO,),—18BaF,-10ZnF,~20LiF-2TmF; glass
209

50(NaPO,),—18BaF,~10ZnF,~20NaF-2ErF; glass
203

50(NaPO;),—18BaF,~10ZnF,~10NaF-10KF-
2HoF; glass 197

50{NaPO,),—18BaF,-10ZnF,~10NaF-10KF-2PrF;
glass 174

50(NaPO,),~18BaF,-10ZnF,—10NaF-10LiF-2ErF,
glass 204

50(NaPO;),—18BaF,-10ZnF,~20NaF-2PrF, glass
174

50(NaPO,),—18BaF,-10ZnF,-20NaF-2TmF, glass
209

Na,Pr,Bry,NO 91

NaPr NS, 91

Na;[R(ODA),]-2NaClO,-6H,0 152

Na;[R(ODA);]-2NaClO,-6H,0, see RODA

Na;[Sm(ODA),]-2NaClO,-6H,0 152

Na,;{Sm(ODA),]-2NaClO,-6H,0, see SmODA

10Na,SO,-H,0-40ZnS0,-7H,049B,0,~
1Ho,(80,);-8H,0 glass 199

10Na,S0O,-H20-39ZnS0,-7H,0-50B,0,—
1Er,(SO,);-7H,0 glass 205

natural bandwidth 110

Nd-Si-Al-O-N 80

- composition limits 80

~ crystallization 82, 83

NdAlIO; 214
Nd,AlO;N structure 85
Nd*

- in Al(PO,), glass 184

in 30Ba0-70B,0, glass 183

in 30BaO-60P,0:—10AL,0; glass 182

- in Ba(PO,), glass 182

in BaS-CdS-GeS, glass 186

in BiCl;40KCl glass 184

in 30Ca0-70B,0; glass 182

- in 30Ca0-60P,05-10A1,0, glass 184

- in Ca(PO,), glass 183

- in cadmium sodium sulphate glass 184

- in Cd(PO;), glass 181

- in 52HfF,-18BaF,~3LaF;-2AIF,-25CsBr glass
179
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Nd** (contd) Nd(C10,); in CH;CN 176
- in 30K,0-70B,0; glass 183 Nd(ClO,); in DMF 176
- in 20K,0-20Ca0-60Si0, glass 184 Nd(DBM); 186
- in 30K,0-70Ga,0, glass 185 Nd(DBM);-H,0 186, 228
- in 30K,0-10Ta,0,—60Ga,0; glass 185 Nd:DPA 182, 183, 185
- in 30K,0-20Ta,0,-50Ga, 0, glass 185 Nd**:DPA 180
- in 30K,0-30Ta,0,—40Ga,0; glass 186 Nd:DPA (1:4 in water) 185
- in 35K,0-20Ta,0,—45Ga, 0, glass 186 Nd**-dibromoacetate in water 180
- in 40K,0-20Ta,0,—40Ga,0, glass 186 Nd**-dichloroacetate in water 180
- in La,0;-PbO-Te0,-Si0,-B,0,-Ba, Y; WO, Nd(Fe,M);;N,_, (M=Ti, V, Mo, W, Si, Cr, etc.)
glass 179 68
- in LINO; + KNO; melt 186 NdGaO; 175
- in 30Li,0-70B,0; glass 182 [Nd(H,0)J(CF;80,), 152
- in 20Li,0-20Ca0-60Si0, glass 181 Ndl; 117, 186, 225, 226, 228
- in 30Li,0-60P,0,-10Al,0, glass 181 Nd**:IDA 180
- in lithium sodium sulphate glass 186 Nd**:MIDA 180
- in magnesium sodium sulphate glass 176 Nd,Mg;(NO,),,-24H,0 148, 149
- in 30MgO-60P,0;-10A1,0; glass 184 Nd;MN (M=Al, Ga, In, T, Sn, Pb) 66
- in Mg(PO,), glass 184 Nd**-monobromoacetate in water 182
- in 30Na,0-70B,0; glass 183 Nd**-monochloroacetate in water 181
- in 20Na,0-20Ca0-60Si0, glass 183 Nd**-monofluoroacetate in water 180
- in 25Na,0-65P,0,~10A1,0; glass 181 Nd**-monoiodoacetate in water 180
~ in 30Na,0-60P,0;—10A1,0; glass 181 Nd(NO,); 185, 186
- in 40Na,0-60Si0, glass 183 Nd,0;, 214, 216, 244
- in NaPO, glass 181 Nd,0,-Si0,-AIN systems 80
- in 40PbO-40Bi,0,-20Ga,0; glass 181 Nd:ODA 179
- in 50PbO-30Bi,0,-20Ga,0; glass 182 NdODA  152-154
- in 60Pb0O-20Bi,0,-20Ga,0; glass 181 NdO,N, _, phases 58
- in 70PbO-10Bi,0,-20Ga, 0, glass 181 Nd,0,8 151, 214
- in 80Pb0O-20Ga,0, glass 181 Nd(PO,); glass 183
- in Pb(PO;), glass 179 Nd,S, 242
- in potassium sodium sulphate glass 179 0.13Nd,S,-0.87La,S,~3Al,S, glass 185
- in 67Si0,-15K,0-18Ba0 glass 183 Nd** -tribromoacetate in water 179
- in sodium f3"-alumina 184 Nd?**-trichloroacetate in water 179
- in S(PO;), glass 182 Nd* -trifluoroacetate in water 178
- in zinc sodium sulphate glass 185 Nd(acetylacetonate); 186
- in 50ZnCl,—-50KI glass 178 - in methanol 186
- in 35ZnF,~15CdF,-25BaF,~12LiF-7AlF;—6LaF; - in methanol/ethanol 186
glass 177 Nd(a-picolinate) in water 180
- in 33.3Zn0-66.6TeO, glass 182 Nd(benzoylacetonate),; 186
- in Zn(PO,), glass 183 Nd(dibenzoylacetyl-acetonate), 186
Nd* (aquo) 178 Nd(thenoyltrifluoro-acetonate); 186
NdBr; 186, 225, 226 nephelauxetic effect 226
NdBr}" in acetonitrile 184 nitride bromides  88-90
Nd(BrO),-9H,0 229 nitride chlorides 88-90
Nd:CDA 185 nitride fluorides 88
Nd:CDO 185 nitride iodides 88-90
NdCl; 228 nitride sulfide chlorides 90, 91
NdCl,<AICl,), vapor complex 186 nitride sulfides 90

NACI}™ in acetonitrile 182 1:12 nitrides 68, 69
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2:17 nitrides 67, 68

3:29 nitrides 69

N-melilite nitride solid solutions 74
nodulation of graphite in cast iron 24
non-radiative relaxation 219

Np** 250
Np** 248, 249
NpF, 250

£2, parameters 163

one-color two-photon absorption (OCTPA} 233

optical electronegativity 226, 227

organometallic chemistry of f-elements 268

organometallic T complexes of the f-elements

265-397

- chemical differences between lanthanide and
actinide derivatives 268

- DY, values for the gas phase dissociation of
M-O (M=Ln, An) 268

--Ce 268

--Eu 268

--La 268

--Sm 268

--Th 268

--Tm 268

--U 268

--Yb 268

- lanthanide stable electronic configurations
267

- oxidation states and E" values of some common
f-elements in aqueous solution 267

~ - Ce™/Ce* 267

- - Bu/Eu® 267

-~ Prv/PP 267

- - Sm™/Sm?" 267

- - Tb*/Tb*> 267

-~ Tm*/Tm** 267

-~ Uos/uUt 267

--UOF/U* 267

- - U0 /uo; 267

- - Yb*/Yb* 267

~ perspectives on organo compounds 395

oscillator strength  111-117, 119, 120

- correction for degeneracy 119

oscillator strength and basicity 223

- acetylacetone 223

- benzoylacetylacetone 223

- cyclopentadienide ion 223

- dibenzoylacetylacetone 223

- di(tertiarybutyl)acetylacetone 223

- fumarate complexes 223

- hexafluoroacetylacetone 222, 223

- maleate complexes 223

- thenoyltrifluoroacetylacetone 223

- trifluoroacetylacetone 223

oxide dispersion strengthened (ODS) alloys 33
oxygen contents in the steels 11

oxynitride bromides 91

74.605P,0,-25.0A1,0,~0.395Nd, 0, glass 184

65.2P0, s;—8.6A10, ;~7.5(Ba0-Mg0)-18.7KO, s—
1ErO, s glass 204

50.01P,0,—32.95K,0-16.51Ba0-0.53Nd, O; glass
180

49.96P,05-35.47K,0-13.99Mg0-0.58Nd, O, glass
179

49P,0,-33.33K,0-16.67Zn0O~INd,0; glass
181

21.87P,05-77.02Mg0-0.33As,0,-0.78Nd, O,
glass 184

48.85P,05~37.5Mg0-12.5MnO-1.16Nd, 0, glass
184

67.83P,0,-16.67Nd,0O; glass 184

10PO, s—-33AIF,—4YF,;-48(MgF,—CaF,-SrF,—-
BaF,)-5NaF-1ErO, ; glass 202

55P,0;-25Li,0-4.3A1,0,—15Ca0-0.7Nd, O, glass
181

45P,0,-25Li,0-4.3A1,0,~15Na,0-10CaO-
0.7Nd, 0, glass 180

50P,0,-30Li,0-15Ca0-4.3A1,0,-0.7Nd,O; glass
180

40P,0,—-35Li,0-20Ca0-4.3A1,0,-0.7Nd,O; glass
180

50P,05-30Li,0-5S10,4.3A1,0,—10Ca0O-
0.7Nd,0O; glass 180

PZG:Nd** fluoride glass 177

Pa’s 250

Pauling’s second crystal rule (PSCR) 72, 75

49PbF,-25MnF,-25GaF,—INdF, glass 176

30PbO-70PbF, glass 189

peak area and intensity 111

peak stimulated emission cross-section 219

permanent-magnet materials 66, 68, 69

perovskite-type oxynitride structures 83, 84

perturbing configurations of opposite parity 128

7 spectrum 108

planar disregistry and heterogeneous nucleation
17
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Planck’s constant 113, 116

plasticity in steels 13

plutonyl ion and f-f transitions 250

Pm*" (aquo) 187

PmCl, 244

Pm** in LiNO,-KNO, melt 187

PmOF 244

polarizability 106, 216

polarization number 122, 127

polarized absorption spectroscopy 108

position vector 127

powder metallurgy steel 31

Pr}»

- in 33.3Zn0-66.6TeO, glass 170

- in AJF;-SrF,—CaF,-MgF,—P, 0 glass (10 mol%
PrF;) 171

- in BaCO;—Li,CO;-H,BO; glass 172

- in 30Ba0-70B,0, glass 170

- in BaO-TeO, glass 172

- in 30BaPO;-60P,0;~10A1,0, glass 172

- in CaCO,;-Li,CO,~H;BO; glass 173

- in 30Ca0-70B,0; glass 170

- in 30Ca0-60P,0,~10A1,0; glass 172

- in cadmium sodium sulphate glass 172

- in fluoroindate glass 172

- in 70Ga,S,—30La,S; glass 173

- in 80GeS,—20Ga,S; glass 173

- in 80GeS;—20Ga,S, glass 173

- in 91GeS, ;—9Ga, S, glass 173

- in GeS,-20Ga,S; glass 173

- in 52HfF,-18BaF,-3LaF;-2AlF;-25CsBr glass
170

- in 30K,0-70B,0, glass 172

- in K,0-2B,0; glass 172

- in 20K,0-20Ca0-60Si0, glass 172

- in Li,CO;-H;BO; glass 170

- in LINO,-KNO; melt 173

- in 30Li,0-30B,0, glass 170

- in Li;0-2B,0; glass 171

- in 20Li,0-20Ca0-60Si0, glass 172

- in 30Li,0-60P,0.~10Al,0; glass 172

- in lithium sodium sulphate glass 170

- in magnesium sodium sulphate glass 171

- in MgCO;-Li,CO;-H;BO; glass 171

- in 30MgO-60P,0,—-10A],0, glass 173

- in 30Na,0-70B,0; glass 171

- in Na,0-2B,0; glass 171

- in 20Na,0-20Ca0-60Si0, glass 172

- in 30Na,0-60P,0,—10A1,0, glass 172

- in 40Na,0-60Si0, glass 172

- in 20Na,0-80TeO, glass 172

- in Pb(PO;), glass 173

- in potassium sodium sulphate glass 171

- in saturated CaCl, solution 173

- in saturated CdCl, solution 173

- in saturated MgClJ, solution 172

- in saturated NH,CI solution 173

- in SrCO;-L1,CO;-H,BO; glass 170

- in ZBLAN glass 170, 171

- in zinc sodium sulphate glass 172

- in 20ZnF,-20SrF,-20BaF,-40InF, glass 171

- in 35Zn0-65TeO, glass 172

- in Zn{PO,), glass 173

- in 60ZrF,-30BaF,-7LaF, glass 171

Pr** (aquo) 173

Pr,Br;N;O 91

PrCl; in water 173

Pr** in PbO-PbF, glass 170

Pr,Mg;(NO;),,-24H,0 148, 149

PrsN;S,ClL, 90

Pr,0,, 242,243

PrOF 243

Pr,S; 242

Pr(acetylacetonate); in DMF 173

Pr(acetylacetonate); in methanol 173

Pr(u-picolinate) in water 173

Pr(benzoylacetonate), in DMF 173

Pr(benzoylacetonate), in methanol 174

primary dendrite in steels 22, 23

prior particle boundaries (PPB) and fracture in
steels 32

Pr{thenoyltrifluoroacetonate); in DMF 173

Pr(thenoyltrifluoroacetonate); in methanol 174

pseudo-hypersensitivity in complexes with Nd*'
and Pr¥* 224

- [3-diketonates 224

- diols 224

- fluorinated nucleosides 224

- fluorocarboxylate 224

- haloacetate 224

- orthophenanthroline derivatives 224

pseudo-quadrupole transitions 220

Pu?* 250

Pu’" 248, 249

PuCl; 248

PuF, 250

PUOZ 250

pure stoichiometric nitrides 53

pyrochlore-type structures in nitrides 86, 87

pyroxene-type structures in nitrides 75
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quantum efficiency 219
quaternary and higher oxynitrides 70-88

R-B-N ternary systems 62

R-Si-O-N and R-Si-Al-O-N systems 71

RAI,ON (R=La-Gd) 86

R,AlL,,Si;_,0,,. N,_, (R=La, Ce, Nd, Sm, Dy,
Y) 76

R,AIN, (R=La, Ce, Pr, Nd, Sm) 66

R,AIO;N (R=La, Ce, Pr, Nd, Sm) 85

R;sBgN,s_, O, oxynitrides (R=La, Ce) 64

R15B8N25 (R=La, Ce, Pr) 64

R;B,N, (R=La, Ce, Pr, Nd) 63

RBN, (R=Nd, Sm) 62

RsCryp_, Ny (R=La, Ce, Pr) 64

R;Cr,Si;0,4N, (R=La-Dy) 71

REu"SiO;N (R=La, Nd, Sm) 77

R;(Fe, T),oN,_, (R=Ce, Pr, Nd, Sm, Gd, Y; T="Ti,
V, Cr, Mn, Mo, Al) 69

R,Fe;N;_, 68

R;I,C,N (R=Y, Ho) 91

R,Mg;(NO;),,-24H,0 149

RyMYYSigN,O,, (MY =Ti or Ge) 72

RN-CeO, systems 58

RN-R'N systems 57

RN-R,0; systems 58

RN-ThC systems 58

RN-ThN systems 57

RN-UC systems 58

RN-UN systems 57

RNCI R=Ce 88

RN,F;_;, (R=La, Ca, Pr) 88

R¢N;S,Cl (R=La, Ce, Pr, Nd) 90

R;NCl, (R=La, Ce, Gd) 88

R,NCl, (R=La, Ce, Pr, Nd, Gd, Y) 88

R;(NS,;Cl (R=La-Pr) 90

R,NS;Cl; (R=La, Ce, Pr, Nd, Gd) 90

R,NS; (R=La, Ce, Pr, Nd, Sm, Gd, Tb, Dy)
90

RODA (Na,[R(ODA);]-2NaClO,-6H,0) 153

Rip RiSis0xN, 71

R,(50,);-8H,0 237

RSi;Ns (R=La, Ce, Pr, Nd) 61

R;SigN;, (R=La, Ce, Pr, Nd, Sm) 61

R,Si;O;N, melilite structure 74

R;(Si,O4N, (R=La, Ce, Nd, Sm, Gd, Y) 71

RSiO,N (R=La, Ce, Y) 75

R,Si;0;N, (R=La-Yb, Y) 73

R,8i,0,N, (R=Nd-Yband Y) 74

RTaON, (R=La-Dy) 83

R,Ta,OsN, (R=Nd-Yb, Y) 86

RTiFe; N, 68

RTiO,N (R=La, Nd) 83

R,Ti,O5sN (R=Sm, Dy, Y) 87

R, 67 W, 33(ON,[0); oxynitrides 87

R, W 5 (ONO), (R=Nd-Yb, Y) 86

RWON; , (R=La, Nd) 84

RWO;N (R=Nd, Sm, Gd, Dy) 71

R,X,CN (R=Gd, X=Br; R=La, Gd, X=1) 91

radial function 140

radial integrals 214

radiative branching ratio 218

radiative lifetime 218

30Rb,0-55P,0,-10Ca0—-4.3A1,0,-0.7Nd, 0,
glass 183

red-shift 226

reduced matrix element 140

reflection losses and defects 111

reheat cracking in steel weldments 38

Reid-Richardson intensity model 149-154

relativistic Hartree—Fock calculations 214

resonance 106

rigidity and the €, parameter 230

root mean square deviation error 167

Russell-Saunders coupling scheme 123

saturation and color 239

ScNbN,_, 64

ScNbN structure 66

ScTaN,_, 64

scandium nitride chlorides 89

scandium nitrides 54, 64, 65

scheelite-type structure 70, 71

second quantization 234

secondary dendrite in steel 22, 23

segregation in steel 22, 24

selection rules for induced electric dipole
transitions 144

seniority number 138

shape control of inclusions in steels 12

shape of graphite grains in cast iron 24

shielding 107

short-range effects 231

508i0,-2.5A1,0,-27.5Li,0-20Ca0-0.16Ce0,—
0.8Nd,0; glass 180

73.085810,-13.02Ba0-12.71K,0-1.19Nd, O; glass
181

39.168i0,-24.75Ba0-35.36Ti0,~0.73Nd, O, glass
184
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73.188i0,-11.27Ca0-8.66Na,0-5.64K,0—
1.07Ba0-0.19Nd, 0, glass 182

74.70Si0,-24.89K,0-0.41Nd, 0, glass 182

58.738i0,-27.47Li,0-11.45Mg0-2.01AL,0,-
0.34Nd,0; glass 179

65.08i0,-15.0Li,0-20Ba0-0.3Nd,0; glass
180

66.55i0,-33.0Na,0-0.5Nd,0, 182

74.728i0,-24.91Na,0-0.37Nd,0; glass 182

95.138i0,—4.45Na,0-0.41N4d,0, glass 184

89.998i0,-9.54Na,0-0.48Nd,0, glass 183

64.19810,~15.08Na,0-20.11TiO0,—0.62Nd, 0,
glass 185

49.31810,—25.06Na,0-25.07Ti0,-0.56Nd, 0,
glass 185

99.918i0,-0.09Nd,0, glass 184

50810,-5A10 ;-36(Li0, s~NaO, 5)-9SrO-1ErO, 5
silicate glass 203

66.58i0,-33K,0-0.5Nd,0; glass 183

658i0,-15K,0-20Ba0-0.3Nd,0; glass 182

65510,—15K,0-20Ca0-0.3Nd,0; glass 183

65510,—15K,0-20Mg0O—-0.3Nd, 0, glass 184

658i0,—15K,0-20Sr0-0.3Nd, 0, glass 183

66.55i0,-33Li,0-0.5Nd,0; glass 181

80S10,—20Na,0-0.3Nd, 0O, glass 182

755i0,-25Na,0-0.3Nd,0; glass 182

708i0,-30Na,0-0.3Nd,0; glass 182

65510,—35Na,0-0.3Nd,0; glass 182

65810,—15Na,0-20Ba0-0.3Nd,0, 181

74.5810,—15Na, 0-5Ba0O-5Zn0-0.5Nd, O, glass
183

0 spectrum 108

silicon nitrides 61, 62

simulation of absorption spectra 216

single crystals

- from a Li;N flux 64

-GdN 57

- LaSi;Ns 61

- La,Si,O;N, 74

- PrBN, 63

- SeN 57

-YbN 57

Sm3+

- in borate glass 188

- in germanate glass . 188

- in 52HfF,-18BaF,-3LaF;—2AlF,-25CsBr glass

188

- in LiNO; +KNO; melt 188

-~ in phosphate glass 188

- in tellurite glass 188

Sm’* (aquo) 188

Sm*:DPA 188

SmF, 244

Sm,Fe Co,Si,N,, 68

Sm,Fe, ,Co,Si,N, 68

Sm,Fe,,Si,N,, 68

Sm**:IDA 188

Sm*:MIDA 188

SmyN,S; 90

SmODA 152, 153

Sm*:0DA 188

SmOF 244

Sy sV 135816 N Ny s 72

Sm(o-picolinate) in water 188

sodium D lines 244

solid solutions 57, 58

- RSiO,N/RAIO, 75

- SeN-MN (M=Ti, V, Nb, Ta) 65

solid state metathesis (SSM) reaction 55, 56

solidification structure in steels 16

solubility product of compounds in steel 6

- ALO;(s)=2[Al]+3[0] 10

- CO(@=[C]+[O] 10

- CeO,(s)=[Ce] +2[0] 10

- Ce,0,(s)=2[Ce] +3[0] 10

- Ce,0,8(s)=2[Ce] +2[O]+[S] 10

- Ce;S5(s)=2[Ce]+3[S] 10

- CeS(s)=[Ce]+[S] 10

- LaN,(s)=[La]+2[N] 10

- La,0,(s)=2[La]+3[0] 10

- La,S;(s)=2[La]+3[S] 10

- LaS(s)=[La]+[S] 10

- SiO,(s)=[Si]+2[0] 10

spatial average 159

spectral bandwidth 110

spectral colors 240

- complementary colors 241

spectral intensity of hypersensitive transitions

- acetate 229

- o-hydroxyisobutyrate 229

- glycolate 229

- lactate 229

- propionate 229

spectrophotometric dosage of lanthanide ions
110

spectroscopic quality factor 219

spectroscopic quality parameter 219

spherical harmonics 127

spherical inclusions in ferrite grains 21

Sr,Ba,_,Nb,O:Pr** 174
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108rC0O;-39Li,C0O;—50H,B0O;-1Er, 0, glass
202

10SrC0O;-39Li,CO;—-50H;BO,—-1Nd,0; glass
184

SIFCL:Sm* 214

StF,:Eu* 234, 235

SrF,:Ho** 235

SrF,:Nd** 175

S1;Ga,Ge, 0, :Nd>* 178

StMoQ,:Pr* 235

40SrO-55P,05—4.7La,0,~0.3Nd,0; glass 182

Sr, TiO:Eu*t 146

SrYbSi,N, 61

stabilization of stainless steels 42

standard free energies of formation of

= 2[Al]iwso +3[Oliwo =ALOs(s) 6

- 2[Ce] w0 +3[O]iwso =Ce,05(5) 6

= [Celywio +2[0liw,0=CeOy(s) 6

- 2[Ce]yw/o +2[0]iwso  [Shiwso = Ce,0,5(s) 6

- 2[Celiwso +3[Sliwo =Ce,Ss(s) 6

- 3[Ce] w0 +4SHwo =Ce;S,(s) 6

- [Celiwo +[Shiwio =CeS(s) 6

- 2[La]iws0 +3[0] w0 =La,05(s) 6

- 2[La]wso + 2[Oliwso +[S]iwso =La,0,5(s) 6

- [La] w0+ [8]jwo =1aS(s) 6

- [Siliwso + 2[Oliwso =Si0y(s) 6

standard free energies of formation of rare earth
compounds

-Ce,S; 4

-RC, 4

-RN 4

-R0; 4

-RS 4

standard free energy of solution 9

standard least-squares method 165

static coupling (SC) 147, 149, 228

- model 150

steelmaking 10, 24

Stephens formalism 154

Stokes equation and floatation rates 20

stress corrosion cracking 30

structural filiation between structures 87

subtractive mixing 240

sulfide shape control (SSC) elements 37, 43

supercooling at surfaces 16

supercooling temperature 17

superposition approximation 149

superposition model 152

surface tension in steels 24, 25

Syringa sp. (lilac tree) 244

T, of M-Si-Al-O-N 78

T, of M-sialon glasses 78

T parameters 161

17Ta, 05-31.5Mg0-38Si0,~13Ba0-0.5Nd, 0,
glass 185

23.05Ta,0,—36.73Si0,-17.07B,0,-22.15Ba0O~
1.0Nd,0; 183

Tb3+

- in 30Ba0-70B,0; glass 192

- in 30BaO-60P,0,-10A1,0; glass 192

- in 30Ca0-70B,0; glass 192

- in 30K,0-70B,0; glass 192

- in 20K,0-20Ca0~60Si0, glass 192

- in LINO;-KNO; melt 193

- in 30Li,0-70B,0; glass 192

- in 20Li,0-20Ca0-60Si0, glass 192

- in 30Li,0-60P,0,-10A1,0; glass 192

- in 30MgO-60P,0,—10A1,0, glass 192

- in 30Na,0-70B,0, glass 192

- in 20Na,0-20Ca0-60Si0, glass 192

- in 30Na,0—60P,0,-10A1,0; glass 192

- in 40Na,0-60Si0, glass 192

Tb* (aquo) 192

TbCl,—AICL), 193

Tb,0; 242, 245

Tb,S; 242

88.92Te0,-10.04Na,0-1.04Er,O; glass 203

88.01Te0,-10.44Nb,05-1.55Nd, 0; glass 180

88.65Te0,-11.08P,0,—0.27NdF; glass 180

82TeO,-17Ba0-1Nd, 0, glass 182

TeO,-BaO-ZnO-Y,0,~Er,0,—Tm,0; glass
208

TeO,-Ba0-Zn0O-Y,0;~-Tm,0;—FEr,0; giass
204

TeO,-Ba0-Zn0O-Y,0,~Tm, 0, glass 208

89Te0,-10Cs,0-1Nd,0; glass 183

89Te0,-10K,0-1Nd, 05 glass 183

79Te0,-20K,0-1Nd,0, glass 184

79Te0,-20Li,0-1Nd, 0, glass 181

79Te0,—20Na, 0-1Nd,0; glass 182

79Te0,-20Rb,0-1Nd, 05 glass 183

68Te0,-31Zn0-1Nd,0, glass 181

ternary and higher cerium (oxy)nitrides 59, 60

ternary nitride La,U,N; 57

ternary systems R-B-N 62

tetragonal LaN 54

tetragonal lanthanum nitride 54

Th* 250

ThBr, 249

threshold stress intensity 29
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Tm3+

- in AlF;-ZrF,~MgF,—CaF,-SrF,-BaF,-NaF-
NaCl glass 206

- in Al,0;,~Ca0O-MgO-BaO glass 208

- in BaF,-ThF, glass 206

- in borate glass 208, 209

- in cadmium sodium sulphate glass 209

- in fluorophosphate glass 208

- in Ga,0;~K,0-Ca0-SrO-Ba0 glass 208

- in GeO,~Ba0-K,0 glass 208

- in 60Ge0,-30Ba0-10Zn0 glass 208

- in germanate glass 207, 209

- in 52HfF,—18BaF,-3LaF,-2AIF,-25CsBr glass
207

- in 60HfF,-33BaF,-7LaF; glass 207

- in K,80,~ZnS0,-7H,0-B,0, glass 209

- in LiNO;-KNO, melt 209

- in Li,80,~ZnS0O,-7H,0-B,0, glass 209

- in lithium sodium sulphate glass 209

- in magnesium sodium sulphate glass 208

- in Na,S80,-ZnS0,-7H,0-B,0, glass 208

- in P,05-Al,0;,-MgO-Ba0O-K,0 glass 208

- in P,05—AlF;-YF,-MgF,—CaF,-SrF,~BaF,-NaF
glass 207

- in PZG fluoride glass 206

- in 56PbO-27Bi,0,-17Ga,0; glass 208

- in PbO-PbF, glass 207

- in phosphate glass 208, 209

- in potassium sodium sulphate glass 209

- in 8i0,—Al,0;-Li,0-Na,0-S10 glass 208

- in 60Te0,-30Ba0O-10Zn0 glass 208

- in tellurite glass 208

- in zinc sodium sulphate glass 209

- in 40ZnF,-15A1F;-15BaF,-15S8rF,-15YF; glass
206

- in 32ZnF,-28CdF,-20BaF,-11LiF-5AIF,-4LaF,
glass 206

- in ZnSO,-7TH,0-B,0, glass 209

- in ZtBTmA glass 207

Tm** (aquo) 206

Tm(C,H;80,);-9H,0 148, 206

Tm,0, 212

Tm(o-picolinate) 208

total orbital angular momentum operator 121

total spin angular momentum operator 121

toughness in hot-rolled steels 13

transition operator 127, 136

transmission 106

transuranium elements 248

trapped hydrogen 29

two-color two-photon absorption (TCTPA) 233
two-photon spectra  233-236

Ur 250

U 248, 249

UF, 250

Uod 250

unitary operator 140

units in intensity theory 109

U-phases in sialon 76

upper critical stress intensity in steels 28
uranyl ion and f-f transitions 250

value of light 240

vapor pressures of rare earth metals
-Ca 3

-Ce 3

-Fe 3

-La 3

-Mg 3

~Si 3

-Y 3

vibronic transitions 236239
viscosity of Y-sialon glasses 79
Voigt function 217

wear resistance in cast irons 25

weldability in high-strength steels 36
welding in high-strength steels 35
Wigner-Eckart theorem 122, 132, 139, 142
wollastonite structure 75

work function and welding in steels 44

Y-Si-Al-O-N

~ crystallization 82

- effect of nitrogen on viscosity 79

- glass~-forming region 72

- variation with nitrogen content 78
- Young’s modulus change with 7 83
Y-Si-Al-O-N a-sialon systems 76
Y-Zr—O-N system 88

YAG:Ce** 243

YAG:N&** 151, 152, 175, 216, 223, 225
YAG:Tm* 206

Y;AL0,, (0.79% Er**) 200
YAIO;:Er* 164, 200, 201
Y,AlL;0,,:Er* 200

YAIO;:Eu** 189

Y;Al;0,:Eu’t 235

Y;ALO,:Ho* 196

YAIO,:Nd* 176, 223, 225



Y,ALO,,:Nd* 152, 175, 223, 225, 235

YAIO,:Prit 171, 235
Y,ALO,, P 170, 235
YAIO_;:Tbh 192
YAIO,:Tm™" 206

Y, Eu0,S 237

Y ,C,N 91

Y,0, 214,237
YOBr:Eu** 214
YOCLEu 214
Y,0,EF" 203, 212

Y,04:Eu’' 190, 212, 214, 223, 245

Y,0,:N& 212, 214, 223, 225
Y,0,:P% 173,212
Y,0,S:Er 203

Y,0,S:Eu’ 146, 245
Y,0,:Tm* 208, 212
YPO,:Ho' 148

YSZ:Nd* 176
Y,Sc,ALONd 175
Y-Si-Al-O-N 79

Yy SiseAL OGNy, 83

YSi,Ng 61
Y,Si,N, 61
Y Si;N;, 61

Y,SiAION 75

Y,SiO Ert 202
Y,Si0:Nd 176
Y,Si0,:Tm* 207

YVO,:Eu’t 245

YVO,:N&* 184
Yb*":acetylacetone 210

Yb* :antipyrine 210

Yb*' (aquo) 210

Yb* :benzoylacetone 210
Ybi*:citric acid 210
Yb*':DBM 210

Yb*:EDTA 210

Yb* in LINO;—KNO, melt 210
Yb:MAL 210

Yb* :maleic acid 210

Yb* :malic acid 210
Yb*:NTA 210

Yb? :nitriloacetic acid 210
Yb,0, 212
Yb?':sulfosalicylic acid 210
Yb3*:tartaric acid 210
Yb**:thenoyltrifluoro-acetone 210
Yb**:trihydroxyglutatic acid 210
Young’s modulus 83

SUBJECT INDEX

ZBALBe:Nd™ glass 178
ZBANK:Eu’' glass 189
ZBANLi:Eu* glass 189
ZBAN:Nd&*" glass 180
ZBAT:Nd** glass 177
ZBLA:Dy*" glass 194
ZBLA:Er" glass 202
ZBLA:EW glass 189
ZBLA:Gd" glass 191
ZBLA:Ho™ (glass) 197
ZBLAK:Dy’" glass 194
ZBLAK:Er*" glass 201
ZBLAK:EU?" glass 189
ZBLAK:Gd'" glass 191
ZBLAK:Ho* glass 197
ZBLAK:Nd* glass 177
ZBLAK:Pr*" glass 173
ZBLAK:Sm* glass 188
ZBLAK:TH*" glass 192
ZBLAK:Tm®" glass 206
ZBLALi:Dy** glass 194
ZBLALL:Er" glass 201
ZBLALi:Ew** glass 189
ZBLALi:Gd*" glass 191
ZBLALi:Ho’" glass 196
ZBLALi:Nd** glass 177
ZBLALi:Pr* glass 170
ZBLALi:Sm>" glass 188
ZBLALI:Tb* glass 192
ZBLALi:Tm*" glass 206, 207
ZBLAN:Dy*" glass 194
ZBLAN:Er*- 202
ZBLAN:Er** glass 201
ZBLAN:Eu'f glass 189
ZBLAN:Gd*' glass 191
ZBLAN glass 0.5% Tm* 207
ZBLAN glass 4.32% Tm?" 207
ZBLAN glass {% Tm* 207
ZBLAN glass 2% Tm*- 207
ZBLAN:Ho'" glass 196, 197
ZBLAN:Nd' glass 177-179
ZBLAN:Pr** glass 170-172
ZBLAN:Pr-glass 219
ZBLAN:Sm™ glass 188
ZBLAN:Tb*" glass 192
ZBLAN:Tm*" glass 207
ZBLA:Nd*' glass 176
ZBLA:Pr" glass 170, 173, 211
ZBLA:Sm* glass 188
ZBLA:Tb’ glass 192

491
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ZBLA:Tm* 207

ZBLA:Tm’* glass 206, 207

ZBLYAN:Pr’* glass 170

ZBT:Nd** glass 177

Zeeman effect 153

Zeeman spectroscopy 153

30ZnF,--20BaF,~14AIF,~14YF,-21 ThF ,~INdF,
glass 176

35ZnF,~15CdF,-25BaF,~12LiF-7AIF,-5.5LaF;—
0.5PrF, glass 171

327nF,~-28CdF,-20BaF,~1 ILiF-5AIF,-3.9LaF,—
0.1SmF; glass 188

327nF,-28CdF,-20BaF,-11LiF-5AIF,-3LaF,~
1TbF; glass 192

20ZnF,-208rF,-2NaF-16BaF,—6GaF;-32InF,—
4ErF; glass 201

20ZnF,-20SrF,~2NaF-16BaF,—6GaF;-33InF;~
3ErF; glass 201

20ZnF,~208rF,-2NaF-16BaF,-6GaF,-34InF;~
2ErF; glass 202

20ZnF,-20S1F,—2NaF-16BaF,-6GaF,-35InF;~
1ErF; glass 201

497nS0,-7H,0-50B,0,~1Er,(S0,),-7H,0 glass
205

50ZnS0,-7H,0-49B,0,-1Ho,(S0,),-8H,0 glass
199

237rF,~15A1F,~9YF,-128F,~15BaF,-25ZnF,—
INdF; glass 177

657rF,~32BaF,~2.5LaF,—0.5TmF, glass 207

487rF,—24BaF,~7AlF;-20KF-1NdF; glass 181

53ZrF,—20BaF,-3AlIF,-3LaF,—20NaF-1NdF, glass
177

48ZrF,—23BaF,-8AlF,~10LiF-10NaF-1HoF, glass
198

487rF,-23BaF,-8AlF,~15LiF-5NaF-1HoF; glass
199

487rF,—23BaF,~8AlF,—5LiF-15NaF-1HoF, glass
199

487ZrF,-24BaF,~7AIF,-20LiF-1NdF; glass
185

487rF,—23BaF,—~8AlF,—10NaF-10KF-1HoF, glass
198

487:1F,-23BaF,-8AIF;~15NaF-5KF-1HoF; glass
197

48ZrF,—23BaF,-8AIF,-5NaF-15KF-1HoF; glass
196

4871F,—24BaF,-7AIF;—20NaF-INdF; glass
185

457rF ,—36BaF,~8AIF;~10YF,-1NdF,
(ZBAY:Nd**) glass 178

65Z1F,~20BaF,~12BaCl,-2.5LaF,—0.5TmF; glass
208

65ZrF,~23BaF,~9BaCl,—2.5LaF-0.5TmF, glass
208

65ZrF,—26BaF,~6BaCl,~2.5LaF;—0.5TmF; glass
207

65ZrF,~29BaF,~3BaCl,-2.5LaF;—0.5TmF, glass
207

5371F,~20BaF,-4LaF,-3AlF,-20NaF-1ErF,
(ZBLAN-20) glass 202

57ZrF,~34BaF,-4LaF,—4AlF,-1NdF,
(ZBLA:Nd*) glass 178

60ZrF,—33BaF,-5LaF;-2EuF; (ZBL) glass 189

60ZrF,~34BaF,-5LaF;~1NdF; (ZBL:Nd*") glass
178

40ZrF,—25BaF,-25LiF-10ThF,~1NdF, (ZBTLi}
glass 178

Zr¥,—BaF,-NdF, glass 178

57ZrF,~33Ba¥F,-9ThF,~INdF, (HBT) glass
178
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