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The title compounds were prepared by direct reactions of the corresponding elements at high temperature. They
are isostructural and crystallize in the chiral orthorhombic space group P2,2,2; (Li,CesSn;: a = 6.273(1), b =
13.839(2), and ¢ = 17.467(2) A; Li;PrsSny: a = 6.241(1), b = 13.762(2), and ¢ = 17.367(1) A; Li,SmsSn;: a =
6.262 (1), b = 13.809(1), and ¢ = 17.432(1) A; Li,EusSny: a = 6.165(1), b = 13.562(2), and ¢ = 17.128(1) A).
The structure contains isolated Sn; oligomers that resemble the carbon core of an open-chain heptane molecule
C7His. Although these heptamers are stacked along the a axis at a distance that is comparable to the distances
within the heptamer, electronic structure calculations show that this intermolecular contact is nonbonding for a
formal charge of 16— or higher per heptamer. A hypothetical lower charge of 14—, on the other hand, leads to
positive and substantial bond-overlap population that would result in branched infinite chains of [Sn;*~]. Magnetic
measurements of the Ce and Pr compounds indicate a 3+ oxidation state for the rare-earth cations and, therefore,
17 available electrons from the cations per formula unit. According to four-probe conductivity measurements, the
compounds are metallic.

Introduction One particular system that we and others have studied
extensively in the past few years combines alkali metal (A),
Zintl phases are some of the most intriguing and structur- 5|kaline-earth (Ae) or lanthanide metal (Ln), and?3viost
ally diverse intermetallic compounds (including compounds of the structures in this system are directly related to the
containing metalloids such as Si, Ge, As, etcThey  5yerage degree of reduction (ADR) of the tin atoms, which
combine very electropositive metals such as the alkali, can pe defined as the average number of negative charges
alkaline-earth, and rare-earth elements with less electropos-per tin atom, assuming complete electron transfer from the
itive metals or semimetals such as the heavier post-transitioncations. Overall, upon successive reduction, more and more
elements. These phases are often described as salts formeg,— s ponds are broken, and the elemental structure of tin
upon complete electron transfer from the more to the less yransforms first into clathrate-like 3D structurethen into

electropositive element. Typically, the most interesting stryctures with layers and 1D polymérsand finally into
feature in such intermetallic compounds is the anionic sub-
structure with its geometry, bonding, and electronic structure. () reviews: (a) Fssler, T. F.; Hoffmann, SZ. Kristallografiya 1999
The structural variety of these anionic parts is indeed vast, 2%471, 722. (b) Ptigen, R.Z. Naturforsch., B: Chem. Sc2006 61,
and Often the structures C_Orrelate well _Wlth the levels of ) Thrée-dimensional structures: (a) Dubois, F.sdter, T. F.J. Am.
reduction of the corresponding post-transition element. Thus, Chem. Soc2005 127, 3264. (b) Fasler, T. FZ. Anorg. Allg. Chem.
e : 2006 632 1125. (¢) Hoffmann, S. FEaler, T. FInorg. Chem2003
as more and more electropositive metal is added, _the 42, 8748. (d) Bobev, S.: Sevov, 5. @. Am. Chem. So@001 123
structures change from 3D networks to lower-dimension 3389. (e) Fasler, T. F.; Kronseder, @ngew. Chem., Int. EA.998
i i ; i 37, 124. (f) Fasler, T. F.; Kronseder, @. Anorg. Allg. Chem1998
forma.tlons such as layers, chains, clusters, t_rlmers, dimers, 624 561. (g) Vaughey, J. T.. Corbett. J. Dorg, Chem 1097 36,
and single-atoms, often some of them coexisting together. 4316. (h) Zhao, J. T.; Corbett, J. org. Chem.1994 33, 5721.

(4) Two-dimensional structures: (a) Dubois, F.; Schreyer, Msskea,
T. F. Inorg. Chem.2005 44, 477. (b) Fasler, T. F.; Hoffmann, S.
* To whom correspondence should be addressed. E-mail: ssevov@nd.edu. Inorg. Chem.2003 42, 5474. (c) Fasler, T. F.; Hoffmann, S.;
(1) Chemistry, Structure, and Bonding of Zintl Phases and |dtes;- Kronseder, CZ. Anorg. Allg. Chem2001, 627, 2486. (d) Bobev, S.;
zlarich, S. M., Ed.; VCH: New York, 1996. Sevov, S. Clnorg. Chem.200Q 39, 5930.
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Synthesis of LiLnsSn; (Ln = Ce, Pr, Sm, Eu)

structures with isolated clustefst” For example, tin struc-
tures with an ADR of less thar0.4 per tin atom such as
NasSnis (ADR = —5;3 = —0.38)39 Kg_Srps (<—0.32)3"
and NaSg(—0.20) are 3D framework®.The more-reduced
compounds Ngn, (—0.58) and ANaycSrys (—0.56; A=

K, Rb, Cs)**4don the other hand, exhibit layered structures.

revealed that it contains tubes of stacked and interconnected
cyclohexane-like S~ units instead® All of the tin atoms
in the tubes are three-bonded, thus the charge-obér Si
repeating unit. The existence of these interconnected cyclo-
hexane-like formations, in turn, suggested the possible
existence of their isolated analogs. Thus, our next step was

Further reduction results, for example, in the recently to attempt the synthesis of isolated cyclohexane-like species

characterized N&aSn (—1.00) with isolated 1D cylindrical
tubes of interconnected cyclohexane-likes®Srunits with
three-bonded tin atoms that are formally"$h This trend

made of six two-bonded tin atoms, that is,¢53n These
attempts led to the synthesis and structural characterization
reported here of four isostructural compoundg hiSry (Ln

would suggest that zero-dimensional species should appear= Ce, Pr, Sm, Eu) that contain isolated heptane-lik¢%Sn
at even greater reduction levels. However, electron-poorinstead. The open-chain heptamers are made of five two-
clusters, analogous to the cagelike boranes, appear at lesssonded and two one-bonded tin atoms and exemplify the

negative ADRs. For examplaido-Sny*~ andarachneSn®~
are found in A;Sny7 (—0.7) and ALi,Srs (—0.75), respec-

notion that high levels of reduction (ADR 6f2.43) can be
handled by lowering the number of bonds to the tin atoms

tively.84Bonding in these species is achieved via delocalized even further.

electrons that are fewer than those needed for normal two-

center-two-electron bonds for the StSn contacts, a phen-
omenon that is often referred to asor 3D delocalization.
Clusters with normal two-centetwo-electron bonds are also

Experimental Section

Synthesis All of the manipulations were performed in an argon-
filled glovebox (moisture level below 0.1 pm). The starting materials

known, and their charges depend on the number of bondsLi (granular, Acros, 99-%), Ce (ingot, Alfa, 99.9%), Pr (ingot,

per tin atom. For example, both tetrahedra and truncatedAmes Laboratory DOE, 99.9%), Sm (ingot, Ames Laboratory DOE,
tetrahedra are known for tin. They are made of three-bonded?9-9%). Eu (ingot, Ames Laboratory DOE, 99.9%), and Sn (rod,
vertices, that is, Sn and their charges match the numbers Alfa, 99.999%) were used as received. In a typical reaction, the

of atoms in the cluster, that is, $n and Sn,*?~ observed
in A;Sn, (—1.00) and AeNaSn;, (—1.00), respectivelyt?
An average degree of reduction beyond.00 can be

elements were placed in a niobium ampule that was then sealed by
arc-welding under argon. This container was, in turn, sealed in a
fused-silica tube under vacuum. Initially,,EusSn; was found as

a minor phase in the product from a reaction with nominal

handled either by increasing the number of two-, one-, and composition LiEuSrs in an attempt to synthesize isolated cyclo-

zero-bonded tin atoms or by addingdelocalization on top
of a formally localizedo-bonded manifold. The latter has

hexane-like Sgt?~. The mixture was heated at 80Q for 2 days
and cooled down by turning off the furnace. The other products of

been achieved in a series of compounds with discrete this reaction were the knowndHusSm, and traces of lgi- EUSH 4 x.”

aromatic pentagonal rings of $n analogous to the cyclo-
pentadienyl anion s~ as well as in compounds with flat
zigzag chains with a conjugatedsystem analogous to the
polyacetylenes. Examples aredBaSn (—1.67)8 NagEuSn
(—1.67)8 Lig—«CaSm+x (~ —1.69) Lig—yEuUSR+« (~ —
1.69); LisCaSmn (—1.73) and LEwusSny (—1.78) with
Sn%~.7 LigEusSry and the most-reduced LiMgsSn (—2.33)
and LIMgEWwSn; (—2.33) contain infinite and flat zigzag
chains of tin? The existence of cyclopentadienyl-like Sn
led to an attempted synthesis of benzene-likg"Sim the
compound NgCaSnr. However, although a compound with

After the stoichiometry of the new compound was determined to
be Li,EusSr; from single-crystal X-ray diffraction, various reactions
with different lanthanides were carried out at different temperatures.
Isostructural compounds were obtained for Ce, Pr, and Sm, whereas
reactions with La, Nd, Gd, Dy, and Yb produced other compounds.
Li,EusSny and LbSmsSny could not be prepared as single phases.
The Ce and Pr analogs, however, were obtained pure by using a
slight excess of Li and heating the samples at 86@or 2 weeks,
followed by cooling down at a rate of IC/min.

Structure Determination. Silver-gray bar-like crystals with
metallic luster were selected from each compound and were
mounted in thin-walled glass capillaries that were subsequently

this exact stoichiometry was synthesized, its structure flame-sealed at both ends. The crystals were checked for singularity

(5) One-dimensional structures: (a) Bobev, S.; Sevov, SJ.Qlloys
Compd.2002 338 87. (b) Todorov, I.; Sevov, S. Gnorg. Chem.
2006 45, 4478.

(6) Todorov, I.; Sevov, S. Anorg. Chem.2005 44, 5361.

(7) Todorov, I.; Sevov, S. Anorg. Chem.2004 43, 6490.

(8) Hoch, C.; Wendorff, M.; Rohr, CJ. Alloys Compd2003 361, 206.

(9) Bobev, S.; Sevov, S. d. Am. Chem. SoQ002 124, 3359.

(10) Hoch, C.; Wendorff, M.; Rohr, CActa Crystallogr., Sect. C: Cryst.
Struct. Commun2002 58, 145.

(11) Bobev, S.; Sevov, S. @norg. Chem.2001, 40, 5361.

(12) Zurcher, F.; Nesper, R.; Hoffmann, S:;sBkr, T. FZ. Anorg. Allg.
Chem.2001, 627, 22211.

(13) Klem, M. T.; Vaughey, J. T.; Harp, J. G.; Corbett, J.Iorg. Chem.
2001, 40, 7020.

(14) Bobev, S.; Sevov, S. @&ngew. Chem., Int. EQ200Q 39, 4108.

(15) Leon-Escamilla, E. A.; Corbett, J. Inorg. Chem.1999 38, 738.

(16) Ganguli, A. K.; Guloy, A. M.; Leon-Escamilla, E. A.; Corbett, J. D.
Inorg. Chem.1993 32, 4349.

(17) Grin, Y.; Baitinger, M.; Kniep, R.; von Schnering, H. @. Kristal-
lografiya 1999 214, 415.

by X-ray diffraction using an Enraf-Nonius CAD4 diffractometer
with graphite monochromated ModKradiation ¢ = 0.71073 A).
Room-temperature data were collected from a crystal eC&t

Sy (0.2 x 0.12x 0.08 mn3). The raw data (a quadrant of a sphere,
w — 260 scansfma= 25 °) were corrected for absorption with the
aid of the average of thre@ scans. The observed extinction
conditions and the intensity statistics suggested only the non-
centrosymetric space group 222; (a = 6.273(1),b = 13.839(2),
andc = 17.467(2) A). The structure was solved and refinedan

in that space group with the aid of the SHELXTL-V5.1 software
packagé?® Direct methods provided the positions of the Ce and Sn
atoms, whereas the Li cations were later located from difference
Fourier maps and were refined only isotropically. Details of the
data collection and structure refinement are given in Table 1. The

(18) SHELXTL version 5.1; Bruker Analytical Systems: Madison, WI,
1997.
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Table 1. Selected Data Collection and Refinement Parameters for
Li,CesSny

chemical formula LiCeSny

fw 1545.31

No. P212121, 4

a(A) 6.2772(7)

b (A) 13.8384(9)

c(A) 17.4663(9)

V (A3) 1517.2(2)

(Mo Ka) (A) 0.71073

Pcalcd(g'cm73) 6.765

u(cm™1 25.909

R1/WR221 = 201(%) 2.76/6.71 e

R1/wR22 all data(%) 2.89/6.76 Ia ®

o}
aR1 = [S|IFol — IFlll/YIFol;i WR2 = {[YW[(Fo)? — (F)32/ %° &%—Q
[SW(Fo?)4} Y2 w = [03(Fo)2 + (0.034P)2 + 0.1256°] ~1 whereP = [(Fo)? ® - 0.0 ® @ ® o
+ 2(F)A/3. ° . o® ® o _©° "
a e ® ® o ® ®
single crystals of isostructural SmsSry, LiPrsSry, and LbEus- ®
; ) . ®

Sry were of unsatisfactory quality for data collection; therefore, Q o 4
only lattice parameters were determined for these compoungs (Li ® & * ° o 2 e
PrSny: a = 6.241(1),b = 13.762(2), andt = 17.367(1) A; Li- °

SmSry: a = 6.262 (1),b = 13.809(1), ancc = 17.432(1) A;
LizEwShy: a = 6.165(1),b = 13'562(2).’ af“t = 17.128(1) A)'_ Figure 1. View of the structure of LiLnsSry (Ln = Ce, Pr, Sm, Eu)
Property Measurements.The magnetizations of 15.5 mg ofzti along thea axis of the orthorhombic celb(is horizontal). Isolated seven-
Ce;Sny and 56.3 mg of LiPSn; were measured in the temperature — atom tin oligomers, Spare embedded in a matrix of lithium (yellow) and
range of 16-250 K and under a fieldf@ T on aQuantum Design rare-earth (red) cations.
MPMS SQUID magnetometer. The samples were sealed in quartz
tubes between pairs of quartz rods that fit tightly in the tubes. The
data were corrected for the holder and for ion-core diamagnetism.
The room-temperature electrical resistivities of@&Sn; and Li-
PrsSn; were measured by the four-probe method (an in-line probe
from Jandel) on pressed pellets (26&D00 psi, 1.6 mm thick).
Measured was the drop of voltage across the samples at constant
currents.
Electronic Structure Calculations. Extended Huakel calcula-
tions were carried out within the tight-binding approximation with
only the tin atoms included; and¢; for Sn 5s: —16.16 eV and
2.12, for Sn 5p:—8.32 eV and 1.82)° A molecular orbital diagram
was calculated for the isolated heptamer as well as for a dimer of
heptamers positioned with respect to each other exactly as in the
structure. Density of states (DOS) and crystal orbital overlap
population (COOP) curves were calculated for the whole tin
substructure (240 k-points).

Results and Discussion

Structure. The structure of the isostructural title com- Figure 2. Close view of the tin heptamers stacked alan§ome important
: . : - : . angles (deg): SniSn2-Sn3, 117.97(3); Sn4Sn3-Sn2, 150.98(3); Sn5
pounds is very simple and easy tq visualize (F!gure 1). Itis Sn4-Sn3, 111.50(3): SNBSN5-Sn4, 113.11(3): SN7Sn6-Snb, 86.63-
made of isolated seven-atom oligomers of tin;,Sand (3); Sn%--Sn3-Sn2, 59.40(2). (All of the distances and angles are for
lithium and rare-earth cations that separate and screen the-i2CeSn.)

negative charges of the oligomers witfi.i —Sn)= 2.72 A, quite typical for single SnSn bond distances, whereas the

d(Ce-Sn)= 3.18 A,d(Ce—ITi) = 3.40 A, andd(Ce-Ce)= angles at Sn2, Sn4, and Sn5 are typical for lsgbridized
3.94 A. It should be mentioned that the full occupancy of atoms (Figure 2). The angles at Sn3 and Sn6, however
the I|th|um S'.tes cannot be gu_aranteed by X-_ray_d|ffract|on. deviate significantly from tetrahedral, and the reasons for
However, in light of the large size of the coordination spheres this are found in the electronic structure of the compound
around the lithium atoms, it is very unlikely that there could (below). The oligomers are well separated albrandc but

be such large empty holes in the structure. The tin heptamer%ave one very close contact of 3.108 A alangs shown in

are_puckered in all three direcf[ions and rese_mble an Open'Figure 2. The cations wrap around the oligomer with six to
chain, normal heptane;C;H;¢ (Figure 2). The distances and eight cations around each tin atom.

anglfes nggrééhe fggogmers range Ifro_lr_r;l 2'930? t0 3.029 A Electronic Structure. Complete electron transfer from the
and from 86.63 to 150.98respectively. These distances are ,;ions 1 the tin heptamers results in a formal charge of

(19) (a) Hoffmann, RJ. Chem. Phys1963 39, 1397. (b) Whangbo, M.- ;7— per heptamer, that is, . (Qerlum in the structure
H.; Hoffmann, R.J. Am. Chem. Sod.978 100, 6093. is Ceé" according to the magnetic measurements and the
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Synthesis of LiLnsSn; (Lh = Ce, Pr, Sm, Eu)

Monomer "Dimer" Stack of
[8n7®]  [Sn;'6], [Sn7")
5 T
a) b) c) LA Te)
5 = e =]
el Eq for [Sn;16] i

-
54
> A B= L
L i
DOS COOP for _ COORP for
Sn1---Sn3 Ze Sn6-8Sn7 |
(inter-molecular) | |
=151 I |
= | |
e
- N ;

Figure 3. Results from extended Hkel calculations performed on (a) an isolated heptamer, (b) a dimer of heptamers positioned as in the structure (Figure
2), (c—e) the observed infinite stack of heptamers. Shown incjas how the MO diagram expands into DOS bands. The COOP curves for theSag1
and Sn6-Sn7 contacts are shown in d and e, respectively.
existence of the isostructural compounds with Pr, Sm, andwith a good HOMG-LUMO gap (the MO at—4 eV in
Eu.) The molecular orbital diagrams for the isolated heptamer Figure 3b would be empty and become the LUMO). This
shows, as expected, a sizable HOMOJMO gap for the essentially means that two lone pairs of electrons would be
charge of 16, that is, for Sp'6~ (Figure 3a). After all, the  replaced with one bonding pair of electrons for such a
16 additional electrons correspond to the 16 hydrogen atomshypothetical species. Lastly, there are no inter-heptamer
in the analogous neutral hydrocarbon heptangd,& The interactions between SniSn2 despite the distance of 3.249
analogy can be extended even further by realizing that the A. The lack of interactions in this case is not so much based
16 C—H bonds in the latter correspond to 16 lone pairs of on the distance as on the angles at the corresponding atoms.
electrons on the tin atoms. Thus, the two terminal tin atoms, Thus, the angles SrtSn2-Sn3 and Sn2-Snl:--Sn3 are
Snl and Sn7, have three such lone pairs each, whereas eacsf.4 and 56.5 respectively, and, furthermore, SBn2 is
of the remaining five atoms has two lone pairs. The total of collinear with SntSn2 adjacent to it (Figure 2).
44 required electrons for 6 bonds and 16 lone pairs are The above analysis for a dimer of heptamers can be
available from the 7 Sn atoms providing 4 electrons each extended to an infinite stack of heptamers by recognizing
and the 16 additional electrons from the charge. that each heptamer has two short contacts with its two
Bringing two heptamers close to each other as in the neighbors as shown for the middle heptamer in Figure 2.
structure leads to interactions between the lone-pair orbitalsTherefore, if these contacts are to become bonds, each
of the contact atoms. There is one such contact per twoheptamer needs to reduce its charge by two. Thus, a stack
heptamers and it occurs between atoms Snl and Sn3 at af Sn/'* would be an all-bonded infinite chain pf-(Sn'4")—
distance of 3.108 A (Figure 2). The geometry at the contact }... This is clearly seen in the density of states (DOS)
allows for direct head-to-head interactions between one of calculated for the stack of heptamers shown in Figure 3c.
the three lone-pair orbitals at the terminal Sn1 with one of The band generated by the bonding molecular orbitals within
the two lone-pair orbitals of the two-bonded Sn3. This leads the heptamer (made predominantly ofgiietates) spans from
to one bonding and one more-strongly antibonding combina- —11.2 to—5.2 eV. It is separated by a band gap of about
tions that are both occupied for the charge of-1fer 1.1 eV from the band that develops from the inter-heptamer
heptamer (the antibonding MO is at4 eV in Figure 3b). Snl--Sn3 antibonding interactions—@.1 to —1.2 eV).
Therefore, the overall interaction between the two heptamersHowever, for a heptamer with a charge of-1®r more,
is antibonding, and although the inter-heptamer distance isthis latter band is filled and cancels out any bonding between
only 3.108 A, there is no bond between the two heptamersthe heptamers. This is clearly seen from the COOP curve
for this electron count. However, there would be a bond for calculated for the inter-heptamer contact of 3.108 A between
an electron count that is lower by one per heptamer, that is, Sn1 and Sn3 (Figure 3d) which shows that &1 to—1.2
for Sn,*5~, and will result in a 14-atom molecule S~ eV band arises exclusively from the SrBn3 antibonding
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interactions. Even more indicative of these interactions is  **
the bond overlap population (BOP) for this contact calculated
for charges of 14 and 16-, 0.33 and 0.08, respectively. In
comparison, the bond overlap populations for the bonds
within the heptamer for a charge of 24are within the range
of 0.35-0.47 and change only very slightly on going to a
charge of 16-, from 0.20 to 0.45. Also in comparison, the
BOP for the longer inter-heptamer contact of 3.249 A is zero
even for a charge of 4 and becomes very negative0.27
for the charge of 16. This confirms that this contact is
definitely nonbonding to antibonding.
Had the number of available extra electrons (from the
countercations) per heptamer been 16, the resulting com- !
pound would have been electronically balanced with a small _ - )
Figure 4. Plots of the molar susceptlbllmes ofiﬁes_Sn; anc_i LbPrsSny
band gap (CaICUIated atca. 0.3 eV). However, the formula as functions of the temperature. The inset shows linear fits gfTLfor
Li,CeSny provides 17 extra electrons per heptamer. The the two compounds.
additional electron patrtially fills a conduction band that is
above the small-band gap (Figure 3c). This band is also

Li,CesSn,

Ux .

0.15

Li,Pr;Sn,

Kmowr (EMU/MO)

LioPrsSn; Li,CesSn;

50 100 TKY ™° 200 250

As expected, LICeSny and LbPrsSn, are paramagnetic
with Curie—=Weiss temperature dependence of the magnetic

above it. Studies of the COOP curves for all of the-Sim Ssusceptlblllty (Figure 4). Fitting the 4(T) plots with straight

) X li iel ffecti i = 2.
contacts and the corresponding BOPs revealed that this bandInes yielded effective magnetic momen.tsMgff S0
. : ) and 3.94;z per Ce and Pr atom, respectively. These values

corresponds solely to the SR&n7 interactions in the "

) . ) . are very close to the expected moments fof'Gand P#*,
heptamer and is antibonding (Figure 3d). Thus, the-Sn6 2 54us and 3.5fs, respectively?
Sn7 BOP for charges of 34 16—, and 17 is 0.41, 0.40, e e, Fesp '
and —0.01, respectively, whereas the BOPs for the rest of
the interactions within the heptamer remain essentially
unchanged. The Sr&n7 antibon_ding band can carry two The new ternary zintl compoundsLnsSn; (Ln = Ce,
electrons, ar_1d at a charge of1ttis _exactly half-filled. A Pr, Sm, Eu) contain isolated heptane-like Sligomers that
completely filled band would result in a charge of-1®er  are stacked at close distance to each other. They would have
seven tin atoms and would result in the complete separationpeen interconnected into an infinite chain had there been only
of the Sn7 atom from the rest of the oligomer. ':_WOUld result 14 electrons provided by the countercations in an imaginary
in a hexamer with a charge of #4 that is, Sg'*", f‘”d an  compound, LiLn,Sn,. However, 16 of the available 17
isolated tin atom with a charge of4 that is, SA™. The  gjectrons (2 from Li and 3< 5 from Ln) fill all of the
half-filled band is either the cause for or the result of the ,ihonding states of the inter-heptamer interactions and
very substantial deviation of the gngle at Sné, 8§.ﬁ®m result in isolated species. The 17th electron partially occupies
a tetrahedr_al angle. Atthe same time, the_SSﬁ? dlsta_nc_e an antibonding band that corresponds to the-Sn bond of
does not differ from the rest of the Sin distances within a terminal tin atom. It is delocalized over this band and empty

the heptamer. It is primarily the angular positioning of SN7. 5 o metal and lanthanidestates and makes the compounds
with respect to the Sr5Sn6 bond that is very different from metallic

the rest of the heptamer. Of course, the extra electron is not
localized only on the tin heptamer but is, rather, delocalized  Acknowledgment. We thank the National Science Foun-

over the structure including lithium- and cerium-generated gation for the financial support of this research (grant no.
bands that overlap with the Sr&n7 antibonding band. This  cHE-0446131).

provides the observed metallic properties of the compound.
Properties. The measured room-temperature resistivities  Supporting Information Available: X-ray crystallographic file.
of 5.8 x 10%and 5.6x 10°% Q-cm for Li,Ce;Sn; and Li- This material is available free of charge via the Internet at
PrsSry, respectively, confirm the metallic properties of the http://pubs.acs.org.
compounds predicted from the electronic structure calcula- |cog2390H
tions. These values are only an order of magnitude higher
that the reSiStiVity of elemental tin, 9.17 1077 Q-cm, and (20) Kittel, C. Introduction to Solid State Physic2nd ed.; Wiley: New
indicate that the compounds are fairly good conductors. York, 1956; p 218.

Conclusions
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