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Crystal Structure of [Ru(terpy) 2]% A New Crystalline Material from the Reductive
Electrocrystallization of [Ru(terpy) 2]?*
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Reductive electrocrystallization of [Ru(terp}{PFe)2 (Where terpy= 2,2:6',2"-terpyridine) from an acetonitrile
solution containing 100 mM TBAR§Fesults in the formation of black crystals. Crystal data: [Ru(teip{pFs)2-
[(CH3)>CO], monoclinic, space group2i/c with a = 20.801(2) A,b = 8.943(1) A,c = 19.453(2) A, =
92.524(9y, andZ = 4; [Ru(terpy}] (1), orthorhombic,Fdd2 with a = 39.757(4) A,b = 56.464(6) A,c =
8.507(1) A, andz = 32. X-ray analysis reveals that the crystals consist exclusively of [Ru(#%¢%), with no
solvent or counteranion present in the lattice. [Ru(teify)nits are structurally very similar to the parent [Ru-
(terpy)]?*, with nearly perfect octahedral symmetry around the metal center and with two terpy ligands that are
basically planar. Analysis of the crystal packing shows that [Ru(tglflykrystals have close intermolecular
distances, while [Ru(terpy]f crystals show only intermolecular interactions along ¢rexis with contacts that

are less than 3.5 A. Analysis of molecular volumes and empty spaces reveals the presence of cavities, which
could contain substantial electron density.

Introduction Chart 1

e

In the past few years, we have been studying the preparation
and properties of crystalline materials derived from reduced
transition-metal complexes by electrocrystallizatiofh. These
materials can be visualized as “pseudoatom” species, which
contain a cationic metal core surrounded by electrons that
balance the charge, and are delocalized over a pseudospherical
ligand systent. The first reported structure of this kind was
called sodio cryptatium [Na (bpys)]°, a crystalline material
derived from the reductive electrocrystallization of the sodium
cryptate [Nac (bpys)] "Br~ (where (bpy) = tris-2,2-bipyridyl
cryptand), see structure in Chart 1. The electron in [Na
(bpys)]° is localized on one of the bipyridine units, as deduced
from X-ray structure results.Chart 1 shows the chemical Recently, our group obtained single crystals of [M(kj/)
structure of this cryptatium along with a sodium atom (left) and (where M= Fe, Ru, and Os and bpy bipyridine) by reductive
an electride (right). The cryptatium represents an intermediate electrocrystallization (Chart 2)* Compositional and structural
state between the atom, where the 3s electron is held close ta:haracterization of these materials has been done by combustion
the nucleus, and the electride, where the electron is totally microanalyses!H NMR, ESR, and X-ray diffraction. The

expelled from the ligandcation complex. single-crystalline material [Ru(bpy? showed a good conduc-
tivity (0 ~ 1.5 x 101 Q=1 cm™! at 297 K) along the axis?
T University of Miami. Also, reductive electrocrystallization of [Ru(binaps2iPFe)2
*University of Houston. (where binap-2= 3,3-dimethylene-2,2bi[1,8]naphthyridine)

@ Z;‘:Zl'ggf%"'lggf“igas' R.; Brady, N.; Echegoyeriielo. Chim. resulted in the formation of the one electron reduction product

(2) Wagner, M. J.; Dye, J. L.; Pez-Cordero, E.; Buigas, R.; Echegoyen, [Ru(binap-2}](PFe), which has one fewer RF per molecule
L. J. Am. Chem. Sod.995 117, 1318. unit compared with the parent compound (Chart Zhe result

(3) Peez-Cordero, E.; Brady, N.; Echegoyen, L.; Thummel, R.; Hung, g indi ;
C.: Bott. S, G.Chem_Eur 1. 1996 2 781, of conductivity measurements indicated that the reduced material

(4) Paez-Cordero, E.; Campana, C.: EchegoyenAhgew. Chem., Int. [M(binap-2)](PFs) is a semiconductor with a 0.53 eV band gap.

Ed. Engl.1997, 36, 137. All of these species are conceptually related to cryptatium and
(5) (a) Echegoyen, L.; Xie, Q.."IRez-Cordero, EPure Appl. Chem1993 o endohedral fullerenes (M@GCso"").8 The latter have also
g%trzlm(l:._(E)erE]chJeg&¥§gEgL.(,:f:zn;(ig;%eg% '55'7'2de vains, J.-B. R: heen called “expanded atoms”, where the ligangh(® rigid
(6) Echegoyen, L.; DeCian, A.; Fischer, J.; Lehn, J.Ahgew. Chem., and perfectly spherical. Endohedral fullerenes such as La@C
()I(nt). Edr.] Engl.1991, 30, 838. A have been described as consisting of a central metal ion
7) (&) Tehan, F. J.; Barnett, B. L.; Dye, J. L Am. Chem. S0d.974 ; ; i -+ 3-8
96, 7203. (b) Dye, J. L.Sciencel99Q 24, 663. (c) Dye, J. L. surrounded by a triply neg'atlvegg:forr'r?mg La’f .@Cez .
Chemtracts: Inorg. Cheni993 5, 243. (d) Dye, J. Linorg. Chem. _ Althou_gh the terdentate ligand 2.&,2"'-terpyridine was first
1997, 36, 3816. isolated in 1937 by Morgan and Burstélhot many crystal-
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Chart 2

lographic studies of its complexes have been publidhdthe
crystal structures of the complexes [M(terg§y with M = Co,
Cu, Fe, and Mg have been reportéd'* but, to our knowledge,
crystallographic studies of [Ru(terp{d™ have not appeared in
the literature. In this work, we report the preparation and

[Ru(binap-2)3PF5]

chemical characterization of new single crystals of electroneutral space group P2i/c Fdd2

[Ru(terpy}]® (1) from [Ru(terpy}](PFe). by reductive electro-
crystallization (where terpy 2,2:6',2"-terpyridine). We also
report the X-ray crystal structure of [Ru(terpifPFs)2[(CHz)2-
CQ] for the first time. The structure is compared with that of

[Ru(bpy)]°.

Experimental Section

General Procedure.All chemicals used were reagent grade unless
otherwise specified. The complex [Ru(terg¢PFs). was synthesized
as previously reporte#.

(8) (a) Johnson, R. D.; de Vries, M. S.; Salem, J.; Bethune, D. S.; Yannoni,
C. S.Nature 1992 355, 239. (b) Weaver, J. H.; Chai, Y.; Kroll, G.
H.; Jin, C.; Ohno, T. R.; Haufler, R. E.; Guo, T.; Alford, J. M,
Conceicao, J.; Chibante, L. P. F.; Jain, A.; Palmer, G.; Smally, R. E.
Chem. Phys. Letfl992 190, 460. (c) Bethune, D. S.; Johnson, R. D.;
Salem, J. R.; de Vries, M. S.; Yannoni, C.Mature1993 366, 123.
(d) Yamamoto, K.; Funasaka, H.; Takahashi, T.; Akasakd, Phys.
Chem.1994 98, 2008.
(9) Morgan, G.; Burstall, F. HJ. Chem. Socl1937, 1649.
(10) (a) Constable, E. RAdv. Inorg. Chem. Radiochen986 30, 69. (b)
Constable, E. CTetrahedron1992 48, 10013.
(11) Maslen, E. N.; Raston, C. L.; White, A. H. Chem. Soc., Dalton
Trans.1974 1803.
(12) Allmann, R.; Henke, W.; Reinen, Dnorg. Chem.1978 17, 378.
(13) Baker, A. T.; Goodwin, H. AAust. J. Chem1985 38, 207.
(14) Constable, E. C.; Healy, J.; Drew, M. G. Bolyhedron1991, 10,

1883.
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Table 1. Crystallographic Data for [Ru(terpyf* and
[Ru(terpy}]° (1)
compd 1-(PR)2[(CH3).CQO] 1
formula GaHogF1oNgOPRU - GsgH2oNgRU
fw (g/mol) 915.63 567.62
z 4 32
a(h) 20.801(2) 39.757(4)
b (A) 8.943(1) 56.464(6)
c(A) 19.453(2) 8.507(1)
o (deg) 90.0 90.0
p (deg) 92.524(9) 90.0
y (deg) 90.0 90.0
V (A3) 3615.2(7) 19097.0(4)
oc (glcn?) 1.682 1.579
u(cm™) 6.05 6.75
F(000) 1832 9216
T (K) 298 298
radiation ¢, A) Mo Ko (0.7073) Mo Ko (0.719 73)
final Rindices [| > 60(l)] R=0.0586 R=0.0372
Ry =0.0623 Ry =0.0412

3AR=Y|Fo — Fdl/3|Fo| andRy = [YW(Fe? — FAH Y wF:Y2 where
w = [0.04F% + (oF)3 L.

Electrocrystallization. As described previously for [Ru(bpyj*,*
crystals ofl were grown on a Pt electrode by reductionnfra 2 mM
[Ru(terpy}](PFs). complex in an acetonitrile (from Fisher) solution
containing 100 mM tetrabutylammonium hexafluorophosphate (from
Fluka). The process was carried under high vacuum®&Torr) after
the solvent was dried over,®;, degassed by three freezpump-
thaw cycles, and vapor transferred into the modified H-cell. The
electrocrystallization was performed using a two-electrode configuration
at a constant current density (LB/cm?).t

Crystal Structure Determination. For the structural determination
of 1:(PF),[(CH3)CO] and 1, a Siemens Enraf-Nonius CAD-4F
diffractometer was used to collect the data using Ma kadiation.
Becausel is very air sensitive, a single crystal was coated with
Paratone-N oil under an argon atmosphere and immediately placed in
a cold nitrogen stream at 153 K on the X-ray diffractometer. Data
collection and crystal parameters are summarized in Table 1. The
structures were solved by a direct method using the program SHELXTL-
XP.

(15) (a) Ciantelli, G.; Legittimo, P.; Pantani, Anal. Chim. Actal971,
53, 303. (b) Lytle, F. E.; Petrosky, L. M.; Carlson, L. Rnal. Chim.
Acta 1971, 57, 239. (c) Stone, M. L.; Crosby, G. AChem. Phys.
Lett. 1981, 79, 169.



Crystal Structure of [Ru(terpy]f Inorganic Chemistry, Vol. 38, No. 14, 1998339

€13 Table 2. Selected Bond Lengths (A) and Angles (deg)
1
compd 1-(PFR;)2[(CH3)2CO] site A site B
Bond Lengths (A)

Ru—N(1) 2.07(1% 2.06(1) 2.07(1)

Ru—N(4) 1.99(1) 1.98(1) 1.99(1)

Ru—N(7) 2.05(1) 2.05(1) 2.08(1)
N(1)—-C(2) 1.37(2) 1.42(2) 1.38(2)
N(4)—C(3) 1.34(2) 1.35(2) 1.38(2)
C(2-C(3) 1.47(2) 1.42(2) 1.40(2)
N(4)—C(5) 1.38(1) 1.33(2) 1.34(2)
N(7)—C(6) 1.37(2) 1.40(2) 1.40(2)
C(5)—C(6) 1.43(2) 1.42(2) 1.45(2)

Ru—N(19) 2.09(1) 2.08(1) 2.061(9)
Ru—N(22) 1.96(1) 2.00(1) 1.99(1)
Ru—N(25) 2.07(2) 2.09(1) 2.06(1)
N(19)—C(20) 1.36(2) 1.39(2) 1.37(2)
N(22)-C(21) 1.38(2) 1.38(2) 1.35(2)
C(20)-C(21) 1.46(2) 1.44(2) 1.41(2)
N(22)—C(23) 1.31(1) 1.35(2) 1.37(2)
N(25)—C(24) 1.39(2) 1.36(2) 1.38(2)
C(23)-C(24) 1.48(2) 1.40(2) 1.41(2)
St Bond Angles (deg)

N(1)—Ru—N(4) 78.3(4) 79.4(4) 79.2(4)

Figure 1. ORTEP view of a [Ru(terpy)?*" unit of unreduced N(4)—Ru—N(7) 79.3(4) 78.7(4) 79.0(4)
compoundl. The hydrogens have been omitted for clarity. Thermal N(1)—Ru—N(19) 90.0(4) 88.6(4) 86.9(4)
ellipsoids are drawn at 50% probability. N(1)—Ru—N(22) 101.4(4) 96.9(4) 105.8(4)
N(1)—Ru—N(25) 93.8(4) 97.7(4) 96.4(4)

VOID Fortran Program. 6 The VOID Fortran program calculates N(4)—Ru—N(19) 102.7(4) 101.1(4) 102.0(4)
the cavity and channel structures; it is a useful connection tool between m(i):su:m(gg) 1;;'2(2) %;?g(ﬁ) %38(2)
the structure modeling software (SHELXTL-XP) and the 3D isosurface N( )_ u_ (25) -6(4) -6(4) 0(4)
: . . . (7)—Ru—N(19) 94.2(4) 96.7(4) 97.4(4)

software (EXPLORER). The grid-point program used is typically 40 N(7)—Ru—N(22) 101.0(4) 104.9(4) 95.9(4)

x 40 x 40 points from 0 to 255 depending on the distance of the N(7)—Ru—N(25) 90.4(4) 85.6(4) 87.6(4)

point from the nearest van der Waals surface. The program “xeo” was

used to d|Sp|ay the empty cavities and Channelsy and the program “zeo” a Numb?rs in p.ar.entheses are estimated standard deviations in the

displays the atomic or molecular surfaces. The output data of coarse!€ast significant digits.

isosurfaces are touched up with the “smooth” program to provide

smoothed pictures of the molecular surfaces. The 3D viewing program [(CH3)2CO] present per molecule. The closest distance between

EXPLORER was used with a Silicon Graphics computer to display a Ru atom and a RFion is 5.692 A, while the acetone molecule

3D isosurface plots in order to determine the diameters of spheres andjs |ocated about 6.7 A from the Ru atom. ThesPEnions and

the dimensions of the various channels and cavities. the acetone preclude short intermolecular contacts between the
[Ru(terpy)]?" molecules along the axis.

As part of the analysis of our X-ray crystal structure, we
Crystal Structure of 1+(PFe)[(CH2),CO]. Compound1- searched for intermolecular contaétd8 The distance between

(PFe)-[(CH3).CO] (unreduced) was crystallized from acetone W0 molecules was calculated b(A) = distance(¥—X2) x
by ether vapor transfer. The crystal system is monoclinic with 0S¢, where X and X correspond to the molecular centers of

Results and Discussion

space groupP2i/c. A red rod-shaped crystal (0.12 0.13 x eachr orbital, andd is the angle between two molecular centers.
0.32 mm) was chosen. One unique molecular structure is found The structure of unreducet exhibits several close intermo-
in the unit cell, shown in Figure 1. The angle of NRu—N22 lecular interactions. Most intermolecular contacts occur between

is 177.8. Thus the two terpyridines are tilted 2.8way from terpyridine ligands along FHeaxis where the shortest dis.tance
perfect orthogonality. Selected bond lengths and angles arebetwee_n the Ru centers is 8.943 A. The two closest distances
summarized in Table 2. The two terpyridine ligands are for the intermolecular contacts are 4.143 ano] 4.257 A. Another
substantially similar and perfectly planar for unreduced com- intermolecular contact occurs between two ligands along the
pound 1. The mean deviations from the planes of each XIS with a distance of 4.9 /3\ A third m_termolecular contact is
terpyridine ligand are 0.0218 and 0.0498 A. Dihedral angles Observed also along teaxis, but the distance of between X
between the center and terminal pyridine rings of the terpyridine @nd X is t00 big (5.207 A) to account for a true intermolecular
ligands are only 3.39and 2.87. The mean angle between the ~contact.

two terpyridines is 954 thus almost orthogonal. Figure 2 shows Crystal Structure of 1. Compoundl was obtained by
the molecular packing along thleaxis and the arrangement of  reductive electrocrystallization of:(PFs).. Noticeably, the
the Ru atoms in the crystal structure of unreduced compound

1. The shortest distance between Ru centers is 8.943 A along(17) (a) Paliwal, S.; Geib, S.; Wilcox, C. $. Am. Chem. S0d994 116,

the b axis. Unreduced compouridhas two PE~ ions and one 4497. (b) Miyamura, K.; Mihara, A.; Fujii, T.; Gohshi, Y.; Ishii, \J.
Am. Chem. S0d.995 117, 2377. (c) Weiss, H.-C.; B&er, D.; Boese,
R.; Doughan, B. M.; Haley, M. MChem. Commuri997 1703. (d)

(16) (a) Wagner, M. J.; Dye, J. L. Solid State Chen1995 117, 309. (b) Yoshida, N.; Shio, H.; Ito, TChem. Commuril998 63.
Dye, J. L.; Wagner, M. J.; Overney, G.; Huang, R.; Nagy, T. F.; (18) (a) Hanton, L. R.; Hunter, C. A,; Purvis, D. B.. Chem. Soc., Chem.
Tomanek, DJ. Am. Chem. S0d.996 118 7329. (c) Huang, R. H.; Commun.1992 1134. (b) Hunter, C. A.; Sanders, J. K. N.. Am.
Wagner, M. J.; Gilbert, D. J.; Reidy-Cedergren, K. A.; Ward, D. L,; Chem. Soc199Q 112, 5525. (c) Hunter, C. A.; Singh, J.; Thornton,

Faber, M. K.; Dye, J. DJ. Am. Chem. S0d.997, 119, 3765. J. M. J. Mol. Biol. 1991, 218 837.
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Figure 2. Molecular packing along the axis of the lattice for unreduced compouhdThe bottom of the figure shows only the positions of the
Ru centers.

C13d

Figure 3. ORTEP view of the two crystallographic [Ru(terglf)units (A and B) in the unit cell of crystdl. The hydrogens have been omitted
for clarity. Thermal ellipsoids are drawn at 50% probability.
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Figure 4. Molecular packing along the axis for compound.. The bottom of the figure shows only the positions of the Ru centers.

crystals show no counteranions ¢PJ-or [(CHz).CQO] in the [Ru(bpy)]®4 The shortening of the C(2)C(3) bond could

lattice, a significant difference from unreduckdConsequently, indicate some degree of electron localization on the terpyridine
the material is exclusively composed of [Ru(tes}$) The ligands.
CryStal SyStem is orthorhombic with space gr(ﬁﬂ*ﬂﬂ The unit Figure 4 shows a view along the axis of the molecular

cell was determined to be a black rod-shaped crystal (815 packing and the arrangement of the Ru atoms in the crystal
0.18x 0.42 mm). Figure 3 presents the two crystallographically structure of1. [Ru(terpy}]® units show clear intermolecular
independent [Ru(terpylf units, A and B. The N4aRul-N22a contacts down the axis. The closest RtRu distance between
angle for unit Ais 176.% and itis 185.1for unit B, thisbeing  these stacks is 8.507 A, which is shorter than for unreddced
the only substantial difference between A and B. Other (8.943 A). There are three specific intermolecular interactions
differences between A and B are negligible. Selected bond that have been identified with about a 3.5 A distance. As
lengths and angles are summarized in Table 2. All terpyridine depicted in Figure 4, all of the interactions occur between
ligands are substantially the same and almost perfectly planarintermolecular stacks along the axis. One of them occurs
for reduced compounti The mean deviations from the planes petween the interdigitated stacks, see Figure 4. The average
of each terpyridine ligand are 0.0702 and 0.0435 A for A and distance between these interstacked terpy ligands is 3.67 A.
0.0352 and 0.0404 A for B. Dihedral angles between the center another close contact occurs between intermolecular terminal
pyridine ring and the terminal pyridine rings of the terpyridine  pyridines within a single running parallel stack, down ¢reis.
ligands are 4.39and 1.79 for A and 4.83 and 0.68 for B. The middle stack composed of three [Ru(tegffy)inits in Figure
From a comparison of the molecular structures of unreddced 4 js shown expanded in Figure 5. These three units are
and reduced, the latter shows a higher degree of distortion essentially arranged in a pattern similar to that observed and
from octahedral symmetry. Another small but significant reported by Lehn’s group for some rack-type Ru compléfes.
difference between the structures of [Ru(tespy) and [Ru- The terminal pyridine ring of C6N7—C8-C9—C10-C11
(terpy)]° exists in the C(2)-C(3) and N(4)-C(5) distances. The

bond lengths observed for reducédare shorter by 0.05 and (19) (a) Hanan, G. S.: Arana, C. R.. Lehn, J-M.: Fenskeew. Chem

0.04 A for each C(2)C(3) and N(4)-C(5) than for unreduced Int. Ed. Engl.1995 34, 1122. (b) Hanan, G. S.; Arana, C. R.; Lehn,
1. This bond shortening upon reduction was also observed for J.-M.; Baum, G.; Fenske, OChem—Eur. J. 1996 2, 1292,
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C30-C31-C32 and the ring of C2+N22-C23—-C30—
C31—C32) is 8.507 A. The intermolecular terpyridine ligands
along thec axis are perfectly parallel to each other.

When comparing structures and molecular packingsarid
its parent complex, unreducdgan important consideration is
the location and the possible distorting effect of the additional
electron density in the former. [Ru(terpjf) has two additional
electrons substituting the two PFanions. In contrast with
cryptatiun® and the one electron reduced binaphthyridine-
ruthenium complex, [Ru(binap-gjPFs) (Chart 2)3 which
exhibit large distortions due to the added electron, no significant
distortion of the intrinsic geometry around the central Ru atom
is observed fod. In our previous papera similar observation
was made for [Ru(bpy)®, despite the fact that the predicted
distortion was larger because the number of reduction electrons
(2) did not match the number of bipyridine ligands (3). In the
present case the number of reduction electrons (2) is equal to
the number of ligands (2), so a more symmetrical reduced
structure was anticipated. One possible explanation for the
observations with [Ru(bpy]P is that the additional electrons
are localized in an orbital that has equal contributions from all
ligands. Another possible interpretation is that the reduction
electron density, or a part of it, remains in some lattice sites. In
this case the crystalline material could be described as an
“electride”, at least partially. Interestingly, analysis of the crystal
packing of [Ru(terpy)° reveals the presence of “empty” cavities
which could harbor electron density as in the case of electrides.
These intermolecular spaces, which are empty cavities in the
lattice structure, can be easily seen in Figure 6a. They cor-
respond to the approximate positions where thg Réns are

. ) . located in the structure of unreducéd
Figure 5. View of a single molecular stack of [Ru(terpjf)along the . . . . .
¢ axis. To investigate the empty cavities in the lattice structure, it is

necessary to visualize the void spaces in the crystal structures
stacks with the other terminal pyridine of an adjacent molecule and to determine the diameters, lengths, and geometries of the
(N1'-C2—-C15—-C16—C17—C18), thus forming an infinite channels. We used a combination of the Fortran program VOID
array along the axis The distance between these terpy ligands and a commercial isosurface 3D-display program, EXPLORER,
is 3.45 A. We also investigated centroid-to-centroid distances to represent the empty spaces in the crystalline structure and to
between intermolecular terpyridine ligands that lie perpendicular visualize the channels and cavities from a variety of views. The
to thec axis. From Figure 5, the centroid-to-centroid distance calculation using the program “xeo” displays the empty cavities
between the center pyridines (the ring of C2N22—C23— and channels, while the calculation by the program “zeo”

b)

Figure 6. (a) Projection of the lattice structure @flooking down thec axis: the hydrogen atoms are omitted for clarity. Empty intermolecular
spaces exist around the middle of the projection shown. (b) View dowa éxés calculated from the positive molecular packings of [Ru(teipy)
crystals. Empty spaces are white.
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724 106A

46A 66A

416 A 43.8A
Figure 7. [Ru(terpy}]® crystals. (a) View down the axis calculated Figure 8. [Ru(bpy)]° crystals. (a) View down the axis calculated

from the negative molecular packings. Black portions represent empty from the negative molecular packings. Black portions represent empty
spaces. (b) View along theaxis. The contour lines define the cavities.  gpaces. (b) View along theaxis. The contour lines define the cavities.

displays the atomic or molecular surfaces. In principle, a small to form a 3D array? In comparison to this electride, the
distance parameter of the isosurface, called molecular van derreduced compounds [Ru(terp}f) and [Ru(bpy3]® have rela-
Waals surface, would give the true channel and cavity shapes.tively large cavities and channels. These materials can thus
Figure 6b shows the molecular packing of [Ru(tesfy)(1) probably be classified as electrides, only on the basis of the
along thec axis, using a 0.42 A distance from the molecular size of the intermolecular spaces in the lattice structure.
van der Waals surfaces. When we look down thaxis, the However, it is not possible to judge where the extra electron
cavity holes (white parts in Figure 6b) are clearly delineated. density is localized solely on the basis of the crystal structure.
The cavity sizes are 6.8 4.7 and 4.5x 7.3 A. The channels Spectroscopic and transport studies of these materials are
are calculated from the negative molecular packings. Figure 7acurrently being measured in an effort to evaluate their properties
shows the cavities of [Ru(terpg¥ down thec axis. One of the and to gain additional insight about the nature of the added
oval-shaped cavities is 7:2 10.6 A, measured on treeb plane. electron density.

Figure 7b shows a cut of these surfaces alongcthgis. We
have also analyzed the packing structure of [Ru(§fyand
compared it to that of [Ru(terpy]f. Figure 8a shows the empty
cavities found in [Ru(bpy]® down thec axis. The size of the
oval-shaped cavity is 6.6 4.6 A. Figure 8b displays a cut of Supporting Information Available: Tables of crystal data and
the surface down the axis, clearly showing that channels are structure refinement, anisotropic thermal parameters, bond lengths and
also present along theaxis, with diameters of 3.3 and 4.4 A, ~ angles, and hydrogen atom coordinates foand 1:(PFs)2[(CHs)z-

The Dye group recently reported that the simplest electride, CQO]. This material is available free of charge via the Internet at
cesium metal (IV), has 2.3 A diameter cavities and large hitp://pubs.acs.org.

channels with 1.7 and 1.9 A diameters that connect the cavitiesIC981395E
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