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Neodymium tri-iodide reacts with Group 12 metal (M; M = Zn, Cd, Hg) iodides to form heterometallic compounds.
These Lewis acidic M cleave Nd—I bonds to give either ionic {[(THF)sNdI,][MIsTHF]; M = Zn, Cd} or charge-
neutral { (THF)sNdl(z.l)Hgls} compounds. Differences in structure are interpreted primarily in terms of M—L bond
strengths, rather than Nd—L bond strengths. Experiments with Yb indicate that if there is any excess iodide present
in these syntheses then the most readily isolated product is a triiodide salt, i.e., [[THF)sYbl,][ls]. In conventional
solvents the presence of Lewis acid is not required for iodide displacement—from pyridine, “Ybls" crystallizes as
[(py)sYbl,][l]. These compounds are potentially useful as heterometallic sources of lanthanide-doped iodide matrixes,
they illustrate the ease with which iodides are displaced from lanthanide coordination spheres, and they underscore
the complexity associated with using lanthanide iodides as Lewis acid catalysts.

Introduction cated by the disparate natures of the ionic Ln and covalent

Heterometallic compounds containing lanthanides (Ln) and M, i.e., finding ligand systems that coordinate to both metals,

transition metals (M) continue to be investigated as poten- OF Solvent systems that can be used to recrystallize ionic/
tially useful electronic materials with readily tailored elec- c0valent combinations rather than deliver mixtures of mono-

tronic or magnetic propertiés? This chemistry is compli- metalllp proQucts, 1S often frustrating.
- Multifunctional ligand systems have been develdped
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enough, simple homoleptic halides have never been used as Synthesis of [(THFENdI][(THF)CdI 3] (3). As for 2, Nd (0.29
starting materials in heterometallic syntheses. Such an un-g, 2.0 mmol), 4 (0.76 g, 3.0 mmol), THF (25 mL), Cd (0.23 g,
complicated approach to heterometallic chemistry could 2.0 mmol), and moreI(0.51 g, 2.0 mmol) gave colorless lathes
present an entry to new optoelectronic materials, as metal(0-40 9, 19%) that turn black at 150 and melt at 255°C.
halide lattices have relatively low phonon enerdiemd so ~ Anal- Calcd for GiHuONdCdk: C, 21.8; H, 3.65. Found: C,

Ln-doped halide matrixes have potentially useful transmis- 20.8; H, 3.86. The compound is colorless, but exposure to anr
sion windows® produces an optical absorption maximum at 368 nm in THF. IR:

; , , 2958 (W), 2921 (w), 2852 (w), 2357 (s), 2337 (s), 1941 (s), 1605
In this work we outline our first attempts to prepare het- ) 1454 (m), 1409 (m), 1377 (m), 1262 (), 1099 (), 1021 (W),
erometallic iodide compounds containing both Ln and the ggg (m), 805 (s), 6946 (m), 670 (m) cth Cell data from single-
group 12 metals Zn, Cd, and Hg. Difficulties associated with crystal X-ray diffraction (87 reflections with°2< 6 < 21°): a=
producing heterometallic iodides are identified, and the 8.582(4) A,b = 9.065(4) A,c = 24.691(13) A = 82.76(2, V
various structures of isolated heterometallic compounds are= 1905.7(16) &.

discussed in terms of relative M bond strengths. Synthesis of [(py}Ybl 2][I] -1/2(py) (4).Yb (0.35 g, 2.0 mmol)
and b (0.72 g, 2.9 mmol) were combined in THF (40 mL). The
Experimental Section mixture was stirred until all the metal was consumed (3 days) to

give a transparent pale yellow solution and a salmon pink
precipitate. The precipitate was isolated by filtration, dried under
vacuum, and dissolved in pyridine (25 mL) to give a transparent
rust solution. After a day the solution was filtered to remove trace
black precipitate, and layered with hexanes (20 mL) to give yellow
needles (1.10 g, 50%) that turn black and melt at 3Z5Anal.
Calcd for G78H27. Ns5Ybls: C, 33.4; H, 2.80; N, 7.79. Found: C,
33.2; H, 3.05; N, 7.65. The compound does not show an optical
absorption maximum from 300 to 800 nm in pyridine and was
insoluble in THF. IR: 2922 (w), 2854 (w), 2366 (s), 1634 (s), 1596
(m), 1580 (m), 1521 (s), 1457 (w), 1437 (m), 1377 (m), 1260 (s),
1215 (s), 1144 (s), 1069 (s), 1029 (s), 990 (s), 884 (m), 805 (m),
743 (m), 700 (w), 668 (s) cri.

Synthesis of [(THF)YbI 2][l 5] (5). Yb (0.35 g, 2.0 mmol) and
1,(0.76 g, 3.0 mmol) were combined in THF (50 mL). The mixture
was stirred for 3 days to give pink powder and a light yellow
solution. The solution was filtered, concentrated to 38 mL, and
layered with hexanes (25 mL) to give long yellow needles (0.59
mg, 25%) that turned brown at 20C but did not melt below 296
°C. Anal. Calc. for GoH4OslsYb: C, 20.6; H, 3.45. Found: C,
20.0; H, 3.31. IR: 3658 (s), 3583 (s), 2923 (w), 2727 (s), 2670 (s),
2362 (s), 1654 (s), 1461 (w), 1377 (m), 1305 (s), 1261 (s), 1154
(s), 1091 (s), 1018 (s), 800 (s), 722 (s) Tm

General Methods. All syntheses were carried out under high-
purity nitrogen (Airgas), using conventional drybox or Schlenk
techniques. Solvents (Aldrich) were either refluxed continuously
over molten alkali metals or K/benzophenone and collected
immediately prior to use, or purified with a dual column Solv-Tek
Solvent Purification System. Lanthanides were purchased from
Strem. Melting points were taken in sealed capillaries and are
uncorrected. IR spectra were taken on a Thermo Nicolet Avatar
360 FTIR spectrometer, and recorded from 4000 to 600'@s a
Nujol mull on NaCl plates. Electronic spectra were recorded on a
Varian DMS 100S spectrometer with the samples in a 0.10-mm
quartz cell attached to a Teflon stopcock. Elemental analyses were
performed by Quantitative Technologies, Inc. (Whitehouse, NJ).

Synthesis of (THF}NdI(g2-1)Hgl 5 (1). Nd (0.29 g, 2.0 mmol)
and b (0.76 g, 3.0 mmol) were combined in THF (35 mL). The
mixture was stirred until most of the metal was consumed (2 days)
to give a translucent brick red solution. Hg (0.40 g, 2.0 mmol) and
more b (0.51 g, 2.0 mmol) were added to the mixture and stirred
for 2 days. The solution was allowed to settle and a tan solid
precipitated. The rust solution was filtered (30 mL) and layered
with hexanes (8 mL) to give colorless rods (0.39 g, 15%) that
turn black at 95°C and decompose at 31C. Anal. Calcd for
CaoH400sNdHgls: C, 17.9; H, 3.01. Found: C, 17.5; H, 3.15. The B
compound does not show an optical absorption maximum from X-ray Structure Determination of 1, 2, 4, andS. Data for,
300100 m n pyredne o THF. IR 2954 (v).2063 ) 2720 2% W14 Yl ol o ¢ Bruer S F0CE 00
gclrflg (m), 1377 (m), 1260 (S), 1096 (), 1020 (s), 804 (s), 722 (A = 0.71073A) at 100 K. The data were corrected for Lorenz

. effects and polarization, and absorption, the latter by a multiscan
Synthesis of [(THFENdIZJ[(THF)Znl 5] (2). Nd (0.29 g, 2.0 0
mmol) and } (0.76 g, 3.0 mmol) were combined in THF (25 mL). (SADABS)!® method. The structures were solved by Patterson or

The mixture was stirred until the metal was consumed (5 days) to d'rf(.aCt dmeStITI)EdLSXS? ELQ( 58(61}' Al nFo n;hyi:logheré atoms \t/vere
give a translucent pale brown solution. Zn (0.13 g, 2.0 mmol) and re |n§_ E I} | tafje _t#%on I."bs('j yt _rogeSnHESZig?
more b (0.51 g, 2.0 mmol) were added to the mixture and stirred coordinates were calculated with idealized geometries ( ):

for 4 days. The mixture was allowed to settle and the tan precipitate (S:catf[e“ng fa(k:]t_orzf((t, ', ;)f arle Ra_s Oxlj_escrlft;)edz '2 SHOI|EI5_XL97.
was separated from the golden yellow solution by filtration. The fysta O_?r?)? I(l: OaRaT;B d_lna mﬁ:n |lce25 4r ’d5' an hare
solution (22 mL) was layered with hexanes (13 mL) to give givenin fable L. lagramisior 4, 2, 4, ands aré shown

colorless rods (0.56 g, 22%) that turn black at 2&and melt at in Figures 1, 2, 3, and 4, respectively. Significant bond geometries
195 °C. Anal. Calcd 'for GiHiONdZNls: C, 22.6: H, 3.79 for 1, 2, 4, and 5 are given in the figure captions. Complete

Found: C, 22.6; H, 4.10. The compound is colorless, but exposure crystallographic details ft, 2, 4, and5 are given in the Supporting

to air produces an optical absorption maximum at 368 nm in THF. Information.
IR: 3769 (s), 3704 (s), 2958 (w), 2920 (w), 2856 (w), 1937 (s), (10) Bruker-ASX.SADABS, Bruker Nonius Area Detector Scaling and

Absorption Correctionv2.05; Bruker-AXS Inc.: Madison, WI, 2003.
15988(65% 145982)2), 14]7.%ém), 1367588(m)’ tﬁfs (W), 1104 (w), 1018 (11) Sheldrick, G. M.SHELXS86, Program for the Solution of Crystal
(w), (m), ), (m), (m) Structures University of Gatingen: Germany, 1986.
(12) Sheldrick, G. MSHELXL97, Program for Crystal Structure Refine-

(8) Singh, R. K.Phys. Rep1982 85, 259-401. ment University of Gdtingen: Germany, 1997.

(9) (a) Lucas, JSolid State lonicd99Q 39, 105-112. (b) Schedin, F.; (13) (a) Johnson, C. KORTEP It Report ORNL-5138; Oak Ridge National
Thornton, G.; Uhrberg, R. I. QRev. Sci. Instrum1997, 68, 41—-46. Laboratory: Oak Ridge, TN, 1976. (b) Zsolnai, XPMA and
(c) Shalem, S.; German, A.; Barkay, N.; Moser, F.; KatzirHber ZORTEP, Programs for Interac ORTEP DrawingsUniversity of
Integr. Opt.1997, 16, 27—54. Heidelberg: Germany, 1997.
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Table 1. Crystallographic Data and Final R Indices fbr2, 4, and5

compound 1 2 4 5
empirical formula QoH4ng|5Nd05 C24H48| 5NdOsZn C27,5Hz7,5| 3N5,5Yb C20H40| 505Yb
fw 1339.85 1276.73 988.79 1168.06
space group P2,212; Pn P2,/c Pbcn
cryst syst orthorhombic monoclinic monoclinic orthorhombic
a(A) 12.5824(9) 8.5245(7) 25.950(1) 12.3056(1)
b (A) 13.0371(9) 9.0424(7) 15.8012(7) 21.741(2)
c(R) 20.411(1) 24.515(2) 16.0894(8) 11.896(1)
o (deg) 90 90 90 90
B (deg) 90 96.641(1) 106.302(1) 90
y (deg) 90 90 90 90
V (Ad 3348.1(4) 1877.0(3) 6332.0(5) 3182.7(6)
z 4 2 8 4
D (calcd) (g/cn?) 2.658 2.259 2.074 2.438
temperature (K) 100(2) 100(2) 100(2) 100(2)
(A 0.71073 0.71073 0.71073 0.71073
abs coeff (mm?) 10.748 6.149 5.904 7.813
R(FRI > 20(1)] 0.032 0.050 0.033 0.037
Ruw(FA2[I > 2 o(1)] 0.064 0.097 0.057 0.075

aR(F) = Y||Fol — IFcll/3|Fol; Rw(FA) = {S[W(Fo2 — FAF/S [W(Fo?)?} 2. Additional crystallographic details are given in the Supporting Information.

Figure 1. Molecular structure of (THENdI(u2-1)Hgls. Thermal ellipsoids
are drawn at the 50% probability level. Significant bond distances (&) and
angles {): Nd(1)—0O(1), 2.445(5); Nd(1)}O(5), 2.451(5); Nd(1}O(3),
2.453(5); Nd(1}0(2), 2.454(4); Nd(1}O(4), 2.463(5); Nd(1yI(1),
3.0543(6); Nd(1y1(2), 3.1086(6); 1(2y-Hg(1), 3.2452(5); Hg(L)1(4),
2.7146(6); Hg(1)1(5), 2.7206(6); Hg(1}1(3), 2.7250(5); Nd(1)1(2)—
Hg(1), 126.71(2); I(4yHg(1)-1(5), 122.05(2); I(4)y-Hg(1)—1(3), 119.78-

(2); 1(5)—Hg(1)~1(3), 114.43(2); 1(4}-Hg(1)-1(2), 93.14(2); 1(5)-Hg(1)~

1(2), 98.66(2); I(3-Hg(1)—1(2), 97.74(2); I(1)Nd(1)-1(2), 176.72(2).

Results

The group 12 metal iodides M(M = Zn, Cd, Hg) react
with Lnlz to form heterometallic compounds with a transfer
of iodide from Ln to M. Saturation of a THF solution of
Hgl./Ndl; results in the isolation of (THENdI(u-1)Hgls (1).

A low-temperature single-crystal X-ray diffraction analysis
of this product revealed a structure with pentagonal bipy-
ramidal geometry about the Nd, having two axiabhd five
equatorial THF ligands. Figure 1 gives an ORTEP diagram
of 1, with significant bond lengths and angles in the figure
caption. In the structure df, an I has been extracted from
the Nd(IIl) coordination sphere, and this ¢oordinates the
Hg(ll) ion. One of the Nd boundlalso coordinates to the
Hg(ll) ion, and while there are four-labout the Hg, the
geometry is better described as trigonal planarsHglith a
relatively weak, e.g. dative, interaction between Hg and 1(2).
The three terminal iodides on Hg have similar bonding
geometries, both in terms of bond lengths [Hg{I(}#),
2.7146(6) A; Hg(1)X1(5), 2.7206(6) A; Hg(1}*I(3),
2.7250(5) A] and angles [I(HHg(1)—I(5), 122.05(2);
1(4)—Hg(1)-1(3), 119.78(2); I(5)—Hg(1)—1(3), 114.43(2)].

In contrast, the distance between Nd and 1(2) is 3.2542(3)

Figure 2. Molecular structure of [(THRENdIZ][(THF)Znlg]. Thermal
ellipsoids are drawn at the 50% probability level. Significant bond dis-
tances (A) and angle$)( Nd(1)—O(1), 2.441(6); Nd(13>O(4) 2.453(6);
Nd(1)—0O(3), 2.458(6); Nd(1}yO(2), 2.463(6); Nd(1)O(5), 2.484(6);
Nd(1)—1(1), 3.0496(7); Nd(1yI(2), 3.0522(7); Zn(1)}O(6), 2.068(6);
Zn(1)—1(3), 2.5633(11); Zn(1)1(4), 2.5764(12); Zn(1y1(5), 2.5783(11);
O(1)-Nd(1)-0(4), 145.4(2); O(1yNd(1)-O(3), 143.1(2); O(4y
Nd(1)-0(3), 71.0(2); O(1yNd(1)—0O(2), 71.6(2); O(4yNd(1)—0O(2),
142.6(2); O(3)-Nd(1)—0(2), 71.6(2); O(1yNd(1)—0O(5), 71.5(2); O(4)y
Nd(1)—O(5), 74.6(2); O(3yNd(1)—0O(5), 145.4(2); O(2yNd(1)—O(5),
142.9(2); O(1yNd(1)—1(1), 87.94(14); O(4yNd(1)-I(1), 85.27(17);
O(3)—Nd(1)—1(1), 91.06(16); O(2)Nd(1)—I(1), 93.03(14); O(5yNd(1)—
I(1), 89.18(15); O(1yNd(1)—I(2), 93.81(14); O(4yNd(1)—I1(2),
91.07(17); O(3yNd(1)—1(2), 89.91(16); O(2yNd(1)—1(2), 91.27(14);
O(5)—-Nd(1)-1(2), 87.64(15); I(1)Nd(1)—1(2), 175.68(2); O(6)-Zn(1)—
1(3), 101.9(2); O(6)Zn(1)—I1(4), 102.6(2); I(3x-Zn(1)—I1(4), 114.83(4);
O(6)—2Zn(1)—1(5), 104.6(2); I(3y-Zn(1)—1(5), 114.28(4); I(4)y-Zn(1)-1(5),
116.00(4).

A, and the average 1(2)Hgl angle is 96.5. The mutual
effects of each metal on the others-ibdide bond length
is apparent not only in the Hg bond but also, in a less
dramatic way, in the bonds to Nd, where the-N¢lL) bond
length is 3.0543(6) A and Neli(2) bond length is longer at
3.1086(6) A.

The more acidic Ml compounds also extract from Lnls,
but the bridging Lr-I~—M interaction present i has been
disrupted by THF coordinated to both Ln and M to give the
ionic compounds [(THENdIJ[(THF)MI3] [M = Zn(2),
Cd(3)]. Figure 2 gives an ORTEP diagram &fwith signifi-
cant bond lengths and angles in the figure caption. The unit
cell data for the Cd compoun8 indicated that it is iso-
structural with2. The cationic Nd fragment has considerable
precedence in the literatutéwhile the overall geometries
of the main group anions are similar to those of other M(Il)
anions.

Inorganic Chemistry, Vol. 43, No. 18, 2004 5661



Figure 3. Molecular structure of [(py)Yblz][l]. Thermal ellipsoids are
drawn at the 50% probability level. Significant bond distances (A) and angles
(°): Yb(1)—N(3), 2.454(4); Yb(1}N(1), 2.474(4); Yb(1}N(4), 2.474-

(3); Yb(1)=N(2), 2.474(4); Yb(1}N(5), 2.482(3); Yb(1)}1(2), 2.9645-

(3); Yb(1)—1(1), 2.9729(3); N(3} Yb(1)—N(1), 144.64(11); N(3)Yb(1)—

N(4), 70.67(11); N(3yYb(1)—N(2), 70.88(11); N(1)}Yb(1)—N(2), 73.79(11);
N(1)—Yb(1)—N(5), 74.97(11); N(4)Yb(1)—N(5), 69.75(11). The second
independent (pyYbl, cation has nearly the same bond distances and angles,
but several torsion angles are quite different (e.g., as a rotational isomer).

13"

12

Figure 4. Molecular structure of [(THR)YbI][I 5]. Thermal ellipsoids are
drawn at the 50% probability level. Significant bond distances (A) and angles
(°): Yb(1)—O(2AY), 2.341(4); Yb(1}-O(2A), 2.341(4); Yb(1) O(1), 2.349-

(6); Yb(1)—O(3), 2.351(4); Yb(1)-O(3), 2.351(4); Yb(1}I(1)', 2.9505-

(5); Yb(1)—=1(1), 2.9505(5); 1(2)-1(3), 2.9058(5); 1(2)>-1(3)", 2.9058(5);
O(2A) —Yb(1)—0O(1), 72.1(1); O(2AYYb(1)—0O(1), 72.1(1); O(2Ay
Yb(1)—0O(3), 71.99(14); O(2AyYb(1)—0(3), 71.99(14); O(3)-Yb(1)—
0(3), 71.9(2); I(1)-Yb(1)—I(1), 179.57(2); 1(3)-1(2)—1(3)", 180. Atom

C5 is modeled as disordered 55:45 about two sites (site A shown here)
Symmetry operations used= —x,y, —z+ Y, and" = —x, -y, —z+ 1

Solvent selection is crucial to the isolation of heterome-
tallic iodides. In pyridine, analogous reactions did not yield
a crystalline product with Nd. However, saturation of solution
containingYbt in pyridine results in the crystallization of
[(py)sYblI2][l] (4) an ionic compound with a pentagonal
bipyramidal Yb ion having two axial iodides, five equatorial
pyridine ligands, and the monoanion. IFigure 3 gives an
ORTEP drawing of the molecule, with significant bond
lengths and angles given in the figure caption. Both-Yb
and Yb—N bond lengths are consistent with previously
reported trivalent Yb compound®The deep yellow color
of this compound presumably originates from an iodide to
ytterbium charge-transfer absorption that tails from the UV
into the visible spectrum.

(14) (a) Karl, M.; Seybert, G.; Massa, W.; Dehnicke, K.;Naturforsch.
Teil B 1999 54, 1609. (b) Izod, K.; Liddle, S. T.; Clegg, Wnorg.
Chem.2004 43, 214. (c) Xie, Z.; Chiu, K.; Wu, B.; Mak, T. C. W.
Inorg. Chem1997, 36, 748. (d) Niemeyer, MActa Crystallogr., Sect.
E: Struct. Rep. Onlin@001, 57, 363. (e) Khoroshenkov, G. V.; Fagin,
A. A.; Bochkarev, M. N.; Dechert, S.; Schumann, Russ. Chem.
Bull. 2003 52, 1715-1719. (f) Deacon, G. B.; Feng, T.; Junk, P. C,;
Skelton, B. W.; Sobolev, A. N.; White, A. Hiust. J. Chem1998
51, 75—-89.
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Similarly, when an excess of iodine is added toyin
THF the resultant deep red solution can be saturated to give
[(THF)sYDbI[l 5] (5), a salt that can be prepared in 25% vyield.
These yellow-orange crystals routinely growstd cm long.
Structural characterization &frevealed a cationic structure
similar to that found in4, with a pentagonal bipyramidal
Yb(lll) ion containing two axial T and five equatorial THF
ligands. The counterion in this case was the well-known tri-
iodide, k™. Figure 4 gives an ORTEP diagram 5f with
significant bond lengths and angles included in the figure
caption. Tri-iodides were always noted as minor cocrystal-
lized products in the synthesis b4 if an excess ofdwas
present, or if solutions of these compounds were exposed to
air.

Discussion

Of the three heterometallic products described herein, only
the mercury compount crystallizes as a molecular product,
with the Zn and Cd analogu@sand3, as well as the pyridine
complex4 and triiodide compound, crystallizing as salts.

All compounds serve to illustrate the particular ease with
which iodides are removed from lanthanide coordination
spheres. Variations in the Group 12 compounds reflect the
relatively covalent nature of Hg, compared with Cd or Zn.

Precedence for Mt and ML~ anions is noteti for all three

of the group 12 metals.

lodide chemistry of the Group 12 metals has been
thoroughly examined. Mercuric iodide is certainly the most
complicated of the group. A light-sensitive matefiasolid-
state Hgj is complex, with a remarkable range of Hb
interactions: there is a red form containing Hg in a distorted
tetrahedral geometry [four 2.783 A Hg bonds, HHg—I
= 103. and 112.7], and a yellow form that contains
essentially linear Hglmolecules (+Hg—1 = 178.3) with
two short (2.615 and 2.620 A) and four long ¥23.507 A
and 2x 3.510 A) Hg-I bonds!® Hgl, has often incorporated
additional I within the primary Hg(ll) coordination sphere,
resulting in a multitude of Hg coordination geometries.
Compoundl, with three well-defined Hel bonds (bond
lengths range from 2.7146(4) to 2.7250(5) A and average
2.720(1) A) can be described either as a grossly distorted
tetrahedron or a trigonal planar Hg with an additional weak
Hg—1 (3.2452(3) A) interaction. Precedence for each type
of geometry already exist&°It should be noted that in the
absence of Lewis base solvents, there appears to be no
reaction of Hg} with Lnl3.2°

(15) Kornienko, A.; Emge, T.; Hall, G.; Brennan, ldorg. Chem 2002
41, 121-126. Kornienko, A.; Emge, T.; Brennan, J. Am. Chem.
Soc 2001, 123 11933-11939. Melman, J.; Fitzgerald, M.; Freedman,
D.; Emge, T.; Brennan, J. Am. Chem. S0&999 121, 10247-10248.
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B. A. Acta Crystallogr. C1991 C47, 51-53.
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1457. (b) Price, T. SChem. Ind.1923 42, 292-293.

(18) Jeffrey, G. A.; Vlasse, Minorg. Chem 1967, 6, 396—399.
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Introduction of Lewis bases leads to a rich KHgbordina- DME, pyridine) will certainly benefit from analyses of simple
tion chemistry, with an even more complicated range of Hg coordination chemistry, particularly if lanthanide iodides are
coordination geometri€!$. In addition to the plethora of  to be developed as cataly3tdn the present work, it is clear
regular and distortedqstructures, there are compounds such that even a monodentate nitrogen-containing donor such
as RPHgh,'** a trigonal bipyramidal molecule with three as pyridine is sufficiently basic so as to displacefiom
strong bonds to Hg (P, I, 1) and two weak Hgl interactions Ln(lll) coordination spheres. This reactivity does not neces-
between neighboring molecules. In this class of materials, sarily apply to the larger, early lanthanides, given that in
structures often appear to be influenced by lattice require- the chemically similar actinide series,4)vhich has an ionic

ments, brought to prominence because bonds to Hg areradius slightly larger than Nd, crystallizes from pyridine as
generally less than robust and form more open complexesmolecular (py)Uls.26

with lower coordination numbers, particularly when the

ligands are relatively electropositive.
In 2 and 3, the more acidic Ml (M = Zn, Cd) moieties

coordinate an additional THF ligand rather than the terminal
I bound to Nd. Similar reactivity has been noted in chloride

systems, for example where LaCGeacts with FeGlin the
presence of OPRIo give [(OPPR)sLaCl][FeClL]2,?* in the
preparation of [(THR)YbCI,][(THF)W(O)Cl4],**2or in Cu
chemistry, i.e., [GdG(OPPR)4][CuCl3].?? In these cases, the
stronger chloride ligands are removed from Ln(lll) in the
presence of highly charged (Fe(lll), W(V), Cu(ll)) Lewis
acids. The Cd produ@ could, conceivably, find use as a

Ln-doping source in the synthesis of cadmium halide

glasseg®

Displacement of1 by pyridine is important when examin-
ing the catalytic behavior of lanthanide iodides, because it
suggests that even in the conventional monodentate solvents
currently used in synthetic chemistry, both neutral and
charged species are possible. For example, in the reported
polymerization of butyl-4-vinylbenzoate with Sgnlthe
presence of Smghad a dramatic impact on molecular weight
distribution?” Clearly, the possibility that ((THEBmI)",
Sm(THF)?*, or polynuclear species are the superior catalysts
must be considered. Related examples oéxtraction by a
Lewis acid can be found in reports describing the self-
ionization of Lnk to give Lnk™/Lnl,~.24b.cd

Extraction of I from Ybl; by I,, as evidenced by the

lodide extraction has often been noted in lanthanide Structure of5, again serves as a reminder that catalysis with
chemistry, and can be achieved by interaction with either lanthanide iodides can be complicated by an abundance of
acids or bases. While it was long known that the strongest”eUtral and ionic species in solution. Surprisingly, this com-

Lewis bases would displace to form ionic materialg? the
diversity of reagents that cleave thbonds, as revealed in

pound is isostructural with the analogous La derivative,
making this formulation one of the rare instances in which

coordination chemistry of Lnl documented the formation Pounds. Inthe La and Yb crystal structures, thé-+l anions

of conducting solutions with a variety of Lewis bases,

including ure&*2dimethylacetamidé? ethylenediaminéic
DMSO, DMF 2 and bipyrimidine?*¢ The number of dis-

have inversion symmetry requiring equivalentll(e.g.,
2.508 A in5) bond lengths. It has often been noted that a
slight excess of Ln enhances the yieldlef3, presumably

placed iodides paralleled the donor strength, i.e., DMSO because any adventitious oxygen/water does not result in the
formed a 1:3 electrolyte whereas bipyrimidine displaced only generation of excess,lwhich would otherwise react with

a single I.

The shift away from synthetic methodologies using these

Lnl3 to form particularly insoluble (THELNI(13).
This iodide chemistry has frequent parallels with pseudoha-

strong donor solvents, toward preparative inorganic/organo-lide ligand systems. With respect to cyanide ligands, there

metallic chemistry involving less polar solvents (i.e., THF,
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exist structures with CN linking ionic/covalent combinatidns
such as Sm/Ni or Yb/Fe. There is also a thiocyanate bridge
linking La and Hg where, as expected, N coordinates to La
and S coordinates to Hgn recently described chalcogeno-
late reactivity group 12 M(EPh)ompounds were used to
stabilize Ln(EPh) compounds. Selenolates were often ex-
tracted from Ln(ll) by Hg(ll) ions, while more acidic metals
such as zZn(ll) or Fe(lll) were necessary to effect SePh
extraction from Ln(Il1)# Thiolates have been displaced from
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Ln coordination spheres, but only in the presence of displacement of 1 by pyridine. All of these compounds
multidentate Lewis basé8. illustrate the facility with which iodide is removed from Ln
coordination spheres.
Conclusion
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