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A series of divalent lanthanide chalcogenolates of empirical formula L~[ES~(S~M~~)J]~(TMEDA)~ (Ln = Yb, Eu, 
Sm; E = Se, Te; TMEDA = MezNCH2CH2NMez) and (EU[ES~(S~M~~)~]Z(DMPE)~}Z(~-DMPE) (E = Se, Te; 
DMPE = MezPCH2CHzPMe2) have been prepared by the reaction of Ln[N(SiMe3)z]z(THF)z (Ln = Yb, Eu, Sm) 
with HESi(SiMe3)s (E = Se, Te) in diethyl ether with excess TMEDA or DMPE. Both Yb[SeSi(SiMes)3]2- 
(TMEDA)2 and {Eu [ES~(S~M~~)~]~(DMPE)~)Z(~-DMPE) have been structurally characterized by X-ray crystal- 
lography. Yb[SeSi(SiMe3)3]2(TMEDA)2 crystallizes a t  -40 OC from hexanes in the space group P21/c with a = 
9.441(2) A, b = 12.311(2) A, c = 23.407(7) A, 0 = 96.013(21)O, V =  2705.4(11) A3, dcald = 1.30 g cm-3, and 2 
= 2. {Eu[ES~(S~M~~)~]~(DMPE)Z)~(~-DMPE) crystallizes a t  -40 OC from hexanes in the space group Pi with a 
= 13.629(2) A, b = 13.696(2) A, c = 17.642(3) A, a = 81.715(13)', 0 = 78.828(12)', y = 89.452(13)O, V =  
3190.2(12) A3, dcald = 1.33 g ~ m - ~ ,  and 2 = 2. On being heated to ca. 200 OC in the solid state, the Yb-TMEDA 
compounds eliminate E [Si(SiMe3)3] 2 to form the corresponding divalent chalcogenides as dark, microcrystalline 
powders. 

Introduction these ComDounds are (il that the combination of a hard. 

It has been known for many years that chemistry of chalco- 
genolate complexes is dominated by the formation of oligomeric 
or polymeric structures resulting from bridging interactions via 
lone pairs on the chalcogen.lF2 Development of the molecular 
chemistry of these compounds has been slow, since they are 
frequently insoluble in common organic solvents and are, therefore, 
difficult to purify and characterize.' Aryl chalcogenolate ligands 
with bulky ortho substituents have been useful in the isolation of 
low-molecularity species, particularly for the lighter  chalcogen^,^^ 
but polymeric products may still be formed with the heavier group 
16 element analogs, selenolates and tellurolates, especially if the 
ortho substituent is not large enough to effectively hinder the 
c h a l ~ o g e n . ~ ~ ~  

Much of the recent interest in lanthanide chalcogenolates results 
from their possible use as precursors to lanthanide chal- 
cogenides.*-lO These materials are of wide interest due to their 
unusual magnetic, electronic, and optical properties." Lanthanide 
chalcogenolates have also been prepared in redox reactions aimed 
at probing the chemistry of ytterbium(I1) and samarium(I1) 
complexes.12-15 In addition, two further motivations to study 
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electroposiiive metal and a soft, polarizable ligand may result in 
reactive metal-ligand bonds and (ii) that relatively few examples 
of these types of materials are kno~n.9~16 

Our recent workin metal chalcogenolatechemistry has resulted 
in the development of a new series of sterically demanding 
tellurolate, selenolate, and thiolate ligands based on the bulky 
silyl substituent -Si(SiMe3)3.17.18 The utility of these ligands in 
forming stable, well-defined complexes of low molecularity and 
increased hydrocarbon solubility has now been demonstrated for 
a wide range of main-group and transition metal systems.g.19-26 
Here we describe the synthesis and characterization of some 
divalent lanthanide complexes and preliminary results indicating 
their potential as precursors to lanthanide chalcogenides. 

Results and Discussion 
TMEDA Derivatives. The protonolysis reaction between Ln- 

[N(SiMe3)2]2(THF)2 (Ln = Yb, Eu, Sm) and HESi(SiMe& (E 
= Se, Te) in the presence of TMEDA in hydrocarbon solvents 
or diethyl ether provides a simple method of preparing monomeric 
divalent lanthanide chalcogenolates (eq 1). Monitoring of the 
Yb and Sm reactions by lH N M R  spectroscopy indicated 
quantitative conversion to products. On preparative scales, 
crystallization from hexanes allows 1-6 to be isolated in yields 
that typically range from 53 to 72%. 
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Ln[N(SiMe,),],(THF), + 2HESi(SiMe3),  + 
excessTMEDA-  

Ln[ESi(SiMe,),],(TMEDA), + 2HN(SiMe3),  (1) 
1-6 

E = Se; Ln = Y b  (l), Eu (3), S m  (5) 

E = Te; Ln = Y b  (2), Eu (4), Sm (6) 

The selenolates and tellurolates crystallize as highly-colored 
(Yb, orange; Eu, yellow; Sm, dark green) air- and moisture- 
sensitive thin needles or plates, respectively. Under an atmosphere 
of dry N2, significant decomposition (in solution or the solid state) 
occurs within about 12 h a t  room temperature under normal 
lighting conditions. Although not studied in detail, both heat 
and light appear to contribute separately to this decomposition. 
Storage of these compounds a t  -40 OC in the dark prevents 
decomposition over the course of a t  least a couple weeks. 
Recrystallization from large volumes of hexanes gives analytically 
pure Yb and Eu compounds, while the S m  chalcogenolates retain 
minor SiMe3-containing decomposition products, even after 
repeated recrystallizations. Preparation of 5 or 6 by the metathesis 
reaction between Sm12(THF)2 and KESi(SiMe3)3 (E = Se, Te) 
in the presence ofTMEDA or the preparation of 6 by the reduction 
ofSm[N(SiMe3)2]3 with 3 equiv of HTeSi(SiMe3)3 in the presence 
of TMEDA also shows the same mixture of decomposition 
products. In general, higher yields and ease of purification make 
the protonolysis route preferable to the salt-elimination route.19 

The IH N M R  spectrum of 2 shows three singlets: two for the 
TMEDA ligands a t  2.44 and 2.22 ppm (relative ratio 24:8), and 
a single peak due to the two tellurolates a t  0.46 ppm (relative 
ratio 54). Signals corresponding to the two ligands were detected 
in the 13C(lHJ N M R  spectrum a t  56.6, 50.0, and 1.64 ppm. The 
tellurolate ligands also give rise to a singlet a t  610 ppm in the 
12sTe(lH) N M R  spectrum, in the range typical for early metal 
complexes of this ligand.9-21.24 Analogous IH and I3C{IHJ spectra 
were obtained for 1; however, we could not detect a 77Seresonance, 
presumably due to the compound's low solubility in benzene-&. 
Attempts to observe 171Yb N M R  signals for either compound 
were also unsuccessful. 

The Eu(I1) compounds 3 and 4 show only a very broad IH 
N M R  resonance centered around 0 ppm. This feature is ascribed 
to the large magnetic moments involved, which fall in the range 
expected for the f7 Eu(I1) center27 (3, pcff = 8.1 NB; 4, pcff = 8.0 
FB) . 

More informative 1H N M R  spectra were recorded for the Sm- 
(11) derivatives, 5 and 6, each of which showed three singlets in 
the ratio 8:54:24, indicating a structure analogous to those of 1 
and 2 above. In the Sm(I1) compounds, however, the peaks are 
shifted and broadened due to coupling from the paramagnetic 
metal centers [5, peff = 3.4 PB, 6 5.96 (Avlp = 44 Hz), 1.30 (Av1/2 
= 4.5 Hz), -20.05 (Avlp = 19 Hz); 6, peff= 3.3 NB, 6 3.02 (AYIIZ 

of the 'H chemical shifts vs. 1/T from 210 to  330 K are linear 
for both compounds, indicating simple CurieWeiss  behavior.28~~~ 
Coupling to unpaired electrons also explains why only one 
resonance, presumably due to the chalcogenolate ligand, is 
observed in the 13C(IHJ N M R  spectrum of each compound (0.89 

= 62 Hz), 1.97 ( A u I / ~  = 14 Hz),-21.02 (Avl/2 = 93 Hz)]. Plots 

(27) Cotton, S. Lunthanides and Actinides; Oxford University Press: New 
York, 1991, p 192. 
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Horrocks, W. D., Jr., Holm, R. H., Ed.; Academic Press: New York, 
1973; Chapter 1 .  

(29) Linear behavior was not observed for the plot of the TMEDA methyl 
resonance of 6. The peak broadened and disappeared below 254 K, 
presumably due to exchange of diasterwtopic methyl group slowing 
down at low temperature. Cooling to 210 K did not slow this exchange 
sufficiently for new peaks to appear, and further cooling was prevented 
by solubility limitations. 

Figure 1. ORTEP view of Yb[SeSi(SiMe3)3]z(TMEDA)2 (1). Thermal 
ellipsoids are drawn at the 50% probability level. Hydrogen atoms are 
omitted for clarity. 

Table 1. Crystallographic Data Collection Parameters for 1 and 8 
1 8 

formula 
mol weight 

:Y group 
blA 
C I A  
4% 
Bldeg 
Y/& 
vo1/A3 
2 

crystal size/" 
radiation (A/A) 
scan mode 
28 rangeldeg 
collcn range 
abs coeff, p 
no. of unique reflcns 
no. of reflcns with 

final R, R, 
T/OC 

P > 3472) 

C3oH86Nfii&e2Yb 
1058.7 

9.44 l(2) 
12.311(2) 
23.407(7) 
90 
96.013(21) 
90 
2705.4( 11) 
2 
1.30 
0.15 X 0.20 X 0.20 
Mo Ka (0.710 73) 
8-28 
3-45 
ih ,+k ,+ l  
32.4 
3408 
1986 

0.0437,0.0424 

P2llC 

-104 

13.629(2) 
13.696(2) 
17.642(3) 
8 1.7 15( 13) 
78.828(12) 
89.452( 13) 
3 190.2( 12) 
2 
1.33 
0.19 X 0.32 X 0.46 
Mo Ka (0.710 73) 
9-28 
3-50 
+h,kk,&l 
21.7 
11125 
8565 

0.0350,0.0410 
-90 

ppm in 5 and 1.59 ppm in 6). Despite its proximity to the 
paramagnetic Sm(I1) center, the tellurolate ligand in 6 still gives 
rise to a measurable l*sTe{lH) N M R  spectrum, which shows a 
remarkably low-field singlet a t  3243 ppm. Again, the 77Se N M R  
spectrum of the selenolate derivative (5) could not obtained due 
to solubility limitations. 

X-ray Structure of 1. A view of the solid-state molecular 
structure of 1 is shown in Figure 1, with selected bond lengths 
and angles provided in Table 2. The six-coordinate Yb atom sits 
on a crystallographically imposed center of inversion. As expected 
based on differences in ionic radii between divalent and trivalent 
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Table 2. Selected Bond Distances (A) and Angles (deg) for 1 

Yb-Se 2.870(1) Y b N 2  2.577( 10) 
Y b N 1  2.586(10) Se-Sil 2.238(3) 

SeYb-N1 93.39(23) Nl-Yb-N2 73.6(4) 
Se-Yb-N1 86.61(23) N1-Yb-N2 106.4(4) 
Se-Yb-N2 88.26(22) Yb-Se-Sil 163.71(11) 
S e Y b N 2  91.74(22) 

Yb (0.15 A),30 the Yb-Se bond length (2.870(1) A) is slightly 
longer than those reported for related six-coordinate Yb(1II) 
species [PhC(NSiMe3)&Yb(SeAr)(THF) (Ar = Ph, Yb-Se = 
2.805(1) A;31 Ar = mesityl, Yb-Se = 2.793(2)A).IS Calculations 
based on ionic radii are less accurate a t  predicting the absolute 
Yb-Se bond distance, with the predicted value of 3.00 A being 
significantly longer than that observed experimentally.30 The 
Yb-N bond lengths, 2.586(10) and 2.577( 10) A, areclose to that 
reported for c ~ * ~ Y b ( T e p h ) ( N H , )  (Yb-N = 2.50(1) A).l2 

Due to the inversion center, the Se-Yb-Se angle is required 
tobe M O O .  TheYb-Se-Sibond angle (163.71( 11)O) is extremely 
large compared to those in [PhC(NSiMe3)2]2Yb(SeAr)(THF) 
(Ar = Ph, Yb-Se-C = 105.3(3)O;31 Ar = mesityl, Y W e C  = 
109.0(2) ") I s  and C~*ZS~(S~-~,~,~-C~H~(CF~)~) (THF) (Sm- 
Se-C = 126.4(1)O).I4 This unusual feature may be ascribed to 
increased interligand repulsion resulting from the greater steric 
bulk of the -SeSi(SiMe& group. The angle between the least- 
squares plane containing Yb, Se, and Si1 and the plane containing 
Yb, N 1, andN2  is 89.87(24)'. Simpleelectrostaticconsiderations 
predict the observed trans, pseudooctahedral geometry observed.32 
Metrical parameters for the silyl groups and TMEDA ligands 
are not unusual, and there are no unusually close intermolecular 
contacts. 

Europium DMPE Derivatives. In order to compare N versus 
P donor ligands on the chemistry of lanthanide(I1) chalcogeno- 
lates, we attempted to prepare the DMPE analogs of 3 and 4 
using similar reaction conditions. As shown in eq 2, however, the 
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Eu[N(SiMe,),],(THF), + 2HESi(SiMe3),  + 
excess DMPE- 

O.~~EU[ES~(S~M~,) , ] , (DMPE)~J~(~L-DMPE) + 
E = Se (7), Te (8) 

2HN(SiMe,),  (2) 

products 7 and 8 are somewhat different, with coordination of 
a fifth donor atom resulting in the formation of seven-coordinate 
p D M P E  dimers. The differing structures presumably arise as 
a consequence of the larger covalent radius of phosphorus relative 
to nitrogen, leading to longer Eu-P bonds and a less crowded 
metal center for a given coordination number. Removal of the 
volatiles and,crystallization from hexanes gives pure 7 and 8 in 
69 and 58% yields, respectively. Compound 8 was also formed 
in attempts to prepare a trivalent europium tellurolate, as shown 
in eq 3. 

Eu[N(SiMe,),], + 3HTeSi(SiMe3),  + excess D M P E  - 
0.5 {Eu [ TeSi( SiMe,) 3] 2( D M P E )  ,),(p-DMPE) + 

3HN(SiMe3),  + O.5[TeSi(SiMe3),I2 (3) 

Reduction of Ln(II1) to Ln(I1) also occurs for S m  and Yb. 
These latter reactions are not surprising, as tellurolate anions are 

(30) Shannon, R. D. Acta Crystallogr.. Sect. A 1976, A32, 151. 
(31) Wedler, M.; Noltemeyer, M.; Pieper, U.; Schmidt, H.-G.; Stalke, D.; 

(32) Kepert, D. L. Prog. Inorg. Chem. 1977, 23, 1. 
Edelmann, F. T. Angew. Chem., Int. Ed. Engl. 1990, 29, 894. 

SIB* 

1 7  

C I S 1 4  

Figure 2. ORTEP view of (EU[T~S~(S~M~~)~]~(DMPE)~J~(~-DMPE) 
(8). Thermal ellipsoids are drawn at the 50% probability level. Hydrogen 
and selected carbon atoms are omitted for clarity. 

Table 3. Selected Bond Distances (A) and Angles (deg) for 8 

Eu-Te 1 
Eu-Te2 
Eu-P 1 
Eu-P~ 

Tel-Eu-Te2 
Tel-Eu-P1 
Tel-Eu-P2 
Tel-Eu-P3 
Tel-Eu-P4 
Tel-Eu-P5 
Te2-Eu-P 1 
Te2-Eu-P2 
Te2-Eu-P3 

3.234(1) 
3.159(1) 
3.249(2) 
3.217(1) 
154.73(1) 
125.31(3) 
107.3 1 (3) 
78.54(3) 
77.14( 3) 
81.09(3) 
79.92(3) 
83.67(3) 
82.38(3) 

Te2-Eu-P4 
Te2-Eu-P5 
PI-Eu-P~ 
P2-Eu-P3 
P3-Eu-P4 
P&Eu-P5 
PI-Eu-PS 
Eu-Tel S i  1 
Eu-Te2Si5 

3.168(1) 
3.165 (2) 
3.185( 1) 

80.3 l(3) 
105.43(3) 
64.83(4) 
75.99(5) 
67.30(5) 
78.39(5) 
78.24(5) 

130.64(4) 
164.45(4) 

easily oxidized33 and the reduction Ln(1II) + e-+ Ln(1I) for Eu, 
Sm, and Yb is quite facile.27 In contrast, the less-reducing 
selenolate ligand forms stable Ln(II1) derivatives under com- 
parable  condition^.^^ 

The selenolate and tellurolate compounds crystallize as air- 
and moisture-sensitive thin needles or blocks, respectively. Under 
an atmosphere of dry N2, they can be stored for several weeks 
under normal lighting conditions without decomposition. The 
room temperature magnetic moments of 7 and 8 (pelf = 8.0 I . ~ B  
for both compounds) are high enough to prevent the use of N M R  
spectroscopy in their characterization. Variable-temperature 
solid-state magnetic susceptibility measurements for 8 indicate 
simple paramagnetic behavior down to 5 K (xm = C/(  T- e), C 

X-ray Structure of 8. An ORTEP view of the molecular 
structure of 8 is shown in Figure 2, and Table 3 contains selected 
bond lengths and angles. Each Eu atom is seven-coordinate with 
the tellurolate ligands occupying axial positions. There is an 
inversion center between C19 and C19' of the bridging DMPE 
ligand, and an approximate mirror plane including the Eu atoms 
and bridging ligand. The five phosphorus atoms and europium 
atom are  nearly coplanar. Direct comparison of the Eu-Te and 
Eu-P bond lengths to related compounds is hampered by the lack 
of any other published structures of europium tellurolates or 
phosphines.35 There are noclose inter- or intramolecular contacts 
in the molecule. 

= 7.55, e = 1.23 K). 

(33) Jensen, K. A.; Kjm, A. In The Chemistry of Organic Selenium and 
Tellurium Compounds; Patai, S. ,  Rappoport, Z., Eds.; Wiley: New 
York, 1986; Vol. 1; p 6. 
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thermolysis of 2. The XRD spectra obtained for YbE (E = Se, 
Te) produced in each thermolysis match those of the known 
compounds. Full details of thermolysis and other reactions of 
compounds 1-8 will be reported later.34 

Experimental Section 

General Data. Standard air- and moisture-sensitive techniques were 
used as previously described.17 The compounds Ln[N(SiMe3)z]z(THF)z 
(Ln = Eu, Yb),42,43 S ~ [ N ( S ~ M ~ ~ ) Z ] ~ ( T H F ) ~ , ~  SmIz(THF)Z," HESi- 
(%Me& (E = Se, Te),I8 KESi(SiMe3)l (E = Se, Te)," and (H3C)z- 
PCHzCH2P(CH& (DMPE)47 were prepared by literature methods. 
Melting points were determined in capillaries sealed under Nz and are 
uncorrected. Samples for FT IR spectroscopy were prepared as Nujol 
mulls between KBr plates. Room temperature magnetic moments were 
determined by the Evans method." Variable temperature magnetic 
susceptibilities were measured using a superconducting quantum interfer- 
ence device (SQUID). All magnetic susceptibilities are corrected for the 
underlying diamagnetic ~usceptibility.4~ Unless otherwise stated, all NMR 
spectra were recorded at 400 MHz for IH, 101 MHz for 13C, and 94.7 
MHz for 125Te at room temperature using C6D6 as the solvent. Chemical 
shifts for 'H NMR spectra are relative to tetramethylsilane and were 
calibrated by measurement of the chemical shifts of the residual protons 
in thedeuteratedsolvents used. Chemicalshifts for 13C(1H) NMRspectra 
are relative to tetramethylsilane and were calibrated by measurement of 
the chemical shifts of the deuterated solvents. Chemical shifts for lZs- 
Te(IH] NMR spectra are relative to MeZTe and were calibrated with 
external Te(OH)6 (6 7 12 ppm). X-ray powder diffraction (XRD) patterns 
were recorded on ground samples stuck to a quartz slide with petroleum 
jelly using an automated Siemens diffractometer with Cu Ka radiation 
and standard data reduction software. Elemental analyses were performed 
at the microanalytical laboratory in the College of Chemistry, University 
of California, Berkeley, CA, and Desert Analytics, Tucson, AZ. 

Yb[Mi(SiMe3)3]z(TDA)z (1). The addition of 40 mL of diethyl 
ether and 5 mLofTMEDAtoa flaskcontainingYb[N(SiMe3)z]Z(THF)z 
(428 mg, 0.671 mmol) and HSeSi(SiMe3)3 (439 mg, 1.34mmol) resulted 
in the immediate formation of a homogeneous yellow-orange solution. 
After 10 min of stirring, the volatiles were removed under vacuum. 
Extraction of the resulting solid with 150 mL of hexanes, followed by 
concentration and cooling to -40 OC, yielded thin yellow-orange needles 
of 1 (483 mg, 68%). Recrystallization from hexanes gavecrystals suitable 
for X-ray diffraction. Anal. Calcd for C30H86N&i&ezYb: c ,  34.04; 
H,8.19;N,5.29. Found: C,34.20;H,8.26;N,5.29. Mp: 213-215OC 
dec. IH NMR: 6 2.42 (s, 24 H), 2.27 (s, 8 H), 0.42 (s, 54 H). I3C{IH) 
NMR: 6 56.8, 49.4, 1.15. IR (cm-l): 1917 w, 1854 w, 1410 w, 1356 
w,1299w,1290m,1254m,1231s,1185w,1161,1127m,1101w,1071 
m, 1028 s, 1015 m, 953 s, 918 w, 866 s, 836 s, 784 s, 774 m, 740 m, 685 
s, 624 s. 
Yb[TeSi(SiMe3)3~(TMEDA)~ (2).  The procedureused was analogous 

to that for the synthesis of 1. The reaction of Yb[N(SiMe3)z]z(THF)z 
(679 mg, 1.06 mmol) and HTeSi(SiMe3)3 (804 mg, 2.14 mmol) yielded 
orange plates of 2 (769 mg, 63%). Anal. Calcd for Co&I86Nfii8TelYb 
C, 31.17; H, 7.50; N, 4.85. Found: C, 31.43; H, 6.91; N, 5.02. Mp: 
176-177 OC dec. IH N M R  6 2.44 (s, 24 H), 2.22 (s, 8 H), 0.46 (s, 54 
H). l3C('H) NMR: 6 56.6, 50.0, 1.64. IZsTe(lH) N M R  6 610. IR 
(cm-I): 1412 w, 1301 w, 1291 w, 1242 s, 1187 w, 1163 w, 1126 w, 1070 
w, 1029 m, 1012 w, 954 m, 920 w, 837 s, 785 m, 742 w, 686 s, 622 s. 

Eu[Mi(SiMe3)&(ThlEDA)z (3). The procedure used was analogous 
to that for the synthesis of I. The reaction of Eu[N(SiMel)z]z(THF)z 
(281 mg,0.456mmol)andHSeSi(SiMe~)~(300mg,0.915mmol)yielded 
thin yellow needles of 3 (473 mg, 72%). Anal. Calcd for C&8&- 
Si~Se2Eu: C, 34.73; H, 8.35; N, 5.40. Found: C, 34.12; H, 8.14; N, 

I ~ ' ",L_hJcl 
100 t 1 

0 - I  d'M:LJl+J+ I 

2 0  4 0  60  80  100 
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Figure 3. XRD spectrum of YbTe from the thermolysis of Yb[TeSi- 
(SiMedMTMEDA)2 (2).  

As in the case of 1 above, calculations based on ionic radii 
predict M-E bond lengths that are significantly longer than those 
actually observed. In the present case, Eu-Te bond lengths are 
3.234(1) and 3.159(1) A, while the summation of ionic radii 
predicts 3.41 A.30 For comparison, in the solid-state compound 
EuTe the bond length is 3.29 A.36 The Eu-P bond lengths (average 
3.20(1) A) are roughly 0.2 8, longer than in Yb[N(SiMe3)2]2- 
(DMPE) (3.012(4) A),37 a result which merely reflects the 
difference in the ionic radii of Eu(I1) and Yb(I1) (ca. 0.30 A 
larger for Eu(II)).3O The phosphine bite angles in these two 
compounds are also quite similar (P-Eu-P average 66.1 (1)' and 
P-Yb-P 68.4(2)O). In contrast to the six-coordinate selenolate 
1 described above, the chalcogenolateligands in seven-coordinate 
8 are not linearly disposed about the metal (Te-Eu-Te = 154.73- 
(1)O). It is also noteworthy that the angles a t  the chalcogen 
atoms are quite different, with one (Eu-Te2-Si5 = 164.34(4)') 
being close to the related parameter in the selenolate 1 (Yb- 
Se-Si = 163.71(11)') whereas the other is much more acute 
( E u - T e l S i l  = 130.64(4)'). 

Solid-state Thermolyses. For the Yb-TMEDA compounds, 
preliminary results indicate that they can be converted to the 
corresponding divalent metal chalcogenides by heating to 150- 
200 OC in the solid state at  lo-* Torr (eq 4). 

Y b [ ESi(SiMe,) ,(TMEDA) - 
[YbE] + E[Si(SiMe,),], + 2 T M E D A  (4) 

E = Se, Te  

Decomposition of metal chalcogenolates in this manner is well 
documented, having been observed to occur in bulk solids, in 
solution, and in the gas p h a ~ e . 4 , 8 , 9 , ~ ~ ~ '  

In the present case, the formation of pure E[Si(SiMe3)3]1 (E 
= Se, Te) was confirmed by 1H and 13C(1H) N M R  spectroscopy. 
The black powders recovered after heating to 300 OC contained 
low levels of carbon (typically: C ,  <3%; H and N, O.O%), but 
were not very crystalline, as determined by X-ray powder 
diffraction. Annealing at  800 OC lowered the carbon levels 
slightly, while significantly improving crystallinity. Figure 3 
shows a typical XRD spectrum of YbTe obtained from the 
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Solid-state Thermolysof 1 and 2. Approximately 200 mg (0.2 mmol) 
of the compound was placed in a quartz boat inside a long quartz tube. 
The tube was placed under a dynamic vacuum of 10-2 Torr and heated 
in a tube furnace to 300 OC over the course of about 2 h. At a temperature 
of about 150-200 OC, a colorless (E = Se) or yellow (E = Te) wax 
condensed in the unheated end of the tube. Over the same temperature 
range, the color of the solid in the boat turned black. The temperature 
of the tube was held at 300 OC for about 3 h. For annealing purposes, 
the temperature was increased to 800 OC and maintained there for 12 
h. 

After the tubewasslowlycooled toroom temperature, thewaxrecovered 
was identified as pure E[Si(SiMe3)3]2 by 'Hand l3C NMR comparisons 
to authentic samples (IH N M R  E = Se, 6 0.35; E = Te, 6 0.36. 13C 
NMR: E = Se, 6 1.45; E = Te, 6 1.90). The black powder remaining 
in the boat was analyzed by CHN combustion analyses (typically: C, 
<3%, H and N, 0.0%) and X-ray powder diffraction. The yield of YbE 
was typically 10&110%, mmt likely due to Si and C impurities. Lit. [d 
(A)]: Y~SC,~O 3.430 w, 2.967 s, 2.098 m, 1.789 w, 1.713 w, 1.484 w, 
1.327 w, 1.211 w; YbTe,51 3.184 s, 2.252 m, 1.836 w, 1.591 w, 1.424 w, 
1 . 3 0 0 w , 1 . 1 2 5 ~ , 1 . 0 6 1 ~ .  Found[d(A)]: YbSe,3.419~,2.967~,2.098 
m, 1.794 w, 1.711 w, 1.485 w, 1.327 w, 1.207 w; YbTe, 3.174 s, 2.246 
m, 1.835 w, 1.589 w, 1.422 w, 1.298 w, 1.124 w, 1.059 w. 

X-ray Crystallography. Table 1 contains details of crystal and data 
collection parameters. The structure of 8 was determined by Dr. F. J. 
Hollander at the CHEXRAY crystallographic facility in the College of 
Chemistry, University of California, Berkeley, CA. 

1. Small orange needles were obtained by slow crystallization from 
a saturated hexanes solution at -40 OC. A suitable fragment was cleaved 
and mounted on a glass fiber using Paratone N hydrocarbon oil. The 
crystal was transferred to an Enraf-Nonius CAD-4 diffractometer, 
centered in the beam, and cooled to -104 OC. Automatic peak search 
and indexing procedures yielded a monoclinic reduced primitive cell. 
Inspection of the systematic absences indicated the space group P2l /c .  

The 3848 raw intensity data were converted to structure factor 
amplitudes and their esd's by correction for scan speed, background, and 
Lorentz and polarization effects. Intensity standards were measured on 
the diffractometer every 1 h of data collection. Intensity standards 
decreased 2.8% over the data collection period. Three reflections were 
checked after every 250 measurements as orientation checks. Crystal 
orientation was redetermined if any of the reflections were offset by more 
than O.0lo from their predicted positions; such orientation was necessary 
eight times during data collection. Inspection of the azimuthal scan data 
showed a variation I h / I -  = 0.81 for the average curve. An empirical 
correction basedon theobservedvariation wasappliedto thedata. Removal 
of systematic absences left 3408 unique reflections. Removal of 146 data 
that deviated more than O.lOo from their calculated positions left 3262 
reflections. 

The crystal structure was solved using Patterson methods and refined 
by standard least-squares and Fourier techniques. Following refinement 
of all non-hydrogen atoms with anisotropic thermal parameters, all 
hydrogen atoms were assigned idealized positions. They were included 
in the structure factor calculations, but not refined. 

The final residuals for 205 variables against the 1986 data for which 
F > 3 4 F )  were R = 0.0437, R, = 0.0424, and GOF = 1.21. The R 
value for all 3262 data was0.103. Thelargest peak in the final difference 
Fourier map had an electron density of 0.48 e/A3, and the lowest excursion 
was -0.37 e/A3. 

8. Large orange blocks were obtained by slow crystallization from a 
saturated hexanes solution at -40 OC. A suitable fragment was cleaved 
and mounted on a glass fiber using Paratone N hydrocarbon oil. The 
crystal was transferred to an Enraf-Nonius CAD-4 diffractometer, 
centered in the beam, and cooled to -90 OC. Automatic peak search and 
indexing procedures yielded a tricinic reduced primitive cell. Inspection 
of the Niggli values revealed no conventional cell of higher symmetry. 

The 11125 raw intensity data were converted to structure factor 
amplitudes and their esd's by correction for scan speed, background, and 
Lorentz and polarization effects. Intensity standards were measured on 
the diffractometer every 1 h of data collection and showed no significant 
decrease in intensity over the data collection period. Three reflections 
were checked after every 200 measurements as orientation checks. Crystal 
orientation was redetermined if any of the reflections were offset by more 
than O.0lo from their predicted positions; such orientation was necessary 
twiceduringdatacollection. Inspectionoftheazimuthalscandata showed 

5.05. Mp 202-207 OC dec. p = 8.1 pg. IR (cm-I): 1358 w, 1299 w, 
1291m,1236s, 1183w,1161m,1129m,1100w,1073m,1031s,1017 
m, 953 s, 922 w, 864 s, 839 s, 783 s, 741 m, 685 s, 623 s. 
Eu[TeSi(SiMe3)sh(TMEDA)2 (4). The procedureused was analogous 

to that for the synthesis of 1. The reaction of Eu[N(SiMe3)2]2(THF)2 
(267 mg, 0.433 mmol) and HTeSi(SiMe3)o (326 mg, 0.887 mmol) yielded 
thin yellow plates of 4 (269 mg, 55%). Anal. Calcd for C3oH86NBis- 
Te2Eu: C, 31.75; H, 7.64; N, 4.94. Found: C, 31.71; H, 7.72; N, 4.64. 
Mp: 84-88 OC dec. p = 8.0 pg. IR (cm-l): 1302 w, 1292 w, 1236 s, 
1185 w, 1163 w, 1129 w, 1072 w, 1031 m, 1015 w, 954 m, 863 s, 836 
s, 783 m, 742 w, 687 m, 622 m. 

Sm(SeSi(SiMe3)&(TMEDA)2 (5). Method A. A solution of KSeSi- 
(SiMe3)3 (799 mg, 2.18 mmol) in 30 mL of diethyl ether was added to 
a suspension of SmIz(THF)Z (597 mg, 1.09 mmol) in 30 mL of diethyl 
ether and 5 mL of TMEDA, resulting in the immediate formation of a 
dark green solution with a light blue precipitate. After 15 min of stirring, 
the volatiles were removed under vacuum. Extraction of the resulting 
solid with 200 mL of hexanes, followed by concentration and cooling to 
-40 OC, yielded thin dark green needles of 5 (490 mg, 43%). Repeated 
recrystallizations from hexanes and other solvents failed to remove minor 
SiMe3-containing decomposition products, preventing analytically pure 
material from being isolated. Mp: 191-192 OC dec. p = 3.4 pg. IH 
NMR: 6 5.96 (s, 24 H, Av1/2 44 Hz), 1.30 (s, 54 H, A V I ~  = 4.5 Hz), 
-20.05 (s, 8 H, Pulp  = 19 Hz). W(lH)NMR: 6 0.89. IR (cm-I): 2803 
m, 1291 m, 1236 s, 1161 w, 1129 w, 1073 w, 1031 m, 1017 w, 952 m, 
866 s, 836 s, 782 m, 741 w, 685 s, 623 s. 

Method B. The procedure used was analogous to that for the synthesis 
of 1. The reaction of Sm[N(SiMe3)2]2(THF)2 (307 mg, 0.499 mmol) 
and HSeSi(SiMe3)o (327 mg,0.998 mmol) yieldedvery darkgreen needles 
of 5 (286 mg, 55%). 

Sm[TeSi(SiMej)&(TMEDA)2 (6). Method A. The procedure used 
was analogous to method A used for the synthesis of 5. The reaction of 
SmIz(THF)z (498 mg, 0.908 mmol) and KTeSi(SiMe3)p (754 mg, 1.82 
mmol) yielded dark green plates of 6 (415 mg, 40%). As noted in the 
Discussion, analytically pure material could not be obtained, even after 
repeated recrystallization from hexanes. Mp: 157-158 OC dec. = 3.3 

14 Hz), -21.02 (s, 8 H, A V I I ~  = 93 Hz). W(IH)NMR: 6 1.59. 125Te- 
(IH) NMR: 6 3243. IR (cm-I): 2797 m, 1301 w, 1292 m, 1237 s, 1185 
w, 1162 w, 1129 w, 1071 w, 1031 m, 1015 m, 953 m, 862 s, 835 s, 783  
m, 742 w, 686 s, 622 s. 

Method B. The procedure used was analogous to that for the synthesis 
of 1. The reaction of Sm[N(SiMe3)2]2(THF)z (254 mg, 0.413 mmol) 
and HTeSi(SiMe& (3 10 mg, 0.824 mmol) yielded thin dark green plates 
of 6 (245 mg, 53%). 
{Eu[SeSi(SiMe,)&(DMPE)&(p-DMPE) (7). The addition of 30 

mL of diethyl ether to a flask containing Eu[N(SiMe3)2]2(THF)2 (601 
mg, 0.974 mmol) and HSeSi(SiMe3)o (714 mg, 2.18 mmol) resulted in 
the immediate formation of a homogeneous yellow solution. The addition 
of DMPE (0.82 mL, 4.9 mmol) resulted in the solution immediately 
turning orange. After 15 min of stirring, the volatiles were removed 
under vacuum. Extraction of the resulting solid with 100 mL of hexanes, 
followed by concentration and cooling to -40 OC, yielded thin orange 
needles of 7 (793 mg, 69%). Mp: 170-171 OC dec. p = 8.0 pg. Anal. 
Calcd for CaHl&&il&e4Euz: C, 33.57; H, 8.03. Found: C, 33.20; 
H, 8.08. IR (cm-l): 1423 m, 1296 w, 1280 w, 1253 w, 1235 s, 1183 w, 
1095 w, 945 m, 924 w, 903 w, 885 w, 864 m, 834 s, 724 m, 684 m, 622 
m. 
(Eu(TeSi(SiMe&b(DMPE)2)2(p-DMPE) (8). Method A. Asolution 

of HTeSi(SiMe3)3 (552 mg, 1.47 mmol) in 10 mL of hexanes was added 
over a 10-min period to a solution of Eu[N(SiMe3)2]3 (596 mg, 0.941 
mmol) and DMPE (0.25 mL, 1.5 mmol) in 30 mL of hexanes. Over the 
course of a few minutes, the solution turned dark green and an orange 
precipitate formed. The mixture was stirred for 1 h and the volatiles 
removed under vacuum. All of the material was extracted with 50 mL 
of hexanes, and concentration and cooling to-40 OC yielded small orange 
blocks of 8 in two crops (363 mg, 58%). Recrystallization from hexanes 
gave crystals suitable for X-ray diffraction. Mp: 182-183 OC dec. p = 

Found: C, 30.52; H, 7.46. IR (cm-I): 1424 m, 1297 w, 1236 m, 1182 
w, 1095 w, 946 m, 923 w, 904 w, 890 w, 863 m, 835 s, 723 w, 686 w, 
623 w. 

Method B. The procedure used was analogous to that for the synthesis 
of 7. The reaction of Eu[N(SiMe3)z]z(THF)z (302 mg, 0.489 mmol), 
HTeSi(SiMe3)3 (361 mg, 0.982 mmol), and DMPE (0.40 mL, 2.4 mmol) 
yielded small orange blocks of 8 (312 mg, 50%). 

pg. 'H NMR: 6 3.02 (s, 24 H, Av1/2 = 62 Hz), 1.97 (s, 54 H, AVI/Z = 

8.0 pg. Anal. Calcd for CaHl8&&16Te&Uz: c, 31.02; H, 7.41. 

(50) JCPDS NO. 18-1467. 
(51) JCPDS NO. 18-1468. 
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a variation Imh/Imax = 0.86 for the average curve. An empirical correction 
based on the observed variation was applied to the data. The choice of 
the centric space group Pi was confirmed by the successful solution and 
refinement of the structure. 

The crystal structure was solved using Patterson methods and refined 
by standard least-squares and Fourier techniques. The SiMe3 groups 
attached to Tel are disordered in two positions, one of which is occupied 
13% of the time. Disorder was modeled by changing the occupancy until 
the effective isotropic thermal parameters for the two sets of partially 
occupied atoms were equal. The Si atoms were modeled, but no attempt 
was made to find the minority carbon atoms. Many of the carbon atoms 
are nearly in the same place for either Si configuration. In addition, a 
similar modeling technique indicated that the methyl carbon atoms on 
Si8 were disordered in two positions, in the ratio of about 45%. In a 
difference Fourier map calculated following the refinement of all 
nondisordered non-hydrogen atoms with anisotropic thermal parameters, 
peaks were found corresponding to the positions of many of the hydrogen 
atoms. Hydrogen atoms for ordered carbon atoms were assigned idealized 
locations and values of Bi, were approximately 1.25 times the B ,  of the 
atoms to which they were attached. They were included in the structure 
factor calculations, but not refined. 

Cary and Arnold 

The final residuals for 452 variables against the 8565 data for which 
F >  34F) were R = 0.0350, R, = 0.0410, and GOF = 1.52. The R 
value for all 11 125 data was 0.0524. In the final cycles of refinement 
a secondary extinction parameter was included (maximum correction 
was 10% on F). The largest peak in the final difference Fourier map had 
an electron density of 1.32 e/A3, and the lowest excursion was -0.11 
e/A3. Thelargestpeakswerealllocatednear theEuatomor thedisordered 
SiMe3. 
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