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The isolation and structural characterization of thesoGes?~ cluster anion by X-ray crystallography and Raman
spectroscopy is reported, completing the series of five-atom homopolyatomic anions of the group 14 elements,
Ms2~ (M = Ge, Sn, Pb). ThelosoGe?2~ anion was obtained as the (2,2,2-crypt)kGes?-THF salt which
crystallizes in the triclinic system, space group P1, in a unit cell of dimensieng0.9657(4) Ab = 12.1750(5)

A, c=12.9142(5) Ao = 62.163(1), 8 = 67.776(13, andy = 84.187(13. The trigonal bipyramidal geometry
observed for the G& anion (D3, point symmetry) is in accord with that predicted by Wade's rules fona 2

+ 2 skeletal electron system and has been observed for te &nd Plg?~ homologues and for the isovalent

Tls’~ and BE*" ions. The Raman spectrum of the §Seanion is compared and assigned by analogy with that

of the Big3* cation.

Introduction To date, trigonal bipyramidatlosaMs clusters containing
) . ) group 13 (T§),*213group 14 (Sg*~ and Pl?"),** and group
Homopolyatomlc main-group element anions were electro- 15 (Bi**)15 metals have been synthesized and structurally
chemically prepared by Zintl and co-workér$in the 1930's  ¢paracterized in the solid state. Of these clusters, on§*Bi
and identified by potentiometric fitrations of sodium/liquid 45 peen characterized in solution by spectroscopic methods.
ammonia solutions with salts of the main-group elements.  The present work reports the preparation and structural
Evaporation of ammonia from these solutions resulted in the -p5racterization of the G& anion in (2,2,2-crypt-K),Ge2 -
formation of amorphous amine complexes which lost ammonia g by X-ray crystallography and solid-state Raman spectros-

forming intermetallic phases, thus precluding the isolation and copy. The isolation of G&~ completes the series of group 14
characterization in the solid state of the species present infye-atom cluster anions.

solution*
Although electrochemical preparations of homopolyatomic Results and Discussion
germanium anions were unsuccessfulZintl and Kaise? Synthesis of (2,2,2-crypt-K),Ges2-THF. The experimen-

generated pale brown solutions by ammonia extraction of {5 approach involved the formation of K&g by fusion of
sodium-germanium alloys, while Johnson and Wheatlg-  the elements followed by extraction of the powdered alloy in
ported that the reaction of sodium and finely divided germanium ap in the presence of a stoichiometric deficit of 2,2,2-crypt with
in liquid ammonia produced an intense red solution. Dighl respect to K (K*:2,2,2-crypt= 1.00:0.44). Orange-colored
al.® reported that the sodiurrgermanium alloy NaGeslowly —single crystals were isolated from the en solution upon addition
dissolved in warm ethylenediamine (en) and copper-colored of tetrahydrofuran (THF). The synthetic approach used to
crystals of composyt_lon_Meeg-Sen were |solate_d. A_general isolate (2,2,2-crypt-K),Ges2~-THF differs from that used to
route to the stabilization of homopolyatomic anions was prepare other salts containing germanium cluster anions. The
discovered by Corbett and co-workéesd employs the use of (2,2,2-crypt-KeGe2Gey*-2.5en sak was obtained upon
2,2,2-crypt as a sequestering agent for the alkali metal cationsaqgition of a slight excess of 2,2,2-crypt (with respect t) K

in order to prevent electron transfer from the anions to the {5 an en extract of the KGe alloy, while addition of
cations upon removal of the solvent. More recently, the use of yphenyiphosphine and tetrakis(triphenylphosphine)nickel(0) to
2,2,2-crypt allowed the isolation and structural characterization thjs en solution led to the isolation of (2,2,2-crypt¥P(CsHs)s-
ofgtheiohl?mgopolyatomizciglgzrmanium anions,&¢’ Ge" (n = Ge’~ and (2,2,2-crypt-K),Gei?~, respectively®t The amount

27 30114), and Geg . of 2,2,2-crypt added to an en alloy extract can dramatically
influence the nature of the anions that are obtained, as

® Abstract published ifdvance ACS Abstract#iugust 1, 1997. exemplified by the isolation of the B and Plg3~ anions’
@ f'srf’f'; Goubeau, J.; Dullenkopf, W. Z. Phys. Chem., Abt. 2031, the paramagnetic Bb anion was isolated in the presence of a
(2) Zintl, E.; Dullenkopf, W. Z.Z. Phys. Chem., Abt. B932 16, 183. stoichiometric excess of 2,2,2-crypt while a stoichiometric deficit
(3) Zintl, E.; Kaiser H.Z. Anorg. Allg. Chem1933 211, 113. of 2,2,2-crypt was required for the isolation of thesPhanion.
(4) Zintl, E.; Harder, A.Z. Phys. Chem., Abt. A931, 154, 47. - - K+ 2—,
(5) Johnson, W. C.. Wheatly, A. . Anorg. Allg. Chem1934 216 X-ray Crystal Structure of (2,2,2-crypt-K *),Ges™ -THF.
273, Details of the data collection parameters and other crystal-
(6) Diehl, L.; Khodadedeh, K.; Kummer, D.; Shie, J.Chem. Ber1976
109, 3404. (12) Dong, Z.; Corbett, J. DJ. Am. Chem. S0d.994 116, 3429.
(7) Corbett, J. D.; Adolphson, D. G.; Merryman, D. J.; Edwards, P. A.; (13) Dong, Z.; Corbett, J. Dnorg. Chem.1996 35, 3107.
Armatis, F. J.J. Am. Chem. Sod.975 97, 6267. (14) Edwards, P. A.; Corbett, J. Inorg. Chem.1977, 16, 903.
(8) Critchlow, S. C.; Corbett, J. 0. Chem. Soc., Chem. Comma@81, (15) Ulvenlund, S.; Stahl, K.; Bengtsson-Kloo, lnorg. Chem199§ 35,
236. 223.
(9) Belin, C. H. E.; Corbett, J. D.; Cisar, A&. Am. Chem. So0d977, 99, (16) Burns, R. C.; Gillespie, R. J.; Luk, W.-@morg. Chem.1978 17,
7163. 3596.
(10) Belin, C.; Mercier, H.; Angilella, VNew J. Chem1991, 15, 931. (17) Campbell, J.; Dixon, D. A.; Mercier, H. P. A.; Schrobilgen, Gnarg.
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Table 2. Atomic Coordinates %10 and Equivalent Isotropic
Displacement Parameters3A 10%) for the Non-Hydrogen Atoms
in (2,2,2-crypt-K"),Ge> - THF

X y z Ueqy
Ge(1) 5319(1) 1632(1) 9138(1) 96(1)
Ge(2) 5284(1) 2414(1) 7001(1) 86(1)
Ge(3) 5269(1) 3935(1) 7996(1) 94(1)
Ge(4) 3149(1) 2346(1) 8959(1) 85(1)
Ge(5) 3869(1) 4153(1) 6804(1) 101(1)
K(1) 1468(1) 9557(1) 5571(1) 54(1)
N(100) 4349(4) 9558(4) 4699(4) 68(1)
c(101) 4763(6) 9081(7) 3771(7) 90(2)
C(102) 4205(7) 9655(7) 2779(6) 93(2)
0(103) 2811(4) 9377(4) 3326(3) 74(1)
C(104) 2258(8) 9992(6) 2366(6) 88(2)
C(105) 826(8) 9684(7) 2934(7) 92(2)
0(106) 203(4)  10064(4) 3879(4) 77(1)
Figure 1. Unit cell of (2,2,2-crypt-K),Ge>  THF viewed down the C(107) —1193(7) 9839(8) 4372(8) 100(2)
a-axis. For clarity, only the non-hydrogen atoms have been included. C(108) —1795(6) 10241(8) 5374(8) 99(2)
N(109)  —1418(4) 9548(5) 6466(5) 82(1)
Ge(1) C(110)  —2003(6) 8280(7) 7180(8) 113(3)
C(111)  —1514(7) 7444(8) 8196(8) 114(3)
0(112) —129(5) 7370(4) 7639(4) 88(1)
C(113) 424(8) 6703(6) 8575(6) 94(2)
c(114) 1768(8) 6506(6) 7998(7) 97(2)
0(115) 2584(4) 7681(3) 7181(4) 76(1)
C(116) 3914(7) 7512(6) 6635(7) 87(2)
c(117) 4713(6) 8736(7) 5774(7) 90(2)
c(118) 4927(6)  10853(7) 4090(8) 97(2)
C(119) 4320(8)  11553(7) 4817(9) 112(2)
0(120) 2990(4)  11709(4) 4886(5) 91(1)
c(121) 2382(11) 12256(8) 5716(9) 119(3)
c(122) 1059(11)  12411(9) 5862(12) 139(4)
0(123) 292(5)  11208(4) 6513(5) 103(2)
C(124)  —1059(8)  11391(9) 6686(10) 116(3)
Figure 2. View of the Gg2~ anion in (2,2,2-crypt-K),Ge? - THF. C(125)  —1819(7)  10159(8) 7275(9) 110(2)
Thermal ellipsoids are drawn at the 50% probability level. K(2) 927(1) 16250(1) 2195(1) 55(1)
N(200)  —1991(4)  16296(4) 3095(5) 72(1)
Table 1. Summary of Crystal Data and Refinement Results for C(201)  —2443(5) 16652(7) 4114(6) 82(2)
(2.2,2-Crypt-K),Ga2THF C(202)  —1844(6)  16004(6) 5076(6) 84(2)
0(203) —456(4)  16361(3) 4520(3) 67(1)
chem formula GoHgoGesK2N4O13 fw 1266.23 C(204) 140(7) 15770(6) 5417(5) 82(2)
a=10.9657(4) A space groupl (No. 1) C(205) 1556(7)  16154(6) 4840(6) 86(2)
b=12.1750(5) A T=24°C 0(206) 2184(4)  15795(4) 3870(4) 75(1)
32_1622-9116‘}32((157) A £=0710173 A o C(207) 3581(7)  16048(8) 3358(7) 99(2)
B =67.776(1 an:lcdzs.s' leg C(208) 4192(6) 15566(9) 2413(7) 101(2)
Y = 84.187(1) Rf = 0.0432 N(209) 3828(4)  16214(5) 1291(4) 77(1)
V = 1405.4(1) R WRp = 0.1068 C(210) 4437(6)  17503(8) 510(7) 99(2)
7-1 C(211) 3888(7)  18294(7)  —485(6) 98(2)
i Lo , i 0(212) 2533(4)  18382(3) 107(3) 76(1)
ARy = Y ||Fol — IFell/Y|Fol. P WR = [T [W(Fo? — FA)Z/ IW(Fo?)? Y2 C(213) 1986(7) 19201(5)  —794(5) 81(2)
c(214) 616(7)  19402(5)  —128(6) 81(2)
lographic information are given in Table 1. The final atomic ~ 9(215) —207(4)  18251(3) 643(4) 74(1)
coordinates and equivalent isotropic thermal parameters for all g(gig) —1518(7) 18429(6) 1244(7) 87(2)
non-hydrogen atoms are given in Table 2. The contact distances (217 ~2359(6) 17174(0) 2032(7) 86(2)
_ _ _ : C(218)  —2595(6)  15033(6) 3587(7) 86(2)
and angles in the G& anion are listed in Table 3. C(219) —1952(7) 14411(7) 2783(8) 97(2)
The structure of the (2,2,2-crypt cation is similar to that 0(220) —637(4) 14189(4) 2713(4) 83(1)
determined previously in the (2,2,2-crypt:}PlbyTes? - CHa- C(221) —20(8)  13607(6) 1954(7) 91(2)
CN salt!8 which also crystallizes in thB1 space group, with C(222) 1324(9) 13366(6) 1915(7) 97(2)
average K-O and K—N distances of 2.826(14) and 2.943(9) 0223) 2101(%) 1a490(9 1392(4) 86(1)
A ol A loto i<t of bord tenathe and andles | C(224) 3445(7)  14292(8) 1190(8) 104(2)
, respecnve y.- A comp etg |stp ond lengt S and angles In - c(225) 4228(6) 15522(8) 559(7) 98(2)
the cations and THF is provided in the Supporting Information.  O(300) 7985(23) 4062(20) 9934(21) 324(9)
The crystal structure consists of agseanion, (2,2,2-crypt- C(301) 7109(15)  2977(14)  10819(14) 176(5)

+ : C(302) 7940(19) 2045(18) 10800(17) 217(7)
K™) cations, and a THF solvent molecule. In contrast to the C(303) 8944(18) 2499(17) 9451(17) 198(6)

high symmetry and centrosymmetric packing in_the (2,_2_,2-crypt- C(304) 8937(26) 3663(24) 8974(24) 270(10)
KH)oMs2~ (M = Sn, Pb) salts, which contain positionally ) ] ]

disordered N2~ anionsts the packing in the unit cell of (2,2,2- 2U(eq) is defined as one-third of the trace of the orthogonalizgd
crypt-K+),Ge2~THF is noncentrosymmetric and contains a ©"°"

well-ordered G¢#~ anion. The packing consists of layers of The trigonal bipyramidal geometry~Q3 point symmetry)
(2,2,2-crypt-K) cations separated by layers of &eanions exhibited by the G&€~ anion (Figure 2) has been observed for
and THF, as shown in Figure 1. its group 14 homologues §n and Plg?~ 1> and for the isovalent
Bis3* 16 and Tk~ 1213jons. The Gg*~ anion and related M

(18) Park, C.-W.; Salm, R. J.; Ibers, J. 8an. J. Chem1995 73, 1148. clusters contain 22 valence (s and p) electrons, of which 10 are
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Figure 3. Raman spectrum of the &e anion in (2,2,2-crypt-K),-
Ge?~-THF recorded in a glass capillary on crystals at room temperature
using 647.1-nm excitation.

Table 3. Contacts (A) and Angles (deg) for the &eAnion in
(2,2,2-crypt-K),Ge> - THF

Contacts (A)
Ge(1)-Ge(2) 2.479(1) Ge(DGe(3) 2.491(1) Ge(HGe(4) 2.506(1)
Ge(2)-Ge(3) 2.698(1) Ge(2)Ge(d) 2.691(1) Ge()Ge(5) 2.466(1)
Ge(3)-Ge(4) 2.678(1) Ge(3)Ge(5) 2.474(1) Ge(4)Ge(5) 2.486(1)

Angles (deg)

Ge(2-Ge(1-Ge(3) 65.75(3) Ge(dGe(l-Ge(d)  65.35(3)
Ge(3-Ge(1)-Ge(d) 64.81(3) Ge(BGe(2-Ge(5) 103.26(3)
Ge(1)-Ge(3)-Ge(5) 102.67(3) Ge(BHGe(4-Ge(5) 101.91(3)
Ge(2-Ge(3-Ge(d) 60.08(3) Ge(3)Ge(2-Ge(4)  59.59(3)
Ge(3-Ge(4)-Ge(2)  60.33(3) Ge(DGe(5-Ge(3)  66.19(3)
Ge(2-Ge(5)-Ge(4)  65.84(3) Ge(3)Ge(5-Ge(4)  65.35(3)

allocated to theexoskeletal electron pairs leaving 12 skeletal
bonding electrons so that the cluster obeys the simplified
(2n + 2) rule for closoclusterst®20

The Ge-Ge contacts range from 2.466(1) to 2.698(1) A and
are comparable to those found in the homopolyatomic germa-
nium clusters [G¢~ (n = 2, 2.528(6}-2.811(6) A° n = 3,
2.534(4)-3.268(4) A01ln = 4, 2.533(7)-2.962(7) A) and
Ge? (2.504(6)-2.946(7) A9 and to the Ge-Ge bonds found
in [((CH3)3Si)3GeCllCsHs (2.509(1)-2.558(2) A¥! and Ge-
Ph2CsHs (2.463(2) A)22 The Ge-Ge contacts from the
apical Ge(1) and Ge(5) atoms to the equatorial Ge(2), Ge(3),

and Ge(4) atoms are shorter than those between the equatorial

atoms by 0.21 A. This trend has also been observed ifrSn
Phs?~, TIs"~, and BE®" in which the differences between these
distances generally are similar, i.e., 0.23 (8n).24 (Pb)}4
0.09-0.47 (T2 and 0.31 (Bi}5 A. As expected, the Ge
Ge—-Ge angles in G&~ are comparable to the corresponding
angles observed in the $n and Pl?~ clusterst*

Vibrational Spectrum of the Ges?>~ Anion. The solid-state
Raman spectrum of (2,2,2-crypttheGes? - THF is shown in
Figure 3 and covers only that region in which the fundamental
vibrations of the anion are found. The observed frequencies
and their assignments are listed in Table 4.

The vibrational modes of the gas-phasesGeanion Oz
point symmetry) belong to the irreducible representaligp
=2A) + A" + 2E + E". A total of 6 vibrational bands (9
modes) are expected of which 5 bands {2A2E+ E") are
Raman active and 3 bands A~ 2E) are infrared active.
Correlation of the free anion symmetrip4,) to the crystal-
lographic anion site symmetrz() and the unit cell symmetry
(Cy) indicated that the vibrational modes of the anion in the

(19) Wade K.Adv. Inorg. Chem. Radiochem976 18, 1.

(20) Mingos, D. M. PAcc. Chem. Red984 17, 311.

(21) Mallela, S. P.; Geanangel, R. morg. Chem.1994 33, 1115.

(22) Roller, S.; Simon, D.; Dger, M. J. Organomet. Chen1986 301,
27.
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Table 4. Vibrational Frequencies and Assignments fors3Gén
(2,2,2-crypt-K"),Ge?~-THF and B§*" in Bis(AsFs)3:2SQ and in
Bis(AICl4)3?

frequency, cm!

Bis(AICl)s
Bis(ASFa)g’ soln
2SO solid solid (NaAICl,, 180°C) Ge?” assgh
142 (10.0) 146 (4.2), 135(3.6)p 269 (10.0) 1 (A7)
139 (5.3
124 (1.8) 125(1.3), 119 (4.1)p 201(1.2) v (AY)
121 (1.3
130s,sp 125s,sp va(A2'")
103 (3.8), 100 (4.0) 97 (1.2)dp 190 (1.4), vs(E")
98 (4.1y 185 (1.4)
64(8.5)  64(10.0) 62(2.0)p 111 (0.2) va(E)
52(5.2)  51(4.8) 48 (1.9) p 91(0.4) ws(E)

@ Relative intensities are given in parentheses. The vibrational
frequencies for the Bi* cation are from ref (13). The symbols p and
dp denote polarized and depolarized baftd®ee Figure 4¢ Factor-
group split bands? Obtained from an infrared spectrum. The symbols
s and sp denote strong and sharp.

unit cell should, in principle, be Raman and infrared active.
However, failure to observe the counterpart to the formally
infrared active A" mode in the Raman spectrum indicates that
vibrational coupling within the unit cell is not significant.
Consequently, vibrational assignments for the?Ganion of
(2,2,2-crypt-Kh),Ges2 - THF are for the gas-phase e anion

and were made by analogy with those of the isovalegt'Bi
cation® Both the solid-state infrared and Raman spectra,
including solution Raman depolarization measurements, have
been obtained for Bi" (Table 4), and the assignments have
been confirmed by a normal coordinate analysis. Although the
vibrational spectra of SA~ and Plg?~ have not been reported,
their calculated vibrational frequencies have been reported along
with those of Bi*, using extended Hikel and Hartree Fock
methodst> With the exception ob4(E') andvs(E') for Bisd™,

the remaining calculated frequencies at the MP2 level agree, to
within 48 cn11, with the experimental values. Because a better
overall agreement between calculated and experimental values
could be obtained by interchanging(A1) and v4(E'), a
reassignment of the experimental spectrum was suggested. The
suggested reassignment, however, requisés,’) to be infrared
active contradicting the vibrational selection rules, which require
vo(A1') to be Raman active aney(E') to be both Raman and
infrared active. In addition, the experimental vibrational
activities in the solid-state infrared and Raman spectra and
solution Raman polarization measurements of th&'Biation

do not support this interchange of vibrational modes. Thus,
the assignments originally reported for the experimental vibra-
tional spectra of Bf* have been retained.

As expected, the G& anion modes were shifted to higher
frequency relative to those of 8i" by virtue of the reduced
mass effect (Table 4). Descriptions of the vibrational modes
of the GgZ~ anion are depicted in Figure 4. The most intense
band at 269 cm' is assigned ta1(A{'), the totally symmetric
stretching mode of the Geluster, and the band at 201 chis
assigned to the totally symmetric stretching mode mainly
associated with the apical Ge atoms. The degenerate modes,
v4(E') andvs(E'), are assigned to the bands at 111 and 91'¢cm
respectively. The remaining degenerate mag¢'"), is split
and appears at 185 and 190Tm The splitting of the doubly
degenerates(E'') mode has also been observed in the Raman
spectrum of the B cation in Bi(AsFs)s:2SG and is attributed
to lowering of the free G&~ anion symmetry toC; site
symmetry in the crystal.



The closoGes2~ Anion

t |
! |

!

Vi(Ay) Va(AY)
V4(E) vs(E)

Figure 4. Vibrational modes of the G& anion.

Experimental Section

Apparatus and Materials. All manipulations were carried out
under anhydrous and oxygen-free conditions on a glass vacuum line
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mode utilizing 2x 2 pixel binning. A complete sphere of data was
collected, to better than 0.8 A resolution. Upon completion of the data
collection, the first 50 frames were recollected in order to improve the
decay corrections analysis. Processing was carried out by using the
program SAINT?*which applied Lorentz and polarization corrections
to three-dimensionally integrated diffraction spots. The program
SADABS® was utilized for the scaling of diffraction data, the
application of a decay correction, and an empirical absorption correction
based on redundant reflections.

Solution and Refinement of the Structure. The XPREP prograff
was used to confirm the original cell and showed the lattice to be
triclinic (Rn = 0.0205). The structure was solved in tR& space
group by using the direct methods procedure in the Siemens SHELXTL
program?® which located the general positions of five germanium atoms,
indicating the presence of a trigonal bipyramidakGeanion, and the
positions of the potassium, carbon, nitrogen, and oxygen atoms of the
two (2,2,2-crypt-K) cations. The full-matrix least-squares refinement
of their positions and isotropic thermal parameters gave-&actor of
0.195, and the successive difference Fourier synthesis revealed the
general positions of carbon and oxygen atoms of the THF solvent
molecule. Least-squares refinement of the positions and isotropic
thermal parameters of the solvent molecule showed that the molecule
was disordered over two positions. However, the two positions could
not be completely resolved. The final refinement was obtained by
'refining the non-hydrogen atoms of the anion and the cations with

equipped with glass/Teflon grease-free stopcocks (J. Young Scientific 4pisotropic thermal parameters, setting the calculated positions of the
Glassware), and in a two-station nitrogen-atmosphere drybox (Vacuum hydrogen atomsd{C—H) = 0.96 A, U(H) fixed to 1.2J(C)], and by

Atmosphere Model DLX). Drybox moisture and oxygen levels were
<0.1 ppm.

Potassium metal (MCB3 99%), treated as described previously,
germanium (Strem Chemicals, 99.999%), and 2,2,2-crypt (4;7,63

setting the weight factor to Wf(F.?) + (0.0620P)% + 0.488%)], where

P = [max(F.?,0) + 2F2)/3, giving rise to a residudr,, of 0.0432 (R

= 0.1068). In the final difference map, the maximum and minimum
electron densities were 0.47 ard.36 e &. The largest peaks were

21,24-hexaoxa-1,10-diazabicyclo[8.8.8]hexacosane; Merck, 99%) Were | ated near the disordered solvent.

dried in the evacuated port of the drybox for at least 45 min followed

Raman Spectroscopy. The Raman spectrum was recorded on a

by exposure to the atmosphere of the drybox for at least 2 days prior jopin_yvon Mole S-3000 triple spectrograph system equipped with a

to use. Ethylenediamine (Fisher, 99%) and tetrahydrofuran (Fisher,
99%) were initially dried over Cajpowder (MCB) and sodium wire,
respectively, for several weeks and then vacuum distilled onto and
stored over fresh CatHand sodium for at least an additional 1 week
prior to use.

Preparation of KGe1 6. The alloy KGe g7 was prepared by fusing

potassium (0.5661 g, 14.48 mmol) and germanium (1.7527 g, 24.15

mmol) in a dry quartz tube over a Meeker burner flame, until completely
molten. After complete reaction, the alloy was allowed to cool and
solidify and was transferred to the drybox where it was ground to a
fine dark gray powder.

Preparation and Isolation of (2,2,2-crypt-K"),Ges> *THF. The
KGe 67 powder (0.0928 g, 0.579 mmol) was transferred into one arm

0.32-m prefilter, adjustable 25-mm entrance slit, and a 1.00-m double
monochromator. Holographic gratings were used for the prefilter (600
groves mm?, blazed at 500 nm) and monochromator (1800 groves
mm%, blazed at 550 nm) stages. An Olympus metallurgical microscope
(Model BHSM-L-2) was used for focusing the excitation laser beam
to a 1um spot on the sample. The 647.1-nm line of a Kr ion laser
was used for excitation of the sample. The spectrum was acquired at
ambient temperature on crystals sealed inside a baked-out Pyrex melting
point capillary. The spectrum was recorded by signal averaging with
a Spectraview-2D CCD detector equipped with a 25-mm chip (1152
x 298 pixels) and at a laser power of 100 mW and slit settings
corresponding to a resolution of 1 ctn A total of 10 reads having

45 s integration times were used. The Raman spectrometer was

of a two-arm Pyrex vessel and extracted in en in the presence of Afrequency calibrated by using the 1018.3 érfine of neat indené’

nonstoichiometric amount of 2,2,2-crypt (0.0961 g, 0.255 mmol) with
respect to K. After 1 week, the red solution was carefully decanted
off the unreacted KGe residue into the second arm of the reaction

Acknowledgment. We thank the Natural Sciences and
Engineering Research Council of Canada for support in the form

vessel. An excess of THF (1:1.5 v/v) was condensed under static of g research grant and for the award of graduate scholarships
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