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Synthesis, 7’Se and °Sn NMR Study, and X-ray Crystal Structure of the SnsSe;o*~ Anion
and Raman Spectra of SnSes*~ and SnySejo*~
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The novel selenostannate(IV) anion, SnsSe;¢*~, has been obtained by extracting the ternary alloy KSng7Se 93 in
ethylenediamine (en) and liquid NHj3 in the presence of 2,2,2-crypt (4,7,13,16,21,24-hexaoxa-1,10-diazabicyclo-
{8.8.8]hexacosane) and characterized in solution by 7Se and ''°Sn NMR spectroscopy and in the solid state by
X-ray crystallography and Raman spectroscopy. The scalar couplings, 'J(''°Sn—7"Se) and 2J(!'°Sn—!17Sn), have
been determined and compared with those of related systems. The salt, (2,2,2-crypt-K™),SnsSeio*~, crystallizes
in the triclinic system, space group P1, with Z =2 and a = 14.769(2) A, b = 15.580(1) A, ¢ = 26.275(4) A, a
= 79.19(1)°, B = 85.65(1)°, and y = 85.870(8)° at 24 °C. The solid state and solution anion geometry is of the
adamantanoid type where the Sn!V atoms occupy the bridgehead positions and the Se atoms occupy the bridging
and terminal sites. The terminal [average, 2.425(2) Al and bridging [average, 2.548(2) A] Sn—Se bond distances
were found to correlate with their respective 'J(*°Sn—7"Se) coupling constants. The Raman spectrum of the

SnsSe;¢*~ anion has been assigned and compared to those of related adamantanoid systems and SnSes*~.

Introduction

A structural unit frequently encountered in the chemistry of
heavy main-group metal chalcogenide anions is the adaman-
tanoid M4Ch; or M4ChgR4 cage [R = Ch, halide (X), organic
or organometallic fragments]. The structures contain M4Chg
cores with the Ch, X, or R substituents in the terminal positions.
To date, adamantanoid compounds containing Group 12 [Hgs-
(u-ChR)6X42~,! My(u-SePh)s(SePh)s?~,? Hga(1t-SR)s—m(t-X) -
X427~ 3 (M =2Zn, Cd; Ch =S, Se, Te; R = Et, n-Pr, i-Pr, n-Bu;
X = Cl, Br; m = 0—2)], Group 13 [GasS10*", InsCh;o* (Ch =
S, Se)*], and Group 14 [SisS10*~,° GesChi¢*~ (Ch = §,577 Se,3*
Te!0), (CH3)4SnsChs (Ch = S,!" Sel?), {Cp(CO)Fe}sSnsSes,'?
{Cp(CO)3sMo0}4SnsTes'*] metals have been synthesized and
characterized primarily by X-ray crystallography and, to a lesser
extent, by vibrational spectroscopy. Dean and co-workers' 3
have used 7’Se, '%Te, !''Cd, ''3Cd, and '“Hg NMR spectro-
scopy to characterize Group 12 adamantanoid cages in solution.
Multi-NMR studies of adamantanoid M4Chjo cages have the
potential to provide corroborating structural information in
solution and in the form of chemical shifts and M—Ch spin—
spin coupling constants which may correlate with structural
parameters and vibrational frequencies observed in the solid
state.

Our recent investigations on classically-bonded tin(IV) chal-
cogenide systems obtained by extracting ternary K/Sn/Ch (Ch
= Se, Te) alloys in ethylenediamine (en) and liquid NHj in the
presence of nonstoichiometric amounts of 2,2,2-crypt with
respect to K, where K*:2,2,2-crypt = 1.00:0.42 (Se) and 1.00:
0.00 (Te), have led to the synthesis and characterization of the
ditin(IV) Sn,Chs*~ and Sn;Chy*~ anions and the tetratin(IV)
adamantanoid SnsySejo*~ anion. The solution and solid-state
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structures of the ditin anions will be reported in a subsequent
paper.!> The present paper reports the synthesis and the
structural characterization by !'°Sn and 7’Se NMR spectroscopy,
X-ray crystallography, and Raman spectroscopy of the SnsSe;o*~
anion, which represents the first example of an adamantanoid
cage containing only tin and a chalcogen and extends the series
of isoelectronic Group 14 adamantanoid structures. The Raman
spectrum of the SnSe4*~ anion in (Na*),SnSes*~+2en'® is also
reported for the first time and compared with those of SnsSeo*~
and related isoelectronic and isovalent species.

Results and Discussion

Synthesis of Sn;Sej¢*~ and Structural Characterization by
X-ray Crystallography. The experimental approach involved
the synthesis of the ternary alloy KSng¢7Se; 93 by fusion of the
elements followed by extraction of the powdered alloy in en
and liquid NH3 in the presence of a nonstoichiometric amount
of 2,2,2-crypt with respect to K™, where K*:2,2,2-crypt = 1.00:
0.42. Single crystals were isolated from an en solution upon
addition of THF.

Details of the data collection parameters and other crystal-
lographic information are given in Table 1. The final atomic
coordinates and the equivalent isotropic thermal parameters for
the Sn and Se atoms are summarized in Table 2. The most
significant bond distances and angles in the SnsSe;o*~ anion
are given in Table 3.

The structures of the four crystallographically independent
2,2,2-crypt-K* cations are similar to those determined previously
for symmetry unconstrained units in K(2,2,2-crypt-K)3Pbg*~ 17
and (2,2,2-crypt-K1),Sn;Se;> ™~ 8 with average K*+*O and K+**N
distances of 2.829(11) and 2.963(7) A, respectively. A complete
list of bond distances and angles in the 2,2,2-crypt-K* cations
is given in the supplementary material, Table S3.

The crystal structure consists of well-separated 2,2,2-crypt-
K* cations and SnsSeio*~ anions. The most interesting aspect
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Table 1. Summary of Crystal Data and Refinement Results for
(2,2,2-crypt-K+)4Sn4Se104"

chemical formula C7;H;44sKsNgO248€10Sn:  formula weight 2926.7
a=147692) A space group P1 (No. 2)
b=15.580(1) A T=24°C
c=262754) A A=071073 A

o =79.19(1)° Pealed = 1.644 g cm™3
B =85.65(1)° u=4l.14cm™!

y = 85.870(8)° Ry =0.0701
V=175911(1) A® wRy® = 0.2024

zZ=2
TRy = Z”Fo - |Fc||/Z{Fo| 6 wRy = [Z[W(Fo2 - Fcz)z]/ZW(F02)2]1/2~

Table 2. Atomic Coordinates (x 10%) and Equivalent Isotropic
Displacement Parameters (A? x 10°) for the Sn and Se atoms in
(2,2,2-crypt-K*)4SnaSesp*~

X y z Uleq)®
Sn(1) 6891(1) 3524(1) 1893(1) 49(1)
Sn(2) 7362(1) 2408(1) 3408(1) 48(1)
Sn(3) 5326(1) 1516(1) 2693(1) 43(1)
Sn(4) 8017(1) 1011(1) 2238(1) 39(1)
Se(1) 5322(1) 2928(1) 2033(1) 63(1)
Se(2) 7354(1) 3831(1) 2747(1) 66(1)
Se(3) 8029(1) 2411(1) 1552(1) 57(1)
Se(4) 8554(1) 1338(1) 3077(1) 50(1)
Se(5) 5814(1) 1743(1) 3567(1) 53(1)
Se(6) 6451(1) 378(1) 2384(1) 48(1)
Se(7) 7746(1) 2753(1) 4223(1) 83(1)
Se(8) 3768(1) 1109(1) 2750(1) 70(1)
Se(9) 9038(1) —112(1) 1936(1) 55(1)

Se(10) 6793(1) 4907(1) 1286(1) 77(1)

@ U(eq) is defined as one-third of the trace of the orthogonalized Uj;
tensor.

Table 3. Bond Lengths (A) and Bond Angles (deg) for the
SngSeio*” Anion in (2,2,2-crypt-K*)sSnsSej*~

Bond Lengths (A)
Sn(1)-Se(10) 2.431(2) Sn(1)-Se(1) 2.534(2)
Sn(1)-Se(2) 2.533(2) Sn(1)-Se(3) 2.562(2)
Sn(2)-Se(7) 2.418(2) Sn(2)-Se(2) 2.548(2)
Sn(2)-Se(5) 2.551(2) Sn(2)-Se(4) 2.555(2)
Sn(3)-Se(8) 2.416(2) Sn(3)-Se(1) 2.533(2)
Sn(3)-Se(6) 2.545(2) Sn(3)-Se(5) 2.551(2)
Sn(4)-Se(9) 2.433(2) Sn(4)-Se(4) 2.550(2)
Sn(4)-Se(6) 2.553(2) Sn(4)-Se(3) 2.557(2)
Bond Angles (deg)
Se(10)-Sn(1)-Se(1)  107.98(7)  Se(10)-Sn(1)-Se(2)  107.85(6)
Se(1)-Sn(1)-Se(2) 108.67(7)  Se(10)-Sn(1)-Se(3)  111.77(7)
Se(1)-Sn(1)-Se(3) 109.80(6)  Se(2)-Sn(1)-Se(3) 110.66(7)
Se(7)-Sn(2)-Se(2) 107.07(7)  Se(7)-Sn(2)-Se(5) 107.19(6)
Se(2)-Sn(2)-Se(5) 113.06(6)  Se(7)-Sn(2)-Se(4) 111.50(7)
Se(2)-Sn(2)-Se(4) 107.62(6)  Se(5)-Sn(2)-Se(4) 110.41(6)
Se(8)-Sn(3)-Se(1) 103.55(7)  Se(8)-Sn(3)-Se(6) 112.96(6)
Se(1)-Sn(3)-Se(6) 110.08(6)  Se(8)-Sn(3)-Se(5) 111.79(6)
Se(1)-Sn(3)-Se(5) 111.36(6)  Se(6)-Sn(3)-Se(5) 107.16(6)
Se(9)-Sn(4)-Se(4) 109.60(6)  Se(9)-Sn(4)-Se(6) 105.68(6)
Se(4)-Sn(4)-Se(6) 111.31(5)  Se(9)-Sn(4)-Se(3) 109.41(6)
Se(4)-Sn(4)-Se(3) 108.80(6)  Se(6)-Sn(4)-Se(3) 111.98(6)
Sn(1)-Se(1)-Sn(3) 110.80(6)  Sn(1)-Se(2)-Sn(2) 108.58(6)
Sn(4)-Se(3)-Sn(1) 106.74(6)  Sn(4)-Se(4)-Sn(2) 107.25(6)
Sn(3)-Se(5)-Sn(2) 107.60(6)  Sn(3)-Se(6)-Sn(4) 108.11(5)

of the structure is the adamantanoid geometry of the anion with
approximate Ty symmetry in which the tin atoms occupy the
bridgehead positions and the selenium atoms occupy the
bridging and terminal sites (Figure 1). The Se—Sn—Se bond
angles range from 103.55(7)° to 113.06(6)°, so that the
SnsSeio*™ anion can be described as composed of four nearly
tetrahedral Sn!Y centers to which are bonded four Se, atoms and
six Sep atoms. The bond angles within the central SnsSeg core,
Se,—Sn—Sey, are 110.08(6)° [range, 107.16(6)—113.06(6)°] and
are slightly larger than those involving terminal bonds, Se,—
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Figure 1. Two ORTEP views of the SnsSejo*™ anion in (2,2,2-crypt-
K*)4SnsSeyo*~. Thermal ellipsoids are drawn at the 50% probability
level.

Sn—Seyp, which are 108.86(6)° [range, 103.55(7)—112.96(6)°],
a trend common to all known M4Ch;¢*~ adamantanoid anions.*~'0
The Se;—Sn—Se;, angles are close to the ideal tetrahedral angles
observed in SnSes*~ [109.50(5)° in NaySnSe; and 109.47(3)°
in K4SnSe4],'® and the Se,—Sn—Se;, angles are comparable to
those in other systems containing the Sn4Ses core, i.e., (CH3)s-
SnsSeq [110.13(4)—115.19(4)°1'? and {Cp(CO),Fe}4SnsSes
[108.8(1)—111.8(1)°1.'"* The average Sn—Se,—Sn angle is
108.18(6)° [range, 106.74(6)—110.80(6)°] and is comparable
to those in (CH3)4SnsSes [102.13(4)—103.75(4)°] and {Cp(CO),-
Fe}4SnySeg [107.3(1)—109.0(1)°].

As already observed in other adamantanoid structures of
Group 14, i.e., SisS10*~ ° and GesChyo*~ (Ch = S, Se, Te),>~10
the Sn—Se; bond lengths [range, 2.416(2)—2.433(2) A] are
shorter than the Sn—Sey, bond lengths [range, 2.533(2)—2.557(2)
Al. This trend has also been observed in the related SnaChe*~
(Ch = §,20 Se,?! Te 222%) and Sn,Te;*” 2* anions and in the
adamantanoid structures of Group 13, i.e., GasS;o® and
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of (Na*)4SnSes*™* 2en. A data set was obtained for one of these
crystals, but the structure could only be partially solved in the space
group P432;2 because two en solvent molecules and a cation were
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Figure 2. Observed (upper trace) and simulated (lower trace) ''°Sn
NMR spectrum (185.504 MHz) of SnsSeo*~ in liquid NH; at —50 °C.
The symbols used to label the peaks are defined in Table 5 and in the
text.

InsChio8~ (Ch = S, Se).* However, the difference between
M—Ch, and M—Chy, is more pronounced in SnySe*~, indicating
stronger bonding to the terminal chalcogen atoms (see Raman
Spectra of the SnSe;*~ and SnySei¢*~ Anions), but longer and
more polar M-Ch, bonds have been observed in the Group 13
analogues by virtue of the higher charge on the terminal
chalcogen atoms. The Sn—Se; bond lengths are slightly shorter
than those found in the tetrahedral SnSes*~ anion [2.523(1) A
in NasSnSe4 and 2.510(1) A in K4SnSes], and the Sn—Sey, bond
lengths are comparable to those in (CH3)4SnsSes [2.513(1)—
2.541(1) A] and in {Cp(CO),Fe}sSnsSes [2.524(5)—2.554(4)
A]. The Sn!V..-Sn!V distances range from 4.108 to 4.173 A
and are significantly longer than the corresponding distance
observed in Sn,Se¢™ [3.518 A].

The Sn—Se,, Sn—Sey, bond lengths and the Sn—Se,—Sn, Sep,—
Sn—Se;, bond angles within the SnsSeg core are comparable to
those found in other compounds in which the environment about
tin atoms is also approximately tetrahedral and that about the
chalcogens is bent: K4SniSegs, 2.473(1) A, 2.520(1) A and
85.67(4)°, 104.85(6)°;25 RbySnySes, 2.462(4) A, 2.594(5) A, and
85.4(1)°, 94.6(1)°.%!
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Figure 3. 7Se NMR spectrum (95.383 MHz) of SnsSe;o*~ in en at 0
°C. Se; denotes terminal selenium atoms; Se, denotes bridging selenium
atoms; 171194, and !""1'%, denote satellite doublets arising from
1J(1171198n~77Se,) and 'J(1171198n—""Sey), respectively. (A denotes the
terminal selenium environment of Sn,Seq*~ and a denotes the unresolved
17Sn and ''98n satellites; see ref. 15.)

Solution Characterization of SnsSej¢*~ by 7’Se and *Sn
NMR Spectroscopy. The SnySeio*~ anion was identified in
solution by natural abundance ’Se and ''9Sn NMR spectros-
copy.?® The experimental 1'9Sn and 77Se NMR spectra and the
simulated !''”Sn NMR spectrum are depicted in Figures 2 and
3. The chemical shifts and spin—spin coupling constants (scalar,
J; reduced, K;?7 and relativistically corrected reduced, Krc?®)
are summarized in Table 4 together with the observed and
calculated satellite/central (Is/Ic) intensity ratios!'8-2® for the Sn
and Se environments of the anion. The number of observed
environments, satellite doublet spacings corresponding to 'J(1°-
Sn—""Se) and 2J(''°Sn~"17Sn), and Ig/Ic intensity ratios are
consistent with the crystal structure of SnsSep*~ and indicate
that the solid-state molecular structure of the anion is retained
in solution.

In addition to the resonances associated with the SnSe;?~
(—299.5 ppm, 1.0%), Sn,Ses*~ (—491.6 ppm, 57.0%), and
Sn,Se;*~ (—328.4 ppm, 15.0%) anions, the ''°Sn NMR spectrum
(—50 °C) consisted of a singlet (—350.1 ppm, 27.0%) flanked
by two sets of symmetric 7’Se satellites (d;, 2274 Hz; dy, 1536
Hz) in a 1.0:3.2 peak area ratio, indicating coupling to two
chemically inequivalent selenium environments (Figure 2).
Satellites corresponding to 2J(*1°Sn—"'7Sn) were also observed
in the '"Sn NMR spectrum and their spacing (342 Hz) is similar
to 2J('19Sn—"7Sn) observed for the Sn,Se;*~ anion (302 Hz).!
Comparable 2J(!1°Sn—'17Sn) couplings of 205, 235, and 263
Hz have been observed for the solution structures of the
dimethyltin(IV) chalcogenides [(CH3),SnCh]; (Ch = S, Se, Te),
respectively. In addition, several weaker satellites were
observed in the ''?Sn NMR spectrum of SnsSe*~ (Figure 2)
and their assignments are discussed below.

The ''"Sn NMR spectrum of the SnsSe;o*~ anion was
simulated by using the natural abundances of the spin-i/
nuclides ''"’Sn, ''9Sn, and 7’Se;2 the values of the observed
coupling constants; and the probabilities of the most abundant

(25) Sheldrick, W. S. Z. Naturforsch. 1988, 43b, 249.

(26) Mason, J. In Multinuclear NMR; Plenum Press: New York, 1987;
Appendix, pp 626—627.
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where & is Planck’s constant and ya and yg are the gyromagnetic
ratios of the spin-coupled nuclei A and B; see: Pople, J. A.; Santry,
D. P. Mol. Phys. 1964, 8, 1.

(28) A detailed discussion of the relativistically corrected reduced coupling
constants, Krc, may be found in: (a) Bjorgvinsson, M.; Sawyer, J. F.;
Schrobilgen, G. J. Inorg. Chem. 1987, 26, 741. (b) Bums, R. C.;
Devereux, L. A.; Granger, P.; Schrobilgen, G. Inorg. Chem. 19885,
24, 2615.

(29) Gay, I D.; Jones, C. H. W.; Sharma, R. D. J. Magn. Reson. 1989, 84,
501.
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Table 4. Chemical Shifts, Spin—Spin Coupling Constants, and Relative Satellite Intensities for the SnsSeio*~ Anion

spin—spin coupling constants

chemical shift?, ppm J, Hz K, T2J°! x 102 Kre, T2T7! x 1020 100 x Is/Ic?
1198 778ec 11987 —7"Se 1191178 Sn—Se Sn—Sn Sn—Se Sn—Sn Sn Se
—350.14 30.7(t) 2274 342 263.7 21.8 160.2 104 3.54.1)
7.1(b) 1536 178.1 108.2 10.4(12.2)
—-359.3¢ 65.0(t) 2276 333 263.9 20.6 160.4 10.2 8.5(9.6)
22.2(b) 1532 177.7 107.9 17.5(19.2)

a Satellites were resolved in the ''Sn NMR spectrum at both —50 and 0 °C; however, the '°Sn NMR spectrum obtained at 0 °C was broadened
and the 7’Se spectrum obtained at —50 °C contained a number of overlapping peaks which precluded accurate satellite assignments and Is/Ic
calculations., Consequently, the discussion of the NMR parameters (see Text) refers to those obtained at —50 (*!*Sn) and 0 (""Se) °C. * Calculated
values are given in parentheses. © The symbols, t and b, refer to terminal and bridging selenium atoms, respectively. ¢ Recorded in liquid NHj at

—50 °C. ¢ Recorded in en at 0 °C.

Table 5. Natural Abundance Isotopomers and Subspectra Used To
Simulate the ''*Sn NMR Spectrum of the SnsSeo"™ Anion

198011780, 81— -,""Se.Se10-4~ @

multiplicity of

x y z abundance,’ %  subspectrum®

1 0 0 9.183 S

1 0 1 4.531 S
2.265 dy
0.755 d;

1 0 2 1.223 S
0.524 d;
0.524 dp
0.262 di/ds
0.262 ty

1 1 0 2.499 D

1 1 1 1.233 D
0.617 D/d,
0.206 D/dy

1 1 2 0.318 D/dy
0.283 D
0.106 D/d,

2 0 0 2.828 S

2 0 1 1.163 dy
0.698 S
0.465 d

2 0 2 0.349 dy
0.163 d,
0.140 di/ds
0.140 ty
0.070 S

2 1 0.513 D

2 1 1 0.195 D
0.162 D/dy
0.065 D/d;

3 0 0 0.290 S

3 0 1 0.143 dy
0.072 d,
0.024 S

7 Low abundance isotopomers having multiplet lines which are too
weak to be observed in the spectrum are not considered. ® Natural
abundances of spin-'/, nuclides used to calculate isotopomer abundances
were taken from ref 26; 7’Se, 7.58%; '’Sn, 7.61%; and ''%Sn, 8.58%.
The natural abundance of !'3Sn, 0.35%, is too low to contribute
detectable isotopomer subspectra and is combined with the spinless
tin nuclides. ¢ S denotes a singlet, D denotes a DOUBLET arising from
2J(1198n-'"Sn), d; and dy denote doublets arising from 'J(*'°Sn-""Se;)
and 'J("'9Sn-""Sey), respectively, and t, denotes a triplet arising from
17(1%8n-""Sep). The symbols, D/d, and D/dy, denote DOUBLET-of-
doublets involving a DOUBLET arising from 2J(*'*Sn-''7Sn), which,
in turn, is split into a doublet by either 'J(*!*Sn-""Se,) or 'J(*!°Sn-""Se),
respectively. The doublet-of-doublets arising from 'J(''°Sn-""Se,) and
1J(1'9Sn-7"Sey) is denoted by di/dp.

(20.024%) isotopic isomers (isotopomers) contributing signifi-
cant first-order subspectra to the experimental ''Sn NMR
spectrum. Table 5 lists the isotopomer abundances and
multiplicities used to simulate the ''Sn NMR spectrum. The
resulting simulation (Figure 2) is in excellent agreement with
the experimental spectrum and accounts for all the observed

satellite peaks. A singlet (S) is observed for the isotopomers
in which no 7’Se atoms are directly bonded to spin-active Sn
atoms, namely, ''9Sn,Sns—,"’Se,Se10-*~ (x = 1-3; z = 0-2).
When one terminal or one bridging 7’Se atom is directly bonded
to a spin-active Sn atom, a doublet (d; or dy) results which is
symmetrically disposed about the central singlet (S) at a spacing
corresponding to 'J('°Sn—7"Se,) or 'J('1°Sn—Sey), respectively.
The isotopomers, ''°Sn,''7SnSn3;-,’Se Sejp- " (x=1,2; z=
0-2), give rise to a DOUBLET (D) arising from 2J(''°Sn—
'17Sn) coupling when no 7’Se atoms are bonded to '!°Sn atoms.
The presence of a 7’Se atom in a terminal or a bridging position
directly bonded to a ''°Sn atom gives rise to a DOUBLET-of-
doublets (D/d; or D/dp) whose transitions are symmetrically
disposed about the binomial doublets d; or dy, respectively
(Figure 2). The lowest abundance isotopomers that are detect-
able are ''°Sn,Sny—,"’Se,Seg (x = 1, 2) and give rise to either
a 1:2:1 triplet (ty,), when both 7’Se atoms are bridged to at least
one ''%Sn atom, or a doublet-of-doublets (d;/dy), when one 7’Se
atom is terminal and the other is bridging and directly bonded
to at least one ''°Sn atom. The central transition of the triplet
lies under the central singlet (S), while the outer two transitions
are observed at a spacing corresponding to 'J(''°Sn—7"Sey) on
either side of the central singlet. The transitions of the doublet-
of-doublets are observed symmetrically disposed about the
central singlet.

Assignments of 'J(!'°Sn—"7Se) couplings observed in the
19Sn NMR spectrum were confirmed by observing the
1J("7Se—"19Sn) couplings in the 77Se NMR spectrum. The
77Se signals corresponding to the two environments were
observed in a 4.0:6.3 peak area ratio at 65.0 and 22.2 ppm,
respectively (Figure 3). The Ig/lc peak area ratios indicated
that the two selenium environments were coupled to one and
two tin atoms, respectively, and are consistent with the
adamantanoid SnsSe;¢*~ structure.

As expected, 'J('1°Sn—""Se,) was found to be larger than
17("9Sn—""Sep) and indicates a higher bond order for the Sn—
Se, bond than for the Sn—Se, bond and is consistent with the
shorter Sn—Se, bonds [average, 2.425(2) A] and the longer Sn—
Sey, bonds [average, 2.548(2) A] observed for the SnsSeig*™
anion. The magnitude of 'J(''°Sn—7"Sey), 1536 Hz, is similar
to those determined for SnySe;*~ (monoseleno-bridge, Sems,
1134 Hz; diseleno-bridge, Sed, 1324 Hz)'> and the Se-bridged
compound [(CH3);SnSe]; (1219 Hz),” and the 'J(''°Sn—7"Se,)
value of 2274 Hz agrees with analogous values determined for
SnSe;2~ (2051 Hz),28 Sn;Seqt™ (2005 Hz), and SnySes*~ (2037
Hz).!

In the SnsSe;¢*~ anion, the 77Se NMR signal corresponding
to the terminal selenium, Se;, environment was found to be more
deshielded (65.0 ppm) than the signal associated with the
bridging selenium, Se,, environment (22.2 ppm). The small
chemical shift difference (A) between the two chalcogen
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Figure 4. Raman spectrum of microcrystalline (a) SnSes*” in
(Na*)4SnSes*~*2en and (b) SnsSejo*™ in (2,2,2-crypt-K*)aSnsSeio*~
recorded in glass capillaries at room temperature, using 514.5-nm
excitation.

environments in SnySeo*™ (42.8 ppm) can be rationalized by
using the rule of topological charge stabilization.® This rule
has been applied to adamantanoid structures, MsXs, as well as
to bridgehead-substituted adamantanoids, M4XsR4, and when
extended to the isostructural SnsSejo*~ anion predicts that the
4— charge is distributed over both the Se, and Sey, atoms but is
concentrated on the terminal Se atoms. This gives rise to a
smaller A, which contrasts with the larger values observed for
the dimeric SnChg*~ and Sn,Chs*~ (Ch = Se, Te) anions where
the 4— charge is primarily localized on the terminal atoms
[SnyChg*~, Se, 257.5 ppm, Te, 547 ppm; Sn,Ses*~, 27.9 ppm,
6(Ch)) — 6(Chgy), 174.9 ppm; Sn,Tes*", 228 ppm, 6(Chy) —
6(Chgy), 199 ppm).'> However, for the Sn;Te;* anion, the
order was found to be 8(Temy) > &(Teap), which is the reverse
of the order predicted by charge topology arguments and may
attributed to shielding anisotropy,?' which may also account for
the order, 8(Sey) < &(Sey), observed for the SnySeo*~ anion.
However, in the absence of a knowledge of the 7’Se and '**Te
shielding tensors, the apparent anomalies in the 7’Se and '>°Te
shielding trends are presently not fully understood.

Raman Spectra of the SnSes*~ and SnySe;¢*~ Anions. The
solid-state Raman spectra of (Na*),SnSes*+2en' and (2,2,2-
crypt-K+)4SnsSeqo*~ are shown in Figure 4 and the Raman
frequencies and their assignments are listed in Table 6.
Assignments for the en solvent molecule and for the 2,2,2-crypt-
K* cation were made by comparison with values reported for
the solid-state Raman spectra of en3* and for (2,2,2-crypt-K+)-
I35 No en bands are found within the frequency window
containing the SnSes*~ bands. The Raman spectrum of (2,2,2-

(30) Gimarc, B. M,; Ott, J. J. J. Am. Chem. Soc. 1986, 108, 4298.

(31) Mason, J. In Multinuclear NMR; Plenum Press: New York, 1987,
Chapter 5, p 149.

(32) Pohl, S.; Schiwy, W.; Weinstock, N.; Krebs, B. Z. Naturforsh. 1973,
28b, 565.

(33) Miiller, A.; Cyvin, B. N.; Cyvin, S. J.; Pohl, S.; Krebs, B. Spectrochim.
Acta 1976, 32A, 67.

(34) Giorgini, M. G.; Pelletti, M. R.; Paliani, G.; Cataliotti, R. S. J. Raman
Spectrosc. 1983, 14, 16.
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Table 6. Raman Frequencies and Assignments for SnSes*” in
(Na*)sSnSes**2en, SnsSeio*~ in (2,2,2-crypt-K*)aSnsSejo*~, and the
related SnS,*~ and GesSio*~ Anions

frequency, cm™! frequency, cm™!

assign- assign-

SnS44— 2 SnSes*” ments GesSjo*~° SnsSeig*™ ments

150¢ 109(10) v(E)  112(5) 59(12) v15(T2)

170¢ 136(5) va(Ty) 148(14) 74(40) v14(T2)
348(st)  199(100) vi(Ay)  160¢ 81 sh vs(E)

344(m) 239(29),247 sh v3(T2) 193(29) 108(58) vi(Ay)

210(2) v13(T2)

346(100) 178(100) va(Ay)

3784) 188(9), 200(4) v12(T2)

405(10)  227(4), 238(11) vii(T2)
446sh 268sh v1o(T2)
457(22)  274(51) vi(Ar)
410¢ 290sh V4(E)

a Reference 32. ¢ Reference 33. © Obtained from a normal coordinate
analysis.

crypt-K ™I~ displayed several very weak, broad bands in the
50—350-cm™! region. The most intense 2,2,2-crypt-K* band
at 135 cm™!, which does not overlap with any SnsSe¢*~ anion
bands, was too weak to be observed in the Raman spectrum of
(2,2,2-crypt-K™)4SnaSeo* .

SnSes*~. The vibrational modes of the SnSe4*~ anion were
assigned under 7, point symmetry and belong to the irreducible
representation I' = A; + E + 2T>. A total of four vibrational
bands are expected, v1(A}), v2(E), v3(Tz), and v4(T>), all of which
are Raman active, while the v3(T2) and v4(T,) bands are also
infrared active. Assignments were made by analogy with the
isoelectronic species CdBr,2~,% InBr,~,>” SnBr;, and SbBr,*°
as well as with the isovalent SnS;*~ anion.*> Among the four
bands expected for SnS4*~, only the two high-frequency modes,
vi(Ay) and v,(E), were observed. Their assignment was
confirmed by using polarization measurements and normal
coordinate analyses, which also calculated the frequencies for
v3(T2) and v4(T2).

Two sharp and two broad bands were observed in the Raman
spectrum of SnSes*~. The most intense peak (199 cm™') was
assigned to the totally symmetric Sn—Se stretch, v|(A;). A peak
at 239 cm™! was assigned to the asymmetric Sn—Se stretch,
v3(T»), and was split due to site symmetry lowering in the crystal
(C; crystal site symmetry). The broad bands at lower wave-
numbers (109 and 136 cm™') were assigned to the partially
overlapping antisymmetric Se—Sn—Se bends, v2(E) and v4(T2),
respectively. As expected, the stretching frequencies decrease
from SnS4%~ to SnSes*~ in accord with the reduced mass effect

(35) The solid-state Raman spectrum of microcrystalline (2,2,2,-crypt-K*)-
I~ was recorded at room temperature under the same conditions used
to record the spectrum of (2,2,2-crypt-K)aSnsSe ¢*~. Only four weak
Raman modes could be observed in the range 50—350 cm™', i.e., 94-
(33), 135(100), 175(42), and 216(17) cm™!,

(36) Goggin, P. L.; Goodfellow, R. J.; Kessler, K. J. Chem. Soc., Dalton
Trans. 1977, 1914,

(37) Woodward, L. A.; Bill, P. T. J. Chem. Soc. 1955, 1699.

(38) Clark, R. J. H; Mitchell, P. D. J. Chem. Soc., Faraday Trans. 1975,
71(2), 515.

(39) Casteel, W. J.; Kolb, P.; LeBlond, N.; Mercier, H. P. A.; Schrobilgen,
G. J. Inorg. Chem., in press.

(40) Brand, P.; Sackmann, H. Acta Crystallogr. 1963, 16, 446,

(41) Beno, M. A.,; Cox, D. D.; William, J. M.; Kwak, J. F. Acta Crystallogr.
1984, C40, 1334,

(42) Khan, M. A.; Tuck, D. G. Acta Crystallogr. 1982, B38, 803.

(43) Altermatt, D.; Arend, H.; Gramlich, V.; Niggli, A.; Petter, W. Acta
Crystallogr. 1984, B40, 347.

(44) Eisenmann, B.; Zagler, R. Z. Naturforsch. 1989, 44B, 249.

(45) Woodward, L. A.; Taylor, M. J. J. Chem. Soc. 1960, 4473.

(46) Sanyal, N. K.; Panday, A. N.; Singh, H. S. J. Mol. Spectrosc. 1969,
30, 144,

(47) Mayer, H.; Mereiter, K. Monatsh. Chem. 1992, 123, 515.

(48) Jumas, J. C.; Philippot, E.; Vermot-Gaud-Daniel, F.; Ribes, M.; Maurin,
M. J. Solid State Chem. 1975, 14, 319.
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Table 7. Raman Frequencies and Bond Lengths for SnSes*,
SnS,*", and Isoelectronic Species

frequency, cm™!

M~=X/Ch bond
MXs; vAE) w(T2) vi(A1) v(T2) ref  lengths, A ref
SbBrst 762 921 234.4 3049 39 2.385(2) 39
SnBry 59.4 859 222.1 284.0 38 2.40(3) 40
InBry~ 55 79 197 239 37 2.489(3),2.479(3) 41,42
CdBrs™ 49 7561 161 177 36 2.560 43

SbSes*~ 2.459(4),2.475(3) 44
SnSes*~ 109 136 199 247,239 16 2.510(1), 2.523(1) 25
SbClL,* 1215 1394 395.6 4507 39 2.221(3) 39
SnCly 95.2 126.1 369.1 4082 38

InCly~ 89 112 321 337 45 2.350(3) 42
CdCL>~ 84 98 261 249,240 36

SbS4#~ 156 178 366 380 46 2.327(1) 47

SnS,*~ 1507 170 348 344 32 2.388(4),2.396(3) 48

@ Obtained from a normal coordinate analysis.

(Table 7), and the ordering, v3(T2) > vi(A1) and v4(T2) > v2(E),
follows trends observed for all tetrahedral, isoelectronic halogen
compounds (Table 7). It should be pointed out, however, that
in SnS4*~, v 1(Ay) is slightly higher in frequency than v3(T).

The high negative charges of the SnS;*~ and SnSe;*~ and
the isoelectronic SbS4>~ and SbSes’~ anions should result in
longer, more polar bonds and lower stretching frequencies than
in the isoelectronic CdX4?™, InX4~, SnX4, and SbXy™ (X = Cl,
Br) species. Although the experimental M—X (M = In, Sn,
Sb) and M'—Ch (M" = Sn, Sb; Ch = S, Se) bond lengths
generally show the expected increase with increasing negative
charge over both isoelectronic series, i.e., CdBrs?~ > SnChy*~
> InX4~ > SbChy*~ > SnXy > SbX,*, the bond lengths and
stretching frequencies of SbS4*~ and SnChy*~ are intermediate
with respect to the isoelectronic halide series (Table 7). This
is exemplified by the stretching modes of SnSes*~, v1(A;) and
v3(T2), which occur between those of InBr,~ and SnBrs, and
the Sn—Se bond length, which occurs between those of InBry™
and CdBrs?~. The bending modes, v2(E) and v4(T»), occur at
significantly higher frequencies than in any of the isoelectronic
MBX, species and may be a consequence of Coulombic
repulsion arising from negative charge localization on the
chalcogen atoms.

SnsSeio*~. The fundamental modes of the SnsSe*~ anion
were assigned under T; point symmetry and belong to the
irreducible representations I = 3A; + 3E + 3T, + 6T,. Modes
belonging to the A, E, and T, representations are Raman active,
the T; modes are inactive, and the T, modes are also infrared
active. Of the 12 bands expected in the Raman spectrum, the
three E modes are expected to have low intensities. A factor-
group analysis was performed using the site symmetry of the
SnsSei¢*™ anion within the primitive unit cell. Correlation of
the free anion symmetry (T;) with its site symmetry (Cy) to the
crystal symmetry (C;) revealed that a maximum of 12 Raman
bands should be observed under C; crystal symmetry, thus
affirming that none of the 12 Raman bands observed in the 50—
350-cm™' region arise from factor-group splitting (Table 6).

Raman assignments were made by analogy with those of
GeyS¢*7,2* which was assigned on the basis of polarization
measurements and a normal coordinate analysis, and the Sns-
Seg fragment of (CH3)4Sn4Ses,'? which was assigned on the basis
of a normal coordinate analysis. Overall, the SnsSejo*~ anion
modes were shifted to lower frequency relative to those of
GesS10*™ by virtue of the reduced mass effect (Table 6). The
most intense band at 178 cm~! was assigned to v2(A;), the
totally symmetric breathing mode of the SmuSes cage. The
intense band at 274 cm™! was assigned to the totally symmetric
stretching mode associated with the terminal Sn—Se bonds and
was significantly higher in frequency than v((A)) in SnSe4t™

Campbell et al.

(199 em™"). An analogous trend has been observed between
GesSi0?™ (457 em™1)? and GeS44~ (386 cm™1).3%2 In the cases
of SnSes*™ and GeS4%~, the negative charge of the anion is
localized on the chalcogens, whereas in the adamantanoid
GesSio*~ and SnsSeio*™ cages, a significant portion of the
negative charge also resides on the bridging chalcogens. Thus,
the M—Ch bond lengths in GeS4*~ [2.20(5) A]*° and SnSes*~
[2.523(1)-2.516(1) A]' are significantly longer than the
terminal M—Ch bond lengths in GesS;¢*~ [2.108(11) A]® and
SnsSej*™ [2.416(2)—2.433(2) A] and are in accord with the
observed frequency orders.

Assignments of the A; and T, fundamentals of the SnsSes
cage of Sn4Seo*” are in agreement with the cage modes
observed for (CH;)4SruSes, where the v2(A;) and v3(A))
counterparts occur at 191(vs) and 80(vs) cm™', respectively,
and the v;(T,) and v2(T2) counterparts occur as site symmetry
split bands at 252(s), 248(s) cm™! and 210(m), 208.5(m) cm ™',
respectively. With the exception of v2(A;), these modes occur
at lower frequency in the SnsSe;¢*~ anion.

The E fundamentals were difficult to assign as they should
have low intensities in the Raman spectrum and were not
observed for GesS1o*~ or for the SnySes cage of (CH3)4SnsSeg
but have been calculated. Consequently, the shoulders at 81
and 290 em™' were tentatively assigned to the v4(E) and vs(E)
modes of SnsSeip*~. Assignments of the T, fundamentals also
follow those of GesSig*~ except that two components are
resolved for the broad weak features assigned to v1;(T,) and
v12(T>). The splitting is consistent with site symmetry lowering,
which leads to removal and partial resolution of the triple
degeneracy.

Conclusion

The SnsSe;o*~ anion has been synthesized as its 2,2,2-crypt-
K7 salt. The adamantanoid geometry (T, point symmetry) of
the anion was established in solution by 7’Se and ''°Sn NMR
spectroscopy and in the solid state by X-ray crystallography
and Raman spectroscopy. The solution structure of the anion
was comfirmed from a detailed analysis of the ''°Sn NMR
subspectra arising from natural abundance isotopomer distribu-
tions, and the 'J(1'9Sn—""Se,) and 'J(1'°Sn—""Se,) coupling
constants were shown to correlate with the Sn—Se, and Sn—
Sep, bond lengths. The terminal Sn—Se stretching frequencies
for the SnSes*~ and SruSeis*~ anions are in accord with the
relative lengths of the terminal Sn—Se bonds. The vibrational
frequencies of SnSes*~ and SnS4*~ are anomalously high when
compared to those of their isoelectronic halide analogues.

Experimental Section

Apparatus and Materials. All compounds used and prepared
during the course of this work were air-sensitive. Consequently, all
manipulations were carried out under anhydrous and oxygen-free
conditions on a glass vacuum line equipped with glass/Teflon grease-
free stopcocks (J. Young Scientific Glassware) and in a two-station
nitrogen-atmosphere drybox (Vacuum Atmospheres Model DLX).
Drybox moisture and oxygen levels were <0.1 ppm.

The oxide layer on large pieces of potassium metal (MCB, >99%),
stored under paraffin oil, was cut off and the paraffin oil removed by
washing the freshly-cut samples with petroleum ether (Fisher, boiling
range 60—80 °C). The metal pieces were rapidly transferred into a
dry tube, and the residual ether was removed under vacuum before the
clean metal pieces were transferred into the drybox. Prior to use, the
residual oxide remaining on the metal surfaces was shaved with a
scalpel. Tin shot (Baker Analyzed, 99.9%), selenium powder (Alfa
Inorganics, 99.9%), and 2,2.2-crypt (4,7,13,16,21,24-hexaoxa-1,10-
diazabicyclo[8.8.8]hexacosane; Merck, 99% or Aldrich, 98%) were used

(49) Philippot, E.; Ribes. M., Maurin. M. Rev. Chim. Miner. 1971, 8, 99.
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as received and dried in the evacuated port of the drybox for at least
45 min, followed by exposure to the atmosphere of the drybox for at
least 2 days prior to use.

All solvents were dried, transferred by vacuum distillation, and stored
in round-bottom flasks equipped with glass/Teflon stopcocks. Tet-
rahydrofuran (Fisher, 99.9%) was stored over sodium wire for several
weeks prior to use. Ethylenediamine (Fisher, 99%) was initially dried
over CaH, (MCB) for several weeks and then vacuum distilled onto,
and stored over, fresh CaH, for at least an additional week prior to
use. Anhydrous ammonia (Canadian Liquid Air or Matheson) was
further dried and stored over freshly cut sodium metal at —78 °C for
at least 1 week prior to use.

Alloy Fusion and Preparation of the Sn Se;o*~ Solution for NMR
Spectroscopy. The alloy, KSnSe,, was prepared as previously
described®® by fusing the elements in the required molar ratios in a
thick-walled Pyrex tube (K, 0.9591 g, 24.53 mmol; Sn, 2.7575 g, 23.233
mmol; Se, 3.7318 g, 47.26 mmol). The resulting dark green alloy was
ground and its stoichiometry corrected for the recovered tin lump
(0.8151 g, 6.867 mmol) to KSngesSeio3. The SnsSej*™ anion was
prepared by extracting the powdered KSng¢7Se; 93 alloy in en and liquid
NH: in the presence of nonstoichiometric amounts of 2,2,2-crypt with
respect to K*. Ethylenediamine solution: KSno¢:Se; 3, 0.1710 g, 0.631
mmol; 2,2,2-crypt, 0.0990 g, 0.263 mmol. Liquid NHj solution:
KSnoe7Se; 03, 0.1696 g, 0.626 mmol; 2,2,2-crypt, 0.1000 g, 0.266 mmol.

Multinuclear Magnetic Resonance Spectroscopy. The NMR
samples were prepared as described previously.?® All NMR spectra
were recorded on a Bruker AM-500 (11.745 T) pulse spectrometer using
a 10-mm probe broad banded over the frequency range 23.3-202.5 MHz
and were routinely obtained without locking (field drift < 0.1 Hz h™1).
The observing frequencies were 186.504 MHz for ''°Sn and 95.384
MHz for 7’Se. Free-induction decays were typically accumulated in
32K (11%8n) and 16K ("’Se) memories. Spectral width settings of S0
KHz were employed, yielding data point resolutions of 3.052 ('!°Sn)
and 6.104 Hz (7"Se) and acquisition times of 0.328 (!1*Sn) and 0.164
s (""Se), respectively. Relaxation delays were not applied. Typically,
40 000—73 000 (‘!*Sn) and 47 000—90 000 ("’Se) transients were
accumulated depending on the concentration and the sensitivity of the
nuclide under study. Pulse widths corresponding to a bulk magnetiza-
tion tip angle, 6, of approximately 90° were 15 (°Sn) and 6 us (""Se).
Line broadening parameters used in the exponential multiplication of
the free induction decays were 10—30 (!!°Sn) and 10—20 Hz (""Se).
Low-temperature spectra were recorded by using the variable-temper-
ature controller of the spectrometer. Temperatures (accurate to +1.0
°C and stable to £0.1 °C) were measured with a copper—constantan
thermocouple, which was inserted directly into the sample region of
the probe.

The respective nuclei were referenced to neat samples of (CH;),Se
and (CH3)sSn at 24 °C. The chemical shift convention used was a
positive (negative) sign signifies a chemical shift to high (low)
frequency of the reference standard.

The '"Sn subspectra of the SnsSejo*~ anion were simulated and
summed by using the program DSYMPC.%

Raman Spectroscopy. Raman spectra were recorded on a Jobin-
Yvon Mole S-3000 spectrograph system equipped with a 0.32-m
prefilter, adjustable 25-mm entrance slit, and a 1.00-m triple mono-
chromator. Holographic gratings were used for the prefilter (600 groves
mm~, blazed at 500 nm) and monochromator (1800 grooves mm™!,
blazed at 550 nm) stages. An Olympus metallurgical microscope
(model BHSM-L-2) was used for focusing the excitation laser to a 1-um
spot on the sample. The 514.5-nm line of an Ar ion laser was used
for excitation of the samples. Spectra were recorded at ambient
temperature on microcrystalline samples sealed in baked-out Pyrex
melting point capillaries. Spectra were 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 (SnSes*™) and
150 mW (SnaSe;o*~) at the sample and slit settings corresponding to a

(50) Higele, G.; Hoffken, H.-W.; Mistry, F.; Spiske, R.; Weber, U,
Goudetsidis, S. DSYMPC, Release 0.940728E; Institut fiir Anorga-
nische Chemie und Strukturchemie, Heinrich-Heine-Universitit: Diis-
seldorf, Germany, 1994.
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resolution of 1 em™'. A total of 15 reads having 60- (SnSes*") and
90-s (SnsSei¢*) integration times were used. Spectral line positions
are estimated to be accurate to £1 cm™.

Crystal Structure Determination of (2,2,2-crypt-K1),Sn Se;o*".
Crystal Growing. The alloy KSng¢;Se; 93 (0.1634 g, 0.603 mmol) was
transferred into one arm of a two-arm Pyrex vessel and extracted in en
in the presence of a nonstoichiometric amount of 2,2,2-crypt (0.1003
g, 0.267 mmol) with respect to K*. After 3 weeks, the solution was
carefully decanted off the unreacted alloy residue into the second arm
of the reaction vessel. An excess of THF (1:2 v:v) was condensed
under static vacuum at 0 °C into the first arm of the Pyrex reactor.
The reactor was allowed to stand for 4 weeks over which period the
THEF slowly vapor phase diffused into the yellow-orange en solution,
resulting in the formation of a mixture of orange and yellow paral-
lelepiped-shaped crystals just above the supernatant. The mother liquor
was decanted back into the first arm of the Pyrex vessel and slowly
pumped off under dynamic vacuum. The dry crystalline sample was
transferred to a drybox equipped with a stereomicroscope and the
reaction vessel cut open. Single crystals of both morphologies were
sealed in 0.4-mm Lindemann glass capillaries, which were stored at
room temperature prior to mounting on the diffractometer. An
analogous liquid NH; sample was shown by 7’Se and !'"Sn NMR
spectroscopy to contain mainly the Sn,Ses*™, Sn;Ses*, and SnaSej¢*~
anions as well as a small amount of SnSe;*~ (see Solution Charac-
terization of SnsSeio*™ by 7Se and ""Sn NMR Spectroscopy and
ref 15). The Raman spectra of both crystal morphologies were recorded
and revealed that the yellow crystal contained the known Sn;Ses*™
anjon’® and consequently was not further studied by X-ray crystal-
lography. The orange crystal used in this study had the dimensions
0.4 x 0.4 x 0.6 mm?,

Collection and Reduction of X-ray Data. A crystal of (2,2,2-crypt-
K*)aSnaSeio*~ was centered on a Siemens P4 diffractometer equipped
with a rotating anode, using molybdenum radiation monochromatized
with a graphite crystal (A = 0.7107 73 A). Accurate cell dimensions
were determined at room temperature from a least-squares refinement
of the setting angles (y, ¢ and 20) obtained from 25 accurately centered
reflections (with 22.61° < 20 < 34.45°) chosen from a variety of points
in reciprocal space. Integrated diffraction intensities were collected
by using a §—26 scan technique with scan rates varying from 4.0 to
40° min~! (in 2w) and a scan range of £0.34° so that weaker reflections
were examined more slowly to minimize counting errors. Data were
collected with —1 < h <15, —16 < k < 16, and —28 < [ < 28 and
with 5° < 20 < 45°. During data collection the intensities of three
standard reflections were monitored every 97 reflections to check for
crystal stability and alignment. A small decay (<8.5%) was observed,
which was later corrected by linearly scaling the data between each
set of standards. A total of 17 870 reflections were collected, of which
305 were standards. In total, 17 565 reflections were collected and
15400 unique reflections remained after averaging of equivalent
reflections. A total of 10 102 reflections satisfying the condition / >
20(]) were used for structure solution. Corrections were made for
Lorentz and polarization effects, and absorption corrections were applied
by using the program DIFABS.5!

Crystal Data. (2,2,2-crypt-K*).SnsSeo*™ (fv = 2926.7 g mol™!)
crystallizes in the triclinic system, space group P1; a = 14.769(2) A,
b =15.580(1) A, c = 26.275(4) A, a. = 79.19(1)°, B = 85.65(1)°, ¥
= 85.870(8)%; V = 5911(1) A3 Deyre = 1.644 g cm™ for Z = 2. Mo
Ka radiation [A = 0.71073 A, U{Mo Ka) = 41.14 cm™'] was used.

Solution and Refinement of the Structure, The XPREP program?*
first confirmed the original cell and showed the lattice to be triclinic
primitive (R = 0.018). A first solution was obtained without
absorption corrections. The structure was solved in the space group
P1 (2) by direct methods, which located the general positions of four
tin and 10 selenium atoms and indicated the presence of the SniSe*~
anion having an adamantanoid geometry. The full-matrix least-squares
refinement of their positions and isotropic thermal parameters gave a
conventional R-factor of 0.256. Successive difference Fourier syntheses
revealed the general positions of the potassium, nitrogen, oxygen, and

(51) Walker, N.; Struat, D. Acta Crystallogr. 1983, A39, 158.
(52) Sheldrick, G. M. SHELXTL PLUS, Release 4.21/V, Siemens Analytical
X-ray Instruments Inc.: Madison, WL, 1993.
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carbon atoms of the four expected 2,2,2-crypt-K* cations. A successive
full—matrix least—squares refinement of the positions and isotropic
thermal parameters of all the atoms, as well as the calculated positions
of the hydrogen atoms [d(C—H) = 0.96 A, U(H) = 0.08 A? was kept
fixed], resulted in a significant improvement of the structure (R =
0.114).

The structure was solved a second time by using data that had been
corrected for absorption. The Sn, Se, and K atoms were refined with
anisotropic thermal parameters. The final refinement was obtained by
setting the weight factor to 1/[0%(F,?) + (0.100P)* + 0.00P] where P
= [max(F?, 0) + 2F]/3 and gave rise to a residual, Ry, of 0.0701 (wR;
= (0.2024. In the final difference map, the maximum and the minimum
electron densities were 1.835 and —0.743 e A%,

All calculations were performed on a 486 personal computer by using
the SHELXTL PLUS™ package®? for structure determination, refine-
ment, and molecular graphics.
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