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1218h Mossbauer Spectra for Crown Ether Adducts of Antimony(m) Chloride and

Molecular Structure of SbCl;-12-crown-4

Masashi Takahashi,* Takafumi Kitazawa and Masuo Takeda
Department of Chemistry, Faculty of Science, Toho University, Miyama, Funabashi, Chiba 274, Japan

The 12Sh Mdssbauer spectra for the crown ether {12-crown-4, 15-crown-5 and 18-crown-6) adducts of antimony(i)
chloride at 20 K show that the stereochemical activity of the lone pair of the Sb" atom varys with the antimony—crown
ether interaction, which is strongest in the 12-crown-4 adduct having the shortest average Sb—O distance of 2.81(7) A.

Recently, X-ray crystal structures have been reported for two
crown ether adducts of antimony(i) chlorides; 1,4,7,10,13-
pentaoxacyclopentadecane (15-crown-5)! and 1,4,7,10,13,16-
hexaoxacyclooctadecane (18-crown-6) adducts.2 They have
similar structures in which the pyramidal SbCl; molecule is
capped with the crown ether and the lone pair of the
antimony (1) atom is approximately directed to the centre of
the crown ether. The bond distances between the oxygen
atoms of the crown ether and the antimony(in) atom are
significantly different in the two adducts; the average Sb-O
distance is 3.18 A for SbCly 18-crown-6 and 2.90 A for
SbCls-15-crown-5 suggesting that this is the origin of the
difference in stereochemical activity? of the lone pair of the
antimony(111) atom in the two adducts. We have thus carried
out a 121Sb Mossbauer spectroscopic study on the two adducts
and the freshly prepared SbCls-12-crown-4. In the course of
the study we have noted the 121Sb Mossbauer data by Schéfer
et al. for SbX;-15-crown-5 (X = F, Cl, Br, I).4

Fig. 1 shows the 121Sb Mossbauer spectra of the crown ether
adducts and solid SbCl; measured at 20 K with a Cal2im§nQO;
source (16 MBq) using an Austin S-600 Mossbauer spec-
trometer and a Seiko 7800 multichannel analyser.> The isomer
shift provides a measure of the 5s electron density on the
antimony nucleus. Since AR/R for 121Sb is negative, the
decrease in the isomer shift means an increase in s electron
density. The values of isomer shift (8; relative to InSb at 20 K)
for SbCl;-15-crown-5 (—8.57 mm s-1) and SbCl;-18-crown-6

(—6.51 mm s—1) are more negative than that for crystalline
SbCl; (—5.90 mm s—1), implying larger 5s electron density for
the crown adducts. Since the isomer shifts for Sb!! compounds
are dominated by the s character of the lone pair, the observed
decrease in the isomer shift indicates that adduct formation
causes an increase in the s character; i.e. a decrease in the
stereochemical activity of the lone pair.

The magnitude of the quadrupole coupling interaction is
another measure of the stereochemical activity of the lone pair
because the electric field gradients of the Sb!!l compounds are
dominated by 5p electrons localized in the lone pair. The
values of e2qQ for SbCls-15-crown-5 (10.2 mm s—!, which
agrees with the reported value?) and SbCls-18-crown-6 (12.7
mm s—!) are smaller than that for solid SbCl; (13.1 mm s—1!),
suggesting a reduction in the stereochemical activity of the
adducts.

In order to gain further knowledge of the lone pair in the
crown ether adducts we prepared a new adduct, SbCl;-12-
crown-4.7 The Mossbauer spectrum for SbCl;-12-crown-4 (d
in Fig. 1) shows a rather symmetric absorption at the most
negative velocity. The Mossbauer parameters are 6 = ~9.10
mms~1,e2qgQ = 6.2 mms~! and an asymmetry parameter, | =

+ Addition of a dichloromethane solution of purified SbCl; (10 mmol)
to an acetonitrile solution of 12-crown-4 (10 mmol, Merck) at 0 °C
gave white crystals.
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Fig. 1 121Sb Mossbauer spectra at 20 K for SbCl; and its adducts: (a)
crystalline SbCls, (b) SbCl;-18-crown-6, (¢) SbCls-15-crown-5,
(d) SbCl3-12-crown-4
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Fig. 2 Plot of e2qQ against & for SbCl; compounds: (a) crystalline
SbCls, (b) SbCl3-18-crown-6, (¢) SbCls-15-crown-5, (d) SbCl;-12-
crown-4, (e) cumene frozen solution of SbCls, (f) 1,2-dichloroethane
frozen solution of SbCls
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Fig. 3 Molecular structure of SbCl;-12-crown-4: (a) viewed along the
direction normal to the mean O, plane, (b) viewed along the direction
parallel to the mean O, plane. Hydrogen atoms are omitted for
clarity. 1 is shown. 2 has an equivalent geometry. Principal mean
distances (A) and angles (°) are: Sb-Cl 2.41(2), Sb-O 2.80(5),
C1-Sb-Cl 92.8(3), O-Sb-O(¢rans) 91.0 for 1; Sb—Cl 2.42(3), Sb-O
2.81(9), CI-Sb-Sl1 92(2), O-Sb-O(trans) 90.7 for 2.

0.66. The values of both  and e2qQ are much smaller than
those of the 15-crown-5 adduct and are among the smallest
values of more than sixty Sb!!l compounds we have measured,
being close to thosei of the octahedral [SbClg]3— anions with a
stereochemically inactive lone pair.6.7 The present observa-
tion suggests the stereochemical activity of the lone pair is
considerably decreased in the 12-crown-4 adduct. Interest-
ingly, the value of j becomes larger with the reduction of the
stereochemical activity of the lone pair: m values are 0.33,
0.27, 0.53 and 0.66 for crystalline SbCl;, SbCl;-18-crown-6,
SbCl;-15-crown-5 and SbCl;-12-crown-4, respectively. This
implies that the electric field gradient is not dominated
uniquely by the lone pair.

Fig. 2 is a plot showing a correlation between the values of
the isomer shift and the quadrupole coupling constant. We

T Values for [SbClg)?~ are: & = —11.06 mm s—1, ¢2gQ = 0.4 mm s~!
for [Co(NH3)¢)?* salt and = —10.25 mm s—1, e2¢gQ = 5.2 mm s~! for
potassium salt.
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have already demonstrated that there is a linear relationship
between the values of & and e2qQ for a large number of
antimony(1r) compounds,? this also holds for the crown ether
adducts studied. It is worth noting that the variation of the
Mossbauer parameters on adduct formation are quite large
compared with those on dissolution of SbCly; in some
non-coordinating solvents,® which would release intermol-
ecular Sb-Cl interactions in the solid state.? This implies that
the Sb-O interactions are much more direct and stronger than
the intermolecular Sb-Cl interactions and that the Sb-O
interactions depend strongly on the capping crown ethers.
An X-ray analysis§ for SbCl;-12-crown-4 shows that there
are two crystallographically independent molecules (desig-
nated as 1 and 2) having an equivalent geometry. The
structural feature of the adduct bears a strong resemblance to
those of other SbCl; adducts,!-2 SbF;-15-crown-54 and
BiCl3-12-crown-410 as shown in Fig. 3. Although the atomic
coordinates of the carbon and oxygen atoms of the crown
ethers cannot be determined with a large degree of accuracy
owing to the thermal motion of the crown ethers, four oxygen
atoms are in a plane (mean deviation from the plane: 0.02 A
for molecules 1 and 2) which is parallel to that containing the
three chlorine atoms (dihedral angles between the planes:
176.2° for 1, 176.3° for 2). The SbCl; pyramids have very
similar dimensions to those in other adducts; Sb-Cl =

§ Crystal data: SbCly-CgH,604, M = 404.32, monoclinic, space group
Pc (No. 17), a = 12.053(2), b = 7.965(1), ¢ = 15.020(2) A, p =
90.39(1)°, U = 1442.1(6) A®>, Z = 4, D, = 1.862 g cm~3, A = 0.71069
A, w(Mo-Ka) = 24.81 cm~1, F(000) = 792, R = 0.027, R,, = 0.026 and
goodness of fit = 1.75 for 2478 reflections with I > 3o(I). 3546 Unique
reflecticns were collected at room temp. on a Rigaku AFCS5S
diffractometer in an ®-20 scan. The structure was solved by direct
methods (MITHRIL) and refined by full-matrix least-squares analysis
using a TEXSAN program package. All non-hydrogen atoms were
refined anisotropically and all hydrogen atoms were placed at
calculated positions. Atomic coordinates, bond lengths and angles,
and thermal parameters have been deposited at the Cambridge
Crystallographic Data Centre. See Notice to Authors, Issue No. 1.
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2.387(7)-2.425(6) A, CI-Sb-Cl = 92.6(3)-93.1(3)° for 1 and
Sb-Cl = 2.397(6)-2.461(7) A, CI-Sb-Cl = 90.4(2)-94.7(2)°
for 2. In contrast, the Sb—O bond lengths [2.73(2)-2.85(1) A
for 1, 2.72(1)-2.92(2) A for 2; average 2.81(7) A] are
obviously shorter than those of the 15-crown-5 adduct,
indicating the stronger Sb—crown ether interactions, which
would cause the smaller stereochemical activity of the lone
pair. Consequently, the X-ray structure supports the conclu-
sions based on the 121Sb Mossbauer spectra.
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