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Abstract
C10H16N2SnCl6, monoclinic, I2 (no. 5), a = 14.0477(4) Å,
b = 8.9140(2) Å, c = 27.6199(6) Å, β = 93.060(2)°, Z = 8,
V = 3453.67(15) Å3, Rgt(F ) = 0.0395, wRref = 0.0858,
T = 290 K.

CCDC no.: 2161230

A packing diagram of the title crystal structure is shown in

the figure with view along [010]. This figure contains the
asymmetric unit shown as displacement ellipsoids and
additional [SnCl6]

2− anions documenting a layered stack-
ing of the cationic and anionic layers in the structure along
[001]. Table 1 contains crystallographic data and Table 2
contains the list of the atoms including atomic coordinates
and displacement parameters.

Source of material

All chemicals were obtained from commercial sources and
used as purchased.

Ina representative experiment 0.437 gSnCl4 (1.24mmol;
Riedel-de Haen) were dissolved in 1 ml concentrated hy-
drochloric acid (37%, Sigma–Aldrich). To thismixture 0.2ml
(0.202 g; 1.24 mmol) S-nicotine (Acros Organis; systematic
name: S-3-[1-methylpyrrolidin-2-yl]pyridine) was added. In
the next step additional hot concentrated hydrochloric acid
was added until the precipitated solids are dissolved. For
instant crystallization the solution was manipulated with a

Table : Data collection and handling.

Crystal: Colorless block
Size: . × . × . mm
Wavelength: Mo Kα radiation (. Å)
μ: . mm−

Diffractometer, scan mode: Xcalibur, ω
θmax, completeness: .°, >%
N(hkl)measured, N(hkl)unique, Rint: ,, , .
Criterion for Iobs, N(hkl)gt: Iobs >  σ(Iobs), 
N(param)refined: 

Programs: CrysAlisPRO [], SHELX [–], [],
Diamond []
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glass pipette. The title compound decomposes as 270 °C
(monitored by differential scanning calorimetry [DSC]).

Experimental details

A crystal of the title compound was directly selected from
the mother liquor and mounted on a Xcalibur four-circle
diffractometer equipped with the EOS detector [1]. An ab-
sorption correction was applied [1]. The structure solution
and the refinement were successfully carried out using the
SHELX program system [2, 3, 5]. Hydrogen atoms were
finally included in the refinement using standard riding
models implemented in the SHELXL software package [2,
3]. Themaximum residual peak of 0.79 e Å−3 is located near
Cl2 (0.70 Å) and the deepest hole is −0.72 e Å−3, which is
0.70 Å apart from Sn2. The figure was created using the
Diamond software [6].

Comment

Introduction

A recently performed survey for nicotine-containing crystal
structures in the Cambridge Structural Database [7] gave
approximately 50 hits. As discussed before, structural data
are available for (a) metal complexes, which contain
neutral nicotine ligands; (b) a small number of co-crystals
containing neutral nicotine as one of the components;
(c) some examples for pyrrolidinyl-monoprotonated nic-
otinium salts; and (d) mono-protonated nicotinium as a
cationic ligand [8]. In detail only a limited number of

Table : Fractional atomic coordinates and isotropic or equivalent
isotropic displacement parameters (Å).

Atom x y z Uiso*/Ueq

Sn −. () . () . () . ()
Sn . () . () . () . ()
Cl −. () . () . () . ()
Cl . () −. () . () . ()
Cl . () . () . () . ()
Cl −. () −. () . () . ()
Cl −. () . () . () . ()
Cl . () −. () . () . ()
Cl . () . () . () . ()
Cl . () . () . () . ()
Cl . () . () . () . ()
Cl . () . () . () . ()
Cl . () . () . () . ()
Cl . () . () . () . ()
N . () . () . () . ()
H . . . .*
N −. () . () . () . ()
H −. . . .*
N . () . () . () . ()
H . . . .*
N . () . () . () . ()
H . . . .*
C . () . () . () . ()
HA . . . .*
HB . . . .*
C . () . () . () . ()
HA . . . .*
HB . . . .*
C . () . () . () . ()
HA −. . . .*
HB . . . .*
C . () . () . () . ()
HA . . . .*
C −. () . () . () . ()
C −. () . () . () . ()
H −. . . .*
C −. () . () . () . ()
H −. . . .*
C −. () . () . () . ()
H −. . . .*
C −. () . () . () . ()
H −. . . .*
C . () . () . () . ()
HA . . . .*
HB . . . .*
HC . . . .*
C . () . () . () . ()
HA . . . .*
HB . . . .*
C . () . () . () . ()
HA . . . .*
HB . . . .*
C . () . () . () . ()
HA . . . .*
HB . . . .*

Table : (continued)

Atom x y z Uiso*/Ueq

C . () . () . () . ()
H . . . .*
C . () . () . () . ()
C . () . () . () . ()
H . . . .*
C . () . () . () . ()
H . . . .*
C . () . () . () . ()
H . . . .*
C . () . () . () . ()
H . . . .*
C . () . () . () . ()
HA . . . .*
HB . . . .*
HC . . . .*
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examples of salt structures containing doubly protonated
nicotinium cationsNicH2 have been reported so far [8]. This
contribution is part of our continuing interest in synthesis,
characterization and understanding of hydrogen-bonding
as well as packing schemes of nicotinium salts [8–10]. The
[SnCl6]

2− counterion used for this study is a bulky,medium-
strong hydrogen-bond acceptor, which is often used by us
[11] and many other groups [12–15]. This contribution is
also part of our longstanding interest in the structures and
hydrogen-bonding schemes of hexahalo-genidome-
tallates, their packing schemes and associated pseudo-
symmetry problems [11, 16–18].

Structural comments

The title structure crystallizes in the non-centrosymmetric
space group I2 (no. 5). There are two doubly protonated
nicotiniums cations (systematic name: 3-((1R,2S)-
1-methylpyrrolidin-1-ium-2-yl)pyridin-1-ium; NicH2) and
two [SnCl6]

2− anions in the asymmetric unit (see the
figure). All ions are in general positions. Bond lengths and
angles within the two crystallographically independent
NicH2 cations are all in the expected ranges [8–10]. The
same is true for the [SnCl6]

2− anion [11–15]. In detail, the
protonation at the nitrogen of the pyrrolidinyl moiety
creates a chiral center with the descriptor R according to
the Cahn–Ingold–Prelog priority rules. This finding came
as no surprise, as all quality structure determinations
containing NicH2 by now show this configuration. Thus
the title structure is another example, which pronounces
the preference of the enantiomeric protonation of the
pyrrolidinyl moiety [8–10]. The Sn–Cl distances in the
[SnCl6]

2− anions range from 2.421(3)–2.469(2) Å and the
cis-angles are in the range of 89.14(10)–91.73(10)°. In
detail there is an internal correspondence between the
weak hydrogen bonds accepted by the [SnCl6]

2− anions
and the Sn–Cl distances. For example the Sn2–Cl8 of
2.466(2) Å corresponds to the shortest NH⋯Cl hydrogen
bonds (N⋯Cl: 3.204(9) Å).

Group-subgroup relation and
pseudosymmetry

The title structure shows an almost centrosymmetric
arrangement of the [SnCl6]

2− anions. We have shown several
times that the presence of pseudosymmetry in a structure
requires special procedures of data collection and structure
refinement [16, 17, 19–21]. Thuswe refined thediffractiondata
suggesting the monoclinic space group I2/a (no. 15), even
though it is quite clear that this space group is not allowed, as

we used the pure enantimorphic S-nicotine as the starting
material.

The test refinement in the centrosymmetric space group
I2/a (no. 15) showed that the asymmetric unit contains one
cation in general position and two halfs of [SnCl6]

2− anions
located on two inversion centers (0, 0, 0; and 0.25, 0.25,
0.75). This finding came as no surprise, as in related cases
[16, 22], the hexahalogenidometallate anions reside on two
different inversion centers to produce the well known
stacking of alternating hexahalogenidometallate layers. In
the title structure the aforementioned layer are stacked
along the crystallographic c direction. These layers are
characterized by the fact that the octahedra of neighboring
layers are tilted towards each other (see the figure). It was
more surprising that the pyridylium moiety of the cation
also shows a centrosymmetric arrangement.

Thus the true non-centrosymmetric structure (space
group I2) is the subgroupof thehypothetic centrosymmetric
structure in the space group I2/a. They are connected by a
translationengleiche group-subgroup relation with the in-
dex 2 (Origin shift: 0, 0, 0.25; see Table 2) [23, 24].

The pseudosymmetry problem in this structure of cause
affects the intensity distribution of the reciprocal lattice.
Consequently reflections thatwould be absent in the case of
an a-glide plane (h0l: h, l = 2n − 1) are much weaker than
general reflections. Furthermore the calculated Flack pa-
rameters are near zero, but the relatively large standard
uncertainties are results of pseudo-symmetrically arrange-
ments of most atoms in the structure (Flack parameter:
0.08(4) by classical fit to all intensities; 0.05(2) from 2471
selected quotients (Parsons’ method) [5]).

Packing

Asmentioned before the [SnCl6]
2− anions are stacked along

the crystallographic c direction. The NicH2 cations are
located between these layers (see the figure). Each anionic
layer consists of only one of the two crystallographically
independent [SnCl6]

2− anions (Sn1 at c = 0.25; 0.75; Sn2 at
c = 0, 0.5; see the figure). The octahedra within both layers
are tilted to each other as a consequence of the space group
symmetry. The connections between cations and anions
are furnished by weak NH⋯Cl hydrogen bonds. Conse-
quently the title structure can be attributed as layered with
separated cationic and anionic layers.

The Raman spectroscopy

Raman spectra were recorded using a Bruker MultiRAM
FT-Raman spectrometer (apodized resolution: 4 cm−1). The
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typical signals [25–27] for the [SnCl6]
2− anions are found at

310 cm−1 (very strong, ν1); 238 cm−1 (medium, ν2); 163 cm−1

(strong, ν4/ν5); 115 cm−1 (strong), respectively.
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