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/V,/V-Dimethylethylenediammonium Cation, Chloroantimonate(III)
/V,/V-Dimethylethylenediammonium pentachloroantimonate(III) crystallizes in the mono
clinic system, in space group P2i/c (a = 12.460(2), b = 10.252(2), c = 10.330(2) A,
ß = 97.75(3)°, V = 1307.5(4) Ä3, Z = 4, dc = 1.997, dm = 1.99(2) g/cm3). The crys
tal structure of [(CH3)2NH(CH 2)2NH 3][SbCl5j consists of isolated [SbCls]2 anions and
[(CH3)2NH(CH 2)2NH3r cations. The [SbCls]
anion has a distorted square pyramidal ge
ometry, presenting one short axial and four long equatorial Sb-Cl bonds. The square pyramids
are characteristically stacked one close to the other, parallel to the c axis. The voids between the
anionic sublattice are filled by [(CH 3)2NH(CH 2)2NH 3]2+ cations. The five non-equivalent Sb-Cl
bond distances within the [SbCls]2- square pyramid are significantly different. The equatorial
Sb-Cl bonds are in the range 2.427(2)-2.968(2) Ä, whereas the axial one is 2.384(1) A long.
The study reveals that N-H...C1 hydrogen bonds are responsible for the deformation of equa
torial Sb-Cl bonds from the mean value of 2.654(7) A. Analysis of intermolecular interactions
between the [SbCls]2- pyramids in the structure, reflected in changes of Sb-Cl bond lengths
from the values characteristic of non-interacting pyramids, leads to the conclusion that the van
der Waals radius of Sb is significantly smaller than that estimated by Pauling.

1. Introduction
The crystals of halogenoantimonates(III) with
organic cations described by the general formula
A 2 SbX 5 , where A corresponds to a monoprotonated
organic cation and X is halogen, are widely in
vestigated owing to their physical properties. The
main interest is focused on the structural phase
transitions and their complex crystal chemistry [1],
The mechanisms of phase transitions in these salts
are most often related to changes in the reorientational motions of organic cations. Despite the
same chemical formula, the anionic sublattices of
A 2 SbX 5 crystals may be built on one of several
different patterns; either of isolated square pyra
mids [SbC^]2- [2], isolated [Sb2 Clio]4- units com
posed of two octhedra sharing an edge [3], isolated
[Sb4Cl2o]8" anions built of four corner-sharing octahedra [4], or infinite zig-zag chains [SbCls]2- [5].
Recently the crystals of bis(guanidinium) pentachloroantimonate(III) guanidinium chloride
[C(NH2)3]2 [SbCl5] • [C(NH2)3]C1 [6], bis(tetraethylammonium) pentachloroantimonate(III)

[(C2H5 )4 N] 2 [SbCl5] [7] and bis(ethyldimethylammonium) pentachloroantimoante(III)
[C2H5NH(CH 3 )2 ]2 [SbCl5 ] [8] have been the sub
ject of several studies, including X-ray diffraction,
dilatometric, DSC and NMR measurements.
The present paper is a continuation of our project
concerning studies of structure and phase transi
tions in the group of halogenoantimonates(III) with
different organic cations, as regards symmetry and
size. We are trying to explain the observed differ
ences in Sb-Cl bond lengths (up to ca. 1 A) and
Cl-Sb-Cl angles within the respective anionic units.
The elongation of any particular Sb-Cl bond from
the mean value characteristic of a non-deformed
polyedron was shown to be associated with the shift
of the lone electron pair of Sb(III) in the direction
of the interaction. It results either from bridging
Cl atoms (primary deformation) and/or the inter
actions between the cationic and anionic sublattices
(secondary deformation). Data gathered so far show
that the secondary deformation of the anionic sub
lattice to a large extent results from the presence
of N-H...C1 hydrogen bonds in those structures [9].
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Table 1. The crystal data and structure determination sum
mary for [(CH3)2NH(CH 2)2NH 3][SbCl5]
Crystal data:
Empirical formula
Colour; habit
Crystal size
Crystal system
Space group
Unit cell dimensions

Volume
Z
Formula weight
Density (calculated)
Density (measured)
Absorption coefficient
Temperature
Data collection
Diffractometer/scan
Radiation
6 Range
Index ranges
Reflections collected/
unique
Observed refls [/ > 2<r(/)]

C4Hi4N 2Cl5Sb
Colourless; plates
0.40 x 0.30 x 0.28 mm
monoclinic
P2i/c
a = 12.460(2) A
b = 10.252(2) A
c = 10.330(2) A
ß = 97.75(3)°
1307.5(4) A 3
4
389.17
1.977 g/cm 3
1.99(2) g/cm 3
3.091 mm “ 1
297(2)K
KUMA KM-4/co>-$
Mo-K q (A = 0.71073 A)
1.7-25.1°
-14 < h < 14; 0 < /: < 12;
-9 < l < 12
3693
2285
1845

Solution and refinement:
System used
Solution
Refinement method
Weight scheme

SHELX-97
Patterson method
Full-matrix least-squares
w = l/[(j 2(Fo2) + (0.043 IP )2
+ 2.0313P]
where P = (F02+2Fc2)/3
No of refined parameterss 113
Final R indexes [I > 2a(I)] R = 2.87%, wR = 7.56%
9.55%
wR (all data)
1.106
Goodness of fit
Largest diff. peak and hole 0.96/-0.44 e/A 3

By shifting the respective chlorine atom in the di
rection of the positive charge it leads to the elon
gation of the particular Sb-Cl bond. This is always
associated with a shortening of the Sb-Cl bond lo
cated trans to that in question (trans influence). Re
cently we reported that small changes of Sb-Cl bond
lengths are also observed on changing the tempera
ture. Lowering the temperature leads to a small in
crease of the strength of N-H...Cl hydrogen bonds
by freezing the librational motion of the cations
and results in small changes of Sb-Cl bond lengths
[9, 10].

Table 2. Atomic coordinates (x 104) and equivalent
isotropic displacement parameters (A2 x 103) for nonFI atoms. Ueq is defined as one third of the trace of the
orthogonalized Uij tensor. For the numbering of the atoms
cf Fig. 1.
Atom

X

Sbl
Cll
C12
C13
C14
C15
NI
Cl
C2
N2
C3
C4

7366(1)
8493(1)
6111(1)
9044(1)
6334(1)
8526(1)
9710(3)
8851(4)
8005(4)
7187(3)
6506(5)
6477(5)

y

8569(1)
9531(1)
10388(2)
6495(1)
7402(2)
9997(1)
2167(4)
2960(6)
3340(5)
4255(5)
3708(6)
4774(8)

z

t/eq

3453(1)
2023(1)
3161(2)
3708(1)
1481(2)
5293(1)
3713(4)
2961(5)
3797(5)
3123(5)
1953(6)
4047(7)

33(1)
43(1)
62(1)
39(1)
63(1)
39(1)
34(1)
41(1)
39(1)
41(1)
48(1)
61(2)

2. Experimental
B is(/V,/V-dimethylethylenediammonium) pentachloroantimonate crystals were grown by a slow evaporation of
solvent at the constant room temperature from a saturated
solution obtained by dissolving /V,/V-dimethylethylenediamine and antimony trichloride, molar ratio 1 :2 , in an
aqueous solution of concentrated hydrochloric acid.
The unit cell parameters were obtained from a least
squares refinement of 45 reflections in the 26 range:
14 - 42°. Two standard reflections monitored every 50
measurements showed that the intensity variation was
negligible. Lorentz, polarisation and semiempirical ab
sorption corrections (via V’-scans, based on reflection
measurements at different azimuthal angles [ 11]) were
applied (Tmin = 0.327, Tmax = 0.421). Hydrogen atoms
were included using standard geometric criteria and con
strained to a distance of 0.90 A (N-H) and 0.96 A
(C-H).
KUMA software was used during the data collec
tion, cell refinement [ 12] and data reduction processes
[13]. The SHELXS-97 [14] and SHELXL-97 [15] pro
grams were used for structure solution and refinement.
The structure drawings were prepared using SHELXTL
program [11]. The details of the data collection and pro
cessing are listed in Table 1. Final atomic coordinates and
equivalent isotropic displacements parameters for non-H
atoms are shown in Table 2.
Differential scanning calorimetry studies were per
formed using a Universal V1.12A TA Instrument with
cooling/heating, rates of 10 K/min in the temperature
range from 140 to 325 K. No heat anomalies were found.
TG A studies carried out on a Universal V 1.12 A TA Instru
ment in the temperature range 300 - 530 (K/min) showed
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Fig. 1. The packing diagram of
[(C H 3) 2N H (C H 2 )2 N H 3 ][S b C l5]

viewed along the c axis. The
single dashed lines show the
closest Sb...Cl non-bonding in
teractions. The double dashed
lines depict N -H ...C 1 hydrogen
bonds. Displacement ellipsoids
are plotted at the 50% probabil
ity level. Symmetry codes: 1 x,
- y + 3/2, z + 1/2, ü x, -y + 1/2, z
+ 1/ 2 .

that the [(CH3)2NH(CH 2)2NH 3][SbCl5] crystals begin to
decompose above ca. 330 K.

Results and Discussion
In the [(CH3)2NH(CH2)2NH 3 ] [SbCl5] crys
tal, the A^-dimethylethylenediammonium dication
differs from alkylammonium monocations by hav
ing two ammonium groups potentially able to si
multaneously create N-H...C1 hydrogen bonds.
The independent part of the unit cell con
tains one [SbCls]2- square pyramid and one
[(CH3 )2 NH(CH 2 )2 NH3]2+ dication. The [SbCl5]2~
pyramids are characteristically stacked one close
to the other, parallel to the c axis (Fig. 1). The
angle between the planes defined by antimony
and equatorial chlorine atoms of adjacent pyra
mids in the same stack is 53.83(4)°. It should
be noted as a common feature of square pyrami
dal coordination of antimony(III) [2] that the cen
tral Sb(III) atom is displaced from the plane de
fined by the equatorial Cl atoms by 0.136(1) A.
The voids between the anionic sublattice are filled
by [(CH3 )2 NH(CH 2 )2 NH 3 ]2+ cations. The prin
cipal geometrical features are similar to those
observed in [(CH3)oNH(CH.)2NH3][MnF5(H20 )]
[16].

Table 3. Selected bond lengths [A] and angles [°] for
[(CH 3)2NH(CH 2)2NH 3][SbCl5].
Sbl-C ll
Sbl-C13
Sbl-C15
Cll-Sbl-C12
Cll-Sbl-C14
C12-Sbl-C13
C12-SM-C15
C13-Sbl-C15

2.384(1)
2.968(2)
2.665(1)
91.64(6)
88.57(5)
174.86(5)
86.83(5)
91.30(4)

Sbl-C12
Sbl-C14
Sbl...C14‘
C11-SM-C13
Cll-Sbl-C15
C12-SM-C14
C13-SM-C14
C14-Sbl-C15

2.427(2)
2.554(2)
3.677(2)
83.41(5)
84.66(5)
90.82(6)
90.46(6)
172.76(5)

Symmetry code : 1 x ,- y + 3/2, z + 1/2.

The five Sb-Cl bond distances within the
[SbCls]2- pyramid are significantly different, rang
ing from 2.384(1) to 2.968(2) A. The equatorial
Sb-Cl bonds are in the range 2.427(2) - 2.968(2) A,
whereas the axial one is 2.384(1) A long (Table 3).
The observed changes in lengths of Sb-Cl bonds
and Cl-Sb-Cl angles correlate well with the ge
ometries and strengths of the N-H...C1 hydrogen
bonds between the anionic sublattice and the or
ganic cations. The strongest N-H...C1 bonds are
formed by primary, terminal -N+H3 ammonium
groups (with H...Cl distances between 2.31 and
2.37 A). Tertiary ammonium groups form weaker
N-H...C1 hydrogen bonds (H...C1 2.52 A), most
probably because of steric reasons. The compa-
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Table 4. The H-bonding geometry [Ä, °] for
[(CH 3) 2NH(CH 2)2NH 3][SbCl5].
D-H...A

D-H

H...A

D...A

D-H...A

N1-H2...C13'
N1-H1...C13"
N1-H3...C151"
N2-H8...C13

0.90
0.90
0.90
0.90

2.31
2.34
2.37
2.52

3.206(4)
3.192(4)
3.232(5)
3.257(5)

171
159
162
140

Symmetry codes: '- x + 2 , - y + 1, - z + 1;" -x + 2 , y - 1/ 2 ,
- z + 1/ 2 ; 1,1 x, y - 1, z.

rable pattem of hydrogen bonds was observed in
[(CH3)2NH(CH2)2NH3][MnF5(H20 )] [16].
We have compared the geometry of the square
pyramid of the title crystal with the structure found
for [(C2H5)4N]2[SbCl5] not deformed by the NH...C1 interactions [7]. In this structure the equato
rial Sb-Cl bonds (average 2.602(6) A) are to within
2d identical, whereas the axial bond is much shorter
(2.346(4) A). In [(CH3)2NH(CH2)2NH3][SbCl5]
the N...C1 contacts range from 3.192(4) to
3.257(5) A indicating that the cations are bound
by medium strength N-H...C1 hydrogen bonds (Ta
ble 4). Two chlorine atoms C13 and C15 take part
in hydrogen bonding and the Sbl-C13, Sbl-C15
bonds are elongated by 0.366(8) and 0.063(7) Ä
respectively. This leads to the shortening of the SblC12 and Sbl-C14 bonds located trans by 0.175(8)
and 0.048(8) A, respectively (Fig. 2). The aver
age length of the equatorial bonds (2.654(7) A)
is significantly larger than that found in a non
distorted [SbCls]2- pyramid (2.602(6) A) [7].
The shortening of the equatorial bonds Sbl-C12
(2.427(2) A) and Sbl-C14 (2.554(2) A) appears
to be a trans influence in response to the length
ening of the Sbl-C13 (2.968(2) Ä) and Sbl-C15
(2.665(1) A). The same trans influence was ob
served in bis(cyclopentadienyl-chloro-dicarbonyliron)trichloro-antimony [17]. The Cl-Sb-Cl an
gles involving Cl atoms mutually cis are between
83.41(5) and 91.64(6)°, while those for bonds lo
cated trans are 172.76(5) and 174.86(5)° (Table 3).
The [SbCls]2- square pyramids are stacked with
SM...C141 distances of 3.677(2) A. This separation
of an Sb(III) atom of one square pyramid and the
C141 atom of the other is shorter than the sum of
the van der Waals radii for Sb and Cl atoms of
4.0 A as estimated by Pauling [18] and 3.87 A by
Bondi [19]. However, the distance is at the same
time significantly longer than other primary Sb-Cl

Fig. 2. The hydrogen-bonding scheme for [SbC^]2showing the relative deformation caused by N-H...C1 in
teractions. Only three N-H...C1 hydrogen bonds are shown
for clarity. Displacement ellipsoids are plotted at the 50%
probability level. Symmetry codes: 1x, y + 1, z, 11 -x + 2,
- y + 1, - z + 1.

bond lengths observed in the family of chloroantimonates(III) [20]. Based on the significant dif
ference between Sbl-C ll 2.384(1) Ä and SM...C141
3.677(2) A (1.293(3) A) and the deviation of the ClSb-Cl angles from 90° (up to ca. 20°) we decided
to treat the environment of Sbl as a square pyramid
rather than an octahedron. A similar situation was
found in the structure of [C2H5 NH(CH3)2]2[SbCl5 ],
where the Sb-Cl contacts for axial chlorines are
2.371(1) and 3.474(1) A [8]. Our suggestion finds
confirmation in the analysis of the relative changes
of Sbr-C14‘ and S b r-C tf1 bond lengths of the title
compound (Fig. 1). Should the Pauling estimation
of the van der Waals radius of Sb be correct we
would have observed a relative elongation of S b l1C141 bond as a result of bond formation between
Sbl and C141. The opposite Sbl'-C15' bond should
then be shortened as a result of the trans influence.
In fact we see the opposite. The elongation of S b l1
-C151 bond and the shortening of Sbl'-C14' prove
stronger interactions between C151 and the -N1"H3
group than for Sbl and C14‘. The lack of changes of
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the axial Sb-Cl bond lengths (2.381(3) - 2.385(2) Ä)
in the cases where opposite non-bonding Sb-Cl con
tacts vary between 3.330(3) and 3.701(2) A [2, 21]
seems to indicate that the sum of the van der Waals
radii for Sb and Cl is ca. 3.3 A and the van der Waals
radius of Sb is ca. 1.6 A.
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