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The pseudosymmetric structure of bis(diisopropyl-
ammonium) hexachloroiridate(lV) and its relationship

to potassium hexachloroiridate(lll)

Bis(diisopropylammonium) hexachloroiridate(IV), [{(H3;C),-
CH},NH,],[IrCl¢], crystallizes in the monoclinic centrosym-
metric space group P2,/c with two crystallographically
independent [IrCl¢]*~ anions, each located on a center of
symmetry, and two crystallographically independent diiso-
propylammonium cations in general positions. Weak hydrogen
bonding occurs between the cations and anions to form layers
parallel to the bc plane. Each layer is built by annealed 24-
membered rings that can be classified according to Etter’s
nomenclature as R%(24). The structural relationship between
K;[IrClg] and the title compound shows that a replacement of
three potassium cations by two diisopropylammonium cations
leads to a layered structure. The hydrophilic layers that are
dominated by hexachloroiridate(IV) anions are separated by
lipophilic regions in the planes at x = 1/4 and x = 3/4.

Comment

Diisopropylammonium cations (dip) are known as stabilizing
counter-ions for various anionic systems (Reiss, 1998, and
references therein). A preliminary communication of a
systematic study on the structural chemistry of diisopropyl-
ammonium halogenides (Reiss, 2000) and of analogous
hydrogen difluorides (Reiss, 2001) showed that all known
structures of diisopropylammonium halogenides are isostruc-
tural and form hydrogen-bonded chains. By contrast, bis-
(diisopropylammonium) hexafluorosilicate, (dip),SiFs (Reiss,
1998), has been shown to be constructed about quasi-mole-
cular ion pairs of one hexafluorosilicate anion and two diiso-
propylammonium cations held together by two strong N—
H.--F hydrogen bonds with only weak contacts to the
neighboring units.

@

The structure of the title compound, (I) (Fig. 1 and Table 1),
comprises hexachloroiridate(IV) dianions located on centers
of inversion (Wyckoff sites 2a and 2d) and two crystal-
lographically independent diisopropylammonium cations in
general positions connected via weak N—H---Cl hydrogen
bonds (Table 2).
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Figure 1
Diagrams showing the primary hydrogen-bonding motifs. Displacement
ellipsoids are drawn at the 40% probability level.

The C—C and N—C bond lengths in both crystal-
lographically independent diisopropylammonium cations are
as expected. The conformations of the crystallographically
independent cations are very similar (Table 1). The almost
exactly octahedral geometry found in the title structure is
consistent with the results of other structure determinations of
hexachloroiridates (Coll et al., 1987).

Taking into account only the shortest H-. - -Cl contacts, each
of the two crystallographically independent hexachloro-
iridate(IV) anions and each of the dip cations in the asym-
metric unit form two crystallographically independent layers
parallel to the bc plane, each of which shows the same
hydrogen-bonding motif. The hydrogen-bonded layers are
comprised of annealed 24-membered rings, as shown in Fig. 1.
The rings can be classified in Etter’s nomenclature (Etter et al.,
1990; Bernstein et al., 1995) as R%(24).

It is known from the literature that potassium hexachloro-
iridate(III) crystallizes with similar lattice constants and in the

Figure 2
Packing, with view along b, for dip,[IrClg] (bottom) and K;[IrCls] (top)

same space group (i.e. P2;/c). In addition, the hexa-
chloroiridate(IIT) anions occupy the same sites as in the title
compound (Fig. 2). A detailed investigation of the similarities
between the two structures was undertaken. The structure of
the title compound and that of potassium hexachloro-
iridate(III) can be separated into layers comprised of hexa-
chloroiridate(IV) anions and cations in the planes at x = 0 and
x = 1/2, and layers defined by the some of the cations separ-
ating them.

Reducing the dip cations to their centers of gravity (blue N
atom), the two structures are very similar concerning the
layers at x = 0 (Fig. 2, green arrows). The orientation of the
octahedral anions is similar and the ammonium cations in this
layer occupy approximately the same gaps as in the potassium
salt (Fig. 2, orange ellipses). For the layer at x = 1/2 this is not
true. The octahedra are tilted with respect to the cell edges,
whilst in the potassium salt, four of the six chlorides lie exactly
within the ab and bc planes, respectively (Fig. 2). One of the
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two remaining potassium sites is substituted by one of the dip
cations. Substitution of potassium by diisopropylammonium
cations leads to a significant change of the principal structural
feature, i.e. from a three-dimensional inorganic compound,
Ki[IrClg], with Ir---Ir distances of 6.98 and 727 A, to a
layered compound, dip,[IrClg], with lipophilic regions in the
planes at x = 1/4 and x = 3/4 (Ir- - -Ir distances 6.82 and 8.05 A)
(Fig. 2).

The fact that structures with different compositions crys-
tallize with one part of the structure unchanged is well known
from host—guest systems such as zeolites or clathrates. For
systems in which the subsystems are interconnected via
hydrogen bonds, this seems to be rarer (Mootz & Schilling,
1992). The present example of an alkylammonium hexa-
chloroiridate(IV) salt shows that some features of the inor-
ganic parent structure are retained. Other features, such as the
generation of layers, can be incorporated within the original
framework.

Finally, it should be mentioned that the ammonium hexa-
chloroiridate(IV) salt (Bokii & Ussikov, 1940), caesium
hexachloroiridate(IV) (Coll et al., 1990) and the potassium/
ammonium mixed crystals [Kg3,(NHy)o7]o[IrClg], (Reiss,
unpublished results) form, by contrast to the above-mentioned
structures, highly symmetric arrangements having cubic
symmetry (Fm3m).

Experimental

The title compound was synthesized by the reaction of diisopropyl-
amine with IrCl; dissolved in a concentrated hydrochloric acid
solution. Recrystallization of the microcrystalline powder at room
temperature yielded dark-red platelets.

Crystal data

(CsHi6N),[IrCle)
M, = 609.30
Monoclinic, P2, /c

D, =1802Mgm™>
Mo Ko radiation
Cell parameters from 693

a=16.0939 (14) A reflections
b =10.3961 (12) A 6 = 5-20°

¢ =13.6382 (13) A @ =6.66 mm~!
B = 100.196 (9)° T=293(2)K

V =22458 (4) A3
Z=4

Plate, dark red
0.20 x 0.10 x 0.05 mm
Data collection

Stoe CCD diffractometer 2977 reflections with I > 20([)

w scans Ri, = 0.073

Absorption correction: numerical Omax = 25.0°
(XRED; Stoe & Cie, 1999) h=-19—> 19
Tin = 0.294, Tpo = 0.712 k=-12—> 12

25279 measured reflections I=—-16 — 16

3932 independent reflections

Refinement

Refinement on F? w = 1/[o*(F,?) + (0.04P)°
R[F? > 20(F%)] = 0.034 +4P]

wR(F?) = 0.094 where P = (F,” + 2F.2)/3

S§=1.03

3932 reflections

205 parameters

H-atom parameters constrained

(A/6)max = 0.001
Apmax =089 A3
ApPmin = —0.83 ¢ A7

Figure 3

Diagram showing the packing with a view along [101]. The approximate
twofold motifs that are tetragonally packed, responsible for the
pseudosymmetry effects (see Experimental), are highlighted.

Table 1

Selected geometric parameters (A, °).

Irl—CI3 23133 (14) Ir2—Cl6 23319 (14)
Ir1—Cll1 2.3221 (13) N1—-Cl11 1.501 (7)
Irl—CI2 23194 (15) N1—C21 1.510 (7)
Ir2—Cl4 23212 (13) N2—C41 1.517 (7)
Ir2—CIS 23232 (12) N2—C31 1.510 (7)
Cll—Ir1—CI2 89.30 (6) Cl4—Ir2—Cl6 89.34 (6)
Cll1—Ir1—-CI3 90.72 (6) CI5—1Ir2—Cl6 89.45 (5)
CR2—Ir1—CI3 90.40 (6) Cl1—N1—C21 1192 (5)
Cl4—1Ir2—CI5 90.52 (5) C41—N2—-C31 119.0 (4)
Table 2 .

Hydrogen-bonding geometry (A, °).

D—H---A D—H H---A D---A D—H A
N1—HI.--CI3' 0.90 2.50 3.346 (5) 158
N1—H2---Cl1 0.90 2.46 3.329 (5) 164
N2—H3---Cl6 0.90 2.54 3.434 (4) 172
N2—H4..-Cl4" 0.90 2.66 3.414 (5) 142

Symmetry codes: (i) —x,14+y, 3 —z; (i) 1 —x,y — 11—z

The intensity weighted reciprocal lattice shows, beside strong
reflections with the cell constants a = 9.56, b = 10.40, ¢ = 11.43 A and y
= 99.8°, also weak superstructure reflections doubling the volume of
this sublattice. The transformation of this cell (101,010,101) leads to
the true cell. After a crystal-faces-based numerical absorption
correction had been performed, the Laue class was clearly identified
to be 2/m. The analysis of the systematic absences identifies, uniquely,
the centrosymmetric space group P2,/c. The structure refinement is
complicated by correlation effects that can be reduced by increasing
the weight of the weak reflections, accepting the disadvantage of
higher R values. Fig. 3 shows a packing plot, viewed along the [101]
direction. The reasons for the pseudosymmetry effects are apparent
from this figure. There is an approximate twofold motif that is
tetragonally packed along the view direction (red square).

As discussed above, weak hydrogen bonding occurs between the
ammonium groups and the hexachloroiridate(IV) anions. These weak
interactions do not appear to affect the N—H distances within the dip
cations.

The atomic coordinates of the H atoms belonging to NH, and CH
groups have therefore been refined using a riding model, while their
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Uiso values were refined freely. H atoms belonging to methyl groups
were included in the refinement, riding on their attached C atoms,
and were allowed to rotate about the C—C bond, with one common
Uis, value for each group.

Data collection: CrysAlis (Kuma, 2000); cell refinement: CrysAlis
RED (Kuma, 2000); data reduction: CrysAlis RED; program(s) used
to solve structure: SHELXS97 (Sheldrick, 1997); program(s) used to
refine structure: SHELXL97 (Sheldrick, 1997); molecular graphics:
DIAMOND (Brandenburg, 1998); software used to prepare material
for publication: SHELXLY7.

The author thanks J. Graf for reading the manuscript and
for useful discussions.
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