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Crystals of the mnovel title arsenic(III)-phthalocyanine
complex, [As(Cs,Hi6Ng)]o[AsyIg] or [AsPc],[AsyIg], where
Pc is the phthalocyaninate(2—) macrocycle, have been
obtained from the reaction of pure powdered arsenic with
phthalonitrile under oxidizing conditions (iodine vapour) at
463 K. The crystals are formed by separate but interacting
[AsPc]* cations and centrosymmetric [As,I5]*~ anions. The As
atom of the [AsPc]” ion is bonded to the four isoindole N
atoms of the Pc macrocycle and lies 0.762 (1) A out of their
plane. The anionic part of the complex consists of two [AsIy]~
units joined together into a centrosymmetric [As,Ig]*~
counter-ion. The arrangement of oppositely charged moieties,
viz. [AsPc]® and [As,lg]*", in the crystal structure is
determined mainly by their ionic attractions and by m—w
interactions between the aromatic phthalocyaninate(2—)
macrocycles.

Comment

The present study is part of an investigation of the synthesis,
characterization and stereochemistry of metallophthalocyan-
inate complexes obtained under oxidizing conditions (iodine
vapour). In the partially oxidized iodine-doped metallo-
phthalocyanines and metallodiphthalocyanines, the I atoms
form linear chains of symmetrical I3~ ions, which are usually
disordered (Janczak, Kubiak & Jezierski, 1999; Janczak &
Idemori, 2001b) or ordered in the crystal structure (Janczak,
2003); in metallophthalocyanines, the I atoms are directly
linked to the central metal ion, yielding mono- or diiodo-
metallophthalocyanines (Janczak & Kubiak, 1999a,b; Janczak
& Idemori, 2001a). Alternatively, the I atoms can form a
neutral I, molecule, which acts as a bridge for dimerization
(Janczak, Kubiak & Hahn, 1999; Janczak, 2004) or for devel-
oping a polymeric supramolecular structure (Janczak, Razik &
Kubiak, 1999; Janczak & Idemori, 2002c).

Complexes of the metallophthalocyanines with group 15
metals are less well investigated. The title compound, (I), is an

example of a phthalocyaninate(2—) (Pc) complex containing
the same metal in both the cation and the anion, i.e. [AsPc]*
and [As,Ig]*". A search of the Cambridge Structural Database
(Version 5.24; Allen, 2002) for phthalocyaninate structures
containing the same metal in both parts of the complex finds
only [(SbPc)4(Sb,li6)] (Janczak & Idemori, 2002a), [(BiPc),4-
(Bislis)] (Kubiak & Ejsmont, 1999), [(AsPc),(Asylis)]
(Janczak & Kubiak, 2003) and [(SbPc),(Sb,l,4)] (Perpétuo &
Janczak, 2005), none of which contain the [Mng]z_ ion. The
present [AsPc],[ As,lIg] structure is therefore the first example
of this type of phthalocyaninate system.
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The crystal structure of (I) is built up of separate but
interacting [AsPc]" and [As,Ig]*~ units (Fig. 1). The Pc
macrocycle of the [AsPc]* moiety is saucer-shaped as a result
of the interaction of the central As™ ion with the oppositely
charged [As,I]*~ counter-ion. The greatest deviations from
the plane defined by the four isoindole N atoms of the
macrocycle are observed for the outermost C atoms of the
benzene rings, ranging from 0.074 (1) to 0.346 (1) A for the
C2-C7 ring. The positively charged As"" ion of the [AsPc]*
cation, which is coordinated by the four isoindole N atoms,
is significantly displaced from the isoindole N, plane
[0.762 (1) A] towards atoms 12, I3 and 14 of the [As,Ig]*~
anion. The As2---12' [symmetry code: (i) —x + 1, —y +3, —z +
1], As2---I4 and As2---I3 distances of 3.5376 (9), 3.5655 (8)
and 3.7941 (9) A, respectively, are shorter than the sum of the
van der Waals radii of As and I atoms (Shannon, 1976). The
displacement of the As™ atom from the isoindole N, plane is
comparable to that observed in both phthalocyaninato-
(2—)arsenic(IIT) triiodide [0.757 (2) A; Janczak & Idemori,
2002b] and bis[phthalocyaninato(2—)arsenic(111)] tetradeca-
iodotetraarsenic(I11) [0.743 (3) A; Janczak & Kubiak, 2003].
In the Sb™'-phthalocyanine (Kubiak & Razik, 1998), Sb"'-
phthalocyanine triiodide (Kubiak et al., 1999) and two Sb™'—
phthalocyanine Sb'™-iodine complexes (Janczak & Idemori,
2002a; Perpétuo & Janczak, 2005), the displacement of the
central Sb atom from the isoindole N, plane is ~025 A
greater than that observed in the As™'—phthalocyaninate(2—)
complexes. This difference is quite reasonable because of the
difference between the ionic radii of As™ and Sb™" (Shannon,
1976). The ionic attraction between the [AsPc]" and [As,Ig]*~
ions is clearly manifested in the As—N coordination, leading
to the molecular symmetry of the AsNy core being close to Cy
rather than C,,, which corresponds to the conformation in
solution. The displacement of the As"" atom from the isoin-
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dole N, plane is significantly greater in the unique example of
a partially oxidized I-doped As"'-phthalocyaninate metal-free
phthalocyanine complex [0.975 (2) A; Janczak, Kubiak &
Jezierski, 1999], as a result of the location of the As atom
between the two phthalocyaninate rings.

The anionic part of (I) consists of two [Asly]” moieties
linked by two bridging I atoms to form the centrosymmetic
[As,I5]*" anion. The As—I bond lengths fall into two groups,
namely shorter As—I bonds, which join the terminal I atoms,
and longer As—1I bonds, involving the bridging I atoms. Thus,
the [As,Ig]*” counter-ion can be viewed as two distorted
square-pyramidal Asls polyhedra linked together by one edge.
The distortion of the Asls units from ideal square-pyramidal
geometry is probably due to the lone electron pair on the As™
atoms predicted by the valence-shell electron-pair repulsion
model (Gillespie, 1963, 1992), as well as the interaction with
the oppositely charged [AsPc]* counter-ion. Looking in more
detail at the As—I bond lengths in the [As,Ig]*” ion, it is clear
that the I atoms are linked to the As atoms with different
strengths; atom I3 is linked more strongly than atom I1, and
atom I1 more strongly than atom 14 (Table 1). These differ-
ences correlate with the strength of the interactions between
the I atoms in the [As,I3]*~ anion and the oppositely charged
As"" atom of the [AsPc]* moiety. The strongest interaction
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Figure 1

A view of the molecular structure of (a) the [AsPc]* and (b) the [As,Ig]*~
units with the labelling of the atoms. Displacement ellipsoids are shown at
the 50% probability level and H atoms are shown as spheres of arbitrary
radii. [Symmetry code: (i) —x + 3, —y + 3, —z + 1]

between the [AsPc]" and [As,Ig]*~ ions takes place between
the As atom of the [AsPc|" ion and the bridging I atom of the
[As,Ig]>~ ion [As2- - -I2' = 3.5376 (9) Al.

The ionic attraction between the [AsPc]" and [As,Ig]*~ ions
seems to be significant in the crystal structure (Fig. 2). The
basic packing unit includes two [AsPc]* complexes related by
an inversion centre and one centrosymmetric [As,Ig]*~
counter-ion. The positively charged [AsPc]® moieties are
attached to the [As,Ig]*” anion on both sides, forming
centrosymmetric [(AsPc)(As,lg)(AsPc)] aggregates with a
distance of ~10.11 (1) A between the isoindole N, planes.
These aggregates form stacks that are propagated along the
[101] direction. The distance of ~3.41 (1) A between the
isoindole Ny planes of two neighbouring [AsPc]* units within
the stack indicates strong n—m interaction between Pc
macrocycles (Pauling, 1960). The n—m intermolecular inter-
action is a common feature of phthalocyanine chemistry, and it
leads phthalocyanine and its metal complexes to form
supramolecular aggregates (Nevin et al., 1987; Terekhov et al.,
1996; Isago et al., 1997, 1998).

Although the crystal of (I) is built up from oppositely
charged [AsPc]" and As,Ig]*~ ions, the compound does not
possess the characteristic properties of ionic crystals. The
solubility of this compound in most polar solvents, such as
water, methanol, ethanol and acetone, is insignificant, and it is
slightly soluble in pyridine, dimethyl sulfoxide, tetrahydro-
furan, chloronaphthalene and other aromatic solvents. This is
in agreement with the crystal structure, in which both hydro-
philic parts of the complex are surrounded by the hydrophobic
phenyl rings of the Pc macrocycle.

The electrical conductivity of (I), measured from a single
crystal along the stacking direction of the {[AsPc]*---
[As,I]*"- - -[AsPc]*} aggregates (along the [101] direction)
and along the b axis (perpendicular to the stacks), exhibits
non-metallic character (do/dT > 0). At room temperature the
conductivity is ~4.4-5.1 x 10°°Q ' cm™' along [101] and
~5.8-6.5 x 1077 Q' cm ™" along the b axis.

Figure 2

The molecular stacking in the extended structure. The dashed lines
represent the As---I interactions between the [AsPc]” and [As L5
units. The distances d1 and d2 are 3.41 and 10.11 A, respectively.

m46

Janczak and Perpétuo + [As(C3,H6Ng)l2[As;lgl

Acta Cryst. (2006). C62, m45—m47



metal-organic compounds

Experimental

Crystals of the title compound were obtained by the direct reaction of
pure powdered arsenic (99.9%) with phthalonitrile (99.0%) (Kubiak
& Janczak, 1993) under a stream of iodine vapour (99.8%) at 463 K.

Crystal data

[As(C3,H Ng) o[ As,I5]
M, = 2339.94
Monoclinic, C2/c
a=19357 (3) A
b=16537 (2) A
c=21.783 (3) A

B =97.09 (1)°

V =6919.6 (17) A’
Z=4

D, = 2246 Mg m™>
D,, =224Mgm™

Data collection

Kuma KM-4 CCD area-detector
diffractometer

 scans

Absorption correction: analytical
face-indexed (SHELXTL;
Sheldrick, 1990b)
Tin = 0.212, Tpa = 0273

37315 measured reflections

Refinement

Refinement on F>
R[F? > 20(F%)] = 0.049
wR(F?) = 0.139

S =1.00

8498 reflections

416 parameters

D,,, measured by flotation in a
mixture of bromoform and
chloroform

Mo Ko radiation

Cell parameters from 5312

reflections

6 =3.3-28.3°

n =554 mm-

T=295(2)K

Parallelepiped, black—violet

0.42 x 0.24 x 0.24 mm

1

8498 independent reflections
5312 reflections with I > 20(1)
Rin = 0.028

Omax = 28.3°

h=-25—125
k=-22—21
l=-28— 28

H-atom parameters constrained

w = 1/[o*(F?) + (0.0806P)?]
where P = (F2 + 2F2)/3

(A/O) max = 0.001

APmax =172 A3

Apmin = —1.07 ¢ A™3

The greatest positive and negative residual electron densities are
located at the positions (0.1871, 0.2648, 0.3078) and (0.1269, 0.6243,

0.3007), respectively.

Data collection: KM-4-CCD Software (Kuma, 2001); cell refine-
ment: KM-4-CCD Software; data reduction: KM-4-CCD Software;
program(s) used to solve structure: SHELXS97 (Sheldrick, 1990a);
program(s) used to refine structure: SHELXL97 (Sheldrick, 1997);
molecular graphics: SHELXTL (Sheldrick, 1990b); software used to
prepare material for publication: SHELXL97.

GIJP thanks the CNPq foundation (Brazil) for a scholarship.

Supplementary data for this paper are available from the IUCr electronic
archives (Reference: FA1174). Services for accessing these data are
described at the back of the journal.

Table 1 .

Selected geometric parameters (A, °).

I1—Asl 2.6595 (7) As2—N7 2.028 (6)
12— Asl 29910 (8)  As2—N5 2.063 (6)
I3—Asl 25953 (8)  As2—N1 2.086 (5)
14—Asl 27680 (7) As2—N3 2.088 (6)
B—Asl—I1 99.86 3)  N7—As2—N5 82.6 (2)
3—Asl—I4 9695 (2)  N7—As2—N1 821 (2)
I1—Asl—I4 93.94 (2) N5—As2—N1 1373 (2)
13—Asl—I2 92.38 (2) N7—As2—N3 136.0 (2)
I1—Asl—I2 9241 (2)  N5—As2—N3 81.4 (2)
14— Asl—I2 167.65 (3) N1—As2—N3 825 (2)
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