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Diiodocuprate(I) ions have been encountered in
the solid state as infinite chains of edge-sharin,
Cu(I)-I tetrahedra '™ and as discrete [Cu,l,]
dimers containing trigonal-planar coordinated
copper(I).*5 Although monomeric {Cul,]” has
been shown to exist in solution (see, e.g. Refs.
6—10) there does not yet appear to be any
crystallographic evidence for the existence of a
discrete [Cul,]” monomer.

Previous structural studies on dihalocupra-
tes(I),*>1112 [CuX,]", and related anions'**3
would seem to indicate that the tendency of the
anion to polymerization increases in the order
X=Cl=~Br<I<CN and that the formation of
discrete anions in the solid state is favoured by
the presence of large cations with low, well-
screened charge. In [N(C,H;s),4][Cu,l;] the anion
forms an infinite chain of edge- and face-sharing
Cu(I)-1 tetrahedra.!® Tetrapropylammonium,
intermediate in size between tetrabutyl-
ammonium and tetraethylammonium, might be
expected to promote —Cu~I—Cu— catenation,
leading to a larger entity than [Cu,I4)*". In order
to determine the nature of the copper(I) coor-
dination and the geometry of the anion in
tetrapropylammonium diiodocuprate(I), crystals
of this compound have been prepared and a
structural investigation undertaken.

The compound was prepared by dissolving
copper(I) iodide and tetrapropylammonium
iodide (molar ratio 1:1) in acetonitrile. Colour-
less prisms were deposited from the concentrated
solution after a few days.

Crystals of [N(CsHy)sb[Cusly], M,=1007.4,
are monoclinic, space group P2,/n (No. 14,17,
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non-standard setting.) Equipoints of general
position of P2y/n: *(x,y,z; 3+x,3—y3+2); a=
9.017(3), b=12.683(3), c¢=16.140(5) Ag
p=93.15(3)°, Z=2, D,~=1.82 cm,”

u(MoKa)=4.60 mm™. Diffracted intensities
from a crystal, 0.25x0.12x0.11 mm, were mea-
sured at approximately 290 K for 20< 55° with a
Syntex P2, diffractometer, using graphite-
monochromated MoKa radiation and the v—20
scan mode with a variable 20 scan rate of
2.5-29.3° min~'. A 96-step profile was recorded
for each reflection and the Lehmann and Larsen
profile-analysis method '® was used to calculate
the intensities.!® After merging of symmetry-
equivalent and exclusion of systematically absent
reflections, 4269 independent reflections were
obtained. Of these the 2905 for which /> 3.0 o(1)
were regarded as observed and used to solve the
structure. Correction was made for Lorentz and
polarisation effects but not for absorption. The
unit cell parameters were determined by least
squares from diffractometer setting angles for 15
reflections.

The structure was solved from Patterson and
successive electron density maps.?’ Full-matrix
least-squares refinement 2 of positional and ani-
sotropic thermal parameters for the non-hy-
drogen atoms and positional for the hydrogen
atoms gave R=0.044 for 2899 reflections, six
reflections notably affected by extinction being
excluded from the final cycles (R=0.066 based on
all 4269 measured independent reflections). The
isotropic temperature factors of the hydrogen
atoms were set equal to the equivalent isotropic
values of the carrying carbon atoms. The
F, values were weighted according to
w=[c?(F,)+0.00065 F2] . Atomic scattering fac-
tors were taken from the International Tables for
X-Ray Crystallography.'™ A final difference map
showed a maximum electron density of 0.9 eA=.
Atomic coordinates and equivalent isotropic
thermal parameters for the non-hydrogen atoms
are listed in Table 1. Structure factors, anisotro-
pic thermal parameters, hydrogen atom coordin-
ates and carbon-hydrogen distances may be
obtained from the authors.

In  bis(tetrapropylammonium)  di-g-iodo-
diiododicuprate(I) the anion is a centrosymme-
tric dimer (Fig. 1) similar to that in bis(tetrabutyl-
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Table 1. Fractional coordinates and equivalent isotropic thermal parameters (A2) for the non-

hydrogen atoms in [N(CsHy)4l[Cuzly]. B is defined as (877/3) Z

deviations are given in parentheses.

ZUi,a,-‘afai- a; Estimated standard
j

Atom x y z Beq
Cu -0.00702(9) 0.08425(6) 0.05063(5) 5.54(2)
I(1) —0.02034(5) 0.23644(4) 0.14826(3) 6.48(1)
1(2) 0.12113(6) 0.09529(3) —0.08751(3) 6.91(1)
N 0.4877(5) 0.0869(3) 0.2464(3) 4.1(1)
C(1) 0.3909(7) 0.0521(5) 0.3161(4) 4.7(1)
C(2) 0.3905(10) 0.1258(7) 0.3904(5) 6.6(2)
C(3) 0.2871(10) 0.0836(8) 0.4517(5) 7.1(2)
C(4) 0.4947(7) —0.0034(5) 0.1857(4) 5.0(1)
C(5) 0.3497(9) —-0.0402(7) 0.1434(5) 6.8(2)
C(6 0.3760(12) —0.1254(10) 0.0823(7) 8.5(2)
C(7 0.6426(7) 0.1149(5) 0.2784(4) 5.2(1)
C(8) 0.7243(8) 0.0312(6) 0.3289(5) 6.6(2)
C(9) 0.8668(12) 0.0775(11) 0.3681(7) 9.2(3)
C(10) 0.4182(7) 0.1831(5) 0.2048(4) 5.2(1)
C(11) 0.4914(11) 0.2217(8) 0.1288(6) 8.1(2
C(12) 0.4163(13) 0.3182(13) 0.0957(11) 11.4(4
opposite distances rather than adjacent differing.
L1 The Cu---Cu’ contact in [N(CsH7)s)[Cusl],
2.698(1) A, is intermediate between that in
o cu [As(CeHs)l[Cu,l,], 2.663(4) A,° and that in

Fig. 1. The [Cu,L,J* ion showing the atomic
numbering. The thermal ellipsoids enclose 50 %
probability.2!

ammonium) di-p-iodo-diiododicuprate(I).* The
configuration of ligands about copper(I) is
approximately trigonal planar (Table 2) with the
copper atom situated 0.013(1) A from the plane
defined by the three ligand atoms [I(1), I(2) and
1(2°)]. Symmetry code: (i) —x, —y, -z (i) 1-x,
-y, —z. As in [N(C4Hg)4)s[Cusl4]* and in
[As(CeHs)ao[Cusly),’ the Cu—Iprigging distances
differ slightly from one another; the
difference is, however, somewhat less in the
present compound. In [N(C.Hy) ]3[Cu214],
Cu~Triagiog=2.566(2) and 2.592(2) A;* in the
bent dimer in [As(CsHs)4]5[CusLy], Cu—Ipridging=
2.578(3), 2.584(3) and 2.609(3), 2.610(3f‘ k,

[N(C4Ho)alo[CuzL], 2.726(1) A.* The 1(2)--1(2)
distance, 4.390(1) A, and the angle subtended at
I(2) by Cu and Cu’, 63.14(3)°, are both close to
the values obtained for bis(tetrabutylammonium)
di-p-iodo-diiododicuprate(I).*

The packing of cations and anions in the unit
cell is illustrated in Fig. 2, the tetrapropylammo-
nium ions showing no anomalous geometrical
features (Table 3). The closest approach dis-
tances between iodide and carbon are
1(2)--C(4%)=4.059(6) A and I(1)---C(10)=
4.066(7) A and between copper(I) and carbon
Cu---C(5)=3.815(8) A, all slightly longer than
the shortest such distances in [N(C4H9)4]2[Cu§14],
viz. 3.98(1) and 3.67(2) A, respectively.® It
would thus seem likely that the inequality be-
tween the Cu—Ipriggng distances in [Cu L] is
primarily steric in origin. In [As(CgHs)4)2[Cusly)
electrostatic and steric interactions between the
iodide ligands and the phenyl rings would appear

Table 2. Interatomic distances (A) and angles (°) within the [Cu,l,]> ion. Estimated standard
deviations are given in parentheses. The superscript (i) denotes an atom in —x, —y, —z.

Cu-I(1) 2.499(1)
Cu-I1(2) 2.571(1)
Cu—Iéz‘) 2.582(1)
Cu---Cu’ 2.698(2)

I(1)-Cu-I(2) 122.98(4)
1(1)—Cu-I(2) 120.15(4)
1(2)—Cu-I(2) 116.86(3)
Cu-1(2)-Cu’ 63.14(3)
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Fig. 2. Stereoscopic view?! of the unit cell. The thermal ellipsoids enclose 50 % probability.

Table 3. Bond lengths (A) and angles within the tetrapropylammonium ion. Estimated standard

deviations are given in parentheses.

N-C(1) 1.526(7)
Cc(1)-C2) 1.521(10)
C(2)-C(3) 1.495(12)
N-C(4) 1.511(8)
C(4)-C(5) 1.514(10)
C(5)-C(6) 1.490(15)
C(1)-N-C(4) 107.7(4)
C(1)-N—-C(7) 111.9(4)
C(1)-N-C(10) 108.7(4)
N=C(1)-C(2) 115.4(5)
C(1)-C(2)-C(3) 109.3(7)
N—C(4)—C(5) 117.4(5
C(4)-C(5)-C(6) 110.9(7

N-C(7) 1.505(7)
C(N)-C(8) 1.505(10)
C(8)—-C(9) 1.519(14)
N-C(10) 1.512(8)
C(10)-C(11) 1.506(12)
C(11)-C(12) 1.484(19)
C(4)-N-C(7) 109.3(4)
C(4)-N-C(10) 110.8(4)
C(7)~N-C(10) 108.5(4)
N-C(7)-C(8) 115.9(5)
C(7)-C(8)-C(9) 109.3(7)
N-C(10)-C(11) 115.8(6)
C(10)-C(11)-C(12) 110.4(9)

to cause more severe distortion, the anion being
folded about the bridging I---I contact such that
the planes throusgh the two ligand triangles are
inclined at 147°.

Despite the smaller size of the tetrapropylam-
monium ion and the presumably less well-
screened positive charge as compared with tetra-
butylammonium, tetrapropylammonium would
seem to be as effective as tetrabutylammonium in
the suppression of —I—-Cu—I— catenation and
the stabilization of a discrete dimeric [Cu,l4]*
configuration in the solid state. Attempts to
prepare the tetracthylammonium diiodocup-
rate(I) by dissolving tetraethylammonium iodide
and copper(I) iodide in acetonitrile have hitherto
resulted in crystals identical with those described
by Hartl and Mahdjour-Hassan-Abadi,'® i.e.
[N(C,Hs)4]J[Cuols]. This suggests that, whereas
tetraethylammonium is capable of suppressing
~Br—Cu—Br-catenation and stabilizing a
[Cu,Br4]* dimer in the solid state,!? it is insuffi-
cient for the suppression of —I—Cu~I— catena-
tion.
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