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The importance of exploring specific interactions that may drive
an intermolecular recognition process derives from the relevance
of these interactions in quite different fields such as crystal
engineering, supramolecular chemistry, and drug design. This
is particularly true if such interactions are of substantial stability
and if they effectively involve a class of molecules of high
technological relevance such as perfluorocarbon (PFC) com-
pounds.1

Numerous analytical techniques consistently show that carbon-
bound halogens (C-X, X ) Cl, Br, or I) can be involved in
attractive interactions (C-X‚‚‚El) with electronegative atoms (El
) N, O, or S).4 If the environment around the halogen is
sufficiently electron-withdrawing, the resulting interaction be-
comes strong enough to influence the crystal packing in the solid
as shown by the X-ray structure of chlorocyanoacetylene.5

Calculations performed on the dimer of this compound estimated
the energy of the N‚‚‚Cl-C interaction as 10 kJ‚mol-1.6 The
strength of the C-X‚‚‚El interaction increases on moving from
chlorine to bromine to iodine.

Here our aim is the molecular recognition between the PFC
and HC units driven by an interaction between nitrogen as a donor
(i.e., base) and iodine as an acceptor (i.e., acid).7 We describe
the first case of PFC-HC self-assembling to giVe cocrystals. From
an equimolar mixture of 1,2-diiodotetrafluoroethane (bp 112-
113°C, 1a) andN,N,N′,N′-tetramethylethylenediamine (bp 120-

122 °C, 2) in chloroform, the complex4a is isolated as white
crystals which can be handled and stored at room temperature
and in air (Scheme 1). Compounds4b-d and5a-d have been
obtained similarly.11,12

From the crystal structures of4a (Figure 1) and5a (Figure
2),13 it is clear that the interaction between the nitrogen and iodine
atoms is largely responsible for keeping the perfluorinated diiodide
in place. The value of the N‚‚‚I distance, very close to 2.80 Å in
both cocrystals, is clearly longer than the average covalent N-I
bond length (2.07 Å)16 but less than 0.8 times the sum of van der
Waals radii (1.98 Å for iodine and 1.55 Å for nitrogen).17 It
compares well with the values reported for the crystalline
complexes that I2 forms with heteroaromatics containing nitrogen
atoms as electron donors (2.27-3.07 Å).18 The similarity between
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(2) or 4,7,13,16,21,24-hexaoxa-1,10-diazabicyclo[8,8,8]hexacosane (kryptofix
2.2.2.,3) with 1,2-diiodotetrafluoroethane (1a), 1,4-diiodooctafluorobutane
(1b), 1,6-diiodoperfluorohexane (1c), 1,8-diiodoperfluorooctane (1d). Elemen-
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perfluoroalkyliodides and iodine in cocrystal formation also holds
for the N‚‚‚I-C angle, which is close to 180° for both 4a and
5a.

In both cocrystals4a and5a, the perfluorinated diiodoethane
moiety of1aexhibits dramatic rotational disorder around the axis
joining the two iodines, these two atoms being the only nondis-
ordered atoms of1a. In the crystal of4a, all of the atoms of the
diamine, including the nitrogens, also exhibit disorder over two
positions corresponding to distinct conformers or to different
molecular orientations. Both PFC and HC units1a and 2,
respectively, are liquids as pure compounds at room temperature,
and in cocrystal4a they are highly disordered; thus, the N‚‚‚I
interaction must be indeed largely responsible for crystal cohesion.
Note that in4a, the hydrocarbon amine and the perfluorinated
diiodide segregate into layers (perpendicular to thec crystal-
lographic axis) which are joined by N‚‚‚I interactions running
roughly along the (111) direction. A qualitative measure of the

importance of the interaction between1a and2 results from the
fact that the molar volumes of the liquids1a and2 are reduced
by 21% in the cocrystallization process to give4a. These data
seem particularly significant since in the cocrystals the PFC and
the HC components segregate and the volume reduction must
result at the interface between the two components. The general
reluctance of PFC and HC moieties to mix is apparent also from
the structure of5a (Figure 2). Because of the different steric
requirements of the two cocrystallizing species, the structure is
not characterized by layers, the diamine3 forms in the cocrystal
a 3D network of ordered molecules interacting through dispersive
forces, and the disordered perfluorinated diiodide1a gives rise
to pairs of segregated and parallel columns linked to the diamine
by the N‚‚‚I interactions.19

Differential scanning calorimetry analyses of networks4 and
5 also proved that a specific binding is occurring between the
HC and the PFC “bricks”. After pure1a and 2 are cooled,
exothermic transitions of crystallization are observed at-28 °C
(∆H ) -11.0 kJ‚mol-1) and at-64 °C (∆H ) -12.3 kJ‚mol-1),
respectively. Both these exotherms are missing in the cooling
curve of 4a which shows instead a characteristic exothermic
transition at-76 °C (∆H ) -1.3 kJ‚mol-1) related to an ordering
process of both the hydrocarbon and fluorocarbon components
as confirmed by X-ray studies at different temperatures to be
discussed elsewhere.21

Results described in this paper show that the nitrogen-iodine
interaction is strong enough to overcome the low affinity existing
between PFC and HC compounds. These results offer new
opportunities in the design and manipulation of molecular
aggregation processes and may be useful in many fields. For
instance, this interaction can drag hydrocarbon reagents/catalysts
into fluorocarbon solvents, thus offering an alternative to the
“perfluorinated ponytail” approach.22 Perfluorinated compounds,
for example, do not dissolve hydrocarbon porphyrins, but addition
of perfluoron-heptyliodide to the suspensions has been found to
induce porphyrin dissolution.23
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(19) Other proofs of the interaction between PFC diiodides1 and HC
diamines2 and3 come from vibrational spectra of networks4 and5 (KBr
pellets, 500-4000 cm-1). These spectra were not the sum of the absorption
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terms of modified modes of1-3. The C-H stretching modes of donor amines
2 and3 in the 2760-2950 cm-1 region shifted to higher frequencies in chains
4 and5 (ref 20) and as for the acceptor iodides1, the C-F stretching modes
in the 1100-1220 cm-1 region moved to lower frequencies.
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Figure 1. Crystal packing of cocrystal4a viewed down theb axis.
Molecules segregate into distinct layers joined by N‚‚‚I-C interactions
(dotted lines). The disorder of both species was modeled using rigid body
restraints. The amine is adequately represented by two images of equal
occupancy, the diiodide moiety was described by splitting the carbon
and the fluorine atoms over four locations. The average N‚‚‚I distance is
2.84(0.03) Å, and the average value of the N‚‚‚I-C angle is 166.2(0.7)°.

Figure 2. Crystal packing of cocrystal5a viewed down thec axis. The
diiodide moiety was modeled using rigid body restraints. The disorder
involving carbon atoms was described by splitting each atom over two
locations with occupancy 0.5, while the disorder involving fluorine atoms
was described by splitting each atom over four locations. The N‚‚‚I
distance is 2.796(0.008) Å, and the N‚‚‚I-C angle is 168.6(0.7)°.
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