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The capricious nature of iodine catenation in I2 excess,
perovskite-derived hybrid Pt(IV) compounds

Hayden A. Evans,ab Jessica L. Andrews,a Douglas H. Fabini,bc‡ Molleigh B. Preefer,ab

Guang Wu,a Anthony K. Cheetham,bd Fred Wudl,c and Ram Seshadriabc

Perovskite-derived hybrid platinum iodides with the general
formula A2PtIVI6 (A = formamidinium FA and guanidinium
GUA) accommodate excess I2 to yield hydrogen-bond-
stabilized compounds where the I2 forms catenates with I�

anions on the PtI6 octahedra.

The bonding of atoms of the same element into a series — the
phenomenon of catenation — is commonly associated with cer-
tain second and third period main group elements such as boron,
carbon, sulfur, and phosphorous. This tendency is governed by
multiple factors including mean bond-dissociation energy, sterics,
electronegativity, and orbital hybridization.1 Generally, catena-
tion occurs less frequently as one moves down the periodic table
as orbitals grow more diffuse and bonding strength decreases. An
exception would be catenated iodides (commonly referred to as
polyiodides, although the term oligoiodide is perhaps more ap-
propriate), which are numerous and demonstrate great diversity
in length as well as in structure. At this time, the Cambridge
Crystallographic Data Center (CCDC) lists approximately 1600
structures containing some form of an I–I–I linkage with three
or more I atoms. Examples of solid-state oligoiodide materials
include molecular salts where triodide (I�3 ) subunits are charge
balanced by counter cations, and connected frameworks where
many oligoiodide moieties (I2, I�3 , I�5 , I�7 , I�9 , etc) link together.2,3
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Recently, some of us reported the crystallographic structure of a
rare iodine homopolymer in a pyrroloperylene-iodide compound,
reminiscent of the elusive starch-iodine complex.4 The variety of
oligoiodide structures results from favorable donor-acceptor in-
teractions, and the many cations, anions, and solvent molecules
that appear to impact these interactions in the solid state.

Donor-acceptor properties of iodine find many applications, in-
cluding for increasing the conductivity of organic metals and con-
ducting polymers,5 enhancing the efficiency of dye-sensitized so-
lar cells,6,7 and improving the photocatalysis of materials for hy-
drogen evolution.8,9 Recent interest in iodide-based perovskite
photovoltaic materials10–12 has engendered reports of incorpo-
rating I�3 subunits into a hybrid bismuth iodide compound in or-
der to introduce intergap electronic states that red-shifted the
band gap.13 This result is interesting in light of most Bi–I solar
energy materials displaying relatively large bandgaps regardless
of structure.14 Materials that contained neutral I2 molecules link-
ing discrete [BiI6]3� octahedra have also been noted to display
direct bandgaps of �1.3 eV.15 However, it was stated that cova-
lency between the I2 and [BiI6]3� iodides did not appear to be
present, and the structure should not be viewed as a [BiI6]3�–I2–
[BiI6]3� 1D chain. This suggests that simple iodine/iodide prox-
imity, not covalency, was enough to induce favorable properties
of these materials in the solid state.

Here we present the findings that the hydrogen-bonded frame-
work perovskite-derived materials, (FA)2PtI6 and (GUA)2PtI6 (FA
= formamindinium and GUA = guanidinium), which were re-
cently studied as members of an A2PtI6 series,16 can be re-
crystallized as excess I2 containing compounds. The new com-
pounds, (FA)2PtI6�2I2 and (GUA)8(PtI6)3[PtI4(I3)2]�2I2, are de-
scribed herein. In order to understand how size and hydrogen
bonding tendencies impact the formation of these oligoiodide
materials, a dimethylammonium (DMA) Pt-I compound was also
prepared and studied. The solid (DMA)3PtI6(I3) provides valu-
able insight into how hydrogen bonding is essential to stabilizing
this class of halide structures. Interestingly, all three materials,
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