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Synthesis and characterisation of some lamellar indium phosphonates

Julia Morizzi, Malcolm Hobday* and Colin Rix

Department of Applied Chemistry, RMIT University, 124 La Trobe St., Melbourne, Victoria

3000, Australia

Received 6th January 1999, Accepted 27th January 1999

A new series of layered indium phosphonates, an arsonate
and a phosphinate have been prepared in which the phos-
phonate compounds and the arsonate contain the ligand
in both di-anion and mono-anion forms.

Over recent years there has been considerable interest in the
synthesis of open-framework metal phosphonates owing to
their potential applications in the areas of sorption, ion
exchange, catalysis and sensors.!™ To date, research in this
area has focussed on the synthesis and characterisation of
divalent,® ! trivalent®!?!® and tetravalent metal’**° phos-
phonates of the transition metals. With some exceptions, for
example copper?! and lanthanum,3?? the metal ions in these
lamellar systems are octahedrally coordinated and the organ-
ophosphonate moieties are directed into the interlayer space.

Research into the phosphonates of the p-block Group 13
metals has focussed on aluminium,?3-?42%-2° with some recent
interest in gallium.?® To our knowledge, the present communi-
cation reports the first layered indium phosphonate com-
pounds, as well as an indium phosphinate and arsonate. These
compounds were synthesised from aqueous solutions of
indium (111) chloride tetrahydrate and the corresponding phos-
phorus or arsenic containing acid using a 1:3 molar ratio of
metal to ligand. When the indium solution was added to a
solution of the appropriate acid, a white precipitate formed
immediately. The suspension was then sealed in a Teflon-lined
stainless-steel autoclave and heated at 160 °C for 6.5 days. The
white solid produced was collected by filtration, washed with
milli-Q ultrapure water, dried in air and then dried over
phosphorus pentoxide. The resulting compounds were charac-
terised by elemental analysis, FTIR, TG, powder XRD, 3'P
and 3C MAS NMR.

For the phosphonic and arsonic acid derivatives the elemen-
tal analysis is consistent with a 1:2 ratio of In to P or
As, whereas analysis of the phenylphosphinic acid derivative
indicated a 1:3 In to P ratio. The elemental analyses for In,
P(As), C and H in the phosphonate (arsonate) compounds
give very good agreement with the formulation
In(O;XR)(0O,X(OH)R)-H,O (where R is Ph, or PhCH, when
X is P, R is Ph when X is As), whilst the phosphinate
compound analysis is consistent with In(O,P(H)Ph);. A typi-
cal analysis is that obtained for In(O;PPh)(O,P(OH )Ph)-H,O
(Found: In, 25.3; P, 14.4; C, 32.5; H, 3.0. Calc.: In, 25.7; P,
13.9; C, 32.3; H, 2.9%). These formulations are consistent with
the results from FTIR, TG and other characterisation tech-
niques. An unusual result is the combined presence of the
phosphonic (or arsonic) acid in both a fully and partially
deprotonated form within the same phosphonate (or arsonate)
compound. Analogous compounds have previously been
obtained involving cerium,® lanthanum,?? uranyl,**3! manga-
nese*? and iron'?® with mono- and di-anionic ligands, and two
aluminium phenylphosphonate compounds®® have been
reported. Phenylphosphonates of both aluminium?*-2*2 and
gallium?® have been isolated with some of these compounds>*2°
possessing a 1:2 metal to phosphorus ratio. The phenylphos-
phinic acid can act only as a monoanion and hence the
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observed difference in the indium to phosphorous ratio for
this compound.

Powder XRD results for these indium compounds all display
an intense diffraction from the 001 plane, consistent with the
proposed lamellar systems.'#1%:23-24 The powder XRD pattern
for the phenylphosphonate compound, shown in Fig. 1, exhib-
ited a strong diffraction, d,,,, with a spacing between layers
equal to 15.06 A, suggesting that the phenyl groups are
perpendicular to the indium—oxo layers. The other phosphon-
ate, arsonate, and phosphinate compounds all exhibited similar
XRD patterns, with dyo; spacings of 15.54 A for the arsonate,
14.81 A for the benzylphosphonate, and 14.36 A for the phos-
phinate. These spacings compare well with those for similar
systems.?*-24

The TG analyses for the phosphonates and arsonate all
contain a mass decrease in the 200-300 °C region consistent
with the loss of interlamellar or coordinated water, plus a
large mass decrease above 400 °C due to breakdown of the
organic groups. As an example the TG of the phenylphosphon-
ate compound exhibited three mass losses. The first mass loss
over the range 200-300 °C corresponds to the loss of water
(observed 4.08%, expected 4.04%). The second and third mass
losses, at 370-450 and 450-700°C, are attributed to the
decomposition of organics. The phenylphosphinate compound
had one major mass loss above 400 °C due to organic decompo-
sition, consistent with lack of water in the proposed formula.
The percentage mass loss for the organics in these compounds
was less than theoretically expected. This is most likely due to
incomplete degradation of the intercalated organic material
and is a common observation for this type of intercalated
structure.?® These types of compounds have previously been
recognised for their high thermal stability.??

FTIR spectra for the compounds all give well resolved
peaks, for example a typical spectrum, that for the phenylphos-
phonate compound, contains one broad band at 3400 cm ™!
due to the OH stretch, and another band at 1640 cm™!
corresponding to the bending vibration for water. The C-H

I 45.061
50
By E
=B
% 40
a Al
S
0303
o
2> E
£ 504
c 3
L2
= 104 A
WU
] i) S T SNt 5 et Py et

10.00 20.00 30.00 40.00 50.00 60.00 70.00 80.00
20/degrees

Fig. 1 XRD pattern for In(O;PPh)(O,P(OH)Ph)-H,O, indicative of
a lamellar system.
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stretching mode for the phenyl ring is relatively weak and is
observed at 3057 cm ™!, with a very sharp and intense peak
located at 1437 cm™! also due to the aromatic ring. The
vibrations associated with the PO; moiety are observed in the
range 1000—1500 cm ! whilst the corresponding AsO; peaks
in the arsonate compound are observed in the range
800-900 cm ~*. Peaks characteristic of the out of plane C-H
vibrations are located at 746, 722, 692 and 576 cm™!. The
main difference observed between the FTIR spectra for the
phosphonates and phosphinate is the presence of a peak of
medium intensity in the phosphinate spectrum at 2372 cm ™!
which is characteristic of a P-H stretching vibration. The
benzylphosphonate compound exhibits CH bands located at
ca. 1400 and 1500 cm 1.

Solid state MAS NMR spectra for all compounds are
consistent with the proposed formulations. The *'P MAS
NMR spectrum for the phenylphosphonate compound con-
tains only one resonance at 21.9 ppm (relative to potassium
dihydrogen orthophosphate as standard), suggesting a single
site for phosphorus. This contrasts with the 3P NMR spectrum
for the benzylphosphonate compound which clearly has two
distinct peaks at 27.6 and 32.4 ppm, indicative of two phos-
phorus sites in the structure. The phosphinate compound
contains one broad *'P peak at 20.7 ppm which could be due
to two unresolved peaks. The *C MAS NMR spectra for
these compounds contain aromatic carbon peaks at ca.
135 ppm, which is as anticipated, however the peaks are a
little asymmetrical, suggesting some site differences for the
ring, or that phosphorus couples with the carbon atoms. The
benzylphosphonate contains a methylene carbon peak at
43 ppm.

The results described in this communication form part of a
more extensive systematic study of layered compounds con-
taining the Group 13 elements Al, Ga and In which will
subsequently be fully reported.
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