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LIPS—SYNTHESES OF PHOSPHONIUM AND
AMMONIUM LIQUID IONIC PHOSPHATES

Jaimelee Iolani Cohen, Marie Thomas, Amir Rikin,
Steve Castro, Valbona Behaj, Christopher Massone,
Jennifer Gaillard, Sharon Lall, and Robert Engel
Queens College the City University of New York and the
Graduate School of the City University of New York, New York

(Received July 29, 2001; accepted December 25, 2001)

Using parent polycationic halide salts previously prepared by our lab-
oratory, replacement of the anion to one that would allow the salt to
be liquid at room temperature in the absence of water or other solvent
medium was performed. Treatment of the polyammonium halides with
aqueous hexafluorophosphoric acid resulted in the immediate forma-
tion of a solid material insoluble in water for which the 'H and *C NMR
spectra corresponded to those of the original halide salts. However, the
3P NMR spectra indicated these to be mixtures of the (anticipated)
hexafluorophosphate salt and simple phosphate salt. Evaporation of
the remaining aqueous solution resulted in isolation of the pure phos-
phate salts as room temperature liquids—liquid ionic phosphates (LIPs)
which exhibited water solubility and NMR spectra (*H, 3C, and 3'P) in
total accord with the proposed structures. These represent a new cate-
gory of nonaqueous ionic liquid which are water soluble and water un-
reactive. (The polycationic hexafluorophosphate salts could be purified
by repeated washing with water and drying under high vacuum. These
materials have not been investigated further in the present work.)

As this approach for the preparation of LIPs results in the forma-
tion of a significant amount of the water insoluble hexafluorophosphate
species, as well as uses a highly corrosive and toxic reagent system,
an alternative method for the preparation of LIPs was sought. Two
alternative approaches toward the preparation of these polycationic
phosphates have been developed. Treatment of the parent halide salts
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with DOWEX 2 x 8 in the phosphate from by a classical ion-exchange
method in some instances is successful for producing the LIPs. How-
ever, in many instances the yields are low and incomplete exchange is
noted. Treatment of the parent halide salts with a charge equivalent
amount of 85% phosphoric acid, followed by complete evaporation of
all volatile materials under reduced pressure over a period of a week
provides LIPs in good yield and in a highly pure state. This approach
provided the most efficient and reproducible route for the preparation
of the LIPs and subsequently has been used for the preparation of a
large series of significant quantities of a large series of these materials.
All of the newly prepared liquid ionic phosphates exhibit H, 13C, and
3P NMR spectra in total accord with their proposed structures.

The resultant materials are all water soluble, unlike the previously
prepared non-aqueous ionic liquids bearing hexafluorophosphate an-
ions or anions that are significantly water reactive. The thermal stabil-
ity of the LIPs has been examined as a function of structure. Those ma-
terials that are saturated macrocycles with charged sites located within
the macrocycle exhibit thermal stability at 160°C for 4 h or longer and
bear potential as materials for use under stringent conditions. Simi-
larly, linear structures with charged sites along the chain of the cations
exhibit thermal stability as long as terminal functionalities are no more
than three carbon atoms from a cationic site. Chains with longer tails
terminating in functionality exhibit lower thermal stabilities. Electro-
chemical and spectroscopic characteristics of these new materials have
been investigated and are reported elsewhere.



