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The review deals with the analysis of the literature on the synthesis, properties, and applications of hypophosphorous acid and
its salts in pharmaceutical practice, for the surface treatment of metals, in analytical chemistry, etc.

The bibliography includes 168 references.
CONTENTS

. Introduction

1. Hypophosphorous acid: preparation and properties

I, The structure and properties of the hypophosphite ion

1V. Alkali metal and alkaline earth metal hypophosphites

V. The mechanism of the synthesis of hypophosphites in solution

V1. Hypophosphites and their classification
VI1I. Metal hypophosphite complexes

VIil. The reducing properties of the hypophosphite ion

IX. The applications of hypophosphites

I. INTRODUCTION

Of the three main acids containing one phosphorous
atom in the molecule—phosphoric, phosphorous, and hypo-
phosphorous—the last has been least investigated and is
most difficult to synthesise in a high yield; there have
also been few studies on its salts (hypophosphites).

Hypophosphites have been attracting attention not only
because of their extensive applications as reducing
reagents, but also in connection with their possible use
for the preparation of various polymeric materials.

Information about the synthesis of hypophosphorous
acid and various alkali metal hypophosphites, their struc-
tures, and properties, and the conditions governing the
formation of their complexes in aqueous and non-agueous
media is presented below.

II. HYPOPHOSPHOROUS ACID: PREPARATION AND
PROPERTIES

Pure hypophosphorous acid H(O:PHz) consists of white
crystals melting at 26.5°C and decomposing above 50°C.
Its heat of fusion is 2.4 kcal mole™ *™* and the heat of
solution of the crystalline acid in water is about —-0.18
kcal mole™,

An interesting laboratory method for the preparation
of H(O2PH:) involves the oxidation of phosphine (PH3) in an
aqueous suspension of iodine®, Phosphine, obtained by
the reaction of potassium phosphide with dilute hydro-
chloric acid, is passed into a flask containing a stirred
suspension of iodine until the solution is decolorised. At
a reduced pressure (40 mmHg) it is possible to remove
hydrogen iodide and water, leaving behind pure H(O2PHz).
The latter is also formed on slow oxidation of white phos-
phorus in the presence of water, but its yield is insignifi-
cant. When white phosphorus is oxidised by passing
moist air over its surface, only 10~12% of the initial
amount of phosphorus is converted into H(O,PH,). 8

Hypophosphorous acid is obtained by the decomposition
of alkaline earth metal phosphides with water. It is
possible to synthesise the acid by treating an aqueous
solution of calcium hypophosphite with an equivalent
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amount of H2SO:. A method for the purification of hypo-
phosphorous acid by the recrystallisation of commercial
50% H(O-PH:) has been described”’. The pure acid can be
obtained by converting technical sodium hypophosphite into
hypophosphorous acid by ion exchange®.

Hypophosphorous acid is a powerful monobasic acid.
According to Kolthoff's data®~**, its dissociation constant
is 8.0 x 1072,  The fact that hypophosphorous acid is
monobasic shows that in this structure the phosphorus has
a coordination number of four.

In studies of the kinetics of the oxidation of hypophos-
phorous acid by halogens by bromine and chlorine (Griffith
and McKeown) and by iodine (Griffith et al.)'*™° it was
found that the rate-determining stage of the oxidation is
the conversion of the inactive form of hypophosphorous
acid (HsPOg)f into the active form (HsPOz)i;. It has been
suggested that the (H;PO)1 form is a tautomer with two
hydrogen atoms attached to phosphorus, while (HsPOz)11
contains two hydroxy-groups attached to phosphorus. It
is noteworthy that under identical conditions the reaction
with chlorine is faster than that with bromine, while the
reaction with iodine is slowest.

Fig. 1 presents titration curves for hypophosphorous
acid and certain other lower acids of phosphorus. The
dissociation constant of H{(O,PH,) has been compared with
the K gjgs for other acids and it has been shown that these
values are consistent with calculated data ",

Table 1 lists the dissociation constants of a number of
phosphorus acids.

III. THE STRUCTURE AND PROPERTIES OF THE HYPO-
PHOSPHITE ION

The structure of the hypophosphite ion has been investi-
gated by X-ray diffraction using ammonium hypophos-~
phite®*,  This anion has the form of a distorted tetra-
hedron two corners of which are occupied by oxygen atoms
and the other two by hydrogen atoms, with the phosphorus
located in the centre of the tetrahedron. It has been
shown that the P-O distance is 1.51 A, the P-H distance
about 1.5 A, and the O-P-0O and H-P-H angles are
respectively 120° and 92°.
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The structures of magnesium, nickel, and cobalt
hypophosphite hexahydrates have been 1nvest1gated simi-
larly by X-ray diffraction®*¢, It has been established
that in the magnesium salt the H,PO; anion has a nearly
tetrahedral structure with a P-~O distance of 1.52 A and an
O-P-0 angle of 109°. The observed P-O distances
correspond approximately to 0.6 of a7 bond per o bond,
which is equivalent to 1.27 bonds per phosphorus atom,
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Figure 1. pH titration curves: A) for hypophosphorous
acid; Bb) for phosphorous acid; C) for pyrophosphorous
acid; I’) for hydrochloric acid. The pH values were
established relative to standard buffer solutions.

Table 1, D1ssoc1at10n constants of various phosphorus
acids at 20-25°C %

Acid Formula PKy
Hypophosphorous H* 4 H,PO; 1.1 _ _ _
Phosphorous 2H* 4 HPO}~ 1.3 6.7 — —
Monoethyl phosphite | H* 4- (RO)HPO; 0.8 — — —
Methylphosphonic 2H+ -+ RPO;— 2.3 7.9 — —
Propylphosphonic 2H* + RPO? 2.4 8.2 — —
Phosphoric 3Ht 4+ pOg_ 2.4 7.4 12.3 —
Hypophosphoric 4H* - ~20,PPOY” 2.0 2.8) 7.2 0.0
Pyrophosphoric 4H* -+ ~:0,POPOY” 1.0 2.0 6.6 9.6

The *P NMR spectra®~*° of hypophosphite solutions
reveal 1:2:1 spin-spin splitting with a between-pea.k
separation of 0.33 G (Fig.2). Similarly the 'H NMR
spectrum has two peaks corresponding to 1:1 spin-spin
splitting. This implies that two hydrogen atoms (nuclear
spin 1/2) are bound covalently to the phosphorus atom
(nuclear spin 1/2) so that, even if their mutual exchange or
their exchange with water does occur, these processes are
fairly slow (the half-exchange period is of the order of
several minutes). According to published data, approxi-
mately 95% or more of the free acid or its salts exists in
a form where four atoms are linked directly to phosphorus,

The hypophosphite ion has a [*P] spectrum with three
peaks of relative intensities 1:2:1. The phosphite anion
contains two peaks of equal intensities in its spectrum and
trimethyl phosphite gives rise to nine peaks with the
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theoretical intensity ratios 1:9:36:84:126:84:36:9:1,
The multiplet structure of the NMR spectra is due to the
indirect spin-spin splitting by covalently bound hydrogen
atoms.
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magnetic field, p.p.m.
Figure 2. The NMR spectrum of phosphorus in hypophos-
phite and phosphite anions and in trimethyl phosphite:
A) hypophosphorous acid; &) phosphorous acid; C) tri-
methyl phosphite,

In addition, the Raman spectra of hypophosphorous acid
and some of its salts have been investigated ® ~*" and it has
been shown that the hypophosphite ion has Czy symmetry,
attributable to the tetrahedral species H.PO;

Despite the fact that the acid and its alkali metal and
alkaline earth metal salts contain tetracoordinate phos-
phorus, owing to the equilibrium between tautomeric forms
it is possible to displace the equilibrium towards the form
with tricoordinate phosphorus. This can be achieved
under conditions where an electron acceptor (but not a
hydrogen ion) can participate in utilising the free electron
pair of the tricoordinate phosphorus atom. Possibly such
conditions obtain in addition products or double salts of
tin(I1) hypophosphite with tin{II) bromide or iodide *

The kinetics of the isotope exchange between hypophos-
phites and water and between hypophosphites and other
salts of phosphorus oxyacids have been thoroughly investi-
gated. In earlier studies **’* it was stated that the two
hydrogen atoms linked directly to the phosphorus atom of
the hypophosphite anion are incapable of exchange with the
hydrogen atoms of water. However, the latest investi-
gations *'’*? established that this process does occur slowly
but at a measurable rate. The rate of substitution of one
hydrogen atom of the hypophosphite anion (linked directly
to phosphorus) is given by the following equation in which
the numerical constants refer to 30.0°C:

R =3.33[H* [H,PO;] +2.9 [HPO,P,

where R is expressed in litre mole™h™. This exchange
is believed to be determined by the conversion, mentioned
above, of the tautomeric form of the hypophosphite ion into
one with tricoordinate phosphorus.

The exchange of oxygen between the hypophosphite 1on
and water in which it is dissolved has also been studied **
It was shown that the half-exchange periods for oxygen 1n
the acid at 40° and 100°C are respectively 70 h and less
than 0.2 h. The rate of exchange of oxygen for the sodium
salt is so low that it cannot be detected even at 100°C.,
These data must be compared with the results obtained
by the same workers in a study of the exchange of hydrogen
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atoms ****2,  The half-exchange period for hydrogen in

H(O,PH;) at 25°C is 16 min, while for Na(O:PH:z) at 100°C
the period is 21 h. Possibly the lower rate of oxygen
exchange for the sodium salt compared with the acid is a
consequence of the presence of a hydrogen bond between the
OH groups of the acid and water. This explanation is
similar to the theory of electrical conduction proposed by
Grotthus“, according to which the hydrogen atoms joined
directly to phosphorus form weaker hydrogen bonds with
water than the hydrogen atoms of the OH group.

It has been shown **™*7 that the phosphorus atoms in the
hypophosphite ion do not exchange with phosphites and
phosphates in either acid or neutral solutions. It is
interesting to note that the phosphorus exchange between
hypophosphorous and phosphoric acid does not occur in the
presence of iodine or iodides, although the oxidation of
hypophosphorous acid to phosphorous acid by iodine might
give rise to phosphorus exchange at a rate comparable to
that of the oxidation-reduction reaction. In mixtures of
arsenious and arsenic acids iodine promotes arsenic
exchange at a rate which may be predicted from kinetic
data for the oxidation-reduction reaction.

The absence of exchange between hypophorous and phos-
phorous acids in the presence of iodine has been explained
on the hypothesis that the process consists of two stages:

a slow transition of the inactive form of hypophosphorous
acid into the active form and then a rapid irreversible
oxidation of the active form by iodine. Thus in the first,
reversible stage, the exchange cannot occur, while the
second (oxidation-reduction) stage is not accompanied by
the exchange owing to its irreversibility. The active form
of hypophosphorous acid is probably a tautomeric structure
based on tricoordinate phosphorus. This result and data
for hydrogen exchange between hypophosphorous acid and
water are consistent with the conclusions based on the
oxidation of hypophosphites, which will be described below.

Hypophosphorous acid and hypophosphites are readily
oxidised. On storage in the cold, the crystals of hypo-
phosphorous acid are stable” but contaminated crystals
readily decompose at room temperature. The decomposi-
tion products are mainly phosphine, phosphorus, phos-
phoric acid, and hydrogen. Similarly, on vigorous
heating, hypophosphites decompose, giving rise to phos-
phine, red phosphorus, phosphites, phosphates, and
possibly other compounds. This type of decomposition is
evidently a consequence of self-oxidation-reduction.

The kinetics of the reaction between hypophosphite and
hydroxide ions, in which phosphite ions and gaseous
hydrogen are formed, have been investigated . The rate
equation for this reaction is

—d[H,POzV/d { = K [H,PO;] {OH™[%.

The rate constant K is approximately 3 X 107 min™ at

100°C. It has been suggested that free hydrogen is more
readily evolved from the hydroxide ion than from the hypo-
phosphite ion*.

Hypophosphites also decompose in neutral solutions at
a moderate rate, evolving hydrogen in the presence of
platinum black, palladium, and copper ®**°~*. These
metals are readily deposited in a colloidal state from solu-
tions of their salts under the influence of sodium hypo-
phosphite. The resulting colloidally dispersed metal then
catalyses the decomposition of hypophosphite ions in which
hydrogen is evolved.

The study of isotope exchange has shown that the hydro-
gen evolved from neutral hypophosphite solutions in the
presence of metallic catalysts originates from water to
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the extent of 50%. °® In this case the catalytic decompo-
sition of the hypophosphite should be consistent with the
following chemical equation:

H H

| [
HOIH+H —1‘>oﬂH01To+Hz 1

A number of studies have been made of the oxidation of
hypophosphites by various oxidising agents. The main
product of these reactions is phosphite. The rate of
oxidation of sodium hypophosphite in an alkaline medium
is approximately three times higher than in a neutral
medium: in the former case the completion of the reac-
tion requires 60 min and in the latter 180-200 min.®’

The subsequent oxidation of phosphites to phosphates in an
acid solution is much slower. The catalytic effect of
freshly deposited nickel on the oxidation of sodium hypo-
phosphite has been investigated®™. It has been shown that
the degree of oxidation of hypophosphite is influenced by
temperature, oxidation, time, acidity of the solution, and
the amount of catalyst.

As stated above, the kinetics of the oxidation of hypo-
phosphorous acid by halogens have been studied and it has
been found that the conversion of the inactive form of
hypophosphorous acid (H;PO:) into the active form
(HsPO2)11 determines the rate of oxidation. The interac-
tion between the active form and halogens takes place
after each collision. The constant for the equilibrium
between the two forms of hypophosphorous acid has been
calculated:

_ BP0l Ky g
K= Japogn ~ & =10 ()
The rate of interconversion of the two forms of hypophos-
phorous acid has been found to be directly proportional to
the hydrogen ion concentration and to determine the rate
of oxidation in an acid solution.

The kinetics of the oxidation of hypophosphorous acid by
iodate ions have been studied *®”® and a number of investi-
gations have also been made of the slower reactions with
bromates and chlorates ®’°°, The kinetics of the reaction
between H3POz and iodate are close to those of the oxida-
tion of hypophosphites by halogens. However, there are
a number of complicating side reactions, for example the
interaction of iodine with H(O2PHz) and the reaction of
phosphorous acid with iodine and jodate., Nevertheless
in this case too the rate of oxidation is determined by the
stage involving the conversion of (H3PO)1 into (HsPO2)[.
This proved to be the case also in a study of the kinetics
of the oxidation of hypophosphite by copper(II)* ™" and
mercury(Il) 7" salts at moderate concentrations of the
oxidant in an acid medium,

The kinetics of the oxidation of hypophosphorous acid
in an acid medium by chromate™, silver ", iron(II)”®,
and arsenate ™ ions have been studied at moderate and
high concentrations. It has been found that the type and
concentration of oxidising agents have in essence no
influence on the rate of the process, which increases
appreciably with increasing acidity of the solution.
is reflected by the equation

This

d [HyPO,l/d £ = K [HgPO,] {H*],

in which K is of the order of 0.24 litre mole ™ min~" for all
the reactions investigated.

The results of all the kinetic studies are consistent with
the claim that the active form of the acid is present in
extremely low amounts and that the rate of conversion of
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the inactive form into the active form, being slow,
determines the rate of the entire reaction under readily
realisable experimental conditions.

These results are consistent with NMR data, which
have shown that 95% or more of the hypophosphite ions are
present in the tautomeric form based on tetracoordinate
phosphorus. In conformity with Eqn. (4), the fraction of
HP(OH): in hypophosphorous acid is only 1072 relative to
H.P(O)(OH).

IV. ALKALI METAL AND ALKALINE EARTH METAL
HYPOPHOSPHITES

Recently hypophosphites have been used extensively in
many countries for chemical nickel plating of metals "™,
There is interest in the application of hypophosphites also
in many other branches of industry”®, In view of the
increased requirement for hypophosphites there has been
a growth in the amount manufactured. Thus during the
period 1955-1960 the production of hypophosphites and
hypophosphorous acid in the USA™ increased from
100 000 1bs to 1 million lbs of the equivalent amount of
phosphorus annually. In the USSR in 1967 the production
of sodium hypophosphite increased by a factor of several
tens compared with 1957,

One of the decisive factors on which the level of require-
ment of hypophosphites depends is their cost. The
existing high cost of hypophosphite in USSR, which is
responsible for the high cost of chemical nickel plating 78,
is caused, on the one hand, by the low yield (about 36%
relative to the phosphorus in the charge) of hypophosphite
in the industrial preparation of Na;HPO; via Ca(H>PO:)>
and, on the other hand, by the relatively small scale of
the industrial production. The low yield of hypophosphite
in the reaction of phosphorus with hydroxide ions is due to
the fact that the phosphorus in the charge is consumed not
only in the formation of the hypophosphite but is also con-
verted into phosphite and passes to the gas phase mainly
in the form of phosphine.

The methods for the production of hypophosphites
described “® do not allow one to infer the particular fac-
tors which influence their yields. The maximum yield of
hypophosphite of 70% claimed in a Swiss patent®® is in no
way justified. A low temperature of the synthesis of the
solutions is specified in many patents, but its relation to
the yield is never discussed. A method has been
described®” for the production of alkali metal hypophos-
phites in the presence of an aqueous suspension of insoluble
alkaline earth metal phosphates, phosphites, sulphates,
silicates, and oxalates and also aluminium, magnesium,
and silicon oxides and various types of clays as catalysts.
These suspensions increase the area of contact between
the reactants, which in turn activates the reaction. The
mixture is heated above the melting points of phosphorus.
A highly pure product is obtained in 90% yield without an
excess of the alkali metal or side products.

The method of synthesis of hypophosphites by the reac-
tion of white phosphorus with alkali and alkaline earth
metal hydroxides is classical (it was described as early
as 1816) and is still used in the industrial production of
hypophosphites. Different versions of the main reaction
of phosphorus with hydroxides have been described "®’2%%8"~

The yield of the reaction products under laboratory
and industrial conditions has been very low, but the
increasing interest in hypophosphites has led to the method
being patented. The conditions for the preparation of
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sodium hypophosphite reviewed by Uhlir et al.® have been
developed on the basis of these patents.

The method used to manufacture sodium hypophosphite
adopted in the USSR, consists of two stages. In the first
state the reaction of yellow phosphorus with Ca(OH):
results in the formation of calcium hypophosphite via the
reaction

8P --3Ca (OH), +6H,0 =3Ca (H;PO,), -+2PHj.

In the second stage the resulting calcium hypophosphite is
decomposed with sodium carbonate and NaH>PO:; is
obtained:

Ca (H;P0,); - NagCOy =2NaH,PO, - CaCO,.

The technological parameters of this method are very
poor, the degree of utilisation of the initial phosphorus
being at best 16—-18%. The consumption of lime is four
times the stoichiometric amount. The rate of synthesis
of calcium hypophosphite is low, the concentration of the
resulting solutions is 7-8 g litre™, and the consumption of
steam in the evaporation of such solutions is high. The
effluent gases from the synthesis (PHs) are not used. In
the method adopted the most important stage, responsible
for the low efficiency of the entire industrial cycle, is the
synthesis of calcium hypophosphite.

Soviet scientists developed recently a number of
improvements to this method leading to a higher yield and
a faster process. The existing view that the reaction
between yellow phosphorus and calcium hydroxide in an
aqueous medium is “sluggish” proved to be incorrect; an
increase in the specific surface of phosphorus accelerates
the synthesis by a factor of several powers of ten. Above
90-93°C, the rate of reaction increases very rapidly and
near 100°C the process is completed in 2-3 min in the
presence of a high specific surface.

Under these conditions, it is possible to obtain solutions
containing 12-13% of calcium hypophosphite. The attain-
ment of high rates and high hypophosphite concentrations
during the synthesis makes it possible to reduce by a factor
of 15 the consumption of steam in the evaporation of the
solutions and to reduce sharply the volume of the reactors,
The possibility of a considerable decrease of the consump-
tion of calcium hydroxide has been established. Instead
of a 400% excess, one can use an excess of approximately
25% relative to stoichiometry., The employment of closed
reactors-emulsifiers makes it possible to utilise the PHs
obtained in the synthesis by its combustion to Pz0s with
subsequent synthesis of phosphoric acid, which increases
the degree of utilisation of phosphorus to 75-80%.

The following conditions for the synthesis in reactors-
emulsifiers must be regarded as optimal: the temperature
of synthesis 90-93°C and molar proportions of phosphorus
and lime (P :CaO) of 1:0.45, which corresponds to an
approximately 25% excess of lime. The amount of water
introduced into the synthesis is calculated to give 12-13%
solutions.

Morgunova and Averbukh'® made a detailed study of the
synthesis of sodium hypophosphite from (1) yellow phos~
phorus and sodium hydroxide, (2) yellow phosphorus,
calcium hydroxide, and sodium carbonate, (3) yellow phos-
phorus, sodium hydroxide, and calcium hydroxide, (4)
yellow phosphorus, barium hydroxide, and sodium carbo-
nate, and (5) yellow phosphorus, sodium hydroxide, and
barium hydroxide. During their investigations, they
established that an increase of the yield of sodium hypo-
phosphite to 55-59% of the phosphorus in the charge can be
ensured by preparing the sodium hypophosphite solution in
a single stage by the reaction of phosphorus with hydroxide
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ions in the presence of both Na* ions alone and in the joint
presence of Na* and Ca®*. When Ca® ions are replaced by
Baz", the yield falls, The overall amount of hydroxide
ions introduced into the process, which can ensure the
complete utilisation of the phosphorus in the charge, should
be not less than 1.0-0.9 mole per gram-atom of phospho-
rus. A decrease of the content of phosphite formed during
the synthesis is achieved by precipitating it in the form of
insoluble alkaline earth metal phosphites. The amount of
alkaline earth metal required to precipitate the phosphite
may be 0.25-0.30 mole per gram-atom of phosphorus,
which is determined by the amount of phosphite formed in
the synthesis.

In the synthesis of sodium hypophosphites in the pres-
ence of hydroxide ions introduced as the alkaline earth
metal hydroxide, Na* ions can be introduced both as the
hydroxide and as the carbonate. When sodium ions are
added as the carbonate, the required amount of hydroxide
ions must be introduced in the form of the alkaline earth
metal hydroxide. The amounts of reactants in the charge
should ensure the molar ratios P :Na' :Ca®*(or Ba?*):0H" =
1:0.50-0.60:0.25-0.30:0.90-1.0.

V. THE MECHANISM OF THE SYNTHESIS OF HYPO-
PHOSPHITES IN SOLUTION

There exist various views on the relation between the
composition of the gas phase and that of the products
formed in the synthesis of hypophosphites in solution®°,
Some investigators believe that the amount of hydrogen
evolved is proportional to the amount of phosphite formed
in the oxidation of hypophosphite:

P, - 301~ +-3H,0 — 3H,PO] + PHj;

0y
2)

H,PO; + OH- — HPOI™ H, 1,

while others state that hydrogen is formed in an amount
proportional to the amount of hypophosphite.

Reactions which agree best with practical results
according to the authors have been put forward®!:

®3)
)

Different amounts of phosphite and phosphine are formed
by reactions (3) and (4). There exist also other views on
the pathwagrs followed in the formation of phosphites and
hydrogen®’, but the presence of both components in the
gaseous mixture is never denied. According to one
investigation ® the synthesis of sodium hypophosphite
involves other reactions, apart from those quoted above,
in which molecular hydrogen and diphosphine are formed:

(5)
(6)
M

In his most complete and latest monograph on phospho-
rus, Van Wazer '*° quotes the same reactions as Tsuboi ™.

Soviet investigators'!! made a fairly detailed study of
the mechanism of the synthesis of hypophosphite in solution.
They showed that, when phosphorus interacts with hydrox-
ide ions, hypophosphite and phosphite are formed simul-
taneously. Presumably both hydrogen and phosphine can
be evolved under these conditions.

Morgunova and Averbukh quote in their paper'" the free
energies of some of the reactions calculated from Latimer's
data™? (Table 2). All the reactions listed in the Table,

P, -+40H™ -} 4H,0 — 4H,PO; +2H,;

P, 1-40H" +2H,0 — 2HPO? " --2PHy.

3P, - 8OH~-- 8H,0 — 8H,PO; ~+ P;Hy;

H,POj; +20H™ - PO}~ +-2H,;

15P,Hy — PyoHg + 18PH;.
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except the last, are thermodynamically probable. In order
to determine which reactions actually occur, the authors
studied the composition of the gas phase in the synthesis of
hypophosphite solutions.

Table 2. The free energies of certain reactions
(Latimer's data''?).
No. of Reaction Free energy, kJ
reaction
1 P¢ 4 30H~  3H,0 — 3H,POz + PH, —336.0
2 H,PO; + OH~ — HPO}™ + H, —142.8
3 Py - 40H" + 4H,0 — 4H,PC; + 2H, —472.2
4 Py + 40H~ 4 2H,0 — 2HPO2™ 4 2PH, —485.2
8 P, + 4OH~ + 8H,0 — 4HPOZ™ + 8H, —722.8
9 Py + 6H,0 — 3H;P0, + PH; —126.4
10 H,PO; - 20H™ — POY™ -+ 2H, —199.5
1 HPOZ™ +- 30H™ — POT” + 2H;0 —217.1
12 3H,P0, — PH; + 3H4PO, —125.5
13 H3PC, + H,0 — HyPOg + H, —96.6
14 4H;PO; — PH, + 3H,PO, +3.8

Their investigations showed that the composition of the
gas phase depends on which hypophosphite is synthesised.
In the synthesis of calcium hypophosphite the gas phase
contains more phosphine than hydrogen. Three times as
much PH; as H; is always present in the gas phase. A
clear-cut dependence of the change in the composition of
the gas phase on time has not been observed.

In the synthesis of sodium hypophosphite the content of
hydrogen is approximately three times greater than that of
PH;. The H, :PHj; ratio then decreases, reaching in some
cases approximately 0.6 at the end of the synthesis. The
average Hz : PHs and hypophosphite : phosphite ratios in the
synthesis of calcium hypophosphite are 0.3 and about 1.4,
while in the synthesis of sodium hypophosphite from yellow
phosphorus and NaOH the ratios are 1.8 and 3.5 respec-
tively.

Table 3. The contributions of reactions (1), (4), (3), and
(8) to the synthesis (%).
Sodium hypophosphite Calcium hypophosphite

o | o o | ® o | e | e | ®

— l 35.7 64.3 — impossible

88.3 — — 16.7 impossible

impossible. 26.7 | 53.4 | 199 | —
80.6 — 1. l 17.8 impossible
— l 31.6 I 63.5 0.4 impossible

Possible combinations of reactions which ensure the
formation of both hydrogen and phosphine in the above
proportions and which are the most probable on thermo-
dynamic grounds [reactions (1), (4), (3), and (8) in Table 2]
have been elucidated. The possible combinations of
reactions in the synthesis of hypophosphites are indicated
in Table 3, which shows that the combination of reactions
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(4) and (3) is feasible only in the synthesis of sodium hypo-
phosphite solutions and is impossible in the synthesis of
calcium hypophosphite. This has also been pointed out in
other investigations®***?, The synthesis of hypophosphites
may involve the simultaneous occurrence of reactions (1),
(4), (3), and (8) with formation of hypophosphite. Apart
from phosphine, the gas phase contains diphosphine, which
causes the self-ignition of the evolved gases in air.
Furthermore, a certain amount of elemental phosphorus
passes to the gas phase.

V1. HYPOPHOSPHITES AND THEIR CLASSIFICATION

The available literature data are mainly concerned with
studies on alkali metal phosphites. The following alkali
metal hypophosphites are known®®: Li(0:PH:).H:0,
K(02PHz), Na(O2PH.).H20, and the ammonium salts
(NH4)(O:PHz) and (NH;OH)(O:PHz). They are all readily
soluble in water. However, there are no reliable data for
their solubilities''* except for the solubilities of the
sodium salt in two glycols, At 25°C Na(O,PH,) dissolves
in an amount of 33.01 g in 100 g of ethylene glycol and
9.70 g in 100 g of propylene glycol. The heats of solution
of the sodium, ammonium, calcium, and barium salts
have been determined by Bright and Carson''®.

The following Group II metal hypophosphites are
known®’: Mg(O2PHz).6H20, Ca(02PHz)z, Sr(0zPHz)z,
Ba(O:PHz):, and Ba(O:PH:2)..H-0. These salts are also
extremely soluble in water, the solubilities of Ca(Q,PH,),
and Ba(OzPH:z): at room temperature being respectively 17
and 29 g per 100 g of water.

As a rule, other metal hypophosphites are obtained by
the reaction of the metal oxide or hydroxide with hypo-
phosphorous acid. In many cases, when the metal can be
readily reduced, an oxidation-reduction takes place
instead of the formation of the salt. Such processes
occur, for example, when copper and silver oxides are
used. However, salts such as copper hypophosphite can
sometimes be obtained by cooling or by rapid salting-out
with alcohol''*.

The physical properties and solubilities of some hypo-
phosphites which we have found in the literature are com-
piled in Table 4.

Table 4.
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Myants and Matrosov'!® studied the infrared spectra
of metal hypophosphites and carried out calculations on

various vibrational models.

The salts were obtained by

the double decomposition of the metal with barium and

potassium hypophosphites,

Drying in a Fisher pistol

over Pz0s at 7T7°C (the salts decomposed at a higher tem-
perature) resulted in only a partial loss of the water of

crystallisation,

The starting materials and the composi-

tions of the salts obtained are listed in Table 5.

Table 5.
and investigated.

The hypophosphites which have been synthesised

Starting materials

Composition of resulting salt

Composition of salt after

drying
(NH,),SO, and BatH,PO,), NH,H,PO, NHH,PO,
Li,80, and Ba(H,PO,), LiH PO, -H,0 LiH,PO,
1
Na,SOq4 and Ba(H,PO,), NaHzPO.Z'—g— H.0O NaH,PO,

MgSO,. 7TH,O and Ba(H,PO,),
ZnSO,-TH,O and  Ba(HoPOy)s

CdSO,-%HgO and Ba(HyPO,),

T1,80, and Ba(H,PO,),
Th(NQg); and KH,PO,
Pb(NOy), and KH,PO,
MnSOy-7H,0 and Ba(H.PO,),
Fey(80,)3-9H,0 and Ba(H,PO,),
NiSO, and Ba(H,PO,),

CoCOy and H4PO,

Mg(HyPOy); - 6H,0
1
Zn(HyPOy)y—~ H0

Cd(H,PO,),-2H,0

TIH,PO,
Th(H,PO,) 3H,0
Pb(H,POy),- H,0
Mn(HPO,),- 3H,0
Fe(H,P0,);- HoO
Ni(HoPO,), - 6H,0
Co(H,FO,),-2H,0

Mg(H,PO,)-H:O
1
Zn(H,POy),- - H,0

Cd(H,PO,),-H,0

TIH.PO,
Th(H,PO,)4-3H,0
Pb(H,PO,),- H,O
Mn(H,PO,), - 2H,0
Fe(H,PO,)s
Ni(HPOs)p
Co(HePOy); - H,O

Despite the wide variety of metals, the salts investi-

gated have mainly similar spectra.

The infrared spectra

of the salts in the solid state (KBr discs) have been investi-
gated in the range 400~3000 cm™ on IKS-14 apparatus;
the spectra of aqueous solutions have also been obtained

for salts which are readily soluble in water.

The pres-

ence of two bands due to the vibrations of the P-O bond
(antisymmetric at 1115-1200 ecm™ and symmetric at

1020-1060 cm™") is characteristic of all the salts; this
shows that the structure of the anion with equalised PO

Physical properties of certain hypophosphites.

Colour, crystalline form, . o Solubility, g/100 g of solvent
Formula Mol.wt. :eﬂ);ctive index Density | Bp.,"C } M., °C in cold water in hot water | in other solvents

NH,H,PO, 83.03 |colourless, orthorhombic | 2.515 240* 200 sol. v.sol. soluble in alcohol NH3, insoluble in acetone

Ba(H,POy),- H,0 285,33  [white lustrous, polyhedral| 2.87(10%)]  — A 28,6 33.3 moderately sol. in alcohol

Fe(H,PO,), 250.81  |pale grey, porous = — b 0.043(25°) 0.083(100°) |sol. in citrate sait soln.

KH,PO, 104.09  |white, deliquescent, — — *H v.sol, v.sol. sol. in chloroform (11.1 at 25°C) and very
hexagonal slightly sol. in abs. alcohol

Ca(H,PO,), 170.05  [pale grey, polyhedral — — e 15.4(25°) 12.5(100°) |insol. in alcohol

Mg(H,PO,),-6H,0 262.39  |white cryst. — — 20 — insol. in alcohol and ether

Mn(H,P0O,),- H,O 202,93  |pink cryst. — 150 — 12,5 16.7 insol. in alcohol

NaH:P0,- H;0 155.9  jeolourless, polyhedral - 200 — 100(25%) B67(100%) |+, sol. in alcohol and slightly sol. in NH;

Ni(H,PO,),-6H,0 296,80  [steen, cubic 1.82(20°) — 100* sol. -

H4PO, 63.08 |cryst. — — — reacts reacts -

Zn{H,POy),-H.O 243.36 colourless, hygr., cryst. — — —_— sol. — reacts with alkali

* Decomposition temperature.
** Compound decomposes.
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bonds persists in all cases. The bands in the region of
1150~1160, 1080, and 810 cm ™, which are associated with
the variation of the angles a and ¥ in the phosphorus tetra-
hedron, remain at the same wavenumbers in the spectra
of all the salts. For salts which exist in the form of
hydrates, the intense bands in the range 2300-2500 cm~
correspond to the vibration frequency of the water of
crystallisation involved in strong hydrogen bonding.

The spectra of the alkali metal salts are similar and
can be satisfactorily interpreted in terms of the ionic
model, Furthermore, they resemble the spectrum of the
tetraalkylammonium salt, which is ionic. This makes it
possible to attribute an ionic structure to them.

The spectra of a number of the metal salts show
changes relative to those of the alkali metal salts (the
spectra of the anion), which depend on the nature of the
metal: (1) new bands appear in the range 400-600 cm";
(2) the P-O bond vibration frequencies exhibit an appre-
ciable bathochromic shift. These changes suggest the
formation of the M~O coordinate bond and the similarity
of the spectra of all the salts (including the alkali metal
salts) shows that the equalisation of the PO bonds persists
in all cases.

In the spectra of Mg(H2POz)z, Ca(H.PO2):, and TIH2PO:
the shift of the P-O vibration frequencies is slight, which
demonstrates that the interaction of the metal with the
oxygen atoms of the anion is weak. These salts have a
nearly ionic structure. A chain model, in which the metal
is linked to one of the oxygen atoms of each anion forming
the coordination sphere of the metal, has been proposed
for other salts with an appreciable amount of covalent
character.

Thallium hyapophosphite has been obtained and investi-
gated in detail®. The authors concluded that the following
method is most suitable for the preparation of large
amounts of the pure salt: a T1OH solution is prepared by
shaking thin plates of metallic thallium with an 80% excess
of water, the mixture being simultaneously bubbled with
oxygen. The solution is then filtered and saturated with
carbon dioxide, after partial evaporation and cooling,
T1,CO, precipitates and may be recrystallised from water.
The thallium carbonate crystals are treated with hypo-
phosphorous acid, and the resulting solution is filtered and
concentrated in vacuo. A large amount of n-propyl or
isopropyl alcohol (3 litres of the alcohol per 100 ml of the
saturated salt solution) is added to the residual solution
and the resulting mixture is cooled at 5°C for one week.
The white acicular crystals formed are washed with fresh
isopropyl alcohol and the product is then dried in a vacuum
desiccator. The melting point of TIH;PO: has been
determined as 114°C. The salt is usually seen to undergo
a slight decomposition near its melting point. On
heating, thallium hypophosphite gradually blackens.
Heating for 6-T h at 95°C is needed before blackening
begins. It has been suggested® that under these condi-
tions T1H2PO: is slowly oxidised by atmospheric oxygen
to thallium phosphite T1H.POs. Thallium hypophosphite
is sensitive to light: the same black colour appears in
sunlight as on heating.

The existence of the complex T1* ~H,PO; is doubtful*'®;
the only evidence for it is the properties of the HoPOz
ligand, which forms complexes with other metals. The
following mechanism has been proposed for the formation
of the complex of HzPOz with T1** before the oxidation
stage:

1

TI%* - H,PO, T2 (TIHZPO,)*
(TIHgPOR3* -I- HyO — Ti+ 4 HyPO, 21,
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The decomposition of the complex is not a simple process;
it involves the addition of an oxygen atom to form HsPOs,
which takes place by the substitution of one hydrogen atom
linked directly to phosphorus by an OH group of water.

The properties of anhydrous Co(H2POz)z2, Zn(HzPOa)z,
Fe(H:POz)z, Cu(H2PO:)2, and Ni(H>PO:). have been
described'”, The first two compounds were obtained by
crystallisation from aqueous solutions. The salts
Fe(H2PO:). and Cu(H2PO:). have been prepared by precipi-
tation from acetone solution. Iron hypophosphite is a
pale-blue powder insoluble in water. Copper hypophos-
phite is unstable at room temperature and decomposes
with formation of metallic copper a few minutes after
precipitation.

Nickel hypophosphite, consisting of an amorphous
yellow powder, has been prepared by dehydrating the
hexahydrate or by precipitation from acetone solution and
dehydration in the presence of Pz0s.''” The behaviour of
cobalt, zinc, iron, copper, and nickel hypophosphites in
relation to anhydrous pyridine has been studied. Cobalt
and zinc hypophosphites form the readily crystallising
compounds Co(H2PO:):Py: and Zn(H2PO:):Py.. They lose
pyridine at 20°C, being reconverted into the corresponding
hypophosphites.

It has been found that the interaction of M* (M = Cu,
Co, or Ni) and H2PO;z in agueous solution at 19° + 2°C, an
ionic strength of 3 (NaClO4), and pH 3.7-3.9 results in the
formation of relatively unstable hypophosphite complexes '
The composition of cobalt and nickel hypophosphites with
the ratio M®* :HaPOJ = 1:1 has been established by the
method of continuous variations. The equilibrium constant
for the reaction M**HoPOs = MH,PO; (for M = Co) has
been calculated as 0.82 = 0,09.'°

The synthesis of aluminium hypophosphite by two
methods has been described'®®,  One of them reduces to
heating aluminium hydroxide or an aluminium salt solution
with 50% HsPO. at 80~90°C for 1 h with subsequent slow
precipitation of Al(HzPOz)s. The second method involves
heating an aluminium salt with sodium hypophosphite, the
precipitation being even slower than in the first method.
Al(H2POg)s is insoluble in water and HsPO.. It is soluble
in warm sodium hydroxide solution, dilute HzSO4, and
dilute and concentrated HC1l.  On heating, aluminium
hypophosphite decomposes, without fusion, at approxi-
mately 220°C with evolution of phosphine and the formation
of a reddish-brown deposit. The conditions under which
hypophosphorous acid might reduce aluminium compounds
to the metal have not been found.

Scandium, yttrium, and lanthanum hypophosphites
R(H2PO:); have been obtained by the interaction of the
hydroxides of the first two elements and of Laz(COas)s with
hypophosphorous acid'®. The resulting hypophosphites
are crystalline substances insoluble in water and organic
solvents. They crystallise in a system with low symme-
try. Scandium hypophosphite decomposes in vacuo at
350°C, yttrium hypophosphite at 450°C, and lanthanum
hypophosphite at 300-350°C. The infrared spectra of
scandium, yttrium, and lanthanum hypophosphites have
sharp maxima. The spectra recorded in the range 400-
3000 cm™ are mainly those of the anions. The influence
of the cations on the spectrum is manifested mainly in the
range 400-500 cm ™,

The anhydrous lanthanide hypophosphites having the
composition R(H2PO;)s and the double hypophosphites
CeR(H2PO:)s, where R = Er, Tm, Yb, or Lu, have been
synthesised'®"%*, The former are crystalline substances
with the colour characteristic of the lanthanide ion, which,
however, is less intense than that of the nitrates, chlorides,
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and other salts. The results of heating to 105- 108°C
showed that they do not contain water of crystallisa-

tion. Heavy lanthanide hypophosphites are less soluble in
water than light lanthanide hypophosphites. They tend to
form supersaturated solutions, this tendency being most
marked for the light lanthanides.

Lanthanum hypophosphite La(HzPOz)s.H20 and europium
hypophosphite Eu HzPOa)g H>0 have been investigated by
X-ray diffraction'® and it has been shown that the chemi-
cal properties of these compounds in solutions are some-
what different.

Praseodymium hypophosphite Pr(H,PO,); crystallises
in the form of green prisms when a 1% of H;PO: solution
is neutralised with praseodymium oxide and then evapo-
rated on a water bath, The salt is fairly sparingly
soluble in water.

The double hypophosphites CeR(HzPO:)s, where R =
Er, Tm, Yb, or Lu, have been analysed chemlcally and
thelr thermal decomposmon has been studied'? It has
been established that the decomposition takes place instan-
taneously in the temperature range 300-370°C. The
decomposition products are oxidised in the range 440~
600°C.

VI. METAL HYPOPHOSPHITE COMPLEXES

The existence in solution of cationic complexes MH.PO3"
formed by lanthanide and hypophosphite ions has been
confirmed spectrophotometrically for praseodymium,
neodymium, and erbium. The equilibrium constants and
the formation constants of the complexes have been cal-
culated®*. The interaction of lanthanide ions with hypo -
phosphorous acid was studied using an SF-10 recording
spectrophotometer. The absorption spectra of solutions
of praseodymium(Ill), neodymjum(I), and erbium (III)
complexes were recorded in the ranges 420-505, 490-615,
and 500-560 nm respectively 10 min after mixing the
solutions (this time interval was sufficient for equilibra-
tion). The absorption spectra do not change in the course
of the next 2-3 h, but for an HsPOz: M* ratio exceeding 8
oratpH 3.0a prec1p1tate is formed.

The optical densities of solutions of the hypophosphlte
complexes at the absorption band maxima of the Pr® and
Nd* ions are lower and in the case of Er* higher than the
optical densities Dchl of solutions of their chlorides.

The Pr* and Nd* absorption band maxima undergo batho-
chromic or hypsochromic shifts. The split erbium band
has maxima at 522.5 and 519 nm, A study of the influence
of the pH on AD at the absorption band maxima showed
that the formation of lanthanide complexes of H2POs begins
at a pH greater than 1, reaching a maximum at pH 2.5 for
praseodymium and neodymium and at 1.6 for erbium,
When the pH of solutions of the praseodymium and neo-
dymium complexes is greater than 6.5 and that of the
erbium complex greater than 3, precipitates are gradu-
ally deposited from the solut1ons at a rate wh1ch is higher
the higher the pH and the greater the HoPO;s : M* ratio.

The compos1t1ons of the complexes have been investi-
gated'? spectrophotometrlcally by the isomolar series
method and by the restricted logarithmic method. Experi-
ments were performed at pH 2.9-3.4 where the difference
between the optical densities of solutions of the complexes
reaches a maximum. The formation of highly d1ssoc1ated
complexes with the probable component ratio HsPOz :M* =
1:1 has been established.
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The reaction between lanthanide ions and hypophos-
phorous acid can be represented by the equation

M9+ + HgPO, 2 MH,POZ* + H¥.

The values of 1gK eq and lgKform obtained are listed in

Table 6, which shows that those for the praseodymium,
neodymium, and erbium complexes differ insignificantly
from one another.

Table 6. The logarithms of the equilibrium constants and
the formation constants of lanthanide complexes of HsPOa.
Complex Keq Kform
PrH,POZ* 0.23£0 03 1.33=0.03
NdH,POZ* 0.0040.04 1.10£0.04
ErH,PO% 0.37+0.03 1.4740.03

The kmetlcs of the formation of iron*?® and chro-
mium **" monohypophosphite complexes have been studied.
The existence of the complexes CrHaPO3" and Fe(HaPO2)3"
has been confirmed and their stability constants have been
determined. The }greparatmn of tin(IV) hypophosphite
has been described'®, A saturated solution of SnO in
HiPO: was saturated with oxygen until colourless
Sn(H2PO:)s crystals formed, this being the first example
of a solid compound containing tin(IV) and an anion with a
high reduction potential. The possibility of the formation
of zirconium and hafnium hypophospmte complexes has
been studied. It has been shown by ion exchange'?® that
the anionic complexes [Zr(H,PO,), *~ and [Hi(H,PO,)s*~
are formed when hydrated zirconium(IV) and hafnium(IVv)
oxides are dissolved in an aqueous Hs;PO: solution (maxi-
mum concentration 0.3 N),

The formation of insoluble compounds of the type

M[Zr(HzPO:)s] and M[Hf(H2PO:)s] when bivalent metal salts
are added (M = Mg, Ca, Mn, Coz? Ni, Fe, Zn, or Cd) is
of interest. It has been shownl g that these insoluble
bivalent metal hypophosphitozirconates and hypophosphito-
hafnates do not contain water and decompose at 210-300°C.
Apart from the calcium salt, they are all isomorphous.
According to infrared spectroscopic data, both terminal
and bridging H2PO: groups have been detected in
M[Zr(H2POz)s] and M[Hf(H,PO,),]. Consequently the hypo-
phosphitozirconates and hypophosphitohafnates are poly-
condensed complexes. It has been found'*® that HsPO,
forms with molybdenum(VI) a complex having a high optical
density at 400 nm whatever the acid concentration, while
the complex with PO~ is not formed at a solution ac1d1ty
of about 1.6 N. A spectrophotometric method for the
determination of hypophosphite in the presence of phos-
phates has been developed on this basis.

Like phosphites, hypophosphites form addition prod-
ucts'® with hydrogen halides (HC1, HBr, and HI). Where-
as phosphates can combine with three molecules of the
hydrogen halide, hypophosphites and phosphites can com-
bine with two molecules. A typical compound of this type
is Cd(H2PO:):.2HC1. In these compounds the hydrogen
halide is linked to the hypophosphite molecule, similarly
to water in hydrates, i.e. is coordinated to the metal ion.

Interesting germamum(ll) complexes have been
described'®: Ge(H,PO,)..GeCl: and 3Ge(H2PO:)..GeBra.
The former salt (m.p. 124°C) was synthesised by heating
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activated germanium oxide, obtained by dissolving the
normal oxide in alkali and reprecipitating it with 6 & HC1
and 50% H3;PO; in the course of 30 min. After allowing
the mixture to stand for 12 h, the crystals were separated,
washed with dilute HsPO:2 and absolute alcohol, and dried
in vacuo at room temperature. The latter salt (m.p.
129°C) was obtained using GeO, 35% HBr, and 50% HsPO-:.
Crystals separated on slow cooling. The compounds
obtained are extremely stable in air, but are hydrolysed
in water, forming germanium hydroxide,

When germanium dioxide is heated with H;PO:, it is
reduced, dissolving with formation of a yellow-green
solution. This behaviour is the opposite to that of SnOg,
which, although soluble in H3PO, is not reduced to the
bivalent state in the absence of HC1.'® Everest'® states
that the double salts Sn(H2PO:):.SnCls and Sn(H,POQ,),.SnCl:
exist.

VII. REDUCING PROPERTIES OF THE HYPOPHOSPHITE
ION

Many studies have been made on the reducing proper-
ties of hypophosphite ions. Pyrolysis of NaHzPO: in the
presence of LiH (molar ratio 1:22) or LiOH (molar ratio
1:5) has been investigated in the range 210-250°C.32 The
possibility of the following reactions has been suggested:

NaH,PO, + LiH — NaHPO, + Li+ H, , (15)
NaH,PO, +2LiH ~ NaPO, +2Li -2H, (16)
6NaH,PO, +3LiH — 2NagPO, + P;H,0 - 3LiOH + H, , (17)
NaH,PO; --4LiH — PLi; 4- N2OH - LiOH +-3H, , (18)
NaH,PO, - LiOH — NaLiHPO, + Hj , (19)
NaPOj -+ LiOH — NaLiHPO; , (20)

NaH,PO -+ 3LiOH — NaLiH;PO, ++2H, , (21)
9NaH,FO; ~ PHj -+ NagHPO,. 22)

The compound PsH40, obtained in reaction (17), is a
mixture of red polymeric products. It is insoluble in
water, acids, and organic solvents. It has been shown*
that P4H,O is satisfactorily described by the formula
(PsHsO)pn. The possible structure of (P4H4O)n.has been
considered on the basis of the infrared spectra and poss-
ible structural formulae, containing the P-P bond, have
been put forward. It has been suggested that P-O-P or
-P=0 and HO-P - linkages may be formed. P4H4O is not
formed in the interaction of NaH,PO, with LiOH.

The reduction of Ks[Co(CN)s] by hypophosphorous acid
in 1 N HC1 solution in an atmosphere of nitrogen, resulting
in the formation of Co(CN)2.2H20, has been studied*®,

The hypothesis that the reduction reaction proceeds via
the intermediate complexes [Co(CN)s.OP(O)Hz]'" or
[(CN)sCoOPH20C0(CN)s In has been confirmed by infrared
spectra, which contain absorption bands characteristic of
the P-~0O and P-~H groups.

The high reducing capacity of the hypophosphite ion

3¢

constitutes the basis of many methods for its determination.

Thus a procedure has been developed'® for potentiometric
titration with vanadate of hypophosphite and phosphite in
their mixtures, based on the oxidation of HoPQz to P03~
(via HPO3™) by vanadate in the presence of a silver salt;
in the absence of silver, phosphite is not oxidised to PO;".
A volumetric method for the determination of hypo-

phosphite with iodine has been described'™, It consists
in the oxidation of hypophosphite to phosphite:

HgPO, -+ I + HyO — HyPO, -+2HL.
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Under certain conditions, the resulting phosphite may be
oxidised by iodide to phosphate:

HyPOg+1, + HyO — HgPO; -+ 2HI.

In a strongly acid medium the first reaction mainly occurs.

A procedure hasbeendeveloped'®for the determination of
hypophosphite ions in acid chemical nickel-plating solu-
tions based on weighing the nickel-phosphorus coating
obtained as a result of the reaction of Ni** by hypophosphite.
Phosphite (up to 50 g litre™) and reducing agents do not
interfere with the determination.

It has been established'*® that in a borate buffer 104
oxidises H.PO;, HPO3™, Se03~, and TeO3" on heating and
in all cases 105 is formed. The excess I0; may be
titrated iodometrically in a buffer medium and the content
of any of the above substances can thus be found. A pro-
cedure has been proposed for the photometric determina-
tion**°"*! of H,PO;, based on the decrease of the optical
density of the solution at 530 nm due to the reduction of
Fe* to Fe** by the hypophosphite ion.

Sodium hypophosphite may be determined'*?, after the
preliminary removal of iron from solution, by oxidising
NaH-PQ with an iron(III) salt solution, this being followed
by the titration of the Fe®* formed with a cerium(IV) sul-
phate solution. The kinetics and mechanism of the oxi-
dation of phosphite by cerium(IV) in sulphuric acid solution
have been studied**®, Conditions have been described for
the oxidation of hypophosphite ions by various oxidants:
nitric acid'**, permanganate'**"*®, cerium(IV) salts'*"*'*,
dichromate solution in the presence of silver ions“",
bromide-bromate '*°, an iron(Ill) salt'®!, and persulphate
(catalysed by bivalent copper in perchloric acid solution)'?,

Organic derivatives of hypophosphorous acid—phosphi-
nous and disubstituted phosphinic acids—are of interest.
One or two hydrogen atoms attached to phosphorus in
hypophosphorous acid can be substituted by alkyl or aryl
groups. When one hydrogen atom is substituted, the
resulting compounds are called alkylphosphinous or phos-
phinous acids RHPOOH. Little is known about the mono-
esters of these acids, but a number of diesters have been
obtained. The acids formed as a result of the substitution
of two hydrogen atoms attached to phosphorous in hypophos-
phorous acid are called dialkylphosphinic (diarylphosphinic)
acids or “secondary” phosphinic acids.

The free acids R.P(O)(OH) and the corresponding
esters R2P(O)(OR) are known,

IX. THE APPLICATIONS OF HYPOPHOSPHITES

From the economic point of view, the applications of
hypophosphites for the surface treatment of metals are the
most important'®®, This advanced method was proposed
in the USA after the Second World War '** and was subse-
quently extended, investigated theoretically, and continu-
ally improved’®®,

Investigations showed '*°~**® that metallic plates can be
coated chemically by nickel, cobalt, or their alloys with
the aid of hypophosphite ions, the resulting thin coating
(less than 0.025 mm) being extremely hard, non-porous,
and strongly attached to the metal., The thickness of the
layer of deposited metal may be regulated. A great
advantage of the method is the possibility of treating also
non-metallic materials—ceramics, glass, and plastics.
In semiconductor engineering it is possible to deposit
metallic contacts directly onto ceramics or other materials
in the manufacture of transistors'®®,
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Hypophosphites are also used for the electroplating of
various articles'®”"®

The reducing properties of hypophosphites permitted
their use in the manufacture of explosives'®®. For
example, a mixture of equal amounts of barium hypophos-
phite and potassium chlorate, the latter subjected to pre-
liminary drying at 100°C, rapidly ignites in open air with
a weak explosion. In a closed vessel the mixture deto-
nates. It is readily ignited by an electric spark and is
very sensitive to impact and friction.

In view of the use of hypophosphites in pharmaceutical
practice at the end of the 19th century, their toxicity has
been investigated in very great detail™®*™%’, No evidence
indicating their toxicity to mammals has been obtained,
in the mammallian organism they remain unchanged and
are rapidly eliminated.

Hypophosphites have been recently finding increasingly
frequent applications in analytical chemistry. Thus a
method employing hypophosphite has been developed168
for the titrimetric determination of iron in the presence of
copper ions as the catalyst.
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