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The reaction between hypophosphite ion, H,PO; and hexacyanoferrate(IIl) in the presence

of Os(VIII) catalyst has been studied at different temperatures.
The rate constant is 30 + 1-2 (M-* sec!) at 25°,
of activation is 9-0 4 1-0 kcal mole! and entropy is —21.5 + 3-0 e.u.

each [H,PO;], [Os(VIII)] and [OH™].

The reaction is first order in
The energy
Hypophosphite is oxidized

to phosphite stage and further oxidation of phosphite is too slow. Though free radical mechan-
ism cannot be excluded, as has been observed by earlier workers, it could not be substantiated
in the present study. Various mechanisms have been considered but the one which involves the
formation of a 1:1 complex between hypophosphite and Os(VIII) and its decomposition in the
rate-determining step appears to explain the resuits.

by wvarious oxidants has been the subject

of a number of investigaticns!-3, mechanism of
oxidation of phosphorus(III) compound by hexa-
cyanoferrate(III) has not received attention so far.
Further kinetics of oxidation of some inorganic and
organic compounds by alkaline hexacyanoferrate(III)
have been studied48. The kinetics of oxidation of
hypophosphite ion (H,PO;) by hexacyanoferrate-
(ITT) has now been investigated. The results have
been compared with those for the oxidation of
phosphite (HPOZ%) ion by the same oxidant. The
reactions are extremely slow in the absence of added
catalyst and hence have been carried out in the
presence of Os(VIII) catalyst.

Materials and Methods

Reagents — All inorganic materials except os-
mium(VIII) were of the highest purity available.
A standard solution of hexacyanoferrate(ITI) was
prepared by weighing and its actual strength was
checked by wusual titration procedure. Hypophos-
phite ion was estimated by the method of Jones
and Swift & The solution of osmium tetroxide
(Johnson & Matthey) was prepared by dissolving
it in potassium hydroxide solution.

Procedure — The rate of disappearance of hexa-
cyanoferrate(III) was followed spectrophotometri-
cally in a Beckman DU spectrophotometer at 240
nm using a cell of path length 1 cm. Other species
were transparent at this wavelength. The reactions
were carried out under the conditions, when [Sub-
strate]>Fe(CN)3]. The initiation of reaction was
carried out by mixing the requisite quantity of
substrate maintained at a constant temperature
with the solution of oxidant, alkali and catalyst.
The observed initial rate (dD/dt) was calculated
from the slope of optical density (D) vs time plots.
The corrected initial rate (dc/dt) [hereafter referred to
as k,] was obtained by dividing the observed rate
by extinction coefficient (¢) of hexacyanoferrate-
(III) which is 1060+ 10M litre mole? cm™ at 420
nm. The reproducibility was better than +39%.
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The rate of loss of initial hexacyanoferrate(III)
was followed up to 809% and 509, conversion of
initial oxidant for the oxidations of hypophosphite
and phosphite ions respectively.

Results

Effect of wvarying reactant concentration — The
plot of absorbances against time are linear for various
initial [oxidant]. These studies have been made
at constant substrate, OH- and Os(VIII) concentra-
tions. It has been observed that the rate is indepen-
dent of initial hexacyanoferrate(III). The initial
rates at different [substrate] are directly proportional
to the [substrate] at constant initial hexacyanofer-
rate(III), OH- and osmium(VIII) concentrations
(Table 1).

Effect of varying OH- iom concentration — The
effect of added [OH-] on the initial rate was studied
at constant reactant as well as catalyst concentra-
tions. The reactions were studied over a wide
range of [OH7]. The values of initial rates at
various [OH7] are recorded in Table 2. The &,/
[OH-] values indicate that the rate is directly pro-
portional to the initial [OH-} for hypophosphite

TABLE 1 — EFFECT OF VARYING
SUBSTRATE CONCENTRATIONS ON INITIAL RATE

[(a) [Hexacyanoferrate(Ill)] = 5:26 x 10~4M, [Os(VIII)] = 5

x107°M, [OH7] = 1-5x10'M, temp.= 23-5°. (b) [Hexa-

cyanoferrate(Ill)] = 567 x10~*M, [Os(VIII)] = Sx 10°5M,
[OHT] = 7-5x10"2M, temp.= 33-5°] '

[(H,PO;] x 105M 25 375 500 625 7-5

ko x 107 (mole sec™?) 513 749 1000 124 15-00

ko/[H,PO3] x 10¢ (sec™?) 2:05 199 2:00 198 2-:00
(b)

{HPO}] x 10*M 2442 485 969 1454 1938

ko x 107 (mole sec™?) 135 270 550 817 11-25

ko/[HPO}] x 10 (sec!) 5-58 5-58 568 562 5:70
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TABLE 2 — VARIATION OF RATE WITH
HyproxvL IoN CONCENTRATIONS

[(a) [H,PO,)} = 2:5x103M, [Hexacyanoferrate(I1I)] = 5-26

x1074M, [Os(VIII)] = 50 x 107°M, temp.= 25°. (b) [HPO}’]

= 2:42x107M, [Hexacyanoferrate(II1)] = 5-67 x 1074M,
[Os(VIII)] = 1:0 x 104M, temp.= 33-5°]

(@)

[OH"] x 10M 1-50 225 3-00 3:75 45 5-25

ke x 107 (mole 566 849 1163 13-83 1666 1992
sec’?)

ko/[OH"] x 108 377 377 3-88 369 370 379
(sec™?)

(b)

{OH ] x10*M 7-50 10-00 125 15-00 17-50 20-00

ko x 107(mole 2:66 3-35 3-62 3-67 3-85 4-38
sec™l)

ke/[OH] x 108 3-55 3:35 2:90 2-50 2-20 219
(sec™1)

oxidation whereas the order with respect to [OH-]
is significantly less than unity (0-5) for the other
reaction. Moreover, the above increase in rate
was mainly due to the increase in [OH-] and not
due to increase in ionic strength since the addition
of various concentrations of sodium perchlorate
(2-5-12-5 x 10-3M) had no effect on the rate.
Effect of varying Os(VIII) concentration — The
rate of reactions increased with the increase in
[catalyst]. The results show that the initial rate
is directly proportional to [Os(VIII)] in both these
reactions (Table 3).
Activation parameters of the oxidation of hypo-
phosphitz ion — The plot of log %
(k Ry L t1
= [H,P0;{OH-][Os(VIIT)] ) *64™ T
is linear. The thermodynamic parameters have
been calculated as described earlie1?. The energy
and entropy of activations have been calculated to
be 90+ 1-0 kcal mole-! and —21-54 3-0 e.u. respec-
tively.

Discussion

Hypophosphite is oxidized to phosphite stage.
Following evidences can be cited in support of this.
It has been observed that the rate of reducticn of
oxidant by HPOZ- is slow as compared with the
reduction by HyPOj;. Analysis of reaction mixture
by the method of Jones and Swift® indicated the
consumption of 2 moles of oxidant per mele of
H,PO;. After the complete oxidation of H,PO;
ammonium molybdate was added to the reacticn
mixture when no precipitation resulted. On the
other hand, when [HPOZ-] is around 10-2M, the
oxidation of HPOZ? takes place slowly. The quo-
tients &,/[H,PO3] and %,/[HPOZ2] were calculated
to be 1-02x 10-¢ and 5-63 x 10-® sec! at 23-5° and
33-5°C and at constant [Os(VIII)] and [OH-] of
5-04 x 10-2M and 7-5 x 10-2M/ respectively. Moreover,
striking dissimilarities between these two reactions
have been observed. All these indicate that further
oxidation of phosphite is insignificant under the
conditions at which HyPO; is oxidized. However,
it has been proposed® earlier that reaction between

TABLE 3 — EFFECT OF VARYING
Osm1umM(VIII) CONCENTRATION ON INITIAL RATE

[(a) [H,PO;] = 2-5x102M, [Hexacyanoferrate(III)] = 5-26

x10M, [OH7] = 1-5x10"'M, temp.= 25°. (b) [HPO¥]

= 242 x 1072 M, {Hexacyanoferrate(III)] = 5-:67 x 10M~¢,
[OH"] = 7-5 x107*M, temp.= 30-3]

(a)
{Os(VIII)] x 105M 1-00 200 300 400 5-00
A, %107 {mole sec?) 1-14 228 340 451 564
Ro/[Os(VIII)] x 102 1-14 1-14 1-13 1-13 1-13
(sec™d)
(b)
[Os(VIII)] x 10 M?* 500 1000 15-00 2000 25-00
ke x 107 (mole sec™?) 1-07 2-20 3-21 4-31 5-25
ko/[Os(VIII)} x 102 2114 220 215 216 2:10
(sec™1)

a-hydroxy acid and OsO4(OH)Z- takes place through
the formation of intermediate complex. The exact
composition of perosmic acid is not known which
possibly exists1®11 as OsOgH- and OsO,(OH)?- in
potassium hydroxide soluticn. The first and second
disscciation constants of the parent acid are ~10-19
and ~10-1 respectively. It is likely, therefore,
that OsOgH- may attack the substrate to give
initial 1:1 complex as HyPOj3;: Os(VIII) which
finally decomposes in the presence of OH-. In
some of the metal ions, the higher valency states
are stabilized with maximum coordinaticn number
and this explains why the 2:1 complex as H,POj;:
Os(VIII) (if formed) do not undergo decomposition
whereas those of lower coordination nvmber, i.e.
1:1 complex undergo decomposition. However,
the formation of free radical in the present study
cannot be totally excluded since free radicals in-
volving phosphorus in the -3 oxidaticn state are
wellknown 12 The best authenticated radical reaction
involving phosphorus derivative is the reduction of
diazonium ion by hypophosphorous and phosphorous
acids studied by Kornblum®. In either case, the
oxidation has been affected by the formation of
radical intermediate. Benzvil® also suggested that
hypophosphite radical is involved in the oxidation
of Hy,PO; by peroxydisulphate. Although {ree
radical mechanism cannot be excluded, it could
not be substantiated since the addition of acrylo-
nitrile failed to give any precipitate. Moreover,
there is no evidence to date for the existence of
Os(VII) species’d. The complex therefore, decom-

poses in the presence of OH- to give H—P"’so_ d

o &
Os(VI). The reaction mixture containing subs-
trate, Os(VIII) and OH- was stored, acidified and
then titrated against Ce(IV) solution. It was found
that 2 moles of substrate are consumed per mole
of Os(VIII) indicating that Os(VIII) is reduced to

Os(VI). The intermediate H—P*<©"

0 finally reacts

OH

l
with water to give stable compound H—Ps(())-'
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Scheme 1

Scheme 1 satisfactorily explain the mechanism of
oxidation of H,POj;

The rate of formation of complex is

iBQ

= ky[SI[Os(VIID)]—k_y[X]— £, [X][CHT] ...(5)

Applying steady state approximation and subs-
tituting the concentration of the complex the rate

of disappearance of hexacyanoferrate(IIl) may
be expressed as

— d[Fe(CN)?]  2kk,[SI[Os(VIII))[CH] (6)

a k4+k,[OH] v

when k>R, JOH-], the Eq. (6) reduces to Eq. (7)

_ﬁF;fN B S OS(VITTIOH] ()
where k= 2hyfey

-1

The rate eonstant & (average of 10 determinations)
for the oxidation of H,PO; has been calculated to
be 30+1:2 (M-? sec’l) at 25°. In the oxidation
of hypophosphite by RuOjg in alkaline solution,
Paton and Brubaker® have suggested a mechanism
which involves a rapid reaction between OH- and
H,PO; to give HyPO?2- followed by the reacticn of
the latter with RuO; %o form a complex in the rate
determining step. Alternatlvely, the reaction of
H,PO% with Os(VIII) giving a complex in the rate
determmmg step followed by the decomposition of

the same cannot be totally ruled out in the present
study (Scheme 2), Step (9) is followed by steps (3)
and (4) in Scheme 1.

HOsOj; may also react with hexacyanoferrate (I1I)
to give revelsxble formation of a complex in the
rate determining step. The complex may further
react with H,PO; to give free radical and regenerat-
ing osmium(VIII). The free radical is converted
to H—P*‘sg
hexacyanoferrate(IIl) as shown in Scheme 3.

However, if the reaction proceeded according to
Scheme 3, it would demand first order dependence
on hexacyanoferrate(III) and zero order in H,POj
which is contrary to the observation made in this

by reacting rapidly with another
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slow
@PO,‘,‘-{-HOSO; « complex ...(8)
o-
fast /
Complex — H— P\ +0s04(OH)3- ...(9)
o]
Scheme 2

slow
HOsO3;+ Fe(CN)%~ = complex ...(10)

S
N
O

O- (O

fast
Complex+HPO* — H— +HOsO;+Fe(CN)¥ +H,0

..(19)

H-P

/ _fast - 1.;//
- H— ...(12)
S

$

followed by step (4).

+Fe(CN) +Fe(CN)§™

Scheme 3

study. Again, the activation energy obtained in
the oxidation cof H,PO; by RuO; was very low
(2-46 kcal molet}. The low value has been explain-
ed to be due to the non-involvement of inactive-
active tautomeric species!6. The higher activation
energy obtained in the oxidation of hypophosphite
ion further indicates that oxidation via Schemes 2
and 3 may not take place.
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