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Kinctles of self-decomposition of peroxydiphosphuate in aqueous sulphuric acid medium at

[Il ] ..... - -2-1M and oo L4M in the

reaction is found to be first order each in [peroxydiphosphate] and [H*|.
ionic strength and added HPOS-

rivdical inteemediate is provided by the

the reaction strongly.  Effects of temperifure,
ritte have been studiced.

vinyl polymerization.

fovidence for Tree

diphosphate shows the presence of phosphite prouping.
have evaluated and discussed with suitable reaction nrechanism.
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been investigated. The
It is found to catalyse
an the I'('ZIC”UH
inltintion of
of Peroxy-

range 40-707. has

formed™ by the dnitiation

Kinectic and thermodynamic parameters,

A critical comparison is also muade with similar work invelving peroxydisulplite

peroxide bond, peroxydisulphate, $,08, is

well-known  with which extensive oxidation
studies have been carried out™2 But peroxy-
diphosphate (PP), P,04-, which is isoclectronic and
isostructural with the former; received relatively
little attention and the oxidation studies involving
the latter are very few in literaturce®-8.  Irom the
preparative mecthod, the minimum value the
oxidation-reduction potential of P,0}- was found
to be =2:07 V (rel. 9, 10): Also the
oxidizes vanadyl ions® and silver ions't indicates
that the potféntial is not much different? from that
of the peroxydisulphate couple which is --2:01 V.
As a prelude to substrate oxidation and as an
extension ol our preliminary note', the results of
self-decomposition of . peroxydiphosphate ate pre-
sented in this paper.

Materials and Methods

q- MONG the inorganic compounds containing

of

Ti,P,044H,0 (99-19,) was prepared from K,P,Qq .

(IFMC Corporation, USA) according to the method
of .Chulski®™®. H,SO,, NaHSQ,, ferrous ammonium
sulphate, ceric "ammonium sulphate and other
chemicals used were of analar grade. Water used
was doubly distilled over alkaline permanganate
and deionized over Biodeminrolit (Permutit Co.,
UIK) mixed-bed ion exchange resin.

All the experiments were carried out in agucous
sulphuric acid medium at [H']= 02—1M and

~ constant ionic strength of 1-4M  (adjusted with

NaHSQ,), with [PP]= 5-30x 10-3M in the tempe-
rature range 40-70°. [H*] always represents the
absolute concentration -of H*, the dissociation of
HSO; and the alkalinity of ~peroxydiphosphate
solution always being taken into consideration.
The kinetics were followed by estimating the rate
of disappcarance of peroxydiphosphate, —Rpp,
Ly xdédling a known excess concentration of Fe®*
(m 1N H,S0,) to the aliquots of the reaction mixture

fact that it-

The values of %, (x10%) cvaluated at 402,

and estimating the unreacted Fe?* by cerimetry

using ferroin indicator.
Results and Discussion

A 2%, solution of lithium peroxydiphosphate
was found to have pH ~9-2 and at this alkaline
#H, peroxydiphosphate did not undergn anyv self-
decomposition even at 80°. But the addition of
small amounts of H* was found to catalvse the
reaction ‘otl()l]g’l\ The rate of (“_w.’lm'u‘;”' wmee of
peroxydiphosphate, - d[PP}AL or Ry, obeved
second-order kmctlcs first order cach with respect
to [PP] and [H*]. Plots of log (¢—x) vstime (min)
wheye (e~x)={PI'};, were fuun:l to be hineir only up
to ~15%, of the reaction and above thal conversion,
non=lincarity  was observed (Ifig. 1), From the
slopes ol the straight line portion (initial slopes)
ol these semilogarithmic plots, pseudo-first-order
rate constant, £, were evaluated.
k'(sec)= slope x 2-303/60
vs [H?] found to be lincar

Plots of &' were

passing through the origin showing the depen-

dence of rate on [H*] also to be of first order.
~—Rypp vs [PP] plot which was linear passing through
the origin and log (—Rpp) vs log [PP] plot which
was linear with a slope ol unity, and the non-depen-
dence of £ on the initial [PP] also confirmed the
ficst-order dependence on [PP). Hence the rute
law lor the self-decomposition ol peroxydiphusphate
or water oxidation by peroxydiphesphale can be
given as

d[PP]

ko[PPI[H*]

where %,(M-! sec™?) is the second-order rate constant.
30°,

60° and 70° and p = 1-4M are 3-43, 6-52, 12:62

and 21-33 respectively.
Increase in ionic strength from 1-08 to 3-484f

effected ~509, increase in the rate of disappearance
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isin agreement with that expected ﬂ:wr an ion-dipole
reaction. Tt was suspected that the non-lincarity

cof the semilogarithmic plots (Fig. 1) might be due

to the inhibition by the product, POF-, formed.
This was conlirmed by the retardation of rate by
mitially added HPO¥- (T:Lblei]). | :

Change in the mature of the cations of peroxy-
diphosphate did -not affect the reaction rate, i.c.
kinctic measnrements with Li,P,044H,0 and K,P,0,
gave rise to the same rate|constants. Presence
or absence of wither atmospheric oxygen or light
dicd not influence the reaction|rate. | Added acrylo-
nitrile: monomer was polymerized indicating “the
formation of free radicals” as intermiediates,

Acid calalysis and active species — [t has been
kuown for o long time that the rates of oxyanion
reactions are rmu‘kedly-dépeu(;lcnt-()1}1 acid concen-
tration®1%. Tt is presumed that the role of protons
is to labilize oxygen by converting it from oxide
ion to hydroxide ion and on toWwater, The addition
of protons to oxide jon in an oxyanion should make
it easier to break the bond.  Injoxidations involving

TarLe | — Lrrger or Avben Na,HPO, ox RaTe
U = 2:05 x 107237 ; N3 SN EEXV IR T T PR BN ,1‘\[; Lemp. == 607}
[Nag 1O ) A7 — 0-1 0-2 03 0-4

—Kpp 107, 952 560 302 1:03 (41
(mole litee™! sec™) '
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oxvamions, since covalent bonds e oxvgen e

seneradly - broken simultancously * with = clectron
faansler, they are found to be acid-catalyzed.  The
ceclions ol peroxides are alse subject Lo acid
cabalysis™h Hence it will not be surprising if (he

reactions of peroxydiphiosphate which is ot i
petoxide and an oxvinion, i.e. OXYnion dleriedive:
el H-0-0-HL are subject to acid catalivsis Strangly,

Peraxydiphosphate, 1,08, is extensivelv prot g el
i acikd medinm due to the accumulation of high
negative charge.  The various species present are
POg,  HP,0f, H,P,0;, H,P,0; and
and the concentration of fhese species viries. drasti-
cally with change in P (species involving the
protonation ol peroxidic oxygen, P05 may
also be present along with the other protonated
species). - The population of the different species
as i function ol pH is given by Crutchficld2:. 7,y
example, the percentage contribution of each Spectes
to the total peroxydiphosphate concentrition

PU = 0 (LMITY) is TL,P,0%, 16:7%; H,P,05, 5557,

and M, P,0y, 27-8%,. Under the present experi-

mental conditions (0-2-1MH*) the PH is less than

unitve From a knowledge of the concentrations
ol the vawious species, it is not possible to curive
A any definite conclusion about the nature of he
active - species. Usually, predictions  about  the
nature of the active species are made on the basis
of the dependence of the reaction rate on {H*].
In the present study &' vs (I*] plots at all tempe-
ratures are found to be linear passing through origin
showing a simple fust-order dependence of the
reaction rate on [H'Y].
protonated HPOJ s the active species. But
at pH-<1, HP,08 does not exist and only higher
protonated species are present. Hence even on the
basis of the dependence of the reaction rate on
[(H"] it is not possible to predict the nature of the
active species. The reaction rate as well as the
concentration of HyP,05 and H,P,0, arc increasing®*
with increase in [H*]." Hence it is probable that
one or both of these species may be active. Ven-
tutini et al.® suggested that in the region of (¥)=
0-01-0-7M, only one kind of species, H,P,0; was
rusponsible for the electrochemical reduction of
peroxydiphosphate and it is likely that under the
present experimental condition also, HP,0;5 is
the active specics. T -

Lree radicals as intermediatcs — IR spectrum of
polyacrylonitrile formed by the initiation of peroxy-
diphosphate, showed peaks corresponding to P-O
stretching  frequencies indicating the presence  of
phosphate grouping in the polymer. Hence it may
be concluded that POF™ (HPO; or H,POi) radical
ions - are produced as intermediates.  Formation
of PO was suggested carlicr by Edwards and
coworkers™® in the thermal oxidation of VO and
Fe(ll) complexes and photochemical oxidation of
water, ethanol and 2-propanol by peroxydiphosphate.
Peroxgnliphosphate is a two-clectron oxidizing agent.
The formation of ree radicals as intermediates in
oxidation studies involving peroxydiphosphate evi-
dently indicates that it functions as a one-clectron
oxidant.,

0,0,

This will point to the singly
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Nechanisim and vate law -— On the Dasis of the

= above experimental abservations and inanalogy
f,(mwi!h {he mechanism proposed fov e ;\l‘.n!rn‘.lu-mi-:;\l

¥

Sormed ander the present experimental coirdition

avidation of awater by peroxvdiphosphate, tie
following mechanism may be propuosed:.

TR )
11,08 411 = 11,12,05
2hey

VPO HL PO HPOY

H, P04 TL0 211,10, - OH-

HPO; 4 11,0 11,0001

UPO; -+ O - —=HL P05+ 1

H, PO+ O ——-- 13 POy-

Reactions o the type

201 - 11,010,

2H PO L 2,08

ane

20L.00, 1,120, ()
ate also probable in the above mechanism. The
reactions (3) and (4) appear to reach equitibriium
ander all experimental  conditions sinee acdeded
PO inhibits the reaction very el (Table 1),
One cannot tile out the possibility of H,y1"0;5 heing

30,

of

by hydrolvsis® and also by the combination
by

1,104 and OIL. The initiation siep Uiven

A2 (2) may also be veplaced by L. (10)

shoaw .-
H,P,0:+4-1,0 ~H,PO; 41,0011
From the experimental vesults it s not possible
L differentiate hetween the two Lypes of inttindion,
e osteps (2) and (10), as in the case ol peroxy-
disulphatet:?.

Since  [PP]yam={HaP, 0814 [H,2,05]-4-[H, 1,04}
wrler the present experimental conditions, the rate
Jaw for the decomposition of PP, in accordance
with the above mechanism with P05 as the
active species, can be given as
—dj P! RN gl PP

dt [N SR B N (O R A

(1

whore Ky and 60y are the equilibrimn constants
for the protonation of HyP08 IT, 10,0, res-
pectively.  The experimentally abseryed fiest order
dependence of vate on [HI'] is incompalible with the
above rate law.  Hence it might appear that Hy P05
may not be the active species. Such o simple first
order dependence of rate on [H'] was observed
in the clectrochemical reduction® of PP wherein
H,P,0; was concluded to be the aclive species.
We have also encountered similar first ovder depen-

..(10)

= k1,P,0;1=

&, _dence of rate on [H*] in the oxidations of a number

& of substrates® by PP, with H,P,05 as the active

g

species, decomposition of PP being the rate-deter-.
mining step and the order with respect to substrate

being  zcro.
(Eg. 11) would be reduced to the

experimentally as

= kK 4{PP)[H*]=Fk,[PP]| 1]

one observed

(12)

The rate law derived theoretically .

onhy when the second aned third ferms of the denoni-
aalor of T (1) are negligible comparad to anity,
the first term, Ky 323 and Ky 03 aecording
(o Crtehfiold and ESdward® aned henee sich o
simplification of Herate Lo (T may oot bep paathles -
Pt e anthors®? themselves bied pointed ont that
ihe first oand sccond dissociations ol 12,0, were
< strong that inflection points were not abserved
in the pH titration curve and the approximate
vidues of Ky and I, (K 3= 1/, and K,,= 1K)
were estimated from the trend obscived in other
tefravalent acids of similae stiucture. The uneer-
(rinty in the values of Apand K, (hence K,y andd
Ky reported®  was also stressed by Venturini
el al.® who claimed that £, wnd K, shoald be very
much greater than the reported  values. tHenee

K,y and Ky, values would be very much less and

consequently it would not be unreasonable il we
asanme that JgTHY -5 KGR can be negiected
compared to unity (. 17) deweling Lo the simplified
rate law (199 12) which explains tie experimentadly
observed order with respect to {H'].

K inelic constants — The apparent cucrgy ol acti-
vation, 12, (keal/mole) and the [requency factor,
A sec) evaduated by the method of laast-
snares may be expressed in the form of Avrhenius
couanlion: :
Jo (M Vsec )= (501 £ 0-05) x 10+ exp[—(13-13

+0-19)/RT]
The low vatue of the frequency factor—A (5-01X

LAY sec) and hence the low value of the steric
factor, I (~107 to 10-8) may be explained in terms
ol the statisticad theory as follows. 2 iy e
identified approximately with the quantity (/v-//x)?
for a reaction involving two polyatomic molecnles,
where [ and fr arc vibrational and rotational

. (13)

TARLE 2 -— COMPARISON WITIU 8,0

ierax vdiphosphide PovoX veiisnipiimte 2 ss
Resvebion oecnes boed boos allae

eaction  ocents only i
e e i e

el ol ordinary
Lepperatures

\ooaed r':tf,:ll_-\ o]

1ot L
:/LI_’I‘j_

RO
2 et P

AVRETS RERHE FTE RSSXEN |
ke T
Y R 4 .
s »”,} B sl iS00
constant THFD
RN R RERE S RIIAE
Roth  acid=lependent  and
acid-independent paths
At 300 0387 1 el g
0-5 W, the overall rate cons-
tant,
ky = 2°53% 105 sect
w10 mintY :
Lo == 335 kead!mole tor acid-
ind spendent ky-path and /o
-2 26 kealimole  tor agid
dejenilont fea-path
Frec radical chain mechanizin
is operative
Oxidation  eurs
clectron route

Acid=dependent path only

At 30 0547 1LF and w ==
143, the overall rate
constant,

kwfH¥) = 326 x 107° for -5
ot :

Lia == 1313 kealfmol

Fres-rvlical chain mecha-
nism is operative
Oxidation oceurs hy one-
clectron route”

one-

! 'y
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pattition functions respective
peratures fi- is generally of t
Ie iz ol the order of 10 to 100,

factor will he about 10-5 £ ([0-

vadue ol entropy of actividion, AS

may also account for the low
the lrequency factor.  The P
is associated with the bunc!l
mole and  the i

INDIAN L CHEM., VOL. 1474, JANUARY

Iv. At ordinary tem-
he order ol wnity and
Henee the probabitifyv
oThe Targe negative
322 o,
vahue of P el henee

croxide bond, -0 -0 -

energy®™ ol 332 keal/

reactions il}l\’()l\"illg; the homaol vt

scission of peroxide bond may beexpected to have

activation energies of thid

magnitude.  For the

homogencons decomposition proceeding by homolytie

—0--0 -

liquid phase, a number of pero

bond fission in dither the

gas phase or
sucleas diethyl

xides?

peroxide, dibenzoyl peroxide, di-butyl peroxide,
cumene hydroperoxide and peroxydisalphate exhibit

activation cnergies of -about

30-40: keal/mole.

St

the sell-decomposition of peroxydiphosphate is found
to have £, = 13-13 kealimole whikh s very muach

striking. This may be dye tq

the s(imng,[‘)mt(mzttinn

(also of peroxidic oxygen) :U’ld solvation ol peroxy-
diphosphate which render the peroxide . bond mueh

weaker. In

disulphate®, the activation

the case of oxidation by

peroxy-

caergy  for the acid-

catalysed path involving S, Dg s the active species

was found to he 26 keal/mole,
reaction with S,0;. as the actj

ol activation was found to hb 33-5 keal/mole.

|

LFor the uncatalysed
ve species, the energy
The

decrease in the activation energy by 7-5 keal/mole

may . he
the case of pevoxydiphosphat
of £, may be explained on thd
over I, répresents the over
and hence the correlation ol
of a single bond ‘is difficult,

Comparison with $,02—_ |
to compare the self—decompus
anions, pcroxy(liphosphatc i
The points of similatity “an
the reactions of (he tw) oxi
outlined in briel in Table 2.

5 —

-

ascribed to the protonation of S,0; . In

e, the very Jow value
same grounds.  Moro-
all - activation energy
L, with the cleavage

It is also o nterest

tion ol tthe two peroxy-
nd peroxydisulphate.
d . difference belween
Tl;tnt.s with water are
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