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Kinetics of Self-decomposition of Peroxydiphospbate 111 

Aqueous Sulphuric Acid Mediun1 

I', i\I,'\I\liTII:\iiUJTIII; t\: ~I, S'\0."TAI'J':\ 

Kinellcs of sclf-decolllposilion of pel'oxydiphosplwte In aqueous sulphuric acid 1llt'<llulll at 
[II'!) "",0,2-11\1 and I' -. ',41\1 in the tenlperaturc n,nge 40-70" Iws heen investigated, The 
reaction is fOllnd to he first orde,' cach in [pcroxydiphosphatc) and[H'I, II"~ is found 10 ca!:rlysc 
the !'I.'action strollgly, Elll'cls of tt'1l1Pl'I':lfun', ionic st""nglll alI<I ad<lt'd '111'0i-' Oil tht, I'('aclioll 
I'at(~ haye I)('en studied. E\'idl'IlI'" 1'01' In.·(· r:le,li,':d i .. pfl'I'nlediaf't.' is I'l'ovicil'd by {he inifLI(Jon of 

\'inyl POIY'llcl'lzatlon, lit sp,'ctl'lllll of pol)':Il"',\'I",fill'i/e fi"'11"'"'' hy Ihl' .inili:olioll or' pl"'OXY­
diphosphatc shows thl' 1"'CSl'IICl' of 'phosphate g,'olll'illg, Killctic alld thl'I'lllody":om;c 1':1 r:II'11cl('I'S, 
K:" (,\1"( sec-I), A, E a , ... ~S!. pIc. h:IVP f'yalu:tlt.,tI :ll1d disclissed ,,·ith suit:dll(' n.':IC:tioll nll·t'h;tl1i~nl. 

J\ crilic:ot COllll'ariSl.111 is aiso ilIadI' \\'ilh sillril:l'- \\'01'1', ill\'flh'ing IH','ox,,'disIIII'Io"'l', 

AJ\lON(~ the inorganic cOllljlound-; cUllLlining 
peroxide bond, peroxydislllpltatc, S/)~-, is 
well-known with which extellsive oxidatioJl 

sttldies have been carried out 1,2, But IWl'O,\}:­
diphosphate (PP), P20:-, which is iso../cctronic and 
isostructllral with the former, rcC(:i\'(~d relativel\' 
little attention ami the oxidation stwlics ill\'(living 
the btter are very few in literatlll'c3- 8 From the 
preparative method; the minillHll1l "alne of th.-: 
oxidation-reduction potential of l'~O~- was fOl/nd 
to he ~2'07 V (ref, 9, 10); Also Ilw fad that. it, 
oxidizes vanaclvl ions5 and silver ionsll i nclicat.es 
that the potential is not much di[f"l'!'nt7 'from that 
of tire peroxydislliphatc collple which is --2,01 V, 
As a l'rdllde to suhstrak oxidatillll alJ.d, aCo an 
,:xtcllsion of our preliminary not/:12, tlte n'sltits of 
self-decomposition of, peroxycliphosphate au,,: pre­
sented ill this paper. 

Materials and Methods 

::,",i4P~08'4H20 (99,1 %) was prepared from K,P298 
(FMC Corporatioll, USA) according to the method 
of ,CIl\llski 1:l, ,H2S04 , NaHS04 , ferrous amll10nium 
sulphate, eeric 'ammonium sulphate and other 
chemicals -used were of analar grade, \Valer used 
was doubly distilled over alkaline perm:tnganatc 
ancl deiollized over' Biodeminrolit (pcrlllutit Co., 
UK) lllixcll-iJccl ion exchange, resin. 

All ,the experiments were ~lliTied out ill aqueous 
slllphliric acid medium at CH'I]= O'2-Ii\![ and 

:. constant ionic strength of '1·4M, (adjusted with 
NaHS04 ), with [PP]= 5-30x 1O-3M in the tempe­
rature range 40-70°, [H+] always, represents the 
absolute concentration of H+, the dissociation of 

i,. HSO.j' and' ~he alk~linity of' peroxydiphosphate 
:~ solution always being taken into consideration. 

The kinetics were followed by estimating the rate 
of disappearance of peroxydiphospJiiite, -Rpp~ 
by, ."!cli:1ing a known excess concentration of Fe2+ 
~in IN H~S04) tei the aliq'uots of the reaction mixture 

and estimating tlil' llnrc';tctccl Fez+ hy Ct'l'illlctlT 
using ferroiz'l ii,dicator, 

Results and Discussion 

A 2%, solution of litliiul11 p"r()x),rlipll"spJlatc 
was fOllnel to have PI-f ~9'2 ane! at tilis alkaline 
j,H, peroxydipJlOspltatr: dicl not llnclergf) all\' sdf­
decomposition even at 1)0°, But th,c a(hliti(lll of 
slllall amounts of 1[+ \\'a~ fOl/lld to cat;)h';;t~ t h" 
r{';u;tioll strollgl~', TIll' rale of rli:iaplw;,rail'.:t: "f 
I't:ro.\ydipJlOsphaLc',-, dil'l'Udl ;" ---NI'I'. "LIt'\'I'rl 
sr~c()nd-ordcr kinetics, lil'-st o rc1<' 1" each wit h re-;I,'I(',;l 
to [PP] and [H'l Plots of log (({--T) v~tillll! (l11ill) 
wli,'j'r.' (1l---x)=IPJ']" \\'e rr. , f"lllId III I ... lilw;Lr Old" Il(' 
I" ,-",15';-:, of th(~ rcar.:tir)ll alld :I,llI)\'" tltal, ';'IIi\','rsil>lI, 
1101\,lincarity was nbSI:rvr.;cl (Fig, I), .Fro/ll the 
,1()pe~ of the straigllt line portio/l (illitial slopc!s) 
uf tllcse sernilogarithrnic plots, pscudo-lirst-orckr 
rate cOllstant, 1/, were evaluated, 

k'(sec-1)= slopex2'303/60 

Plots of Il' vs [l-r+J were found til lJ{~ lillc;ar 
passing through the origin sho\\;ing the depclI­
clenr:e of rate on [I-I+] also to be of first order. 
--R!'I' vs [PP] plot which was linear passing throllglL 
the origin and log (-Rpp) vs log [PP] plot which 
was linc;].r with a slope of uni(v, and the IWll-(lcpC~I1-
dr.'I1C!~ of It' on tlie initial [Pl'] also cOIl/inll/:rl 1 hI.! 
first-order dependence Oil [PI'J, ll'~IICI! lhl: rat,! 
law for the self-decomposition of peroxydipllu:';l'izaLe 
or waleI' oxidation by peroxydiplwspliaLc call be 
given as 

_ d[~_~}] = Ilw[P P][l-P] 
dt " 

where Ilw(M-1 sec-1) is the second-order rate constallt. 
The values of !lib (x 105) evaluated ;Lt 40°, 50°, 
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 '4-8M 
effected r->50% increase in the rate of clisappcarallce 
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')\\';uli')IIS, ~ince c()\'alcil t hOlllts t,) nX\'g"'1l :'1I"'~ 
'~'·lIn;t1ly brokell simuitancolIsiy' willi 1.'1I',:lr(1I1 
I I" lJ~fn, Ilw\' ;U'c follild to he ;lcid-';at:d\·,,;,,c\. 'I'll" 
',·",1 illll l' ,.( jlcrq"idcs arc alsl) SII"je'~:( l,) acid 
,;tI;lh,sis2J• Helice it will w>t be surpri~illg if Iii,. 
r";I':liqlls of I'I:J'(),-:.y<liplll)spliate \\'Ilidl is h'd I, ;1, 

1"·I(."i",~ and all I)\:.\·;l"i,,". i.,~. ()xyalli'-'II .-/1:1 i\'-II i\',·,· 
!.I 1/ .. 0-0-11. ;lI't~ ;;l[hin:l 1.0 aci,l ca1;tI\'~i, q l"II!~h'. 
I'n"_'\\-dipli()~pil;tI,,. l'~OJ-, is (·,,(·,·nsin·l\· 1""/"1,;11,.,1 
ill ;lci" Illedillm dll'~ to the aCClllllilla(ioll of high 
IIcga(i\'(~ charge. TI,,~ \·ariolls species prc~s('llt ;11'" 
I\O~-, HP20~-, H21'~O~-, HilP20~ alit! H,1'20 , 
;'-'111 (Ii" C\)lIc('ntr;tlion ()f flt(:~c species \~ari';,;,dr;l,;(i_ 
Cit/I.\-' with cliall!<" in I,l r . (spe<;ic;; ill\'I)I\'ill;': ll".~ 
prntonatiOIl of peru" illi!; oxygen; H r. J> ~O~. 1I1a.\· 
also be prescnt alollg willi lite olllf'j' PJ'()ll)lIilll~,J 
species). The popillation of t1J1~ diff,~f('I1( :'I)("'i,''; 
ilS ;l fllnction of /)I-I is given by Cnltcldir-l,F2 F"r 
c.\alllplt:. till! p'~rc(llllagl~ contribution of I~ach siw,:i,., 
to I h,~ total pero"ydiphospltate C()IICt~lItra(i"1I al 
f,JI ,.., (J (llIIH') is H))20~-. 16'7%; H:,1'20 ti, 55'5',:;,.­
:l:1d l-I.IP20S' n·w:,;). Under the present I!xpcri­
JIlcllhl conditions (O·2-1MH+) the PH is less t!tilli. 

I.·~i.:. I ..... ~~dr··d\,!·,)lIipq:1jtiljll of pll) at .H)~~ ::I'!"lLs ~"!J\\'ill.:; th .. : 
!!r:~: ·'n"!I'~·lt!'jll~lllif:IlI·:t~ ',I!l 1'1.' (lll~\'j';tti()ll ;1.~ hi_.~Il'.:I-':f'I\\'f.:rsj()J!s 
i, illdi..,;ttt'd ill 1"'01",,, lilles). [il,pI = 11 ()2JJ. I II!-J .• , ()'2-

1'0:1/ ;lI)([ I' =1'·4.1IJ 

IIl1il \'. From a kll(lI\'II~dg,~ of the c()llcelltrati'!IIS 
,)1' Ill" V;lri()IIS ~I)(~,.:i"s, it is 'not possihle t() ;u rive 
;['1 ;lIIY ddilli.tc concIilsioll about the nalllre of tlw 
acli\'e species. USlIally, predictions abOllt tIle 
llatllJ'(~ of the active species are made on the basis 
I"f t he dependence of the reaction rate on [1-1+]. 
III the present study ,~' vs [I-F] plots at all tClIlpC­
ratllrc~ are fOlllll1 to be line;lr pass.ing through origin 
SllOWillg a simple ji,st-orcicr depelldence uf the: 

o[ ,1>1> ;iI\l1 i.l1C~ dl~I.";1I11I~IIC(~ ofjracc "ill i'JIIic; strl~!lg(11 
IS 111 agl'l'I'IIH~nt with that (~xly~ct('d Inr an 1'-'~l-clIP~,[(! 
r.;;t'·( 1(111. It was suspected that the non-llJ1canty 
of tlte s"milogaritlllnic plots '(Fig. 1,) might he due 
tn til'.' illhibit.ipn by the product" PO;~-, formed. 
This was i.:onlinned I>y the rbtardation of r;de by 
initially added HPOl- (Tablell). I 

Change in thcnature of qle cations of peroxy­
d iphnsphate did not affect t;he reaction rate, i. c. 
killetic measllrements with Li.,l!\08·4IfT20 and K,J)20 S 

ga\'t! risc to tlte same rate I C~IlStiUltS. l'rcs~Il:.~e 
or abs(~ncc of (~I ther atlllosphel'lc ,v,ygell or 'JIg-1l1 
d!d not illnll(~IlC(' tile n!acl:i(llllra(,~. I Ad.ded. aery/o­
II11Tlk 11l(IIIOIIH!i: was polyllHJrlzed IJJlIII;atlllg t11l~ 
fOIllI;.!.li!)1I of f~'(~C: radical." a:; lill '-.'!rlll'~(lial.(:s. 

/1 clIl catalysts and actl·lIe spec/.coS'~ It IFlS been 
k1lowII fur a long tjllle that qH! rat~s of oxyallion 
reactiollS are lnarkedly dependell t· 01,1 acid COil cell-

'I . I f tration 14 -l[,. It is presumctl that the 1'0 e 0 protons 
is to labilizc oxvgen i)\: cOJl"brtillg iit frOIll oxide 
ion In Il\'li'roxitie ion ancIon to·{vater. The addition 
of 11I·"I:,;l\s to. oxicleioll in an ol

l
·y aniOI .. l Sh'J~lld m~kl! 

It casler t.o break lite boricl. In (lxlcbtilOIlS IIIVO]VlJlg 
I 

I \1<'-:. I - EITI,Cf lJl' \I'DE» l:-.:a21J I'~', 0:>; HA I J: 

{[t'I',7" 2'05x Jo-';\I;(I!'J'~U"I:l1;IJ.1 '1·1.l~; 1"11'1' ' (>0') 

[Na,III'U,J:'11 0'1 (1,2 0,] (J 4 
-HI'I' ;< 10', 1)'52 S·()l) h,i.12 J ·(iJ ()'41 
(mole litn:- I sec-I) ·1 

36 

'. ., 

reaction rale on [H>]. This will point to tile sill!;l)' _ 
prot,')lIatcd IIl\O~- ;tS lhc:activ.() species. Bllt 
at j)B·::::::1, H1'2Cg· does 1I0t exist ailli ollly Itighl~r 
protonate(l specie.:; are present. 'I-Ience' e\'(~n Oil til'! 
basis of the dep,.~ncleIlGe uf the reaction rate ();l 

[IP] it is not possible to predict the nalure of the 
acti ve species. The reaction rate as well as till! 
concentration of HaP20ii and H4P20 a arc increasing2:! 
with increase in [H+]. Hence it is probable that 
olle or both of these species may be active. Ven­
tllrini et at. 2 :J suggested that in the region of [II-fJ= 
lHll-O·7M, only one kind of species, H3 P20 ii was 
r'.~sp')lIsible for the electrochemical relluction of 
jJt:ro"ydipltosphate and it is likely that under tile 
prcs(!llt experimcntal condition also. H SP20 ; is 
1I1(~ active species. 

Frct'- radicals as intermediates - IR :ipel:truill of 
polyacrylonitrile fon~led by the initiation of pcroxy­
diphosphate, showell peaks corresponding to P-O 
stretching frequencies indicating the presence of 
phosphate grouping in the polymer. Hcnce it lIlay 
b(~ c<)Jlcililied that PO;~ (HPO.' or H 2PO.i) radical 
il)lIs ar,; prodllced as intermediates. Forll1ation 
of l)o.f~ IVas sllggestccl earlier by Edwanls alit! 
coworkers"-8 in the thermal oxidation of VO~+ and 
Fe(II) complexes and photochemical oxidation of 
water, ethanol and 2-propanol by peroxydiphosphate. 
/',!ro.\:}',liplll)sphate is a lwo-electron oxi(lizing agl~nt. 
Tlte formation of free r;v.licals as intermediate:; ill 
f),'(idation sluclicsillvulving- IWl'nxydipllOspltatf.! (:vi­
dClllly indicates t1lat it fUllcliolls as a one-eleclron 
uxidaill. 

,\ .. : 

~ ----'"'I:).' 



".. 
; 

:'IL\IWTHA~[UTJIU & :-;.\:\):.\1'1"'\: SU.F,I)j·:c<."\II'()C;ll·IO,,, UF l'EI\U:\\·PII'IJI)";I'II.\'I'I·, 

Jl!t,clWl/,is/ll.{/.l1d rate" law-- 011 till: iJa.:;i:; of the 
./ :Iho\'(' (:xp,:rilll!'lltal nh.:;('rvatillll~ allrl ill ;UW.i<I.!!..\' 
:~\\':III II,,> IIWC":llli:-;11l proposed (Ill' II,,' I <ill.! ",:!!!'lIlil::11 

".':ill:iI ;(111 ,,( wakll! I,V IWII,\\·,lil,II,,.;p";Ji,', (IiI'. 
f,,!I""I'ill~: 1I1':cll:lIlislll IIlay be PIIII"I';I:d:. 

/\'J,. 

.I , ~ 1 '} )~' ·1· tl' :;-: 113 1 '20 R 
,I" .. ·.. ' 

" }~':i I' ~O;; ",· .. ,·df ~ PO ~+ IlPO { 

H::l'O",l LO C.'" 1 L)I'O,+OH' 
II I'O~:I r pC' Il ~ I 'Oil, OJ r 
1I Fe); .!, orI· . -,1J2I'O;;+ 0 o~ 
H~ POi _I., OIJ' --- --H3PO~+ ~02 

l~(,;tr:ti()lls fir til': type 

201" "., ,.,.J T 20 -j. ~ 02 

2H I'O~c ,:-H2P~O~' 

;1 1)( I 

. >Il,l':~().'l 

... (1) 

... (2) 

.. , (3) 

... (·1) 

... (:;) 

... (6) 

.. , (7) 

... (Ki 

.. , (I)) 

:\1" aLi" prul",1'](' ill i:IJ(' ah(ll'" 1I\1'('hanisrn. 'file 
rl';\I·t i(lll:' (:\) amI (4) app('ar tn I,';'('h "qlJilii,rilt lll 
1111<11'1 ;til "\I":l'illH'nt;ti 1'l1lldil i'<ll'; silll:I' ;1,111",<1 

IlI'Oi' illitiIJil:-; litl: l'\';t('.tillil ,,<:IV 11111 1'1, (Taill" I). 
0,", '::.tllitot 1'Ilk Ollt tlte p'lssil,ilit\· of H~I'O" iwill!: 

. (01'1111',] 'Ill! IeI' the prc::;cll t e" l1('ri 111l'IiI,al C,'jH 1.i t il.>JI 
h\' 1I\'dr(l"'~i<:~ and a\:-;(1 hv th,' cIlIJlhill;!I illJl "I' 

J... li>'Cij ;11l~1 OIl'. Tlte illil'ialillil ';i,'1' .!.:iVI'll by 
1~~E'l' (2) 1ll:1\' als',' he 1'l:placnl hy Eq, (10) 

~lll\v 

.. , (10) 

n:sult;; it is Jlol: possible 
tile t.WIl f.yp':'; III illili;di'JII, 
as ill the cas(~ of peru·';Y' 

l'rnl1l 1111: (~xrH~rill1l!ntai 
III Ilirr.:rclllial(: 1)I.:lwI:cll 
i.e. slep,; (2) ami (10), 
lli Sid phat~ I, 2. 

Sillce [PPl r'."I=IHzP20~' J+ lIl3 P ~OR] + [H"l'zOill 
11I1,IN the p;'\,';I~l1t (~xperillll'lltal CIJIldil:iul1s, UH~ rate 
law fill' till: (iecnmpt)sitioll of 1']>, in ;lccorr1:lJ1cc 
\\·i t 11 tile ahl1\'f' 111echanism wi t it II!) P 30;; ;lS the 
;u:ti"I,' ~pccies, C.lll l)l~ giY(,JI ;L:, 

-dil'J'~ , ) _ kK'31 Pl'llll,[FI 
'd(- = kiH 3 1 ~O~l= J-I·j{1311I'il-I{I,,1(ltill"I~ 

.. , (1 1) 

\\'k::rt, ]{I" ;L11(1.1{1" aI": tit" I"lilililli illill ,:,,":,I;I.II/-; 
for t.ile prlltollalil!ll of Hzi>?,ut :1l1d J f;)I'/i'l 1<:'" 

pt:divcly. I'll',: (~xperillwlllally ol,sl!lv,'d lil;1 (,ldl'l 
llqlCllfknCl: of rab: on [IFJ is incolllp;LliIJI,: wit 111.11'; 
above rate law. Hence it might appc;l.I· t.lw! TJ3P~Ofj 
may not he lite active species. SIICh;L simple first 
order dependence uf rate 011 [1-1"J was observed 
in the electroche1l1ical recluctiol1~3 of PI> wlH,:rcin 
113P20 ii was concluded to be the ;Ldi\'l! Spt~cics. 
\Ve have also encountered similar first order llcpCIl-

~'::;"deJlce of ratc .011 [H+J in tl.1C oxidatio11:; or a l1'llllber 
,Iii of substrates'u by PI', With H3P~O~ ;lS tile active 

species, decomposition of PI' being lhe ratc-llctcr-, 
mining step and the order with respect to suh.;;trate 
being zero. The rate law cieri \'(:1.1 (h.~on:( ir:ally 
(Eg" 11) would be reduced to the OJle observed 
expei'imcntally as 

-d[PPJ ,. -.:"- = Rls"ls[PPlr[H+]=k",[PPlrl H1 ] 
lit 

... (12) 

1I1l'" whr:n til': seclJlI,1 al1r1 third t,:rl11'; (if 1.11': ","II,,"'li, 

11:1.1';,1' Ilf Eq. (11) ;tre 'll'~li!~i"I.: COIll!';"",] III 'IIIitl,· . 
III': lil'~( (,:1'111. 1(l:I'~ .\ . .\ ;lIld /{Il::::' ()'.; :1(!<:llr.lil".~ 
III C.1'1I1r:idi,'ld al1,[ Ed\'.':tlrl,~7 alld 1t"III',· -;1I1:i1 :t 

,i II II'I i Ii I: a I i () II I) r I Iii' 1'; d,l! Ia I\' (1 I) 11 L I V 11" I I)I! p",;., tI,l <.: . 
1;111 111': ;1.11111()1':,:~7 UII:II1;l,lvl:-. I!:ltl JI"illl<:d "Ill. 111,11. 
j 1.11: lil'c;[ ;ulIl SCCIJl1cl diss(lI!i;l.lillns 1)[ Hlt'i). 1\'(:1'" 

",', slrnlli; th;Lt i11f1ectiol1 points wcrl: IllIt 1l1)~,.'rvcrl 
ill lite pH titration ClIl'Ve and the apJlItJ"ill1:ltc, 
\':I.luc:; of ](1 and ]{2 (f{13= 1/1{2 ;lIltl 1\.'1= 1//(,) 
\\:l'I'l: i:stiJllai.ccl froll! tile trcild o\)sclved ill I1tlt,.,r 
l<'1r;l':aic'll: acilb of siJl1il:tr ,;1 i'uctlln:. Tltl' \\lln'r­
[;t.ilily ill the vall"'" I)f A' I ';I\1(\ J{~ (hellcl' /(,:) :111" 
A-I") n:portecl 21 W:h al"I.' stl'essed iJ\' \"'lItlllil,i 
cI 171. 2:1 who. claimecl th;~L K J alld J{~ sit';III" b,: \','ry 
IllIldl greater tiJan the repurted v;tl\1e~. LIelll:I~ 
J(,,\ ;lJlcl [{[,I valiles would he very milch ]':S;; alld 
U.l!IScI[llcntly it would llo(lw ,·JIlre;lsIJIlahl<.: if \I": 

;I~;SIIIllI~ thal .f{13l:!'[+'I-I-J(,aKJ.\·H ']2 Clll hClil:.!~l<:':1 ('d 
I:IIII)I'''l'i''' II) lInity (I~q. I I) j(':lllillg tu till: :;ill;ldili l '" 

r;ti,I' law (1':'1' J 2) wllich "xplaill'; Uw ,;xJ!l:rilll,:IIl:Lily 
OIISI~r vc:tl order wi tit respect 1:0 [1-1+J, 

Kinetic constants - The apparent ellergy of adi­
,,;Ii i'"I, E" (k,:al/l1wlc) aJl.d the frcqlll:ncy iaclll)', 
.'1 (,1/" 0'1'1;--') cvaillat.ctl by !.Ill: meliJo .. l "f I,.~:ht­
.':IJllale.~ may b(~ expressed ill lh,~ form uf Ar[ill~lli,[s 
,', III ;l.l.i')1I : 

1c,(J/'ISt;C')O-=(S'UI ± U'05) X 10 J exp[-(13·13 

± U'lLJ)/RT] ... (13) 

Tile lull' vaiul: of tlte frequency faclor,..../l (5'UI X 
II.)'lj11- 1 secl) and hence the low value of the sterie 
Lld!)r, P(r-JI0· 7 to 10'8) may he explaiJl{:d in terms 
"I fI,'~ :;[;Lli:.;licalllll:ory :IS follows. f> llIay I.,,! 
ideJ1tified approximately with tile qlFllltity (f,N,;)" 
{or a reaction involving two polyatolllic 1l1n!t:cl!Ic:.;, 
where fa: (lnll /r, arc "i\)rati(lIlal and r\lt<lti\!J1~tI 

------------------------

I. j"':!:;I\: r j IIIl (Il :~:" rs (1111,\' j II 

;lO:!' lill'" litl1l1 aL ,'nli)1,1!",' 
1.1'1tl! \':r:t/.ll rf~'·; 

\. j. \ (';~ I.:d \ :,';' I 
.~. h'.:I,I,I: Lt. ...... :· 

.. II, 1'1' J _, II I "I", II ".1' 
dl " 

S .. \t ~I)', (j·5M 1[+ alld 
1'+'\/. lilt! l,,'crall 

t:1 tn~t.i.tll t, 
k",:IlFI = 3'26 X 10-5 

~I_~C-L . 

;.l ::"~ 

fa t<: 

7, I;n"., .. r;t,dical r.haill Illl.:<:!t,,· 
lIislll is f)jll:rative 

8. ()xidalion ()Cl!lJr~ by 'Jtle­
l,j"ctroll route' 

\' 1·[";' I" I', .. ," I 
1-::,1." 11"\' 

(;ti. 

','''l'Llll t 'I i I;) 
,~ k,[;-;zU~'J'!·"2>2"I~j ',1'1 4 i 

.!loth acill-,il:I""\lklll alld 
<lei, I-i llilCI'''"lklll \''' lli . .; 

,\l 51)', 0'5:11 t 1+ :Llld " "= 
fj.:; 11, till' ol','r:dl rOll,.: I··"'h-
tall t, 

II" = 2,) x II)," scc·, (til' 1'.1 
~< l()'" mi,,-!') 

£On, '" 33'5 kl'al/llll.>ir- I"r "lid­
illd .'I"_'I)(k:lt I'.'I-palh alld /:,'" 
:---= :.!(, kcal :1l1Id,.~ lor :l(:jli 

<I,,) ""iI":ll L ii,'1 ,;llh . 
Un!! radical ,;/];lill 1l1l:<,ll:llli-;lI', 
is- "lu!rati I'" 

uxidali'lIl ".: ",r.q 
(~lcclr(l11 ftl;d.l: 
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; .... " " ,· .. ,;:;t;,?,S+~~'t:<Hi#ft:iil 
. • t '~:.~, • '. I 

.: 
I:\IIIA" I. C"f·:~f .. \·Uf .. 141\. Jl\i\'UAIO' 1976 

partiti')11 fllilctiolls reS!lcctiIVelY. At l)rdill;)'IY b'III- Rcfel"enCeS 

1)('latlll'(~S f,' is g(~ncrally 0\ ti,e nnlcr or IllliLv and f. ii'";SE. fl. :\ .. C"r.III. Rr.;' .• 62 (1%2). ISS. 
f", I~ or the OI(/f'1 of 10 tn 100. Hellce tlH~ plnhall",j\' 2. \\'IUI.\In-li. W. 1(. &. I-I:\I~I •. \ .• Prl'o.l'i,f" 1'1:,,(/iOIl IlIah,l-

f;ll:!,,!, willi", ;JlllllIlIO-fol" Ilo-rll, d'Il.· Iar,t.:.· ",.·g-ali\'I· "''111." ",[il.",[ In' J. I), f~,l\\'arlls (Inl.,,-.,,':i"llc.:. i\'1'W 
\. . ". I,). IW,2 , I j' -' . ,·;tltle III (·IIl!'op." of activa/ioll .. ~:-;::-:., . 3'),22 ('./1., "':/1-:-:, \. :\. (C;r), 1':IIW,\ln,s. J. D. <'I: ,1n:-;,:s. I' .. I",'rg. 

ma\- also aCC()lIllt for tit" I"w vallie' III I' aft/IIII'll"" (h,,;:. S ill)i,('), fi)-'ii. . 

th(:fll'<jucIlI:Y factor. Thepll~r()-,id(! hOJl(I, ·-0-.. 0·--. +. f':I":I.I.I, .\. I\: H",'>;I)/L\, f'. . ./. lIlli, C"flll. : ..... );' .• S8 (f'I(",). i~ ;tssociatc(l with tJw bOIlJl ellcrgrN of 33,2 kc;tI! '124. 
. . .1 I" I I I .'. :\:"";lIS()i\'. M .. ":/l\\';\/II.1S • ./.0., CI(I':EN. J\. :\. (Srj .\: 

IIH,fc :l.Il<l til(' l:cactlollS "11\10 VIIl!; t l.' [111110 \'['1" WISIVI.:I.I.. ~,. f), iC;rj, II/()f'g. Chilli, .'lr/II,:i (fl)(,'I). (,'is. 
SCISSIOJl I.d pnoxlcic bUild may b.~ expec/.cd to Itav(: I,. tUSSIElf. IC J .. f<IS"N. \\'. M. Ur). &. /o:J)\I'AIWS. J. I)., 

activation energies of thif mag'llitucli-. r'or Ull! / j'/'Y" Cil/:III .• 7.1. (1'J70). 4(3 1). 

hOIllOgCIlC'OIiS decomposition proceeding h.i' ltol1lOls,til: 7. CII.\,..FEE. E .• CIIEI\SI':I{, f, I. 8:. EDWAHI.IS. J. 0 .. (/l"rf:, 
O ) . II!" . I· tl J J .\'/11'1. C"rlJl.. 1.1'11., 7 (1')71). /. 

-- --( --- )()iI( ISSIOIl III CI' leI' t Ie gas p laSI.~ nr S fi I 1\\':\ IU·'S. J. 0 .. (.'"",.,;. Chi'III, Urll .. 8 (1
'
)72). Wi. 

liquid pltase. a Itlllllbe~' of pe!'oxicks~'; sllch as ilidllyl I).' /'rl:/'II/,'"I dalll "I! /)rI'u.rodijliLosj,/wtc· (1';\[(' Cnrl")/'atinn. 
pcrox idc, eli bcnzoyl peroxide, diil-butYI peroxide. USA). 1970. 4. . . 
cumene ltydroj)eroxide alld l~er(Jxyd" iSlilphatc exilil,1it 10. CllEASEH. I. r. 8:. EDWAIWS • ./.0 .. " To/,irs ill /,1",.1)'''"1'/1.1 

] .:i'f.IJli"I,.y .... Vof. 7. ellitt),l b yo E. J. (;riflith <'I: i\1. (; ra },SIIIl activation cncrgies of ·about 30AO, lecal/mole,Bul (\\'iJ,:y-llll"rsci','llCe. ~p.w York). 19i2. 37'). . 
the self-decomposition of peI'l1xydiP!lOsphat(~ is fOl.ll1r1 11. :\f.\I'l'TIJ'\~I{JTIIU. 1'. <'I: SANTA'I'.I>A. ~I .. ./. ill"I;;, 1111.-/. 

to have E .• = 13,13 kC<lI/mole wlt'i'chis \'l~ry Illin:ll Ch"III.. ;{7 (1')7S)' 1305. . 
t '1' '1'1' I I t I tl" t' t' (') i\l,\I/IlTII'\;\IIITIIl!. f'., S',:SII 0\ 1»11. K. V. \: '-;\:-;1'\1'1'\ \f S TJ {Ing, . 1I.~ 1~lay )e (lie til: Ie S il'lll.lg,prl) Ilila '11l1I II/dil/I/ .1, C"I'III .. 10 (1'172). 7(,2. ",.... . ... . 

(alsl) of pero.\:ldlc OXyg(~Il) ;U1ld SOh(atloll ·u[ pero-,.\'- f.1 el"'i.SKI. T .. l'll.f). t/",.-;is. i\fi"ili,:;all Sla"': ['"i\",,. ... il\' 
diphosphate which n~licler ti,e pcrrixiti(:.huilil 111111.:11 If'!S.') alld pri\'af:" COlllllllllliea!:ill/l irl>'" Ill' .I. Ii. 
WL':! ker. In the case of Q~xiclati'l.In II.\' pcroxy- 1':<1 war"s, HI'IlWII lIli i \'"rsi I:\,. USA. 
<lislIlph:({c2fl

• tlw activation I ene!'gy fUI' tlte acid- f'l. f':,,\\,.·\II/lS, ./. n .. ./. ('''rill. I,'dll': .. 31 (I'):;.+). 27(). 
t I 1 I · l' lIS 0) I t' . I.:;. f·:/)\\'o\RIlS • .I. U .. Chl'lIl. Un;,. 50 (1952). 'f:;S. Cl ayst'c flat 1.II1VO VIll,T .. "vH-a.~ t,ll; ac Ive sl'/(!cles 

- D -I Iii. S";Al.I.:\ • .I .. J. "hilll. /'hl'., .. (11)58). 7S>i. was foulld to I)c 26 kcal/mole,. For: the IlJlcatalysed 17 '1',\1;<11-:, II .. !t'r"fJld. ehrll!. I'm!:!' .. 17 (I')S(,)' 2-'. 
reactioll with S20 1i· as tIte active species, tlte (:nergy .1 S. f .':\·lrT. L. s .. .f. IIl'g. eh,,"/.. io (19SS). 12

'
17. 

of activatioll was found iobb 33'5 ,kcal/rnole. J'I1C I'). 1.I:VlrT. L. S .• Call. J. C"""I .. 31. (1 ')53). './1.:;. 
I 2(1. ,\f.I\I{I;TIII\~"'T(JU. P .. Ph.f). thesis. Madras [I"i\'('r,il ..... decrease ill the activatiolJ cI1crgy by 7'5 kcal/molc 197+. . 

1ll;1.,- he ascribed to. the pro~ollatin'll.of S~O,~. [,I 21 EIJ\\'AHIlS, J. O .. .t. ph)'s. Chr.II/"'S6(1'152). 27'.1. 
the' case of Pf'roxycllj)hosphate. the: very 1.01\' \'-allic 12. CIWTCllr-lJeL/). M. i\f .• PI' I'OX ide I'{'I/t/iou /lIft/lfllli.,!:;" 

of E" '.nil_V,be cXI)lainccl on {ltd 1 sallle: :,I."'.·UUIl.ds. l\ICII'I> "dit",l by J. O. l~dlVanis (llili."·sci("lt:'" !\,,,,,, '\'lIrld. 
1%2, 41. 

ovcr E" reprcsents tIl? over/all <t:itlvatlOIl elt'crgy 2.1. VE'>Tl}IIIN[. ill., )i\'IlELLI. A. & HASPl. (; .• r e/rl'lrr>(/I/t/I. 
and hence the correialloll of E". \\flt:ll UlI' ciea\'age ClWI/., :B (1971). 'if). . 

of a single bond 'is difliclilLI :U. f ' \"I.I;-';,;, I .. , T/:I' 11111111'1' "f l /{,',-hl'lII/CII1""II'/' (Il.,>;("r" ;lIld. 

Comparison with S20 ,Q"--:-.. .Ilt is :JI:,o nr int:crc:;t. f/lf/ f'tll:li,flill": Co .. C·n!t:liI.ta), l'n,ll. >is. 

2.:;. S'·:,,/:.\I/:. \V C" C;.\TTFIU'II.:I.I,. C. :\ . .\: \\'1'::-;'1'\1'1)1<'1'11:' to .compare the s~lf-clecolTIp(l:S~~ioll of; till.' tlV.O peroxy- 1\. f,. 11)''/'''''::''11 /'''I'(lxi .. 1,' (J.(I:ill lI!)fd. :\1'\\' Y"r1;). f 1)5.1. aillons, pcroxycl,pltosphate' ;~nd Pcroxydlsulpitat:<:, .1(,2. 

Titl~ poill.ts of similarity' ;u,lld <lifft~I'CIlC(: belweell 2( .. '(/I/.TII" 1'''. 1. "' . .\: ,'[Ir.I.En. I. Ie . .f. /111/, rhl'lIl. .<,;,),' .• 73 
tIll' rc:u:t:rollsof lite two OXI./blltS wilh watt:)' ;1I'1~ 2~ (I')SI), .10.)". 

outlilled ill brief ill Table 2. I. CI./l.ITCII 1'1 lel.ll. '\/. M. 8: f·: I>\I'A I(I)S. J, (h, .f. :111/. (h,'/I/, 
SOl; .• 82 (I ()('O}. 3533. . . ~. . 
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