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The kinetics or o](lda,tJoll of Isopropyl nlcohol, sorbitol, dlglycolUeacfd and tctrnrtydroCuran 
hllvc been invcstlgated In aqueouH lIulphurlc field (~ 2M). , Tlic totlllorder of the reaetlO'n'ls found 
to be 2 for nIl the redox systems. 'l'he nite of oxldatlonJllcrea8e~wlth [H+j,,[HSO,lnrid Ii; Tho 
nature oCthe probable active specIcs has been discussed and a plausible reaction scheme's!lggc8led. 
The varlousrute parnm~tc'rlJ have ulso been evaluated. " 
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OXIDATION of organicaswcJli~s inorg~llj?s'ib-, 
strate!; by VH has bee~r:extellslvcJy studJedH . 

Ell t no, detailed' kinctiC:"study has ' so 'faf 
been JlIr\(h~,~)r the t)xid:ltioitoLisiJprOI)yl ~lkohC)I, 

venms, [Substrate]. log (a/a-x)' ~~~~Su.~ time anq. p.-/'" / ' 
(p~cudo first .order rate "versu~, [~~l!:.'~:i'atcJ 
(Fig. 1. plots ·,A~C) . Jwith '~:tcr() 
ill ( ,Icati ':to~'rV~t] 

't (IPAL sorbitol (Sorb): digtycollic-acid (DG'A};'>aild 
telrahydrofuran (THF) by Y5+,It was; therefore. 
of interest to study the kinetics 'of V_fi.!:; oxidation; 

illlU • vilHie5'o( 
foiirrcdox 

of these organic substrates~ Orders with respect to' , 
[\,6+Land [Slibstrate] were determined. The. effects ,increase ' 
of [H+]. [HSO:&] and ionic strength ((1.) on the redox cu,i.·cR);' 

. systems at 40", 50° and 60°C were studied. From the' ordinate' ""'Jm, .. ", 
exp(!rimental results; a feasible,schen]c was derived. bol.h"cld 

Table j ~" 
\'i.ilh 

1~ 

anti the rate parameters c()mpnted. ,and' ll<O.UUt:;,.,UUL 

Materials' and Methods ' ,'. , ,'. :(V'Ot)?;:$II;CC'ic''3';t'~Otjl('_~~;F£f~(;~i~~~UJ,I~}~~l:~~~4 
, ,NH, VOa (Riedd).D.GA, (FlukaAG), arid S~i'bi~ 
($,(rahhai ','Merck "II1!1i:l) :, •. w<irc lISC(J.: "TIJ(!~ plher;", , 

'~ b!ietliicafs usi·/l.wen~ of Aliafill·.I-~I·a(l(~; 'flil!' r~i·tl)f.lI'll~';~':':,' • 
~ lwnof the ()xHlaJlt·,VG~ solutlOll. theexpcnl1HlJItal> (!/jUI 

melhod and the uctei'inination of the rate, of.VGt 
d i:>appearance (-R 0) wcrcdescribcd (!arIicrs .:, . ' c. 

Hesults and Discussion::'. 
Rate oj V6+ disap/)(!ar,a1icr.C-RIJ) -,~ 'nle'killCtic~t:' 

of the four redox systems, y6+~substrate (DGA. IPA;~' 
Sorb and TITF) studictlsIio\\iCd simihi.r bchavioU\:tX: ' 

(i} JI) each S),SlCllli;ec9nd order kinetics; firstordd·:.; 
each with resgcct to', [VG+] and [Substrate]. W<ts} 
observed. The plot~of ...... RJversus [V6+], . ~R;,' 

:c';'i!,:', :"'TAIJ[,l! t - R.'l'tu 

{Sub~tratc; IPA;'[HJS~§ill-~~:~M an(11! "" 2·0M; Inrhslrnti;:sorhifni; [H~S041" 
.' " ; ;<, " amI DGA. (llllSO.J = 2,OM and IP;;;2~~ 
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Fig. 1 - Hate plots lor V"·,·II'A sys(cm ill 
aqlleous lIsSO, medium (pl,)1 s A I.,; ji) allel 
VH+Sorb system in I\queous H,SC>. 1I1(~dilllll 
(plots G and H) {Plot A: /;, vcrslIsf.Jl'A]; 
(11+]=1'5111. ",=2'OM and (offijJ.=50°C. P.'ot 

. B: -llv\,crslls[[PA); (U']=1·5l11 ..... =2.0JM. 
(V6+)=O'0295N Ilnd temp. =/iO·C. l'JrJt c: 
--Rv vcrsus [V·'"); [H+]=1'5M, IL=2'OM, 
(Il'A]=2'()Af:lIId tCllIp.=-60·C. l'lot 1.>: -N. 
versus I'; (11')= 1'5101. [11'AJ"-=2'()M, [V"J 
=O'0757N and tcml'~=50°C. J'int E: " 
vcrsus [/-1.+]; IL~.~ 2'04'SM and temp .... SO.c. 
1'1(,1: 11: II vcrsu~ (1I50,J; [U+J"':/'5M. 
IL~"2-()oI5M and t.nmp.""so"C. Plot. G (0): 
- .. J.' •• V(~rSIlH ("/ISO,]; 1.1 ").d '[l.1J, ib~ I·022,\[ . 

. [Rllrh]=O·IM. lV·']=O·(J22S.1N and t"IIII'. 
= 50°C. Plots G (0) IllId II: -N •• \'C'SIl~ 
[H'] and log k vcrsus. -110 rcspcctj\'('i~': 
/L=1·022M. [Sorb)=O·IM. rV"j=O'0225.lN 

. :\IId t(~mp. = 50°C) 

. " . ~~ . \. 

A, B :IIPAJ ,molel"tl't·;e,(;(0);(~l), molt/lHce.;C :(VS): N;F;G (0):11'150-J 
. . 4 

o :p,mole/l.ltrf/; Ii; ~Ho 
rnolellllre 

V(OH)8HSO~ being acth~c .. The adtl independcnt 
path observcu in all these systems also snggested 
that VO; was also active. In the case of Sorb and 
DGA. increase of -Ru with respeel to bolll [J:P'] 
and [!-ISO.] Was found tOI be of the same order. 
Thereforc. the plots of k versus [1-1+] and that of 
k versus [HSO,] gave identical slope and illtcn:~pl 
valllc~. This suggesl('d that nil tlte V(OH)§+ f()rll1(~d" 
i.11 eqllilihrium(l) w;~s utilized in tlw formatioll of 
lhe hislliphato complex in accorrlanc(! wi th the 
(!fJllilihriulIl (2). 

K 

V(OIlW+HS04' ~ y(qH)aifSO' ... (2) 

.,,~a;lt. . ... : '" . -.. . .' . 
oXldahell 0(- Sorh and DCA hy V6+. e\'ldcnr;/; (or the 
presence.of HCRO wasoblained (chrorl1otropi(: acid 
test - purple colour). . 

Hate law,~ ll1td rate cxprc.~sl:(ms: (a) IPA -I- V6+ III/d 
(I» TllF+ V&+ systelits --_. From the foregoing l't:slIlts 
the rollowingmcchanisl11 is suggested and the rate 
expressions derived. _ 

Taking illto c;ollsid(~r:ltion equilihriulll (I) aud 
(2) and Mfiuming [VOr!tot.1 = l\'O;H-[V(OH)~'Ji" 
["V(Or-f)aHSO,]+. the rate determining Sl{!ps. aS~lllllilig 
/issirlll of C-H h0l111 in car.1t case, are: 

H , 
(a) >C.--OlJ. '1- VO~ ·'i~~;'''> )c- 011 

H 

Bllt wilh III1l systellls V&++ I PA ;tlHf Vfo':ITlLF 
lIl" illcrcment in the -Nfl \:;t!ues with [H+] was 
I(!~s Ihan lIml with [I-ISO;l:···"':fhe ill tcrcq)l value 

.:.. obtained frOIl1 the pl~t of I~ versus [1-1+] and intercept 
. of plot Ie verSlls [ESO,1 suggcsted lhat the laUer 

indllderLboth acid dependent and acid independent 
rall' param~ter!i. Ther~Cpre. pOfislbly only a Jlortion 
of V(OI1):·· 'n1 ... y be' utilized ill the (ormation of 
hislIlphato complex. 

I 
'/C-.OH -1- V(OH)~,~ ... ~.~.--)-'C--OI-T 

(iv) The increase in ionic strength ([J.) increasC'd the 
rale of Vl+ disappearance (Fig. 1, curvc:·,D) showing 
that ionic ~pccies were involved in the ratc deter-
mining step. . 

Product analysis - The' end product in the oxida
tiol1 of IPA by V6+ was idelltified a~ acdoll<l 
through its 2,4-DNP; m.p. 122°. In the case of 

. ~" 

• "low / 
1-1 . 
I . . '. 

)C,-OH +' V(OHlaHSO;'T~~-"> )C-:--OH 

or the: gener;,:.:l. (orm 
H' 
I... . 

'-C-OH + V6+_. -+' ..... -01-1 _+. V4+ 
/ 010" /V 

. .. (.1) 

whcn~ VI+ = \'Oi. V(OIJW and/OI; [V(OlJ)311~On: 
k .,,'" I~l' 1.'2 and/or I.·a., 
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Addition of akoIlols to aci<fic ~olufiom; of \,6+ 1::71lliulllio1l :iJj>,alc'}JllTam.c1ers --I, valucs \\'('re 
.g(~lInally tkepcllcd the cQlour (min yellow-orallge (!valuatcd by the fvllowing thr('(: methods: 
to n:dt, SLlI~W'sHllg {he lonna.l.ion, -of V6+ -slI),sl rn 1(: (i) Fro/ll ,tlt(~ plot of Ing il/II .. -X v(~rSIlS I illl!', I.', 

,complex. However, lhe cxlen t of f:OIll plcx .formatirlll was l~valuatcd (~~ = slope X 2· 303/(0) \\'Ii id I \I' h,('11 

was no~ sufficient ·to be kinetidillydetcdabl\~. plotted against [Substrate] gave strail-;lit lill/!. Jirolll 
There will not be a.ny difference in the main kinetic: the slope of the latter plots. k was evalua.t(:d. 
feat.ures even if complex formation step is induded (ii) Plots of -Ro versus [SubstrateJ and (iii) plot's 

.in 1he lllt'chanislTl now proposer!. Littler and 'Vaters' of -Ro versus IVH] were lilwar. passillg thn)l'I~h 
have slIgges(c(1 the complex formation ill the kinetic origin. It was evaluated from the slopes of th'(~se 
study of yH+ c:yclohcxanol though kinetic evidence plots. The average k values are given in Table 1. 
for complex formation was not obsen·ed. And hence. '. Apart from k, the constantsa. uand.c were also 
oulc:rsphcre Illechanisnis for the oxidations of the computed. The plots of I~ versus [H+J at constant 

.. 51! !lsi ra tcs !ly V6:. were suggested. [HSO;:J and k y<:rsus [HSO;l ~ltconstant (H+J g-avc: 
(b). Tile oxidative paths may involve direct attack slope= "+c(HSOi]; intercq)t =a; and slope =c[Jl+J 

011 t I If' c(l!<'rcal oxygen atom or 011 the C-H hOlld . and intercept = ll+"[H+]· respectively. Tlu.:refore. 
of Ifw (,11 2 , t;1'Olljl or 011 hot.h8 ; ·froJll the ",iJues of lhe slopl~s and intercepts of t1u:sc 

)<): I \,A~ ... (1) 
/,lol~l. d, II and c w(~n~ (!valualed for VA+ -I- 1 PA alld 
V6~··-j-THF systellls (Table 1).. . 

111 thec.Lsc of-V6++Sorb andY6++DGA system; ./ '.'," ;U;( 1/( II' 

II 

>~ 
-0 I 

H 

I- V6~"':'--+C-ll+y4~ 
/ 

-0 

... (5) 

011 the hasis of tIlt! reactive species 1!1 Eq. (3)' 

. ~Hv = klS![VO;!t = A·lfV OiHSj-I-/{lA·2 I:VO;.itSj[1-I+J 
. +/{jl{2kafVO+)IH+ifHSO;1[S] ... (6) 

... (7) 

wl1<'I(' is) .~" I J J> A] or [TH Fi; (l = "'1; b =, /{1((2 "lid 
C .~., /\'1/" 21.-3 , ' 

(a) ji6+ -!-.Sorb alld (b) 1/6+ +[)(;A systems 

(:1)' C.H 2-OJ-I-I- V6+ ---+ CH-Of-l+V4+ 
, I 

(II) C I r 2-COOII 
I 

() 

I 
-I- VW -- -)- CI 12 

I 

, .. (8) 

() i ('()dll ' ! V4 ( , 
, " ('I ) 

; III rI 

" U"~,, kll V()~ liS li- [( J /(21.-31 \'O~ liS ii I I+lj I IS!),,; 
. " ( I 0) 

-R" 
i'\,()+i-i\i "" I.~,,~ kd-b:l!(2"3lIl+IlHSO,!;,II, 
t, '2,/1." I 

or I .. '-,= (Ilei IJ+I[HSO;! 

\\'I!I'n' iSI "" ,SorbJ or II )CAI; /1"- 1.):U!<i c ~ .. ' 
X 1I\ 2','3' 

where both· the acid dependent rate. and I-ISO;! 
depcndent rate and the acid indel')endcnt and I-ISO,>' 
independent raleswen~ ideJltical;the plots of .. -R.Y 
versus [H+] (and [HSO.D gave a straight lillt;:,.)-f,HI 
intercept = a[S][VO;] and slope = c[S.10~g;J-rHS04J 
(anel c[I-P][VOtJ[S]) (Fig. 1. plotG) and hence the 
constants a and:c were computed Crable)). . , 

The· oxidative sequence' H2S0,>I'ICI04~ observed 
by Littler and Waters' forcydohcxanoloxidation by 
Vt;-/- was encountered in'thesystcmV6++IPA(ref.S) 
([HeIO,,! =3·0M. p.:--= 3'1M ;"k= 2-3><: lO'IlJjtrc~ . 
1110)(:-1 ~CC;~l)_ Under ideutic,tl :conditionll)nH2SO, .... 
medium I. = 5:43xlQ-1i litre mOlc~lscc~l,::':rt, t-hcrc~.:; .. 
fore. providGd further·~!vjdcncc.·forthe'stlgge,stioil·· . 
thaC the sulphato or thebistilpliato,cotnplcxcs<of 
V6+ wcre better oxidants· tlliw·· V (01-J)~+ for" the 
oxidation of alcohols. . " . ." ,. 

The thermodynamic paramctersAE and·A:Sf wl~rc 
calculated (Table ·1) and they show an agreement 
with the valnes reported hy Watersel al,8 (At: = 14 
10 23 kcaJ; hst = -20·0 10 -13·0 ('.11.) for tile 
!;ysf.cJIlS \/6+ + malJd(~lic ariel. yH -I- r:yc1olwx:lllol. 
VIJI- + ladieacid, V6+ + evc1oh(')(anone ;UH.1 V6 • 

-I· form i<: acid. . 
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S'fAHI LfTY C:ONSTANTS IN AQUEOUS . 
SOLUTION OF COMPLEXES OF URANYL ION 

WITH MJXED DIBASIC ACIDS 

S. RAMAMOOI<TIIY and M. SANTA""A 
Dcpar:t':rl'icnt of "hysical Chemistry. University of l\fadras. Madras-25. India 

(First receivcd 18 A /(I:/I.\"t 19(,l); ill reviscd/orm 30 OUO/JN 19(9) 

iO/v/ 

Abslracl- Systems 'of uranyl ion-succinic-adipic; uranyl ion-succinic-thiomalir .. and. uranyl. ion- . 
; ·.~-u(;dnic-itlic(jnic acids were sttidied hy pH Iii nit ion method'al/). = ()·I (NaClO,,) lind T = 31°C. The 

fOl'lnalion or I : I : I complexes was inferred frO/II the titration curves and their stahility comtallts arc 
reportcd. 

INTRODUCTION 

. AL:rHOUGH stability constants of a ,number of complexes involving UfH are avail
able in literature [1], no investigation on complexes involving mixed ligand 
systems appears to have been made. Recently Carey and Martell [2) in their study 
of UH lJIixed ligand systems reported the relative magnitude of the equilibrium 
constants for combination of secondary ligands with UH-primary ligand chclates. 
In addition,'it was state'd that UH mixed ligand chelates were more stable than 
ThH by' -/-3 log K units. Our earlier studies[3] revealed that uranyl ion formed 
I: I complexes, with a numher of carboxylic acids (mono as well as di) leaving 
two ol'moreco-ordinating sites Cree [oi·(>ther reactions slJch :as hydrolysis, 
polymcrization or olatiol1. Addition of CI bidclltatc ligand to these systems (I : I 
complcxes) could possibly fill either t W() more co-ordination sites or the entire 
co-ordination sphere oJ' the UOZ2+ ion, J'orming thereby probably a stable mixed 
ligand complex (I : I : I or I : I : 2) resistant to hydrolysis over a longer range oJ' 
pH. As a Ipart of our studies on U022"'-mixed ligand systems by pH titration 
method, systems of uranyl ion-succinic'-adipic; uranyl ion-succinic-thiomalic 
and uranyl ion-succinic-itaconic acids were studied at JL = 0·1 (NaCI04) and 
T = 31°C with a view to determine the compositions and stability constants of 
the complexes in the pH region 1·5-)·5 in which the hydrolysis of uranyl ion may 
be completely neglected 1:4/. 

EXPERIMENTAL 

Muierirtl,f, Prcparation of uranyl perchlorate as well as other rellgcntsand their cstimations have 
hccn given carlic·rlll. Succinic (Ridc!. Pur(:). adipic (Fluka: Punlln). Ihiornalic (Evans Chcl1lcticsJnc. 
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