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J The kinotics of oxldation of isopropyl alcohol, sorbitol, diglycollic acld and tetranydrofuran
L have been investigated In aqueous sulphuric acid (< 2M).  The totalorder of the reactlon Is found.
’ to be 2 for all the redox systems. The rate of oxidation Increases with [H*}, [HSO{] and ji. ~Tho ’
nature of the probable active species has been digcussed and a plausible reaction scheme suggested.

The various rate parameters have also becn evaluated.

Do X(DATION of ofganic as well as inorganic sub- ~  versus. [Substrate],: log- (a/a—x) versus time and: k"
; O strates by V®* has beep‘extensively studied™®.  (pscudo first-order rate constant) versus [SurSitate]
: But no. detailed- kinetic study has “so -far,  (Fig. 1, plots“A:C)" gave ‘straight lines 'wi e
been made ot - the oxidatlon of-isopropyl -alcohol in((srccptsfi;idlczttiqg,tli_cgqr(l,cr';fw_iﬂ l' L R
‘he valiies™ol

« (I'A), sorbitol (Sorb),: diglycollic-acid (DGA); and”  and ‘[Substrate]:b
k tetrahydrofuran (THE) by V& "It was, therefore, order ‘1a
of interest to study.’the kinetics ‘of V& oxidation:

the. four-redox
ven'in Table:1.-
increased “with

H*J:(Fig: 1,
e

.

: - systenis’ were.
of these organic substrates.” Orders with respect to. \ - (i) At ‘
V8+] and [Substrate] weré determined. : The, effects ‘
of [1*], [HSO7] and jonic strength (i) on the redox -

. systems at 40°, 50° and-60°C were studied. From the’
" experimental results; a’ feasible scheme was derived
and the rate parameters computed. . S

Materials’ and Methods S

NH,VO, (Ricdel), DGA  (Fluka AG), and" soibitd

~ (Sirabhai . Merck ~lidia) | were used. The: othe

e Slieficals used were of Analar grade: Tl preparas

& Lion of the oxidant-VE* solition, the cxperimental”.

method and the detefmination of the rate-of V8-

disappearance (—Ry) were ‘described earlier®.. -~
Results and Discusslon S

Rale of V5* disappearance (—Ro) - The kinetics

of the four redox systems, Vo+-substrate (DGA, IP/

Sorb and THT) studied, showed: similar behaviour

(i} In cach system:second order kinetics, first ord

cach with respect -to. {V8*]- and [Substrate]: was

observed.  The plots “of - —Ry . versus [VE], g (O

- Tasre 1 — Rate PAra Mxi;n}:ns roR V ;
1.SM and g = 2:0M substrat Zsorbital; [H,$0,
o and DGA, [11450,] = 2-0M and "‘.l

{Substrate: IPA, [HySO)

Constants (at 50°C),

‘-Subst—a.tc ok 1(}‘,' htrc ‘mole-t sec-!

) 40°C  50°C  60°C ax10°  bx10°
N 079 L 499 090 006
THE T 1l ST 113 . . 005
DGA L1363 0 3750 — 1800 - =
Sorbh 794t 12337 850 990 Ut e

E .
- EE LRI
..".
"
* t
S ed .
N o Sy .
) ST et v ] T s ! .
-~ VA -
t
' !
i oA




pa
o

0

1-0
6
4

AkgX10sac; B,

= obtained from the plot of k versus [H*]

-1
@ sec;H:4 +log k

,E,F.kxmsutrc mal
1S ——= ¢
——————— E

2:0

~1

resec:

1.0
12
8

10-mole tit
15

5
0.5

05
/

3
.2

c versus gy (1Y) ==1-5M,

Yig. 1 — Rate plots for Vo*.p. 1 PA system in
aqueons H,SO¢ medium (plots A to 1) and
Vet Sorb system in aqueous 1,50, medium
(plots G and H) {Plot A: A versus 1I1PAY;
{(H*Y1=1'5M, u=2:0M and temp.=50°C. Plot
_ - B: —Ryversus [((PA); [H*]=1-5M, w=2:0371,
&S (V&*]=0-0295N and temp. =60°C. Plot :
=Ry versus [V8*]; [H*]=1'5M, =22-0Af,
[IPA}=2:0M and Lemp. = 60°C. Vot 1+ — Ny
. [IPA)=2:081, {v¥1)
=00757N and temp’=50°C. Plot 5: i
versus [11*]; p==2-045M and temp.=50°C.
Plot ¥: & versus [HSO7); [H* )= 1501,
= 22045M and temp.=50°C. Plol” G (o0):
- Fe versus (11SO7); 111070 1-0.1, freme 1-022M,
C{Sorh)e 01, [V 122 0-02253N  and temp,
=50°C. Plots G (©) amd H: —Nk, versus
R - [H*] and log & versus. —1H, respectively:
: p=1-022M, [Sorh]=0-1M, [V$*]=0-02253N
L and temp.=50°C}
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A, B IPA} ,mqlclum';ﬁ.a@) :-[H‘], mol¢/l1l(¢,;c :(VsltN;F;G (o):v( S

N O:M,mole/litre; 1 +Ho
V(OH)gHSOY being active. The acid independent
path observed in all these systems also suggested
that VO} was also active.

_ In the case of Sorb and
DGA, increase of —R, with respect to both [H*Y

and [HSOz} was found to be of the same order,
Therefore, the plots of £ versus (H*] and that of
k versus [HSO;] gave identical slope and intereept
values.  Fhis suggested that all the V(OH)E* formed -
in cquilibrium (1) was utilized in the formation of
the Disulphato complex in accordance with the
equilibrium (2). B : ,
K

V(O HSOT = V(OH),HSO* ..(2)
But with {he systems VO IPA and VESLTLHL
the increment in the —p, values with [IT*] was

less (han that with [HSO): #I'he intereept value
and intercept

© ol plot k versus [H50,] suggested that the latter

mncludediboth acid dependent and acid independent
rate parameters. Therefore, possibly only a portion

ol V(OI2* *muiy be' utilized in the formation of

bisulphato complex.

(iv) The increase in ionic strength (@) increased the
rate of V# disappearance (Fig. 1, curve-D) showing
that ionic species were jnvolved in the rate deter.
mining step. . - : . ‘

Product analysis — The end product in the oxida-
tion of IPA by V¥ was identificd as acetone
through its 2,4-DNP; m.p. 122°. In the casc of

o>

534 A

0;1 mole/litre

u.(’i(lattien'of Sorb and DGA by V8*, evidenee (or (he
presence. ol HCHO was obtained (chromotrapic acid
test — purple colour). _

Rale laws and rale expressions: (a) IPA -V and
(b) THE V% systems - From (he foregoing results

the following mechanism is suggested and the rate

expressions derived. o

‘Taking into consideration cquilibrium (1)
(2) and . assuming [VO$ o) == (VO I-F[V{O1)3r 4.
[ VIOH);HSO,]*, the rate determining sleps, assuming

fissioni. of C—I1 bond in cach case, are:

I . N
o0 . |
(1) DC-OIL-}- VO, .2 u5¢- 01l
"
|
DC—OH + VOH' .o ,N¢-0H [
>C—OH + V(OH);HSO} > > ¢--OH
| A -.3)

or the g(:yxcra‘i' form
- MC—OH 4 V& > >C—OH 4 v
where V& == VYOI, V(OIN2* andjor [V(OI),11S041; -

ko= ley, kg andfor k. .

LN




SACCUBAI & SA\T'IAPPA ()XIDA'I IO\J OF ()RGA‘(IC SUBSTRAILS By V&

A«ldmon of alcoliols o 'ludu‘ so]uﬁons of V&
generally deepened the colour [rom  yellow-orange
to red, sugpesting the formidion -of V¥-substrate
complex. However, the extent of complex formation
was not sufficient -fo be kineticilly .detectable.
There will not be any difference in the main kinctic
features ceven if complex formation step is included
An the mechanism now proposed.  Littler and Waters$
have suggested the complex formation in the kinetic
study of V8*-L cyclohtxanol though kinctic evidence
for complex formation was not observed.  And hence,
outersphere mechanisms for the oxidations of the
substrates hy V8* were suggested.

(b).The oxidative paths may involve direet attack
on the ethereal oxygen atom or on the C—H bond
of (he - Cly— group or on hoths; :
Sopve o Sosp e )
agdfor

SRV SN ¢ B SR VL (5
—On o
On the basis of the reactive s‘p('cies in Eq. {3)
LRy = ASIIVORY = kel VORIST-F Kkl VO IISTH*)
KIS gy VO JTHH T HSO; 1S .+ (0)
Joe Iy IS el b K Kl T IISO: ) (7)

or ' ke = asp-O[H*]-+C{H*]HSO;}
where |S» == |l|’/\] or [THEY, @ == ky; b = Kyiky and
¢ = NN

(a) V& +-Sorb and (b) V‘“-'r ‘.I)GA .\'_-ys(cm.\'.

(1) CHy—OH4V&* — > CH—OH 4V (8)
I

!
(h) Cl,-—-COOH
i ‘
0 +4- v > (LI,

O OO, LTI -

'

aned

R = ly VOIS HH SO

K VO S
. /l“)

~—]\..

,\U, TR S R Ur M GECH Y

or k== a6 H11S0;)
where {8 == [Sorh] or
IN K ghy. : )

[DGAL a =y and ¢ =

computed.

-and intercept = a4-0[H?*] " respectively.

2 mll/{alt(m “of:rtte ~paramelers —- k: values were
evaluated by the following three methods:

(i) From the plot of log afa—x versas tinw, k,
was cvaluatul (& = slopex2-:303/60) which when
plotted against [Substrate] gave straight line.  Iirom
the slope of the latter plots, £ was evaluated.

(i) Plots of —Ry versus [Substrate] and (iii) plots
of —R, versus [V&8*] were linear; passing  through
origin. k was cvaluated from the slopes of these
plots.  The average £ values are given in Table 1
. Apart from £k, the constants a, b .and.c were also
The plots of & versus [H*] at constant
[I1SO7] and £ versus [HSO;] at constant [H*] gave
slope=h-+c[H$0z]; intercept =a; and slope =¢[}*]

Therelore,
from the values of the slopes and intercepts of these
plots.a, b and ¢ were evaluated for VO£ IPA and
vot 1~1Hl‘ systems (Tuble 1).

In the-case of V8L Sorb and Yys 4-DGA systems
where both “the acid dependent rate. and HSO;
dependent rate and thie acid independent and HSOg
independent rates were identical; the plots of R,
versus [H*] (and [HSO‘]) gave a straight ling it
intercept = ¢[S][VO3}] and slope = ¢[S}[VO} LHb(),]
(and c[H*J[VOF][S]) (Fig. 1, plot G) and hcncc the
constants e and ¢ were computcd (Table 1). - .~ - .

The - oxidative sequence H,S0,>HCIO, obscrvul
by Littler and Waters4 for cyclohexanol oxidation by

VA* was encountered in'the system VO*-IPA (ref.’5) - -

({HC10,] = 3- OM pom= M b= 23X 10‘“ ditre
moled secd). Under identical -conditions:in.. ;
medium £ = 5-43x 106 litre molet sect
fore, provided further- ¢vidence for the’ suggestlou--
that- the sulphato or the-bisulphato;complexes of -~

V& were Dbetter oxidants - tlmu V(O.H)"’ for tho s

oxidation of alcohols.

The thermodynamic paraxm,tcrs AE and- Abt were .
calculated (Table 1) and they show an agreement
with the values reported by Waters ¢t al.® (A =14
to 23 keal; ASt=—20-0 to —13-0 c.) for the
systems VO - mandelic acid, V& - evclohexanaol,
Vb b Jactic acid, V8 4 cyclohexanone and  Ve*
-} formic acid,
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STABILITY CONSTANTS IN AQUEOUS-
' SOLUTION OF COMPLEXES OF URANYL ION
WITH MIXED DIBASIC ACIDS
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) _“'-" - ( First received 18 August 1969: in revised Jorm 30 October 1969)

‘Abstract — Systems “of uranyl ion-succinic~adipic: uranyl ion—succinic-lhinnmliq.zmd,urunyl-inn— :

L Lsuccinic-itaconic acids were stidicd by pH titration method-at =01 (NaClO,) and 1= 31°C. The
formation of 1:1:1 complexes was inferred from the titration curves and their stability constants are
reported. ‘

‘Q$

. INTRODUCTION

"ALTHOUGH stability constants of a number of complexes involving U%* are avail-

able in literature[1], no investigation on complexes involving mixed ligand

systems appears to have been made. ‘Recently Carcy and Marteli[2) in-their study

of U** mjxed ligand systems reported the relative magnitude of the equilibrium

cohsl‘ants Toy combination of secondary ligands with U**-primary ligand chelates.

In addition, it was stated that U** mixed ligand chelates were more stable than

Th** by 1-3 log K units. Our carlier studics [3] revealed that uranyl ion formed

1:1 complexes, with a number of carboxylic acids (mono as well as di) leaving

(wo or -more. co-ordinating sites frec foi other reactions such ‘as hydrolysis,

- polymerization or olation. Addition of a bidentate ligand to these systems (1 ; |

complexes) could possibly fill cither (wo more co-ordination siles or the entire

co-ordination sphere of the UO,* jon, forming thereby probubly a stable mixed

ligand complex (1:1:1 or 1:1:2) resistant (o hydrolysis over a longer range of

pH. As a'part of our studies on UO,*"-mixed ligand systems by pH titration

method, systems of uranyl ion-succinic-adipic; uranyl ion-succinic-thiomalic

and uranyl jon-succinic-itaconic acids were studied at w=0-1 (NaClQ,) and

T =31°C with a view to determine the compositions and stability constants of

r* the complexes in the pH region 1:5-3-5 in which the hydrolysis of uranyl ion may
be completely neglected 4.

EXPERIMENTAL
Maierials. Preparation of uranyl perchlorate as well as other reagents and their estimations have
been given cz:rlic}l}]. Succinic (Ridel, Pure), adipic (Fluka; Purum). thiomalic (Evans Chemetics,_Inc.
. L. G. Sillen and A. E. Martell. Stability constants of metal ion complexes. Chem. Soc. London
(1964). .
2. G. H. Carey and A. E. Martell, J. Am. chem. Soc. 89,2859 (1967).
3. S Ramamoorthy and M. Santappa, Bull. chem. Soc. Japan. 41, 1330 (1968); 42,41 | (1969).
4. J. Sutton, J. chem. Soc. 2, §-275 (1949); St. Ahrland, S. Hictancn and 1., G. Sillen, Acta chem.
scand. 8, 1907 (1954); S. Hictanen and 1. G, Sillen, Acta chem. scand. 13, 1828 (1959); M.
Bartusck and 1. Sommer. Z.phys. Chem. 226, 309 (1964). o
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