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uennyl perchlorate in ngueous perchloric acid

Photochemical oxldation of isopropunel by i
36 mp ut 35°C. The renctlon was followed

(1-0 A1) was studied with visible tight of wavelength 4
by mecasuring the rate of uranous fon production which was found to be proportional to light

intensity and to light absorption fraction by the active species, Hydrogen ion concentration,
jonic strenpth, initially added product (acetone) and temperature were found to have no effect on
the rate. Inldally added U'* decreased the rate slightly acting as an internal filter. - Formatlon
of an intermediate complex between uranyl fon and isopropanol I8 suggested.  Excltation of tho

complex by light, in o primary photochemical act,
electron transfer mechanism in the dark are sugfpe

1S photochemistry of uranylions was and still
is a subjeet of considerable research. Uranyl
ions were emploved {o sensitize (he photo-

4
wxidation of many organic and inorganic compounds.

‘The photochemical decomposition of uranyl oxalate
in oxalic acid (actinometry} was studied in great
detaill.  Notwithstanding a lot of work in this ficld,
the mechanism of the photosensitizing™ action of
uranyl ions las remained obscure. A mechanism
based on formation of excited aranyl ion (primary
photochemical acl) and energy transfer from the
Tormer Lo the substrte was postulated by Westef al 2
an the basis of  fluorescence gueniching studdics.
Further investipations, chicflv by Leighton anel
Forhes?, however, proved that there was complex
formation between uranyl jon and sabstrate. The
- complex absorbed light and formed an excited
comples ina primary photochemienl et and decon
position of the Tatter b the dark vielded the products,
The formation of Ut during the conrse of the
venction indicated the possibility of clectron transfer
ram the substrate to the uranyl jon.  Experimental
confirmation of such a mechanisim was adduced by
{leidt and Moont in their studies on axidation,
'l)y nranyl ions, of suerose and other sugars and of
methanol by Heidts, Anoverall picture of the
mechanism of photochemistry of aranyl jons appeirs
Lo comprise one or more of the three processes:
(i) energy ransfer rom the excited nranyl ion to the
suhstrate: (i) clectvon transfer from the substrate
to the excifed uranyl ton: and (i) photo-oxidation
of the substrade by oxygen in the systom sensitized by
uranyl jons. *Process (i} takes place in undeacrated
systems where dissolved oxyien aets s the oxidizing
agent. Uranyl ien oxidizes the substrate getting
itcell redueed Lo U3 which immedintely pgets axidized
yeain to the US state by the dissolved oxygen in the
syslen. We have studied the photo-oxidation of
isopropanol by aranyl ions in aqueous acid media
~in visible Jight of wavelength 436 my at 35°C. The
weaction wats follonved by measuring rite of uranous
jon production
light intensily, light absorption fraction by the
active species (by vadiation of furanylion]), lalcoholl,

{1, jonic strength, et

Cperianganale,

under conditions of variations of .

and decomposition of the excited complex by
sted to explain the mechanism of oxidation.

The experimental results”
were compared with those obtainable from a prima
(acie reaction scheme involving excilation of cither
uranyl-substrate complex or wranyl ion alone, as a
primary  photochemical act, followed by clectron
transfor from the substrate to the uranyl jon, cither
i the former or in the latter, in the dark, leading to
reaction products. [t has heen concluded that the
excitation of urany] substrate complex and sub-
sequent clectron transfer reaction is adequale to

. explain the mechanisin of uranyl sensitized oxidation

of substrates,
g xperimental Procedure

Malerials —- Tsopropanol (AR, BDI was once
distilied snd nsed. Urand nitrate (AnalaR, 1D,
prevehjoric acid (GRC Merek, 60 per cent) and
distilled water pdistifled twiee over alkadive per-
gt te inoan all pliss sot up and passed {inough

“ Deminrolit * resin (Permutit, UK)] were used for

the preparation of reagents.

Preparations and estimations - -Uranyl perchlorate
wis prepared? by fuming wranyl nitrate repeatedly
with concentrated perchloric acud, Gl all the vedatile
acid was removed and diluted to a stock solution
{(1-0A7). Uranyl content of the solution was estimated
by Jone's reductor method® and the free acid by,
ion-exchange method?. Uranous perchlorate, pre:
pared by electrolytic reduction of the uranyl salt
colution, was estimated titimetricly withestandard.
Sacium  perehlerate stock solution
(SA1) was prepared by newtralizing perehloric acid
by sodinm hydroxide with o A1 meter

Optical arrangements - The Tight source wsed was
250°\V. high pressure mereury vapour lamp (Mazda
MISD; BT UK, hox type fitted  with  glass
winduw) which was conneated Lo the mains throngh a
choke and a voltage stabilizer. "The optical arrange:
ments were similar Lo those employed by SherifC and
Santappa®. The reaction cell, which was arecta ngular
glass vessel with optically flat and clear pyrex plates
(1-0x2:5 cm.) cemented at both ends (optical
path 3-8 em.) and fitted with an oullet "tube (13-10
cacket), could be placed in the cell holder of the
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Hilger-Watts spectrophotometer (11-700 1y pe) directly
for taking absorbancy measurements.” The light
absorption fractions of the reaction solution were

calculated from the. absorbancy values: variadions
in the former being .mcumpllslw«l by vaviations in the
concentration of uranyl ion.
was teisured by uranyl oxalate activemetry. The
reaction was followed by measuring the concentration

“of wranous jon formed from the valnes of absorhaney

of the systear al 670 myp the abrorplion peak
for the wranons ions and afler selferenee toa calibia
tion curve.  In a typical experiment, the reaction
mixture containing uranvl perchlorate 3501 1o
3-5:10-281),  perchloric acid  (1M). isopropanol
S<10* to 52104M) “and  sodiwm perchlorade
(. = 1:25M), was taken.m the reaction cell “and

deacrated by passing oxygen-free nitrogen through the

solution for about 20 min. The cell was then
stoppered and irradiated with light of wavelength
436 mp.for fixed intervals of time, usuadly 3-10 min.
The 1 abe of forination of Ut was fnllm\ml with respeet
{o time.

Results and Discussion -

In adl the experients, the reaction was followed
only ap to§ per cent reduction of U to U s tha
mitial rates could be computed from slopes of TLI*]
versus time plots.  The plots were linear with o
tendency for curvature onlv at high conversions
(Iig. 1).  The initial rates ol the veaction, dfUY [t
were {ound- Lo be-proportional to light absorption
fraction raised to 1-2 powers_or A2 and to hghr
intensity (Vig. 2). The quantunv-yicld for the Uit
production increased slightly with incrase in kg and
remained constant for variations in light nmn\lly l.
I the presenee of oxygen, ieo under andeacrated
conditions, there was no UM produchon even after
lenygz exposures, There was no thevimal dark veaction
and the reaction showed no induction period ander
deaerated  conditions. The rate of the reaclion,
as well as the quantum vield for Ut production
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Fig. 1= Absorbancy of U at 670 mp versus tinie plots at.
viatious uranyl ion concenfrations .

The intensity of light .

. (l ig. 2).
" propanol] was not linear,-indicating complexity of
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Fig, 2 - Curves showings the relitiom hetween duitad .

of the reactions d{UV AL and (A) Jight absoiption (e tien
(F,); (13) light intensity (1) (C) [isopropanol’ . and (Iy b
fisopropanol)

increased with "isupm;‘».mnl'l bulaumaximuin rite wis
Attained when {alcohol} 2 1:03f with {U%')= 0-025)/
The plot of ]()g d[UMJdl versus log [iso-

order with respect to {lsulplnpnnol] (l'l;,' 2). On the
ather hmd, the plot of (dU][df)1 versus {iso-
prup.uml] was linear with -an intercept on the

- Y-axis, indicating the presence of complex formition.

Viviadion of (1] (P32 2:0 to avoid hydrolysis of
wranyl ions) wis found (o have no efieet on the
reaclion rate. Jonic strength and temperature had
litte effect on the feaction rate.  Inmtially added
UM (product) acted as an internal filter and reduced
the rale,
product) did not affect the rate at concentrations
of the latter cqual to that of isopropanol. At high
concentrations, initially added acctonc slightly in-
creased the rate, showing that the oxidation of
accetone may occur by uranyl ions.

The following reaction scheme represents the
reaction steps most likely to occur:

K,
where S s the aleohol molecule and UO0P'S is the
pholosensitive cluster,

kel
(i) (a) UO¥S-1-hw 2 UORS* _
kg
kl
() VO -phw = UO*
ky

where &z and k7 are the light absorption fractions of
photosensitive cluster and uncomplexed uranyvi ions,
“17 the total light intensity, and &g and &y e the
rate constants for the back reactions.

oy

while the initinlly added acetone (also .
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k, .
TS LU0
.ok
fiv) 25~ 8
ks :
(v) 2U0O0 L = GO 3 GO0

" fast .
{vi) GOOH)" Sstable U4 gpecies

product

»

N O,
{vii) “"(),_: S U()(()“)’ 4- produet
Assiming steady state conditions aned diGOR Y
OIS0 d OO, AP HORS* i,
cles and assuming that the formation of UOZS* gl
GOZ'* cwe the primary photochemical acts, it follows

AL ke (0 k) (1)

The dight wbsorption fraction by (he cluster,
expressed in terms of total light absorption fraction,
k(= b k), and assuming  that the exlinetion
coeflicients of the cluster and freeivanyl jon are (he
sne, Is given by

K, =~ KR SYTF K S))

so that Eq. (1) becomes,

oy - kb RS
< (ky-1 ka) 14K 1S
This explains the first order dependence of rate on

Aooand 1.0 And Eqg. (4)
(e GAT5idny- - (g kafle k)1 L TIK, (S ... ()

implies that veciprocal rates plotted against reciproci!
lisopropanol} shonld he a straight line, and this was
subslantiated by experimental resnlls, Step (i) (1)
s ot heen considered since it does pot ipvolye
inanye Ut praducing step and fuether, if VO * jans
reacted with the substrale direetly, then (he order
with respect Lo JTHOZY shonld he 1, whicl wirs ot I frer
cases N 858 e is calenlated from lerecpl |
slope of plat T/vafe versus LIS (Fig 2) and quant o
vield for U prodiyetion, /A ) VT (O FYITR YT
obtained. The . vadue compares well with (hose
for the oxidation of sngars atid-anethanol (., ~0-6
for sugars® and 0-5 for methanol® hoth al. 2537 AL
reaction  was
assumaed (o pass through the intermediate formation

.03)

L Bevorn, RO, & Kamwisowren, 1., Npeelva i aied

A baanroy, V.

of o photosensitive cluster, which absorbs light
(priniiry photochemical act) and decomposed to give
o jon {dark reaction).  The formation of Us* jop
was proved beyond doubt and it was shown that
Eet disproportionated (o U and  GSF Dby i fast
dark reaction. The plats of log di U df versus ogg I,
gave aslope of 122, instead of 1, as required by the
vt expression. This o diserepancy s explained
dec folloaes The varintion of o was effected by
vatiabion ol wrseny! o coneentvation, which inoi
dentably inereased the photosensitive elusder oo el
aceomnted for the inerease in the order with relerence
fo ke Tt would no doubt be more appropriate
to vary ke by varying the light path of the yeaction
cell, But diflicallics were cncountered  in e
nbrication of such a cell, expeciadly for following e
vates in a spectrophotometer. The independence
of the rate or reaction with respect to THAT variation
clearly indicated  that there was no equilibrinm.
myolving U™ and cilher uranyl ion or isopropanol
incthe pH range 0-240. The absence of any tepera-
five dependence on reaction rate clearly indicated.

Cthat the reaction was probably o puee photochemicen|

One.
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