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Photo-oxidation of Isopropanol by Uranyl Perchlorate in Aqueous 
Acid Mediunr . 

1\, V":N,{,\TAlt/\<J ..... i\I. SANT/\I.'l'A 

l)rl'~l'fllll'lIl .. I I 'h)'IO;O:;) I Chc'III;~fl'r. 1,ln;\'I'rR;I,), (If Mnolm~. M'a,ll'ii.~ 25 

M,CI",::,"';/" rr(:riur,l 15 J /(/.1' 19M. 

"hnludlCl11lclI' ClxldllO(l1l ur IlIollI'olmllol "y IIl'linyl 1IIlI'clllorM\\ In II<IU(\()UII II~rchlorlc R'chl 
(1.0 /11) WIIR f;\lIlllccl wllh vlfllhlc IIAht of wllve'enl1lh ·U6 JIlIL ut 35°C. Thu reliction Willi followed 
by mClIsllrlng the rute or uronous JOI1 production wbich was found to be propor1.lonal to IIllht 
intensity and to light absorption fi'acllon by the Dctlve species. Hydro!!,cll Ion concentratIon, 
Ionic strcnllth, inltllllly IIddeel Jlroduct (ncetone) lind tempernture were founel to hnve no effect on 
the rlltc, r~llIally Adeled U", dccrellsed the rllte sJlllhtly I\ctln~ 1\8 nn Internol fUtel' •. l'ocmutlon 
of lin Intcrmedlate complex between "1'1I1Iyl Ion lind "1C)propanol's 8"lllleNted. ' ExcitatIon of tha 
cOlUplex hy IIl1ht, In II prllnnry photochemlclIl IIct, und decomposition or the excited co~plex by 
electrCln I'runllrcr rncchnnlNIn in the dllck nre sullJ.\ested to explain the mechanism of oxidation. 

Til E I'hoI IIC :I IC.'lIIistry of uranyl jOlls was ami still 
is a sllllje!'1 of c()I1sicl(!rabl(: rrs(::m:h. Urallyl 

, ion.; \\','ro~ ,'mploycd I <.I sellsili1.(' 1111.' .photo­
".xicl;dinll of lIIallr orgallic allrl illC\l'/~allic.: (.:IIII1PClIIII!l!;, 
Tlw photochemical d~~col11po~itioll o[ llranyl oxalate: 
in oxalic acid (act inomctry) 'I'<lS studied in great 
cletail'. ;-':"II"ithslamlillg <1. lot of work in this li('ld, 
the mechanism of the . ph()t()sell.;;itizin~- adiflll (If 
IIrallvl ions has rc:mainl'd f)hscure. A mechanism 
has.:a on fOl'ln;tlilln of excited ilrall~'1 ion (primary 
photC\d)l~llIica' ;,,:l \ alld '~Iwrg~' Ira IIsfl·r frolll 111C' 
["rlllc'r toll,t' Sllh~ll'ak was I'0sllalal.·o In' \V('st d ,f/.2 

1111 IIIC' basi~; .. f fllI'II""''I'III'': '1"f'lid;illl! Slll,[il':';, 
Furllwr' iIlVi'.;tigatilllls, ,:hicfh' In' .I.c,ighl'"1 and 
Forbes", h<l\\'(:\'er, proveci I hal. 1111'1'1' was cl.>llIpl<:.,\ 
formalion hd\l'ct'li 111'0111\'1 iOI! ;III.} ~;lIh:;tr;"c', Th,: 
complex :llJsodll'd light' ;1I1e1 f .. rlll<'c1 ;III .. '\cil.c'cl 
cOlllplex ill a prilllar), photCII'Jll'llIical ad. :IIICI '[c'C"III' 
pll:~iliClnlllllll' I:i! Il'r IlIlIw elar!, ,vi"IIII'dlhl: PI'<I<lIlc:ls, 
The fOI'lIl;llioll (If Uti duriJig Ille conrs(! (If the 
!'''adioll ill(l;';all'c\ the possibilitv of dp.drnn trailsfer 

..- \I'cJ!1I the slIh-;trale to. thp. 111';111)'1 iOIl. Exp('rilllelllal 
clllllirmat iOIl of ~1Ic::h a 1IH'<.'hHllislll was :HIc.\III:C:d It\' 
Ildclt and ~11)01l1 ill their s(udi(';; ('II ,.xicial.io,;, 

. hy 1\ranyl iOIlS, o[ Sl1el"";C ;lIId ot her slI:.!ars amI (I[ 

IIwthall lll hy J [I'i<ll.". .\11 overall picture of th<: 
1II,'('hani!'111 of I.ho[och('rnistrv or IIrall.vI ions apll(':a.r~ 
tn ('olllpri~,' IIIII' or 11101',' of till' t 111'(,1' I'rOl'('!'s(~s: 
(ij 1'II<:rg~' tr;lIl'"r,'r from th,~ ('xr.ited IIr;III~'1 ion lo till' 

. suhstrat!'; (ii) 1'!r:l'lrllll trallsfl')' fro III Ihc~ l'lIhslralc' 
10 I II!' 1~), ... il('rI 111';111)'1 iOIl: '111(1 (iii) photo.oxidatioll 
of IIw SII h~1 ra t" h~' 0 X ~'gI'1I i II I Ill' s.\'''(''111 S"IISi! i1,I'cI 11,\' 
lI)'all,\'1 illllS, ' '1 'r"':"~S (iii) LiI,('s pI;,,'" ill 1II1\1";II~ral('<I 
~y~;tl:IIIS \\'111'1'1' dissolved 11.'\.\';':1:11 ;lC'ls ,I~ IIII' IIxidi1.i1l1~ 
;o1!1!1I1. l.irall\'l inll oxidiz('s tlw suIJ·;Jratc.' ~ellill;': 
ils,,1f rc,clIII,("t'llll/" whi,'J. illlll1('di;d"h'l!d~ IIxicli7.(,fi 
·"/~a.ill to till' \il;! ~t;lk h," I lit' diss"iI'(",f (lx~'g('n ill 1111: 
syskm. \\'!.' ha \'c ,,[II<1i .. ,d I he plwt!.-oxi<ialilJlI o[ 
isopropallol In' IIrall~'J inns in ;It(lIl'OliS :v;id lI1p.dia 
in visible lig-ht flf wavelength 436 lIliL at 35°(, The 
:{'adion \\'as f,.llowl'd 1)\' 11leasllring rate o[ Ur:lnous 
ion prllcilldioll IIl1dl'l ':')ll(litiolis "f variations \If· 
light inl.c-lIsily, light absorptioll [ractioll by till: 
adi ... ~: speci('" (1)\' nriatioll 01 [lIr;lllyl i.:'n]), ralcohlJ\]. 

[U<"], ioni.c strellgth, de, The experimental n~su\ls' 
\Vl'n~ r.ompared wilh t.ho~c obtainable from a prima 
fadl~ reaclion Sr.lu~IIW illvolvil1~ l~."cilatioJl (If ('illu:r 
urallyl.subslratl! complex ·01' uranyl iUIl alolle, as a 
primary pholoclwmical act. followed hy electron 
transfer from the suhstrate to the urallvi iOIl. l,ither 
in the fonner or in the latter. in the dark leading til 
n:adion producls. .1 t has heen concluded that III\~ 
I'xf,itation of uranyl substrate complex alld suh-. 
S('fluent electron transfer reaction is adequate tn 

. "xl'l:lilJ the lIlechanislll o[ uranyl sensitized oxidation. 
of Sll Its! 1';1 t(·s. 

Expl:rinwntal Procedure 

Mllfrl'i(/I.\ .,.- ·1~()Jln.p;·III .. tI (A":. ljJ>ll) was '.IIICe 
di"lilhl alld lISI'(1, l.!ralll'i Ilitral!' (AllalaH, HDlI), 
!"'rdliori ,' add «; I{. E.' ~It'r('k. (,11 )If' I' n'lIt) :Jllri 

di',lillo,d \1';11"1 idi·;lill,·d I wi ... ' 11\":1' alk;dilll' 1"'1" 
11I;l1I1;;l1I;i!" ill :til ;dl/:I:I:;~; ~,d lip alltl p:I,;;sl'<l tllIlIlI,l:1t 
• DClllillrolil' rcsill (I'enlliitit. 11K)) were w".'rl /'-'1' 

III" IliTpara lioll 01 n~ag"11 t s. . 
I'rr.j,{(/,nfill/ls ((lid (sfi1l/1IIiol/.' , .. Uranyl rl('rr.hl<..r;o1l~ 

\\'a.s pn'pared'\ \>y lumili;': urallyl nitrale rq'll'atedl~' 
with C()llcl.'lltratcd pcrchl(Jric acid, lill all IIw n,latil" 
;H:ill was removed and diluted [0 ;1 slock solulioll 
(I '11M), Uranyl conll'lIt o[ 1111: solutiou was estilllalc-c1 
h." .I"I1l~'~ I'e<llldllr mdllodr. anrl IIII~ (1'1'1.' ;1I~it! h.\": 
ill/l'l'xchallg(~ II1dhl.H J7, I' ra 1I01lS perchlnr:! ti'. pn:· 
p;II"(~<1 by electrol ytic red I.Idioll pf I hl' urn nyl ~all' 
~()llIl.inn. was l~sli111ah~d tilJ'illlcl I ico(llv willI l'lan(lai'rI. 
P"I'I1I:1l1g;IIl;i!('. Sodilllll p,'rdrlc'l'ati:: stock !<~lllIlilJlI 
(5M) W:lS pl'I'parc~d II,\' 1I1.'1·11.r:lli1.i1l1: p"I'\:hlol'k acid 
Io~' sll!lilllllhydrClxi<i(' \\'il h a tIll Illl:ic-I'. 

(J1>lictl/ tll'''tJlI~(:·/II.rllfs ... - 'I'hl: ligllt SlIlIlTI' ":;I'd \\,;,~ 
2511 W. Iligh pJ'l.:s~ul'l~ nH'rc\ll'~' ,·"pour lallip (l\1azelot 
ME!}); BTII. UK, hllx 1\'IW lillr:d wilh gla"",' 
willdoll') which was cOlllled('clto the mains throllgh a 
ch,.k(~ and a volt,lge ~Iabilizcr. The optic:!1 arrange' 
ments were similai' to those employed hy Sherif[ a'ntl 
Sanl.appaN, The reaction cell. which was a rectanglliar 
glass \less!'1 with optically nat and clear pyrex platl's 

. (I-Ox 2·5 cm.) cemenled at \'oth i:nels. (optical 
path 3,8 em,) and fltt('d witt, all ollLlcl'tulw (H-IO 
sock"t). could h\! plac('cl ill lIw cdl hold!'r of tIll' 
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I filger-Watts spectropholomdl'r (11-700 I .'·P") dir(,ct Iv 
for 1;lking ahsnrhancy Illl'aSHI""I1lf'nb. Tlw 1if-;111 
ahsorption fractions of tI\I' rl'actioll s .. llIlion \\"1'1",' 

caIr.lllall'd frolll tIle a hSlJrhanc\' ,·aill"s.: var.ial iOlls 
in tilt' forllwr heing accumplisllC'.-1 h,' \,;II'i:II iOlls ill I III' 
"("IIII'I'llll"aliol1 of IImn\'1 ion. 'I'll<' illkllsil\, o[ li{:11I . 
\\'a'; 111"aSIlI"C'c! h,· IIr:lil,,1 ",alall' :lI'li"""I,·lr,·. TIl<' 
n':lcI io" \l'as [ull;,\\,cd h~' lIH'a""rillg II ... ,'1111("1'1111':11 i"ll 
of IIr:IIII1I1" iOIl form!'d [1'''111 I",' ,';dll"'; "r ;,J)"",",I:II"" 
or llro· ~,\-",,!I:/ll :11 (,70 II"'. II ... ;.1,. ... 11,111111 11f',d, 
for 1111' "i'allon,; iOlls alld "her .. ·1'1"1""11(';' 1";1 I::,ril,l" 
lion curve. In a I,'pical 1~:qlC'rilllf'lIl, IIII' ""aclilJlI 
mixlul'f: conlaining' uran.v1 pcrchlnra'" 45 >-: 10·" 1(1 
3'5/~]{)·2M). perchloric acid (1M), isopropanol 
.(5 ~< 10" II) 5 x 10-"111) ":lIIcl sod i 11111 1'l'IThlora'" 
<p.= 1'25M), was takelr.T-1I lhe r('action edl'alld 
deaeraled by passing oxygen-free nilrogen I hrough I hI' 
sc)!utioll [or aI)ollt 20 min. The cdl was tllI'lI 
sloppered and irradiated wilh lighl of \\'a\'clellglll 
,nunlp .. for li,,'d inlervals of "lilllf'. IIsuall-" :1-10 mill. 
'1'11(' ni~f' iJi rOrJnalioil of 1)1' was f .. llo\l'('d \\'illl n',sl','rl 
10 tillle. 

RCIHllls and DIRclIssion 

III all (1)(: ('xperilJH'lIls. 1111' 1"I':I('lioll \\'a" [,,11"11'1'" 
IIllly ,'IP to' 5 pCI' cehl reduct inn 'If \Jfll til t '4' sU.1 11,,1 
initi;" rates could he cOI1lI'III,'" freml sll'pes 01 !lll+j 
versus lillie plols, The plots \\'en' lillf'ar wilh a 
lend(:ncy for curvature onl.'· al higll (,f)Il\'(:rsioll"; 
(Fig. 1). The initial r;!lc~s of I he 1'1';11:11011, eli IJ1'I/elI, 
wcre found .to be' prop"r! iOIl;!] '() light :I bsol'pl'iflll 
fraction raised to 1·2 po\\'('r~. or I",l.~ ;Illri to light 
intcllsity (1'ig,2), Th,~ quanlum 'Vield for I he 1.j-1+ 
produdil)lI iilci"t:a,;cd slightly wilh incre'-;I"" ill k. ;Ind 
n'/llailled ('l)lIs(<l1I1 for ,,;!ri:llion;, ill li,dd illt!'nsily, J. 
111 Ilw pre'sPII",: of oxvg('n. i,I'. III1"er 11I1I1'.':ICI':ill'd 
('f)lIditil)lI";, t.I,..r,' \\-'as ;10 l!ti prf)dllelioll I','!:n afl,'1' 
11)111: 1'\1''':;111"1::;, Thl're~ was "" IIWllrlal "ark n::1I:1 i,," 
all" "If' "':!clio,, sho\\"'" 110 ill""cl illil I"'riod IIIlel1'1' 
lle-al.'I:II,'eI ':f)lIditioIlS, Thl' r:II,~ ,,[ IIIf' rc':wtif/II. 
as wl'II as I he quanluIIl .1'il'lcI [or \1'1 1. proclllcl iOIl 
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'If fl". n'ac:fions "111".1/'" alld (A) light "1''''''1'1,,,1) I .. " Ii .. " f 
(/"); (II) light inl"II,il.), (I) (C) l.iSf)proI'HIlOt:; alld (1'1 i',~: 

fisoprol'illlolJ 

inn,';,sed willi fisl/propall"l] bul. a /ll;I,'\irnlllll I:"I~ \\'".: 
,attained wlien [alcohol] ~ 1 ,OM willi l U6 '} .• , {)-I)2SM 
(Fig, 2), The pInt of log dl UH]!df versus log ri~o­
prop;lf)I.lI] W;lS not lincnl',. incJical ing cOJnplexil y of 
I)rd':1 wil h rCsp{~cI t.o [isnpmpi.llloll (Fig, 2). Oil .1 I/(' 
"'lier liand, llie plot of (dLUH]Jdt)"1 V!'rsus 1"',,­
p/'I,p"lInl.l-1 was linear with an intercept (III I I,,: 

. i' -;I\is. in(Jica I illg t.lie pn's('nc:e of complex fonn:t( iOIl. 

\'''I'i:llioll of jll' I (Idl --: 2,0 10 avoid Ilydrol.\'si..; ,,f 
11 ra II,\'I iOlls) \\';lS r"IIIIII' III hav,-~ 110 dlt'd Oil II". 
n'ad,ioll raIl'. Jlmie sirength alld lellll'cralllJ'(' had 
lillie cffed on IiiI.' I-caction rate. InitiallY;III<It,c! 
1)'" (product) acl ed as :tn ill ternal filler alld reduced 
I Iii: ralc\ ~vhilf! the inilially aeldel! acetone (:d<;o ~ 
p,."dllcl) did not affect: till' rate at conCl'lIlrallllliS 
"f the laltcr equal to Ihal (If isopropallQI. At high 
concelltrations. initially added acelone slightly in­
creased the rate, showing that the (lxi<iali(J/1 of 
acetone may occur by uranyl ions. 

Thl: following reaction scheme rcpresrn f s the 
reaction steps most likely 10 occur: 

/(, 

(i) UO~l"I-S ;=~ UO~'S 

wlll'rc S is llf(: :dl.:I)hol moll'cull! anel UO~'S IS Ihe 
pholost:nsitive cluster, 

k;1 

(ii) (a) UO~'S+ hI! ,-'- UOi'S* 
".I 

k;1 
(b) UOi' +1111:;= UOi'* 

k/ 

where Ii~ and k; arc: the lighl absorplion fraction:; (If 
phf)tosensitive duster ;lIld ullcomplexcci ur;tIld i'lIls, 
. I' the tolal li,{hl inlensily, and lid alld Ilf :11(.' ,Ill' 
r;tfr: conslanl's [or Ihe hack r('adion'>. 
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L"I • 

(iii) (;()~'~'" .' I'()~-i-~: 1/'-
I', 

Ii,,) 2S - :~- S ; produd 
I'. 

(\') ZliOrl· 1/ I :.IWi' eO(OIl)' 
• r:IOIOl 

(vi) 110(01/)" .. :slal,I,· 17.' !;p",·i; .. .; 
. I, 

(di) (,0; I'S _.', (j()(Ol/)' .j. "r,,""d 

.\SSlIlIIilll-:' ~I,·a".r sIal,' ''lIl101iliflll, ",,01 ofil.iO.;"'·,/ofl 
-". dl';'l/oll II. tlil.l()~I1'" O. rli(!(),;'S~i!tll . II, 

1'1" .• :111(1 a"slIllIin~ I"al 111f~ fOr/Hali,," o(1.10~"'S~ :1.I1c1 
(ifJr· an~ III(' primary phnlodll'l1I ied ;1':1:.;, i j f"lIfllI's 

... (1) 

Th,~ li~"1 ah!'orJlIi'm fraction III' (/I(~' "'II~I"r, 
expressed in I"nus or tolal light ahsorpl iOIl fr:l('.1 illll, 
11.(= I~·'I-I.·;). :lIlri assuming- thaI: Ill(' ('xlindiflll 
... ... /lir:i,·nls or 1Iu: duslc:r ;lIld f ... ·,: lil';IIIVI 1(111 :11'1' 1111: 
S:IIII1", is gi\"'11 h~' . 

I.'; --, 1';(I(,ISlIl·l· J<I:Sj) 
SII Ihal 1-:". (I) ''''r:OIlIl'S, . 

... (2) 

drn~I'l!d( ~~. I~!~l,! __ . _",[:-;1 
" (I~l-I 1,:./) I -I 1\ .i SI ...(.1) ( .... 

Thi~ {~xplaillo; Ihe lirst llnl!',- dt'Pl'llfh'nc<' of r:,h~ "" 
J.-, ;111,1 1.- ;\ncl E'I' (.J.) 

(dl(j~'jJdl)-1 (/"I! 1.-41.'11.',')(1 ! 1/1<1 IS!) ... (4) 

, , 

iml'li,·s I hal n:r:il'roc::11 raIl'S plotted agaillst n'{:iproc:1i 
[isopmp:lllor; shollld hl' a ~Iraighl. lin(', alld Illis was 
slIh;:lalll.i:lfrd I,." "xp,~rinll'lIt:J1 rcsil/(s. Slep (ii) (II) 
1,01'; lito I 111"'11 ,·ollsidel'l·d );i'II;': il dIll'S ""1. ili\·ol",. 
ill au\·!Ji'·I' ... "llIdlll! sl,~p alld furllll'r, ir l.I()~' * i,,"!' 

~,. 

.,., 
; 

n::II'li·r/ \\'i.Jh 1.11., suhsf.rak ,Ii,,:d"', 1111'11 II;,· 'Jl'fII'J: 

wil h l'I.'sl',·r:i I" II ;()~"I sllllllirl h,·"I. ';'lli<'l1 \1'01'. 11111 I Ii,: 
,·as,·. 11'1 IX.5-.~-"II·1 is 1':lIl:lIlal,'" fl'oill illl""""ld! 
:·:Iop'· oJ 1', .. 1 1/1;11,' "!'ISI!S I/ISI (/,il:, Z) ;lIld '1":111111111 

\·idrl "'1' 1,·11 prool/",li"lI. ,~",,,. /I·S'If,. li:I~. ,, 1"'11 
.. 1,laill'·'1. TIll' '~110'" valli!: ':'"11./1"1'1':; 1\'1,11 willi 11i!l~"~ 
r'II" flli' oxiolali"" fir SIlW"'S nritl'I!l!~tllall'" ('1,",., . .... AI·() 

.. ' ffll' sll:;-ar);4 and 1/·5 fill' IIldh:1II01r, hoth ;Ii. Z537 A,). 
-ill -;lfIllr fI,,' ah,,\'1~ ',xirlal'jll/l< flit' n~;II:I.if)1i \\'a.'; 
asslll,u:rI I" pass t "rough IIII' in (('rlller! in,I,~ form.Ii iOIl 

"(a phol,,~ellsilin' elllsl,·r. which absorJ)s li/illt 
(p .. i 111;1 ry plllll,)clwlIlicoi :1('1) anol dceoJllpnscd 10 gi vc: 
1::,1' iOll (dark n'adi(ln). T"\~ formatioll "f UH ion 
II'''S proved hCTIlI If 1 "'mhl :111(1 it was shown I h:l{ 
I':" oIisprol,orlifln:III'" I,) 1;'4+ :11101 1;";"!Jy :i (;cst 

Ii" rk ,."",,1 ion. TI)I' 1,1 •. ,t,; ,)f .log tliUH::/tll \'(:rslls Ifl/{ Ii, 
f::1 V'~ ;1 ~;Iflp': or I -Z. in..;I'·;1I1 ... f I. :IS n:qllin'd hy I IH~ 
r;oI(~ ":'1I1'f·,,,ioll. TIoi:, 01 is .... ,' p:1I 1':'-' i~ "spl:,il'lI'd 
;c", 1,,11"'il"', Til,· ,·"ri;ofi'"1 III k, w;\<; ""'-"rI'"d hI' 
I';eli;eli"" "I IIralll'l ",11 """t"'lIlr;di"lI, 1':'li,h ill,i 
oI"leI:'oI'" il","'·a~.,'r/ '"I' 1"",llIs"II';ifi",' 0-111:·.1,· .. ;d'·,,, 01",1 
:"'1'111/11;,·01 fill' tlw illlT"as,~ ill Ih,! 111'11,'1' willi r"f"""/I':I: 
III "c. II \\'lIuld III) dllullt h,' /11'11'\: al'prllpri:l/f: 
10 val'\' /.', hy varyill/! IIII' li~:ht pal" .. r II,,: n';lf"lio/i 
c,·11. U,,! ,lifJiC:IIJf.i,·~ \\'I: .... "11':011111,'1'\'" ill III" 
';lill'if';II.inll of such a ,:dl. {:~Jlcci;dl.,' for follllwillg 11,,' 
)';11 ,.~ i II :I sppel 1"0 pll .. t 11111'.: 1:1'1'. Thf' i Ilrll.:P"11I 1"111'" 

Itf Ill" ra(,~ IIr n'adioll wilh resJl",:1 to fIJ·:! "ariali"1i 
d'·ad.\' indicatpd thai 1111'1'1' was lin ,.·quilil!ril/Ill . 
invltlvillg 11" anrl "irJlI'r urallyl iOIl or i~nl'r"Jlall!l1 
ill j h,.' I" f ralll:" o-z·o. TIll' alJs(·J1Ct· "r allY 1I:llIp"r:,­
II/I''' ""I"·11II.:n,:,' 011 r"actioll r:II,:.(;',·a.-l." illfli.-:,it'oI 
1 hal 111(: ""action wa~ pr(lh:d,lya P"'-"I'''ol<'''''''III;'',,1 
tllll'. 

Al'kllf)wh,tlgcmcnl 

(JII!.' of IIii' author;.; iK. V.I<.) ,,-i,l ... s 111 :wkll'J\\·it-dgt' 
,",: lin;cII"i;c1 a~sistanc(' in tIl!' f .. nll of a jl/llillr n'''l',,)'l'h 
f"""\I'~hil' fmlll IIII' I.olllwil fir Sri,:lItili .. (\- 11It/1I"I.-i:oI 
1\,:.c":lr.-JI, :"\r:I\' J),·llii. 
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