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Studies ia CoJDplex Porm.ation of Metal Ions with Tropoloaea. 
Part 01. Spectrophotometric Stadie• oa Complexes of Molyb

denuJD(VI), Thorlum(IV), and Zirconium(IV) with 
o<-Carboxy .. f:l-methyltropolone 

Yag Dutt and B. P. Singh 

Aa~udy of tho oompoai~ion of ziroonium, thorium, and molybdenum oomplenl 'lribh o(-oarhory·fl· 
melhylbropolone at d.ilfermt pH ?BlllBB haa beeu made uai"'! Job'amel;hod of oontin118d nri&&iono at dilferent 
wavoleotgt;hs. :Both z.iroonium aud molybdenum form 1: 1 and 1:2 compluOB, whereas thoriiDD formol:1, 
J :2, and I :3 oompl..,..,. 'lrith the above •""S"''t with inorealli"ll pH nlueo. 

,.ery few studies on tropolone complexes witl1 zirconillJJl, thorillJJl, and molybdenum 
have been reporl;ed. Tropolone-5-sulphonio acid has been n-ported to fonn 1 : 1 and l : 2 
complexes with thorium', Also the stepwise stability constllonts of thorium complexes with 
P-isopropyltropolone have been determined, using solvent ext-raction l·echnique•. No work 
ha.s bt>en reported on tropolone oomplexes with molybdenum and zirconium. Tile present 
investigations have been carried out to determine the stoichiometry of the complexes 
of tho o.bove :metal ions with oC-ca.rboxy-fJ·mothyltropolone. 

E X P Ill Itl M Ill N •.r A L 

A Unicam spect.rophotttmetcr, model Rl' 800, was u~~ed for taking all spe.ctrophoto· 
metric measurements. All mea.euremontsof pH wc>re carried outwit.h the help of a BwiBB 
Metrohm pH-meter, model E-31i0. St;andn.rd solutions of molybdenum (Vl) and thorium 
(tv) were prepared by diBSOlving ammonium molybdate and thorium nitrate (A.R., 
B.D.H.) in double distilled water. A standard l!olution of zirconium was prepared by 
diBBOlving zirconium oxyohloride (E. Merck, G.R.) in HCI (cone.), boiling the solution for 
ihr., anddilutingtoaknownvolumewithHCI(diL). All the solutions of these metal-ions 
were standardised gravirnet.rica.lly. 

M olylldenum Com.plezu 

The absorption spectrum of molybdenum complex with oe-ea.rboxy-,8'methyltropo· 
lone was atudied u a function of pH. The oomplex hall ma.xilftum a-bsorption at 385 m~ 
at all pH vsluea. The a.bsorbBiloe reading's at 385 and 410 m11- a-t different pH val'Ws 
are plotted in Fig. 1. The abaorbanoe was found to be appl'oxima.tely ownstant:in the 

l. Olra a.ud tl'mabara, Nipp<m .l'agalou ZII&IM, lOBS, 84, 828. 
ll. DynuD, Alllll C1forrt; li114nrJ.. lUIS&, 8, 1687. 
8 



108 y, DUTT AND R. P. SINGH 

pH range 1.0-5.0 at 385 m!J., '1\'hereas there was a shnrp fall in abao.rbance at 410 m!L after 
pH 3.0. At hlgher \vave lengths tl1ll absorption charactoristioa of theaystem wcresimila.r 
to those at 410 m11-. This shows the formation of more thllll one complex in this system. 
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. Job'11 method ofcon~iuued Vll-l'iat•iuns waR used to study the composition ofthe complexes 
fucmed in solution (Fig. 2). At jJH 2.0, using tJ1e wave length 380 m11-, the metal: ligand 
ratio in the complex wo.a found to be 1: I, but at 410 m!£, the maximum in Job' a ourve cor· 
responded to the formation of a I : 2 complex, Theae observations show that molybdenum 
forma both I :1 and I :2 complexes with o<-carboxy-,8-mothyJt.ropolone. 

Z iroon.iu1n Crnnplezu 

The ab11orpt.ion spcc~rum uf solutionB containing zirconium and the rcagl•nt int.ho ratio 
1 :4 was studied at different conoentro.tions of HCJ. Maximum absorption due to t.he com
plex took pla.oe at 377 mfL at •II acidit.i1111. Increase in concentration of the o.oid decreased 
t.he extinotion of the complex (Fig. 3). 

0•2"::-_-L __ ....... __ ..____-.~ 

DO 06 01 12 

NormaUig of HOI -+ 
JI'IO. 9 

l Mole, ot molal ron•-
7 6 5 4 

o.o,L+---;&~~7~-iar;]st--i,,o;;-7;~ 

Molr• of roagenl + 
FIG. 4 



StUDIES IN COXPLEX FORMA'liON OF ME'lAL IONB \Vl'lB 'lBOPOLONES lOb 

Job's method of oontinued variations was used to find out the compollition of t.he 
complex (·Fig. 4). The ma.ximum in Job'a curve oorrtlllponded l;o the forma~on of 1:2 
oomplex, but there was a. sharp break in the curve a.t ziroonium: reagent ra.tio ofl :1. A 
complexhnving ziJ'()onium nnd the reagent in the ratio 1:1 was alao formed simultaneously, 
but. it could not be detected directly beoa.uae of its a.baorba.nce being much lftiB than the 
I :2 r.omplex at tho wave lengtha U!llld. 

Thorium Complezes 

The absorption spectrum of solutions coJLLa.ining Lhorium and the reagent in the ra.tio 
of I :.J, was studied ILB a functio11 of pH. The absorbance due to the complex was maximum at 
377 mfL nt o.ll pH valuca. The o.b1mrbnnce rl'ading at 380 and 300 mfL at dificrentpH values 
ar~ plottt>d in Fig. 5. The optil'al density of t.hfl complex at 380 m~:~o \vna found to be practi
cally constant in the pH range 3./i-5.0 and fall shnrply lll'low pH i:I.O. The ab601'ba.nce at 
390 roiL was practically coust.ant in the pH ru.ngl' 2 0 to -l.O. ami increa.!llld u.fter pH 4-.0. 
Thi~ indicatl'S the formation of more t.han one l'ornplex in t.h\11 lly&l.em. Since optioal 
dt'ruJity at 390 mp. inol't'llll('(l llharply beyond pH 4.0, it was conoluded tllllot a. new 
complex ha.ving the same nbaorption at 38Q hut n. highl'r o.bRorptiun at 390 mp. than tho 
othPr complex, waa being formed. 
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Continued va.rioations metlwd wna used to determine the oompoaition of the com· 
pines funned at different pH vo.luoa (Fig. 6}. Using a. wave length of 375 mu at pH 1.5, 
the composition of the oomplex wa.s found to be l: 1. Composition of the thorium complex 
at 380 miL and a.t pH S.O wa.& found to be 1:1, whereaa &t 39<1 mp., tho m&ximum in Job's 
c11rve showed preBODco of u. 1 :2 oomplex &B well. 

Uaing Job's metllod at pH 4.0, the eompoaition of the complex wa.a found to-be 
1 :2 o.t all wave length&. At pH 5.0, uaing the wave length 375 mp., tile composition oorre&· 
ponded to that of 1:2 complex, but at 385 and 390 mp., the maximum in Job's ourve abo•· 
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ed the formation of a 1:3 complex. Tho formation of this now complex explains the ellect 
of pH on the abi!Ol'ba.nce of the complex at 380 and 390 miL, &II desoribed earlier. 
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Thus in the thorium-o<-carboxy-,8-methyltropolonc sy~tcm, three complexes having 
tltc compo111it.ion of I :I, I :2, and I :3 are furmed st-epwise with increasing pH values. 
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