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Complell Formation between Mandelic Acid and Tervalent 
Indium in Aqueous Solutions 

T. N. Srivastava and D. C. Rupainwar 

pH ~mlounduotumetrio otwli"" or t-ho oyotom indinm-porrhlomte-mnnrloll~ ar.i<l.w,.tor •how tha Blliotenoo 
vhhreD chel•teo in oolution witll "m~t..1 to lipnd r"'li.io of 1 : 1. 1 : 2, Arul I '3. :rha I : 9 onmpln: hao ...... 
foiUid to ba mllllt •t.o.bleao it could bo ioolAtrd in a cryetallino otato and its compooition lu>o biiiiD dnorminad-

The studies on mandela.tt~ Wm}Jiexes of t('rvalunt aluminium and gallium by 
utilising preparative and physico-chcmir.al t-t"dmiquE"s have already be-en rcporttld' ..... 
Two cryst.a-Uiru complex acids with a met.o.l to ligand rat.io of l :2 and I :3 for gallium a.nd 
only one stable chelate for aluminium, tho alumino-mandelic add pot~SeBBing a. ratio oi 
I : 2, were i110lated. 

A survey of the literature rcves.l11 that trivalent indium formil a dive111ified 1111riel! of 
complex compounds containing inorgauio and organic ligands•-?. Several indium 
ocmplaxes with simple organic acids, other t-han mandelic, have alr1o been reported8-11• 

Cozzi and Ra.spi'", during 11tudi('s on the IXJiarographio behaviour of i11dium (m) 
in pres-ence of various organic aoid.,, employed mandelic aoid and inferred the fromation 
of a. complex with a Tatio of indium t.o mandelic aoid 1 : 3. In view of the above results 
a-nd laok of detailed informaHon on tho indium-mandelate complcxet~, it was oonsidered 
worthwhile t.o Ulldertake a physico-chemical inves~iga.tion of the i11dium (In)-ma.ndel· 
io acid-wa.t-er system and to isolate the eomplexos in a. 01·ystnlline stato. Tho present 
communication deals wilb the !llalllc study. 

H Xl'ElUM.I!lN'£ AL 

A atook. sulution of indiunlpol"llhlmatcwaa prepart~tl by di11110lvi1lg lr>lllh.ly pro~:ipitat~l 
indium hydroxide in perch.lcriCJ acid and 1tandardit1Cd. gravimttrioa.lly by "8-quinoli.nol''. 
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l"U.\li'l.EX 1-'0inL\TIO~ DK'tWHJo;~ M.\'NllELIC.\CJD AN'Il 'rll:hYA~·l'lNlut'l[ 2..LI 

ln ~ach ens::-, httlinLII pcrel\lornto suluLiou wns adju11tod to nn initial pH of3.1o by adding a 
rl'quil!il·e qmmt-ity llf n st-amlanl Nu.OH HUlutiou prior to t-h.e propa.ratioo of n. partioular 
et cf n1ixt-uru .. An RPllruximat~ quantity of mandnliu o.oitl (B. D. H. nxtra. 11uro) wo11 
dii!RUivcd in comlucti,·itr water to provide a solution of the dDBirod strength. 

PJ"Oetdul'f'.-Eit'etrumctric nnd oonduotometrio tit-rations woro l'mplu)ed fur Lh:1 
phyaico-t'ltl'mil'al st-udies, ut~ing munu\·ariatiun mathod. 'fo constant volumes of O.OlM 
indium pc:rchlorat~ sulution varying amoulll·i!. ofO.OlM IW.lmlolic acicl~~t·lutiou wore Bddcd. 
Thus t.hrl'l' sel.s of mixt.urCII containing 1.1. m~tal t.o lilalld ro.~io of 1 :J, 1 :2, a.nd 1:3 woro 
preparoo. To the~ mixhno11 diEfl'ront quantitios oftho etandardNaOH aolutiun W9Ioadded 
and t-he n1ixt.urea w ~• o made to n. uonata.nt. volumo. Tho seta were loft for obuul 24, hr. 
to attain ('quilibrium. Tho pH valuea and oonduot.anus of t.ltei!C s:~lution.~ wero ml!'asured 
at a con~tant. tl!'mperoture of :i0° ± 1°. For purpoaea of of!mp&rison, solntiona of indium 
pan·hloratc nud ID&mlolic add were e.bro Bl'paJOotely titrated poteuticmotrically and ton· 
dnctomctrically with the l!landard alkali under idonlica.l oonditioUB. 

Th~ pH ,-nluCI! Wl'rc uteRl!urt•d hy a Slutsil.ivr. pH-motor (made by Leoda and Not·tbrul> 
l'o., Philadelphia. r .8.A., C'at. No. 7667) having n. giRSB and n. t~~~.turalcd oo.lomel electrode. 
TILe inslruu:.t"nl woe st~~;ullardisod witll a staJtdald bulfer~~olution. 

Conduet.ano-3 daterruiuationa were performed with a dip typo eonduetivit.y cell (cell 
CO•t!1Lant=1.03), u~ing & bo.ttery-opera.t~d Serfa411 conductivity bridgo (Model RCM l6B, 
made by Artlmr H. Thomas Co., l'hiladclphia., U.S.A.), tim null point being detoetod by a 
magic cy;,. Tho rcaults of the inveatigatious o.re grapltic-o.lly repreacnte1l in Fig. I 
and 2. 

V 1 S CU 1:11:11 0 N 

]."ig. I ~:~huwt~ the Vtl.dution of 1i + ·ion couaeuirution with the prop-essiveadditiou of 
alkali t.o various systems. Curve :1!: reproSI'nts the titration l'f mandclio acid alono and, 
a,~ expected of a monobasi~: lit: ill, ~;bows a suddenl'ise in pH when nearly ono equivalent of 
alkali ]UJ,B bcea addeu. Jn curve A, obtainod for O.Ol.M indium perchlorate aolution, 
preoipit.a.tiun of tho hyd10xide start1:1 at a. pH "" 4.0 and o.n ubn•pt i.J.Of;)888 in pH 
ia obaorvocl wluu throe mt.les of alkali are addod, iudico.ting complete p.reoipit.&tiOll. of 
the hydroxide. 

Curve B, ubtainCKl for tho I: I mixtw·e of indium porc.blul'&te and mu.ndolio aoid, ahows 
that. tho pH of Lhemixturo (2.76) in the boginning, when no alkali iaadded, ie lower lhan Uto 
pH of indium-perchlorate (:U5) and mandelic acid (3.26) Bllllaratoly. This olearly ahows 
that chelation bas !.&ken place due to which the protonic hydrogen of the hydJ'Oxyl group 
of the mandolio a.oid has been relea.aod along wit.h the replaooable hydrogen of the oarboxy­
lio group. Thus two moles of alkali Bhould be expected to bo ocnsttmed for tl~ titration, 
but actually ourve B puiiMilf!HCB an inJI.eotion o.t three oquivo.lenta of alkali, indioatins 
on overall eull8umptinn of three moles. If no ol1ol1ltion ho.d taken plaoo, four equivalent• 
uf alkali, huwover, should have been consumed. 'fhe exp13rimontalresults could be explain. 
ed by aaeuming the formation of a.n unetablo 1:1 oltolnto whi11h readily hydroly.s to 
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COlU'LEX FORMATION DETWEEN liANDELIC ACID ....... 
. . . ....,,...,TERVALEN'J: INDIUM. 

243 &ifoJd a bas1c mdmm mandelate. The reachlona tak- 1 
equation: mg P aoe oould be represunted by the 

9+ -- H/OH -2R,, - H / 0 '-. - -
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. Tit-rationa of .1 : 2 ~nd I :3 mixtures, represented by ourves C and D (Fig_ 1 ), re~­
pet;tn•~ly, show an mfiect10.n at four and six equivalents of alkali. Thi~ llorresponds to the 
fonnat10n of complexes With a metal to ligand ratio of 1 : 2 and 1 :3, respeotivdy. 
represented by the following equations : 
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The re1ults of the conductanae measurements are shown graphia&lly in Fig. 2. It iR 
ob~ervad t~at both the curvee A and B, reprel!llnting tl1e eonduotomt~trio titration ofinrlium 
PBJ'Chlorate alone and ita I : I mixture with mandelic aoid, respectively, pD!IIl88ll an in11eo. 
tion l.t three equivaJentR of aJkaJi, The roau1ta are analogous to t-hose obtaine.d for the 
pR-titra.tiona of t-heae mixtures and conB.l'Dl the formation of a I : 1 Ullllt&b~e conip1ex 
whioh ia hydrolysed to a ba.aic inclium mandelate. 

Curvea C and D, obtained for 1 : J a.nd I : 3 mixtures re.peotively, ahow, however, 
minimum oonduotanoea a.t fou~ a..ad six equivalents of alkali. The decrease in oonductanoe 
with addition of alkali solution in the beghming may be due to replacement of fast-moving 
11• by "'e Blow-moving Na.+, Wlu!D all th11 p:t io1111 are removed, the DWI.duote.D.oe· ri~~t~~~ 
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abrll]Jtlyduo lnl.]JCOXl~iiR ofN~t• nml oH-, Ollllllingn brook in [,]JOCUI"\'(1. Thust.lwoUl"VO isao. 
t.ually analogmu~ t•1 tho t.itrat.ion curve ofn st·rong acid and & sl-rung boHo. Therefore, from 
Lhe positions of inHoctinnK in our\"t~ C nnd D, thc formal.iou of 1 ::! nnd J ::J comploXCII is 
confirmed anrl is explained by the same equatinns for pH titra.tions (vide Bttpra). 

hmkrtio'll n11d f'11arnr.ltl'itmlim~ nf llie Oompnt1t1d 

An oxOOAS of freshly pi'CGipitatcd indium h~·droxido was shnl,cn with concon~rated 
mMdelic a.oid AO]ution (0.3 M) till no more of it dif!llolvcd. The unclumgerl indium 
hydroxide was fiJt.erell and tho vnlume of the filtrate reduced in o. vacuum desiccator. 
A white erystalline solid ~~epornting was wnAherl wit.h et.hnnnl-wn.ter mixture nnd ether and 
air-dried. 

The indium and mandelic m•i<l cont<'nf.fl of tho corupounrl woro rmalyscd• 3• Water 
molecules wore alao determined by heat.ing a knmn1 weight. of M1o nir-dri~.d 110rnple in nn 
oven at. 110° and finding the loss in woight. (Fuunrl: In. lli.19; mandeln.te, 06.46; water, 
16.07. Calc. for c.,H. 10 9 .Tn.6H00: In, 16.96; mndel11te, 66.60; "'ater 15.97%). The 
compound is 11paringly soluble in ·water and ethanol 1m~ insoluble in otJ1er common.organic 
solvent&. Us aqueous solution is acidic to litmus nnd requires three oquivalenta of alkali 
for complet-e neutrali~~ation. Both the analytio&l dahl nnd propl'lrties of t-he compcund are 
in agreeml'lnt with t.he formulation: 
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