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Studies in CoDJ.plex For.ID.ation of Metal Ions with Tropolones. 
Part II. Dissociation Constants of some Tropolones and 

Composition and Stability of Uranyl CoD1plexes 

Yag Dutt and R. P. Singh 

Dissooia.~ion ~ons~&nts of ,B-mc.thyl-, o<-ca.rboxy-,8-mc.L\"oyl-, 11nd ,8-i~opropyl-tropolone.~ ha-.e boon deter­
mined potfln tiomotrically in 0.5M -KN03 and GO% eth .. nolic medium. 'I' he stability constants, log K, 11nd log K 2 , 

of the uro.nyl complexes with the aboye re:.gents ho.ve boon detormined porentiomotriaally and epectrophoto­
metrica.lly. 

Several workers' -4 have C)';tablishNi that uranyl ion combines with tropolones in the 
ratics of ] :l, I:~, and l :3. Tho complex that is ext-r-acted into chloroform has th£- com­
poAition2'~ UO,R,. RH. 

The present- investiga-tions were carried out to determine the diSRociation constant 
of ,B-methyltropolone (MT ), ~-isopropyltropolone (IPT), and ..::-carboxy-~-methyltro­

polone (CMT) as well as to cbtarminc the stahility of uranyl compl~>:x""S with the above 
ligands. 

EXPERIMENTAL 

A Fnicam spectrophooorr.etcr, model SP 600, was uRed for taking all spectrophotomet­
ric datiL A Swiss l\:letrohm pH -meter, model E-350, was used for meaSW'~ment cf pH. 
A standar•d solution of uranyl ion was prepared by dissolving UOa(N03l~. 6H.O (E. 
ME;rck, G. R. sample) in double distilled water. The solution was standardised gravimetn­
cally. 

All studies on. uranyl- IO{-caTboxy-,B-ruethyltropolot1e were carried out in aqueous 
medium, whereas it was necessarv to wc:rk wit-h 50 °/0 ethanol mediUm for uranyl compl':'xes 
wilh ~-methyl- and ~-isopmpyi-tmpolooes rlu( tr, insolubility of thu,e compkxee in 
water. 

Effect of pH.-Absorption mnxima of uranyl complexes with ,8-methyltropolone and 
,8-isopropyltropolone were found to lie at 395 IDfL, and that ..(-ca.rboxy-,8-methyl­
tropolone complex was at 390 ID[L. There was no change in the wave length of absorption 
maximum with pH. The optical density of both uranyl-,8-methyltropolone and uranyl-
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2. Dyrsoon a.nd Ekberg, Acla Chem. Sco.nd., 1962, 16. 785. 
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4. Dyrasen 'Symposium on Chl'mistry of the Co-ordinate Compounds' (Rome), p. 291,1957, Pergamon 

Press, London, 1958. 
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,8-isoprorJyltropolone sy~>tems was constant in the pH range of 4-.5-9.0, whereaf! that of 
uranyl- o(-carboxy-,8-methyltropolone syRtcm was constant ia the pH range of 5.0-7,0 

(Fig. 1}. 
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FIG. 1. Effect of pH on tho optical 
density of nrn.nyl comple::tes with 
(A) ,9-methyltropolone; (ll) fJ·iao· 
propyltropolone; (C) o( -ca.rboxy-

,9·mo~hyltropolone. 

U"0 2 H=4X I0-.5M; RH=2X lQ-4-j)f . 

.:\max= 400 m[L. 
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FIG. 2. Ur..,nyl j:l-methyltropolone eomplcl[ by 

Job's mcthorl at 400 ID\.L. 
Totlll mo!El.rity=4X lo--4-M. 

Curve A ot pH 2.5. Curve Bat pH 4.5. 

CompoBition of the Complexe.s Formed.--J ob's method of continued variations was 
used to find out the composition of the complexes formed at diffennt pH valueR. Eoth 
,8-methyltropolnne and ,B-isopropyltropGlone were found to form I :I complext.e with 
uranyl ion below pH 2.5 (Fig. 2,3). Above pH ~.5, thfl composition of uranyl complexes 
with these reagents was found to be 1:2 (Fig. 2, 3). At iaterm:'diate pH-values, th<J 
compmdion varied between I :1 and 1 :2. These re.~ults show that t.he complexes are 
being formed stepwise in these system~'!. a(-Carboxy-,B-methyltropolone forms a 1:1 
com1Jlell.. with uranyl ic.n below pH 3.0 ~tnd a 1 : 2 complex abovE" pH 4.5 (Fig. 4). 
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FIG. 3. Ura.nyl-fJ~~i;!yftropolone oom- R/M+R -+ 
plell: at 400mfL. FIG. 4_ Uranyl- o(-ca.rboxy-p-me,;b.yltropo-

A (pH=2.5); B (pH=J.O); c (pH=-5_0); lone complelt at !WO m(J-. 
D (pR=7 .0). Total mol~~ority = 4 X lo-M. A at pH 9.0; 

Total mola.rity=4X 10-4M, Bat pH 5.0. 

A uranyl complex having the composition 1:3 was extracted into (Jhloroform, when 
a. solution of ,9-methyltropolone or ,B-iBopropyltropolone in chloroform was shaken with 
an aqueous solution c-f uranyl ion. The composition of these complexes was <letermined 
by analysis. 
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Stability CoWJtantB of Urany~ Complexes with TropolcmelJ 

The determination of etabiliby consta.uts of ,S-methylt;ropolone and ,S-iMpropyltro­
polone complexes was carried ou;, in 50'Y0 etha.nol and for o<-carboxy-p-methyltropolont: 
complexes, aqueous medium was us~rl. Potassium nitrate was added to all ec.lutions to 
adjust their ionic strength to O.!'lM. 

Both potentiometric and spectrophotometric methods were employed Lo determine 
the stabitity consbant of uranyl complexes. pK~~. values of the r~agenta were d~bermined 
potentiometrically. 

Potentiometric Method.-The procedure US':ld for determination c.f n and pR values 
was the same as used by Irving and Rossotti5 . The fotlowing sdutions were titrated against 
standard NaOH (total volume of solutions =20ml): (1) 10 ml ethanc.l+5 ml2.M-KN03+ 
1.5 ml M/80-HCJ 0 4 + 3.5 ml H 2 0; (2) lO ml reagent (M/500) in ethanol+ 5 rr.l 
2M-KN0d-l.5 ml-M/80-HCI 0 4 + :3.5 ml H~O: (3) 10 ml reagent (M/500 in ethanol) + 
5 ml 2M-KN03 +1.5 ml MJSOHCI04 + 0.5 ml MJIOO-U02(N03 ).+ 3.0 ml H .. O. 

For studies with ao::-carboxy-P-methyltropolone, wakr was ~mbstituted for ethanoL 
From (l) o.nd (2), values of nH for the reagents a~ different pH values were calcula.ted, 
using the method of Irving and Rossottis_ By plotting log nH/(1-nH) against pH, straight 
lines were obtained with the intercepts on X-axis providing the diBSOciat;on constants of 
fl-met.hyltropolone and P- isopropyltropolone to be 10--"1·46 and IQ-i·42 ia 0.5M pota.gsium 
nitrate and 50% ethanolic medium (Fig. 5). The values of two dissociation constants of 
ao::-carboxy-p-methyltropolone were calculated in a similar manner and were found to be 

pKd,= 2.68 and pKd .. = 7.31. Values of nand pR for the uranyl-tropolone complexes 
were calculateds, using the titration curves of solutions (l ), (2), and (3), The values are 
plotted in Fig. 6. It. was ob!!erved that under the conditions of the experiments :n values 
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FIG. 5. Dissociation constants of tropolonea. 

5. J. Ghem. Soc., 19-54, 2909, 
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FIG. 6. Formation of aun-es of 

ura.n7l-tro~Ione comrlexee, 
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lower than 1 W!'.re not obtained in a.ny c11.se, showing that the formation of 1:1 complexes 
wa.'l complete even in the most acidic solutions studied potcnt.iometrically. The vn.lues of 
log K,. are equFLl to pR valu."s a~ n=l.5 and have been found to be 6.93 for ura.nyl­
,B-methyltropolone complex, 6.88 for uranyl-J3-isoprcpyHropolone complex, and 6.1:10 for 
uranyl- o{-carboxy-,B-methyltrcpolone complex. 

Speclroplmtomerric Method.-The conditions for determining the. stabiHty {:On'l~ants 
of these complexe!l were the samG a~ used in the pot<.>ntiomttnc method. For thE- determillll.· 
tion of the 1:1tability comttants cf l:l comple . .xeR, a I'ICI'li'B of solutions (total volume=lO ml) 
containing l ml of M/1 00 uranyl nitrate, O.G ml of MJ500 reagent, 2.5 ml of 2M potassium 
Ditra.te, varying amounts of hydrochloric acid, and a requisite a-mom.~ of ethanol or water 
were prepared. In th's s~riesof solut;on~ of known hydrogen-ion conccntrat.ion, theabsor­
banc:,e of the syl'!tom was constant above pH 3.0. '!'he formaticn of 1:1 complex in these 
solutions ef pTI > 3.0 IDlJSt have hc£>n complde. In presen.:.e of excess of uranyl iolll!, 
the solutions contained only the J :1 complex. Concl'ntratio.a of J :1 complex in other 
solutions of lower pH was deduced by compariRon of their opt.kal density with those 
of the above solutions. Th-.; st-ability con.'!tant of I :I ccmplex was ca]cuh.ted using the 
follow<ng cquat ions: 

uo.•+ + R- (I) 

(2) 

The reagt.nt ion ises as 

RH 

3-o----------,------------, 

2-6 

r 
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Since at the pH valuos used (D-2), almcst all the n.agent ex1sts in the unioniS{'d form, the 
concentration of frlc reagent caa be taken !lEI e.qnal to (RH). Subs<;itutingtheva.loe cf (R'-~ 
in equation (2) 

or 

- log (RH) 
(UO~Rt) 

+ lc.g K, + log Kd 

By plotting log log RH/(UOQR") as a.bscis.'la a.nd leg (H+jUO, •+) as ordinate, etraightlines 
with unit slope and an int~rcept. equal to log K 1 -f-log Kd were obtamed. Log.Kd having 
already been det.t;rminod, the fo.Iowing values of log K, we1e deduced from thel"e 
curves: log If, of uraayl-,8-methyltropolon.e complcx=9.62; log K, of uranyl-,8-iw­
propyltropolon~ complex = 9.fi2; log K, of uranyl- a( -carboxy- ,8-mcthylt,ropolone com­
pl~x = 9.22 (Fig. 7}. 

i'e!erminat.ion of Log K •. -A series of &nlutionB containing 0.8 ml of M/1000 UO,."+, 
0.8 rul of M /500 reagenL, 2.5 rul of 2M potassium nihatt, and requisite amc,unt of ethanol 
cr wai.er w.:n pre_i)B-red. pH-values of thee~ solu~ions were adjusted, the total volume was 
made to 10 ml, and the final pH of thfs.~ solutio•1s were noted. Jncr.~ase in pH of these solu­
tions led tc increase in optical den-;it;y and it became consLant beyond a certain pH value. 
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FIG. s. Log K,. of ur~nyl"tropolone complexlla. 
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The forma.~ionof I :2 complex wa~ then complete in solutic.us aboV£; this pH and optical 
den.-1ity of the abo"\'e solutionfol afforded the optical den1:1ity of the pure l :2 complex. The 
<!tability constants log A g wue calcuisted f1 om the foUowmg equations: 

(U011Rt) + R-~ UO~R11 

(U02 Ra) 
(UO,.R+) (R-) 

log R = -logK. +log 

The absorbance cf pure I: I o.nrll :2 complexes is known aad their concentrations ho.ve 
been calculated in the prepared solutions. By plotting log (UO,.R~/UO.Rt) as a. function 
of log (R-), sl:.raight lin~ with unit slope and an intercept equal to-logK. were obta.iJled 
(Fig. 8). The values of log K 1 for difft>r('nt urauyl complexes were found to be for 
uranyl-,8-metbyltropolone complex = 6.98; for uranyl-,9-i~propyltro.polone = 6.92; fer 
uranyl- o<-carboxy·,B-methyltropolone complex=6.75. The values obtained spectra· 
photometrically are in rcal3onably good agreement with the \·alm:s determined potentio­
metrically. 

The authors are thankful to Prof. T. R. SEshadri, F. R. B., for his help and constant 
encouragement. 
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