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Studies in Complex Formation of Metal Ions with Tropolones.
Part II. Dissociation Constants of some Tropolones and
Composition and Stability of Uranyl Complexes

Yag Dutt and R. P. Singh

Dissoclation constants of ﬁ-mcthy]-, of -carboxy-f-methyl-, and B-isopropyl-tropelones hawe been deter-
mined potentiometrically in 0.5 -KNOy and 508 ethanolic modium. The stability constants, log K, and log K,
of the uranyl complexes with the above reagents have been detormined potentiometrically and spectrophoto-
metrically.

Several workers' ¢ have established that uranyl ion combines with tropolones in the
ratics of 1:1, 1:2, gnd 1:3, The complex that is extracted into chloroform has the com-

position®¢ UO,R,. RH.

The present investigations were carried out to determine the dissociation constant
of B-methyltropolone (MT ), A-isopropyliropolone (IPT), and «-carboxy-B-methyltro-
polone (CMT) as well as to d:termine the stahility of uranyl complexes with the above
ligands.

EXPERIMENTAL

A Unicam spectrophotom.eter, model SP 600, was used for taking all spectrophotomet-
tic data. A Swiss Mewrohm pH -meter, mode! E-350, was used for measurement cf pH.
A siandard solution of uranyl ion was prepared by dissolving UO,(NQ;),. 6H,0 (E.
Merck, G. R. sample) in double distilled water. The sclution was standardised gravimetri-
cally.

All studies on uranyl- X-carboxy-B8-msathyltropolone were carried out in aqueous
medium, whereas it was necessary to work with 509, ethanol medium for uranyl complexes
with B-methyl- and B-isopropyl-tropoloves du¢ to insolubility of these complexes in
water.

Effect of pH.—Absorption maxima of uranyl complexes with S-methyltropolone and
B-isopropyltropolone were found to lie at 395 mp, and thet «-carboxy-§ -methyl-
tropolone complex was at 390 myp. There was no change in the wave length of absorption
maximum with pH. The optical density of both uranyl-B-methyltropolone and uranyl-
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1488 Y. DUTTA AND R. P. SINGH

B-1sopropyltropolone systems was constant in the pH range of 4.5-9.0, whereas that of
uranyl- <-carboxy-#-methyltropolone system was constant ia the pH range of 5.0-7.0

(Fig. 1}
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FIG. 2. Uranyl f-methyltropolone eomplex by

density of nranyl complexes with
(A) B-methyltropolone; (B) g-iso-
propyléropelone ; () o -carboxy-

Job’s mcthod at 400 m(L.
Totol molarity =4} 1074M.
Curve Aot pH 2.6. Curve B at pH 4.5.

B-methyltropolone.
TO0,0+=4X 1075]; RH=2X 10—4+M.
Amax= 400 myL.

Composition of the Complexes Formed.—-Job’'s method of continued variations was
used to find out the composition of the complexes formed at different pH values. Both
B-methyltropolone and B-isopropyltropclone were found to form 1:1 complexes with
uranyl ion below pH 2.5 (Fig. 2,3). Above pH 3.5, ths composition of uranyl complexes
with these reagents was found to be 1:2 (Fig. 2, 3). At interm :diate pH-values, ths
composition varied between I:1 and 1:2. These results show that the complexes are
being formed stepwize in these systems. o-Carboxy-B-methyltropolone forms a 1:1
ocmplex with uranyl ion helow pH 3.0 and a 1 : 2 complex above pH 4.5 (Fig. 4).
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Total molarity—=4x 10—4M,

A uranyl complex having the composition 1:3 was extracted into chloroform, when

a solution of B-methyltropolone or B-isopropyltropolone in chloroform was shaken with

an aquecus solution cf uranyl ion. The composition of these complexes was defermined
by analysis,



STUDIES IN COMPLEX FORMATION OF METAL IONS WITH TROPOLONES 1

Stability Constants of Uranyl Complexes with Tropolones

The determination of stabiliby coastaats of 8-methyltropolone and 8-isopropyliro-
polone complexes was carried ouuv in 509, ethancl and for =-carboxy-S-methyltropolone

complexes, aqueous medium was us=d. Potassium nitrate was added to all aclutions to
adjust their ionic strength to 0.5M.

Both potentiometric and spectrophotometric methods were employed Lo determine

the stabliity constant of uranyl complexes. pK, values of the reagents were datermined
potentiometrically.

Polentiomelric Method.—The procedure used for determination ¢f = and pR values
was the same as used by Irving and Rossottis. The foilowing sclutions were titrated against
standard NaOQI (total volume of soiutions =20ml): (1) 10 ml ethancl4-5 ml 2M-KNO, 4
1.5 ml M/80-HC10, -4 3.5 mt H_O; (2) 10 ml reagent (M/500) in ethanol + 5 ml
2M-KNQy--1.5 ml-M/80-HC10, 4 3.5 ml H,0; (3) 10 ml reagent (M/500 in ethanol) 4
5 ml 2M-KNOQ, +1.5 ml M{80HC10, + 0.5 ml M/100-U0,(NO,),+ 3.0 ml H,O.

For studies with «-carhoxy-f-methyltropolone, water was substituted for ethanol.
From (1) and (2), values of nH for the reagents at different pH values were calculated,
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 dissociation constants of
f-methyltrepolone and B-isopropyltropolone te be 107746 and 1077+42 ia 0.5M potassium
nitrate and 509, ethanolic medium (Fig. 5). The values of two dissociation constants of

«-carboxy-8-methyltropolone were calculated in & similar manner and were found to be
pK4q,= 2.68 and pKg,= 7.31. Values of » and pR for the uranyl-tropolons complexes
were calculateds, using the titration curves of solutions (1), (2}, and (3). The values are
plotted in Fig. 6. Tt was observed that under the conditioas of the experiments n values
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lower than 1 were not obtaincd in any case, showing that the formation of 1:1 complexes
was complete even in the most acidic solutions studied potentiometrically. The values of
leg K, are equal to pR valuza at m=1.5 and have bheen found to be 6.93 for uranyl-

B-methyltropolone complex, 6.88 for uranyl-g8-isoprcpyltropolone complex, and 8.80 for
uranvl- «-carboxy-8-methyltrcpolone complex.

Spectrophotometric Method.—The conditions for detormining the stability conslants
of thesc ecomplexes were the same as used in the potentiometric method. For the determina-
tion of the stability constants ¢f 1:1 complexcs, a serizs of solutions (total volume=10 ml)
cuataining 1 ml of M {100 uranyl nitrate, 0.5 ml of 37/500 reagent, 2.5 ml of 2M potassium
oitrate, varyingamounts of hydrochloric acid, and a requisite amount of ethanol or water
were prepared. Inthis series of solutions of known hydrogen-ion concentration, the absor-
bance of the system was constant above pH 3.0. The formaticn of 1:1 complex in these
solutions ef pTL > 3.0 must have been complete. In presence of excess of uranyl ions,
the solutions contained only tho 1:1 complex. Concentratioa of 1:1 complex in other
solutions of lower pH was deduced by comparison of their optical density with those

of the above solutions. Thw stability constant of I:] c¢cmplex was calculated using the
following cquations:

U0,** + R~ == TUO,R} . (D
r (UO,R) (@)
' (UQ,*t) (R7)

The reagent ionises as

RH =—= R~ 4+ H*
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STUDIES IN COMPLEX FORMATION OF METAL IONS WITH TROPOLONES 771

Bince at the pH values nsed (0—2), almcst all the reagent exists in the unionised form, the
concentration of free reagsnt can be taken as equal to (RH). Substituting the value of (R7)
in equation (2)

K. — _ _(UORY (HY
! (U0,°*) (RH) K4
or
H* (RH '
log __(% = log (I_TQ—R)*) + leg K, + log K4

By plotting log log RH/(UO,R*) as abscissa and lcg (H/UO,*!) as ordinat<, straight lines
with unit slope and an int=rcept cqual to log K, -Ftog Kq were obtained. Log, K4 having
already been detuermined, the foilowing values of log K, weie deduced from these
enrves: log K, of uraanyl-f8-methyltropolone complex=9.62; log K, of uranyl-g-iso-
propyltropolone complex = 9.62; log K, of uraayl- «-carboxy-f-methyltropolone com-
plex = 9.22 (Fig. 7).

Netermination of Log K, —A series of solutions containing 0.8 ml of M /1000 UO,**,
0.8 ml of M /500 reagent, 2.5 ml of 2M potassium nit1ate, and reqnisite amount of ethanol
ot waier w.r3 prepared. pH-valaesof thes: solutions were adjusted, the total volume was
made to 10 m!, and the final pH of these solutions were noted. Incrsase in pH of thesc solu-
tions led tc increase in optical density and it became consiant beyond a certain pH value.
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The formaiionof 1:2 complex wae then complete in soluticns above this pH and optical
density of the above solutions afforded the optical denwity of the pure 1:2 complex. The
otability constants log K, were calcuiated fiom the following equations:

(UO,R*Y) + R~ === UO,R,

k. _— __(UO.R,)
* 7 (UOR%) (R7)
UO,R,
log R = —logK,; 4 log —((ﬁo—n—RT))

The absorbance cf pure 1:1 and 1:2 complexes is known and their concentrations have
been calculated in the prepared solutions. By plotting log (UOQ,R,/UO_R*) as a function
of log (R7), straight lines with unit slope and an intercept equal to—logK, were obtained
(Fig. 8). The values of log K, for different uranyl complexes were found to be for
uranyl-A-methyltropolone complex = 6.98; for uranyl-f-iscpropyltropolone = 6.92; fer
uranyl- <-carboxy-f-methyltropolone complex=86.75. The values obtained spectro-
photometrically are in reasonably good agreement with the values determined potentio-

metrically.

The authors are thankful to Prof. T. R. Seshadri, F. R. 8., for his help and constant
encouragement.
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