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SHORT NOTES 

Spectrophotom.etric Study of the Co.mplex Forn1ation between 
Uranyl Ions and FJ-Resorcylic Acid 

M. N. Desai and B. M. Desai 

Complexes of ,B resorcylic acid with titanium', ferric2 ·', mercuric8 , and aluminium' 
ions have been studied. No work appears to ha.ve been done on the complex fortnation of 
uranyl ions with ,8-resorcylic acid. Thit:~ communication deals with a spectrophotometric 
!'ltudy of the complex formation of uranyl ions with ,8-rc.'lorcylic acid. 

Procedure.-Standa.rd solutions of uranyl nitrate were prepared by direct weighing of 
analysed sample of uranyl niLrate(A.R.). Uranium content was estimated gra.vimetrically8 • 

,8-Resorcylic acid, prepared from resorcinol by tho potassium bicarbonate method, was 
recrystallised from water and dried. The individual solutions and mixtures were kept 
immersed in T & M thermostat at 2f>0 ±0.1 ° fort hr. (ca) to attain equilibrium. The absorp
tion spectra were recorded on a. Unicam SP 500 spectrophotometer. All pH measurements 
were made ·with a Beckman pH-meter, model H-2. The pH was adjusted by adding suitable 
amounts of a dilute NaOH solution. The composition of the complex was studied by Job's 
method' 0

, mole-ratio method'', and slope-ratio method'•. 

Nature of the Complexea Formed.-Mixtures containing 1:1, 1:2, and 1:3 ratios of 
uranium to I\RA were preparoo at pH 4.2, keeping the total volume 50 ml in each case. 
In each case the maximum absorbance was foWld between 454 mfL a.nd 478 mfL and mini
mum absorbance at 462ml-'-. The isoa.bsorptive region of (454 IDfL to47BmfL) of maximum 
absorbance clearly indicates that in the colour system under investigation, the reagent 
form<" only one complex in solution with uranyl ion under the condi~ious of study 

Infiuenu_ of R-ion Conu_ntration on the Stability of the Complex.-The absorbance of 
mixtures containing uranyl nitrate and the reagent in 1 : 1 ratio at djfferent pHs were 
measured a.t 478 ID!J-- The maximum absorbance wa.s at pH 4.2. The complex is sensitive 
even to a small change in pH. 
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Composition of the Complez 

Job's Method.-Optical densities of the solutions (pH 4.2), prepared by mixing x ml 
of O.OJM-BRA solution with (12-x) ml ofO.OlM uranyl nitmte !>olution were determined 
at 452 m,_,., 4-78 ID!J-, and 500mf.L agn.inst corresponding strength of uranyl nitrate solutions 
of pH 4.2. The final volume of the mixture was made to 50 ml with distilled wal:ier. Absor
bance values were plotted againfit the ratios of concentrations of uranyl ion to the total 
concentration of the reagent and uranyl ion showed maximum at the ra. tio of 0.5, indicating 
the formation of l: l complex. With 0.005 112 solutions of the reactants, tho same conclusion 
was arrived at .. Results obtained are shown in Fig. I. 
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FIG, 1 

Each curve havs a broad maximum which is indicative of appr.:>ciabla dissociation 
of the complex. 

Slope-ratio Method.-Thc absorbance of the solutions of both senes was det)rmmed 
at pH 4.2 and at 478 mu a.nd 500 ID!J- against corresponding solutions of uran""l nitrate of 
pH 4.2. Results obtained are shm-l'D in Fig. 2. Curves obtained are parallel to each 
other, thus having the same value for the slopes J?kowing that the molar composit.ion 
is 1:1. 

Mo~e-ratio Methocl.-Employing equimolar solutipns of the reagent and uranium~ a 
JJerjes of solutions having the ra.tjo of ~niuw to the reageztl! varying rrom. 1 :0,~ tq 1:12 



COMPLEX. FORMATION BETWEEN URANYL IONB AND ~-RESOBI !i'Wf. 
were p~p11.roo (pH 4.2) and their optical densities measured at 478 ID!J. a.nd 
curves shown in Fig. 3, show a brea.k &t the mol r&tio of 1:1. 
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~-Resorcylic a.c1d can be used for the ee.timation of uranyl ion, but as shown by 
Viva.relh9 , the disadvantage is the interference by Ag, Al, Bi, Co, Cr, Cu, Bg, Ni, Pb, Sb, 
Sn, Ti, Zn., citrate, tartrate, oxalate, phosphate, cyanide and nitrite. Moreover, the 
compiex is high.y qensitjve eve11 to a. small change in pH, 

i 
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The pH of ~-resorcylic 11.cid somtion (50 ml of O.fll M; pli 2.85) was found to decrease 
to 2.0 when one equivalent at 0.1 M (5 ml, pH 2.45) uranyl nitrate was added, thus 
indicating an increase in the H+-ion concentr11.t;on of the mixture, possibly to the 
dil'lplac£"-ment of the phenolic OR by tho uranyl ion. The react;on-of the formation of 
the comple-x can be rcpresen ted by 

0 
/"-.__ II 

I 1

-c-o- + 
uo.•t 

HO-"-../-OH 

If the d;ssoci&t-ion of the complex bo represented by 

AEn A+ nB 

0 0 (initial cone.) c 
C(l- ...::) ..;:C n ..;:C (equilibrium cone.) 

the dissociation ronst-ant may be written as 

(<>(C)(n"'-C( 
Kr>( -- C (1- r>() 

The value n for the complex having been determined, the value of a< may be obtained 
from F1g. 3 by the relation: 

Em-R,., 
<>( = --E----;;;--

where li:m and Es have the u~ual significance. 

Thus, 
0.152 - 0.076 

to( - 0.152 = 0.50 

x .._ = 2.0 x w-• 

The same value iE arrived at from Fig. 3 at 500 m11-. The stability constant K' if'l equal to 
5.0 X 1(,3 . 

The standard free energy of formation oi the complex is calculated from the relation 
t:::,F"=RT/lnk and comes out to be -5.07 kcal.Jmole at 25°. 

Moleeuh.r extinction coefficient, e, is equal to the slope of the straight line (UO/+ 
verying, 478 m!-L) in Fig. 2 and is equal to 3.33 x 102

_ 
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