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Studies on Coordination Compounds of Uranyl Acetate 
with Some Orgaliic Substances 

The System : Uranyl Acetate-Pyrocatechol-Water 

By S. K. MISRA, SUBODH N. KAPOOR and C. S. PANDE 

With 3 Figures 

Summary 
Conductometric, colorimetric and pH observations of the mixed solutions of ursnyl 

acetate and pyrocatechol revealed the existence of two complexes at (1 : 1) and (1 : 2) moIe- 
cular ratios. (1 : 1) compound has been isolated and its uranium and pyrocatechol contents 
estimated. 

Pyrocatechol and uranyl acetate complexes in aqueous solutions have not 
been studied in much detail so far. Uranium forms a variety of coordination 
compounds with other phenols, it  is quite likely that pyrocatechol will also 
show a marked tendency towards complex formation with uranium. MULLER~) 
has prepared and analysed many uranyl salts of phenols, but not of pyroca- 
techol. Recently M. N. RAO and BH. S. V. R. R A O ~ )  have studied the com- 
plexes formed between p-chloro, p-sulfo and p-nitrophenol and uranyl ion. 
MEHROTRA and K A P U R ~ )  have studied physicochemical properties of Zr and 
catechol Qomplexes and also prepared some of them. MARTELL and cowor- 
k e r ~ ~ )  have studied aqueous complexes of U (VI) with 3,5-disulfopyrocate- 
chol (Tiron) at  all pH values. Tiron andUO,++ give soluble systems down to a 
1 : 2 ratio even at  higher pH. This survey reveals that pyrocatechol and 
uranyl salt complexes may be studied in detail and the present communica- 
tion deals with the same. 

l) ALAN A. COMYXS, Chemical ReLiew, 1'1. 60, No. 2, The coordination Chemistry of 

2, IT. NlGESHWAR Kao and BH. s. V. RAGHAVA Rao, z. physik. Chem. (Leipzig) 212, 

3) R. N. KAPUR and R. C. MEIIROTRA, Z. anorg. Chemie, 293, 92 (1957), ibicl. 

4, A. E. XARTELL, R. BOGUCKI, R. L. GUSTAESON and Y. MURAKAMI, Congr. intern. 

Sctinides p. 124 (1960). 

267 (1959). 

100. 

chim. pure et  appl., I@, Paris 19.57, Mem. Sect. chim. minerale, 355 (Pub.1958). 
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Pliysicochemical studies of the solutions of uranyl acetate and pyrocate- 
chol showed the evidence of the formation of two complex compounds at the 
iiiolar ratio3 ( t : 1 ) aiid (1 : 2 )  in solution. 

Experimental 
P r o (  r d u r e .  Stock solutions of Mj20 uranyl acetate dihydrate (13. D. H./A. R.) and 

M / l U  pyrocatechol (13. D. H.l.4. R.) were prepared for the preparation of mixed solutions. 
Pyrocaterhol was recrystallised by the usual procedure. All solutions were made in con- 
ducti5:ty water. A set of 20 mixed solutions was prepared by following NAYAR and YANDE'S 
3Jonovariation method5), viz. the concentration of uranyl acetate was kept constant in  all 
the solutions whtle that  of pyrocatechol varied systematically from 0.0 to  0.38 M. The rom- 
position5 of  th r  solutions arc given in column 2 of Table 1. 

Table 1 

1 Ml. pyrocatechol 
Solution i (M/10) added to 10 ml. 'peCific con- 

ductance ot uranyl accttLtc 1 
I 

( X  104) 
"O' 1 (M/?O) 

1 

;I 
4 

t i  
7 
8 
9 

10 
1 3  
1:' 
13 
1 4  
15 
16 
17  
18 
1 !I 
"I 

> - 

J 

4.499 

I 5.275 
i 6.486 

6.52:' 
6.R13 
6.375 

~ 6.820 
7.224 
7.200 

1 8.438 
8.998 

1 9.802 

, 4.928 

, !1.435 

16 10.376 
11.188 
12.360 
12.700 
13.324 
13.7% 

Optical 
Density 

(1.320 
0.410 
0.410 
0.498 
0.522 
0.500 
0.510 
0.550 
0.638 
0.700 
0.624 
0.590 
0.560 
0.512 
0.442 
0.378 
0.354 
0.322 
0.300 
0.280 

PH 

3.3(1 
3.32 
3.36 
3.4CJ 
3.38 
3.42 
3.43 
3.46 
3.48 
3.46 
3.52 
3.56 
3.58 
3.60 
3.64 
3.66 
3.68 
3.76 
3.80 
4.20 

C o n d u c t i v i t y .  The conductivit, of these solut.-ns was determ ... e by using an 
electrical magic eye apparatus (Type GM 4249/Philips) a t  35 "C & 0.1. A pyrex glass conduc- 
tivity cell with platinum electrodes was used for such measurements. At least three readings 
were taken for each solution and the cell was rinsed several times with the solution before 
noting the readings. The results are recorded in Table 1. 

3 )  31. R. N-4~~44~ and C. S. PAXDE, Proc. lnd. Acad. Sci. S i  A, 286 (1948). 
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p H - m e a s u r e m e n t s .  The pH-measurements were made on a Pye pH-meter (Cat. 
S o .  110 3) using a glass electrode. The results are shown in Table 1. 

C o l o r i m e t r y .  The results of colorimetric measurements of these solutions are re- 
corded in  Table 1. The Wave-length employed was 420 my. A Klett-Summerson colorirneter 
was used for such measurements. The relative optical densities mere calculated for each solu- 
tion. 

When the values of sp. conductivity, optical density and pH of the solutions are plotted 
against the varying volumes of pyrocatechol, curves are obtained as gii en in Pig. 1. 

Table 2 
p H - t i t r a t i o n  v a l u e s  of Njl00 pyroca tecf ro l ,  (1 : 1) a n d  (1 : 2) m i x t u r e s  of u r a n y l  
a c e t a t e  and p y r o c e t e c h o l  c o n t a i n i n g  d i f f e r e n t  a m o u n t s  of e q u i v a l e n t  a l k a l i  

Solution 
no. 

Equivalent alkali 
added ml 

1 
2 
3 
4 

(i 
7 
B 
9 

10 
11 
12 
13 
14 
13 
16 
1 7  
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 

J 

0 
0.2 
0.4 
0.6 
0.8 
l.(J 
1.2 
1.4 
1.G 
1.8 
2.0 
2.2 
2.4 
2.F 
2.S 
3.0 
3.. 
3.4 
3.c 
3.8 
4.0 
4.2 
4.4 
4.6 
4.8 
5.0 
5.2 
5.4 
5.6 
5.8 
6.0 

I-'H 
M/lOO pFrocate (1: 1) (1 : 2) 

c*hol. niisturc mis tun. 

3.00 
3.28 
3.40 
3.80 
4.11 
4.96 
5.67 
6.80 
7.25 
1.(4 
S.60 
9.20 

10.35 
10.79 
11.00 
11.20 

r r  

3.00 
3.12 
3.20 
3.28 
3.40 
3.52 
3.70 
4.00 
4.20 
4." 
5.30 
5.53 
5.72 
5.98 
6.10 
6.32 

G.98 

?.Mi 

8.40 

s.72 

9.CIO 
4.24 
9.4U 
9.65 
9.88 

l(J.10 

- 

_. 

- 

- 

- 

3.20 
3.32 
3.40 
3.50 
3.60 
3.70 

3.88 

4.12 

- 

- 

- 
4.%J 
- 

4.90 

5.20 
5.41 

6.41 

1.40 

8 3 8  

9.20 
9.40 
9.80 

10.10 
10.21 
10.46 
10.50 

-. 

- 

- 

- 

- 
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p H - t i t r a t i o n s .  pli-titrations were made on a Pve pH-meter (Cat. Xo. 1103) by 
adding KOH from a niicropipette to 20 ml. soh.  of (1 : 1) and (1 : 2 )  mixtures of uranyl ace- 
tate and pyrocatechol and the solution stirred after each addition for two minutes. It \%as 
left for about 2 minutes more t o  attain the  equilibrium, and the reading noted after car11 

if2 
pH-litrotions 

y. Conduclance,pH& Opticof Densit 
The Sysfem: 

U02 Ar - Caiechol -Water 

I I I I 

MI Pyrocolechol ffl/$l) Added 
5 10 T5 20 I 

a. 7 

0.6 

0.5 f 
p 
Y) s 

0.4 .& 
- 
U 0 .- 

0.3 

h 

11 

10 

9 

1 8  
5 

7 

6 

5 

4 

3 
0 7 2 3 4 5 ,  

fquivalent Alkoli Added (MU - 
Fig. 2. 

Conducfometric ntrolians 

u- 

$ 6  

I :  1 
5' I : 2 '  

5 I I I 
0 7 2 3 4 5 6  

iquivalent Alkali Addfd Ifl1.I - 
Fig. 3. 
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addition. For purposes of comparison M / l O O  pyrocatechol was titrated against the equivalent 
alkali u-nder similar conditions. The results are recorded in Table 2 and Fig. 2. 

C o n d u c t o m e t r i c  t i t r a t i o n s .  Conductometric titrations were carried but using the 
same magic eye apparatus as described above a t  35 “C A- 0.1. To (1 : 1) and (1 : 2) mixtures 
of uranyl acetate and pyrocatechol varying amounts of KOH of known strength were added 
from a micropippete, keeping the total volume in each case constant. The solution was stir- 
red for 15 minutes and left for another five minutes t o  obtain the temperature of the bath. 
The observations for the titration are given in Table 3 and Fig. 3. 

Table 3 
C o n d u c t o m e t r i c  t i t r a t i o n  v a l u e s  of (1 : 1) a n d  ( 1  : 2) 

m i x t u r e s  of u r  a n yl  a ce t a t e a n d  p yroca t e c h o  1 c o n  t a i n i n  g 
d i f f e r e n t  a m o u n t s  of e q u i v a l e n t  a l k a l i  

KO. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
1 2  
13 

Equivalent 
alkali added 

rnl. 

0 
11.6 
1.0 
1.5 
2.0 
2.5 
3.0 
3.5 
4.0 
4.5 
5.0 
5.5 
6.0 

Sp. conductivity ( x 10‘) 

(1 : 1) mixture 

7.100 
G.75(J 
6.442 
6.100 
5.505 
5.653 
6.278 
6.775 
7.124 
7.432 
7.719 
7.848 

(1 : 2) mixture 

8.200 
7.953 
7.778 
7.605 
7.434 
7.266 
7.032 
6.788 
6.420 
6.492 
6.628 
6.714 

7.956 6.838 

I s o l a t i o n  of t h e  c o m p o u n d s .  Although it is evident from the physicochemical data  
of the system that  a 1 : 2 compound is formed in  solution, i t  could not be isolated in the 
solid state. It shows tha t  although a (1 : 2) compounds is formed in  solution, it cannot be 
prepared in the solid state. 

U0,(C*6H,0,). To an aqueous solution of uranyl acetate was added pyrocatecho1 dis- 
solved in  water so that  the stoichiometric ratio of (1 : I) was established between uranyl 
acetate and pyrocatechol. The mixture was evaporated on a water bath for some time and the 
solution left overnight. The crystals formed were washed with alcohol and separated. The 
crystals were shining, dark-brown in colour and needlelike in shape. 

E s t i m a t i o n  of u r a n i u m .  The U-content in the compound was estimated by the 
“oxinate” methodti) and the percentage calculated from the theoretical values. The theore- 
tical values were in excellent agreement u i th  the calculated values for uranium. The results 
are given in Table 4. 

c, -4. I. Vocm, A Text Rook of Onantitatire Inorganic Analysis, Ed. 1951, p. 471. 
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E s t i m a t i o n  of 1'yroc.a t e r h o l .  Pyrocatechol conteut was determined following the 
techniques similar to  those employed by SHIRBIA arid B~EHROTRA?), by oxidation with ceric 
sulphate. Dissolved the compd. in  a little conc. A. It. H,SO,. Took 10 c. c. of it, added 10 c. c. 
of Nil0 Ceric sulphate solution and 10 c. c. of conc. A. B. HZSO,. Refluxed on a water bath 
for about two hours to complete oxidation. Added distilled watw so that the normalitj- 
becomes 6 N. Titratcd the excess of ceric sulphate with standard Xi10 ferrous animoniuni 
sulphate solution using N-phenyl anthranilic Acid a indicator and the yo of pyrocstechol in 
the compounds ralculatcd. The results were not very good, nnd  are recorded in 'I'able 4 

'rabic 4 

I CO,(CSH,O2) 
ICxperi- 
ment- ' 

?\TO . 
')h of urariuim of pyrocatechol . 

Estima- 1 Theore- Differ- Estima- Theore- ~ Ihfter- 
l ted. I tical 1 ence ~ ted. tical 1 enw 

1- 
~~ 

1 ' 61.64 1 ' 0.81 I 22.44 I , I 6.25 
1 (i1.46 ' 6.10 

4 61.60 I , 0.75 1 22.47 6.22 
5 61.44 1 0.91 22.84 S.X.5 

3 61.56 I 63.35 1 0.79 I 83.51 %.(i!J ' :,.:I8 
I 

The percentage of pyrocatechol determined was not very satisfactory because t h c ~  
method did not give good results even when pyrocatechol was determined in a known s a n -  
ple, although the possibly of formation of (1 : I )  compound is well establishrrl 4 rthin the 
rnngc. 

Discussion 
An examination of curves 8, €3 and C inFig. 1 which represents the results 

of conductivity, pH and colorimetry shows that there are two definite breaks 
in each case in the regular curves at  intervals corresponding to 5 c .  c., and 
10 c. c. of pyrocatechol solution. Since pyrocatechol solution was M/20 in 
strength? these values correspvnded to 10 c. c. and 20 c. c. of Mi l0  pyrocate- 
chol solution. As ea.ch solution contains some quantity of uranyl acetate 80- 

lution (i. e. 10 c. c. of Mil O), the ratios of uranyl acetate t o  pyrocatechol at 
these points are (1 : 1) and (1 : 2) which corresponds to the formation of two 
compounds in solution. Curve A is for conductivity while B and C for pH 
and colorimetry respectively. 

Fig. 2 represents the values of pH-titration of uranyl acetate-pyroca- 
techol mixtures against equivalent alkali. Curve A is for MjlOO pyrocatechol 
while B and C for (1 : 1) and (1 : 2) mixtures respectively. Curve B shows an 
inflection at  2 equivalents of alkali while C a t  four equivalents. 

7) N. N. SIIARVA and H.  0. ~ L E I T E O T R A ,  ~Iiialytica, Chim. Acta (;2insteitliimi, 13 41!) 
(1'355). 
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The addition of a solution of equivalent alkali to a solution of uranyl ace- 
tate in pyrocatechol in the molar ratio of (1 : 1) (Fig. 2, curve B) increases 
the pH of the latter. The continued addition of alkali results in a sudden rise 
in pH when two equivalents of alkali have been added. With any further 
addition of the alkali, the pH rises very slowly. The rise in pH is due to the 
removal of H t  ions, and when all the Hf ions have been liberated, the pH 
rises due to a rise in the H-ion concentration. The break in the graph a t  two 
equivalents of alkali, therefore, may be attributed to the formation of (1 : 1) 
complex in solution. The possible reaction niechanisni may be given as fol- 
lows : 

1 

I will then react with KOH forming the (1 : 1) compound 

1 1  H - + 2 X - T 2 K O H +  UO3/ 1 1 + 2 H 2 O + 2 K X  (2)  :q 
(n--2) H,O 

T I  

An examination of curve B in Fig. 2 ,  which represents the titration 
values of (1 : 2) mixture of uranyl acetate and pyrocatechol shows that when 
4 equivalents of alkali have been added, the curve shows an inflection which 
infers the formation of a (1 : 2 )  chelate. In  this case the possible mechanism 
can be given in the following manner. Firstly, a molecule of pyrocatechol 
reacts with uranyl ion, thus, 

111 then reacts with another mole of pyrocatechol, 

I V  

I V  on titration with KOH forms the (1 : 2) compound. 
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Fig. 3 represents the changes taking place in conductance when equiva- 
lent alkali is added in (1 : 1) and (1 : 2 )  mixtures of uranyl acetate and pyro- 
catechol. Curve A is for (1 : 1) mixture while B for (1 : 2) mixture of uranyl 
acetate and pyrocatechol which show one infleetion each at  two and four 
equivalents of alkali respectively. 

It becomes clear from curve A that when two equivalents of alkali have 
been added, the conductance shows a minimum value showing a inflection in 
the curve which is probably due to the formation of (I : 1) chelate in solu- 
tion. 

In the case of curve B, the break is at  about 4 equivalents of alkali show- 
ing that reaction (5) takes place giving a minimum value at 4 equivalents 
of alkali. 
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