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Complexation of uranyl(II) and beryllium(II) ions with 
2,2'-dimercaptodiethyl ether has been studied in 400/o 
ethanolie media by potentiometric and eonduetometric titration 
techniques revealing the formation of an 1 :1  complex in 
either ease. The stability constants of the complexes have 
been determined at ionic strength ~z ~ 0.1M (NaC104) by 
applying Calvin and Melchior's extension of Bjerrum'8 method. 
Log Kstab values are found to be 12.60, 11.96 at 25 ~ and 
12.55, 11.90 at 35 ~ respectively. The vMues of A G, A H 
and A S for the complexation reactions determined at 25 ~ 
are also reported. 

I n t r o d u c t i o n  

Metal complexes of several mereapto compounds have been studied 
by Saxena and eoworkers 1-5. This paper reports the determination 
of composition and stabilities of uranyl and beryllium complexes of 
2,2'-dimereapto diethyl ether at 25 and 35 ~ by applying potentio- 
metric and eonduetometrie titration techniques and also the values 
of A G, A H and A S at 25 ~ accompanying the eomplexation reac- 
tions. There is, however, no reference in the literature on the study 
of the present systems. 

E x p e r i m e n t a l  

2,2'-dimereapto diethyl ether [referred herein as R(SH)2] was ob- 
tained from Evan's  Chemeties Inc. (New York), and other ehemieMs 
used were of Anal-t~ (BI)It) grade. The studies were carried out in 
40% ethanolie media and the ionic strength of the solution was main- 
rained by NaC104. 
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A Cambridge Bench pH meter and electronic eye type eonducto- 
meter  were used for potentiometric and conductometric titrations. 
The Universal thermostat  U3 type (Germany) was used to maintain 
the desired temperature.  The stability constants of the complexes 
were determined from the t i tration curves of the following solutions 
adopting Calvin and Melchior's extension of Bjerrum's method. 

A. 12.0 saM R(SH)2 + 0.1 M NaC104 + 4.2 mM HCI04 + 40% 
ethanol; 
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Fig. 1. Potentiometric titration curves of the solutions, a 4.0 mM 1%(SH2), 
b 4.0 raM R(SI-I)2 d- 4.0 nan UO22+, c 4.0 mM R(SH)2 ~ 2.0 naM UO22+ 

and d 4.0 ram R(SH2) -k 1.0 ram U022+ against 0.1 M NaOH 

B. 12.0 mM R(SH)2 + 2.0 mM metal ion (UOe 2+ or Be 2+) + 0.1 M 
NaCI04 + 4 . 2 r a m  HCI04 + 4 0 %  ethanol against 0.1 M N a 0 H  at 
25 and 35 ~ 

R e s u l t s  a n d  D i s c u s s i o n  

Stoichiometry 

The stoichiometry of the complexes formed between metal  ions 
and the ligand was established by ti trating the solutions containing 
different moles of R(SH)2 per mole of metal  ion against standard 1kIaOtt. 
Fig. 1 shows the pI-I t i trat ion curves of (a) 4.0 mM R(SH2), (b) 4.0 mM 
R(SH)2 + 4.0 mM U022+, (e) 4.0 mM R(Stt)a + 2.0 mM U02 u+ and 
(d) 4.0 mM R(SH)2 + 1.0 mlV[ U022+ against 0.1M-NaOH. The ab- 
scissa 'm' denotes the moles of NaOH per mole of R(SH)2. 

Curve (a) indicates tha t  the protons of the SI t  groups are not titrable 
under the experimental conditions. The addition of equimolar con- 
centration of metal  ion alters the shape of the curve showing the corn- 
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plex format ion between metal  ion and hence the lowering of buff(~r 
region. The inflexion at m = 2.0 (curve b) shows the formatioL of 1 : 1 
complex a,s explained by  the equat ion:  

E,(SH)2 + U02 ~+ + 2 OH-  ~ UO2(RS~) + 2 t t20.  (1) 

I '0 

0"5 

,.o t " ~ \ "  

- ' \ ' N  \ .  b \ 
' \  \ .  

0'5 

0"0 
iO-O 

\ 

\. \ .  
\ .  N. 

\ .  x 

12:e \ . '  14:o \ 

0.0 
I0"0 I1'0 12.0 13"0 14"0 

-J~ N 
Fig. 2. Formation curves for uranyl complexes at a 25 ~ and b 35 ~ 

When  metal and ligand were mixed in the ratio t : 2 and 1 : 4 the 
inflections were obtained at  m = 1.0 and 0.5 resp. confirming the 
format ion of 1 : 1 complex as given below: 

2 R(SH)~ + UO~ 2+ + 2 OH-  ~ UO2(RS2) § R(SH)2 + 2 H20 (2) 
and 

4 I~(SH)~ + UO2 e+ + 2 OH-  ~ U02(RS~) + 3 I=~(SH)2 @ 2 H20. (3) 

Similar curves were obtained for Be 2+ complexes indicating the 
format ion of 1 : 1 complex. 

Conductometric Titrations 

Conductometr ic  t i t rat ions of the solutions containing metal  ions 
and the ligand mixed in different ratios were also performed against 
s tandard  N a 0 H  and the t i t ra t ion curves revealed the format ion of 
1 : 1 complex in both  the cases as obtained from p t I  t i t ra t ion curves. 

Stability Constants" 

The stabil i ty constants  of the above complexes have been deter- 
mined at  25 and 35 ~ by  applying Bjerrum's method 6 as extended 
by Calvin and MelchiorL The solutions of R(SH)2 in absence and pres- 
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ence of metal  ions were t i t rated with NaOH from which the values 
of formation function, ~ and the fi'ee ligand concentration, [A] were 
calculated. The values of 10g Kstab were then obtained from the forma- 
tion curves (Fig. 2) at  ~ ~ 0.5 and found to be 12.60, 11.96 at 25 ~ 
and 12.55, 11.90 at  35 ~ for uranyl and beryllium complexes respec- 
tively. 

Thermodynamic .Functions 

From the variation of stabili ty constants of the complexes with 
temperature,  the values of change in free energy (A G), enthalpy (A H) 
and entropy (A S) accompanying the complexation reactions have 
been determined a t  25 ~ by applying the standard equations s and 
found to be - -  t7.30 kcal/mole, - -  2.10 kcal/mole and 51.0 cal/mole deg. 
for U02-system and - -  16.42 kcal/mole, - -  2.52 kcal/mole and 43.29 eal/ 
mole degree for Be-system respectively. 
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