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The complexation of UO2 § and Th +a ions with 2-mercapto- 
ethanol has been studied by potentiometric and conductometrie 
titration techniques. Uranyl ion forms 1 : 1 and 1 : 2 complexes 
in the pH-range 3.3-6.5 and thorium ion forms I : 2, I : 3, and 
1 : 4 complexes in the pi-range 3.2-4.8 with considerable over- 
lapping. Their log kstab, values are determined at 10, 20, and 
30 ~ at ionic strength ~z = 0.1~[ (NaCIO4)by applying Calvin- 
.Melchior's extension of the Bjerrum method �9 The overall 
changes in thermodynamic functions A G, A H, and A S ac- 
companying complexation determined at 20 ~ are 
- -  19.48 kcal/mole, - -  22.77 kcal/mole, - -  11.23 cal/deg - 
�9 mole for uranyl complexes and - -  33.94 keal/mole, 
- -  4.93 keal/mole, 99.00 kcal/deg - mole for thorium com- 
plexes, resp. 

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

Thiols, containing an active SH group have a wide range of applica- 
tions in biological, pharmaceutical ,  industrial and other chemical fields 
and are well known for their t endency  to form complexes with metals. 
Several metal  complexes of thiols have already been studied by  Saxena 
et al. 1-~. The present communicat ion reports the composition and 
stabilities of 2-mercaptoethanol  complexes of uranyl  (UO2 +2) and 
thor ium (Th +a) ions and the overall changes in free energy, enthalpy,  
en t ropy accompanying  their complexat ion reactions. 

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

2-mercaptoethanol (referred heroin as RSH) was obtained from B.D.H., 
Poole, England, and all the other chemicals were of Anala-R (B.D.H.) 
grade, p]:[-measurements were made on a Cambridge bench pattern (null 
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deflection type) pH-mcter associated with glass calomel electrode assembly. 
Conductance was measured on an electronic eye-type conductometer. A 
universal thermostat U3 type (German) was used to maintain the desired 
temperature. The experimental procedure as described earlier ~, involved 
a series of pH and conductometric titrations of RSI-I in absence and pres- 
ence of different ratios of metal ion to ligand against standard NaOtt.  

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

Stoichiometry 

For establishing the stoichiometry of the complex species formed 
during the interaction of metal  ion and RSH,  the magni tude  of proton 
displacement was determined by  t i t rat ing the solution containing metal  
ion and R S H  in different molar ratios viz. 1 : 1, 1 : 2, 1 : 3, 1 : 4 against 
s tandard  NaOH.  

On the addit ion of N a O t t  to the ligand, a sudden rise in pI-I was 
observed (Fig. 1, curve 1) indicating the non-t i t rabil i ty of the proton 
of S I t  group under  experimental  conditions. The addit ion of an equi- 
molar concentrat ion of metal  ion great ly alters the shape of the free 
ligand t i t ra t ion curve (Fig. 1, curve 5) indicating the complex format ion 
which results in the lowering of buffer region due to the proton displace- 
ment.  

M +n @ RSI-I ~ M(RS) +(n-l) q- I-I + 

where M +n stands for U09. +2 and Th+4. 
Since the extent  of proton displacement depends on the relative 

affinity of ligand for H+ and the metal  ion, it is obvious from the curve 
tha t  the interaction of M +n ion with R S H  is sufficient to compete with 
a relatively high concentrat ion of hydrogen ions. 

For U02+2: The appearance of precipitate and an inflection in the 
vicinity of m = 2 (m being the moles of N a O I t  per mole of RSH)  sug- 
gests the format ion of UO2(RS)2 and UO2(OH)2 in accordance with the 
following equation5 : 

UO2+ 2 q- RSt t  q- 2 OH-  ~ �89 UO~(I%S)2 q- ~ UO2(OI-I)2 q- I tOI t  

An inflection at  m = 1 when metal  ion and ligand in the ratio of 1 : 2 
corresponds to the formation of UO2(RS)2. Since there is no significant 
inflection at m -~ 0.5, the format ion of UO2(I~S) + and UO2(RS)2 must  
overlap considerably in accordance with the following equations:  

UO2 +2 + RSH § OH-  ~ U0~(RS) + § t t 0 H  
UO2 (RS) + § + OH-  ~ UO2(RS)~ § HOH 

UO2 +2 q- 2 RSH q- 2 OH-  ~- UO2(RS)2 q- 2 HOH 
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i.e. 1 : 1 and  t : 2 complexes are fo rmed  s imul taneously .  The inf lect ion 
a t  m z 0.67 when ra t io  of me ta l  to  l igand is 1 : 3, also suppor t s  the  

above  conclusion. 
_For Th+4: The appea rance  of p rec ip i t a te  and  an  inf lect ion in the  

v ic in i ty  of m = 4, suggest  the  fo rma t ion  of Th(RS)4 as the  highest  com- 
plex and  Th(OH)4 in accordance  wi th  the  following equa t ion  

Th + 4 +  1ASH + 4 O H -  ~- ~ T h ( R S ) 4 +  3 ATh(OI-I)4 + HOH 

I0.0 8.0 f~ 
~ 5 , 0  

h.0 

2-0 . . . . .  
0~) I'.0 2[0 3.0 k-O 5,0 6.0 7.0 
crn' moles of Na0H/mole of RSH 

Fig. i. pit titraOions of solutions: 1 4.0X 10-3M-RSH; 2 4.0X 10-3M- 
1ASH + 1.0 x 10-~M-Th(NO~)4; 3 4.0 • 10-~M-RSH + 1.33 • 10-3M- 
Th(NO3)4; 4 4.0• + 2.0X10-SM-Th(NOa)4; 5 4 .0•  

tgSI-I + 4.0 • 10-~M-Th(N03)4 

W h e n  meta l  ion and  l igand  are  mixed  in the  ra t io  1 : 2, 1 : 3, and  
1 : 4 ,  the  p rec ip i t a t ion  and  inflect ions are ob ta ined  a t  m ~ 2.0, 1.3, 
and  1.0 resp. (Fig. 1). These inflect ions suggest  the  fo rma t ion  of 
Th(RS)2 +2, Th(RS)a +, and  Th(RS)4 corresponding to 1 : 2 ,  1 : 3 ,  and  
1 : 4  complexes resp. wi th  considerable  over lapp ing  according to  the  
following equat ions  

Th +4 -~ 2 RSI-I -~ 2 OI-I- ~ Th(RS)2 +2 + 2 I-IOK 
Th(RS)2 +2 ~ RSI-I @ OI-t- ~_ Th(RS)a+ + I-IOIt 
Th(RS)3 + RSI{ -{- OI-I- ,~ Th(RS)4 -}- I-IOH 

Th+4 -}- 4 RSI-I @ 4 O H -  ~- Th(RS)4 @ 4 HOH 

i.e. 1 : 2, 1 : 3, and  1 : 4 complexes  are formed s imul taneously .  I n  all  
the  above  cases the  p rec ip i t a t ion  of me ta l  hyd rox ide  m a y  be expla ined  
as follows : 
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Fig. 2. Conductometr ic t i t ra t ions of solutions: 5 4.6)• 10-3M-RSH; 
4 4.0• 10-3M-RSI-I + 1.0• 10-~M.UO2(N03)2; 3 4.0• 10-SM-I~SH + 
+ 1.33 • 10-~M-UO2(N03)~; 2 4.0 • 10-3M-RSI{ + 2.0 • 10-3M-UO2(N03)2; 

1 4.0• 10-3M-RSH + 4.0• 10-3M-UO2(~2~Os)2 

For 1 : 2 complex 

Th(RS)2 +2 -~- 2 OH-  ~ 1/2 Th(RS)4 ~- ~ Th(Ott)4 

For 1 : 3 complex 

Th(RS)3 + + OH ~- ~ Th(RS)4 ~- ~ Th(OH)4 

For 1 : 4 complex 

Th +4 + RSH + 4 O H -  ~-~ ~ Th(RS)4 ~- 3~ Th(OH)4 -~ HOH 

I n  all cases the  appea rance  of p rec ip i t a te  ru]es ou t  the  poss ib i l i ty  of 
fo rma t ion  of a hyd roxo -me ta l  complex6. 

Conductomet r ic  t i t r a t ions  of R S H  in absence and  presence of me ta l  
ions mixed  in different  rat ios,  aga ins t  s t a n d a r d  N a 0 H  y ie lded  breakes  
in the  curves corresponding to  the  resul ts  ob ta ined  from pI-[- t i t ra t ions 

(Fig. 2). 
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Fig. 3. Formation curves for UO~ +2 system at a 10 ~ b 20 ~ c 30 ~ 

Table 1. Stability Constants and Thermodynamic Functions ]or Uranyl(iI) 
and Thorium(IV) Complexes o] 2-mercaptoethanol 

Uranyl(II)-eomplexes Thoriun~(IV ) -complexes 

Temp., log kl log k2 log k~ log/ca log k4 
~ (1 : 1) (I : 2) (1 : 2) (1 : 3) (1 : 4) 

l0 8.05 7.08 8.62 8.49 8.33 
20 7.73 6.80 8.60 8.46 8.25 
30 8.08 7.03 8.56 8.41 8.30 

A G (kcal/mole) - -  19.48 - -  33.94 
A H (kcal/mole - -  22.77 - -  4.93 
A S (kcal/deg. mole) - -  11.23 99.00 

Stability Constants 

Calvin and  Melchior's 7 extension of the Bjerrum methods has been 
employed for the de te rmina t ion  of s tabi l i ty  constants  of the complexes. 
The pH- t i t ra t ions  of I~SI-I solution a t  ionic s t rength ~ -~ 0.1M (NaC10a) 
in  absence and  presence of meta l  ions carried out  a t  10, 20, and  30 ~ 
against  0 .1M-NaOH and  the concent ra t ion  of bound  ligand, calculated 
from the  horizontal  distance between the  correspol~ding curves, was 
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divided by the total  metal  ion concentration to obtMn formation func- 
tion (~7). At any pH, the value of free ligand concentration [A], was 
calculated from the relation 

[ l~St t ]~ota l -  [RSH]bo.,d 
[A] = H+IS~ + 1 

where ka is the dissociation constant of RSH determined polarographi- 
cally 9 as 31.62• - n .  The formation curves obtained at different 
temperatures by plotting ~ vs. - -  log [A] revealed the formation of 1 : 1, 
1 : 2 complexes for U02 + (Fig. 3) and 1 : 2, 1 : 3, and 1 : 4 complexes for 
Th +4 ions resp. (Table 1). 

Thermodynamic Functions 

The vahles of overall changes in free energy (A G), enthalpy (A H) 
and entropy (A S) accompanying the complexation reaction have been 
determined at  20 ~ with the help of standard equations 10 (Table 1). 

The value of A G is obtained h'om the expression: 

A G - = - - R T  In ~. 

where ~ ~-/clk2 [for uranyl ion(II)] and k2k3k4 [for Th(IV) ion] is the 
overall stability constant. 

A H is determined with the help of an isobar (d In ~)/d T = A H~ 

R T  2. The values of log ~ obtained at different temperatures are plotted 
as a function of 1/T. The gradient of the tangent drawn at  the point 
corresponding to 20 ~ is determined and equated to - -  A H/4.57. A S 
is then evaluated from the relation 

A H - - A G  
A S - -  

T 
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