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ABSTRACT 

. The thermodynamic equilibrium constants of the 3J” transition metals [Zn’ - (3tl”‘). Cu’ . (3tl’). 

PTizi(3clx). Co’-(3J’). and MnzL(3J’)] complcxcs with the nxvgcn donor ligand 5S’thiodisalicylic acid 

(TDSHJ) and sulphur donor ligand a-mercaptopropionic acid (MPA) have hccn dctcrmincd potcntiomct- 

rically at 35 LO. 1°C. The thermodynamic paramctcrs AG. 1 I? and AS have hccn calculated. The nitrogen 

donor &and biurct (BT) has been included here for comparative studies of the complcsing bchaviour. 

The transition series contraction energy E, (Mn-Zn) and thermodynamic ligand field stabilization cncrg 

“SII” of the metal complcscs have been evaluated. The inner orbital splitting values of the complcsos 

show the order for the ligand activity to be BTbTDSH, =-MPA= H,O. 

INTRODUCTION 

The equi!ibrium constants and thermodynamic ligand field parameters have an 
immense importance in analytical chemistry. Some studies on transition metal 

complexes and analytical behaviour of 5,5’-thiodisalicylic acid (TDSH,) [l-5] 

[C,H,(OH)COOHSC,H,(OH)COOH. structure L]. cy-mercaptopropionic acid (MPA) 
[6,7]. (HSCH2CH,COOH, structure II) have been reported earlier. The industrially 

important ligand Biuret (BT) [8-121 (H,NCONHCONH2. structure III) has been 
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included here for comparative studies of the complexing behaviour and inner orbital 

splitting of the 3d” transition metal complexes. The stability constants and other 
relevant thermodynamic parameters of the BT complexes have been studied by us 

WI- 
In the present paper, stability constants and thermodynamic parameters of Zn'-+ , 
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Culi, Ni’f. Co?” and Mn” with TDSH, and MPA have been studied at 
35 = 0. I “C. An attempt has been made to calculate the contraction energy of the 
transition serk and the thermodynamic l&and field stabiIization energy of 30” 
metal complexes and their results have been discussed. 

ESPERIMENT.AL 

The stability constants of BT [ 131 at 25°C and 35°C and TDSH, [S] and MPA [6] 
at 25°C with Zn”‘(3d’O). Cu”(3d’). Ni’+ (3d”), CozC(3n7) and Mn’+(3d’) ions 
have been reported by Srivastava et al. 

All the titrations of the TDSH, and MPA complexes with Mr?‘, Co’+. Ni’*, 
Cu”i and Zn’+ metal ions at 35O F 0.1 OC were carried out using CO, free 0.1 M 
NaOM. Solutions were brought to 0.1 M ionic strength by addition of the requisite 
amount of KCIO,. The final volume of titrant mixture [mixture I. HCIO, (0.02 M); 
mixture II. HCIO, (0.02 M) + Iigand (0.01 M): and mixture III. HCIO, (0.02 M) + 
ligand (0.01 M) + metal solution (0.05 M): ( w ere h ligand stands for TDSH, or 
IMPA)] was adjusted to 50 mi. Nitrogen gas was bubbled through the solution to 
provide an inert atmosphere. 

The hydrogen ion concentration was measured using a Phillips pH meter with a 
glass calomel electrode assembly at a constant temperature of 35 -C 0.1’. 

CALCULATIONS ANI) KESULTS 

The nature of the titration curves obtained is similar to that reported earlier [5.6]. 
The A,,, r~ and pL were calculated by using the relationship derived by Irving and 
Rossotti [ 141. A plot of the degree of formation, A,, of the proton vs. pH was used 

for the estimation of the proton-ligand stability constant (pK) with the aid of 
Bjerrum half integral method [ 151. The estimated pK values are given in Table 1 
along with values at 25°C. The metal-ligand formation curves was obtained by 
plotting fi vs. pL. The metal-l&and stability constants were obtained by using point 
wise calculation and a graphical method [14]. The stability constants and overall 
stability constants (log /3) along with the values at 25°C are reported in Table 1. 

To determine the values of overall changes in free energy (AG), enthalpy (AH) 
and entropy (AS) the well known temperature coefficient equation and the Gibbs- 
HeImhotz equation were employed, viz. 

AG= -2.303 RTlogK 

AH= 
2_303RT&(log K, - log K,) 

r, - r, 

and 

AS/+-G 
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where R is the gas constant, Ti and T’ are the temperatures in absolute degrees and 
log K, and log K2 are constants at T, and T2, respectively. Table 1 incorporates the 

thermodynamic parameters. 

THERMODYNAMIC LIGAND FIELD STABILIZATION ENERCi\ 

The contraction energy of the transition series (E,) [3d5-3dr0] is a function of 
the temperature coefficient of the reaction i.e. the energy change 

Z&+(q) i MnX” (n aq) - ZnX’+ (n aq) + Mn’+(g) 

So the E, value is a measure of the influence on the ligand of the greater effective 
ionic charge of Znz+id”) ion relative to Mn’+(ti5) and is expressed by the 

equation 

E, = - [AHL(Zn”)] + (Mn”+) AH, (1) 

where 

A&(M”+) = AHHr(M2+) + AH,.M”) 

and 

(2) 

E, = - [AH,,(Zi?+) + AHJZn”‘)] + [AH,,(Mt?+) + AH,(Mn”+)] (3) 

Here AHHr(M2+) [M = Zn. Cu, Co or Ni] is the relative value for Mn” of the 
hydration energy of the transition metal ions (AHHH j. viz. M’+(g) - M”+ (aq) and 

AH, is the relative value for Mn2’ of the free energy change ( AG) of the complexes. 

The value of hydration energy, AH, are those given by George and McClure [ 161. 
If it is assumed that al1 the complexes [Mn”‘(d5)-Zn’C(3d’0)J have the same 

symmetry. viz. six coordination (octahedral) or four coordination (tetrahedral/square 
planar), the thermodynamic ligand field stabilization energy (LFSE). “6H ‘*. in 

d3 d4 d* d6 d' de ds d70 

hh2’ &2’ Ni2t &2t &2t 

3d”- 

Fig. 1. Plot of A HL vs. 3d” for A, TDSHJ and B. MPA. 
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TABLE 4 

Thermodynamic ligand field stabilization energy (SH) =. and LFSE (optical) of the Riurct complexes 

Metal ion 6H" LFSE IO Drf h LFSE M”(BT) 
(kcal mole- ‘) (kcal mole - ’ ) (cm-‘) 

optical data optical data LFSE M’ ’ (aqua) 

Co’ .t 35.42 15.39 9NlO I .4x 
Ni’+ 45.12 28.93 X460 1.32 
CL?+ 38.12 22.05 12900 1.44 

’ SH values arc taken from ref. 13. 

h The value of IO Dq and LFSE are calculated from the optical data [8.12]. 

complexes of 3d” metal ion M*’ may be expressed by 

SH= (AH,)d” --XE, (4) 

where X is a constant and depends upon the number of electrons in the 3d orbital 
(X = 0.4 for d ‘, 0.6 for d 8 and 0.8 for dg configurations). 

The plot of AH= of the complexes as a function of the number of 3d” electrons in 

metal ions is shown in Fig. 1. The transition series contraction energy (E,) evaluated 

from the plots are found to be 47.74 and 50.10 kcal mole-’ for TDSH, and MPA 

complexes, respectively. The values of 6H of the complexes as calculated from eqn. 

(4) are given in Tables2 and 3 for the respective ligands. The ligand field stabiliza- 
tion energy of Biuret complexes [ 131 is also shown here (Table 4) for comparison. 

DISCUSSION 

It is observed from the stepwise stability constant data, Table 1, that in all the 

systems log K, (first equilibrium constant) > log K, (second equilibrium constant). 
The overall stability constant of TDSH,-metal complexes follow the order; Mn*’ -K 
Co” c Ni2+ c Cu2+ > Zn2+ which agrees with Irving and Williams’ order [ 171 for 

the bivalent 3d” transition metal series. However in the case of the MPA complex 

the sequence order is Mn*’ < Co” < Ni*+ > Cu2+ > Zn*' , which does not con- 

form with the Irving-Williams order. The unexpectedly low value of Cu2+ is due to 

the reduction of Cut’ (3dg) to Cu’+ (3d’O) by the SH group [6] present in MPA. The 
complexes of bivalent metal ions with TDSH, and MPA are formed spontaneously 
as shown by the negative values of the free energy change (Table I). The value of the 

enthalpy change in all cases is positive, which explains the increase in.values of the 
formation constant with the rise in temperature. The positive value of AS in all cases 

indicates that the complex formation is favoured by an increase in entropy of the 
system. 

The values of the thermodynamic 

bivalent transition metal ions with 
ligand field stabilization energy “6H” of the 
the oxygen donor (TDSH,), sulphur donor 
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(MP.4) and nitrogen donor (BT) follow the order: Ni’+ > Cu’+ > Co”. The low 

value of cuzc confirms the steric hindrance which prevents the formation of a 

four-coordinated structure. In the case of Cuzi(3dV), a stabilization energy of 
JiY;;rl?X = -6 [&J(L) - &(H,O)l is expected here; however, special effects appear, 

as copper complexes display strong Jahn-Teller distortion. Such an effect is accom- 

panied by a decrease in the stabilization energy. A more quantitative comparison 
can be made of 6H and LFSE values with those calculated from the available optical 

data (IO Dq) (where Dq is spectroscopic splitting factor) of the TDSI-Id [ 18.191. MPA 

[7] and BT [8.12] and aquo [20] compIexes....dThe ligand field stabilization energy 

LFSE. from the published optical data is calculated by multiplying Dq by the 

appropriate factors (LFSE optical = 2.85 X 11 X Dq; where n = 6 for 3d9 and 3d’ 
and 12 for 3~‘” configuration in a weak field of Ddh symmetry). These values are 

given in the respective table along with “10 Dq“ values for comparison. The LFSE 

values from optical data follow the same sequence order as 8H values. The SH values 

of the TDSH,. MPA and BT complexes are more than the LFSE values calculated 

from optical data. The higher values reveal that some extra stabilization is present in 
these complexes over and above that estimated from optical stabilization energy. The 

ratio of LFSE (M”L) (where L stands for TDSH4. MPA and BT) to LFSE 

(M” ;Iq) of TDSH,, MPA and BT is - 1.15, 1 and 1.4. The value of AH for the BT 

complexes are more comparable with those for TDSH, and lMPA complexes. The 

SH and 10 Dq values of IMPA and aquo complexes indicate that the COOH and SH 
groups of the MPA and H,O molecules make a very similar contribution to the 
ligand field. With TDSH,. even though two COOH and OH groups are bonded to 

the metal ions. forming six-membered rings, the value of 6H for Co”. Ni’+ and 

Cu”’ complexes are more than the value for the water molecule. 

For the values of 10 Dq or SH produced with the given bivalent metal ions, the 

coordination ability of the above mentioned ligands may be placed in the order 

B-I- > TDSH, > MPA = H,O. 
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