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POTENTIOMETRIC INVESTIGATION OF HIXEO LIGAND COMPLEXES
OF Ni(Il), Co(ll) AND Zn(Il) WITH THIOSALICYLIC ACIO
AND POLYETHYLENEPOLYAMINES

Potentiometric studies of the M (Il)-thiosalicy lic
acidCHgA”™polyethylenepoliamine (E) systems (where: M » Ni,
Co or Zn ions, E-ethylenediamine, diethylenetriamine or

triethylenetetraamine) in ethanol-water NaC10(, solutions
(y =o0,1) reveals the formation of ternary complexes of
[MAE] 0 type. The log Kforin and AG° values of these comp-

lexes were calculated at 25°C. The constitution of formed
complexes was determined as well as the order of their sta-
bilities in term of polyethylenepalyamines and metal ions.

Thiosalicylic acid (TSA) has two possible coordination sites,
sulphydryl (-SH) and carboxyl (-COOH) groups. Sulphur is known to
form weak Ti M—» L bonds, whereas M —»0 bonds are 6 in character.
Ligands with sulphur donor atoms are clasified as soft bases and
those with oxygen donor atoms as hard bases [l]. This is the reason
why the formation of simple and mixed transition metal chelates of
TSA has gained an interest in recent years [2-10]. In the present
study an attempt has been made to investigate the complex formation
of Ni(ll), Co(ll) and Zn(ll) with TSA and polyethylenepolyamines
such as: ethylenediamine (en), diethylenetriamine (dien) and
triethylenetetraamine (trien).

Institute of Ceneral Food Chemistry, Technical University of
Lddz, Poland.



EXPERIMENTAL

Reagents

Thlosalicy lie acid (Marck A. G.) was purified by crystalliza-
tion from methanol. Polyamines (en, dien, trien) (Schuchardt A. G.)
were purified by vacuum distillation and used as their salts with
HC104 (en «2HC104, dien «3HC104 and trien . 4HC104, resp.). (Ni/C104)2,
Co(C104>2 stock solutions were prepared according to procedure [II]
and standarised using EDTA [12, 13]. All the pH titrations were
carried out with carbonate-free NaOH solution. Ethanol-water 50 : 50
(V/V) solutions were used and constant ionic strength (p » 0.1) was
maintained by NaCl104>

Apparatus

pH measurements were performed with precision, digital OP-208
pH-meter Radelkis, equipped with a glass OP-0718P and calomel
OP-0830P electrodes. Radelkis buffers of pH 2.15, 7.05 and 9.21
were employed. Potentiometric titrations were performed under puri-
fied nitrogen, supplied on to the bottom of the water-jacketed
beaker at 25°.

Measurements and calculation procedure

The measurements were carried out as described in previous
papers [14-16]. Several series of titration curves were made. pK
values of ligands calculated from their titration curves by C h a-
berek and Martel1l method [i7] are presented in the
Tab. 1.

Figure 1 shows the titration curves for the systems: 0.001 M(ll)
- 0.01 TSA - 0.01 HC104 - 0.079 NaC104 - H20 (where M = Ni, Co and
Zn). From these curves, the stability constants of simple complexes
have been calculated using Bjerr um method [18] modified
by Calvin and Wi 1s on [19] (Tab. 2). Zinc (Il) com-
plexes are colourless, Ni(ll) - dark-violet and Co(ll) - dark-brown.



Table 1
Ligand acid dissociation constants

Ligand pKj pK2 pKj pka
TSA H2A 5.1A 9.52
H,&m2* 8 7.10 9.70
... 34b
Hjdien 4.55 9.95 10.10
H/trien4* 3.85 6.67 9.20 9.92

a’ b’ ¢ Ret. [14, 15, 16] - respectively.

Fig. 1. Potentiometric titration curves of TSA in absence
and presence of M(11)
Curve 1: 0.01 M TSA - 0.01 MHCI0t - 0.08 M NaClo4. Curve 2: 0.001 M
CoCll) - 0.01 M TSA - 0.01 M HC10t - 0.079 M HaC10; . Curve 3: 0.001 M
Ni(ll) - 0.01 MTSA - 0.01 M HC10k - 0.079 M NaClO,,. Curve 4: 0.001 M
Zn(ll) - 0.01 M TSA - 0.01 M HC10; - 0.079 M NaCIO,



Table 2

Stability constants of the binary TSA
complexes of [MA] and [MAZ] type

Metal lon log log R2
Co(ll) 58 ~ 0.2 41 - 0.2
Hi(11) 6.9 - 0.2 42 1 0.2
Zn () 8.2 x0.3

The potentiometric titration curves have been determined for
following mixed ligand systems:

1) 0.001 M (Il) - 0.01 TSA - 0.01 en - 0.02 HC104 - 0.059 NaC1l04,

2) 0.001 M (ll) - 0.01 TSA - 0.01 dien - 0.03 HC104+ - 0.049 NaCl04>

3) 0.001 M<11) - 0.01 TSA - 0.01 trlen - 0.04 I-KL‘104 - 0.039 NaCIO4.

Figure 2 shows the curves for (1) system for M = Ni, Co and Zn
(a - moles of NaOH per 1 mole of ligand).

The comparison of the potentiometric titration curves of (1-3)
systems with those for systems without polyethylenepolyamines, in-
dicates formation |of mixed chelates by stepwise addition of both
ligands. It is supported by the pH lowering in comparison to binary
systems, the non-superimposable r.ature of the theoretical and prac-
tical titration curves as well as different colour of solutions.

For example the Fig. 3 shows the curves for systems: Co(ll) -
TSA and Co(ll) - TSA - Hzen2\

If HjA is the formula of TSA and HnEmt+ - polyethylenepolyamines
in form of their salts with HC104, the process of mixed chelates
formation may be shown according to eqs. (1-2):

M2+ & HPA + 20H' = [MA] & 2H20 (1)
[MA] & HhEn+ + nOH' = [MAE] + nH20 (2)
K, -M €]

[MA]  [E]



Fig. 2. Potentiometrie titration
systems: 0.001 MM (Il) - 0.01 MTSA - 0.01 M
en - 0.02 M HC10t - 0.059 M NaC104, where
M (II) =Co(ll) (curve 5), Zn (1)

and Ni(ll) (curve 7)

curves of

(curve s6)

Fig. 3. Potentiometric titration curves: of

0.01 M TSA (curve B) and systems 0.01 M TSA

¢ 001 MCo(ll) (curve 9) and 0.01 M TSA +

¢ 0.01 HCo(ll) +0.01 Men<2HC104 (curve 10)
(» =0.1)
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we have calculated by the method of Thompson and L o-
raas [20]. Free energy formation values were calculated from
equation (4):

AG® * RT In Kmae (4)
The evaluated values are presented in Tab. 3.

Table 3
Formation constants KMAE and free energies of
formation AG° of mixed complexes

Complex 1Q9 KMAE AG°[kJ/mol-K]
[CoAen] 432 - 0.08 -24.64
[CoAdien] 5.47 i 0.17 -31.20
[CoAtrien] 7.02 - 0.12 -40.05
[NiAen] 5.78 - 0.10 -32.97
[NiAdien] 7.15 - 0.09 -40.79
[NiAtrien] 9.31 - 0.18 -53.11
[ZnAen] 475 - 0.12 -27.10
[ZnAdien] 5,52 - 0.22 -31.49
[ZnAtrien] 7.10 - 0.10 -40.50

The order of stabilities of simple tiosalicylates in term of
metalions is: Zn(Il) > Ni(ll) =Co(ll).

It is in good agreement with Il rvin gWi 11i ams con-
clusion [21]. For the mixed ligand chelates of [MAE] type the order
is following: Ni(ll) = Zn(ll) > Co(ll).

The explanation for this change is the different affinity of
these ions to sulphur arid nitrogen atoms [22, 23] (cation Zn(ll)
with 3d” electron configuration shows less ability for d-electrons
engagement in the bond).

In term of polyamines the order is:

trten > dien > en



It is interesting, that replacement of en by dien causes small-
er stability increase than replacement of dien by trien. The expla-
nation may be that complexes of [MA trien] type are internaly satu-
rated, on contrary to [MA en] and [MA dien] complexes, with four and
five bonds between metal ion and ligands respectively.

REFERENCES
[1] R. G. Pearson, 3. Am Chem. Soc., 8> 3533 (1963).
[2]R. Ramamani, S§& Shanmuganathan, Current.
Sci., 37, 39 (1968).
[ S.V. Il arlonow, V.M 8ul man, L. A Podo 1-

s kaj a 1. Neorg. Chim., 9(10). 2333 (1964).

[41 A NN Kumar, H L. Nigam Ind. 3. Chem.
(1967).

[51 AA. N. Kumar, M. Katyal 3. Prakt. Chem., 33(3-4).
160 (1966).

[6] M. V. Reddy, P. K. Bhattacharya, 3. |Inorg.
Nucl. Chem., 32, 2321 (1970).

[7] K. P. Oubey, M K Koul, Rev. Chim. Miner., 8, 819

(1971).

[ S Pr akas h, P. C.C. Srivastava A M Ku-
mar, H L. Ni gaa, 3. Electrochem. Soc. India, 20, 101
(1971).

97 V. Kuma r i, R. ¢. Sharma, G K. chatUr Ve-
d i, 1. Indian chem. SoOC., (2, & (1975).

(1o V. Kuma r i, R. . Sharma, G. K. chatur Vv e-
d i . Rev. Rou«. De chimie. 23(8). 1275 (1978).

(117 P. UuiImugren, 0. wahl!berg, Acta chim. Scand.,
A-28, 631 (1974).

(121 H Flaschka, EOTA-Tltrations, Oxford 1964.

[13] F. Welcher,. Analityczne zastosowanie kwasu wersenawe-
go, PWN, warszawa 1963.

[14] 3. Mastowska, 3. szmich, Polish. 3. Chem.,
|13 672 (1984).

[15] 3. M astowska, 3. Szmich, Polish. 3. Chem.,

12, 1009 (1985).



[I1é] J. Mastowska, J.. Szmi c h, Zesz. Nauk. Pt, 4i; 121
(198B).

[17] S. Chabarsk Jr., Ao Mar te 1li, J. An Chem. Soc.,
74, 5052 (1952).

[18] J, 9j et cii i, Metal Amraine Formation In Aqueous Solution,
P. Haase and Son, Kopenhagen 1941.

[19] M. Calvin, K Wilson, J. An  Chem. Soc., 67,
2003 (1945).

[20] L. C. Thompson, J.. A, Lor aas, Inorg. Chem.,
2, 89 (1963).

[22] HO Trving, R.s. P. Williams, J. Chem. soc.,
3533 (1953).

[22 S. Ahr 1and, . Chatt, MR Davies, Quart

Rev., 12, 265 (1958).
[23] RR. M. Tichane WE Bennet, J. An Chem Soc.,
79. 1293 (1957).

Joanna Mastowska, J6zef Szmich

POIENCJOMETRYCZNE BAOANIA MIESZANYCH KOMPLEKSOW
Ni(Il), Co(ll) | Zn(ll) Z KWASEM TIOSALICYLGWYM
| 'POHETYLENOPOLIAMINAMI

Na podstawie potencjometrycznych badan ukladéw: M(ll)-kwas tio-
salicylowy (H2A)-polietylenopoliamina (E) (gdzie: M =Ni, Co i Zn,
E-etylenodiamina, dietylenotréjamina i trietylenotetraamina) w wod-
no-etanolowych roztworach NaClO™ (p =0,1) w temp. 251 0,1*C stwier-
dzono powstanie trdjsktadnikowych komplekséw typu [MAE]JO. Wyznaczo-
no ich skiad oraz state tworzenia log K i wartosci liczbowe energii
swobodnej tworzenia  AGO. Okreslono takze szereg trwatosci powsta-
lca(inh kompleksow w zalezno$ci od polietylenopoliaminy i jonéw me
alu.



