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CompleJl: formation by Fe(II), Co(II), Ni(II), Cu(II) and Zn(II)
with 3-mercaptopropane-l, 2-diol (MPD) and 2-diethylamino
ethanethiol hydrochloride (DAEl) has been studied potentio
metrically at different ionic strengths (JL = 0.05,0.10,0.15 and 0.20 M
NaCIO 4) at 20 ± 0.5°C and only at II =0.10 M at 30 ± OSC and 40
±0.5°C in aqueous medium using. Calvin-Bjerrum pH titration
technique as modified by Irving and Rossotti. The thermodynamic
stability constants and thermodynamic parameters (AG,AH and AS)
have been calculated in the above systems. The orders of stabilities
have been found to be: Fe(II) > Co(II) ~ Ni(II) < Cu(II) > Zn(II) for
MPD complexes and Fe(II) >Co(II) < Ni(I1)<Cu(I1)>Zn(II) for
DAET complexes.

Polynuclear complexes of 3-mercaptopropane-l, 2
diol (MPD) with Zn(II) and Ni(II) have been reported 1.
No work seems to have been carried out on

mononuclear complexes of MPD and 2-diethyla
minoethanethiol hydrochloride (DAE]) with metal
ions of first transition series. In view of this, we report
here the results of our studies on the potentiometric
determination of thermodynamic stability constants
and related thermodynamic parameters of the
complexes formed by Fe(II), Co(Il), Ni(II), Cu(II) and
Zn(I1) with MPD and DAET.

The solutions of DAET and metal sulphates (AR)
were prepared by direct weighing in conductivity
water. The solutions of MPD and perchloric acid (0.04
M) were prepared from stock solutions by diluting
with conductivity water. Potentiometric titrations
wert carried out with a Philips pH meter (PR 9405)
using Calvin-Bjerrum2•3 technique as modified by
Irving and Rossotti4• Three solutions were prepared
and titrated against standard alkali (0.4 M) using the
techniques mentioned above, A: 4 x 10-3 M perchloric
acid, B: A +3 x 10-3 M ligand and C: B+5 x 10-4 M
metal ion. The total volume was kept at 50 ml and an
appropriate amount of sodium perchlorate (2 M) was
added to maintain the desired ionic strengths.

The pH ranges investigated for M(II)-MPD and
M(II)-DAET systems (M =Fe, Co, Ni, Cu and Zn)
were 3.2-8.S, 5.4-8.6, 5.6-8.8,2.6-4.4 and 6.2-8.7; 3.4-

Table I-Stability Constants and Thermodynamic Parameters of Some Bivalent Transition Metals with MPD and DAET

Metal Ligand Log K 20±OSC 30±0.5°C 4O±OSC 20±OSC 30±0.5°C
ion

II =0.05

0.100.150.200.00.10.1-AG-AH-AS
(kcal

(kcal(cal deg -')
mol-')

mol-I)mol-I)
H+

MPDlog K~11.3311.2411.0910.9111.5011.2610.74
log K~

9.669.579.489.329.779.369.17

log P~

20.9920.8120.5720.2321.2720.6219.91

DAET log ~
11.0110.8310.3610.1411.3010.5310.44

log~
8.057.947.807.728.167.707.66

log P~

19.0618.7718.1617.8619.4618.2318.10
Fe2+

MPDlog K.13.5013.3713.0812.9713.6513.1712.8417.945.7140.34

DAET log K.
12.0011.3811.2811.0012.3511.3011.2423.204.5761.45

10~P2

17.9617.2916.7716.4518.5017.0616.93
C02+

MPDlog Kl9.569.509.418.879.759.349.2212.744.5726.95

DAET log K,

5.054.563.853.645.504.234.206.114.156.4'1
NiH

MPDlog K.9.538.738.668.109.758.408.3111.715.0821.87

DAET log K.

7.266.966.816.607.476.746.6317.209.1426.59

log P2

13.2012.8212.3711.7613.6712.2811.89
CUH

MPDlog K,17.9017.8217.7517.2618.1017.4917.4223.904.5763.76

DAET log K.

15.9015.8015.6915.6016.0015.5015.0921.207.6244.80
ZnH

MPDlog K.10.2610.0310.008.9910.509.949.6323.749.1448.16

log P2

18.0317.7017.5015.4618.6017.5516.91

DAET log K,

9.619.519.418.699.859.158.8523.8115.2328.30

log P2

17.9317.7517.5416.1418.3016.8616.35

Overall Standard Deviation = ±0.01-0.09.
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8.8, 8.6-9.8, 6.8-9.2, 2.6-4.0 and 5.0-7.4 respectively.
The proton-ligand stability constants (log K~) of MPD
and DAET and stepwise formation constants (log KJ
of their chelates with Fe(I!). Co(II), Ni(II), Cu(II) and
Zn(lI) were determined at 20±OS, 30±OS and 40

± O. 5C (Table 1) using the well known computational
techniques5.6. In Fe(II)-, Co(lI)-, Ni(II)- and Cu(II)
MPD systems and Co(II)- and Cu(II)-DAET systems,
the formation of 1:1 complexes has been indicated
whereas in Zn(II)-MPD, Fe(II)-, Ni(II)- and Zn(II)

DAET systems the formation of both 1:I and 1:2
complexes has been observed. In the case of MPD the
formation curve is incomplete at the lower portion;
ther60re, the value of log Kr was obtained by
extrapolation. Table 1 shows that stability constant
values decrease with increase in temperature; thus,
lower temperature is favourable for complex
formation. Metal-ligand stability constants also
decrease with an increase in ionic strength of the
medium. The thermodynamic functions (AG, AH and
AS) were evaluated by using standard equations 7

(Table 1).
The stability orders have been found to be:

M(Il)-MPD complexes
Fe(II) >Co(II) ~ Ni(lI) <Cu(II) >Zn(II) and
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M(Il)-DAET complexes
Fe(II) > Co(II) < Ni(II) < Cu(II) > Zn(II) which are in

accordance with the Irving-Williams order8. Abnor
mally high stability of Fe(II) complexes could be due to
very high crystal field stabilization energy for the low
spin complex formation.

The authors are thankful to Prof. S N Sawhney for

providing laboratory facilities. One of them (JKN) is
thankful to the authoritil~s of Kurukshetra University,

Kurukshetra for the award of a University Research
Fellowship.

References

1 DeBrander H F. Van Poucke L C & Eeckhant Z, Inorg chim Acta,

5 (1971) 473; 6 (1972) 459.

2 Calvin M & Wilson K W, J Am chern Soc, 67 (1945) 2003.

3 Bjerrum J, Metal amine formation in aqueous solutions (P. Haase,
Amsterdam), 1941.

4 Irving H M & Rossotti H S, J chern Soc, (1954) 2904.

5 Irving H M & Rossotti H S, J chern Soc. (1953) 3397.

6 Dubey S N & Mehrotra R C, Indian J Chern, 5 (1967) 327.

7 Yatsimirskii K B & Vasil'ev V P, Instability constants of complex

compounds (Pergamon Press, London), 1960, 59.

8 Irvmg H & Williams R J P, J chern Soc, (1953) 3206.

I I I Hli IIiIi·I1II I ~~I'i I II liIIllll';




