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Complex Formation Between Glycine and Magnesium (II),
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Equilibria occurring between glycine (L) and magnesium(Il) and cal-
cium(IT) were studied by measuring at 25 °C the electromotive force (e.m.f.) of
the cell:

{—) Pt, Hy/Solution S/R.E. (+)

where R.E. is the reference electrode described in the text.
Equilibria taking place in solutions containing iron(II) and glycine were
investigated by means of the cell:

(—) R.E./Solution S/G.E. (+)

where G.E. is the glass electrode. The general composition of solution § was in
both cases the following:

BMin M2t HM in H; AMin L; 3.00 M in C107; (3—H—2 B) M in Nat.

Experimental data were explained by assuming the existence of the species::
Mg L (log 8,0, = 1.53 £ 0.05); Mgly(logBeo,; =2.2610.05); Cal(logBi o=
=0.7510.03); FeL (log 8,0, = 4.20 £ 0.04).

Protonation constants of aminoacetate, not known in the experimental
conditions selected, were determined by means of e.m.f. measurements carried
out with a H, electrode.

( Keywords: Complexes; Qlycine, metal complexes; Electrochemistry)

Komplexbildung zwischen Glycin und Magnesium(11), Caleium(11), bzw.
Eisen(II) bei 25°C in 3,00 M NaClO,

Die (Heichgewichte zwischen Glycin (L) und Magnesium(I1) bzw. Cal-
cium(11) wurden bei 25°C durch E.M.K. Messungen der folgenden MeBkette
untersucht:

(—)Pt, Hy/Probenlésung S/R.E. (+)

wobei R.E. Referenz-Elektrode bedeutet (siehe Text).
Zum Studium der Reaktion zwischen Eisen(II) und Glycin bei 25 °C wurde
folgende MeBkette benutzt:

(—) R.E./Probenldsung S/G.E. (+)
wobei G.E. Glas-Elektrode bedeutet.
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Alle MeBproben hatten die folgende allgemeine Zusammensetzung: B M in
Me; HM in HY; AM in L: 3,00 M in ClO5; (3—H—2B) M in Na*.

Die experimentellen Daten konnten unter Annahme folgender Komplexe
erklart werden: MgL (logPBy .4 = 1,53 £0,05); MgZ,(logB; 0,1 =2,26 +0,05);
Cal (log 8,04 = 0,75 +0,03); Fel (log By 0.1 = 4,20 +0,04). Die Protonierungs-
konstanten von Aminoacetat, die bei den gewihlten experimentellen Bedin-
gungen nicht bekannt sind, wurden mittels E.M.K. Messungen (mit Wasser-
stoff-Elektrode) bestimmt.

Introduction

This paper treats equilibria which take place in solutions where
glycine and magnesium(Il), or calcium(II), or iron{(Il) are present.
Iron(IT) was investigated in order to study in future the system
iron(I1I)—glycine by means of e.mf measurements with a redox
Fe3t/Fe2™ electrode.

The three systems considered, were either not much studied or
results of several investigations are often not complete or not in accord.

The system magnesium(Il}—glycine has been studied by e.m.f.
measurements carried out at 20 or 25 °C with a glass electrode and very
low ionic strength p.—01.

Two authors?:3 explain their experimental data by assuming
the formation of MgL alone, but with different values of stability
constants. Another author? gives only approximate results; only
one researcher® finds two complexes Mgl (logK =3.45) and
Mg L, (log K =3.01). The complex formation between calcium(II) and
glycine was investigated by comparing the solubility of Ca(I0Os), in the
presence or in the absence of glycine!. The increase of solubility in the
presence of glycine was explained by assuming the formation of CalL
with values of stability constant varing from log 8 = 1.35 to log 3 = 1.43.

The system iron(ILI)—glycine was investigated in all cases by e.m.f.
methods carried out by means of a glass electrode. Albert® (at 20°C
and p=0.01) assumes the formation of FelL (logp =4.3) and
Fel,(logBy="7.8); Perrin? finds (at 20°C and in 1.M KCl) the for-
mation of Fel (logB = 3.83) alone. More recently Izatt, Johnson, and
Christensend find the complex FelL (log K =4.31) at 25°C and p—0.

The aim of this work is to study predominant equilibria in solutions
containing glycine, magnesium(1I), calcium(II) and iron(IT), in a wide
concentration range, in order to decide if one or two complexes are
present and to compare the obtained results. Thus it is necessary to use
a concentrated ionic medium and to use e.m.f. measurements carried
out with the hydrogen electrode, if possible. It was selected 3.00 NaClO,
as ionic medium. In parallel with this work, the same equilibria were
investigated in self medium 3.00 M NaClO, and 3.00M glycine®.
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A comparison will be presented in the conclusion of this paper between
the results of the two works.

Symbols

B = total concentration of cations; b = free concentration of cations; H =
analytical excess of H*; & = free concentration of H; A = total concentration
of ligand; @ = free concentration of ligand; K, = equilibrium constant of
H,_ L+ H"=H,L defined by the relation:

[H,L]= K, [anl L1k
where n =1, 2.
Br,p,q = stability constant of the complex M H,, L, defined by the relation:
[(MHpLe] = Br,p,g b7 0"

where g>1; p20,; 7> 1.

M indicates one of the cations and L the ligand. Charges are omitted.
7 = formation function, average number of bond L for central group, defined
by :

2
A —|ZK Wa
ZQZzJZNBr,p,qbth’ar _ . "
B B

7 o=

Method

Equilibria occurring between aminoacetate and the three cations
under consideration were investigated at 25 °C and in 3.00 M NaClO, by
e.m.f. measurements. For magnesium(ll) and calcium(II), we have
used the cell:

(—) Pt, Hy/Solution S/R.E. (+) (A)

Whereas in the case of iron(II) it was necessary to use the following
cell:

(—) R.E./Solution S/G.E. (+) (B)

where G.E. is the glass electrode and R.E. Ag, AgCl/0.01.M Cl~;
299 M C104~; 3.00 M Na+/3.00 M NaClOy,.

The use of the H, electrode in the cell (A) was necessary because in
the cases of Mg(II) and Ca(ll) the complex formation takes place at
high values of —logh. In a previous work1® it was found that the
behaviour of glass electrodes agrees with that of the H, electrode only
until —logh < 8 (in the same experimental conditions as here). All
solutions S contained a remarkable excess of NaClO, with respect to the
reagents. Thus the general composition of solution S was the following:
BMinM2; HM mH; AM in L; 3.00 M in ClO5; 3—H—2B)M in
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Na™. According to Biedermann and Sillenl! it can be assumed that the
activity coefficients of the reagents remain constant in spite of the
variation of the concentrations. Concentrations can substitute activi-
ties in all the calculations.

The e.m.f. of the cell (A) and (B) at 25°C and in mV units can be
written as follows:

E,= E§—59.1610g h—E; (1)
Ep=E%+59.16logh+ E; (2)

In (1) and (2) Eg and E% are two constants, that together with E;
(liquid junction potential) were determined in the first part of each
measurement in the absence of the ligand. ; was a function only of 4;
according to Biedermann and Sillén't we found E; =—175.

Knowing B, E} and Ej, in the second part of the measurements B
and H were kept constant while 4 was gradually increased; » was
determined for each point.

From B, H, A and the measured values of A the formation function
7 could be calculated.

Experimental

Sodium perchlorate, perchloric acid, sodium hydroxide, glycine and
iron(IT) perchlorate were prepared and analysed as described before!2:13,

Caleium(II) perchlorate was obtained from both Merck “suprapur” CaCOs
and HCIO,. The resulting solution boiled to free it from COy was analysed for
[Ca(II)]ior.-

Calcium(IT) was precipitated as oxalate and titolated with KMnO, in acid
solution. Alternatively the precipitate of CaCy0, was ignited and weighed as
CaCO;. Results of several determinations agreed within + 0.1%. In stock
solution H was determined potentiometrically according to Gran4.

The stock solution of Mg(ClO4), was obtained by reaction of HCIO, with
basic carbonate of magnesium(IT). This salt was obtained by solving the
compound (MgCO;),- Mg(OH), -5 HyO (C.Erba p.a.) in bidistilled water and by
bubbling a strong stream of CO, pure. The magnesium(II) carbonate was
obtained by boiling or by bubbling No. [Mg(II)]i0:, was estimated according to
Berg1s. Results of several determination agreed within & 0.1%.

H was determined according to Granl4.

Differential pulse polarography carried out on concentrated samples of the
reagents (by an Amel polarograph mod. 471) showed that electroreducible
species at conecentration = 1078 M were not detectable.

Nitrogen and hydrogen were purified as described previously®. A strong
stream of Ny was bubbled through all solutions containing iron(II) in order to
avoid oxidation.

The details of the e.m.f. measurements are similar to that reported in
Ref.18.
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Results
Protonation Constants

The e.m.f. measurements of cell (A) provide % values, by means of
eqn. (1). By combining % with the analytical data H and 4 the
protonation function may be calculated:

A= (H—h) A1

1 1 L.J
9 -fogh 1

Fig. 1. Protonation function of aminoacetate ; the curve is the normalised one in
the position of the best fit

In Fig. 1, 7 is plotted versus —log #. Measurements at 4 = 0.050;
0.100; 0.200 M were performed. From Fig. 1, it can be seen that # tends
to 2 and that all points, independently of 4, fall on the same curve. As
expected, associated or polymeric species of glycine are not present in
appreciable concentration in the studied range of concentrations. K;
and K, values were obtained by means of the normalised curves method
proposed by Sillén1?. A family of theoretical curves of equation:

Ru+2u?
1+ Ru+ u2
where u=Fh./K; Ky and R=K,/./K; K5, was superimposed to the
trend of the experimental points and plots were moved parallel to the

abscissa in order to have best fit. In this way the following values were
obtained:

log Ky = 10.27 = 0.03; log K1 Ky = 13.09 £ 0.04;

=
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Fig. 2. Formation function of complexes between magnesium(1I) and glycine;
the curve is the normalised one in the position of the best fit
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Fig. 3. Formation function of complexes between calcium(II) and glycine; the
curve is the normalised one in the position of the best fit

The error limits were estimated from the maximum shift possible for
the two plots for which agreement was still acceptable. Experimental
points and theoretical selected curve in the position to best fit agree
well as shown in Fig. 1.

Complex Formation Between Aminoacetate and Cations

The knowledge of K; and K, allows to calculate the free concen-
tration of aminoacetate, @, from material balance relative to H, by
taking into account the mass action low:

H=h+EKha+2K Kh2a+):) 000 p b h?a (3)
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In eqn. (3) hydrolytic species of the cations could be neglected in the
used concentration range and on the basis of Refs.18:720.

In order to calculate @ from eqn. (3) it was supposed that no
appreciable quantity of mixed complexes with participation of H* was
formed, i.e. p=0. It will be verified below. Eqn. (3) can be written:

a=(H—h)(Kh+2 K, K,h2)y1 @)
WM B0

5 A 0200 6.0
ol w02 130

®0.100 50

O 0.100 12.0
05,

§ 5 ; -loga

Fig. 4. Formation function of complexes between iron(Il) and glyeine; the
curve is the normalised one in the position of the best fit

Figs. 2, 3 and 4 show the formation functions relative to the glycine
complexes respectively with magnesium(11I), calcium(II) and iron(II) in
the form % versus —loga.

For all cases the experimental points fall on the same curve
independently on B and H. Neither polynuclear nor complexes mixed
with HT are formed. As soon as above formulated hypothesis is valid
the a values obtained from (4) are accurate. The formed species and the
relative stability constants B, were obtained with the normalised
curve method proposed by Sillénl?.

In the case of magnesium(Il) the formation of Mg/l and Mgl
explains the experimental data, whereas for calcinum(IT) and for iron(IT)
one complex CalL or FelL respectively explaines well the experimental
data. The following values of stability constants are found:
Mg L (log By g1 =1.5340.05); Mg/ly(logBsg; =2.26+0.05); Cal(logh o,=
=0.7510.03); Fe(IT) L (log By ,9,1 =4.20 £ 0.04).

The error limits were estimated from the maximum shift possible for
the plots for which agreement was still acceptable. The agreement
between theoretical curves and experimental points as shown in Figs. 2,
3 and 4 is good.
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Discussion and Conclusion

The measurements performed in 3.00 M NaClO, on the equilibria
iron(IT)—aminoacetate can be explained by assuming the existence of
the complex Fel alone.

Unfortunately in the range —logh>7 precipitation takes place.
From Ref.? it results that in self medium two species are formed that
should be FelL and FeL,. However, in 3.00 M NaClO,; we have deter-
mined only the stability constant relative to FeL.

The B1,0,1 value proposed in this work for FeL seems to agree with
that found by Alberts by taking into account the different experimental
conditions.

For magnesium(IT) and caleium(II) in self medium® and in this
work the same complexes (Cal, MgL and MgL,) are formed.

The values of the constants proposed here are lower than those
reported in literaturel. The order of the stability for the complexes is
the following: Ca < Mg < Fe(II).

Acknowledgment

This work was supported by C.N.R., the Research Council of Italy.

References

[N

Martell A. E., Sillén L. G., Stability Constants, Special Publications No. 17
(1964) and No. 25 (1971), The Chemical Society, London.
Monk C. B., Trans. Farad. Soc. 47, 285, 292, 297 (1951).
Murphy C. B., Martell A. E., J. Biol. Chem. 226, 37 (1957).
Albert A., Biochem. J. 50, 690 (1952).

Maley L. E., Mellor D. P., J. Austral. Sci. Res. 2A, 579 (1949).
Albert A., Biochem. J. 54, 646 (1953).

Pervin D. D., J. Chem. Soc. 1959, 290.

Izatt B. M., Johmson H. D., Christensen J. J., J. Chem. Soc. Dalton 1972,
1152,

9 Bottari E., Jasionowske E., Ann. Chimica 70, 569 (1980).

10 Bottars E., Jastonowska E., Ann. Chimica 69, 597 (1979).

U Biedermann Q., Sillen L. G., Ark. Kem. 5, 425 (1953).

12 Bottars E., Ann. Chimica 66, 139 (1966).

13 Bottart E., Ciavatta L., Gazz. Chim. Ital. 95, 908 (1965).

4 Gran G., Analyst. 77, 661 (1952).

15 Berg B. Z. Anal. Chemie 71, 26 (1927).

16 Bottari E., Jasionowska R., Ann. Chimica 68, 791 (1978).

17 Sillén L. G., Acta Chem. Scand. 10, 186 (1956).

18 Lewis D., Acta Chem. Scand. 17, 1891 (1963).

19 Carell B., Olin 4., Acta Chem. Scand. 15, 727 (1961).

20 Hedstrom B. 0. A., Ark. Kem. 5, 457 (1953).

[<SIREN BN- N U S Y



