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ABSTRACT

Complexation reaction of a-aminobutyric acid with beryllium(Il) and cobalt(Il) have been studied in solution phase
using paper electrophoretic technique. This method is based on the movement of a spot of metal ion in an electric
field at various pH’s of the background electrolyte. A plot of overall mobility of metal / complex ion versus pH was
used to obtain information on the binary complexes and to calculate stability constants. The stability constant of the
ML and ML, complexes of beryllium(Il) - a-aminobutyric and cobalt(Il) - a.-aminobutyric acid have been found to
be (7.19 £ 0.05, 6.81 +0.13) and (4.47 + 0.04, 2.81 + 0.09) (logarithm stability constant values), respectively at
35°C and ionic strength 0.1 M.
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INTRODUCTION

For a mononuclear binary complex, if a central atom (central group) M (the ‘metal’) and a ligand L have been
defined, then in the following expressions K, is the stepwise formation constant, and B, is the cumulative formation
constant for the complex ML,. They can both be referred to as stability constants (stepwise and cumulative) [1].

K,=KML,; + L=ML,)

B.=KM +nL =ML,)

Metal complexes play an important role in various biological systems, hence the formation, stability and reactivity of
these complexes have been an active field of research [2,3]. The inhalation of beryllium compounds lead to a fatal
scarring of the lungs known as Chronic Beryllium Disease (CBD). CBD is treatable, but not curable. Treatment
may involve use of steroids to reduce inflammation, which may slow the progress of CBD by reducing the buildup
of scar tissue and delaying permanent lung damage. The common symptoms of CBD include shortness of breath
upon exertion, weight loss, cough, fatigue, chest pain, anorexia, and overall weakness. Immunological and genetic
influences on development of CBD have been identified. Cobalt is an integral part of vitamin B;,. Cobalt can be
toxic to humans when consumed in excessive quantities. Excesses can cause polycythemia, bone marrow
hyperplasia, pancreatic failure or congestive heart failure and cardiomyopathy. The synthetic isotope “’Co is used
extensively as a tracer and in cancer radiotheraphy. Long — term vitamin B, deficiency can result in demyelination
of large nerve trunks and the spinal cord, in reduced white blood cells, and in pernicious anemia. Foods containing
cobalt include meat, milk, eggs, fish and cabbage. Cobalt supplements may be necessary for strict vegetarian diets.
Beryllium and cobalt ions are well known for their biomedical application and toxicity. [4-20]. a-aminobutyric acid
is a naturally occurring amino acids which do not occur in proteins. It is found in animal and plant tissues. It has
significant application in biological systems [21-28]. Kiso [29] has done comprehensive study on paper
electrophorectic migration of metal complexes.
The Paper Electrophoretic Technique usually suffers from a number of defects. Temperature during electrophoresis,
capillary flow on paper, electro-osmosis and adsorption affect the mobility of charged moieties [30]. The present
technique is almost free from these destroying factors and very convenient in use. It gives results in fair agreement
with accepted literature values. Publications [31-33] from our laboratory described a new method for the study of
metal complexes. A search of literature indicated few reports on Cu(Il) - a-aminobutyric acid complex but no report
on Be(Il) -a-aminobutyric acid complex. In view of this, attempts were made to establish the optimum conditions
for metal(Il) - a-aminobutyric acid complex formation. In addition, present paper describes on paper electrophoretic
method for the determination of the nature and stability constants of Be(II)/Co(II) - a.-aminobutyric acid complexes.
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RESULTS

Literature reveals that an ionic species of amino acids are the sole coordinating species in complex formation with
metal ion [34, 35]. Hence a metal ion spot on the paper strip show a variation in composition of different ionic
species of the amino acids in the background electrolyte. So the mobility of metal ion spot would depend upon the
pH of the background electrolyte. Mobility of metal ion complexes against pH gives a curve containing three
plateus in each case of Be*" and Co®" metal ions (Figure 1). The first plateau in each case at low pH region,
represents uncomplexed metal ion, while the remaining ones indicate metal complexes. In the low pH range a-
aminobutyric acid is present as a non-complexing species [CH; — CH, — CH (NH;") COO’]. Beyond this range
metal ion spots have progressively decreasing mobility and hence complexation of metal ions should be taking place

with anionic species of a-aminobutyric acid [CH; — CH, — CH (NH,) COQ], the concentration of which increases
progressively with increase of pH.
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Fig. 1. Mobility curve for the metal(ll) - a-aminobutyric acid systems. o— = Be(ll) - a-aminobutyric acid *~ _
Co(ll) - a-aminobutyric acid. pHs were maintained by addition of sodium hydroxide. lonic strength = 0.1 M,

temperature = 35°C. The paper strips were spotted with 0.1 pl of sample solutions and glucose (for making osmotic
corrections).

Figure 1 reveals a second plateau in each case with positive mobility indicating the formation of 1:1 complex of
cationic nature. Further increase of pH gives rise to a third plateau with zero mobility in each case indicating the
formation of 1:2 complexes of neutral nature. This is possible only when two anionic species of a-aminobutyric

acid combined with divalent metal cations. In general, the complexation of metal ions with o-aminobutyric acid
anion may be represented as

K,

M* + L s ML"* (1)
K,

ML® + L~ s ML, )

wherein M** is Be*" and Co®" metal ions; [L7] is a-aminobutyric acid anion [CH; — CH, — CH (NH,) COO]; K, and
K, are the first and second stability constants, respectively.

The metal spot on the paper is thus a combination of uncomplexed metal ions, 1:1 and 1:2 metal complexes. The
spot is moving under the influence of electric field, the overall mobility is given by equation of Jokl [36].

Zuxp'Bxp[HpL]x
U= (3)
LBy [HL]™

Wherein [H,L]* is the concentration of general complex species, By, is the overall mobility constant of the
complex; Uy, is the speed of the general complex [M (H,L)'] present in the combination. On taking into
consideration different equilibria, the above equation is transformed into the following form.
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Wherein uy, u; and u, are mobilities of uncomplexed metal ions, 1:1 metal complex and 1:2 metal complex,
respectively. Eq. (4) was used for the determination of the stability constants of metal complexes with o-
aminobutyric acid.
The dissociation constant of pure a-aminobutyric acid (k; = 10 **; k, = 10°%*) was determined by the same paper
electrophoretic technique. The mode of dissociation of pure ai-aminobutyric acid may be represented as:

[CH, (OH) CH, CH (NH;") COOH]

-I‘lJr ih) kal
[CH, (OH) CH, CH (NH;") COO]
-I‘I+ ih) ka2

[CH, (OH) CH, CH (NH,) COO']

For calculating first stability constant, K; the region between first and second plateau is relevant. The overall
mobility will be equal to the arithmetic mean of the mobility of uncomplexed metal ion, uy, and that of first complex,
u; at a pH where K; = 1/[L].

First stability constant K;, can be calculated with the help of concentration of homoserine anion and protonation
constant of pure homoserine. The concentration of ligating homoserine species [L] is calculated with the help of
equation.

[Lr]
L] 5)
1+ [H]/Ka, + [H]*/ka, ka,

Where [Lr] = is the total concentration of ligand homoserine (0.01 M); k; and k, are the dissociation constants of
pure o-aminobutyric acid, respectively. The second stability constant K, of 1:2 complex can be calculated by
taking into consideration the region between second and third plateau of the mobility curve. The calculated values
of first and second stability constants are given in Table 1.

Table 1. Stability constants of binary complexes of beryllium(l1) and cobalt(ll) with a-aminobutyric acid.

Metal Complexes Stability constants Logarithm stability
lons constant values
ML* Ky 7.19£0.05
Beryllium(II)

ML, K, 6.81 £0.18

4.47+0.04

421 [42]*

Cobalt(II) 2.81+0.09
ML, K, 342 [41]*

3.50 [42]*

Ionic strength = 0.1 M; temperature = 35°C; a-aminobutyric acid = [CH; — CH, — CH (NH,)
COO’]; M = metal cations; L = ligand (o.-aminobutyric acid); * = literature values.

DISCUSSION

It is clear from Table 1 that first and second stability constants of both beryllium(II) and cobalt(IT) complexes follow
the order.

Log K, >log K,
The corresponding second stability constant values are found to be lower for both complexes. It is therefore inferred
that coordinating tendency of a ligand decreases with the higher state of aggregation [37,38].
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It is also clear from Table 1 that beryllium(II) - a-aminobutyric acid complexes have high stability constant value in
comparison to cobalt(Il) — ai-aminobutyric acid. Therefore it can be inferred that beryllium(Il) cation has greater
affinity with oxygen donor ligand in comparison to cobalt(Il) anion.
The stability constants of metal complexes can be very easily calculated by this technique, therefore present method
has significant advantages over other methods (viz: polargraphic, potentiometric, solubility etc.) reported in
chemical literature for the determination of stability constants of metal complexes.
The present paper ionophoretic technique is limited to charged species and the precision of method is not as which
as other physiochemical methods. However, uncertainty in the result is £5%. No doubt it can not replace the most
reliable methods even though it is a new approach deserving further development.
To examine the possibility of hydrolysis of beryllium(II) at higher pH, experiments have been performed at two
concentrations of the ligand: 0.01 M and 0.001 M. The mobility curves show that the plateaus at lower ligand
concentration are shifted towards higher pH range, but the calculated stability constants are found to be the same in
the two cases. Thus the constant obtained is independent of the pH indicating that hydrolysis of beryllium(II) can be
ignored here.
The proposed structure for the ML, complexes may be given as:

o

N\

CH —CH;—CHs

N/

0

H,C— H,C—HC

EXPERIMENTAL SECTION

Instruments

Systronics (Naroda, India) paper elelctrophoresis equipment horizontalcum-vertical type, model 604, has been used.
The apparatus consisted of a PVC moulded double tank vessel. In our laboratory significant changes in the
instrument has been made. Two hollow rectangular plates covered with think polythene sheets have been used
through which thermostated water is run for controlling the temperature. The tank is closed with a transparent PVC
moulded lid. The whole assembly is tight, which prevent moisture changes, which may upset the equilibria in a
paper strip. This assembly design thus keeps to a minimum the disturbing effects of evaporation from the unwanted
liquid flow in the paper. Each electrolyte tank contains a separate electrode chamber. The auxiliary unit is specially
designed to operate either voltage mode or on current mode.

Elico (Hyderabad, India) model L,y having glass and calomel electrode assembly and working on 220 Volts/ 50 Hz
established a.c. mains, were employed for pH measurements. The electrophoresis cell showing sandwiched paper
strips and water supply is shown in Figure 2.

Chemicals

Water

Distilled water was redistilled over alkaline permanganate. The resulting distillate cooled in well Stoppard Pyrex
flask. This was used for preparing solutions and for dilution throughout their studies.

Metal Solutions

Metal perchlorate solutions were prepared by the precipitation of metal carbonates from their nitrates with sodium
carbonate, which were washed with boiling water and treated with calculated amounts of 1% perchloric acid. There
were heated and filtered. Beryllium perchlorate solution was standardised by gravimetric method. 25 ml of
beryllium perchlorate was taken in beaker and to it ammonia solution was added dropwise until the hydroxide
commence to precipitate. Redissolved the precipitate by adding a few drops of 0.1 M hydrochloric acid.
Approximate 1 mg of ammonium chloride, sufficient amount of EDTA solution was added to it to complex all other
trace metal ions (if present). Again a little amount of ammonia solution was added to it and the contents filtered
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through a gravimetric filter paper. Placed the paper on a silica crucible, dried, and then heated it by a flame throw
over. Cooled the crucible in a coved magnesium perchlorate and weighed immediately when cooled. Cobalt(ii)
perchlorate solution standardized by volumetric method. Cobalt(Il) solution was taken in a conical vessel to which
standard EDTA solution was added in known excess and to it were then added 5 ml buffer pH 5, and 3-5 drops of 1-
(2-pyridylazo-2-naphthol (PAN indicator). The solution was diluted to 60 ml. The unused EDTA was titrated
against standard copper(Il) perchlorate solution until the colour changed first to violet. A few drops of the EDTA
solution was then added to restore the yellow colour . The amount of Co(II) was known from the amount of EDTA
consumed by it. The metal contents of the filtrates were determined and final concentration was kept at 5.0 x 10° M
[39,40].

Detecting reagents for metal ions and electro-osmotic indicator

A 0.1% (w/v) solution of 1 — (2 — pyridylazo) — 2 — naphthol (PAN) (Merck, Darmstadt, Germany) in ethanol was
used for detecting the metal ions. 5.0 x 10~ M glucose (BDH, AnalaR) solutions was prepared in water and used as
an electro-osmotic indicator for the correction due to electro-osmosis. A saturated aqueous solution (0.9 ml) of
silver nitrate was diluted with acetone to 20 ml. Glucose was detected by spraying with this silver nitrate solution
and then with 2% ethanolic sodium hydroxide, when a black spot was formed. The paper strips showing position of
metal ion spots after electrophoresis is shown in Figure 2.

Maoin power supply

. Set current
set voltage— ® Electrophoresis supply (604)

'ﬁ — Electric platinum wire

Background
electrolytes

Sondwiched poper strips

Lower hollow metallic
plote covered with thin
plastic paper

electrophoresis
Rubber tubes

t
Water supply

(35°C)

Fig. 2 Electrophoresis cell showing sandwiched paper strips.

Background electrolyte

Stock solution of 5.0 M perchloric acid was prepared by its 70% solution (SDS, Analytical — Reagent grade), 2.0 M
sodium hydroxide (Analytical — Reagent grade) and 0.5 a-aminobutyric acid (BDH, Poole, UK) solutions were
prepared. Each solution were standardized using an appropriate method. The background electrolyte used in the
study of binary complexes were 0.1 M perchloric acid and 0.01 M a-aminobutyric acid. The binary system was
maintained at various pHs by the addition of sodium hydroxide.

Procedure

Whatman No. 1 filter paper for chromatography was used for the purpose of electrophoresis. For recording
observation of particular metal ion, two paper strips were spotted with the metal ion solution along with additional
two spotted with glucose using 1.0 pul pipette and then mounted on the insulated plate. Each of the two electrolyte
vessels were filled with 150 ml of background electrolyte containing 0.1 M perchloric acid and 0.01 M a-
aminobutyric acid.

The paper becomes moistened with the background electrolyte solutions due to diffusion. The second insulated
plate was placed on paper strips and then thermostated water (35°C) was circulated into the plates to keep the
temperature constant. The lid was then placed on the instrument to make it air tight. It was left for 10 minutes to
insure wetting of strips. Subsequently a direct 220 V potential was applied between the electrodes. Electrophoresis
was carried out for 60 minutes after with the strips were removed from the tank and dried. The metal ion and
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glucose spots were detected by specific reagents. The leading and tailing edge were measured from marked center
point and the mean taken. The distance moved by glucose spot was subtracted (in case of migration toward anode)
to obtain correct path length. Migration towards anode and cathode were designated by negative and positive signs
respectively.

Electrophoretic observation of metal ions were recorded at various pH values of the background electrolyte obtained
by adding NaOH solution, the ionic strength being maintained at 0.1 M. The observed mobility of migrant was
calculated by using the formula:

After applying the correction factor the observed mobility is given as:

d+dg
U =
X -t

Where U = mobility of metal ion / complex ion; d = mean of duplicate distance travelled by metal ion / complex ion;
dg = mean of duplicate distance travelled by glucose spot; x = field strength; t = time for electrophoresis.

The protonation constants of pure a-aminobutyric acid were determined by the same paper electrophoretic
technique. The two paper strips were spotted with pure a-aminobutyric acid along with two other spotted glucose
using 0.1 M perchloric acid only as a background electrolyte. The electrophoresis was carried out for 60 minutes as
for metal ions. The electrophoretic speed was calculated.

The speeds of the metal ion/amino acid are reported with pH values. The individual speeds of the duplicate spots
were found to be fairly equal. A plot of mobility against pH is shown in Figure 3.

T 11
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(showing movement from
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o

Fig. 3 Paper strips showing position of metal ion spots after electrophoresis

CONCLUDING REMARKS
Following conclusion can be drawn from the present study.
1. Beryllium(II) and cobalt(Il) are toxic and essential metal ions respectively.
2. Beryllium(Il) and cobalt(Il) are significant for biological systems but as such they are toxic, the a-
aminobutyric acid may be used to reduce the level of these metal ions in the biological system.
3. The ML, complexes are found to have low stability constants values and less stable in comparison to ML
complexes.
4. Beryllium(II) - oa-aminobutyric acid complexes are found to have high stability constant values in
comparison to cobalt(Il) - a-aminobutyric acid complexes.
5. The present simple electrophoretic technique has thus proved to be helpful in deciding whether a complex
system is formed or not, and if it is formed its stability can also be determined.
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6. Biologically important beryllium(Il) and cobalt(IT) complexes with o.-aminobutyric acid can be prepared on
large scale at particular pH of background electrolyte solution.
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