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Quantitative indication of the process of forming a complex comes from the evaluation of the sta-
bility constants, which characterize the equilibria corresponding to the successive addition of ligands. A
method, involving the use of paper electrophoretic technique is described for the study of binary complex
system in solution. Present method is based upon the migration of a spot of metal ions on a paper strip at
different pH’s of background electrolyte. A graph of pH against mobility gives information about the bi-
nary complexes and permits calculation of their stability constants. The first and second stability constants
of [Be(II)-homoserine] and [Co(II)-homoserine] complexes were found to be (7.13 £ 0.02; 6.11 = 0.09) and
(4.27 £ 0.07; 3.47 £+ 0.11) (logarithm stability constant values) for Be(II) and Co(II) complexes, respec-
tively, at ionic strength of 0.1 mol/L and a temperature of 35 °C.

Key words: paper electrophoresis technique; overall mobility; beryllium(IT) complexes; cobalt(Il) complexes;
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JOHO®OPETCKA TEXHUKA HA XAPTHUJA IIPU U3YUYYBAIBE HA BUOJIOIIKH BA’KHU
XOMOCEPUHCKH BEPHJINYM(II) / KOBAJIT(II) BHUHAPHU KOMIIVIEKCH BO PACTBOP

KBaHTHTaTHBHATA MHMKAIM]ja HA IIPOILIECOT Ha 00pa3yBambe KOMILIEKC IIOTEKHYBa O IIpolieHaTa Ha
KOHCTaHTaTa Ha CTa0MIIHOCT KOja ja KapaKTepu3upa paMHOTEkKaTa Koja COOJIBETCTBYBA Ha MOCIIEI0BATEITHOTO
npujoaaBame Ha quranaure. ONuIan e MeTo KOj BKIydyBa yrnorpeda Ha enekrpodopesa Ha XapTuja 3a
IIpoydyBame Ha OMHAPEH KOMIIIEKCEH CHCTEM BO PacTBOp. MeTO/OT € 3aCHOBaH Ha MUTpallyja Ha IEeTHA O]
METaJIHH jJOHHU BP3 XapTHEHA JICHTA [P Pa3INyHU BPEIHOCTH Ha pH Ha OCHOBHHUOT enekTposuT. [ paduk Ha
3aBucHOCTa Ha pH o1 MOOMITHOCTA 1aBa MH(BOPMAIIHja 32 OMHAPHHUTE KOMIUIEKCH M OBO3MOXKYBa [TPECMETKA
Ha HUBHUTE KOHCTAaHTH Ha cTaOWIHOCT. HajieHo e Jeka mpBara U BTopara KOHCTaHTa Ha CTAaOMIIHOCT Ha
xommutekcute Ha [Be(Il)-xomocepun] u [Co(Il)-xomocepun] nznecysaar 7,13 + 0,02; 6,11 £ 0,09 u 4,27 +
0,07; 3,47 = 0,11 (kOHCTAaHTHH BPEIHOCTH Ha JIOTAPUTAMOT Ha cTaOMIHOCTA) 3a komIuiekcuTe Ha Be(Il) u
Co(1I), coonBetHO, 3a joHcka crina ipu 0,1 mol/L u Temneparypa ox 35 °C.

Kayunu 300poBu: enekrpodopeTcka TEXHUKA Ha XapTHja; BKyITHa MOOMIHOCT; KoMIutekcu Ha 6eprmyMm(1D);
komruiekcu Ha kobant(Il); XxoMmoceprH; KOHCTaHTa HA CTAOMITHOCT



140 Brij Bhushan Tewari

1. 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 =K(M+nL=ML)

Metal complexes play an important role
in various biological systems [2] and in different
field of chemistry [3]. Cobalt is an integral part
of vitamin B ,. Dietary cobalt is acquired mostly
from meat and milk. Deficiency may be observed
in strict vegetarians. Long term vitamin B, , defi-
ciency can result in demyelination of large nerve
trunks and the spinal cord, in reduced white blood
cells, and in pernicious anemia. Cobalt is highly
soluble in lung tissues. There are four types of
cobalt disorders. First, asthma, second, anorexia,
malaise and dyspnea. The third disorder is intes-
tinal pneumonitis of the usual intestinal pneumo-
nia type. The fourth disorder, gland cell intestinal
pneumonitis is slightly more responsive to corti-
costeroid therapy. Beryllium is used in the space,
aircraft, and nuclear industries in a variety of com-
ponents. The respiratory tract is the major target
organ system in humans followings the inhalation
of beryllium and disease known as Chronic Beryl-
lium Disease (CBD). CBD is treatable, but not
curable. Treatment may involve use of steroids to
reduce inflammation, which may slow the prog-
ress of CBD by reducing the buildup of scar tissue
and delaying permanent lung damage. Beryllium
and cobalt are well known for their medical appli-
cations and toxicity [4-25].

Homoserine is a a-amino acid and interme-
diate in the biosynthesis of three essential amino
acids: methionine, threonine and isoleucine. It
forms by two reductions of aspartic acid via the
intermediacy of aspartate semialdehyde. Homo-
serine has several applications in biological sys-
tems [26-34]. Kiso [35] has done comprehensive
study on paper electrophoretic migration of metal

complexes. The paper electrophoretic technique
usually suffers from a number of defects. Tem-
perature during electrophoresis, capillary flow on
paper, electro-osmosis and adsorption affect the
mobility of the charged moieties [36]. The tech-
nique described here is almost free from these vi-
tiating factors. The technique is very convenient
in use. It gives results in fair agreement with the
accepted literature values.

Publications [37-40] from our laboratory
described a new method for the study of binary
complexes. The present work is an extension of
the above-mentioned technique and observations
on the binary system viz. Be(II)/Co(II)-homoser-
ine are herein reported.

2. EXPERIMENTAL SECTION
2.1. Instruments

Electrophoresis equipment from Systron-
ics (Naroda, India) model 604 was used. The ap-
paratus consists of a poly(vinyl chloride) (PVC)
moulded double tank vessel. In order to avoid er-
rors due to the heat generated during electrophore-
sis, two hollow rectangular plates each weighing 1
kg, and covered with thin plastic paper were used
through which thermostated water circulated. The
tanks were closed with a transparent PVC molded
lid to prevent moisture changes that might upset
the equilibrium in the paper strip. Each electrolyte
tank contained a separate Pt-wire electrode. Ap-
plied voltage was from a stabilized source.

Measurements of pH were made with an
Elico model L, pH meter using a glass electrode.
Electrophoresis cell showing sandwiched paper
strips and water supply is shown in Figure 1.

Set current

set voltage Electrophoresis supply (604)

T Electric platinum wire

Bockground '. '
electrolytes [|: At

dwiched paper strips

Metal ion spots—Z o

before b =l:| Lower hollow metallic

electrophoresis L= 2~ _ plate covered with thin
Rubber tubes plastic paper

Water supply
(35°C)

Fig. 1. Electrophoresis cell showing sandwiched paper strips
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2.2. Chemicals

Beryllium(IT) and cobalt(Il) metal per-
chlorate solutions were prepared by the pre-
cipitation of metal carbonate from a 0.1 mol/L
solution of Be(Il) and Co(Il) chlorides with
solution of sodium carbonate (chemically pure
grade, BDH, Poole, UK). The precipitates were
washed with boiling water and treated with cal-
culated amounts of 1 % perchloric acid. They
were heated and filtered. The metal contents of
the filtrates were determined and final concen-
tration was kept at 0.005 mol/L.

A 0.1 % solution of 1-(2-pyridylazo)-
2-naphthol (PAN) (Merck, Darmstadt, Germa-
ny), in ethanol was used for detecting the metal
ions. 0.005 mol/L glucose (BDH, Analytical
Reagent grade) 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 so-
lution and then with 2 % ethanolic sodium hy-
droxide, when a black spot was formed. Paper
strips showing position of metal ion spots after
electrophoresis is shown in Figure 2.

G AH AL‘ ‘El ’H % ‘l;l e
BN h :
"
. Glucose spots
Metal ion spots afte
elec?rophor%sis - (no movement

Dried paper strips
(showing movement from . P
the centre)

Fig. 2. Paper strips showing position of metal ion spots
after electrophoresis

2.3. Background electrolyte

Stock solution of 5.0 mol/L perchloric
acid was prepared from its 70 % solution (SDS,
Analytical Reagent grade). 2.0 mol/L sodium
hydroxide (Analytical Reagent grade) and 0.5
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mol/L homoserine (BDH, Poole, UK) solutions
were prepared. Each solution was standardized
using the appropriate method.

The background electrolytes used in the
study of binary complexes were 0.1 mol/L per-
chloric acid and 0.01 mol/L homoserine. The
binary system was maintained at various pH
values by the addition of sodium hydroxide.

2.4. Procedure

Whatman No. 1 filter paper for chromato-
graphy was used for the purpose of electrophore-
sis. For recording observation of particular metal
ion, two strips were spotted with the metal ion
solution along with additional two spotted with
glucose using 1.0 pL pipette and then mounted
on the insulated plate. Each of the two electro-
lyte vessel was filled with 150 mL of background
electrolyte containing 0.1 mol/L perchloric acid
and 0.01 mol/L homoserine. The paper became
moistened with the background electrolyte solu-
tions due to diffusion. The second insulated plate
was placed on paper strips and then thermostat-
ed water (35 °C) was circulated in the plates to
keep the temperature constant. The lid was then
placed on the instrument to make it airtight. It
was left for 10 minutes to insure wetting of strips.
Subsequently a direct 200 V potential was applied
between the electrodes. Electrophoresis was car-
ried out for 60 minutes after which these strips
were removed from the tank and dried. The metal
ion and glucose spots were detected by specific
reagents. The leading and tailing edge were mea-
sured from the marked centre point and the mean
were taken. The distance moved by glucose was
subtracted (in case of migration toward anode) to
obtain correct path length. Migration towards an-
ode and cathode were designated by negative and
positive signs, respectively.

Electrophoretic observations on metal ions
were recorded at various pH values of the back-
ground electrolyte obtained by adding NaOH so-
lution. The ionic strength being maintained at 0.1
mol/L. The observed mobility of migrant was
calculated by using the formula
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d
v Tt where U = mobility of metal ion / complex

ion; d = mean of duplicate distance travelled
by metal ion/complex ion; d, = mean of dupli-
cate distance travelled by glucose spot; x = field
U= d=xd, strength; ¢ = time for electrophoresis.

xX-t

after applying the correction factor the obser-
ved mobility is given as

Main power supply

7

Electrophoresis supply 604

7

Paper strips were spotted with metal ion solutions and mounted
on a insulated metallic plate

7

Both electrolytic vessels were filled with 150 mL
background electrolyte (BGE)

7

Second insulated metallic plate was placed on moistened paper strips

7

In order to keep the temperature constant thermostated water (35° C)
was circulated in both insulated plates

7

Left the experiment for 10 minutes to ensure the wetting of paper strips
A 200 V potential was applied between the electrodes
Electrophoresis was run for 60 minutes

7

Paper strips were removed after electrophoresis
by glass rod and dried. Metal spots were detected by specific reagents

7

Corrected movement of metal spots were measured
and mobility was calculated.

Fig. 3. The scheme for paper electrophoresis set-up
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The protonotation constants of pure ho-
moserine were determined by same paper elec-
trophoresis technique. The two paper strips
were spotted with pure homoserine along with
two with glucose using 0.1 mol/L perchloric
acid only in a background electrolyte. The
electrophoresis was carried for 60 minutes as
for metal ions. The electrophoretic speed was
calculated. The speed of the metal ion/homo-
serine spots are reported with pH values. The
individual speeds of the duplicate spots were
found to be fairly equal. The scheme for paper
electrophoresis set-up is shown in Figure 3.

3. RESULTS

Metal complexes play a significant role
in several biological systems and in different
field of chemistry. The plot of electrophoretic
mobility of a metal spot vs. pH gives a curve
with a number of plateau is shown in Figure
4. A plateau is obviously an indication of a pH
range, where the speed is virtually constant and
indicates the formation of a single complex spe-
cies. There are three plateaus in the curves of
both beryllium(II) and cobalt(I) cations. The
first plateau in each case with positive mobil-
ity in the lower pH range in due to non-com-
plexed cations, in this pH range homoserine is
present as a non-complexing species [CH,(OH)
CH,CH(NH",)COOH]. Figure 4 disclose that
beryllium(II) and cobalt(Il) ions form their first
complex movements towards negative elec-
trode. Hence, one homoserine anionic species
[CH,(OH)CH,CH(NH,)COO] must have com-
bined with beryllium(II) and cobalt(Il) to give,
1:1, [Be{CH,(OH)CH,CH(NH,)COO}]" and
[Co{CH,(OH)CH,CH(NH,)COO}]"  complex
cations, respectively. The third plateau in each
case is in zero region showing neutral nature
of metal ligand complex. Hence, two anionic
species of homoserine [CH,(OH)CH,CH(NH,)
COO"] must have combined with metal ions to
give 1:2, [Be{CH,(OH)CH,CH(NH,)COO},]
and [Co{CH,(OH)CH,CH(NH,)COO},] com-
plexes, respectively.
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Fig. 4. Mobility curve for the metal(Il)-homoserine systems.
—o— = Be(Il)-homoserine
—e— = Co(IT)-homoserine.
pHs were maintained by addition of sodium hydroxide.
Ionic 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).

Further increase of pH has no effect on
the mobility of metal ions, which indicates no
further interaction between metal ions and li-
gand. The predominant ligating properties of
unprotonated anionic species of homoserine
have also been reported to ruling out any such
property of zwitterions [41]. In general the
complexation of metal ions with homoserine
anion may be represented as:

2+ Kl

M™ + 1’

ML" (1)

K>

ML + L ML, (2)

where M?* is Be?* and Co? metal ions; [L] is
the homoserine anion; K, and K, are the first
and second stability constants, respectively.
The metal spot on the paper is thus a combi-
nation of uncomplexed metal ions, 1:1 and 1:2
metal complexes. The spot is moving under the
influence of electric field and the overall mobil-
ity U is given by equation (3):



144 Brij Bhushan Tewari

UO,O’ B0,0 + U1,0’ B1,0 [L] + Uz,(y Bz,o [L]2 +--
+U,,.B,, [HL]+ U, B,, [HL]? + ---
+ U2,1 Bz,l [HzL] * Uz,z’ Bz,z [HZL]Z + -
U= 3)
Boo T By [L1+ B, [LT + B, [HL]
+p,, [HLP +B,, [H,L]
+ Bz,z [HzL]2 T

wherein U, is the speed of uncomplexed metal
ion, U, , is the speed of complex formed by the
combination of one unprotonated anionic ligand
with metal ion, and pr is the speed of the metal
complex formed by the combination of x anions
containing, p, protons each. [3’s are the overall
stability constant of the different metal complexes
formed in the interaction. On taking into con-
sideration different equilibrium above equation
transformed into following useful form.

_Uy+UK L]+ UK K LT

- S (4)
1+ K,[L ]+ KK,[L]

wherein U, U and U, are mobilities of
uncomplexed metal ion, 1:1 metal complex and
1:2 metal complex, respectively.

The protonation constant of pure homoser-
ine [ka = 2.27; ka, = 9.28] were determined by
same paper electrophoretic technique. The mode
of deprotonation of homoserine can be given as:

Table 1

[CH, (OH) CH, CH (NH,") COOH]
-H* 11 ka

[CH, (OH) CH, CH (NH,") COO]
-H* 11 ka,

[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 uncom-
plexed metal ion, U, 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 an-
ion and protonation constant of pure homoserine.
The concentration of ligating homoserine species
[L"] is calculated with the help of equation.

(L]
1+@+ LH] )
ka, ka, -ka,

[L']=

where [L, ] = is the total concentration of ligand
homoserine (0.01 mol/L).

The 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.

Stability constants of binary complexes of beryllium(Il) and cobalt(Il) with homoserine

Metal Complex Stability Logarithm stability
. Complexes .
ions species constants constant values
. [Be {CH, (OH) CH, CH (NH,) COO}]* ML* K 7.13+0.02
Be 2 2 2 1

[Be {CH, (OH) CH, CH (NH,) COO} ] ML, K, 6.11 £0.09
4.27+0.07
Co™ [Co {CH, (OH) CH, CH (NH,) COO}]* ML* K, 4.30 (43)*
[Co {CH, (OH) CH, CH (NH,) COO}.] ML, K, 347+0.11
3.51 (43)*

Tonic strength = 0.1 mol/L; temperature = 35 °C; homoserine anion = [CH, (OH) CH, CH (NH,) COO];
M = metal cations; L = ligand (homoserine); *Literature values.

Maced. J. Chem. Chem. Eng. 29 (2), 139—147 (2010)
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4. DISCUSSION

It is clear from Table 1 that values of first
and second stability constants of ML and ML,
complexes follow the order

beryllium(II) > cobalt(II).

The values of second stability constants
are found to be lower in comparison to first sta-
bility constant in each case, this may be due to
the decrease in coordinating tendency of ligand
with higher state of aggregation. High stabil-
ity constant values of beryllium(II)-homoser-
ine complexes indicate strong bonding between
beryllium(Il) cation and homoserine anion.
Whilst low stability constant value of cobalt(Il)—
homoserine complexes indicate weak bonding
between cobalt(Il) cation and homoserine anion.

According to standard deviation (statistics)
the precision of the method is limited to that of
paper electrophoresis, and uncertainty in the result
is £5 %. Hence, it cannot immediately replace the
most reliable methods, even though it is new ap-
proach deserving further development. The mo-
lecular structure of homoserine is given bellow:

0)

HO
\/ﬁ)‘\ OH

NH,

To examine the possibility of hydrolysis
of beryllium(II) at higher pH range, experiments
have been performed at two concentrations of the
ligand: 0.01 mol/L and 0.001 mol/L. The mobility
curves show that the plateaus at lower ligand con-
centration 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, com-
plexes may be given as:

Maced. J. Chem. Chem. Eng. 29 (2), 139—147 (2010)

(0]
Hy I
N 0—C
(I)H / \\ / \
CH,—CH,—CH M CH-CHz—?Hz
\ / \ / on
Cc—0 N
I H,
(0]

5. CONCLUDING REMARKS

Several conclusions can be drawn from the
present study. Beryllium(II) and cobalt(II) are sig-
nificant for biological systems as such, because
they are essential and at the same time are toxic.
The homoserine may be used to reduce the lev-
el of these metal ions in the biological systems.
Beryllium(IT)-homoserine complexes are found
to have higher stability constant values in com-
parison to cobalt(Il)-homoserine complexes. Bio-
logically important beryllium(Il) and cobalt(II)
complexes with homoserine can be prepared on
large scale at a particular pH of the background
electrolyte solution. The ML, complexes are
found to have lower stability constant values in
comparison to ML complexes. The present modi-
fied electrophoretic technique is helpful in find-
ing if complexes are formed or not, and if formed
their stability constants can also be determined.
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