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ABSTRACT

Stability constants ML and ML, type binary complexes of Cu (ll)/ UO,(Il)/ Ni(ll)/ Co(ll)/
Zn(ll)/ Cd (I1), 8-Azaguanine system is determined by paper electrophoresis. The technique is
based on the movement of a spot of metal ion under an electric field with the change of pH of back
ground electrolyte at ionic strength 0.1 M perchloric acid. The stability constant of the ML and
ML, complexes of metal - 8-Azaguanine have been found to be (7.65, 5.50), (7.38, 5.75), (5.64,
3.82), (5.75, 3.68), (5.33, 4.21) and (4.45, 3.73) for Cu (Il)/ UO(Il)/ Ni(ll)/ Co(ll)/ Zn(ll)/ Cd (II)

complexes respectively.

Key words : Paper Electrophoresis, Stability constant, mobility.

INTRODUCTION

Purine bases are constituent part of nucleic
Acid. 8-Azagunine is one of the unnatural purine
base, not available normally in biological systems.
The action of such unnatural base which is of course
confined only to a limited number of cases seems
to be two fold : (a) Unnatural purine bases generally
block some stage in the process of biosynthesis of
the normal purine nucleotides. In this context
mention may be made of the inhibition of
biosynthesis of guanosine monophosphate by AZN.
(b) These bases themselves after conversion to
nucleotides, are incorporated in varying degree,
although this incorporation may result in an
abnormal form'™3. The metal complexes of 8-
Azaguanine are scantly known, In this paper use of
paper electrophoresis technique®2® is described in
the study of metal complexes involving 8-
Azaguanine as ligand.

EXPERIMENTAL

Instruments

Systronics paper electrophoresis
equipment horizontal cum vertical type No. 604
(India) have been used. The apparatus consisted of
a PVC moulded double tank vessel. In our
laboratories significant change has been made for
controlling the temperature. Two hollow metal plate
covered with thin polythene plate have been used.
For controlling the temperature, thermo stated water
supply has been made through hollow plate.
The tank is closed with a transparent PVC moulded
lid. The whole assembly is tight which prevent
moisture changes, which may upset the equilibrium
in the paper.

This assembly design thus keeps to a
minimum, the disturbing effects of evaporation from
the unwanted liquid flow in the paper.
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Each electrolyte vessel containing a
separate electrode chamber in which the anode and
cathode are placed respectively. The auxiliary unit
is a specially designed one, which can be operated
upon either voltage mode or on current
mode. The voltage can be changed through three
ranges viz., 0 - 100, 100 - 200 and 200 - 300
volts.

Filter Paper

Strips of Whatman No. 1 filter paper for
chromatography (30 x 1) cm2 were used and the
potential gradient was 7.7V/cm.

pH - Indicator and Accessories

CP 901 Century digital pH-meter having
glass electrode assembly and working on 220 volts/
50 cycles stabilized A.C. Main was used.

Solution of the complexing reagents

Stock solutions of the complexing reagent
viz., 8-Azaguanine, (BDH Anala R grade) were
prepared by dissolving accurately weighted amounts
in water. Solution of required strengths were then
prepared by suitable dilution.

Electro-osmotic indicator

5.0 x 10-3M glucose (BDH Anal R) was
prepared in water and used as an electro-osmotic
indicator for the correction due to electro-osmosis.

Detecting reagent for metal ions

1 - (2-pyridylazo)-2-naphthol (PAN) ; 0.1%
(w/v) solution in ethanol for Cu (1), UO,(II), Ni (Il),
Co (Il), Zn (Il), and Cadmiun-2B for Cd (ll).

Indicator for glucose

A saturated aqueous solution (0.9 ml) of
silver nitrate was diluted with acetone to 20ml.
Glucose was detected by spraying with this solution,
and then with 2% ethanolic hydroxide, when a black
spot was formed.

Perchloric acid as background electrolyte

A stock solution (5.0M) was prepared by
suitable dilution of 70% perchloric acid (SDS Anal
R). The solution was standardized by titrating as
suitable volume of its dilute solution against a
standard sodium hydroxide solution.
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Procedure

For recording observation on particular
metal ion, five strips are spotted with metal ion
solution along with additional one spotted with
glucose using 1.0p pipette and then mounted on
the insulated plate. Each of two electrolyte vessel
was filled with 150 mL of background electrolyte
containing 0.1 M perchloric acid and ligand
(1.0 x 102). The paper was moistened with the
background electrolyte and then allow to drain off
excess electrolyte. The second insulated plate was
placed on paper strips and then thermo stated water
supply allowed to supply. The lid was then closed,
placed on the electrode vessel and the chamber
was made tight. It was left for ten minute and a direct
current (200 Volt) was applied for 60 minutes. After
electrophoresis, these strips were removed from
tank dried. The metal ions and glucose spot were
detected by specific reagents. The leading and tailing
edge were measured from the marked point and
the mean were taken. The distance moved by
glucose was taken into account for obtaining the
correct path length. Migration towards anode and
cathode were designed by -ve and +ve signs
respectively.

The observed mobility of migrant was
calculated by using the formula :
d

T=_"_
it

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

ctkd
Wt

Where U = mobility of metal ion/complex
ion/ligand, d = distance traveled by metal ion/
complex ion / ligand, d, = distance traveled by
glucose spot, X = field strength, t= time for
electrophoresis.

The speed of the metal ion/ligand spots
on the five strips were thus calculated and their mean
value has been reported in the thesis. The individual
speeds of spots were fairly equal and the variation
was always less than 0.30 cm.



Singh & Singh: Orient. J. Chem., Vol. 24(1), 261-266 (2008)

Electrophoretic technique used in these
studies consists in examining the speed of metal
ions in a mixture containing ligand solution under a
definite potential gradient in a tube. The speeds are
recorded at different pH’s of the mixture solution.

A ligand may be assumed to be poly basic
acid dissociating in stages as follows :

The dissociation steps can be illustrated
by the following scheme :-

H,LO@m 5, L+H
H, LB @@ o, L+H
OL W H+L

(Charges have been ignored)

The concentration of a protonated species
H.L can be expressed as :

[HpL =R [(Hp LIHFE Ky Kl[L][H]P
=0, [HI'[L] (1)
where o, = K, K, ..o K

The poly basic acid thus distributes itself
in the form of different anionic species. The following
expression holds good for the total concentration.

T, = > o [HF[L]
B=0

in the view of this expression equation (1)
becomes

L
TJ". ap[(H.:l ]
i
2 o [(H)]
=0
A metal ion M from many complex with any
deprotonated species of acid and the reaction can

be expressed in a general way as (charges being
ignored) :

[HpL]=

BERh M (HL)
M (HpL)+ H,L BEER M (H,L),
M (HpL)g+ HpL B B8E M (HyL)y

M + H,L
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The concentration of a general complex
species can be expressed as -

(21 'inL:':pr[M (HpL)y, [HpL]

=Ko Koy KylHDIM]

where Bxp is over all stability constant of
the complex and is given by the expression the
relative abundance of a particular anionic species

Bp= Ky Koy oo K e

of the poly basic acid depends upon the
pH of the aliquot. The metal ion in solution form
varieties of complexes with these anionic species
of the poly basic acid depending upon their stability
constants as well as on the availability of the different
anionic species. Under the influence of electric field
imposed on the ends of electrophoretic tube the
complex will move whose speed under the unit
potential gradient can be given by the well known
equation of Jok*.

U=Y U, £, e (4)

where u,  is the speed and f, _ is the mole
fraction of the general complex M (H,L), present in
the conglomeration. It may be noted that the general
formula (4) clearly takes into account, the stability
of each species of complex in view of variability of
x and p from zero to any integral number. The more
f,,. intrinsically stands for the actual fraction
constituted by the particular complex species in the
total agglomeration of all the complexes formed in
the poly basic acid present in the solution under the
specific conditions of acidity.

[MH,L), ]
2 [MEL), ]
This expression in view of equation (2) simplifies to
o _ Bus[ELF]
T YBl@EL O

Obviously, fnp. =

This equation is a general expression
correlating the overall mobility ‘U’ with the mobility
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U,,. of the individual complexes present in the
solution and as well as with their relative
abundances. If partially unprotonated and
protonated species are considered, the equation (5)

can be expressed as :
1= SoPoo +10 B (L) 1y B (L, ) [HE 4y,
fioo + B[]+ B, [LI*B, [HL] + .,

By +[HL]E +uyy Bay [Hy L]+ By [Ha L)+
[HL]A ,[H,L]+f,,[H, L7+ ..

..(6)

In this expression 3, = 1 in view of the
expression (6) u,, is the speed of uncomplexed
metal ion is u,  is that of the complex formed by the
combination of one deporotonated anionic ligand
with the metal ion and U is the speed of the metal
complex formed by the combination of x anions,
containing p protons each. b’s are the overall stability
constant of the different metal complexes formed in
interact. This equation differs from Jokl in as much
as it comprehends different mononuclear complexes
formed with a particular liganding anionic species.
As the experiments consist in recording the speed
of the metal ion with progressive increase of pH due
to addition of hydroxyl ion (sodium hydroxide
solution) the overall speed would steadily change
because of change in relative abundance of a
particular species obviously depends upon its overall
stability constants as well as the availability of the
particular liganding ionic species in the solution
which in turn depends on the acidity status of the
solution.

Hence a graphical representation
correlating overall speed and the pH of the
background electrolyte would give a curve wherein
a number of plateaus would occur. Each plateau
would correspond to a region where a particular
metal complex predominates over others. The speed
in the region of the plateau will be the speed of the
particular metal complex. The stretch of the plateau
will be large if the stability constant of the relevant
metal complex is large as compared to that to the
neighbouring complexes.

The stability constants of different
complexes can be calculated with the help of the
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equation (4) and its graphical representation of
mobility ‘U’ as related to pH value of the background
electrolyte. In the beginning stages the hydrogen
ion concentration is very high (i.e., low pH value).
The overall mobility of metal ion spot could be chiefly
due to uncomplexed metal ion. Thus first plateau in
the mobility curve would correspond to the region
where metal ions in the spot are practically
uncomplexed. The constant speed of this plateau is
obviously the speed of uncomplexed metal ions i.e.,
‘u,,, - Beyond this region at higher pH the overall
speed falls steadily due to steadily increasing
complexation of metal ion with increasing
concentration of the acid anion. This process of the
fall persists till the complexation with the particular
liganding ion increases. A stage is reached where
almost all metal ions in the spot are complexed with
the liganding ion with the result that the overall
mobility will tend to become constant. The constancy
of overall mobility persists as long as the formation
of the complex is overwhelmingly dominant.
Obviously constant speed of this plateau will be the
speed of the ionic complex formed in this region. It
is thus seen that overall mobility of the metal spot
varied along a curve beginning with a plateau and
then reaching another plateau of constant mobility.
IN between these two plateaus the overall mobility
of the spot would be contributed mainly by the
mobilities of the two species viz. uncomplexed metal
ion and first complex of the metal with the particular
anion of the ligand.

Assuming HpL anion of the liganding acid
to have preferentially formed the complex with the
metal ion as :

M + xH,L B Bff ME,Lx

in the earlier stages the equation (5) simplifies to :

_Ugp Ty By [HpLT
1+,B}(P_[HPL]"

The other terms in the numerator and
denominator of this expression (5) have been
justifiably ignored because of the insignificant
formation of other complexes in the region. Form
this simplified equation it is easy to calculate the
overall stability constant B, = for the first formed
complex M(H,L),. The overall mobility would be
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equal to the average mobility of u,, and u,_ (which
are actually the mobilities corresponding to the first
and second plateaus), when B, [H L] is equal to
one. The pH value on this condition is find out by
taking the mean value and by the knowledge of
different dissociation constants of the ligands the
concentration of H.L variety can be calculated at
this pH with the help of the equation (1).
The reciprocal of the concentration gives the overall
stability constant B,

On further increasing the pH value of the,
solution other anionic species of the ligand are
increasingly formed at the cost of the more
deprotonated ones. This would lead to the formation
of a new complex. Now the absorbance difference
which was constant at the second plateau will
steadily suffer a transition till a stage is reached
where a new complex is overwhelmingly formed.
The absorbance difference remains constant as long
as the new complex is in dominant majority.

Supposing H L to be the new anionic
species of the ligand to be preferentially generated
on the system on increasing its pH from the second
plateau onwards, its complexation with the metal
ion would be —
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M + yH LABEE M (H Ly

The overall average in the region between
he second and the third plateaus can be given by
the simplified equation :

U= Uy pJBx.p.[HPL]x + uquByq.[HqLF
JBx.p. [ HPL]K + JByq.[ HqL :PY

A number of terms in the numerator and
denominator have been deleted because of obvious
reason of their contribution. lepl is obviously the
mobility of the newly formed complex which
corresponds to the third plateau.

Applying the earlier technique the average
of the two mobilities U, jand U would be the overall
mobility at a point where -

BrulHLY _
JBxp [ I_IPL]x

Table 1: Stability constants of various binary complexing
systems involving 8-Azaguanine as Ligand

Temperature 35°C

8-Azaguanine anion (L) =

HzN

=l

lonic Strength = 0.1

||_NE
!

System Electrophoretic Value
Log K7, LogK yi, LogK §;,

Cu () 7.65 5.50 13.15
uo,(Ih) 7.38 5.75 13.13

Ni (1) 5.64 3.82 9.56

Co () 5.75 3.68 9.43

Zn (1) 5.33 4.21 9.54

Cd (1) 4.45 3.73 8.18
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The pH value of the system at this point
was found out by taking the mean point of the slope
and the concentration of HpL can be calculated from
the equation (1). Knowledge of these value and that
of bx.p, help in calculating overall stability constant
b, of the other complex M (H_L)y. By this method
we can calculate stability constants of any complex
formed subsequently.
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The calculated value of stability constants
are given in table 1.

In the end, it is to be stressed that paper
electrophoresis technique used in these study is
simple and handy for the study of complexation
reaction. It give vivid picturization of complex
formation whose stability constant can be very easily
determined.
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