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A MODIFIED PROCEDURE FOR SLOPE RATIO METHOD
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ABSTRACT

This putlicatdon modifies the experlmental procedure of slope ratio method
for 1:1 metal-chelates vla correct choosing of refference samples. This modification
was followed in studying complex formation of cerous and ferric lons with 1,2 his
(beta-aminoethoxy) ethane M, N, N', N’ sodlum sulfonate triacetic acld. The obtained
results, after correct chaice of refference samples, gave one stralght line (for the
two chelates) {nstead of two parallel lines when the slope ratlo method was applled
without modefication. The discusslon of the differences between obtained results
before and after modeficatlon is glven. The correct choice of refference samples
may be extended similarly to the other analyHcal methods of studying complex
formation to get more accurate results.

INTRODUCTION

Slope ratlo method 1s currently used for determination of the composition
of the complex at a constant pH value, It i1s appllcable oniy to the systems in which
a single complex is formed. In this method, at a fixed pH, two serles of equal volumes
of mixture solutiona are prepared. In the first serles, the metal lon concentratlon
1s kept In excess and the chelatdng agent is increased. In the second series, the
chelating agent concentration 1s kept in excess and the metal concentraton is increa-
sed. The ratio of number of llgand n to the number of central ion m, r, may be
determined from the rado between the two slopes of the two stralght lnes that
are obtained from the dependance of absorbance on the variable component (metal
or ligand) in presence of excess of the other. Therefore thc molecular rade of

= D - __slope of fj ne _. i
the complex r = L = iIlgpe oF 5%%" s [1, 2, 3. In slope ratic method, the
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two Unes are obtained as a result of measuring absorbance values of the formed
complex at its characteristic wavelength as a function of the concentratlon of
variable component (metal lon or lgand) using reference sample containing the same
concentrations of ligand at the same pH.

The following work suggests an accurate cholce of reference samples. This
modified selecton of reference samples can modify the obtained results to get
only stralght line instead of two In case of 1:1 complexes.

EXPERIMENTAL

All chemicals were of analytcal grade. Studles proved that 1, 2 bls {beta-
amincethoxy} ethane M, N, N, N° sodlum sulfonate trlacetic acid, {which can be
denoted by ASTA) formed stable 1:1 chelates Ce (I} and Fe I [2]. Salutens at
different concentrations of ASTA, Ce (III) and Fe (O} were prepared and standardized
(2, &, 51

ASTA formed with Ce {Ill) stable chelatc at pH 5.5 with characteristc wave-
length 278 nm. The values of absorbance were taken at this wavelength as q_qfunction
of Ce (OD concentration,when ASTA concentration was kept,at 28 x 10" M, and
ASTA concentration when Ce (III} concentraten was kept at 10~ M [2). The reference
samples In all measurements were solutlons of ASTA of concentrations equal to the
excess concentratlon of each In the measured sample at the same pH 5.5. The
concentration of the reference for each sample can be expressed mathematically
as the modolus value of the difference between [M IO and [ASTA]  in the measured
sample as fallows:

Concentration of reference sample =| [M IO] - (ASTA]| Where M I represents
the metal lon of Ce I or Fe ML

Slope ratle method was performed also for Fe I / ASTA chelate at wave-
length 250 nmf2] The absorbance values were measured and taken as a functon
of varlable concentraligg of Fe II or ASTA In the presence of excess of the other
at concentradon 5.x10 M. The measurements were done using reference samples
of ASTA solutlons that had the same concentration of ASTA as In the measured
sample at the same pH 5.5, The absorbance measurements were repeated using
reference samples that contained the excess Fe III or ASTA concentration as In
the measured sample at pH 5.5 like what is shown by the mathematical expression.

RESULTS AND DISCUSSIOM

Figure (1) shows the abserbance spectra of ASTA, Cell, and Ce (M): ASTA
complex. The composition of complex was studled by slope ?at!.o method taking
the usual reference samples as chelatlng agent at the same concentrations and
pH llke In measured samples. Figure (2) demonstrates that 1:1 complex was formed.
The same result was obtalned by molar ratleo and contlnuous variation methods [2].
The absorbance measurements were repeated several times using reference samples
having concentrations of ASTA or CeCl, equal to that still existing in excess without
complexation in each measured sample. After this modification of choice of reference
samples, Figure {3) was obtalned demonstratding that the second straight lne is
" superposed the first one. The dissappearance of differences between the two straight
lUnes after the modification In the reference samples, ensures that the difference
between the two lines was due to the reference samples.

The samc procedure was followed for Fe (OOI) : ASTA chelate. Figure (4)
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shows the absorbance spectra of ASTA, FeCly and Fe (I : ASTA complex. When
the slope ratio method was applied using ustal reference samples ,Figure (5} was
obtained. After modlfication of reference samples to have concentratlons of ASTA
or Fe (I equal to that excess in measured samples, Figure (6) was obtained. There-
fore, it can be concluded that the good cholce of reference samples modifies the
result of the slope ratlo method to obtain two superposed straight lines {or one
straight lne) instead of two parailel straight lines.

Let M represents Ce (I or Fe (I} and Y represents ASTA. In 1:1 Complexes,
like in our case, for excess concentratlon of ligand, the concentration of the formed
chelate equals the concentration of M approximately as shown from the foliowing:

M + excess L =<— ML
[ML] £ [M]

For excess concentraton of M, the concentrabon of formed ML equals approxim ately
that of ¥ as shown :

Y + excess M =ML
(MLl =[]

Therefore at each point of x-axis where [M in excess I_] equals [L1n exCess M]’

we must get approximately the same vaiue of ML at that point. For the same vaiues
of concentration of ML we must get only unlque value of absorbance(s - 10i, not
two. Slnce In 1 : 1 complex the concentration of free metal ion without complexation
equals to that of free ligand, therefore for each paint of x - axis, the formed complex
is exactly the same and as a result the correspondlng absorbance value must be
the same. Consequently, from logical and theorltcal point of view, if the reference
sample are chosen correctly, we can obtain only pne’ straight line instead of two
as the results showed.

According to the result of this publicabon, modifications of rcferencc samples
can be suggested simllarly for studying complex formation either by continuous
variation or molar rato mothod. This modlfication enables us te get more accurate
spectra for the formed complex and also more precise values of Lts stability constant.
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Ligands Figure

Figure (1) : Absorbance spectra of ,ASTA, CeCl, and Ce (III) : ASTA chelate each of

concentration 2.8 x 10°° M at pH 5.5 .

Figure (2) : Varlatlon of absorbance at A=z 278 nm for Ce {IID : ASTA chelate using

reference samples of chelating agent as a functlon of concentraton of
Ce () oF ASTA In the excess of the other (excess concentration
=28 x10 " M).

Figure (3) : Yarlation of absorbance at A= 278 nm for Ce (II) : ASTA chelate using

the modified reference samples as a function of [C_EJ or [ASTA] In the
presence of excess concentratdon of the other (28 x 10 7 M},

Figure {4) : Absorbance spectra of ASTA , Fv.=:Cl3 and Fe (II0) : ASTA chelate each of

concentration 1 ¥ 10~ M at pH 5.5 7

Figure (5} : Variation of absorbance at A= 250 nm for Fe {IIll : ASTA chelate using

reference samples of chelating agent as a functlon of concentratton_gf
Fe (II) or ASTA iIn the exeess of the other {excess concentration = 5x10 "M},

Flgure () : Variation of absorbance at A= 250 nm for Fe I} : ASTA chelate using

the modified reference samples as a function of [Fel or [ASTA] in the
presence of excess concentration of the other (5 xX10 ~ H]

In Figurestl}and(4}: 1 for ASTA , 2 for M (IID) , 3 for M (I} : ASTA

In Figures(2yand{3}: 1 for excess ehelate , 2 for excess M (D) .
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