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A spectrophotometric  method is described for the determination of
magnesium; calcium, strontium and barium coexisting in binary mixtures.
The method employs totramethyimurexide as an auxiliary ligand, and has
been developed for pure two-component systems, such as are involved in
investigations of cation-exchange equilibria on anionic polymers. The
analysis is performed with calibration curves of the ¢ = f[Me(I), Me(II)],
where ¢ is the ratio of two absorbances 4, and 4, measured at two suitable
wavelengths, 4, and 2,. The wavelengths 4, and®1, are chosen from the
absorption spectra of solutions containing the separate metals Me(I) or
Me(II). Tho absorption spectra of solutions containing the tetramethyl-
murexide complexes of Ca®t, Sr** or Ba?t ions are independent of the
identity of the anions present in the system (Cl~, NO; and CH,COO7).
The results show that two arbitrarily chosen elements of the alkaline earths
can be determined with a good accuracy in the presence of each other over a
large concentration range (0.001—0.05 m). Calcium, strontium and barium
can bo estimated with high accuracy in solutions containing a considerable
oxcess of either magnesium or potassium, this exceeding the concentrations
of the above alkaline-earth elements by factors of 100, 50 and 20, respectively.
Calcium can also be estimated with barium or strontium present in a 30-fold .
or a 20-fold molar excess, respectively.

The use of murexide as an indicator for complexometric determination of calcium,
copper and nickel is well known [1]. This compound (the ammonium salt of 5,5'-nitri-
lodibarbituric acid) forms coloured complexes with many bivalent and multivalent
cations [1—4], and has been used for the spectrophotometric determination of
caleium [5—7], strontium [8], zinc [9], and elements of the rare earths such as
scandium, yttrium, lanthanum [10, 11] and ytterbium [12].

Raaflaub [5] used murexide as an auxiliary ligand for the spectrophotometric
determination of Ca?* ions in biological fluids (see also [13]). The formation of the
coloured complex between calcium and murexide is, however, rather dependent
upon the pH of the solution because of the presence of four imido groups in the
murexide molecule. For this reason, this method requires the maintenance of a fixed
pH value during the spectrophotometric determination. Raaflaub [14] overcame
this disadvantage by using tetramethylmurexide instead of murexide. The keto
groups neighbouring the methyl groups in a molecule of tetramethylmurexide cannot
assume the enolic form in contrast to murexide, and the formation of the coloured
complex of tetramethylmurexide with cations is independent of pH within the
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range 4.8—8.1 [14]. Tetramethylmurexide has been successfully used for the study
of the binding of Ca?* ions to the carboxyl groups of pectin, monouronides and
polyuronides [15—17].

In connection with the application of pectin as a natural prophylactic or remedy
against poisoning with heavy metals or radioactive strontium, it is important to
study the exchange of Ca?*, Sr?+ and Ba?* ions on this material. During work on
these problems, it was necessary to have a simple but exacte method for the deter-
mination of magnesium, calcium, strontium and barium in arbitrarily chosen binary
mixtures.

Hitherto, murexide has been used only for the determination of calcium and
magnesium in the presence of each other either by complexometric or by spectro-
photometric methods [1, 7]. (The chelatometric determination of magnesium, stron-
tium and barium in the presence of each other is unsatisfactory because the stability
constants of the complexes formed between ethylenediaminetetraacetic acid and
these metals are very similar [1].) We have therefore developed a spectrophoto-
metric method for the determination of arbitrarily chosen binary mixtures of elements
from the series magnesium, calcium, strontium and barium by using tetramethyl-
murexide as an auxiliary coloured ligand. The method permits the analysis of pure
solutions containing the salts of these elements, and was developed, as stated pri-
marily to facilitate the study of exchange equilibria on ion-exchangers. The principle
of the method could, however, be applied to solutions containing more components.
The method is rather simple and does not require expensive equipment, in contrast
to the determination of these elements by atomic absorption spectrometry;in some
combhinations of elements it is also more exact.

Experimental

Chemicals

Tetramethylmurexide was synthesized from caffoin via tetramethylalloxantin [18, 19].
The molar absorptivities of tho ammonium salt of tetramethylmurexide (e;5, = 13,800)
and of its Ca-complex (g, = 20,000) were consistent with corresponding values of
murexido c¢ited in literature [2, 13},

The salts [CaCl,, SrCl,, BaCl,, MgCl,, KCl, Ba(NO,), and Ba(OAc),] and the othcr
chomicals usod woro of analytical grade. The caleium acetate solution was prepared by
decomposing CaCO, with acotic acid, filtering off the undissolved carbonate resid ne,
oxpolling the roleased CO, by heating on a boiling water bath, and adjusting the pH.
The solutions of sirontium nitrate and strontium acetate werc propared by neutralization
of the corresponding acids to pH 7.0—7.5 with 0.1 N solutions of strontium hydroxide.
The solutions of magnesium nitrate and magnesium acetate were prepared by neutrali-
zation of MgO with the corresponding acid. After filtering off tho residual MgO, the pH
of the filtrate was adjusted with the corresponding acid to 6.5— 7.0. The specific condue-
tivity of the distilled water was 3 % 10-¢ ohin~! em~1

Analytical methods

The principle of uantitative determination of alkaline earth cations is fully described
in the next section.

The absorbances of solutions were dotermined with a compensation spoectrophotometer
(UVISPEC-Hilger) with 0.1 mun slit width and 1 ¢m cells at 23— 25°C. The wavelength
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scale was calibrated with the hydrogen spoctral lines at 486 and 656 nm and by use of
a didymium glass filter within the wavelongth region 400 — 650 nm [20]. The stock solution
of 2 X 10~* M tetramethylmurexido (NH} form) was prepaved separately for each series
of measuromonts just before use. All absorbance measurements wero carried out with
4 X 10-3 M solutions of tetramethylmurexide.

The molar concentrations of metal chlorides in solution were determined by potentio-
metric titration with either 0.1 N or 0.01 N solutions of AgNQ;, using a silver electrode.
The molar concentrations of solutions of caleium and magnesium salts were determined
by the usual chelatometrie titration, murexide or oriochrome black being used as indi-
cators. The concentrations of strontium nitrate and acetate solutions were computed
from the consumption (to neutrality) of strontium hydroxide by the respective acids.
The concontrations of barium nitrate and acetate solutions were calculated directly
from the weights of the analytically pure preparations used.

Results and Discussion

Absorption spectra of tetramethylmurexide in solutions
of calctum, strontium, barium and magnesium salts

As mentioned, murexide (NH; form) forms coloured complexes with Ca2+, Sr2+
and Ba?* ions. The stability constants (K) of these complexes and the wavelengths
corresponding to maximum absorbance (Amax), found by some authors, are summa-
rized in Table 1. The stabilities of the complexes decrease in the order: (CaMur+) >
> (SrMurt) > (BaMur+).

Table 1
Stability constants (K ) of murexide complexing with Ca*+, Sr2+, Ba?* and Mg?t+ ions and
wavelengths corresponding to maximum absorbance (Amax)

I\IO K lmnx I\’. I{ }»max N lmax
[nm] [nm] [nm]
Ca2t 5001 487 2102 35003 483 3984 483
Sr2t 280 — 1005 495
Bas+ 138 513 1005 510
Mg+ 0.3—0.5 487 <14
Ref. 2] [13] (3] 4]

1. pH 7.0, 1 0.005—0.10; 2. pH 7.2, ;¢ 0.15 (KCI): 3. neutral solutions; 4. g 0.10 (KNO,),
10°C; 5. 23°C.

Tetramethylmurexide shows the same stability constant for its Ca-complex as
does murexide (K = 500). The absorption spectra of both indicators are practically
identical [19]. We have determined the absorption spectra of tetramethylmurexide
(4 X 10~ mol 1-1) in 0.05 M (Fig. 1) as well as in 0.002 m (Fig. 2) solutions of CaCl,,
SrCly, BaCl, and MgCl,. Absorption spectra were also measured on 0.002 M solutions
of the nitrates and acetates of these metals, but they were identical with the spectra
obtained with the chlorides. This means that the spectra of the complexes of tetra-
methylmurexide with Ca2?+, Sr?+ and Ba?+ (and also Mg?t) are independent of the
presence of C1-, NO; and CH,COO- ions.
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1
600 nm

Fig. 1. Absorption spectrum of tetramethylmurexide in 0.05 m solutions of CaCl,, SrCl,,
BaCl, and MgCl,.
1. CaCl,; 2. SrCl,; 3. BaCly; 4. MgCl,. Tetramethylmurexide; 4 X 10-5 mol 1-1.

!
400 500 600 nm

Fig. 2. Absorption spectrum of tetramethylmurexide in 0.002 m solutions of CaCl,, SrCl,,
BaCl, and MgCl,.
1. CaCly; 2. SrCly; 3. BaCl,; 4. MgCl,. Tetramethylmurexide; 4 X 10— mol 1-2.

The values of Anax given in Table 1 were measured with solutions in which a major
part of the murexide was in the form of the complex, ¢.e. in solutions with high
concentrations of alkaline-earth cations. In less concentrated solutions where the
complex is formed only in part, the maximum absorbance shifts to slightly longer
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wavelengths. Tetramethylmurexide complexes with Ca%*, Sr?+ and Ba?* ions behave
in the same manner (Table 2). The Mg?*t and K+ ions do not form any complex
with tetramethylmurexide. The absorption spectrum of tetramethylmurexide is
the same in KCl solutions as in MgCl, solutions. The spectra are invariant within
the concentration range 0.002—0.05 mol 1-2.

Table 2

Dependence of Zmax on CaCl,, SrCl,, BaCl,, MgCl, and XC1 concentration in solutions
containing tetramethylmurexide (4 X 10-% mol 1-%)

! Amax [nm]
Mo 0.05mol1-1  0.002 mol I-?
Ca+ 490 497
Sp2+ 506 519
Ba2+ 519 526
Mg+ 530 530
+ 530 530

Schwarzenbach and Gysling [2] described a marked hypsochromic effect in murexide
solutions caused by a high concentration of Mg?+ ions (2 mol 1-1); see also [3]. The
value of Amqax shifts from 530 nm to 470 nm, approximately. This hypsochromic
effect is not evident in tetramethylmurexide solutions containing Mgt in 0.05 M
concentration. It begins to be effective only when the concentration of Mg?+ ions
exceeds 1 mol 1-2.

Principle of the analytical method

The spectra of the various complexes of tetramethylmurexide overlap considerably,
especially in highly dilute solutions (Figs. 1 and 2). In solutions containing an arbit-
rary pair of cations, Me(I) and Me(II), from the series Ca2+, Sr?+, Ba%+ and Mg?+
(or K+, respectively), the resulting curve 4 = f(1) is situated between the absorhance
curves for the individual Me(I) or Me(II) ions.

The method requires first the determination of the total concentration of bhoth
cations in the solution under investigation. For a solution containing soluble chlo-
rides, the total concentration of cations may be calculated on the basis of chloride-ion
concentration, determined argentometrically. In the solutions of nitrates and acetates
the cations must be exchanged by a cation-exchanger for H+ ions, the concentration
of which is then determined alkalimetrically. When the total concentration of both
cations in the solution is-known, they can be determined separately with the help
of calibration curves, drawn from the measured absorbances of various known
mixtures of the two cations at a definite wavelength. The total concentration of
cations in the solutions used for calibration has to be exactly equal to that of the
solution under investigation. Absorbances have to be determined at a wavelength
at which the greatest possible difference exists between the absorbances due to the
separate cations. Moreover, the values of the absorbances must be great enough
to give the required accuracy.

~a
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N
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Quotient ¢

Buddecke and Drzeniek [13] following the method of Ettori and Scoggan [22]
constructed calibration curves for the system CaCl,—KCl by measuring absorbances
at two wavelengths, corresponding to the maximum absorbances of murexide in
the presence of CaCl, (Aca) and KCl (Ax), respectively. They computed the quotient
@ = A, /A, on the basis of measured absorbances. Then they drew the calibration
curve as the relationship between the quotient ¢ and the concentration of Ca2* ions
in solution; ¢ = f[Ca?+].

This procedure [22, 13] has the following advantages, when the absorbance of
a particular solation is measured at two wavelengths in the same cell: 1. The calcu-
lation of the quotient ¢, which is given by the ratio of both absorbances, eliminates
incidental small differences in the path-lengths of individual cells. 2. The stock solu-
tion of tetramethylmurexide need not to be measured especially carefully into the
test solution. 3. The error due to slow decomposition of tetramethylmurexide in
the course of measurement lessens. The tetramethylmurexide is subject to decompo-
sition under the weakly alkaline conditions of the experiment. If a small amount
decomposes, a small and approximately proportional decrease in the absorbances
determined at two different wavelengths occurs, but the ratio of these absorbances
(the quotient ¢) does not change significantly [22].

We prefer, therefore, to construct the calibration curve by means of the quotient ¢
than to use absorbances measured only at one wavelength.

In highly dilute solutions (e.g. 0.002 m) the absorption spectra of SrCl, and BaCl,
or BaCl, and MgCl, differ from each other by only about 6 nm (Fig. 2). It would
therefore seem that strontium and barium or barium and magnesium in pairs cannot
be determined in these solutions. Fig. 3 shows the absorbance spectra of tetramethyl-
murexide in 0.002 »m solutions of SrCl, (curve 1) and BaCl, (curve 2). The absorbances
measured at wavelengths corresponding to the maximum (V,, V,) cannot be used
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I'ig. 3. Absorption spectrum of tetramethylmurexide in 0.002 M solutions of SrCl, and
BaCl,. (Determination. of quotient ¢.)
1. SrCl,; 2. BaCl,.
V, and ¥, — maximum absorbance for solution of SrCl, or BaCl,, respectively.
4,, A, — absorbances at 490 nm; B,, B, — absorbances at 550 nm.
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for computing the quotient ¢ in the same manner as performed by Buddecke and
Drzeniek [13], because the absorbance changes very little with varying concentration
of both cations. The quotient @ must therefore be determined for wavelengths
situated at both sides of the maxima of curves, eg. at 490 and 550 nm. With
increasing proportion of Sr?t+ ions in the mixture, the absorbance A,q, rises from
the limiting value 4, to a limiting value 4; while the absorbance A4;;, falls from
the limiting value B, to the limiting value B,. Thus, the quotient ¢ = Ad,40/4;5
grows with increasing proportions of Sr2+ ions in solution to such an extent that
the concentrations of Sr2+ and Ba?+ ions can still be determined with sufficient
accuracy. On the other hand, the small difference in absorption spectra of dilute
solutions containing SrCl, and BaCl,, BaCl, and MgCl, (or BaCl, and KClI, respecti-
vely), requires a considerable accuracy in the determination of the quotient ¢.

Conditions for exact determination of the quotient @

Tetramethylmurexide has a great advantage over murexide in that the absor-
bances of solutions containing the complexes of tetramethylmurexide with metals
are independent of pH within the range 4.8—8.1 [14]. We have tested experimentally
this property of tetramethylmurexide. The values of ¢, determined in the solutions
of tetramethylmurexide (4 X 10-® mol 1-!) containing 0—3 millimoles Ca/1000 ml
with ionie strength g = 0.15 (KCl) have been constant and independent of pH
within the range 4.7—8.7 [15].

Stability of tetramethylmurexide solution

The solution of tetramethylmurexide is not stable and deccmposes slowly, espe-
cially in weakly alkaline solutions. It is, therefore, necessary to prepare the stock
solution of tetramethylmurexide immediately before use. The stability of tetramethyl-
murexide solution (4 X 10-%mol 1-?) in distilled water and in 0.025 M, unbuffered
CaCl,, SrCl, and BaCl, (pH 5.8—6.2) was studied by measuring the changes in ab-
sorbance at 500 and 530 nm as a function of time. The values of the quotient ¢
for the salt solutions were constant within the limits of error for 4 hours, and
thereafter decreased slowly. In distilled water without added salts, they were con-
stant for two hours, and then decreased significantly, until after 4 hours, the total
decrease was about 19,. If the analysis is, therefore, carried out immediately after
the preparation of the solution of tetramethylmurexide, the time interval not
exceeding 4 hours, the slow decomposition of tetramethylmurexide is not significant.
The rate of decomposition is, however, much more significant in weakly alkaline
solutions. At the limiting value of pH 8.7, the tetramethylmurexide decomposition
is already rather fast. Correct values can be obtained in this case only when the
analysis is carried out within one hour. From the point of view of accuracy, the pH
of calibration solutions as well as analysed samples should be within the range
5.0—7.0. (Note: According to Spare [21], glycerol, methanol and propyleneglycol
retard murexide decomposition in alkaline solutions at pH 12.)

Adjustment of the wavelength

In most cases, the absorbance measurements are performed at a wavelength
where the absorbance curve is steep. A small alteration of wavelength (e.g. 1 nm)
corresponds to a considerable change of absorbance which also causes a change in

~
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the quotient ¢ (Fig. 3). For instance, the determination of the absorbance A,y
with an error of 4-0.001 requires an adjustment of wavelength with a precision
of about 4 0.1 nm. Such a precise adjustment of wavelength, cannot be achieved
with the spectrophotometer, but it is easy to overcome this difficulty. Absorbances
of both calibration solutions and analysed solutions must be measured first at the
first wavelength, e.g. 490 nm (with only one adjustment of wavelength) and sub-
sequently at the second wavelength, e.g. 550 nm. In this way, the absorbance of
the analysed solutions are measured at exactly the same wavelengths as those of
the calibration solutions. The absorbance measurements with a given solution
must be carried out for both wavelengths with the same cell.

Accurate measurements require that the calibration curve be drawn afresh for
cach series of analysed samples. The values of the absorbances were read twice
with an error of less than 0.001. Under the above conditions, the results are quite
reproducible. It followed from a great number of analyses (more than 100) that
the quotient ¢ may be determined with considerable accuracy, the error being
less than 4-0.0025.

Influence of ionic strength of solution

The absorbance of solutions containing tetramethylmurexide complexes is affe-
cted by the activity of ions present in solution in addition to the indicator concen-
tration. (This topic has been dealt with in more detail in one of our preceding pa-
pers [15], in which it has been demonstrated that tetramethylmurexide can be
used for the determination of Ca?t jon activity in solutions containing biological
substances.) It is, therefore, necessary for both calibration solutions and analysed
solutions to have the same ionic strength.

Determination of two cations in the presence of each other
Accuracy of analysis

The calibration curves, shown later in this paper were determined by using so-
lutions of the chlorides of the various metals. For two cations where absorption
spectra were quite different (e.g. Ca?t—Mg?t), the absorbances were determined
at wavelengths of maximum absorbance, whereas they were determined at wavelengths
on either side of the absorbance maxima for the other systems. The wavelengths
were chosen according to the type of cation pair and the concentration of the solu-
tion. The wavelengths, used for every particular absorbance measurement, are
given in subsequent tables.

The estimates of analytical ervor for all cation pairs are based on the assumption
that the overall cation concentration in solution is known. The correct relative
error in the determination of the concentrations of the individual cations is then
determined by the slope of the calibration curve for the cation-ratio, considered
in relation to the error in the determination of the quotient @. This error (dg) was
assumed to be 4 0.0025 for all measurements. The application of the method has
confirmed the correctness of the experimental error determined in this way.

Determination of calcium and magnesium in the presence of each other

The calibration curve for mixtures of solutions of calcium and magnesium chlorides
having an overall concentration of 0.05 mol 1-! is shown in Fig. 4 (curve I), while
the corresponding curve for an overall concentration of 0.092 mol I-1 is given in
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Fig. 4. Calibration curves for the deter-
mination of cation pairs Ca—Mg, Ca—Ba
and Ca—Sr (0.05 M solutions).

1. Ca—Mg, ¢ = Aqps/dsa0;

a) [Cal, b) [Mg].
. Ca—DBa, ¢ = A, 40/d ;5053
a) [Ca), b) [Ba].
3. Ca—8r, @ = Ays0/As00;
a) [Ca], b) [Sr].
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Fig. 5 (curve I). The considerable curvature of the calibration curve at higher cal-
cium content (Fig. 4) is due to a relatively high value of the stability constant of
the tetramethylmurexide complex of calcium. '

As magnesium does not form any complex with tetramethylmurexide, and the
solutions of both elements show a considerable difference in absorption spectra
{Figs. 1 and 2), calcium and magnesium may be determined in the presence of each
-other within a hroad range of concentrations (0.002—0.05 m). Calcium alone can
.be determined in the presence of a considerable excess of magnesium (ratio 1:100).

Table 3
Determination of calecium and magnesium in the presence of each other
Ca Mg = + ACa 4 AMg
[mmol 1-1] [mmol 1-1] Ca: Mg [%] %] ?

0.40 1.60 1:4 1.4 0.4
1.00 1.00 1:1 0.8 0.8 Agos/Agso
1.60 ' 0.40 4:1 0.6 2.5
0.50 50.0 1:100 1.9
1.00 50.0 1:50 1.1
L1.50 50.0 1:33 0.9 Aosl Agzo
2.00 50.0 1:25 0.7
5.0 45.0 1:9 0.6 0.1

10.0 40.0 1:4 0.7 0.2

25.0 25.0 1:1 1.3 1.3 A o5l Ao

4:1 1.5 5.9

40.0 10.0

The errors of analyses for various calcium and magnesium concentrations are
given in Table 3. Magnesium determination in an excess of calcium (ratio 1 :4)
in 0:05 M solution is already less accurate owing to the low slope of the calibration
-curve in the region of high calcium concentration (AMg = +5.99,).

Determination of calctum and barium in the presence of each other

Likewise, calcium and barium can be determined in the presence of each other
with great accuracy. The calibration curve for 0.05 M solutions is shown in Fig.4
lcurve 2), while the calibration curve for 0.002 M solutions is in Fig. 5 (curve 2).

Table 4
Determination of calcium and barium in the presence of each other
Ca Ba + ACa + ABa
[mmol 1-1] [mmol 1-1] Ca: Ba (%] (%] ?
040 1.60 1:4 1.8 0.5
1.00 1.00 1:1 0.9 0.9 A gos/Agas
1.60 0.40 4:1 0.7 2.7
0.50 50.0 1:100 9.1
1.00 50.0 1:50 4.6
1.50 50.0 1:33 3.0 Agge/Asa0
2.00 50.0 1:25 2.3
10.0 40.0 1:4 0.8 0.2
25.0 25.0 1:1 0.5 0.5 Aol Asas
40.0 10.0 4:1 0.5 2.1

re &
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The errors of analyses for various concentrations of calcium and barium are given
in Table 4. In contrast to magnesium, barium forms a complex with tetramethyl-
murexide. Calcium determination in the presence of a large excess of barium
(Ba : Ca > 30:1) is, therefore, less accurate (ACa > +39%,).

Determination of calctum and strontium
in the presence of each other

Absorption spectra of CaCl, and SrCl, solutions are situated rather close together
(Figs. 1 and 2). For this reason, the calibration curves are less steep. The calibration
curves are shown in Fig. 4 (curve 3) and in Fig. 5 (curve 3) for 0.05 M and 0.002 M
solutions, respectively. The errors of analyses for various concentrations of calcium
and strontium in solution are given in Table 5. Calcium can be determined with
sufficient accuracy (4Ca = 439,) even in the presence of excess of strontium
(1:20).

Table 5

Determination of calcium and strontium in the presence of each other

Ca Sr L 4+ ACa +4 ASr
{mmol 1-1} [mmol 1-1] Ca: S [%] [%) ?
0.40 1.60 1:4 1.8 0.5
1.00 1.00 1:1 0.9 0.9 Ages Az
1.60 0.40 4:1 0.6 2.4
0.50 20.0 1:40 5.8
1.00 20.0 1:20 3.2
1.50 20.0 1:13 2.3 Agsol 4530
2.00 20.0 1:10 1.9
10.0 40.0 1:4 1.4 0.4
25.0 25.0 1:1 0.9 0.9 Ao/ Agan
40.0 10.0 4:1 0.8 3.2

Determination of strontium and magnesium
in the presence of each other

The calibration curves are given in Fig. 6 (curve I) and in Fig. 7 (curve I) for
0.05 M and 0.002 M solutions, respectively. According to results given in Table 6,
strontium can be determined even in the presence of a large excess of magnesium
(1:50) with an error of +3.6%,. The magnesium determination is, however, less
accurate when the strontium is present in a 4-fold excess (AMg = --4 up to 4-5%,).

Determination of strontium and barium
tn the presence of each other

The absorption spectra of SrCl, and BaCl, solutions are rather close, especially
for 0.002 M solutions (Fig. 2). The calibration curve is not too steep in this concen-
tration region and a very accurate determination of the quotient ¢ is therefore
needed. The calibration curves are shown in Fig. 6 (curve 3) and in Fig. 7 (curve 3)
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and Sr—Ba (0.05 M solutions).
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Irig. 7. Calibration curves for the deter-
mination of cation pairs Sr—Mg, Ba—Mg
and Sr—Ba (0.002 M solutions).

1. Sr—Mg, ¢ = A;p0/Ass05
@) [Sr], b) [Mg).

2. Ba—Mg, ¢ = Aspo/ 4505
«) [Ba], b) [Mg].

3. Sr—Ba, ¢ = A,50/dss05
a) [Sr], b) [Bal.
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Table 6

Determination of strontium and magnesium in the presence of each other

Sr Mg X -+ ASr + AMg
[mmol 1-1] [mmol 1-1] Sr: Mg (%] [9%] 4
0.40 1.60 1:4 3.3 0.8
1.00 1.00 1:1 1.6 1.6 AggofAsso
1.60 0.40 4:1 1.1 44
1.00 50.0 1:50 3.6
2.50 50.0 1:20 1.9
5.00 50.0 1:10 1.2 Agoo/Agso
7.50 50.0 1:7 11
10.00 50.0 1:5 1.0
10.0 40.0 1:4 0.9 0.2
25.0 25.0 1:1 1.1 1.1 AgoolAsso
40.0 10.0 4:1 1.3 5.3

for 0.05 M and 0.002 M solutions, respectively. Since both cations form with tetra-
methylmurexide complexes having rather similar stability constants, it is not pos-
sible, in contrast to other analyses, to determine one of these cations in the presence
of a greater amount of the other. The errors of analysis are given in Table 7. In dilute
solutions 0.002 M, the error in strontium determination for a ratio of strontium
to barium of 1 : 4 is 4+5.59%,. Likewise, the error in barium determination for a ratio
of strontium to barium of 4:1 is 4-5.7%,.

Table 7

Determination of strontium and barium in the presence of each other

Sr Ba + A4Sr + 4Ba

[mmol 1-1] [mmol 1-1] St Ba 1% [%) 4
0.40 1.60 1:4 5.5 1.4
1.00 1.00 1:1 2.2 2.2 Aol Asso
1.60 0.40 4:1 1.4 5.7
10.0 40.0 1:4 2.0 0.5
25.0 25.0 1:1 0.8 0.8 Ao Ao
40.0 10.0 4:1 0.5 2.0

Determination of barium and magnesium
tn the presence of each other

The calibration curves are presented in Fig. 6 (curve 2) and in Fig. 7 (curve 2)
for 0.05 m and 0.002 M solutions, respectively. The calibration curve is rather flat
for 0.002 M solutions of barium and magnesium chloride, due to a very small diffe-
rence in their absorption spectra, especially in the wavelength region over 539 nm
(Fig. 2). The errors of analysis are given in Table 8.
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Table 8

Determination of barium and magnesium in the presence of cach other

Ba Mg T2e . 3 + 4Ba + AMg
[1nmol 1-1] [tmmol 1-1] Ba : Mg [%) (%] 14

0.40 1.60 1:4 7.4 1.9
1.00 1.00 1:1 3.8 3.8 Agool Aseo
1.60 0.40 4:1 2.6 10.3
1.00 50.0 1:50 6.2

2.50 50.0 1:20 3.0

5.00 50.0 1:10 2.0 Aol Aseo
7.50 50.0 1:7 1.6

10.00 50.0 1:5 14

10.0 40.0 1:4 1.3 0.3

25.0 25.0 1:1 1.3 1.3 Agro/4se0

40.0 10.0 4:1 1.4 5.5

A sufficient accuracy can still be achieved in 0.05 M solutions. Since magnesium
does not form any complex with tetramethylmurexide, it is possible to determine
barium in the presence of a rather large excess of magnesium (ratio 1:20) with
an error 4Ba = +-3.09%,.

The determination of barium and magnesium in the presence of each other in
0.002 M solutions is the least accurate of the determinations of cation pairs taken
from the series Ca?*, Sr?+, Ba?+ and Mg?+. When the ratio of barium and magnesium
is 1:4 or the reverse (1.e. 4: 1), the determination of the cation with the smaller
concentration is then impaired with a considerable error (ABa = +7.49,; AMg =
= 410.3%). The error of determination is +3.89, for both cations if these are
present in a ratio of 1: 1.

Determanation of calcium, strontium and barium
in the presence of potassium

Potassium does not form any complex with tetramethylmurexide. The absorption
spectrum of te‘ramethylmurexide in 0.004—0.15 M solutions of potassium chloride
is identical with that of tetramethylmurexide in magnesium chloride solutions.
It does not depend on the potassium chloride concentration within the stated
limits. The conclusions, valid for the determination of calcium, strontium and
barium in the presence of magnesium, hold also for the determination of these
cations in the presence of potassium. The Ca?+, Sr?+ and Ba2+ cations can be deter-
mined accurately in the presence of a very large excess of K+ ions.

It follows from the above results that by using tetramethylmurexide as an auxili-
ary ligand, it is possible to determine two arbitrary elements of the series magne-
sium (or potassium), calcium, strontium and barium coexisting in pairs in solutions
the concentration range of which is rather broad. Although method has been deve-
loped for pure systems, it may also be extended to systems containing other adven-
titious salts not interfering with the tetramethylmurexide. In such a case, however,
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the concentration of non-interfering salts must be the same in both calibratiom
and investigated solutions, because the ionic strength of the investigated solutions
must equal the ionic strength of calibration solutions. The described method has
proved to be fully suitable for the study of the binding of calcium, strontium and
barium to the carboxyl groups of pectin.
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