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Abstract
The behaviour of complexes of Mg®" and Sr* with metallochromic indicators,

murexide, calmagiie and Solochrome black T (EBT), in water and methanol/ water
in this work. It was found that the stability of Mg”"

solvent systems was studied
complexes of above-mentioned indicators increased when methanol was in the

Mg, which does not form complexes with murexide in
able to form a fairly stable complex with murexide
Sr did not form complexes with studied three
ater and methanol/ water systems.

aqueous solvent system.
water medium, was found to be
in methanol/ water system.

metallochromic indicators both in w

Introduction
The behaviour of Ca—metallochromic indicator complexes, Ca-murexide, Ca-

calmagite and Ca~-EBT in water and methanol/ water systems was studied previously
(Edussuriya ef al. 2002). According to the results of that work Ca forms relatively
unstable 1:1 (mctal:ligand) complexes with calmagite, murexide and EBT and the
stoichiometry of these complexes changed from 1:1 t0 1:2 {metal:ligand) when the

medium was changed from deionised water 10 methanol/ water mixture. In addition

to that, calculated stability constants of Ca complexes gave evidence to show that the
than that of 1:1 complexes.

stability of 1:2 complexes were significantly higher
Therefore, in order to investigate the behaviour of the complexes of Mg and Sr, those

are from the same group an with Ca, series of experiments were carried out using
Mg and Sr salts with above mentioned three indicators using deionized water and
deionized water/ methanol mixture as the solvent in this study. In this paper we

report the first observation of the formation of the complex of Mg”' with murexide in

methano! water mixed solvent, Stability constants of the complexes in both media
ffect of methanol on the stability of the

were calculated in order to investigate the €

complexes. Study of the stability of these complexes is important as they are used in

the quantitative analysis of metal ions by complexometric titrations using EDTA

(ethylencdiaminctetraacetic acid) as the complexing agent.
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A. Metal ion indicators

Metal ion indicators are used in EDTA titrati
end-point. So rations for the precise determinati
lﬁtro—Z-naptho:jf}r:l:Tehol:a:k T (EB.T) is sodium 1-(1-hydroxy.2_nau:tt}i;:;::;:e
Jong. befors the gl Pran 23(?77and its .sulphonic acid group gives up its proto:l
Murexide s the ammonii o l -12, which is suitable for metal ion indicators
pyrimidinyl) imino) -2,4 61-1(111!-;;1 tgfif [;l}l;)pu:; .ac.iijsl'“’e"ahydmxy-2,4,6-trioxo-5;
forms com . ’ ’ ? - pyrimidinyl, ammonium .
bue fo rod i PpH =1—;ulphomc acid). Calmagite shows the colour change 2;2-
Calmagite functio a.n.d the c?lour change is somewhat clear and . -
ns as an acid —base indicator (Jeffery et al. 1994) sharper.

B. Com .
The cor:IlJT: . Of:! :;a l:l‘le earth metals with metal ion indicators
transfer transiti , omic indicators are colo
ransitions from the ligand to the metal ion and they a‘::": ld ‘:e t:, o
clatively stable

compared 2+
o tP ‘0 Ca* complexes. However Mg*"-murexide complex i
ater media (Jeffery et al. 1994). mplex is not formed in

Sr** does not form
complexes with calmagi .
temperatures. almagite, murexide and EBT
and th (Jeffery et al. 1994) Sr* forms complexes with meth cven a ov
ymolpthalexone metallochromic indicators rocthyltiymols biue

Mg and Sr*'
POS SO an:oFt_lot f]:;rm co?oured complexes with common ions such as CI', NOy
stored for 2 long éeﬂmaf:iilnu;n-'rc:jlmagite complex is a stable complex, It r,nay ’;c
, ) : s complex i i '
two things, , plex is stable in water ma
o emfg), e;t:et; that there is no reaction with water which would 1:; :a'“ e
. 0
e system (thermodynamic stability) or that although a :e;:: .
on

would lead to a more stab

le system, there is no avai
. ) ) ) availabl . .
reaction can occur (kinetic stability) (Kettle 1969) e mechanism by which the

Materials and Methods
A. Instruments

Absorbance valu
es of complexes were m -
spectrophoto . easured using a UV 1601
MmichAE ll:)!;ter. pI‘F of solutions was measured using a Jenwa ZiBOSSHIMADZU
100 analytical balance was used for weighing purpo ’ PH meter.
ses.

B. Chemicals

Magnesium  ni

trate, magnesium chlorid :

phosphate, sodi ; . oride, strontium  nitrate, sodium

2k £ GPRum hydroxide, sodium hydrogen carbonate and all indi hydrogen
grade BDH laboratory supplies indicators were
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C. Use of Job’s method

Method of continuous variations Was used to determine the stoichiometry of the Res_““s and Discussion

complexes. In this method a series of solutions was prepared such that the total Calibration curves, absorbance Vs conc i

qumber of moles of the metal and the ligand, D, 1 each solution ar¢ the same. con.lplexes were plotted in order to find t;ntratron of Mg-calmagite and Mg-EBT

Thus, if (om): and (n); are the number of moles of the metal and the ligand in the which obey the Beer Lambert law. F : rangc_ of concentration of the comple
aw. For Mg-murexide a calibration curve was u:ab;‘;

. . . e N to obtain, as Mg di
i-th solution respectlvely, then, o =(Nn) (ny)  (Bauer et al. 1979). Accordi g dfd not form a complex with PR
B rding to the calibration curves the ra murexide in water medium
eer Lambert nges of concentrati - )
ert law for Mg—calmagite and Mg—EBT are (2 1';’;‘5; 1‘;210*1 Obe? the
- ™ mol L and

(2 - 8) x10° mol L
ol L respectivel
y. The correlation co i
efficients of the ¢
urves were in

Absorbances of each of the solutions were measured and base line correction was
done with a solution containing both indicator and the buffer solutions.

the range - \

The magnesium—calmagite complex and magnesium-EBT complex were maintained ge 0.92- 0.95, which ensured the good li L
of the complexes and thei good linear association of th :

between pH 10 and 11. nd their4bsorbance values. ¢ concentration

D. The solvent effect on the complex @ o T e o

This effect was investigated using solvent systems with methanol contents 20% and

40% viv. The concentration of the stock solutions of Mg” and indicators used for 0.6 -

measurements were 4 X 10* mol L. 05 -

8 0.4

E. Preparation of buffer solutions g 0.3 -

All buffer solutions (H =11 Sodium bi carbonate buffer, pH =11 di-sodium B g5 )

hydrogen phosphate buffer) were prepared by method of Clark and Lubs buffer 04 ]
0

solution (Kolthof ef al. 1969).

[ ————

F. The deviation from Beer Lambert law for Mg-indicator complexes Volume of metal ion/ mi 12

The absorbance values of different concentrations of complexes Were measured and e
absorbance Vs concentration graphs were plotted. Ty - o . oo

500 mL of X mol L' Mg(NOs), and 5 00ml of X mol L indicator solutions were
wransferred to 25.00 mL volumetric flask and it was diluted up to the mark. Then

absorbance values of complexes were measured.
Concentration X /mol L= 1x10%, 2x10%, 3 x10™, 4x 10%, 5% 10%, 6x10™

Absorbance

G. Determination of Agax ValuES for Sr*'-ligand solution and ligand solution.

In order to determine whether the complexes, Mg-murexide and gr-metallochromic
indicators formed, over layer specira of both metal-indicator solutions and indicator ) - _

solutions Wwere obtained.  The Stability Constants Were determined using 3 | 6t 2z 3 4 5 & 7 e- 9 —10 11

! Volume of metal ion/mlL

spectrophotnmetric method (Skoog et al. 1997). L

Figure 1 - Conti -
- Continuous variations pl
(Aax =536 nm) a plots for (a) Mg'calmagite in deioni
\ pH 10-11 ) and (b) Mg-EBT in deionized water (1181011;;86(1 W‘;tel'
ex = nm) at
24
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. . L 4 and
Mg forms complexes of 1:1 metal; ligand stoichiometric ratio with calmagite
g :

i i . However
EBT in appropriately buffered solutions (Ghasemi and Shamsipur (1995))

i i for the
the Job’s plots (Figure 1) obtained from our experiments gave evidence fo

n for the
formation of 1:2 (metal:ligand) complexes. In order to find out the reaso

. : ffer solution used,
. } our - experiment the bu
formation of 1:2 complexes 1 ’ alues are in the same

NaHCO,/NaOH was changed to NaHPO NaOH as their pHO\}I{ e ton the
range (10 -11). It was found that after using NaHPO./Na u

. i urpose of
stoichiometry of complexes sl somabiod “mhflmge’d' th ‘h;;ﬁcht?:m;f;p of the
S : f the Mg salt on the
investigating the effect of anion O o ent was
complfxes MgCl, was used instead of Mg (Noa?z affd the same °"p:hese s
carried ou’t. Results of that experiment are given in Figure 2. From

formation of the same 1:2 complex was substantiated.
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Figure 2 - Continuous variations plot for Mg-calmagite complex obtained g

MgCl, at pH 10-11

. . M
In order to investigate the effect of methanol on the behaviour of the comple,xes';‘l ai
i deionized water were us
i _EBT, mixtures of methanol and ‘
ey ol in the solvent mixtures Were 20% and

the medium, The percentages of methan

. ' o
40% vfv. Some of respective Job’s plots obtained for complexes in 20% and 40%
(1] .

methanol solvent systems are given in Figures 3, 4 and 5.
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Figure 3 - Continuous variations plot for Mg—calmagite in 40% methanol system at
pH 10-11

According to the Figure 3 it was found that the metal:ligand stoichiometry of the
complex was not changed even in the solvent mixture. With the indicator EBT that

was used as a ligand to the Mg®" ion in this study, similar job’s plots were obtained
for the experiments carried out using methanol/ water medium.
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Figure 4 - Continuous variations plot for Magnesium-EBT in 20% methanol

system at pH 10-11
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According to the over layer spectra given in Figure 7 the bandwidth of the main peak
of the indicator (A u= 521 nm) and the complex (A nu= 476 nm) was found to be
different. Also the low and high intensity peaks of the indicator shift in opposite

directions, which could mean a formation of a new complex in the methanol/ water
i solvent mixture (Compare Figures 6 and 7).
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ium-~ in 40% methanol
Figure 5 - Continuous variations plot for Magnesium EBT in o
system at pH 10-11

4 A . .
: .g ) i ( .gu )) ¥ / /

' ) 0.004A
systems, irrespective of their methanol content (Figures 4 and 5)

Figure 7 - Over layer spectra of Mg-murexide complex in 20% methanol at pH 11

. di Similar results have been reported previously, where the complexation of murexide
Mg-murexide in water medium.

with mono-, di- and trivalent metal cations in aqueous (Famoori and Haghgoo,
observed that was able to detect (1990); Secco and Venturini (1993)), nonaqueous (Kashanian er af, 1988: Shamsipur

i to orange Wwas

colour change from violet

ible formation of a new complex (Figure D. : and Alizadeh (1992)) and mixed solvents (Shamsipur et a/. 1989; Shamisipur and
ically indicating a possibie
spectrophotometrically

Fat’hi (1993)) was accompanied by a relatively strong shift of the absorption band of

murexide with A = 522 nm towards shorter wavelengths, the smaller the radius of
the complexed cation, the larger is the displacement.

water mixture, a
However, when the solvent was changed from water to methanol/ \

I 54

complex -

Indicator

According to the results of the work (Edussuriya er al. 2002) carried out previously
in our laboratory, the complexation of murexide with Ca®*" was accompanied by a
shift of the absorption band of murexide (Ama= 522 nm) towards shorter wavelengths
having the A . of the calcium complexes at 504 and 498 nm in water and water/
methanol mixed solvent respectively. Mg®* has smaller ionic radius than Ca?* and
therefore the shift of the absorption band is stronger for the Mg-murexide complex

(522 — 476 nm) compared with the shift for the Ca-murexide complex (522 —
_ 498 nm) in the same water/ methanol mixed solvent.
300nm . szamm 7000m

0.00A

gu <

. 29
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The presence of OH groups in methanol may be one of the important reasons for
increasing stability of Mg-murexide complexes in the methanol/ water mixture. The
OH groups from methanol and water molecules are able to participate in the net
work of hydrogen bond stabilizing electrostatic interactions of most Mg® binding
sites, and hence its complexes with metallochromic indicators in the water /methanol
mixed solvent (Natalic 1994). The calculated log value of the stability constant of
Mg-murexide in methanol/ water medium was 9.36.

In order to investigate the complex formation of strontium with calmagite, murexide
and EBT, in water medium, respective experiments were carried out keeping the pH
value of the solutions at 11 and obtained Am values were tabulated as follows.

Table | - Am values for (a) calmagite/ Sr-calmagite  (b) EBT/ Sr-EBT
(c) murexide/ Sr-murexide

(a) ® max Of Calmagite/nm A e Of ST -calmagite/nm

614 615

* s Of EBT/nm * mex Of SP*'-EBT/nm

(b)
646 644
449 450
(©) » s Of Murexidemm A s OF SP* - Murexide/nm

530 532

According to the Table 1 the Amex values of indicator and indicator with metal, there
are no appreciable change in Amax values for each of the spectra. From these results it
became cvident that Sr did not form any complex with none of these three
metallochromic indicators under the conditions of the experiment.

When the medium was changed from water to methanol/ water mixture metal
strontium did not give any colour change visually and remained with the colour of
the indicator. Also in the spectrophotometric determination the over layer spectra for
cach indicator and indicator with strontium did not give any change in Amx values
(Figure 38).

30
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Figure 8- Over layer spectra of (a) Sr —

in 20% methanol at pH=| | calmagite (b) Sr ~ EBT (c) Sr ~ murexide

The ionic radius of the strontium is 1.40 A and it h

and Ca®, Th Lo
inorons € coordination number of the metal ion increases as the jonj ;
es. (1.40 A for coordination number 8) (Oak tonic radius

ligand bindi es et al. 1997). For str
anioni l_n ing there should be a chelating or donor functionalized fi or.1g metal
nic ligand, so that it could satisfy the muitiple ¢ pature in to the

Cations. Thus salmag oordination requirements of
. ma of large
gite and EBT azodyes are functioning as tri-dentate ligands afd

as larger ionic radius than Mg?'
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I i 1. For non-transition
jow affinity for strontium metal. .
these azo- dyes are of very ! For N
th:tsal jon complexes stability decreases roughly in the order ot" 19mc ::i e
m larizing power) which is defined as formal cl?arge or 10m<2:+>rc a2+>.s -
" ding stability constant decreases in the following order. (Mg )
COTTESPOT

¢ complex formation is best described by the average lifetime ?f;h:
The‘ e 0. Cd P the coordination sphere of a metal ion. Both the nature 0‘ :
pamcu‘l ar 11ganth:: of the ligand generally influence the rate constant for ligan
metal ion and le for evaluating these properties is the v:'ater 2f:xcha_nge
exchang® An 3;3‘“ pt metal ions. In the series of Mg™, ca™, 8¢, B.'a ’ bz‘mum
observed Wit dl c'renrarlius and it has the lowest average lifetime of ligand in the
has ﬂ-le la-“geSt ot f the metal ion. Therefore average lifetime d.ecreases as
coordmatm!; SP:?;Z (:: a¥< Mg® (Kellner et al. 1998). Metal srirontium has the
follows., B'a : ius than magnesium and calcium and thus it does not tend to form
larger lonic ﬁ.ldms Imagite, murexide and EBT. However methylthyr.“olbluc and
complexes WY cz it;n indicators can form coloured complexes with the. metal
thymo_lphthalexont; r;ﬂth olblue and thymolphthalexone are hexadentzjlte ligands.
strontium. I:Ie df cat?:sl arc of high affinity for strontium metal which is due to thlc
T.hereforebs - o;n oint of attachments in the ligand structure and they form stal:n:
hc;g;lp?;::s erwithp strontium (Kettle 1969). The comple::u r:’;ructure has so
resemblance with the metal-EDTA complex (Octahedral structure).
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Using continuous variations plots the stability constants for Mg — complexes were
calculated and tabulated in the Table 2.

Table 2 - Stability constants of complexes

(a) Stability constants, log K (theoretical values)

Metal ion EBT murexide calmagite
Mg?* 7.0 8.1
Ca* 5.4 5.0 6.1
(b) Stability constant, log K (calculated for deionized water medium)
Metal ion EBT murexide calmagite
Mg 9.15 9.68
(c) Stability constant, log K (calculated for 20% methanol medium)
Metal ion EBT murexide calmagite
Mg* 959 9.36 9.80

For the comparison theoretical stability constant values for not only Mg complexes
but for corresponding Ca complexes are also included. It is evident from the Table 2
that there is a fair agreement between theoretical stability constant values and values

calculated for our experiments even though the stoichiometry of complexes were
found different.

According to the results shown in the tables (b) and (c) the stability constant values of
Mg complexes were slightly increased in the presence of methanol,

Conclusions

Mg forms complexes with calmagite and EBT according to the 1:2 (metak:ligand)
stoichiometry both in water and methanol water media.

The stability of Mg-calmagite and Mg-EBT and Mg-murexide complexes were
increased due to the presence of methano! in the water medium,

Formation of Mg-murexide complex was previously not has been reported and its
formation in methanol/ water system was first discovered by this study,

Strontium does not form complexes with calmagite, EBT and murexide both in water
and water/methanol mixed solvent.
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