CHAPTER 3
RESULTS AND DISCUSSION

Purities of Amaranth, Ponceau 4R and Erythrosine were
examined by paper chromatographic technique, ultraviolet-visible,
infrared, and atomic absorption spectrophotometric techniques .
before they were used for the study of compound and complex forma=-
tions with metal ioms,

3.1 Dyes

3.1.1 Purity and identification
3.1.1.1 Paper chromatography
The paper chromatogram of Amaranth,
Ponceau 4R, or Erythrosine showed a well defined spot (see Figure
1) whose Rﬁ value was found to be 0.20, 0.49, or 0.56, respectively.
These RF values are slightly different from the literature values
(0.19 for Amaranth, 0.51 for Ponceau 4R, and 0.52 for Erythroaine(l7))
owing to a slight difference in experimental conditions.
3.1.1.2 Absorption spectrophotometry
The ultraviolet-visible spectra of
Amafanth, Ponceau 4R and Erythrosine in aqueous solution were com-

(18)

pared to the onee obtained from the literature , as shown in
Figures 2A-2E. The spectrum of each dye studied indicated an :

insignificant difference from the literature ong . .The. a
oy



maximum peaks of Amaranth in an acidic solution, of Ponceau 4R in

an acidic solution, and of Erythrosine in an basic solution illus-.
trated at 521, 505, and 525 nm, respectively {see Table 1). Their
molar absorptivities were determined from the sloped of the curves

of absorbances of dyes against their concentrations (see Figures 3
and 4(C)). The molar absorptivity of each dye was found in the order
of 10& (see Table 1) whichk indicated the strong absorption of the

dye in the visible range.

The IR spectra of Amaranth, Ponceau 4B and Erythrosine in
solid KRr pellets were shown in Figures 54~5C. The spectrum of
Erythrosine indicated an insignificant difference from the litera-
ture One(lg) as well as the spectra of Amaranth and Ponceau 4R
showed the azo -N=N- (1630 cm_l), phenolic OH (3458 cmnl), aromatic
(1450 c:rn“1 and 150C cm—1 - gkeleton carbon stretching, and 750 cm—l -
aromatic out of plane bending) and ionic sulfonate (1200 cm‘l and
1080 mel) characters (see TFigures 5A and 5L).

Pv atomic absorption spectrophotometric study, no absorption
of Amaranth, Ponceau 4R, and Erythrosine solutions at the wavelengths
where Hg(II), Cd(II), Fe(II); Fe(III) and PH(II) ions absorbod were
observed.

Thus, evidences from paper chromatographic and absorption
spectrophotometric data of dyes investigated indicated that the
purities of Amaranth, Ponceau 4R and Erythrosine are high enough for

use in the study of compound and complex formations with metal ions.
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3.1.2 Solubilities of dyes in the buffer systems studied
Amaranth and Ponceau 4R are very soluble in
every buffer system studied. However, in the acidic solution at
pH 1-2 the acidic form of Erythrosine precipitates completely, at
the pH 3.0-4.4 it is very soluble in every buffer system studied
except in the acetate buffers pH 4.4 and 6.0 Erythrosine is soluble
to some extent.
3.1.3 Dependence of absorbances on concentrations of
the dye solutions
A linear relationship between absorbances and
concentrations of each dye in the aqueous solution without any
buffer was obtained in the range of concentrations of 4;00x10-6 -
6.00x10™>M Amaranth, 1,00x10 M - 1,00x10-°M Ponceau 4R, or 1.00x

6 )

100°M - 1.40x10"°M Erythrosine. In the acetate buffer pH 4.4, the

absorbance of Erythrosine solution is directly proportional to its

Gy = 8.00x10~M as well as

concentration in the range of 1.00x10
in the nitric acid solution pH 3.3 the absorbance of Erythrosine
solution is directly proportional to its concentration in the range
of 4.00x10™'M - 1.00x10 %M, At higher concentrations, the absor-
bances tended to decrease and a curvature was shown in the relation-
ship of the absorbance to the concentration (see Tables 2-a, 2-b
and Figures 3 and 4).
3.1.4 Dissociations constants of dyes

Ultraviolet-visible spectra of dyes investigated

as seen in Figures 2A-2C indicated the wavelengths of the maximum

absorption peaks of Amaranth, Ponceau 4R and Erythrosine shifted

with the pH of solutions. Therefore, the dissociation constant
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of each dye was evaluated. The absorbances of each dye solutions

at various pH (using hydrochloric acid, acetate buffer and sodium
hydroxide for adjusting pH) were measured (see Tables 3-a to 3-c)
and the absorbance of the solution was plotted against its pH.

The curves of absorbances vs pH of Amaranth, Ponceau 4R and Erythro-
sine solutions showed the inflection points at pH 10.0, 11.0, and
4.2, recspectively (ece Fiéures 6A, 6B and 6C). Thus, the pES of
Ameranth, Ponceau 4R and Erythrosine are, 10.0, 11,0 and 4.2,

recpectively.

Pt

3.1.5 Dependence of absorbances on concentrations
of the notal ion solutions
A linear relationship between absorbances and
concentratlons of Hg (II) foa eolutions or Fe(IIIlon solutions
was obtaZnad ia the rangz of concentrations 50.00—200;00,&8/cm3
Hg(II) ox Z.GO—EU.CO‘pg/QEB Fe(III) (see Table 4-a and 4-c, and
Figures 7A 2ud 7B). Even in the acetate buffer pH 4.4 the absor-
bances of Hg (II) ion solutions did not differ from those obtained
in nitric acid (see Table 4-a). The lines drawn in Figures 7A and
7B are least squares lines.
3.2 Compcund and cemplex formations between dyes and metal
icns
A study of compound and complex formations between
each dya and each mazal iin was performed by mixing the dye solution
with the metal ica eolution at various concentration ratios within

an buffer system or without any buffer system.
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3.2.1 Mixtures of Amaranth and Hg (II), Pb(II), Fe(Il),

Fe(III) or Cd(II)

The measurements of visible absorbances of
Amaranth concentrations in the mixtures of Amaranth (B.OOxID-SH)
and various concentrations of each metal ion were made at the wave-
length of 521 nm as well as the measurements of absorbances of
concentrations of Hg(II}’Pb(II), Fe(II), Fe(III) or Cd(II) ion in
the mixture solutions were performed by atomic absorption spectro=-
photometric technique at the wavelengthSof 253.7, 217.0, 248.3,248.3,
or 228.8 nm, respectively. These absorption values are iisted in
Tables 5-a to 5-p. It can be seen that the absorption value of
either Amaranth or the metal ion studied does not change in each
mixture system. In addition, no physical change in each mixture
system, such as color or precipitate was observed except some
precipitates of hydrous metal oxides were formed at the pH higher
than 6. This meant that no reaction between Amaranth and Hg(II),
Pb(II), Fe(II), Fe(III) or Cd(II) ion was occurred in each mixture
system. Thus, no compound or complex was formed in the solution
mixture of Amaranth and Hg(II), Pb(II), Fe(II), Fe(III) or Cd(II)
ion either within an buffer system or without any buffer system.

3.2,2 Mixtures of Ponceau 4R and Hg(II), Pb(II),

Fe(II), Fe(III) or Cd(II)

Absorbances of Ponceau 4R concentrations in
the mixtures of Ponceau 4R (6.00x10_5M) and various concentrations

of each metal ion were measured in the visible region at 505 nm
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as well as absorbances of concentrations of Hg(II), Pb(II), Fe(II),
Fe(III) or Cd(II) ion in the mixture solutions were measured as |
the same conditions as mentioned above (3.2.1). The absorption
values are shown in Tables6-a to 6-p. The same phenomena as men-
tioned in 3.2.1 were observed. Therefore, no compound or complex
formation between Ponceau 4R and Hg(II), Pb(II), Fe(II), Fe(III)
or Cd(II) ion was occurred in any mixture system either within
an buffer system or without any buffer system.
3.2.3 Mixtures of Erythrosine and Hg(II), Pb(II),

Fe(I1), Fe(III) or Cd(II)

Mixtures of this dye and the five metal ions
were performed in two series.

3.2.3.1 The first ceri:s

| Various concentrations of the metal

5H Erythrosine solutions

ion solutions desired were added to 2.00x10"

which were in a buffer system at some pH. Absorbances of Erythro-

sine . in these mixtures were measured in visible region at 525 nm

as well as absorbances of concentrations of Hg(II), Pb(II), Fe(I1I),

Fe(III), or Cd(II) ion were measured as the same conditions as

mentioned in 3.2.1 The absorption values are shown in Tables7-a

to 7-o. The same phenomena as notified in 3.2.1 were shown. There~

fore,no compound or complex was formed between Erythrosine and Hg(II),

Pb(II), Fe(II), Fe(III) or Cd(II) ion in every mixture of this series.
3.2.3.2 The second series

The sequence for mixing the solution

was an addition of the metal ion to the dye solution and following
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with a buffer system if it was desired. This series was performed
since the physical changes were observed when Erythrosine solution
was mixed with a metal ion solution, such as Hg(II), Fe(II), Fe(III),
Cd(II), or Pb(II) ion solution. The red precipitate was formed and
the red color of Erythrosine turned to other colors depending on
the metal ion mixed. The Hg(II), Fe(II), Fe(III), and Pb(II) ions
formed red precipitates with Erythrosine solution. However, Cd(II)
ion did not react with Erythrosine since no physical change appeared
and visible absorbances of the mixtures at the wavelength 525 nm
did not change too (Table 8). The absorptions of Erythrosine and
the metal ion in these mixtures were measured ﬁrom their filtrates
and the molar ratio plot served for determining composition of the
compound or complex formed.

3.2.3.2,1 Mixtures of Erythrosine and
Hg(II)

An orange-red precipitate
was formed in the mixture of Erythrosine and Hg(II). ion solution
as well as the color of the mixture solution was more intense (red
color). The mixture solutions were performed within many buffer
systems such as nitric acid at pH 3.1-6.8 (pH of the solution
depending on the concentration of the metal ion used), the
nitric acid pH 4.3 (pH controlled) and  the acetate buffers pH 4.4
and 6.0. The absorbances of Erythrosine concentration and Hg (I1)
ion concentration in each filtrate were measured as shown in Tables
9-a to 9-i. The plot of the absorbances of mixture solutions v.s

molar ratios are shown in Figure 8A-8D. By graphical method, the
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composition of the compound formed between Erythrosine and Hg(TII)
ion is l:1 for Erythrosine to Hg(II) dion. The IR spectrum of
Hg(II) Erythrosinate was compared to the spectrum of Erythrosine
as shown in Figure 8E. Since the spectrum was performed in the
range of wavelengths 650 cm-l to 4000 cm-l, the bond between metal
ion and Erythrosine could not be seen unless the far IR spectropho-
tometer was used.,

3.2,3.2,2 Mixtures of Erythrosine
and Fe(III)

A red-orange precipitate

was formed in the mixture of Erythrosine and Fe(TIT)ion solution
as well as the color of solution was more intense. The mixture
solutions were performed within many buffer systems such as sulfuric
acid pH 6.8-3.3 (pH of the solution depending on the concentration
of the metal ion used),the suifuric acid pH 3.3 (pH controlled),

- nitric acid pH 5.5-3.5 (pH of solution depending on the concen-
tration of the metal ion used),the ritric acid pH 3.3 (pH controlled)
and . the acetate buffers pH 4.4 and 6.0, The absorbances of
Erythrosine concentration and Fe(IIT) ion concentration in each &
filtrate solution were measured as shown in Tables 10-a to 10-j.
Since the precipitate of ferric acetate formed at higher concen-
trations of Fe(III) ion, the atomic absorption method was not ﬁaed
for determining the composition of the compound formed in the
acetate buffefs PH 4.4 and 6.0. The molar ratio plots are shown
in Figures 9A- 9F. By graphical method, the compositions of the

complexes and compound formed between Erythrosine and Fe(ITI) ion




is 1:1, 2:1, and 3:2 for Erythrosine to Fe(TIIMon. The IR spec-
trum of Fe(TTY) Erythrosinate compound was compared to the spectrum
of Erythrosine as shown in Figure 9G. The spectrum showed many
new absorption peaks in the wavelengths 1,300 ca-l to 1,370 cm-l'

3.2.3.2.3 Mixtures of Erythrosine
and Fe(II)

A red-orange precipetate
was formed in the mixture of Erythrosine and Pe(TY) ion. Since
the Fe(TY) ion is-easily oxidized in aqueous solution and even in
an acidic solution, the concentration of Fe(YY) ion cannot be as
prepared. Therefore, the composition of compound formed between
Fe(II) ion and Erythrosine was not determined in this study.

3.2,3.2.4 Mixtures of Erythrosine
and Pb(II)

A purple-red precipitate
appeared in the mixture of Erythrosine and Po(IHon as well as the
color of the mixture solution was changed to purple-red. The mix-
ture solutions were performed either without any buffer system or
within many buffer systems such as in aqﬁeous solution pH 6.2-5.3

(pH of the solution depending on the concentration of metal ion

used) and in the nitric acid pH 5.5 (pH controlled). The visible
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absorption values of the mixtures at various molar ratios are listed

in Table ll-a to ll-c, The molar ratio plot for the mixture system

5

containing 1.20x10 °M Pb(II) and various concentrations of Erythro-

sine in aqueous solution (see Figure 10A) showed a curvature at the
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intersection point. This indicated that the stability of the pre-
cipitate formed is not high and some precipitates are soluble in
the mixture solution. The solubility of this precipitate was then
studied and the result illustrated that this precipitate is very
soluble in acetate buffer, soluble in acetic acid, nitric acid and
Erythrosine solution. However, the composition of this precipitate
was found to be 1:1 for Erythrosine to Pt{Ii) ion. When the concen-
tration of Erythrosine in the mixture was held constantly and the
concentration of Pb{lI) ion was varied, the composition of the complex
formed was found to be 1:3 for Erythrosine to Pb{iI)ion. This com-
position value was found both the mixtures in : water and

in nitric acid. In addition, at higher concentratioms of both

b - 1.20x10"%M)

PH{II)ion (2.00x10-4M) and Erythrosine (0.04x10°
in the mixtures the composition of the complex formed was found to
be 2:3 for Erythrosine to PiIljion by using atomic absorption
method. This meant that polynuclear complexes could be formed in
the mixture solution of Erythrosine and Pb(II) ion, especially in
the mixture solution of higher concentrations of Pb(II) ion. The
IR spectrum of PY{IT)Irythrosinate was compared to the spectrum of
Erythrosine as shown in Figure 40d. Both spectra showed an insigni-
ficant difference in the range of wavelengths 650-4000 cm_l.
3.3 Stability constants and solubility products of the
compounds formed between Erythrosine and metal ions
The stability constants and solubility products

of the metal ion-Erythrosinate compounds formed under the conditions

studied as mentioned in 3.2 were evaluated on the basis of the
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concentrations of compounds formed as precipitates were equal to
unity. From the experiment, the ijnitial concentration of the metal
ion or Erythrosine as well as the concentration of the metal ion
remained or Erythrosine remained in the mixture solution were
determined by their absorbances. Since the molar ratio of Hg (IT)
or Pb(II) ion to Erythrosine to form the precipitated compound

was found as minimum as 1:1, its stability constant and solubility
product were evaluated for the formula of Me(Eryth) and M.ez(Eryth)2
where Me is the metal ion and Eryth is Erythrosine. In additionm,
the stability constant and solubility product of ferric Erythrosi-
nate precipitate were determined as Mez(Eryth)3 and He&(Eryth)ﬁ.

These values are shown in Tablesl2-a to 12-c.
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Table 1 Absorption characteristics of dyes in visible

region

32

molar absorptivity

Dye () max, nm qu

¢ (calculated) .
Amaranth 521 in acid solution S foon
Ponceau 4.R| 505 in acid solution 11,700 11,0
Erythrosine 525 in alkali solution 76,500 4.2
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Table 2 = a

Dependences of absorbances on concentrations of

dyes in aqueous sdlutivhe.
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10%{ Concny, M

iAbsorbance

Amaranth

Ponceau 4 R

10.00
20,00
40,00
60,00
80,00
100,00
120,00

140,00
Erythrosine
0,10

0,20

0040

0660

0,80

1.00

140

2,00

)\max = 521 nm
0,134
0,316
0,632
0.177
0,698
2,120

?\max = 505 nm
00124
0.253
06492
0.716
0,940
1.169
1.366

1.572
P\max = 525 nm
0,079
0,164
0,313
0,459
0,608
0,778
1,074
10,453

o
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Table 2 - b Dependences of absorbances on concentrations of

Erythrosine in various buffer systems§.

I : S -t —-—hbsorba&nce at 1

10°% Cancn, M at?\max = 525 nm
i - 14 pH 3.3
. e a : P SO SN W Wy 4

0,04 0,015

0.10 0,031

0,20 0,055

0.40 0.079

0.60 04090

0,80 0,102

1.00 0,111

1.40 0,1303
2.00 0.165

3.00

0.1C 0,059
0.20 00130
0,40 0.252
0.60 0,363
0.80 0,481
1.00 04561
1.40 0,726
2,00 0.975

3,00 1,200




Table 3 - a Dependence of absorbances on pH of Amaranth

golutions,
i
hbsorbance at
Csﬂ/

pH ;)\max = 521 nm APH
12,5 04390
11,9 0,460 -0.116
11.4 0.540 -0,160
11,0 0,600 ~06150
10.0 0.840 -06260
9.0 04870 -0,030
8,0 0,870 0.000
7.0 0,870 0,000
6,0 0,870 0,000
5.0 0,870 0,000
440 0.870 0,000
3.0 0,870 0,000
2.0 0.870 0.000
1.0 0,870 0,000
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Table 3 = b Dependence of absorbances on pH of Ponceau 4 R

solution$g.
pH Absorbance at AA
KPH
A max = 505 nm

12,0 0.250

11.6 0,300 -0,120

11.0 0,500 -0,330

10.0 0,610 -0.110
9.0 0.630 -0,020
8,0 0.630 0,000
7.0 0.630 0,000
6.0 0.630 0,000
5.0 0.630 0,000
4,0 0.630 0.000
3.0 0.630 0,000
2.0 0.630 0,000
1.0 0,630 0.000
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Table 3 - ¢ Dependence of absorbances on pH of Erythrosine

solutionse
pH iJbsorbance D i
A PpH
at?\max = 525 nm
Erythrosine
100 1.540
800 1,520 0,01
6.8 1,490 0.02
5.9 1.480 0,01
502 1,340 0,20
445 1.130 0,30
4a3 0.830 1,50
4.2 04600 2.30
3.5 0,220 0.70
3.3 0.150 0435
2.0 0,000 0.12
1.0 0,000 0,00
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Table 4 - a Dependences of absorbances on concentrations of

Hg (II)

ion in nitric acid and the acetate

puffer pH 4.4

concentration iAbsorbance at 253.7 i ibsorbance at 253.,7 nm

(ppm) nm in nitric acid in acetate buffer pH 4.4
30,0 0,020 0,020
50,0 0,040 0,040

80,0 0,050 0.050

100,0 0,070 0,070

120,0 0,080 0,080

14040 0.090 0.090

16040 0,100 0.100

180.0 0,130 0,130

200.0 0+130 0,130 ;

Table 4 = b Dependence of absorbances on concentrations of

Fe(III)ion in nitric acide.

| concentration ibsorbance at

(ppm) 24843 nm

2.0 0,070

400 0.110

6.0 0140

840 0.180

10,0 0,220

20,0 0.460
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Table 5 - a Molar ratio study of Amaranth and various metal ions

in water by visible spectrophotometric techmique

Molar ratiog' Absorbance of the mixture at }\max = 521 nm
Metal ion :
Amaranth tcqg (IT) Hg (II) Fe (IT) Fe (IT1) Pb (II)
0,00 12521 1.51.) 1.52¢ 1.520 1520
1.00 1.520 1.520 1.530 1.520 1.5%20
: 2,00 1.530 1.520 1.520 1.530 16520
3,00 1.520 1.510 1.520 1520 1.520
4,00 1.530 1.520 1.510 1.520 1.520
> 5,00 1.520 1.510 1.520 1.520 1.820
10,00 1.520 | 1.520 1.520 1.530 1.520

Table 5 - b Molar ratio study of Amaranth and various metal
ions at pH 3.0 inacetiec acid by visible spectrophotometric

technique.

Molar ratioJ Absorbance of the mixture at‘)\max = 521 nm

Metal ion :

Amaranth rcd(IT) Hg (II) Fe (II) Fe (IIX) Pb (II)
0,00 1,520 1.520 14520 1,520 1,520
1,00 1.520 14520 10520 1.500 4 .20
2,00 1.52p 1520 1.520 1500 1.520
3,00 1,520 1.530 1,520 1,510 1,520
4,00 1,520 1.510 1.520 1.500 1.520.
5,00 14520 1.520 1520 1.510 1,510

10,00 1e520 - 1.500 1.530 14500 1.520




Table 5 - c

Molar ratio study of Amaranth and various metal ions
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in the phosphate buffer pH ' 6.4 by visible spectrophotometric

technique

Molar ratioy Absorbance of the mixture at,?\_max = 521 nm

Metal ion :

Amaranth ( cq(II) Hg (II) Fe (II) Fe (IIi] Pb (II)
G.00 1510 1.510 1,510 1.510 1.510
1.00 1,510 1.500 1.500 1.510 1.510
2,00 1,500 1.500 1.510 1.500 1.510
3,00 1.51g 1.500 1,500 1490 1.510
4,00 1.500 1.520 1.510 1.500 1,510
5.00 1.510 1.500 1.500 1,490 1.520

10,00 1.500 1.500 1.510 1.500 1510

Table 5 = d Molar ratio study of Amaranth and various metal

ions in the phosphate buffer B 7.4 by visible spectrophoto-

metric technique.

Molar ratio, Absorbance of the mixture at‘}\max = 521 nm

Metal ion :

Amaranth ca(IT) Hg (II) Fe (II) Fe (IIr) -Pb (I1)
0,00 1.620 1,630 1.630 1.630 1,620
1.00 1.630 1620 1.62.. 1,620 1,630
2,00 14620 1.620 1,620 14630 1,620
3.00 1620 1,620 1620 1,620 1,620
4,00 1,620 1,620 1,630 1,630 1,620
5,00 1,620 1.620 1,620 1,630 1,630

10 .00 1.63 0 1,620 1,630 1.630 1,620
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Table § - e Molar vakio $tudy of Amaranth and various metal
ions in diethylamipe buffer pH . 12,5 by visible spectrophoto-

metric technique

Molar ratio,! Absorbance of tae mixture at ;\Qéx = 485 nm

Metal ion :

Amaranth Cd(II) | Hg (II) | Fe (II) | Fe (III)| Pb (T1)
0.00 0.850 0.860 . 0,890 0.890 0.890
1.00 0.850 0.850 0.890 0.890 0.890
2,00 0.880 0,860 0.880 0.890 0.89¢
3.00 0850 0,850 0.890 0.899 0.890
4,00 0,850 0.860 0.830 0.890 0.890
5.00 0.850 0,860 0.8& 0880 0.890

10,00 0,860 0.360 0.880 0.89 0.890

* KCl + N&OH buffer was used instead since the mixture in the
diethylamine buffer pH 12.5 had been done(7)

Table 5 - f Molar.ratio study of Amaranth and various metal ions at
PH 3.4 in McIlvaint buffer by visible spectrophotometric

technique

Molar ratio{ Absorbance of the mixtave at )\max = 521 nm

Metal son :

Amaranth €d (11) Hg (ITI) Fe (II) Fe(rT1) Pb (Ii)lf

0-00 0,920 0.910 0,910 0.930 0,930
1,00 0,940 0,910 0,910 0.920 0.920
2,00 0,930 0,910 0,900 0.930 0,920
3,00 0,930 0.910 0,910 0.920 0.920
4,00 0,930 0.920 0.900 0.910 0.920
5,00 0,230 0.910 0,910 0.920 © 0,920

10,00 0,930 0,910 0,900 0.930 0.92¢




Table 5 - g Molar ratio study of Amaranth and various metal ions in

McIlvaimtbuffer PR~ 6.4 by spectrophotometric technique
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Molar ratio,| Absorbance of the mixture at /\max = 525 nm

Metal ion :

Amaranth cd (II) Hg (II) Fe (II) Fe (IIx) Pb (II)
0,00 0.820 0.870 0,870 0,860 0.820
1.00 0,830 0,860 0,860 0,860 04820
2,00 0,830 0,860 0.860 0,860 0,810
3.00 0,830 0,870 0.870 0,850 0,820
4,00 0.82C 0,870 0,860 0,860 0.810
5.00 0.830 0,870 0.860 0.850 0.810

10,00 0.82¢0 0.870 0.860 0.850 0.810

Table 5 - h Molar ratio study of Amaranth and various metal ions in

McIlvaimt buffer 11 7.6 by visible gpactrophotometric technique

-

Molar ratio,| Absorbance of the mixture at )\maz, =‘525 nm

Metal ion :

Amaranth ca (II1) Hg (II) Fe (II) Fe (III) Pb (II)
dtaa 0.870 0.880 0,670 0,670 0.670
1.00 0.870 0.880 0,660 0,670 0,670
2,00 0.860 0,880 0.670 0,660 0.680
3,00 0.850 0.880 0.660 0,670 0.680
4,00 0,860 0.880 0,670 0.660 0,670
5.00 0.8€0 0,880 0,670 0,650 0,680

10,00 0,860 0.880 0,660 0,660 0,670




Table h e i
ions in

ric *techniqucas

water

Molar ratio study of Am
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aranth and various metal

by atcmic absorption spectrophot- met=

‘ﬁolar ratio, | Absorption ¢ the mixture at the wavelength
Anaranth: where the metcl ion absorbed
Metal ion | ©=(IX) Hg(II) be (I3 | Fe (IIT) Pb(II)

0-00 0,850 0,330 0,900 0.890 04620
010 0.800 0.340 0.900 0.890 0.620
0.20 Ou&l 04350 0,900 06,970 00620
0620 0840 04340 0,900 0.890 0,620
0,50 0,850 0350 0900 0890 0,620
1,00 0360 0340 0,900 0,900 0.620

Tabile £ =5 folar »-tio study of Amaranth and various metal ions

in acetic acid at pH 3.0 by atomic

absorption spectrophotometric

techniques
Molaxr rat;09 Absorption of the mixture at the wavelength
aranth . where the metal ion absorbed
Metal ion c(*.(;;} Hg(II) Fe(II) Fe(IiD) Pb(II)

0,00 0.850 0.300 0.900 0.520 0,620 f
0,10 0.650 0.300 0,900 0.530 0,620
Ue2( 0.860 0300 0,900 0,530 0.620
0.3 O 0,860 0300 0,900 0.740 0,620
0.50 0,860 0,300 0.900 0,550 0,620
1.00 086 0,30 0.90 0.53 0.62
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Table 5=k Molar ratio study of Amaranth and various metal
Y

ions in the phosphate buffer pH 6.4 by atomic absorption

spectrorhotenetric technique

Molar ratic, |Absorption: of the mixture at the wavelength i
Amaranth: where the metal ion absorbed
Metal ion &d. T | Hy(ITI) Fe(II) Fe(lrf; Pb(II)
0,00 0,850 0,180 0,020 0,000 0,090
0,10 0.850 0,180 0,020 0.000 0,050
0,20 0.850 QLS 0,020 0,000 0,060
0.30 2,220 0,180 0,020 0,000 0,040
0,50 0520 0,180 0,020 0,000 0,050
1,00 0,850 00180 0,020 0.000 0,080

Table § = X Mol-:

satio study of Amoaranth and various metal ions

in the phosphote buffer pHd 7,4 by ctomic absorption spectrophoto=-

metsic technique
Moiar raotio, iAbsorption of the mixture at the wavelength
Amaranth, where the mctal ion* cbsorbed
lMetal. ion Cé(IT) E Ho(II) Fe(II) Fe(IIx) Pb(II)
0,00 0,81 | 0.1 0,1 0,050 0.010
£ P 0,810 Ce10q 0,110 0,030 0,010
0620 0,810 00100 0,110 0,040 0,010
0.3C 0.310 G100 0,095 0,030 0,010
«50 0,£10 00110 0.100 0,030 0,010
1.0 0.800 0,100 | 0,100 0.030 0.010
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Table 5 =% Molar ratio study of Amaranth and various metal

ions in diethylamine buffer at pH 12,5 by atomic absorption

spectrophotometric te hnique

Molar ratio,| Absorption of the mixture at the wavelength
Amaranth : where the metal ion absorbed,

Metal ion CAa(II) Hg(II) Fe(II) Fe(IT) Pb(II)
0,00 0470 00,200 0,010 0,010 0,540
0,10 0.470 0.200 0,010 0.010 0550
0,20 0,470 0,210 0.010 0.010 0,540
0.30 0,480 04,220 0,010 0,010 0,490
0.50 0,430 0.200 0,010 0.010 0,530
1.00 0,480 0,200 0.010 0,010 00540

Table 5~ n Molar ratio study of Amaranth and various metal ions in

MeIlvainebuffer pH 3.4 by atcmic absorption spectrophotometric

technique
Molar ratio;,r Absorptié;_of the mixture at the wavelength
Amaranth : where the metnl ion absorbed
Metal ion ca(II) Hg(IT) Fe(II) Fe(II) Pb(IT)
0,00 0,800 0,100 0,570 0.570 09886
0.10 0.810 0,100 0,560 0,570 0.880
0,20 0,800 0,090 0.580 0.560 0,870
0,30 0,620 0,020 0560 0.560 0,860
0,40 0.810 0,100 0.570 0,570 0.880
0,50 0,800 Co100 0,570 0,570 0.860
1,00 0,800 0,100 0,570 0,570 0,880
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Table 5 = g Molar ratio study of Amaranth and various metal ions in

McIlvaint buffer pH 6.4 by atomic absorption spectrophotometric

technique.

Molar ratio,
Amaranth :

Metal ion

0.00
0,10
0.20

0.30

Absorption of the mixture at the wavelength
where the metal ion absorbed
Cd(11) Hg(II) Fe(II) Fe(IIT) Pb(II)

0,310 0,08C 0,580 0.590 0,020
0.810 0,080 0,580 0,590 0,020
0,810 0,080 0,570 0,580 0,020
0,800 0,080 0.580 0,590 0,020
0.810 0,070 0,570 0,580 0,020
06810 0,080 0,570 0,590 0,020
04800 0,080 0.570 0.580 0,020

Table 5 = p Molar ratio study of Amaranth and various metal ions in

McTlvaint buffer pH 7.6 by atomic obsorption spectrophotometric

technique.

Molar ratio, |Absorption of the mixture at the wavelength

Amaranth : where the metal ion absorbed

Metal ion c4aiII) Hg(II) Fe(II) Fe(IIT) Pb(II)

0.00 0,810 0,070 0.560 0,450 0,020
0«10 06800 0. 060 0,560 0,440 0.020
0.20 0,800 0,070 0,560 0,450 0,020
0:30 00800 0,080 0,560 0,440 0,020
0.40 0810 0,070 0,560 0,450 0,020
0650 0.800 0,060 0,560 0,450 0,020
1.00 04810 06070 04560 0,450 0,020




Table 6 «

metal ilons in water by visible

spectrophotometric techaique

Molar zakic study of Poncezu 4 R and various
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metal ions in the

Molar rotion; Absorbonce of the mixture at ﬁgx 505 nm
Metal ion :
Ponzeau 4 R Ca(iT) Ag(IL) Fa(IX Fe(IIT) Pb(II)
0,00 0.690 0,030 0;;;;““*' 0,590 0.690
1,00 U ES0 500 Cobt0 £,6990 0,620
2,00 i 0,880 0,680 0.6E0 0,680 0,680
3.00 ' 0.8620 04 €50 J,620 0690 0.690
4,00 0,690 0-E530 0,690 U.680 0,6E0
5,00 00480 0680 2.6E0 0.680 0.590
10.00 0.G20 0,560 0,690 0.680 0,630
Tzble 6 -~ b Molor ratio —stuiy of petceru 4 R and various

acetic oecid y”

3,0 by viisibla) spectrophoteometri~ techaique

Molar ratio, Abcorbones of the mixture a2t A = 505 am
max
M=tal ion : — - — .

Poncecu 4 I Cc i:Il: Hy{LIT) Fe(Il) | Pel(ZII)s Ph(IT)

0.00 0,CC0 E 0-550 C.o% 0,640 0,640 '
|

1.00 0,640 | 0e640 0.530 0,530 | 0,630
2,00 DaB5 0 Q-.650 2,620 0620 0.630
3.00 QaGG0 0.650 G.540 0.640 0,540
4,00 0,650 U640 CeB20 0.630 0.650
5.00 0,640 0.,C40 0,630 QR 6E0 0,640
10,00 QeEE O U640 0.64C 0.640 0,640
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Table 6 = ¢ Mol-r ratio study of Ponceau 4 R and various
metzl ions in the phosphate buffer pH 6.4 by visible

spectrophotometric techique

Molar rotio, | Absorbonce of the miture at » = 505 nm
: mex-

Metal 1ion : ; ! =

Ponceznt 4 R|. (II) Hg(II) Fe(II) Fe(IIT) Pb(II)
0.00 0,65 0.65C 0,650 0,660 0,650
1,00 00640 0,640 0,650 0.650 0,660
2,00 0,650 0,650 0.640 0.650 0,650
3.00 0.65 0 0,650 0,650 0.660 0,650
4,00 0,640 0,640 0,640 0.650 0,650
5,00 0,660 0.64 0 0.650 0.650 0,660
10,00 0,650 0,640 0.640 0,660 0,650

Table 6 = d Molar ratio study of Ponceau 4 R and various metal

ions in the phosphote buifcr pH 7.4 by visible spectrophotometric

technique
Molar rotio, | Absorbance of the mixture at 2N = 505 nm F
Metal ion :f pEr
Ponceau 4 R cd(II) Hg(II) | Fe(II) Fe(IIT) Pb(II)
Lo 00 0,680 0,690 0,680 0,690 0,680
1,00 0,670 0,680 0,680 0,680 0.680
2,00 0,680 0,690 0.670 0,680 0,670
3,00 0,680 0,670 0.690 0.570 0,680
4,00 0,680 0.680 0.680 0,680 0,69
5.00 0.680 0.6 2 0,680 0,590 0.680
10,00 0,680 0,670 0,670 0,680 | 0,679
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Toble 6 = ¢ Molnr ratio study of Poncecu 4 R and various metal

ions in dicthylamine buffer pH 12,5 by visible spectrophotomet-

ric technique

Molar rotio, |Absorbance of the mixture at A\ = 425 nm
Met:1 ionm : il
Ponce-u 4 R ca(1I) Hg(II) ;e(II) Fe(III) Pb(II)

0.00 0,690 0,690 0.690 0,690 0,690
1.00 0.680 0.680 0.680 0.690 0,680
2,00 0,670 0.690 0.680 0,680 0,690
3,00 0,680 0,690 0.690 0.680 0.680“
4,00 0690 0.680 0.690 0.690 0,690
5.00 0,680 0,690 0.680 0.690 0,690
10,00 0,680 0+690 0.680 0.680 0.680

*KCl + NaCH Buffcr ws used instcnd since the mixture in the

diethylomine buffer pH 12.5 had been done(

Table 6 - £

7)

Molxor rotio study of Poncesu 4 R and various metal ions

2t pH 3.4 McIlvaink buffer by visible spectrophotometric techique

Molar rotio, |Absorbince of thce mixture ot A =505 nm
p max
Metal 1on :

Poncecu 4 R ca(II) Hg(II) Fe(II) Fe(IIT) Pb(II)
0.00 00640 0,630 0,610 0,630 0.616
1,00 0,640 0,630 0,610 0.630 0,600
2.00 0,640 0,630 0,600 0,630 0,620
3.00 04640 0,630 0,600 0,620 0,610
4,00 0,640 0,630 0,610 0,630 0,600
5,00 0.640 0630 0,610 0,630 04610

10,00 0,640 0630 0.620 0.620 0,620




Table 6 = g Mol:r ratio study of Ponceau & R aond various metal ion
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in McIlvainmbuffer pH 6.4 by visiblc spectrophotrometric technique

Table 6 = h

jons at inMeIlvaimbuffer pH 7.6 by -

Molar ratio, itxbsorbance of the mixture at A = 505 nm
Metal ion: iy

Poncezu 4 R clII) Hg(IT) Fa(II) Fe(Il Ph(ITX
0,00 0.820 0860 0.860 | 0860 0816 |
1.00 04820 O« 860 ¢ 860 C 60 08270 |
2,00 0830 04850 0.860 0 860 0-.810
3,00 0,830 0..860 0850 I 0,350 Cog20
4,00 0.82) 0.37% 0870 2860 0, 31ai
5,00 0,820 0870 Ce 860 086D 0279 i
10, 00 0,820 0. 870 0.860 0..860 Oaaqﬂ

Molar rotio studv of Ponccau 4 R and various metal

isikie spectrophotometric

technique
Molar ratio, [Absorbance of the mixturc at N\ = 505 nm !
Metal iom: L |
Ponceau 4 R Cd (I1) Hg(IT) Fe(Ir) | Fe(III) Pb(IIY}
0,00 0,570 0,630 0,62 ; 0,570 06570
1,00 0,570 0,630 0.620 0,560 0,580
2,00 0,580 0,620 0,620 0,560 0570
3,00 0.580 0040 0520 0,570 0.560
4,00 00580 0,640 0,620 0,560 0.570
5.00 0,580 0,60 . 0520 ).560 0.520
10,00 06580 0,620 0620 Co5G0 0.570




Table 6 « i

r~

>

Molar rotio study of Poncenu 4 R and various metal

ions in  water by atomic ocbsorption spectrophotometric
technique
Mol~r ratio, | Absorbance of the mixture at the wavelength
Ponceau 4 R | where the metal ion. obsorbed
tMetal ion Cd(II) Hg(II) Fe(II) Fe(IIT) Pb(II)
0.00 0.850 04350 0.900 0.890 06620
0.10 0.860 0,360 0,900 0.890 00620
0.20 0860 0350 0.890 0,900 0.620
0.3 0,850 06360 0,900 0,890 0.620
0.8 0,870 06360 0.890 0,900 0.620
1.00 00860 00350 0,900 0.890 06620

Ponceau 4 R and various metal

Table 6 = j Molar rotio study of
ions in acetic acid at pH 3,0 by utomic absoption spectrophotomce

ric technique

Molcr rotio, |Absorption of the mixture at the wavelength

Ponceau 4 R |Where the metal ion ~bsorbed

- tMetol ion Cd(II) Hg(II) Fe(II) e(III) PL{II)
0,00 0,870 0.300 0,840 0,500 06620
0.10 0,870 00300 0,840 0,500 0,630
0.20 0,870 0,300 0.850 0.500 0,520
0.30 0,870 04300 0.840 0,500 0,630
0.50 0.870 00300 0.840 0,510 0,630
1.00 0.870 0,300 0.840 0,500 0.620
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Table 6 = k Molar rotio study of Ponceru 4 R and various metal

ions in the phosphote buffer at pH 6.4 by atomic absorp*ion

spectrophotometric technique

Molar ratioy

Absorption of the mixture at the wavelength

Ponceau 4 R | where the metal ion absorbed

: Metal ioﬁ cd(IT) Hg(II) Fe(II) Fe(IIT) Pb(II)
0.00 0,840 0..30 0,020 0,080 0,070
0,10 0,840 0,230 0,020 0,090 0,070
0,20 0,850 0.230 0.020 0.090 0.070
0-320 0.850 06230 0,020 0,090 0,070
0.50 0.850 06240 0,020 0,090 0,070
1.0 0.840 0.230 0.020 0.0%0 0,070

Table 6 = 1 Molar ratio study of Ponceau 4 R and various metal ions in

the phosphate buffer ot pH 7.4 by atomic absorpiion spectrophotomc™

ric techrique

Molar raotio,

Absorption of the mixture gt the wavelength

Ponceau 4 R| waiere the metal ion: absorbed

:Metal ion cda(II) Hg(II) Fe(II) Fe(IIT) | Pb(II)
0.00 0,820 0,110 0,020 0,040 0.004
0.1 0.810 0,110 0,020 0,040 0,004
0.20 0,810 0,110 0,020 0.040 0,004
0,30 0.820 0,100 0.020 0.04g 0.004
0.% 0.81 0 0,110 0,020 0,040 0,004
1.0 0820 0,110 0.020 0,040 0,004
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Table 6 = m Molor ratio study of Ponceau 4 R and various metal

ions in dicthylcmine buffer pH 12.5 by atomic absorption

spectrophotometric techril-ue

Molar ratio,| Absorption of the mixture at the wavelength

Ponceau 4 R| whcre the metal ion. ~bsorbed

: Metal ion | Cd{II) Hg(II) Fe(II) |Fe(III) | Pb(II)
0.00 06500 0,020 0,020 0,019 0.56P
0010 0500 00020 0.020 0.010 0.55P
0,20 0,500 00,020 0,020 0,010 0659V
0.30 04500 0.020 0,020 0,010 0540
0650 06500 Ce020 0,020 0,010 0,550
1.00 0500 06020 0,020 0.01¢ 0,540

used instead since the mixture in the

12e5-had-been done(?)

*KCl + NaOH buffer was

diethylamine buffer pH

Table 6 =~ n Molar ratio study of Ponceau 4 R and various metal

ion in McIlvain buffer pH 3.4 by atomic absorption spectrophoto=-

metric technique

Molar rotio, | Absorption of the mixture at the wavelength
Ponceau 4 R| vhere the metal ion absorbed

¢ Metal iom CdII) Hg(II) Fe(II) Fe(I1IX Pb(II)
0 .00 0,810 0;680 0,530 0,560 0,860
0,10 0,800 0,090 0,530 0,550 0.860
0,20 04800 0,080 0«520 0.560 0,870
0030 0.80C 0,080 0.530 0570 0,860
0650 0800 0.080 0,530 0.570 0850
1,00 06790 0,080 0,520 0,570 0,860
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Table 6 = o Mol-r raotio study of Ponceau 4 R and various metal

ions in MeIlvaintbuffer pH 6.4 by ntomic absorption spectrophot=

ometric technique

Molar ratio,

Ponceanu 4 R

Absorption of the mixture at the wavelength

where the metal ion absorbed.

|
Fe(II)

¢ Metal ion Cd(II1) Hg(IT) Fe(III) | Pb(II)
0,00 06810 0,080 0,570 06590 0.03é
0010 04800 04080 04570 0,580 0030
0620 00810 0.070 0.560 04570 0,030
0030 0,800 04070 0,570 0,560 0.030
0430 04810 00080 04570 06590 0030
1.00 06810 04080 0,560 0,580 0.030

Table 6 - p Molar ratio study of Ponceau 4 R and various metal iomns in

the phosphate buffer at pH 7.6 by atomic absorption spectrophot-

cmetric technique

Molar ratio,

Absorption of the mixture at the wavelength

Ponceau 4 R |where the metal ion. absorbed

: Metal ion Cd(II) Hg(ITI) Fe(II) Fe(IIX) Pb(II)
0,00 0,800 0,070 0,560 0.450 0,000
0.10 00800 0,080 0.560 06450 0,000
0,20 00810 0,070 0.570 0440 0,000
0030 0800 0,070 0,560 04450 0,000
0440 0,800 0407, 0.51 04440 000
0459 04810 04080 0,57 04450 0400
1,00 0,800 0070 0.560 0,440 0,000
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Tablz 7 - & Molur rotio study of Erythr-osine and metal ions
in acztic acid pH 3.0 by visible spectroppotenetrii: technique
Molar ratio, Absorbance of the nirture at’hmax = 525 nm
Mectal ion :
Efythrosine ol (I1) Hg (IT) | Fe (I1) | Fe(iXI) Pb (II)
0.00 0170 0150 0.170 0.150 0,160
1,00 0e170 0,270 <180 0,140 0.170
2,00 02170 0,160 0.180 0,150 0,160
3.00 0,170 0,170 Je170 0,150 0,150
4,00 Ca170 0,160 0.2170 0,150 0,170
5,00 C-170 0,100 0,120 0.140 0o£60
13,00 0170 0,470 0170 0,150 0,160
Table 7 ~Db Molar zztio study of Brythrosike and various
metal Lors in the phosphate .. buffer pi 6.4 by visible
:spectrophotometric tecnique
Molar ratio, ﬂbsoxba;cc of thé :nix£55é"317&ma¥":-525 nm
Metal ien
Erythrosine | G4 (IT) Bg ¢TI} re (TI) | Fel(XZI) Pb (II)
0.00 1540 1,550 1,540 ‘ 14550 1,550
1.00 1,540 1.530 1.530 1.520 1.540
.00 ! 1.530 1530 1.530 1,540 1.550
3.00 | 1570 1,550 1,520 1,530 1550
4,00 1.540 1.550 1.510 1.530 1.540
.00 1540 1,540 1:520 12520 1.550
10,00 1.540 1.530 1,510 1,530 1.530




64

Table 7 - ¢ Molar ratio study of Erythrosine and various metal
ions in the phosphate buffer pH 7,4 by visible spectro-

photcmetric © technique

Molar ratio, | Absorbance of the mixture at }\max = 525 nm

Metal ion :

-Erythrosine cd (II) Hg (II) Fe (II) Fe (11} Pb (II)
04,40 1.520 1.510 1.510 1.540 1540
1.00 1.520 1.500 1.500 1.540 1.550
2.00 1.520 1,510 1,500 1,540 1.530
3.00 1.510 1.520 1.510 1,520 1,530
4,00 1510 1,510 1,500 1.540 1.540
500 1.520 1,500 1.470 1.520 1,500
10,00 1.510 1.500 1.500 1530 1.520

Table 7 = 4 Molar ratio study of Erythrosine and various metal ionsin

KCl + NaoH buffer pH 12.5 by visible spectrophotometrié.: technique

Molar ratio, Absorbance of the mixture at Amax = 525 nm

Metal ion :

Erythrosine cd (I1) Hg (II) Fe (II)| Fe(III). Pb (II)
0,00 10240 1,250 1.260 1,240 1.26 0
1,00 1.230 1.260 1.270 1.24 0 1.250
2 ,00 1a24 0 1,250 1,270 1.250 1260
3,00 1.230 1.260 1,260 1.250 1.250
4 .00 1,220 1.24 0 1.270 1250 1,250
5 .00 10240 1250 1.260 1024 0 1,26 0

10 ,00 123 0 1250 1:27:0 1,260 1.250




Tablc 7 = €

az

Molar ratio study of Erythrosine and various metal

ions in McIlvaine buffer PH 3.4 by visible spectrophotometric .

technique

Molar ratio,

Absorbance of the mixture at /hmax = 525 nm

Metal iom :

Erythrosine cd (IT) Hg(II) Fe (II) FelIIT) Pb (II)
0.00 0,020 0,020 0,019 . 0,020 0,020
1.00 0,020 0,020 0,013 0,020 0,020
2 .00 0,019 0.019 0,017 0,019 0,020
3 .00 0,020 0,020 0.011 0,020 0,020
4,00 0.020 0,020 0.011 0,019 0.02 0
5,00 0.02 0 0,020 0.011 0,020 0,020

10 00 0,020 0,020 0,011 0,020 0,020

Table 7 = £

Molar ratio study of Erythrosine and various metal ions

in McIlvaint buffef pH 6.4 by visible spectrophotometric technigue

Molar ratio, | Absarbance of the mixture at A‘ma# = 525 nm
Metal ion :
Erythrosine €d (II) Hg (II) Fe (II) Fe(IIX) Pb (II)
f_ 0 .00 1,44 0 1.42 C 1,410 1.450 0,98 0
1,00 1.43 0 1.42 0 1,410 1.45 0 0.980
2 .00 1.44 0 1.42 0 1410 1,450 0.98 0
3 .00 1.44 C 1.42 C 1,410 1,44 0 0,96 0
4 .00 1.44 0 1.41 0 1,40 C 1,46 0 0,98 0
5,00 1.45 0O 1,42 0 1,40 0 145 0 0,970
10 ,0C 1,44 0 1.42 0 1.41 0 1,45 0 0,970
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Table 7 - g Molar ratic study of Erythrosine and various metal

iows in McIlvaimtbuffer pH 7.6 by visible spectrophotometric

technique
Molar ratio,| Absorbance of the mixture at JA e 525 nm
Metal ion
Efythrosine éd (IT1) Hg (II) Fe (ITI) Fe(1II) Pb (II)
0,00 00340 0,340 0,340 0,340 0,340
1.00 0,350 0,340 0,350 0,330 0.340
2 .00 0.340C 0.350 06340 0,340 0,350
3,00 00340 04340 06340 | 0.330 0.340
4 ,00 0.350 04350 0,340 I 0,340 0,340
5 ,0C 0.340 00340 | 04350 | 04330 0.340
10 ,00 0,340 0.350 0,340 06320 0,350

Table 7. = i Molar ratio study of Erythrosine and various metal

ions in acéticacid at pH 3.0 by-zatomic absorption :specirophotonetric

tachnique.

Molar ratio, | Absorption of the mixture at the wavelength where

the metal iogqy absorbed

Erythrosine;

Metal ion o cd(zI)} sHg(II) t -Ee(II) Fe(III) Pb(II)
0 .00 +f 04840 0.22C F 0,930 0,520 0,620
0,10 .6 0a85C . 0,220 0,930 0,510 0,630
0.20 0850 0,230 0,930 0.510 0,600
0.30 0,850 06240 0,930 0,520 0,610
0.50 0,850 0,230 0,93¢ 0,520 0,600
1.00 '3 0850 04220 7,930 0,510 0,600

\
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Table 7 = 1 Molar ratio study of Erythrosine and various metal ion in
the phosphate buffer pH 6.4 by atomic absorption spectrephoto-

metric technique

Molar ratio,| Absorption of the mixture at the wavelength where

the metal iowu: absorbed

Erythrosine:

EI W cd(Ir) | Hg(II) Fe(II) Fe(III) | Pb(II)
0,00 0,850 0,280 0,030 0,000 0,070
0.10 0,840 0,280 0,030 0,000 0,050
0.20 0,840 0,280 0,030 0,000 0,050
0.30 0,840 0,280 0,030 0,000 0,070
0.50 0850 + 0,280 0,030 0,000 0,0SQ
1.00 0,840 0,280 0,030 0,000 0,050

Table 7 -3j Molar ratio study of Erythrosine and various metal
103 in the phosphate buffer pH 7.4 by atomic absorption spectro=-

photometric technique

Molar ratio, | Absorption of the mixture at the wavelength where

the metal ion. absorbed-

Erythroéine:

IMetal ion ca(II) Hg(II) Fe(II) Fe(III) Pb(ITI)
0 .00 0,820 0,110 0,100 0.030 0,010
O.io 0,820 0.110 0,100 [ 0,030 0,010
0.20 04830 0,110 |4 0,090 0,030 0.010
0.30 0.82¢ 0.110 0.09¢ + 0,030 0,010
0.50 0,830 0.11¢0 0.,090%s|..- 0,030 0,010
1.0 04830 05310 0.090, 0,030 0,010




Table 7 = k

68

Molar ratio study of Erythrosine and various metal

jons in KC1 + NaCH buffer at -pH 12.5 by atomic absorption

spectrophotometrié technique
=

Mo*a® ratio, Absorption of the mixtyre at wavelength where the

metal ion absorbed

Erythrosine?

Metal ion ca(iz) Hg(II) re(IT) i_ Fe(III) | PbL(II)
0400 0,490 0,029 0,020 I 0,010 ° oossb
0.10 .| 0.490 0.020 0,020 0,010 0.560
0,20 0,480 0,020 0.020 0,010 70,560
0.3 0,490 0,020 0,020 0,020 0,560
0.50 0,48 0 0,020 0,020 0,010 0,560
1,00 0,480 0,020 0,020 0,010 0.560

Table 7 = 1 Molar ratio

ions in McIlvaine buffe:

metric technique

study of Erythrosine and vzrioun metal

pH 3.4 by atomic absorption spectrophoto-

e

Molar ratio,| Absorption of the mixture at wavelength where the

metal ion absorbed.

Erythrosine:

Metal ion ca(Ii) Hg(II) re(II) Fe(III) PH(II)
0.00 0,79 0 0.1200 0,57 0,570 0870
0.10 0,790 0~100 0,570 0,560 0,870
0,20 0,800 0,700 0,570 0,570 .4 /0,870
0,30 0,790 0,100 0,560 06560 0,870
0,50 0,800 0,100 0.560 o C.560 0,860
1,00 0,800 ... 0,100 0,560. 0,570 0.860
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Table 7 = m Molar ratio study of Erythrosine and various metal
ions in McIlvaintbuffer 'pH 6.4 by atomic absorption spectrophoto

metric technique

Molar ratio,| Absorption of the mixtmre at wavelength where

the metal ioy: absorbed

Ervthrosine:

Mokal Sen Ccd(II) Kg(II) Fe(II) Fe(III) Pb(II)
0,00 0.810 0,08p 0.58¢ 0459 0,020
0.10 0,810 . 0.080 0.580 0,580 t 0,020
0620 0,810 0,080 0,580 0,590 0.029
0,30 0,£M0 L Ivre 0,5€& 0.580 | .=0.020
0,50 : 0,800 0,07 /| 0.57 0.580  }.. 0,02
1.00 0,800 0,070 0,57 0e59  pu:0,029

Table 7 = n Molar ratio study of Erythrosine and various metal
ioms in McIlvaint buffer pH 7.6 by atomic absorption spectrophotome-

tric technique

Molar ratio, | Absorption of the mixture at wavelength where the

metal ion absorbed

Erythrosine :

Metal ion ca(Ir) Hg(II) | Fe(II) Fe(III) | FPb(II)
0,00 0,800 0,020 0,450 04560 0,050
0.10 0.8 06020 - 0,460 0.5 0,050
0.20 0,800 0,020 0,480 0560 0,050
0.30 0,810 0,020 0450 0,560 06060
0.50 0.800 0,020 0,450 0,570 0,070
1,00 0,800 0.020 0,050 | 0.560 | 0,050
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Table % Molar ratio stﬁdy of Erythrosine and €d (II) ion in
water DY visible spectrophéiometric method
Absorbance of the mixture ¥
Molar ratio7 ak an 525 3
cel{ti) Erythrosine
0,00 14519
0.50 1,510
1,00 1,500
1.50 1.510
2,00 1,500
2.50 1,510
3,00 1,500
4,00 1.510
5,00 1,520
6.00 1,570
10,00 1500




Table 9-a Mclir ratio study cf Erythrosinc and Hg{II) ion

in nitric acid (pH 6.8-3.1) by visible

spectrophotometric technique

Mole ratio, Absorbance

Hg(II) ; Ervthrosine at 525 nm
0.00 1.510
0.20 1.3%90
0.40 1.100
0.60 0.7k0
0.80 0.2€0
1.00 0.0€0
1.20 0.010
1.40 0.010
1.60 0.010
i.80 0.010
2.00 0.000
3.00 0.000
4 .00 0.000
5.00 0.000
6.00 0.000C




Table 9-b

Molar ratio study of Erythrosine and Eg (II) ion

in nitric aecid

(pH 602-]4'-2) by

atomic abscrption spectrophotometric technique

Mole ratio, Absorbance
Zrythrosine He(IT1) at 253.7 nm
0.12 0.1.00
0.2k4 0.093
0.36 0.086
0.48 0.078
0.60 0.069
0.72 0.655
0.84 0.056
0.96 0.047
1.08 0.053
1.20 0.06k
1.30 0.073
1.ko 0.081




Table 9-c  Molar ratio study of Erythrosine and Hg (II) ion
in the nitric acid pH 4.3 by visible spectropho-

tometric technioue

Molar ratio, Absorbance
Hg(II) : frythrosine at 525 nm
0.00 0.797
0.20 0.738
0.40 0.537
0.60 0.363
0.80 0.269
1.00 0.256
1.50 0.260
2.00 0.0k3
2,50 0.017
3.00 0.007
3,50 0.005
L.00 0.003
L.50 0.003
5.00 C.000
6.00 0.000
T.00 0.000
8.00 0.000




Table 9-d Molar ratio study of Frythrosine and Hg (II)ion

in the nitric acid pH 4.3 by atomic absorption

spectrophotometric technique

Molar ratio, Absorbance
Erythrosine : Hg(IT) at 253.7 nm
0.00 0.137
0.24 0.120
0.48 0.103
0.60 0.098
0.8k 0.080
0.96 0.071
1.08 0.073
1.20 0.088
1.%0 0.082
1.50 0.084
1.60 0.077
1.70 0.087
1.80 0.089
2.00 0.09L
2.20 0.09k
2.ko 0.100




Table 9-e Molar ratio study of Frythrosine and Hg (II)ion
in the acetate buffer pH 4.4 by visible spectro-

photometric technigue

Molar ratio, | Absorbance

Hg(II) : Erythrosine at 525 nm
0.00 0.820
0.20 0.667
0.40 0.654
0.60 0.533
0.80 0.351
1.00 0.335
1.20 0.323
1.40 0.308
1.60 0.308
1.80 0.320
2.00 0.280
3.00 0.210
L .00 0.120
5.00 0.098
6.00 0.086€




Table 9-T Molar ratio study of Erythrosire and Hg (II) icn

in the acetate buffer pH L.L by atomic absorption

spectrophotometric technique

|
5 liolar retio, Absorbance
irythrosine : Hg(II) at 253.7 ™
0.10 0.066
0.20 0.062
0.30 0.059
0.%0 0.055
0.50 0.052
0.60 0.048
0.70 0.0L5
0.80 0.042
0.99 0.039
1.00 0.035
1.20 0.036
1.50 0.038
2.00 0.04G
. — i




Table 9-g

Molar ratio study of Erythrosine and Hg (II)ion

in the acetate buffer pH 6.0 by visible spectro-

photometric technique

Molar ratio, Absorbance

Hg(II) : Erythrosine at 525 nm
0.00 1.027
0.20 0.971
0.60 0.950
0.80 0.949
1.00 0.884
1.50 0.869
2.00 0.861
2.50 0.837
3.00 0.821
3.50 0.782
4.00 0.750
4.50 0.711
5.00 0.711
6.00 0.695

7



Table 9-h Molar ratio study of Frythrosine and Hg (II) ion
in the acetate buffer pH 6,0 by

atomic abscrption spectrophotometric technique

| Molar ratio, | Absorbance
} Erythrosine : Hg(II) ! at 253.7 nm
; ;
S ——
0.00 0.190
0.35 0.130
0.48 0.115
0.70 0.085
0.8k 0.065
1.20 0.0k48
1.40 0.056
1.80 0.080
2.00 0.090 |
|
»
LY o ¢
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Table 10-a

Molar ratio study of Erythrosine and Fe (III) ion

in sulphuric acid (pH 6.8-3.3)

by visible spectrophotometric technique

Molar ratio, Absorbance

Fe(III) : Erythrosine at 525 nm
0.00 1.540
0.20 1.500
0.40 1.300
0.60 0.720
0.80 0.420
1.00 0.160
1.50 0.120
2.00 0.080
3.00 0.0k40
.00 0.020
5.00 0.020
8.00 0.020

e
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Table 10-b

Molar ratio study of Erythrosine and Fe (TIT) ion

in the sulphuric acid pH 3.3 by

visible spectrophotorietric technigue

: Molar ratio, i Absorbance
| Fe(IIT) : Exythrogine | at 525 nm |
! TP B s . TR CS] ____41 S e S T e e
; 0.00 ! 0.100 |
' 0.20 ’ 0.096 !

0.40 0.004

0.60 0.075

0.80 0.031

1.00 ' 0.015

1.50 0.015

2.00 0.015

2.50 0.015

3.00 0.011

3.50 0.011

k.00 0.011

5.00 0.020 i

6.00 0.010 ?

Wi
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Tatle 10-¢ Unlny ratio study of Erythrosinz and Fe (ITI) ion

in the sulphuric acid pH 3.3 by

etomic absorption spectrophotometric technique

= |

Molar ratio, Absorbance

| Bryshrosine : Fe(III) at 243.3 an
0.00 0.061
0.40 0.420
0.60 0.330
2,400 0.320
1./40 0.300
1.60 0.260
1.80 0.2h0
2.00 0.190

| 3.00 0.1ko0

[ 4.0G 0.200
5.00 0.140
7T.00 0.110




Table 10-d Molar ratio study of Erythrosine

and Fe(III) ion in sulphuric acid pH

5.5 = 3.3 by visible spectrophotometric technigue

Molar ratio, Absorbance g
Fe (III) : Erythrosine at 525 nm
SN :
0.00 1.260
0.20 1.058
0.40 0.630
0.60 0.510
0.80 0.180
1.00 0.120
1.50 0.09k
2.00 0.050
3.00 0.030
L .00 0.012
5.00 0.012




Table 10-e Molar ratio study of Erythrosine and Fe (III) io.

in the nitric acid pH 3.3 by visible.

snectrorhotometric technique.

Jolar ratio Asorbance

Fe(IIT) : Ervtrrosine at 525 mm
0.00 0.123
0.20 0.123
0.40 0.111
0.60 0.001
0,80 0.083
1.00 0.039
Y.5C 0.028
2.00 0.02k4
3.00 0.008
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Table 10-f

liolar ratio study of Erythrosine and Fe (III) ion at

in the nitric acid pH' 3.3 by atomic.

abgorption spectrophotometric technicue

i Molear ratiq. ; Absorbance
!Erythrosine : Fe(III) at 243.3 nm
o i | S S
0.00 0.790
0.20 0.600
oo 0.€50
0.60 < 0.h490
0.50 0.38¢C
1.00 0.330
1.20 0.260
1.4%0 0.220
1.60 0.200
1.80C 0.180
2.00 0,140 |




Table 10-g Molar ratio study of Erythrosine and Fe (III) ion
in the acetate buffer pH 4.l by

visible spectrophotometric technique

Molar ratio, Absorbance

Fe(III) : Erythrosine at 525 nw
0.00 0.841
0.30 0.746
0.60 0.695
0.90 0.639
1.50 0.56L
2.50 0.505
3.00 0.580
3.50 0.517
4.00 0.560
5.00 0.525
6.00 0.51T7




Table 10-h

Molar ratio study of Irytlirosine and Fe (III) ion

in the acetate buffer pH L.L4 by

visitle spectrophectcmetric technique

Molar ratio,

Absorbance

Fe(III) : Erythrosine at 525 mm
0.10 1.700
@.20 1.524
0.40 0.716
0.50 0.52
1.00 0.450
1.50 0.2€8
2.00 0.2hk
2.50 0.205
3.00 0.150
4.00 0.110

921



Teble 10-1i
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Molar ratio study of Irythrosine and Fe (III) ion
in the acetate buffer pH 6.0

by visible spectrophotometric technique

tlolar ratio, | Avsorbance !
Fe(III) : Erythrcsine at 525 rm
0.00 1.040
0.30 1.010
0.60 0.980
1.00 0.960
1.20 0.910
1,50 0.905
2.00 0.875
2.50 0.370
3.00 0.900
3.50 0.880
4,00 0.900
5.00 0.840
€.00 0.800
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Table 10-j Molar ratic study of Trythrosine and Fe (I1I) ion
in the acetate buffer pH 6.0

by visible spectrophotometric technicue

Molar ratio, ; Alsorbarce

| Fe(IIT) : Lrythrosine | at 525 rm
0.10 2,300
0.20 2.200
0460 1.510
0480 0.750
1/00 0.63C
1.50 0.390
2.060 0.280
2.50 0.250
3.00 0.190
4.00 0.136
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concentrations of Erythrosine by atomic absorption

spectrophotometric method
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Table 11-a Molar ratio study of Erythrosine and FPb(II)ion

.in water (pH 5.5-4.6)

101

and in nitric acid pH 5.5 by visible spectrophotometric

technique
Molar ratio, Absorbance at Absorbance at ri
Po(II); Erythrosine X 525 nm in A ™ 525 nm in
aqueous solution nitric acid pH 5.5
0.00 1.343 1.180
0.50 1.358 1.120
1.00 1.295 0.992
1.50 1.240 1.010
2.00 1.098 0.500
2.50 0.940 0.730
3.00 0.853 0.6L0
3.50 0.732C 0.620
4 .00 0.718 0.540
5.00 0.568 0.475
£.00 053 0.430
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Teble 11-b Molar ratio study of Erythrosine and Pb(II) ion . .

in water pH 6.0 by visible spectrophotometric

technique
Molar ratio, Absorbance at
- i =
Pb(II)}Erythrosine ) 1= 525 nm

0.50 1.450

0.60 1.195

0.70 0.925

1.00 0.660

1.50 0.411

. ) . 31

oo s 2.00 0.315
- - 2.50 0.265
3.00 0.205

3.50 0.170

L .00 0.150

5.00 0.110

6.00 0.090
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Table 1l-¢ Molar ratio study of Erythrosine and Pb(II) ion
in water pH T7.0-5.8
and in nitric acid pH 5.5 by atomic absorption spectro-
photometric technique
| ‘ :
Molar ratio, Absorbance at lmax = 217.0 nm either:
Erythrosine:Pb(II) in water or in HNO; pH:3.5
0.00 0.510
> 0.20 0.338
0.40 0.225
0.50 0.177
~ 0.60 0.135
0.70 0.1ko0
0.90 0.165
1.00 0.185
1.50 0.345
2.00 0.370
3.00 0.370
4.00 0.355
5.00 0.370
6.00 0.360
A
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Figure 108

-
Ehwthrosing] :Em2+]

=4
Molar ratio plot for solutions contained 2.00 X 10 M

Pb(II) ion and various concentrations of Erythrosine
either in water (pH 7.0-5.8) or in the nitric
nitric acid pH 5.5 by atomic absorpticn spectrophoto-

metric method
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