CHAPTER IV

RESULTS AND DISCUSSION

Amaranth, Poncean 4R, Sunset Yellow FCF, Orange RN and Orange G
are the food dyes studied. Even the dyes used are of food grade, their
purities were examined by paper chromatographic and spectrophotometric
techniques before their polarographic studiese.

441 Purities of the dyes

44141 Paper chromatography

Three solvent gystems were used for testing purities of the

dyes. There are solvent system I, 2% NaGl in 50% ethanols solvent system II,
the mixture of 2-methyl propan~1=ol., .in.n51 and water in the ratio
13231, repectively; and solvent system III, 2i5% Nagl agueous solutioﬁ.
The paper chromatogram of each dye in every solvent system studied showed
a well-defined spot as illustrated in Figure 4 which is the paper
chromatogram of Amaranth, Ponceau 4R, Sunset Yellow FCF, Orange RN and
Orange G by the solvent system III, The Re value of each dye in every
solvent gystem was determined and comparedwith theliterature one as
shown in Table 1. These Rp values are slightly different from the
literature values (32) owing to the water content in the paper used,
concentration and pH-value of the dye solution, and the temperature
of the chromatographic chamber.

4.1+2 Spectrophotometry

Thc—,: ultraviolet-visible spectra of Amaranth, Ponceau 4R,
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Figure 4 Paper chromatogram of the following dyes by

the solvent

system III3; A) Amaranth, B) Poncean 4R, C ) Orange G,

D) Orange RN, and E) Sunset Yellow FCF



Table 1 Re values of Amaranth, Ponceau 4R, Orange G, Orange RN
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and Sunset Yellow FCF by the solvent systems I, IT and III

solvent solvent solvent

Dye system I system IT system III

o | 0| me | 8P| m | af®)

Amaranth 0430 0727 0.24 0.29 0412 0.15
Ponceau 4R 0.56 051 0.27 0632 0436 0439
Orange G 0474 0,78 0453 0451 0.64 0.61
Orange RN 082 0484 0.83 0.80 0,08 O.QB
Sunset Yellow FCF | 0.69 | 0.72 0440 0.46 | 0.25 0.29

(32)

Pearson,Ds The Chemical Analysis of Foods. 6thy;ed. Londons:

J & A Churchill, 1970, p 60-61
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Orange G, Orange RN and Sunset Yellow FCF in Oe.1 M HCl and O.,1 M NaOH(
solutions were performed and compared to the ones obtained from the
literature (33), as shown in Figure 5A-5E, The spectrum of each dye
studied indicated an insignificant difference from the literature one.
The wavelengths at the maximum absorption of the dyes (A mex) in an
acidic solution were measured and their molar absorptivities were
salculated as listed in Table 2. The molar absorptivity of each dye
was found in the order of 10 (see Table 2) which indicated the strong
absorption of the dye in the visible range.

Thus, evidences from paper chromatographic and spectrophotometric
analyses of Amaranth, Ponceau 4R, Sunset Yellow FCF, Orange RN and
Orange G indicated that the purities of these dyes are high enough for
polarographic studies,

4,2 Polarographic behavior

Polarographic studies. of Amaranth, Poncean 4R, Sunset yellow FCF,
Orange RN and Orange G were pexformed in the common supporting
electrolytes such as 0,1 M KC1,0,1 M KNOz and O.1 M (CoHg)s¥ol. The
pH of the dye solution was controlled by using McIlvaine buffer for
pH 2,0-7,2 and Michaelis borate buffer for pH 8,0~12,3 as described
in Chapter 3.

4,241 Effect of pH on the polarographic wave

The polarographic waves of most omgsrilic compounds are pH

dependence. Thus, a variation of pH of the test solution was
investigated. The pH of the test solution recoxrded in this polarographic

study is the final pH of the test solution.

T
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Figure 5A Comparison of UV-visible spectra of Amaranth between A1) 1iterature(33)and A2)

experiment j—.. in 6.1M HCl and .....in O0.1M NaOH
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Figure 5B Comparison of UV~visible spectra of Ponceau 4R between B1) literaiure(3jgand BZ)

experiment ; in O.1M HCY and .eee..in O41M NN2OH
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Table 2 Absorption characteristies of dyes in the visible region

molar absorptivity

Sunget Yellow FCF

482 in acid solution

Dye A max (nm) £ (caloulated)
Amaranth 522 in acid solution 16,400
Ponceau 4R 505 in acid solution 20,000
Orange G 476 in acid solution 21,800
Orange RN 485 in acid solution 16,200

22,400
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4e24141 Amaranth

The concentration of Amaranth understudied in
every electrolyte at any pH is 50 x 10”4, The polarogram of
Amaranth in 0.1 M (CoHg5)4NCl, O.1 M KC1l or O.1 M KND3 at any pH in
the range of 1-12 showed a single polarographic wave (see Figures 6-8),
The wave is ill=-defined as the pH of the dye solution in every electrolyte
studied is lower than 4,0 and the wave becomes well-defined as pH is higher
than 4,0, The effects of pH on the polarographic waves are demonstrated
in Figure 6 for Amaranth in 0.1 M(CoHs)4M1, Figure 7 for Amaranth in
O¢1 M KCl and Figure 8 for Amaranth in O.,1 M KNO3. Data for explaining
this effect are also listed in Tgbles 3, 4 and 5, respectively, For
every electrolyte, as the pH increases its half wave potential shifts
to more negative potential. The plot of the half wave potential versus
pH of the solution showed a lineaxity and a slope of «0,060 wag obtained
(see Figure 9). The maximmm diffusion currents were obtained at pH
4400 for Amaranth in 0,1 M(c2H5)4m, pH 5410 for Amaranth in 0.1 M KC1,
PH 5420 for Amaranth in O,1 M KNOz. At other pH the diffusion currcnts
seemed to be independent of pH of the solution (see Figure 10).

442,1.2 Poncean 4R

The concentration of Ponceau 4R understudied in
every electrolyte at any pH is 1.0 x 154 M, The polarogram of
Ponceau 4R in 0,1 M(02H5) 41, O¢1 M KC1 ox 0,1 M KNO3 at any pH in
the range of 1-12 showed a single polarographic wave (see Figures 11-13).
The wave is a well-defined wave at every pH in the electrolytes
studieds The effects of pH on the polarographic waves are demonstrated

in Figure 11 for Ponceau 4R in O,1 M(32H5)4NCI, Figure 12 fox Ponceau 4R
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Table 3 Effect of pH on the half wave potential of Amaranth

in 0,1 M (CpHs) 4NC1

pH E, (¥) 1%( Jua) Remrks
Z
1440 b b ill~defined wave
2,450 b b ill=defined wave
3400 b b ill-defined wave
5450 b b ill=defined wave
4,00 ~0.258 3483 well-defined wave
5400 -0, 330 3 ,56 well-defined wave
6 @08 =0.410 3413 well=defined wave
7420 -O,480 3440 well-defined wave
8425 =04540 3420 well=defined wave
9430 -04590 3440 well-defined wave
10420 -0,640 3,20 well-defined wave
12,00 ~0,780 3420 well=defined wave
mercury height = 65,0 cm 3 m = 0461

beannot be meagured accurately




Table 4 Effect of pH on the half vave potential of Amaranth

in 0.1 M KC1
pH EJZ'(V) 15( /KAA) Remarks
1240 b b ill=defined wave
2?'50 b b ill=defined wave
3,00 b b ill=defined wave
3450 b b i11=-defined wave
4.00 04265 3,'69 well=defined wave
5410 ~04350 3091 well-defined wave
5¢95 -0,410 3,20 well-defined wave
7425 «04480 3436 well-defined wave
8e15 =04530 3¢59 well-defined wave
9430 =04590 3613 well=-defined wave
10,50 -0 ,4680 3420 " well-defined wave
12,00 ~0,765 3013 well-defined wave
ame::o'un:n:y' height = 65.00m)- 0,61

b

cannot be measured acourately




Table 5 Effect of pH on the half wave pobential of Amaranth

in 0.1 M KNOz
Pl B (V) 130 pa) Remarks

2
1440 b b ill-defined wave
2450 b b ill=defined wave
3,00 b b ill~defined wave
3450 b b ill=defined wave
3.88 -0,258 3445 well~defined wave
4420 -04285 3469 well-defined wave
4475 ~04312 3,88 well-defined wave
520 ~06348 3 ,98 well=defined wave
6,05 ~0,405 3455 well-defined wave
Te15 ~0.,470 3eT5 well-defined wave
8430 =04540 3452 well=defined wave
9430 -04585 3414 well-defined wave
10,30 -04,660 3436 well-defined wave
11490 -0,770 } %420 well=defined wave

2 1
ameroury height = 65,0 enm j m-gtz = 0,61

bca.n:no‘l: be measured acocurately
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Figure 9 The effects of pH on the half wave potentials
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in 0.1 M KO and Figue 13 for Ponoess 4R in 0u1 M KNO3. Data for
explaining this effect are also listed in Tables 6, 7 and 8,
respectively., For every electrolyte, as the pH of the solution studied
increases its half wave potential shifts to more negative potential.
The shift of the half wave potentials at pH lower thaen 3,6 is more than
the shift of the half wave potentials at pH higher than 3,6 « The plot
of the half wave potential versus pH of the solution showed linearities
of two sections (see Figure 14). The first section at pH 1.4-3.6,
showed a sloﬁe of =04105 in 041 M (CoHg)4NC1 or 0.1 M KCl and a slope
of =0,110 in 0,1 M KM)3. The second section at pH4.0w12.9,showed
a slope of =0,060 in 0.1 M (02H5)4m1, =0,057 in 0.1 M KC1 and -0.058
in O1 M KIND3. The intersection points of these lines were found at
pH 3,60 in 0,1 M (0235)41«:1 s 0,1 MKCL and in 0,1 M KNOzs These pH
are the pKa of Ponceau 4R (16,18). The maximum diffusion currents were
obtained at pH 3,55 for Ponceau 4R in (02H5)41‘01, PH 3.10 foxr Poncean 4R
in KC1 and pH 2,50 for Ponceau 4R in KI‘DB. At other pH the diffusion
current seemed to be independent of pH (see Figure 15).

44241,3 Sunset Yellow FCF

The concentration of Sunset Yellow FCF understudied

in every electrolyte at any pi'is 5.0 x 10™7M. The polarogram of

Sunset Yellow FCF in 041 M ( C,H.),NCl, O.1 M KC1 ox O.1 MKNO3 at

5)4
any pi in the range of 1-12 showed a single polarographic wvave

(see Figures 16-18). The wave is ill-defined as the pH of the dye
solution in every electrolyte studied is lower than 3.5 and the wave
becomes well=defined as.pHis higher than 3.5. The effects of pH on the

polarographic waves are demonstrated in Figure 16 for Sunset Yellow FCF



Table 6 Effect of pH on the half wave potential of Ponceam 4R

in0,1 M (02H5)4N01

a
ot E%(V) ig( pa)
1.40 ~04165 0,967
1495 =04230 04977
2,35 ~04305 04938
3405 =04375 0977
3460 ~04410 1,035
3490 ~04445 0,938
4450 -0.485 0,938
5¢15 «Q.515 04953
6420 =04565 0.918
7450 =04645 0.918
8,40 -04710 0.953
9430 =04755 0.938
10,30 ~0,815 0.905
11.95 | =04915 04905
2 1

a”mcrcu:t:y height = 65,0 om 3 m3-t:g = 0,61




Table 7 Effect of pH on the half wave potential of Ponceau 4R

in 0.1 M KC1
pH Eq (V) ig( Jad)
2 :
1445 -04180 0.977
2,00 ' =04240 0,996
2,40 -04290 06957
3410 -04%50 1,054
5440 ' ~0.410 1,015
3060 ~0,420 1.015
4420 =0.470 0.915
5.18 =04510 0.957
6.05 =04565 0,996
Te21 -0.635 0.937
8445 =0.675 0.937
9440 =04735 , 0957
10,30 ‘ =0,770 0+915
185 -0 +805 0.908

2
a'mercury height 65.0 cm ; th = 0.61

[eaY 55



Table 8 Effect of pH on the half wave potential of Ponceau 4R

in 0.1 M KNO

3
pl £, (V) 1(ps)
2
1445 ~04140 04976
2,00 ~0,285 : 04957
2.50 -0.320 1.030
3405 ~04355 ' 0.976
3438 =0,4410 0.996
3460 =0.455 0.918
4430 =0.470 0,918
515 -0.505 0.957
6412 =0.560 ’ 0.977
Te12 | -0.680 04918
8.25 -0.702 0.923
9.30 -0.720 0,908
10415 =0.760 0.923
12.00 -0.880 ‘ 0.923

1
6

2
a"1ne:|cc'(n:\>r height = 65.0 cm g m3‘b = 0.61
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in 0,1 M (02H5)4NCI, Figure 17 for Sunset Yellow FCF in 0,1 M KCl and

Figure 18 for Sunset Yellow FCF in O.1 I KNO3. Data For explaining
this effect are also listed in Tables 9, 10 and 11, respectively.

For every electrolyte studied, as the pH of the dye solution increases
its helf wave potential shifts to more negative potentiale. The shift
of the half wave potential at pH lower than 5.2 is more than the shift
of the half wave potential at pH higher than 5.2. The plot of the half
wave potential versus pH of the solution showed linearities of two
sections (see Figure 19). The first sections at pH 3.5-5.2, provided
the slopes of =0+095 in 0.1 M (02}15)4Nc‘1 and =0,100 in 0.1 M KC1 and
Ot M KI‘IO}.' The second sections gt pH5.2=12.0,indicated the slopes of
«0,060 in 041 M(02H5)4NC1, 0s1 M KC1 and 0,1 M KNOz. The intersection
points of these lines were found at pH 5420 (see Figure 19). Thus,

the pKa of Sunset Yellow FCF is 5,20 (16,18)'. The maximum diffusion
currents of Sunset Yellow FCF were obtained at pH 4.85 in 0.1 M (CZH5)4NCl,
4,25 in 0,1 M KC1l and 5.15 in’_o.'1 M KNOze At other pH values the

diffusion currents scemed to be independent of pH (see Figure 20).

Ae2¢1+4 Orange RN
Tﬁe concentration of Orange RN understudied in

every electrolyte at 7a.ny pH ig 4.0 x 10-4I\"I. The polarogram of Orange RN
in 0.1 M (02H5)4N01, 0.1 M KC1 or O.1 MKNOz at any pH in the range of
1-12 showed a single polarographic wave (see Figures 21-23). The
wave is well defined in every electrolyte and every pH studied except
pH 1.4, The effects of pH on the polarographic waves are demonstrated
in Figure 21 for Orange RN in 0,1 M (02115)41101,‘ Figure 22 for Orange RN

in 0.1 M KCL and Figure 23 for Orange RN in 0,1 M KNO3, Data for
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Table 9 Effect of pH on the half wave potential of Sunset Yellow FCF

in 0.1 M (CpHg),NC1

pl El(V) ii(//'u&) Remarks
2
1.40 b b ill-defined wave
2.50 b b ill~-defined wave
3450 -0.220 4431 well=-defined wave
4,40 ~-04305 4416 well-defined wave
485 =0,.350 445 well=defined wave
5425 ~06380 4,16 well-defined wave
5655 =0,410 3491 well~defined wave
6.10 -0 4448 %.91 well-defined wave
6.75 ‘ -0§495 3.8% well=defined wave
Te55 -0 6520 3491 well-defined wave
8.30 0600 . 3.71 well=defined wave
9.20 0.640 3,42 well=-defined wave
10.30 -0.715 3,83 well-defined wave
1180 -0.825 3483 well-defined wave
21
a'merm:.ry height = 65.0 cm 10 = 0.61

boamot be measured accurately
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Table 10 Effect of pH on the half wave potential of Sunset Yellow FCF

in 0.1 M KC1
pH £ (V) 13( JAb) Remarks

2
1.40 b b ill=defined wave
2450 b b ill~defined wave
3460 . -0 4245 447 well-defined wave
4425 -04295 4.78 well-defined wave
4465 =04345 4,08 well=defined wave
518 ~0.385 Aed5H well=defined wave
5460 0,410 4e14 well~defined wave
6 .05 ~0.440 Ad14 Well-defined wave
6.90 -0.510 4444 vell~defined wave
750 -0453%5 4422 well~-defined wave
8420 -0 ,600 4406 well=-defined wave
9.05 ~0.632 4422 well=-defined wave
10630 -0.T10 4422 well=defined wave
12,00 -0.835 4.06 well-defined wave

21
@mercury height = 65.0 cm 3 mdt® - 0.61

beamot be measured accurately
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Table 11. Effect of pH on the half wave potential of Sunset Yellow FCF

in 0.1 M KNO3

pH E, (V) VAR h) Remarks
2
1.50 b b ill=-defined wave
2450 b | b ill-defined wave
3,55 -0.822 4.5% well-defined wave
4430 -04300 439 well=defined wave
4465 -043%5 4439 well=defined wave
5415 ~04380 4.69 well=-defined wave
5450 =04400 4.5% well ~defined wave
6400 _ =0 4445 441 well=defined wave
6 .80 . =~06480 4+30 well=defined wave
730 %525 4.22 well-defined wave
8.50 -0.600 414 well=defined wave
9 .40 " =0.645 4414 well-defined wave
10.30 -0 .695 4.08 well=defined wawe
12 .00 -04825 414 well=-defined wave
21
Smercury height = 65.0 cm 3 mt0 = 0.61

bCa..rmot be measured accurately
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illustrating this effect are also listed in Tables 12,13 and 14,
respectively. For every electrolyte studied, as the pH of the dye
solution inereases its half wave potential shifts to more negative
potentiale The shift of the half wave potentials at pH lower than
5¢5 1s more than the shift of the half wave potential at pH higher
than 5.5. These resulted in two linear sections appeared in the plot
. of the half wave potential versus pH of the solution (see Figure 24).
The first sections at pH 2,4-5.5, provided the slopes of =0,100 in
0.1 M (02H5)4N01 and =0,090 in 0.1 M KC1 ox 0,1 M KNO;. The second
sections at pH5.5~12,9,indicated the slopes of -0,060 in 0.1 M
(CzHS) 4NC1 and -0.058 in 041 M KC1 and 0,1 M K:No3'.‘ The intersection
points of these lines were found at pH 5.50 (see Figure 24), Thus,
the pKa of Orange RN in 0,1 M (02H5)4N01', in 0.1 M KC1 or 0,1 M KNO5
is 5450 (16,18)s The maximum diffusion currents of Orange RN were
obtained at pH 4,10 in 0.1 M (CoHg),NC1, 5,20 in 0.1 M KCL and 4400
in 0.1 M KNOB'. At other pH values the diffusion currents seemed to
be independent (see Figure 25).
4424145 Orange G

The concentration of Orange C understudied in
every electrolyte at any pH is 1.0 x 10", The polarogram of
Orange G in 0.1 M (02H5)4NCI, 0.1 MKCL oxr 0.1 M KNOy at any pH
in the range of 1-12 showed a single polarographic wave except at
pH 3.6=4.5 two polarographic wave were obtained. In every electrolyte
studied the first reduction wave appeared at the pH range of 1e4-4.5
and the second wave occurred at pH higher than 3,5, The first wave

is ill-defined as the pH of the dye solution in every electrolyte



Table 12 Effect of pH on the half wave potential of Orange RN

in 0.1 M (CzHg)4NCL

65

pH E4 (V) 13( pa) Remarks
2
1440 b b ill-defined wave
2440 ~0e13%2 191 well=-defined wave
3..25 =~0.220 1.84 well~-defined wave
4.10 =0.290 2,02 well-defined wave
510 -0 4385 1.78 well -defined wave
550 =0+450 180 well=defined wave
6.50 ~0.485 1.76 well-defined wave
720 ~0.525 1.68 well-defined wave
8.20 -0 600 1.84 well=defined wave
9.30 -0 4655 1.84 well-defined wave
10.50 =~0.740 1.76 well-defined wave
12,00 -0, 805 172 well-defined wave
21
ame:ccury height = 65.0 cm 3 m3t6 = 0.61

b

cannot be measured acecurately




Table 13 Effect of pH on the half wave potential of Orange RN

in 0.1 M KC1
pH E4(V) 13 ) Renaxks
.
1440 b b ill~defined wave
2445 =0.130 2.02 well—~defined wave
3420 0,220 2.13 well—-defined wave
4 .02 -0.280 2.02 well=defined wave
5420 ~0.420 2.25 well-defined wave
5450 ~04450 1.95 well=-defined wave
6.20 ~0.490 1.91 well-defined wave
T+20 ~0+560 1.72 well=-defined wave
8420 ~04615 1.95 well=defined wave
9420 ~0+655 191 well=defined wave
10430 ~0,720 1.88 well=defined wave
12,00 ~04+810 1.75 well=defined wave
2 1
amercu:xc;y' height = 65.0 cm m3t6 = 0.61

b

camot be measured accurately
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Table 14 Effect of pH on the half wave potential of Orange RN

in 0.1 M KI\TO3
pH Ey (V) 13( /uA ) Remarks
2
1.40 b b ill=defined wave
2445 ~04130 £+92 well-defined wave
3420 <0 4225 2.08 well-defined wave
4,00 ~0+290 2.2% well=defined wave
5620 -0+418 2.08 well-defined wave
5450 =04450 1.9 well=defined wave
6420 ~0495 1 -9‘1 well~defined wave
7420 =0.555 1.88 well-defined wave
8.20 -04610 1.72 well=defined wawve
930 =0 4660 1.88 well-defined wave
10,30 -0.725 1.88 il 1-deftisd vive
12400 -0.810 4,72 well-defined wave
2 1
a'me:ccuz.'y height = 65.0 cm ; mgtg = 0.61

bcannot be measured accurately




E%_( V)

~0.800

"'O .400

~0.800

1

2.00

4.00 6 .00

8.00

10400

12.00 PH

Figure 24 The effects of P on the half wave potentials
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studied is lower than 2,5 and the wave becomes well-defined as pH ig
higher than 3.5, The effects of pH on the polarographic waves are
demonstrated in Figure 26 for Orange G in 0.1 M (02H5)4N01, Figure 27
for Orange G in O,1 M KCl and Figure 28 for Orange G in 0,1 M KNO3 s
Data for explaining this effect are also listed in Tables 159 16 and 17
respectively. As the pH of the dye solution increases the half wave
potential of the first or the second wave shifts to more negative
potentiale 'The plot of the half wave potential of either the first
wave or the second wave versus pH of the solution showed s linearity.
The first wave provided the game value of slope, -0.065, in every
electrolyte at pH 3.5-4.5. The second wave provided the slopes of
-0,058 in o.1‘ 1 (02H5)4NCl and =0,057 in 0,1 M KC1 and 0.1 KNOg
(see Figure 29), As the pH increases, the diffusion current of the
first wave decreases and this wave disappears at pH 4,70 and higher.
The diffusion current of the second wave increases as the pH of the
solution increases to pH 6410 As the pH is higher than 6,10 the
diffusion currents of the second wave in 0,1 M KCl and 0.1 M KNO;
seemed to be independent of pH but in 0.1 M (02H5) 4NC1 the diffusion
current of the second wave decreases as the pH of the dye solution
increases (see Figure 30).

4242 Reversibility

The reversibilities of Amaranth, Poncean 4R, Sunset Yellow FCF,

Orange RN and Orange G were tested from the polarograms of well defined
waves. For a reversible wave, a plot of the working electrode potential

againgt log i/id-i gives a straight line of slope,|2.303 RT/nFIV oxr

| 60 n¥ &t 30°€. If the wave is irreversible the slope is largem
(i
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Table 15 Effect of pH on the half wave potential of Orange G

in 0.1 M (02H5)41\K31

74

bcannot be measured accurately

pH E_l,1; (V) i‘zﬂ (/uA) By, (V) ‘13,2(,4/1&.) Remarks
< 2
1440 b b - - ill~defined wawve
2 445 b b & . ill-defined wave
3450 ~04185 0,857 - - well-defined wave
3460 ~0.200 04664 ~0.550 04176 well=defined wave
4405 ~04240 0.625 ~04570 0.186 | well-defined wave
4,50 ~0.280 0.462 -0,580 04360 | well=defined wave
4.70 - - -0.,605 0,710 | well=defined wave
5405 - - ~0.615 04727 | well=defined wave
5.20 - - ~04620 | 04738 | well-defined wave
570 - - =0 4630 0¢742 | well-defined wave
6 .20 - - ~0675 0.781 | well-defined wave
T30 - - ~0.715 04779 | well-=defined wave
8.30 - - =0.775 0779 | well~=defined wave
9.02 - - ~0,810 0.732 | well=defined wave
1030 ~ - -0 870 0.722 well-defined wave
1185 - - ~-0,960 0,722 well~defined wave
21
“mercury height = 65.0 om ; m3t® = 0.61




Table 16 Effect of pH on the half wave potential of Orange G

bca_nnot be measured accurately

in 0.1 M KC1
| By, (V) [5Gy (8) | By 15 (V) P o Us) Remark s
2 2

1640 b b - - ill-defined wave
2,50 b b - ~ ill=defined wave
350 =04,200 06836 - - well-defined wave
3460 ~06220 0.664 =Q570 0+160 [ well=defined wave
4405 ~0.255 04520 -0.580 0.201 | well-defined wave
4.50 ~0.280 0,380 =0 4590 06440 | well=defined wave
4470 - - =0 4605 0.730 | well-defined wave
5.00 - - ~0 630 04737 | well-defined wave
520 < & ~04635 | 0,768 weil-defined wave
6.10 - - ~0¢6T70 04781 | well=defined wave
7.20 - - =0,725 0,781 | well-defined wave
8420 - - =06780 0790 | well-defined wave
905 - - ~0,810 0.781 | well-defined wave
1030 - - ~0.870 0.782 | well=-defined wave
11.85 - - ~0,965 0.790 | well-defined wave

o
a'merc:u.:r:y height = 65.0 cm ﬁ%{g = 0.61




Table 17 Effect of pH on the half vave potential of Orange G

76

bca.nnot be measured accurately

in 0.1 M KNO3
pH E%, (N idy{ () E_12_ 1 (1) 13, p(is) Remarks
1440 b b - - ill~defined wave
2650 b b - - ill=-defined wave
3450 ~04210 0,801 - - well-defined wave
3,60 ~04230 0.664 04570 0.176 well-defined wave
4,05 =0.270 0.508 =04590 0.215 vell-defined wave
4450 ~0.,280 04380 =06595 0.440 well-defined wave
4.70 - - -0,600 0.730 well=defined wave
500 - - =0 4630 0+732 well-defined wave
5420 s - =0.635 1 0.745 | well-defined wave
6.10 . r ~0.675 | 0.781 | well-defined wave
T.20 - - ~0,720 04790 well-defined wave
8425 & & “0.785| 0.764 | well-defined wave
9.00 - - ~0.810 0.781 well=defined wave
10430 - - ~-0.865 0.766 well-defined wave
1185 - - -0.965 0.781 well-defined wave
21
a‘mercu:c'y height = 65.0 cn m3t6 = 0.61
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than ‘ %Q ' mV since the wave is more drawn out. Another gsimpler
method, although less exact,is to determine the E.l - Eﬁ value for the
wave., For a reversible wave the i Ey ~ B3| value eéuals%o 57 mV at
3000 and for an irreversible wave, %he !ﬁl - E}_! value ig ;lcea,ter
than 57 mV, Results of these tests are ligted in Table 18 for
Anarar?ch, Table 19 for Poncean 4R, Table 20 for Sunset Yellow FCF,
Table 21 for Orange RN and Table 22 for Orange G.

In every electrolyte studied, Amaranth solution at the pH
providing - well-defined wave yielded a reversible process (see Table 18).
Poncean 4R in every electrolyte examined at the pH 1.4-3.6 provided
an irreversible wave and at the pH higher than 4, a reversible wave
wasg obtained (see Table 19). Sunset Yellow FCF at pH 3.5=5.2 in every
electrolyte investigated provided an irreversible wave and é,t the pi
‘higher then 5.5 a reversible wave was obtained (see Table 20). Orange RN
at the pH 2.4-5.2 in every electrolyte examined yielded an irreversible
wave and at the pH higher than 5.5 a reversible wave was resulted
(see Table 21), Fox Orange G in every electrolyte studied at the pH
345=445, the first wave was irreversible and the second wave observed
between pH4.5542.0vas a reversible wave (see Table 22),

From this study, it can be seen that the electrode reactions
of Amaranth, Ponceam 4R, Sunset Yellow FCF, Orange RN and Orange G
were not affected by the supporting electroly‘bess(CQH5 )41\101, KC1
and KNOB, but they were controlled by the pH of solutions.

442,53 Electron transferred and Proton transported values

Numbers of electron transferred and proton transported

values of the dyes reported in this study were determined from the
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Table 18 Tests for reversibilities of Amaranth in various electrolytes

Slope of Electrode
pf ~Ege vs log i/ig-i By - B3 Reaction
e
in 0.1 M (02H5)4Nc1
400 0,030 0.028
2+00 0,030 0,028
6.08 0,030 0.028 .
7420 0,030 0.028 ,
8.25 04030 0.028 reversible
930 04030 0.028
10.20 0,030 0.028
12.00 04030 0.028
in 0.1 M K01
4.00 0‘030 0.028 N
2+10 0,030 0.028
5495 0.0%0 0,028
Te25 0,030 0.028
8410 04030 0.028 r reversible
9430 04030 0.028
10,50 0.030 0.028
12400 0.030 0.028 j
5.88 0,030 0.028 ]
4420 0,030 0,028
520 0.030 0.028
6.05 0.030 0.028 :
Te15 0.030 0.028 r reversible
830 0.030 0.028
930 0030 0,028
10430 0.030 0,028
T 0,030 0.028 5
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Table 19 Tests for reversibilities of Ponceau 4R in various

elec'broly-tes
pH Slope of Eq - By Ilectrode
-Bge vs log i/ig-i T 7 Reaction
in 0.1 M (CoHg),NC1
1.40 0.045 0,043
1495 0,045 0,043
2:35 0,045 0,043 irreversible
3405 0.045 0+043
3460 0.045 0.043
3490 0.03%0 0,028 e
4..50 0.030 0,028
515 0,030 0,028
6.20 0.030 0,028
T+50 0,030 0.028 reversible
8440 0.0%0 0.028 r
9430 0.030 0.028
10430 0.0%0 0.028
11495 04030 0.028 |
in 0.1 M KCL
2,00 0.045 0.04%
2.40 0.045 0.043 ! ;
%410 0.045 0,043 irrevergible
3440 0.045 0.043
3460 0.045 0.043
4,20 0,030 0.028
5418 0.030 0.028
6405 0.030 0.028
Te21 0.0%0 0.028 .
8.45 0.030 0.028 Ehinie o
9.40 0,030 0.028
10430 04030 0,028
11495 0,030 0.028




Table 19 (contimed)

82

Slope of Electrode
pH ~Bye V8 log i/ig~i By~ 55 Reaction
4 4
in 041 M KN,
145 0.045 0,043 1
2,00 04045 0.043
2,50 0,045 0.043 : i
3,05 0.045 0.043 rlrreversn.ale
5458 04,045 0.043
3465 0,045 0,043 /
4430 0.030 0.028
5.15 00030 00028
6412 04030 0.028
T.12 040%0 0.028 :
8425 0,030 0.028 R
9430 0.030 0.028
10415 0,030 0.028
12,400 0,030 0,028 J
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Table 20 Tests for reversibilities of Sunset Yellow FCF in wvarious

electrolytes
pH Slope of E1 - Eé Electrode
~B3.7vd log b Z 4 Reaction
i d-i
in 0.1 M (0235)4301
3450 0,045 0,043 7
4440 0,045 0.043
Lirreversible
4485 0,045 0.043
5425 0.045 0,043
5455 0,030 0,028 i
6+10 0,030 0.028
6.75 0.030 0,028
T+55 0,030 0.028
reversible
8430 0.030 0,028 f
9.20 0,030 0,028
10,30 0,030 0.028
11480 0.030 0,028 /
in 0.1 M KC1
3,60 0.045 0.043 ]
4425 0.045 04043
irreversible
4465 0.045 0.043 T
518 0.045 0.043 J
5.60 0,030 0.028
reversible
6405 0,030 0,028




Table 20 (contimed)
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) Slope of Electrode
pH ~Bge v& log _i L, - B Reaction
ig~i 1 2
4 4
An O.1 M KCL
6490 0,030 0,028 :
7450 0,0%0 0,028
8420 0.030 0,028
>reversible
9405 0,030 0.028
10,30 0,030 0.028
12,00 0.030 0.028 o
in 0.1 H K10,
3.55 04045 0,043 5
4430 0,045 0.043
S irreversible
4465 0.045 0,043
5415 06045 0,043 -
5450 04030 0.028 x:
6400 04030 0,028
6430 0,030 0,028
7«30 0,030 0,028
? reversible
8450 0.030 0.028
9440 0,030 0,028
10430 0,030 0,028
12 ,00 0,030 0,028 A




Table 21
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Tests for reversibilities of Orange RN in various electrolytes

pH Slope of By - Eﬁ Blectrode
~B3e Ve log i/id-i % 4 Reaction
in 0.1 M (C,H),NCL
2.40 0.040 0.037 <
ng g'gf{g 8'8?3 J> irreversible
5.10 04040 0.0%7
5450 0,030 0,028 T
650 0+030 0.028
T«20 -0.03%0 0.028
8.20 0.,030 0,028 reversible
9430 04030 0.028
10450 0,030 - 0.028
12.00 0.03%0 0.028
in 0.1 1M KC1
2445 0040 0.037 §
Z'gg 8'838 8'82; irreversible
5620 0.040 0.03T j
5650 0.030 0.028 h
6 «20 0.0%0 0.028
7620 0.030 0.028
8420 0 0030 0 0028 reversible
9,20 0,030 0,028 f
10.30 0,030 0.028
12,00 0,030 0.028 J
in 0ed:M KI\TO3
2445 0.040 0.037 §
3820 0.040 0,037 2 sl
200 0,040 0.037 J>J.rrever31ble
5420 0,040 0.037
550 0,030 0.028 7
6420 0,030 0,028
T 20 0,030 0,028
8.20 0.03%0 0,028 > reversible
9.%0 0.0%0 0.028 (
10430 0.03%0 0,028
12400 0.03%0 0,028 i




‘Table 22 Tests for reversibilities of Orange G in various electrolytes

1 8t reduction wave

2 nd reduction wave

pH | Slope of =By, ik Electrode Slope of -Ej_ B =B Electrode
vs log i/ig-i % % Reaction vs log i/i,-i I i Reaction
in 0.1 M (G,H;),NC1

3450 0.045 0.042 - - -
3.60 0.045 0.042 == \ a a a

2.05 0.045 0.042 1lrreversible 8 5 .
4450 0.045 0.042 0.030 0.028

4.70 . el bl 00030 00028 -

5.05 - - - 0.030 0.028

515 - - 0.030 0.028

5'70 - s’ s 00030 00028

6.2 = - = 0.030 0,028 L reversible
7.§O - - - 0.030 0.028

8.jo L - o 0.0SO 00028

9.02 - - - 0,030 0.028
10.30 - - - 0.030 0.028
11.85 - . H 0,030 0.028

in 0.1 M XC1

3.50 00045 00042 - - -

3460 0.045 0.042 Sy 0 a a a
1.05 0.045 0.042 irreversible & b . %
4450 0.045 0.042 0,030 0,028

4470 - - - 0.030 0,028 reversible
500 - - - 0.030 0.028 '
5420 - - - 0,030 0.028




Table 22 (contimed)

1 st reduction wave

2 nd reduction wave

pH Slope of-EdJe E1 - :é Electrode Slope Of"Ede E - E Electrode
vs log i/ig-i T Reaction vs log i/ig-i % i Reaction
in 043 M KCL

6410 - 0.030 0,028

T+20 - - - 0.030 0,028

8.20 - - - 0.030 0.028 B
9.05 i C 0.030 0.028 i o
10.30 - - 0.030 0,028
11.85 - - - 0,030 0.028

in 0,1 M KNOS

3450 0.045 0.042 - - i
3460 0.0 0.042 . : a a, a
4,05 o. Oig 0. 022 rrevers ible = . -
4450 0,045 0,042 0.03%0 0.028 ]

4,70 - - 3 0070 0.028

5.00 - - i 0,030 0,028

5420 - - 1 0.030 0.028

6.10 - - % 0.030 0,028 e
7.20 _ R - 0.030 0.028 )reversible
8.25 - - £ 0.030 0,028

9.00 e - - 00030 00028
10.30 - - & 0,030 0,028
11085 -, L] - 0.0BO ] 0.028 P

The wave was too small to measure accurately

Lg
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reversible waves only. Since the data from the present study were
insufficient to calculate the electron transferred coefficients (OA)
of the irreversible electrode reactions, the mumber of electron
transferred for the irreversible wave was not able to determine., As a
result, the proton transported walue of the irreversible wave could not
be determined, MNumbersg of electron transferred of reversible waves vere
determined from slopes of the plots of the electrode potential sgainst
log i/ig=i and proton transported values were calculated by equation 11
(see page 13). Maties 23957 Thaidates dhat mumbers of slectron
transferred for Amaranth, Ponceau 4R, Sunset Yellow FCF, Orange RN and
Orange G are 2 as well as numbers of proton consumed by these dyes
are algo 2,

Therefore, the polarographic reductions of Amaranth, Poncean 4R,
Sunset Yellow FCF, Orange RN and Orange G in (C2H5)41\‘Cl, XC1 and KNO5
at pH about 5-12 involved 2 electrons and 2 protons.,

44244 Mechanism of reduction
For azo compounds the polarographic reductions take place

at =IFN- giving hydrazo derivatives (16). Such a reduction would
depend on the electron density at nitrogen-nitrogen double bond which
in turn ig a function of substituents. Otho or para hydroxyl group
on the dye structure exerts a pull on the electron of =N=N- making %J

slightly more negative than g

1O

where B1 = SD3H and By = OH



Table 23 Mumbers of electron tr

ansferred and proton transported for Amaranth in various electrolytes

pH n n pH n m pk n n
in 0.1 M (02115)43101 in 0.1 M KCL in 0.1 M KNOs

4400 2,0 2.0 4.00 2.0 2.0 3.88 2.0 2.0
5.00 2.0 2.0 5410 29 2.0 4420 2.0 2,0
6.08 2.0 2.0 5.95 2.0 2.0 4.75 2.0 2.0
7.20 2.0 20 La25 20 2.0 5420 2.0 2.0
8.25 2.0 2.0 8.10 2.0 250 6.05 2,0 2.0
9430 2.0 250 9.30 2.0 2.0 715 2.0 2.0
10.20 2.0 2.0 10,50 2.0 2.0 8430 2.0 2.0
12400 20 2.0 12,00 2.0 2.0 9.30 2.0 2.0
10430 2,0 20

1190 2.0 2.0
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Table 24 Tumbers of electron transferred and proton transported for Ponceau 4R in various eletrolytes

pH n | m H n m pH n m
in 0.1 M (02H5)4NC1 in 0.1 M K€l in 0.1 M KNO;

3.90 20 2.0 4.20 2.0 2.0 4430 2.0 2.0
4450 20 2.0 5418 2,0 2.0 5415 2.0 240
5415 2.0 2.0 6.05 2.0 2.0 6412 2.0 2.0
6 420 2.0 2.0 Ta21 250 2.0 Te12 2.0 2.0
7450 2.0 2.0 845 Zv0 2,0 8425 2.0 2.6
8.40 2.0 2.0 9.40 2.0 2.0 9.30 2.0 2.0
9.30 2.0 2.0 10.30 2.0 240 10415 2.0 2.0
10430 2.0 2,0 11.95 2.0 2.0 12,00 2.0 2,0
11.95 2.0 2.0

06



Table 25 IMumbers of electron transferred and proton transported for Sunset Yellow FCF in various electrolytes

pH n m pH n m pH n m
in 0.4 M (CzHS) 4¥C1 in 0.1 MKC1 il:l 044 DE E\Ei

5455 2.0 iy 5460 2.0 2.0 5450 2.0 2.0
6.10 2.0 2.0 6405 2.0 2.0 600 2.0 240
6475 2.0 2.0 6.90 2.0 2.0 6480 2.0 240
755 2:0 2.0 T+50 e 2.0 7430 2.0 2.0
8430 2.0 2.0 8.20 2,0 2.0 850 2.0 2,0
9420 2,0 2.0 9.05 2.0 2.0 9.40 2.0 240
10.30 2.0 2.0 10.30 2.0 20 10430 2.0 2.0
11.80 2.0 2,0 12.00 2.0 2.0 12,00 2.0 2 0

L6



Table 26 Iumbers of electron transferred and proton transported for Orange RN in various electrolytes

m pH n m pH n m
in 041 M (02H5)4NCI in 0.1 M KC1 in Q.1 M kN0,

5.50 2.0 2.0 5050 2.0 2.0 5450 2,0 2.0

6 .50 2.0 240 6 .20 2.0 2.0 6 .20 250 2.0

T+20 240 240 7420 2.0 240 7.20 2,0 2.0

8.20 240 2.0 " 8.20 0 AY2 .0 8420 2.0 2,0

9430 238 2.0 9.20 2.0 2.0 9430 2.0 2.0

10,50 2.0 2.0 10430 o 3PLs UG 1 10430 2.0 2,0

12-,00 2,0 2.0 12,00 2.0 240 12,00 2.0 2.0

26



Table 27 Numbers of electron transferred and proton transported for Orange G in various electrolytes

2 nd reduction wave

2 nd reduction wave

2 nd reduction wave

PH n m pH n oo} pH n m
in 041 M (CoH in 0.1 M KC1 in 0.1 M KNO,

4450 2.0 2.0 4450 240 2.0 4450 2.0 2.0
4470 2.0 240 4470 240 2.0 4.70 2.0 240
505 240 2.0 5400 2.0 2.0 5400 2,0 2.0
5415 2.0 2.0 5420 2.0 g0 5420 2.0 2.0
5470 2.0 2.0 6.10 2.0 2.0 6410 2.0 2.0
6420 2.0 2,0 7.20 2.0 2.0 7420 2.0 2.0
7.30 2.0 2.0 8.20 2.0 240 8425 2.0 2.0
8.30 2.0 2.0 9405 2.0 240 9.00 240 2.0
9.02 2.0 2.0 10430 2.0 2.0 16.30 2.0 2.0
10430 2.0 2.0 11.85 2.0 2.0 11485 2.0 2.0
11.85 2.0 2.0

¢6



92,

The general scheme wag proposed as follows . (16)

R -%Fg-:R"

R, ~Nef-R + B 4o
{ 1 2 .

III . SR

R =N=ll-R + e
F2d

H

g 1
R ~N-N-R' + H
10

. T
R =li=}~R
. 1 2 b
i
I 4 ]
R -N-T-R
.
H

e S
R. =1i=11-R
12 °

HEH

Pl g
R =N=il-R
12

R ,
(R and R = alkyl or aryl group)
Therefore, the mechanism foxr veducticnsg of the dyes studied

which are also the azo compounds should bes

Ho .
s - H
YO R TN ' e

%

or SOBN“"

HO

R

L e

S0 Na,

H H
Naow N N + 2H' 4 .26 ..,_;. NaO s N—ﬁ
W< N\ //

SO?N@

SO j Ha.

where R3 and. Ba are H or SO3Na

4265 Sensitivity

From the previous study (4.2.1), the well-defined

polarographic waves of Amaranth, Ponceau 4R, Sunset Yellow FCF,

Orange RN and Orange G in 0.1M (C2H5) 4

were obtained in the pH about 5-12.

NCl, O.1M KC1L and 0.1 M KI\TO5

The diffusion currents of thesc
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waves seemed to be independent of pH in the soluticns with pH higher
than 6., - Thus, the dye solution at pH about 7 was taken to study.
The concentrations of Amaranth, Ponceau 4R, Sunset Yellow FCF,
Orange RN and Orange G studied were in the range 10" and ‘as lew as
possible to detect. The relationships between the concentrations and
the diffusdon currents of Amaranth, Ponceau 4R, Sunset Yellow FCF,
Orange:BN and Orange G are listed in Table 28. They all provided
the linear relationships in the ranee 10-6-10-4M".' (see Figures 31 A=
31 B). Limits of deteetion for Amavanth, Ponceau 4R, Sunset Yellow FCF
and Orange G were found to be 4.0 x 10-6M ags well as for Orange RN
was found to be 3.0 x 10—6M.
4.3 TFood colors in sone beverages

The common color shades used in beverages are red, orange ,
yellow and green. There are red, orange, yellow and green shades for
Fanta. Green Spot and Bireley's are orange shades. Only orange and red
shades of beverages were selected to study for analyses of Amaranth,
Poncean 4R, Sunget Yellow FCF, Orange RN and Orange G.

44541 Identification of dyes
Color additives in Bireley's, Fanmta (red and orange) and

Green Spot were identified by paper chromatographic and visible
spectrophotometric methods as mentioned in 3.3.1 and 3.3.2 ’
respectively. Their Rf values which were determined and shown in
ﬁable 29 were identified by comparison to the Re values of Amaranth,
Ponccau 4R, Orange G, Orange RN and Sunset Yellow FCF in the same
developing solvent system. The By values of red color in Fanta were

signigicant difference from the R values of Amaranth and Ponceau 4R



Table 28 The relationships between the concentrations and the diffusion currents of Amaranth and Ponceaun 4R

in 0.1 M’(02H5)4N01 PH 7.05 5 Sunset Yellow FCF, Orange RN and Orange G in 0.1 M (02H5)4NCl pH 7.15

107 x cone. (11)

(
id(uAX 10° x conc . (M) ig(ph)

10° % conc. (1) iq(ua)

10° x cons.(11) 15(ph)

Ameapnth

0.30
0.40
0460
1.00
3,00
5.00
7.00
9000
10 .00

20.00
. 30,00

40400
50.00
60.00
70.00
80.00
90.00

0,025
0.045
0.094
0.250
0.43%0
0.595
0.772
0.852
1.630
2.500
3.520

44250 ;

5.040
6.150
7.560
8.600

Ponceau 4R

0.30
0.40
0060
1.00
2.00
4.00
6 .00
8.00
10.00
20,00
30,00
40 .00
50.00
60.00
70.00
80 .00

a
0.028
0.043%
0,062
0.148
0.223
0375
0.512
0.600
1.25%
2.000
2.650
3+180
3970
4.850
5 .620

Sunset Yellow FCT

0430
0.40
O .60
1.00
2 .00
4 .00
6 .00
8.00
18:88
30,00
40.00
50400
60.00
T0.00
80.00
90,00

10° x conc « (M) ig(pa)
(Orange RNV Orange G

a 0420 a 0.30
0.028 0.30 0.030 0440
0.052 0440 0,040 0.60
0,094 0.60 0.056 1.00
0202 1.00 0,095 2,00
0.375 2.00 0.195 4,00
0.552 4,00 0.359 6.00
0.705 6.00 0.531 8,00
0.900 8.00 0,746 10.00
1.880 10.00 0.898 20 .00
2.7%0 20.00 1.98 30.00
3440 30.00 2.820 40.00
4 .300 40.00 3.700 50400
5.080 50.00 44910 60.00
5.940 60.00 5750 70.00
T.410 70.00 6.980 80.00

8.450 80.00 8.600

90.00 9.980

0.025
0,052
0.085
0.200
0.368
0.565
0.742

0,940
2,100
2.850
34950
5060
6.100
7.8%0
9.0%0

a
The wave was too small to measure accurately
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Table 29 Ry values of the red and orange colors in some beverages

Beversge

golvent system I

solvent system II

solvent system III

Fanta (red)

Bireley's
Fanta (orange)

Green Spot

0445 (0.27, Amaranth )
0.51, Ponceau 4R

0.69 (0469, Sunset Yellow FCF)
0.68 (0.69, Sunset Yellow FCF)

0468 (0.69, Sunset Yellow FCF)

0,52 (0.29, Amaranth )
0.32, Ponceau 4R

0,39 (0.40, Sunset Yellow FCF)
0.40 (0.40, Sunset Yellow FCF)

0.40 (0.40, Sunset Yellow FCF)

0.04 (0.15, Amaranth )
0439, Ponceau 4R

0.25 (0.25, Sunset Yellow FCF)
0.25 (0.25, Sunset Yellow FCF)

0.24 (0.25, Sunset Yellow FCF)

Data in the brackets are the experimental Re values of the dyes from Table 1

OO0l
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in all three solvent systems. The Ry values of orange colors in
Bireley's, Fanta and Green Spot were about the same as the Ry values
of Sunset Yellow FCF in the thrce solvent systems. The differences
were due to the composition of the solutions: the beverage solution
contained substances other than standard dye solution, for example,
sugar and preservative substances.

The comparisons of the maximum absorption wavelengths eithex
between the red dye in Fanta and Amaranth or this red dye and
Poncean 4R also indicated the difference (see Table 30). The
comparisons of the maximm absorxption wavelengths of the orange dye
in Bireley's, Fanta and Green Spot to the maximum absorption
wavelength of Sunset Yellow FCF axe insignificant.

Therefdre, the red color in Fanta is not Amaranth or Ponceau 4R
but the orange color in Bireley's, Fanta and Green Spot is Sunset Yellow FCF.

44342 Determination of dyes in the beverages
Concentration of the dye additive was graphically determined

by standard ~ddition method: a series of the standard dye solution of
conoentration 0-36.20 mg/dm’ was added to the beverage and the
polarographic analysis of the dye in the beverage was pe::t‘or;ne'l in
Ot M (Oaﬂs) 41 at pH 7.05. Since the red color of Fanta is not
Amaranth or Poncesu 4R (see 4.3+1), the determination of the red color
was not performed. The orange color of Bircley's, Fanta and €rcen Spot
was determined for Sunset Yellow FCF, Three samples of each beverage,
one weck difference in buying, were analyzed and three trials were
performed for each sample. Graphical determinations of Sunset Yellow: F6F

in Bireley's, Fanta and Green Spot are illustrated in Figures 32,33 and 34,
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Table 30 The maximum absorption wavelengths of the dyes in some

beverages in acid solution

Beverage 1 >\ max (nm)
Fanta (red) 515 (522 for Amaranth )
505 for Ponceau 4R
Bireley's 482 = (482 for Sunset Yellow FCF)
Fanta (orange) 481 (482 for Sunset Yellow FCF)
Green Spot 482 (482 for Sunset Yellow FCF)

Data in the brackets are the Amax of the dyes from Table 2
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Figure 32 Graphical determinations of Sunset Yellow FCF in

Bireley's A)bottle A, B) bottle B and C) bottle C
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Figure 33 Graphical determinations of Sunset Yellow FCF

in Fanta A) bottle A, B) bottle B and C) bottle C

104



105

o
R
Q
o
T

Pl 1 L i 1
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Pigure %4 Graphical determinations of Sunset Yellow FCF
in Green Spot A) bottle A, B) bottle B and

C) battle C
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respectively. The results of these determinations are listed in
Table 31. From this %able, contents of Sunset Yellow FCF in Fanta
was found to be the lowest, 7.54-8.82 mg/dm> _and that in
Biveley's was found to be the highest, 12.36-13.72 mg/dm> . The
contents of Sunset Yellow FCF in these three bottles of the same
beverage were found to be insignificant difference. Thus, the
manufacturers have controlled the amount of the dye additive in the
beverages. The acceptable limit for Sunset Yellow FCF isg 0.5 mg/kg

body weight (1).
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Table 31 Results of the determinations of Sunset Yellow FCF

in some beverages

Sample

*
oontent

(mg/and )

Bireley's (A)
Bireley's (B)
Bireley's (€)
Fanta (A)
Fanta (3B)
Fanta (C)
Green Spot (A)
Green Spot (B)
Green Spot (C)

12,36 £ 0.27
13.12 £ 0.45
13.72 £ 0.26
7«99 £ 0.53
8.82 £ 0,23
To54 £ 0426
9.58 £ 0.57
9.65 £ 0.68

10.18 £ 0.59

*average L average deviation of 3 trials
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