CHAPTER IV

RESULTS AND DISCBSSIOHW

Tartrazine , Brilliant Blue FCF and Ouinoline Yellow are
the food dyes studied . Even the dycs used arc of food grade , their
puritics were cxamined by papex chrematographic and spectrophotometric
techniques befarc their polarographic studies .
4e1 Purities of the dyes

Ae1e1 Paper chrouatographic technique
_Four solvent systems were uscd for tosting puritics ef
the dyes : the solvent system T {( 1-butamol ., watcr and acetic acid )
fer Tartrazine and Quin,lino Yoedlow , the system IT ( 2-mothyl=1~propanol
ethanol, water and 0,88 ammonia solution ) for Tarirazine and
Arilliant Blue FCF , the systom III ( phenol and water ) for
Brilliant Blue FCF and system IV ( 2-butanone , 2-propanonc , water
and 0.88 ammonia solution ) for Quinoline Yellow . The compositions
of these solwvent systems were doseribed in the procedure part (3e3e1e1)
in chapter 3 &

The paper chromatogram of cach dyc in every solvent system
goudicd showed a well=defined spot except Quinoline Yellow by the
solvent system I whosc chromatogram illustrated three spots ( see
Pigurc 4 ) « Since Quinoline Yellow dye composed of either mono and

di sulfonic acid or di and tri sulfonic acid of Quinoline Yellow ,
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the developing solvent system I might be very sensitive to separate
the sulfonic acid functional groups , and threc spots were resulted.
However , by solvent system IV , Quinoline Yellow illustrated only
one single spot « The Rf value of cach dye in the solvent system
was compared to its literature value . These values were listed
in Table 2 « The Ry values of Tartrazine and Brilliant Blue FCF are
slightly differert from the literature values (32) owing to the
water combent in the paper used s concentration of the dye solution ,
the temperaturc and the wvapor pressure of solvent in the
chromatographic chamber
4e1¢2 Spectrophotometric techniques
4e1e2e1 Visible - UV spectra
The w¥isible , uv spectra of Tartrazine ,
Berilliant Blue FCF . and Quinoline Yellow in 0.1 M HCl and O+1 M NaOH
solutions were performed and shown in Figure 5A -5C « The wavelengths
at the meximm absorption (Amax ) of the dyes were measured and
their molar absorptivities were calculated as listed in Table 3 .
The molar absorptivity ef cach dye in the acid solution was found in
the order of 104 ( see Table 3 ) which indicated to a strong
absorption of the dye in visible range .
4e1¢2.2 IR spectra
The IR spectra of Tartrazine , Brilliant Blue FCF
and Quinoline Yellosw in solid KBr pellets were shown in Figures 6A-6C,
The spectrum of Tartrazine indicated an insignificant difference
from ¥he literature onc (33), it showed the phenolic OH (3440 o s

-1 -1 -1
“N=N- (1640 em ) , aromatic ( 1380 ecm and 1490 ecm - -skeleton



Tgble 2 Re values of Quinoline Yellow y Tartrazine and

Brilliant Blue FCF by solvent

systems I , IT (III
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and IV
Solvent Solvent Selvent | Solacnt
; syswam I gystem II| system III} system v
Dye . -
\32}7, (&3 (32) 32
Rr | Rf Re Re ) Re 4Rf Ry . ﬁf)
0419
Quinoline Yellow 064304650 0462 060
0.56
Tartrazine 0+28:030 10419 | 0620
Brilliant Blue FCF 0:91 )] 0450 071 | 0,70
L

(32)

Macek,K. Pharmascutical Applications of Thin-layer Papexr

chromatography «

Amgterdum

Flsevier Publishing Cempany,
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Table 3 Absorpbien characteristiss of dyes in the visible region

Dye ?\ mex  (nm) molar absorptivity
£ (caloulated)

416 in acid solution 26,600
Quinoline Yellow
382 in alkali solution 154480
432 in acid solution | 24,600
Tartrazine X
400 in alkali solution 19,880
412 in aeid solution 11,000

Brilliant Blue
FCF 408 in alkali solution 9,108
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earbon stredching and 700 -800 cm-1 aromatic out of plane bending )
and ioniec sulfonate ( 1120 cm_1,and 1200 cm-1) characters (see
Figurc 64 ) « The spectrum of Brilliant Bluc FCF showed the
30 = N - (1640 cm-1) , aromatic (1400 cm_1 and 1550 cm—1 - gkeleton
earbon stretching , and 70C =800 cm_1 aromatic out of planc bending )
and ionie sulfonate (1030 cm.1 and 1170 cmﬁ1)oharacters ( see
Figure 6B )e The spcetrum of Quinoline Yellow showed the > C = Ne
(1650 am ') 5 >C = 0 (1600 e Y mbonatic { 1440 RS o G it
- gkelcton carbon strctchihg and 750 = 800 om_1 aromatic out of planc
bending ) and ionic sulfonate ( 1030 cm-JI and 1200 cm-1) characters
sce Figure 6C ).

No other functional groups cven H,0 molecule was found in
+he IR spectran ef Tartrazine , Brilliant Bluc FCF and Quinoline Yellew .

The evidences from paper chromatogram ,visible gpectra and
IR spectra of the dycs invcstigated indicated thet Tartrazine ,
Brilliant Blue FCF and Quinoline Yellow had high purity .
Even the paper chromatogram of Quinoline Yellow by the solvent system I
showed three spots but by the solvent system IV only one single spot
was obtained and its Ry valuc was slightly different from the
literaturc valuc . In addition , its visiblc spectrum provided
ene peak and its IR spcctrum showed only the functional groups of
Quinoline Yellow and no other funetional groups of impurity .
4.2 Polarographic behavior

Polérographic studics uf Tartrazinc , Brilliant Bluc FCF and

Quinoline Ycllew werc performed in the common supporting electrolytes

such as 0+ MKCL , 0.1 M KNO; and 0.1 M (C,Hg),NCL + The pH of
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Tartrazine , Brilliant Blue FCF and Quinoline Yellow golutiens were
controlled by using MeIlvaine buffew for pH 2.0 = T2 and Michaeclis
borate buffer for pH T.6 - 12,3 + Michaclis phosphate buffer was

slso uscd for contrplling pH of the Quinoline Yellow solution for pH
4.5 =843 o

4e2+1 Diffusion controllcd
The poiarog.mphic reduction of Tartrazine in cvery

clectrolyte and pH studied provided ine polarographic wave ,

as well as the reductions of Brilliant Bluc FCF and Quinoline Yellew

in every clectrolyte and pH studied yielded two polarographic wavese
These polarographic reduction. processes were determined whether
they werc diffusién , adsorption y kinetic or catalytic controlled.,
Four tests were performed herein & 1) the dependence of the limiting
current ( il ) on the concentration of the dye , 2) the dependence
of tho i, 6n the moxeury height (hY’y 3 ) the dependence of
the ilon ﬁ%' and  4) the dependence of the i; on the tempcrature

5f the dye solution « The dye solutions gtudicd were Tartrazine at
pH 1435 o Brilliant Blue FCF at pH 1.40 and Guinoline Yellow at pH T«50.
They were sclected for this idcntifiqation since the well separated
waves were rcsulted .

The limiting currcnts obtained at various concentrations of
the dyes are listed in Table 4 o 4 lincar relationship between the
limiting current and the dye concentration was obtained at the range
of concontrations 1.0 x10-5- 8.0 x ’IO-4 M for Tartrazine , Brilliant
Blue FCF er Quinoline Yellow (see Figurc 7 for the first waves. amd

Figure 8 for the sccond waves s



Tgble 4 Effects of concentrations on the 1imiti
and temper ature

ng currents of various dyes at constant mercury height

2

Taetrozine .1 . Brilliant Blue FEF %u_inoline Yellew
cencentration ( ) concentration il ( PA ) concentration ( llA)
5 i i 2 -

10”x conc. (1) L e 105x cone. (1) 1btwa,ve 2ndx'ra,ve 10”7% cone (1) 1Stwave 2mwa;¢e
0490.0 o 0,90 c & 1,00 c c
1400 e 1.00 04030 © 2,00 0.170 ¢
150 04150 %400 0,060 ¢ 4,00 0,180 c
300 04430 500 0,095 c 500 0,220 c
5400 04600 700 0120 0.03%0 7«00 04360 c
7400 04800 9,00 0+135 04058 1000 0,400 °
9.00 04952 10.00 0150 04100 20,00 0.800 0,300

10.00 1..000 20.00 06300 04360 30,00 1100 V500
20,00 2,010 30,00 04452 0550 40 .00 1450 0.700
30400 2.800 40400 0,580 04680 50,00 1.800 04830
40,00 34962 50400 04740 04820 60,00 2,180 1,020
50.00 44405 60.00 0,920 1.070 70,00 2600 1.150
60.00 5180 70,00 14120 1.200 80,00 %020 1,440
70,00 64050 80,00 14220 14530

80,00 T+000

b o c
apercury height = 650 cm , temperature = 30,0 C , and cannot be measured accurately

ov
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The limiting currents of 5.0 x 10 I of Tartrazine ,
Brilliant Bluc FOF and Quinoline Yellow at various mercury heights

(3&".0 - 63.0 cm ) are shown in Table 5 « The plots of i against
2

h” and of ijagainst h are shown in Figurc 9 . For every dye solution
studied 4 a linear proportion of the limiting current to the square
root of meroury height and a convex curve of the limiting current
against the mercury height were resulted .

The temperature cocfficicnts ( between BO.OGC and SO.OOC )
were calculated and arc shown in Table 6 , They arc in the range
of 1418 = 2425 % &

From these tegts/, the limiting current of every dye studied
ig direetly preportional to the dye concentration y and to the square
Iroot of mercury height o These proved that the limiting cufrent of
each dyc studied is diffusion current . In addition , the temperature
cocfficicnt of the limiting current of every dye studied is also in
the range of diffusion controlled procecss .

Therefore , the polarographic reduction processes of
Tartrazine , Brilliant Blue FCF and Quinoline Yellow in O.1 M
(CZH5)4NC]. were diffusion conmtrolled . These dyes in O.1 M KC1l and
O¢1 M KNO3 algo provided the same resulte o

44242 Effect of pH on the polarographic wave
The polarographic waves of most organic compounds are
pH dependence . Thus, a variety of pH of the dye golution was studied.
The final pH of the dye solutions are reported in this polarographic

gection .
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Table 5 Effect of mercury heights on the limiting currents ef
a
varieus dyes at constant temperature
3 3_7; 1S-bwa.VE an wave
c a H h h(em i
ompoun p (em ) A (em ) i (a4) 5 ()

Tartrazine 1435 33,0 537 0269 -
3840 61 0.28 -
4340 645 04300 =
48&0 6&9 0e313 -
53’0 702 0'330 5
5840 745 04345 .
6340 749 0.362 *

Brilliant

Blue FCF 140 3840 641 04330 04315
4540 645 04340 04360
48.0 69 0360 0400
530 Te2 04370 0433
58.0. Tie5’ 0.380 0,470
630 I 04393 0,500

Quinoline 7«50 33.0 b 1 & 04563 0390

Yellow 38.0 6.4 0,610 04420
43.0 6.5 04653 0.443
4840 649 04686 0470
53«0 T2 0.726 04490
58.0 Te5 0.753 0.510
6340 T9 0.78% 04533

% temperature = 30.0°C
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Table

6 Effects of temperatures on the

limiting currents of various dyes at constant mercury aeight 5

st , N : nd '
1. wave, L1 PA 2 wave , ' i1 spA
o T 54 f 1
30,0 40,0 500 | coeff. 5040 40,0 500 coeff,
aVe C,{? avVe %”)
Tartrazine 1435 04357 | 04403 | 04453 7| 118 - - ot
Brilliant Blue FCF 1440 04350 | 04430 0¢5%0 207 04560 | 04700 |0.880 225
Quinoline Yellow 7450 0,703 [04843 | 14013/ {11482 | 0,503 | 0,606 |0.726 | 1.5
| !
, e 4 ig
mereury height = 6540 cm , Temperature coefficient = - e
igd t

ob
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4424241 Texirazine

The concertration of Tartrazine undei‘studied in
every electrolyte at any pH is 5.0 x 10-4 M o+ The polarocgram of
Tartrazine in 0.1 M (02H5)4N?31 g 0¢1 MKC1L 4, oxr O41 M KNO3 at any pH
in the range of 1 - 12 showed a single reduction wave (see Figure 10-12),
The wave is a well-derined wave at every pH in the elecetrolytes
studied except at pH higher than 11.6 the wave is too small and
unable to identify. The effects of pH on the polarographic waves
are demonstrated in Figure 10 for Tartrazine in 0.1 M (02H5) 41,
Figure 11 for Tartrazine in 041 M KCl and Figure 12 for Tartrazine
in 0.1 M KNO3 o Data for coxplaining this effect are also listed in
Tables 7,8 and 9 , respéctively o For every electrolyte studied , as
the pH eof the dye solutien increascs , its half wave potential
shifts to more negative Va._lue o The shift of the half wave petentials
at »1 lower tha.n 445 ig more than the shift of the half wave potentials
at pH higher than 4.5 « The plot of the half wave potential versus pH
of the dye solution showed linearities of two sections (see Figure 13).
The first secction at pH 1.3 = 4.5 provided a slope of -0,100 in
0.1 M (GZH5)4N01 or In 0u1 M KCl and a slope of ~0.101 in O.1 M KNOz .
The second scction at pH 445 = 12.0 , yielded a slope of =0.060 in
every ciectrolyte o The intercection points of these lines were found
at pH 4,40 in 0,1 M KC1 and 0.1 M KNO3 and at pH 4.00 in 0«1 M
(02H5) 4L « These pl arc tho pKa of Tartrazine (16) . The diffusion
current seemed to be independend on pH at the pH range 2.2 -6.2 of
every clectrolyte studied . However , itstarted to decrease as pH ef

the dye solution inereased from pH higher than 6.2 (see Figuré 1% )e
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Figure 10 The polarograms ef Tartrazine in 0.1 M (c235)4N01 at pH A4) 1.50

B) 310 4, C) 6455 , D) 11.82 and the pelaregram ef
0e1 M (0235)4N01 (E)
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current

0.“ -0040 : -0080 "1-20 .
petential (V ve SCE)
Figure 11 The polaregrams ef Tartrazine in 0.1 M KCl at pH 4) 1.31 , B) 3,00 '

C) 6.02 4 D) 12,10 and the pelaregram of 0.1 M KC1 (E)
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current

0.00 -1.20

poetential (V ve SCE)
Figure 12 The pelaregrams ef Tartrazine in 0.1 M KNO3 aOPR A) 1,82 8 WE

C) 6450 , D) 11.68 and the pelaregram ef 0.1 M KNO3 (E)



Table T Effcct of pH on the polarographic wave of Tartrazine

in 041 M (0255)4N01

T , .

pH E%'(V) i ida (n4) | Remarks

: |
150 ~04162 | 34900 well-defined wéve
2420 -042%5 44150 | well=-defined wave
3410 -04310 44200 well-defined wave
5485 -0e¢415 44220 well-defined wave
4458 =04465/ 44290 well-defined wave
515 =04+500 4 4300 l well-defined wave
5460 ~04535 44350 well=defincd wave
6.8 ~04567 44250 well-defined wave
6¢55 ~04585 44180 well=-defined wave
6,98 =0.,600 3880 well=-defined wave
By22 =0.695 %4800 well-defined wave
9.00 ~04+725 3,600 \ well~defined wave
9465 ~0.76% 34240 well=defined wave
10425 ~0,.805 2.880 ‘ well-defined wave
11482 -2.b S i ill -defined wave
| i
e

a .
meroury height = 65,0 cm 3 m't = 0,61

cannot be measured accurately
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Table 8 Effect of pH on the polarogrophic wave of Tartrazine in

0.4 MKC1
i pH B (v) I iy (ua) Remarks |
| | ' i e
1431 ] ~0.102 4,000 well-defincd wave |
2420 : -0.180 ! 442,00 ; well=defined wave i
% .00 L _0.280 | 4400 well-defined wave
4,02 ‘; -0 4390 i 4« 300 ! well=defined wave !
460 ; ~0/e 4 A0 44250 , well-defined wave '
5420 -0 480 44320 % well=defined wav?
5452 | -0.500 4.%80 ‘E well-defined wave
6.02 0 o528 [ 4a300 well-defined wave |
6 450 -0 .560 | 7210 | well-defined wave E
T 00 ~-04580 . 3900 well-defined wave }
8.02 -0.660 34800 | well-defined wave ]
8.98 -0.720 %4500 ‘ well=defined wave
9.72 ; -0.760 | 3.950 i well-defincd wave
1060 ! -0 4820 ] 2.700 ' well-defined wave
12410 - b b ' 21ll-defined wave
2
amercu:ry height = 65.0 cm m3 % = 061

cannot be measured accurately
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Table 9 Dffcet of pH on the polarographic wave of Tartrazine in
0.1 M KNOg |
pH E%_(v) Py (A ) Remarks ;
T S A,,__if___, NI 58 2 S ARG T
P 1482 . =0.098 ' 44100 well-defined wave i
230 | -0.200 Ae150 ‘ well=-defined wave i
3410 P =0+280 44150 well=defined wave g
4410 . =04370 24300 | well-defined wave :
: 4455 . =~04425 4 400 . well-defined wave @
5425 . ~0445 1 40380 | well-defined wave {:
5458 | -0u480 % 44250 well-defined wave |
6415 | -0.5f8s——4.150 AT
| 6450 | s0a540 : 3,900 | well-defined wave
‘ 6.82 | =0 .,560 i.' %.700 1 well-defined wave
i__ 725 ‘ -0.585 ' 3550 ! well-defined wave
, 8.20 =0.640 34500 ‘ well-defined wave
. .
'i 9.05 | =0.692 | 3.250 well-dofined wove
. 9839 | c0um2 li 34250  well-defined wave |
l 10410 ~0.760 . 3,000 ! welledéfined wave |
i 11468 b b ill-defined wave |
& mercury height = 65.0 cm ; m” % = 0.61

b

cannot be measured accurately
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Figure 13 The effects of pl on the half wave potentials of
Tartrazine in various supporting electrolytes:

A) 0.111 (Cpils)4NCL, B) 0.1M KC1 and C) 0.1 KNO5
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Figure 14 The effects of pH on the diffusion currents of Tartrazine
in various supporting electrolytes: A) 0.111 (02H5)4NC1,

B) 0.1M KC1 and C) 0.1i KNOg
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44242.2  Brilliant Blue FCF
The concentratinn of Brilliant Blue FCF understudied

in this section is 5.0 x 10“ M. The polarogram of Brilliant Blue FCF
monm(%@ﬂm,moanummoan%meﬁumm
range 1=12 showed two polarographic waves. The two reduction waves
were well-defined in every clectrolyte for cach pH studied cxoept in
0.1M KC1 and 0.1M KNOz., In 0.1M KC1 and 0.1M KNOB, the two reduction
waves became to overlap at pH betwoen 2.7 and 4.3. The cffects of pH
on the polarographic waves arc demonstrafcd in Figure 15 for Brilliant
Blue FCF in 0.1M (02H5)4N01 , Figure 16 for Brilliant Blue FCF in
0.1M KC1 and Figure 17 for Brilliant Blue FCF in O.1M KNOS. Data for
describing these effects are also listed in Tables 10,1 ,12, respectively.
As the pH of the dye solution inereascs the half wave potentials of
the first and the sccond wave shift to morc ncgative values. The plot
of the half wave potemtial of either the first wave or the second
wave versus pH of the golution showed two linear sections. For the
first wave, the slopes of =0.102 in 0.1M (02H5)4N01, -0,.100 in 0.1M KC1
and =0,101 in 0.1M KNO3 were obtained at pH 1.50-4.30 and at pH 4«50«
11.80 the slope of =0.013 was resulted in every electrolyte. For the
second wave, the slope of =0.100 was resulted in every electrolyte studied
at pH 1450=6.50 ond at pH 7.00-11.80 the slopes of —0.017kin'
0.1 M (02H5)4NCI, ~0.023 in 0.1M KC1 and =0.019 in 0.1M KNO; were
. provided ( see Figure 18).

The dependence ol diffusion currents on pH of the dye solution
‘are illustrated in Figures 19 and 20, For the first wave, the diffusion
currents depend on pH and the maximum diffusion currents of Brilliant

Blue FOT were obtained at pH 4.58 in 0.11 (02H5)4N01, at pH 4.30 in
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Figure 15 The pelaregrams of Brilliant Blue FCF in 0.1 M (czns) NC1

at pH A) 1.50 , B) 5419 , C) 8420 , D) 11,80 and

the pelaregram of 0,1M (02H5)4NCI (B)
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Figure 17 The pelaregrams of Brilliant Blue FCF in 0,1 M KNO3

at pH A) 1.22 , B) 3.97 5 0) 4.90 , D) 8,20 , B) 11,32

and the pelaregram ef 0.1 I KNO, (F)
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Table 10 Effects of pH en the polarographic waves of Brilliant Blue FCF

in 0.1 ¥ (CpHg),M01

First wave 5 Second wave . i
- i o Remarks
Bz (V) | ig ()
!
1.50 | =0e395 0.870 1+ =04575  1.280 I{well-defined waves

VB (V) iy ()
T

SR oo inninn

i

well=defined waves

|
2420 ~04495 0.810 ~0.683% 1.130 well-defined waves
3.02 -0.592 14120 =0, 760 1.050

415 -0.699 1.190/ /I 1=04870 0%570 ;well-dcfined waves
4.58 ~0.720 14280 ~0.918 0.580 |well-defined waves
5.19 | =0.738 | 1.1607 | -0.978, ! 0.580 | i Al waes
5460 -8.740 0.910 ~1.0%2 04540 well-defined waves

|
|

6412 | =0.755 | 44150 | =1.090 | 10900 |well-defined waves

6 .80 -0.760 1.040 =-1.122 0.850 !well-defined waves
T«20 ~0.761 1l BA -1+125 0900 %well-defined waves
8.20 -0.765 1140 -1e1%2 1200 %well-defined waves
8.98 -0 .800 14170 ~14120 1200 ;well-defined waves
9.70 -0 800 1.200 -1 160 1270 ! well-defined waves
10430 ~06800 1.050 ~1.+180 1.150 | well=defined waves

11480 -0 800 1+%%0 =-14¢195 1240 | well=defined waves

3

;}Ercury height =65.0em 3 m t = 0.73
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44 EBEffccts of pH on the' polarographic waves of

Brilliant Bluc FCF in 0.1 M KCl

b

cannot be measured

} ’ First wave Secomd wave
© pH § Lk S A R i Remarks
| a | A )
|5 Tl s e Pl o it RS R
n : s e R Tl T' s ] ).
t !
1430 =0.368 | 0.770 ~0.510 ! 3 «120 well-defined waves
!
2.17 -0.452 | 0.700 ~0.600 i 1+030 well-defined waves
2.70 b 5 b b b two waves overlapped
| 27
3495 b b b b two waves overlapped
430 b b b b twe waves overlapped
4490 ~0.T18 | 1.160 -0.890 0600 well-defined waves
5-60 —00720 01700 -00960 00550 well-defined waves
6 .00 ~0.725 | 0.950 =1..000 0.750 well-defined waves
1
6.50 ~0.730 | 10.850 | 14040 1|710.700 | well-defined waves
7400 -0.7%0 i 0940 -1.105 CRYIE well-defined waves
8417 ~0.745 | 0.980 “1.122 | 1.040 | well-defdned waves
8.85 ~0.748 | 0.980 ~14+130 1,070 well=defined waves
9.20 =0.752 0.980 -1 .138 1050 well-defined waves
9470 ~0.755 | 04950 -1 4140 1030 | well-defincd waves
14 «30 -0+TT5 0910 ~14170 1000 well-defined waves
2 %
, 5 6
@ mercury height = 65.0 em' ; m t = 0.61
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Table 12 Effects of pH on the polarographic waves of Brilliant Blue FCF

in 0.1 M KNO

3

SCRSPINS LIS ORGP

Pirst wave

Second wave

% pH w_w”w"“d_a.miw?“j.,_m,tldmuj.i Remarks
! By (V) : i (W*)‘g By (V) -y (i)
i__. B st Tm_ ’___“___,.______“4 2
| 1.22 ~04358 0.750 -0.535 ‘ 1.110 well-dcfined waves
i 2,18 |=0.425 | 0,530 | 0580 | 0.980 | well-defined waves
2471 N ) i Jo¥ ‘b b i two waves overlapped
3.97 b b b b two waves overlapped
4431 b b b b i two waves overlapped
4 .90 =-0.702 1170 -0:912 0.560 well~defined waves
562 -0.715 0.680 -0.980 0.540 well=defined waves
6 .02 -0.718 0.950 =1.0%5 0.730 well-defined waves
653 ~0.T42 0.83%0 ~1.078 0.660 well-defined waves
T.03 ~0eT45 0.950 -1.112 0750 well-defined waves
8420 -0.765 0970 ~1.132 1020 well-defined waves
8.87 |=0.768 | 1.000 | =1.135 | 1.100 |well-defined waves
9.22 ~0+775 0.970 -1.158 1040 well-defined waves
9.73 -04795 0.970 -1.160 1.040 well-defined waves
14 52 ~0.802 0.900 =1+170 1.010 well-defined waves
J
: ! g
Zmereury héight = 65.0 cm m5 t6 = 0.61

b

IO [
cannot be measurcd
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Figure 18 The effects of pH on the half wave potentials of
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) 0.1M (CoHg),

FCF in various supporting electrolytess

NC1l, B) 0.411 KC1 and C) 0.1M KNO5
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0.1M KC1 and O.1M KHO3 ( see TFigurc 19 ). For the second wave, a S-shaped
relationship between the diffusion curcent and pH was resulted in every
electrolyte studied and a minimum diffusion current was obtained at
pH 5.60 ( see Figure 20 i
442.2.3 Quinoline Yellow

The concertration of Quinoline Yellow
wderstudied in every clectrolyte at any pH is 5.0 x 10-4M.

442:2:3%.1 “Derate buffer

The polarograms of Quinoline Yellow

in 0.1 M (02115)41101 , 0.1/ KOL or 0.1 MKNO3 at any $E in the wange
1.38 - 11.85 showed one reduction wave (see Figures 21,22 and 23 )P
The well-defined wave was obbained in two pH ranges, pH 1.38 -2.15
and 8+1%3-11.85 « At pH 2.82 - 4.80 the wave disappears .bThe wave
occurs again at pH of the dye solution highcr than 4480 and the wave
ig ill-defined until pH 8.13 . Data for describing thesc cffects are
also listed in Table 43  for Quinoline Yellow in (02H5)4N01 Y Tablé 14
for Quinoline Yellow in O«1 M KCl and Table 15 for Guinoline Yellsw
in 0.1 M KO3 . As the pH of the dye solution inercases the half wave
potential shifts to more negative value (see Figure 24 ) « In addition,
the diffusion current of Quinoline Yellow in borate buffer seemed to
be independent on pH cxcept at pH 11.80 the diffusion current dropped
rapidly in every electrolyte studied (see Figure 25 A |

442424%3.2 Phosphate buffer

Since the polarographic waves of

Quinoline Yellow disappeared in the pH range 2.82 - 4.80 of borate

buffer , the polarographic reduction of Quinoline Yellow was tried again
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current

4

-..5. -‘.70 -1.10 -1.5.

petential (V vs SCE)
Figure 21 The pelaregrams ef Quineline Yellow in berate buffer and 0.1 M
J (0235)41«:1 at pH A). 2.13 , B) 2,80 , ¢) 4.80 s D). 1.22 , B) 8,90
F) 11.83 and the pelaregram of 0.1 M (02}15) 4501 (@)
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current

m

-0.50 9,70 =110 -1.50
potential (V vs SCE)
Figure 22 The polarogréms of Quineline Yellew in berate buffer and
0.1 M XC1 at pH A) 2.15 , B) 2.82 , C) 4.80 , D) 7.25 ,

E) 8.13 , F) 11.85 and the pelaregram ef 0.1 M KC1 (G)
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-0.50

"105.
petential (V vs SCE)

-0.70 -1.10

Figure 23 The pelaregrams ef Quineline Yellew in berate buffer and

0.1 M KNO, at pH A) 2413 , B) 2.85 , C) 4.83 , D) T.20 ,

E) 8,10 , F) 11.85 and the pelaregram ef 0.1 N KNOy (G)
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Table 13 ZEffect of pH on the polarograrhic wave of Quinoline Yellow

in borate buffer and 0.1 M (CEHB) 4NCl
] | i
pH ; r«l_ (v) | "33 (nui) ‘ Remarks :
. I . _ I e
1.35 -0.64% 14310 g well-defined wave i
2.13 ! ~0.682 1+300 well-defined wave |
2.80 b | b ; 11l-defined weve
%280 é b' b 1 ill-defined wave
4.52 | b b i1l-defined wave
. !
4.80 | b b : ill-defined wave
5 eb1 ! b b % ill-defined wave
5493 % b b ; ill-defined wave
6.45 b ’ b ; i11-defined wave
Te22 . b b | ill-defined wave
8.10 ; -1 142 1.310 ; well-defined wave
8.79 ; =1¢152 ! 1330 % vell~-defined wave
g%8 | -1.157 | 1.300 | veli-detiiied wave |
10.65 ? -14172 ; 1280 ! well-defined wave
11.85 | =1.200 | 0.8%0 t well-defined wave
)

a > B
mercury height = 65.0cm ;m t = 0.61.

cannot be measuréd
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Table 714 Effect of pH on the polarographic wave of Quinoline Yellow

in borate buffer and 0.1 ¥ XC1l

pH | EE-( V) : iz ( ph ) ; Remarks

A % NSRS it W R - T e o DR e e
1438 -0.640 1 4340 . well-defined wave
245 | -0.687 14320 well-definéd vwews |
282 | b b % ill~-defined wave !
3483 b b E ill-defined wave
4.50 b b : ill-defined wave
4 .80 b b é ill=-defined wave
551 b b | ill-defined wave

l 5.89 b b ill-defined wave

? 6.50 b b ill-defined wave

% T 25 b b ill=defined wave

E 8.13% ~-1.150 1 ¢301 well=defined wave

% 8.80 1152 15250 wvell-defined wave

% 9.60 ~-1.158 10300 | well-defined wave

l 10.63 -1.175 1.270 | well-defined wave

l 1185 -1 .208 0.800 well=defined wave

|

g 1
y 3 6

mercury height = 65.0 cm 3 m” t = 0.61

cannot be measured
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Table 15 BEffect of pH on the polarcgraphic wave of Quinoline Yellow

in borate buffer and 0.1 I KTIO;

pH 3 B1 (v) i ii (pa ) | Remarks
1.40 i =0.642 i 4 +280 : well-defined wave
213 | -0.685 | 423200 | well-defined wave
2.85 | b | b ill-defined wave
%.80 b { b ill-defined wave
| 4456 b i b ill-defined wave
i 4 .83 ' b é b ill-defined wave
% 550 | b % b ill-defined wave
5,90 b ’ b i11-defined wave
6.48 b ' b % ill-defined wave
T«20 b b | ill-defined wave
8.10 -1.148 1 14310 well~defined wave
8.8% ~-1.155 ¥ «+260 well-defined wave
9.61 -1.160 14305 well-defined wave
i 10.65 -1.178 1.280 well-defined wave
. 41485 ~1.203 0.780 well-defined wave
2 1
3 6

a
mercury height = 65.0 5 m” t = 0.61

b
cannot be meagurcd
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in the phosphate buffex. Two polarographic wawes wexe resulted in this

buffer at any pH in the range of 1.60-11.10 (sec Figures 26,27 and 28) .
In 0.11 (CjHg),¥E1, the first wave is well-defined at overy pH and the
sccond onc is ill-defined at the pi of the dye solution lower than 5.50
and the wave becomes welledefined at pH higher than 5.50. In 0.4 KC1
'a,nd Ol KNO3, the same polarographic behaviors of these two waves were
obtained, besides pH 11:40 which was legs sensitive to the reduction

of Quinoline Yelléw and the polarographic waves resulted were hard.

to detect. Data for oxplainin,g theose effects were listed in Tables 164
17 and 18. For every clectrolyte studied; as pH of the dye soluti‘n
increases the half wave potentials shift o more negative values. The
plots of the half wave potentials of both the first wave and the second
one versus pH of the dye solution showed linearities of two sections
(seec Figure 29). For (the first wave, at pH 4 .50-8.50 the slopes of, -0.070
were obtained in 011N,(02H5)4NCI and 041 KE1, as well as the slope

of -0.066 was yielded in 0.1 KNOz. At pH 9400-11.10, the slope of
-0.010 was resulted in every clectrclyte. For the second wave, the
slope of =0.060 was resulted in every electrolyte at pH 5.50=8.50 and
at pH higher than 8.50 the slope was -0.010.

The dependence of diffusion currents
on pH of the dye solution are shown. in Figure 30. For the first wave,
the diffusion current depended on pH from 4.50 to 8.20‘, the maximum
dif fusion current was obtained at pH 6.00, ~and it gradually
docreased until pi 8.20. At pH higher than 8.50, the diffusion.curren%
was constant. Tor the sccond wave, as pH of the solution increased

the diffusion current gradually incrcased until pH 8. The diffusion
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Figure 26 The pelaregrams ef Quineline Yellew in phesphate

buffer and 0.1 M (0235)41«:1 at pH A) 5.50 ,

B, 8435 , C) 10.15 , D) 11.10 and the pelaregram

f 0.1 M (CH_ ) NCl1 (E
of 0.1 (08,) 101 (B)



+
=
[ ]
g

~0.70 -1.10 ~1.50

petential (V ve SCE)
Figure 27 The pelaregrams ef Quineline Yellew in phesphate

buffer and 0.1 M KC1 at pH 4) 5.10 , B) 8,00 ,

C) 10.03 , D) 11.42 and the pelaregram ef 0.1 M KC1 (E)
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current

"0070 "0090 "1050
: ] : petential (V vs SCE)
Figure 28 The polaregrams ef Cuineline Yellew in phesphate
buffer and 0.1 M KNO, at pH A) 5,00 , B) 8430 ,
C) 10.80 , D) 11,40 and the pelaregram ef 0.1 M
KNO3 (B)



Table 16 Effects of pH on the polarographic waves of Quinoline Yellow in phosphate buffer and

0+1H (CoHe Iy IC1.

!

First

. wave Second wave
pH et a i -
B (V) |4y (ph) Remarks B (W1 g (W) | Remarks

| ! oy

4460 -0.905 2230 well-defined wave b b i ill-defined wave
5«05 -0.942 | 2.230 well-defined/wave b b i ill-defined wave
5.«50 -0.968 24230 well-defined vawe -1+310 0420 well-defined wave
| |
6.50 -1.050 | 2.340 vell-defined wive -1.+360 0.600 | well-defined wavei
6.90 -1.082 2.220 vell-defined wave ~-1..392 0.860 i well-defined wave
7.50 -14120 | 1.850 well~defined wavge -1e423 0,960 well-defined wave
7.90 1143 1.600 well=defined wave =1.+440 1 .000 | well-defined wave
8.35 14165 | 1.560 well-defined wave | -1.476 0.980 | well-defined wave!
9.00 "=1.190 1 14300 well-defined wave | =1.500 0,860 well-defined wave|
9.50 ~1 200 14300 well-defined wave | 14505 0.800 E well-defined wave{
10415 -1.210 1300 well-defined wave % -1.508 0.800 % well-defined wave%
_11.10 ~1.220 1.100 wvell-defined wave % -1.518 0.780 : well-defined wavgj

6
a'me:ccury height = 65.0 cm 3 m% +

bcannot be measured accurately

1
= 0061

6L



Table 17 Effects of pl on the polarographic wa ves of OQuinoline Yellow in phosphate buffer and

0.1M KC1

b
cannot be measured accurately

Tirst wave Second. wave
pi - ' I
E%_(V) iy (ps) Remarks Ex (V) 1§ () Remarks
=0.996 | 24350 well=-defined wave b b ill-defined wave
-0.998 | 2.500 woll=defined wave b b ill-defined wave
-1.013 2.350 well-defined wave =1.310 0.550 well-defined wave
=1 .,041 2470 well=-defined wave -1.33%8 0.600 well=-defined wave
-1.088 | 2.500 well-defined wave -1.363 0.600 well-defined wave
-1.105 2.200 woll-defined wave =1.3%95 0+756 well-defined wave
s it 1.700 well-defined wave -1.425 0.850 wvell-defined wave
~1.145 1500 well-defined wave. -1.45% 1.000 well-defined wave
-1.21% 1.200 wvell-~defined wave -1 .481 0.950 well-defined wave
=1.215 ] 1150 well-defined wave -1.500 0.900 well~defined wave
w4 0481 190 well-defined wave -1.506 0.850 well-defined wave
=1« 225 1 " 32950 well-defined wave -1 .506 04920 well-defined wave
b b ill-defined wave b b ill-defined wave
, 2
a ) 36
mercury height = 65.0 cm; mt = 0.61



Table 18 Bffects of pi on the polarographic waves of Quinoline Yellow in phosphate buffer and

0.1M K0
i ige
First wave ] Second wave
pi 5 | -a , b o | K
1 (v) @ iz (w) Remarks By (."ig (wd) Kemarks
; P
4.58 - =0.943 | 2.400 ; well-defined wave b % b . ill-defined wave
5.00 0962 | 2AT0 well-defined wave b b ill-defined wave
550 -1.005 | 2,580 wvell-defined wave b b ill-~defined wave
6 .00 ~1.03%9 2.700 well-defined wave -1 %28 0:510 well~defined wave
6 .50 1071 1 24550 well-defined wave =1..358.[70.600 L well-defined wave
T80 -1.090 2« 300 wecll-defined wave -1.390 1.0.820 well-defined wviave
7.50 ~1.095 | 1.900 i well-defined wave ~1418/1 0.930 well-defined wave
8430 =1 «161 1.300 well-defined wave =1 A58 ' 1+150  well-defined wave
8.80 13490 T 1.050 well-defined wave -1.462 | 0.850 well-defined wave
9.40 -1.192 | 1.080 well-defined wave ~1.460 | 0.800 - well-defined wave
10.80 ~-1.210 1,030 well-defined wave =1 .460 0.800 v well-defined wave
11440 L b t b ill-defined wave b t b - ill-defined wave
! ! ! ! !
i i t i e B iEe =
y 21
30

aﬁ@rcury height = 65.0 cm; m't = 0.61

cagnnot be measured accurately

8
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current obtaincd at pH higher than 8 is almost constant. Thus, the
diffusion current of the sccoud wave of Guinoline Yellow is independent
on pH at pH highcr than 3.00 (see Figure 30) .
4¢2.3 Reversibility
The clectrode reactions of Tartragine, Brilliant Blue FCF

and Quinolinc Yellew were investigated from the polarograms of
well=defined waves. For a reversible process, the plot of the working
clectrode potential against log i/id-i gives a straight line of slepe

i2.303RT/nFF Y ox i ég? aV at 30° C. If the clcctrode preccss is
irreversible ihe slogé ig [largexr than ;QQE mV gincc the wave is more

n i
drawn outs Anothcr simpler method, although less exact, is to determine

thei B4 - B2 | value of the/ vaves For a reversible process, the
y i

4 &l |
o 0k : ; o : g
tﬂ_ @ 0% | valuc equals $0.57mV at 30 C and for an irreversible
wave, the }:1 - 43 walue is greater theni 57 mV,
A 4 ; in g

Résults‘of,these investigations are listed in Table 19
for Tartrazine, Table 20 for Brilliant Bluc ICF and Table 27 Iox
puinoline Yellcws Polarograpnic reduetion of Tartrazine in every
Oleotr@lyte«imformod thet the electrode rcaction vas irreversible
o% pH lower than 4,00 but it was reversible at pH highexr than 44,00
( sec Table 19 )s The first reduction wave of Brilliant Blue cr
in overy clectrolyte and pH studied was irreversible. The second
wave was revorsiblc in pH 1.50=-2.20 but in other pH it wes irreversible
( sec Table 20 ). Polarographic reduction of Quinolinc Yellow in
every electrolyte and every pH studied provided irreversible
procass ( sce Table 24 ).

From this study, it can be secn that the eleetrode
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Table 19 Tests for reversibilities of Tartrazine in various electrolytes

|
pH S].Ope Of IE - L ; l Electrode
-Bge Vs log, ifig=1 | }[ - Reaction
in C.1H (Cpilg) 11
1.50 0.027 0.025 |7
2420 0.027 0.025 {!
3,00 0.027 0.025 |; irreversible
% .05 0,027 0.025 |-
4 .58 04030 . 0.028 |-
5415 ' 0,036 0.028 |!
5460 0030 0.028
6413 0030 0.028
€ .55 0,030 0.028 ||
6498 0.030 0.028
8422 0.031 0.029 | . reversible
9,00 0.0%1 0,029 i
9.65 10030 0.028 |1
10.25 0,030 0.028 ||
1182 0.0%0 0.028 |-
in 0.41 LC1
1431 0.026 0.024 |7
2 420 04026 0.024 |!
3,00 0.026 ' 0.024 |; irreversible
4,02 0.026 0088 I
4 .60 0 .30 0.028 |4
5 .20 ! 00030 00028 i
5452 0030 0.028
6 .02 : 0.03%1 0.029
6 .50 0.031 . 0.029 g
6 .80 0.031 0,029 ; reversible
7 .00 0.030 0.028 r
8,02 0.0%0 0.028 !
8.98 0.030 0,028 ;
2 ) 0030 - 0.028 :
10.60 0.030 0.028 |+




Table 19 (continued)
SH slope of ilectrode
- By, vs 1o _Reaction
in 0.1M IO
s
1.3%0 0.027
2430 0.027 irreversible
510 0,027
4 .10 0.027
4.55 0.0%0
5.58 0.030
6.15 0.0%0
6.82 O)rin reversible
8.20 0.031
9.05 0+030
9 L4 9'9 0 uOEO
10 .10 0,030

e e i e e e

e




Table 20 Tests for reversibilities of PBrilliant Blue FCF in various electrolytes

Tirst wave g Second wave
P slope of -Ed x ﬁ | .1 Electrpde Iislope of ~Ej.e :i i Electrode
<l B, - Bz % ligq - E4
s ° y 1 i i 3
vs log 1/1d-1 i ZE Reaction ‘vs log i/id-i " 4 a‘ Reaction
in 0.1 M (0255)AN01 ‘ 1 g
1.50 0.045 02043 /|/ | 04031 | 0.029 | peversible
2,20 0.045 0,043 /; | 0.031 l 0.0% !
2402 0.045 0.04%/ |, L 0.047 | 0.045
4415 0.045 0:045 /] | 0.047 0.045 |;
5419 0,055 0.053 e & | 0.0%5 0.05%
6.12 0.055 0.053 ! L 0.055 0.053% |
7.20 0.067 02065 Eirreversmle% 0.071 0.069 %}rrevers*,lble
8.20 0.067 0.065 : I 0.071 0.069 5
8.98 0.067 0.065 ; % 0.071 0.0€9 !
9.70 0.067 0.065 1| NA6LOTH 0.069 |
10430 0.067 0.065 . 0.071 0.069
11«80 0.067 0.06%5 s3 L 0.0T1 0.069
in 0«1 B KCL ' { %
- i 1
1.30 s - 0.046 \; i 0.031 | 0.029 b plaal
2.17 0.048 L 0046 1 | 0.031 | 0.029 ¥Teversible
2470 b | b | Adrreversible b f % |
535 b ; b { ! b S T
4430 0.048 i 0.046 ’ L 0.058 i 0.056 grreversible
i | 0.058 L 0.056 " | 0.058 | 0,006
) N~ L A e i ek 40 : vt

Lg




; 3 ~ 4
Table 20 continued
First wave -: Secend wave
e :SlU?e of "Ed.egw ilectrode | slope of B o wB Electrode
| 5 . ; ol o e
. vs log i/id-l il 4 f Reaction ' vs log i/id—l % Z’ ;..' Reaection
i L s B et ki i o
in 0.1 1 EC1 i | 3
5460 04058 0.056 = 0.058 . 0.056 |
6 400 | 04058 . 0.0% 0.053 | 04056 i
6450 I 0.068 i 0.066 3 0.058 . 0.0% W
7«00 L 0.068 | 0.066 /irreversible 0.071 | 0.06g | irreversible
8417 ! 0.068  0.066" |& | 0.071 | 04069 i |
8.85 | 04068 | 0.066 /i ; 0.071 L 04065 | i
G420 t 0.068 L 0.006" i) g 0.071 i 04069 i ?
9.70 ! 0.068 t 0.066 A: ; 0.071 | 0,069
11430 : 0.068 © 0.066 é; : 0.071 ; 04069 |- :
: | % i | |
: 3 K ! '! : : ? '-
in 01 I «-1'03 | ‘ ! g i | ]
| : :. | ' |
1.%1 0.048 | 0.046 I+ : 0.0%1 } 0,029 11, _
2418 0.048 | 0.046 | | 0.0%1 e
274 b L B | b L :
349 e LHUBALQA 1 b - o ;
4431 0.048 - .06 | 5 0.058 | 0.056 1 e
4490 | 0.058 . 256 i : 0.958 | 04056 1 §
5462 s ( 058 L 0. 56 { 0.058 | 0.056 |, ; :
6 .02 | *a058 . 0.036 |irreversible | 0.058 0,056 ?xrever51ble§
6453 g 068 . 0.066 | i 0.058 | 0.0% |
T.03 | 0.068 {0.066 i = 0.071 I 04069 |!
8.20 | 0.068 i 0,066 ! 0.071 i 04069
8.87 | 0.068 0,066 0.071 0.069 !
9.7% ! 0.068 ' 0,086 : 0.071 0.069
11 032 00068 ' O 0066 ! 00071 00069 -4

boannot be measured accurately



Mable 21 Tests for reversiblities of Cuinoline Y~1low in phosphiate Buffer and various eleetrolytes

First wave

Second wave

ol | S I |
i slope of -E4, f gt i 4 Zlectrode slope of "Ede B B | | Electrode
vs logi/ld-i , 1 ./3, Regction vs logi/ig-i ‘fl -il i Reaction
< o b Fi |
3 - P
in 0.1 (Cylip), 101 ‘ ;
4+60 0.058 0.056 7 b b
5.05 0.058 0.056 i b b
5 ¢50 0.058 0.056 i 0.058 0.056 {73
5.50 0.058 0.056 i 0.058 0.056 ||
6.50 0.058 0.056 1 0.058 0.056 ||
6.90 0.0553 . 0.056 ; 0.058 0.056 !
7.50 0.058 0.056 = ’ 0.058 0.056 1
7490 0.058 0.056 drreversible 0,053 0.056 {irreversible |
8435 0.053 0.056 | 0,058 9,056 k| o
9.00 0.058 0096, | 01928 rE
.50 0.058 0.05 058 o i
g 0058 | 0056, 1 || 0.058 Bu01 1
1:‘ .10 0.058 ': 0.056 _45 | 0.058 0,056 it

cannot be measurcd accurately

68




Table 21 (continued)
r_
| First wave & i wave 1
% pH P—sloPo of -0 ‘l ‘:1- 2z 1 | Llectrodo slonc of | ¥ “
! : o o 4/4 _.Q i — -2 L- ; . 7 ——‘ I“’ Plectrodf‘
E vs log 1/1d 1 i T 1 ! Reaction vs log 1/1i 3 ! T ! S
§
i
[
in 0] KCL |
. 0.058 b
s 5 020 0 oga 0.060 0.058 |7
5.00 L)ao O L = 6 O (\,RB i
3 6 0.058 0.060 05
e e ’ 0.060 0.058
Z @ (\_“O 0.658 o JO o)
5052 0.06 A NA 0.058
7 0.060 0.058 0 .060 .0
fa) ) 060 0.058
7.55 0.060 0.0588 [ . _ 0. 058
b 060 0.053 »-irroversible 0.060 0.058 | lirreversible
8.00 0.00 E 0.060 ‘},058 ¢
8.55 0.060 0.0° )8 & D 0058 !
. 06! 0.058 & g i
9.00 0,060 e g
o 0.0 d i J e U0 4
9.51 OOOCO JO ! 8 !
10.0% 0.060 0.0%8 ; 0.060 0.058 |
i 10 095 00060 1 00058 _4] | 00060 00058 o~ 4
% 148~ | b | v . b b
j | ;

‘cannot be mcasurcd accurately

06



Table 21

7 . N
(continued)

Firgt wave

Second wave

o

21 s 5t o sl ba e , i !‘
pe slope of -, LBy bﬁj Electrode 8lope of ~Es, }31- Ez | | Electrodc
vs log i/ig-i ; il % fieaction vs log i/id-i | I : ‘ Beaction
in 0.1k Ki0;
1.58 0.060 0.058 -~ b b
|
500 0,060 0.058 |4 b b
550 0,060 0.058 || b b |
6 .00 0.060 0,058, | 0.060 0.058 |
6 .50 0.060 0.058 1" 0.060 0.058 5
7400 0.060 0.0587) '} 0.060 58 i
7 -50 O 0060 0 1056 i irrevers ible O 006,0 0 nU58 \ irreversible
7.90 0.060 0.058 ; 0.060 0.058 {
8.30 0,060 0.056 | ! 0,060 0,058 g
8,80 0.060 0.058 || l 04060 0.058 |}
G ol - 0,060 0,058 | | 0.060 0.088 1|
10.80 0,060 0.058 1 0.060 0.058
11 440 b b 5 b 0 i
! H
| | |

b

cannot be measured

accurately

L6
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reactions of Tartrazine, Briliiant Blue ICF and Quinoline Yellow were
not affected by the supporting clectrolytes (CZHE)4NC1,'KC‘ and
KI\}'O_j , but they wvere controlled by the pH of solution. |
A.2., Tlectron transfer and proton transport values

In +this study, the numbers of clectron transfer (n) and
proton transport (m) in the polarographic reduction of the dye were
determined from the reversible wave as sell as the value of the product
of electron transfer coefficient and electron transfer (Kn) and m
were calculated for the irrevérsible Wave » Data from the present study
were insufficient to calculgbe the mimber of electron transfer of the
irreversible wave. The numbér of /electron transfer for the irreversible
process can be doterninéd/by  areésulometric analysis at a fixed potential
that is 0.2 volt more negative than the half wave potential. For a
reversible wave the mnber of olectron transfor was determined from
the slone of a plot of the slectrode potential against its corresponded
log i/iq-i and proton transport value was calculated by equation 9
(sce page 15) . Data for mumber of electron transfer, nroduct of transfer
coefficient and electron transfer and proton transport of Tartrazine,
Brilliant Blue FCF and “Suinoline Yellow are listed in Tables. 22,23 and
24+ Table 22 indicated that at pH higher than 4.50 the mumber of .
electrons transferred in the reduction of Tartrazine are 2 and the
number of protons consumed by Tartrazine are also 2. For Brilliant
Blue FCF, the first wave is irreversible and the valucs of An and n
are listed in Table 23%. The sccond wave for the reduction of Brilliant
Blue FoF is reversible at pH 1450-2.20 and its rumber of elcctrons
transferred are 2 and protons transported arc 4 when the pH is higher

than 2.20 the wave becomes irreversible and the values of AAn and m



Table 22 Numbers of electron transfer, product of trandfer coeffieient and electron ¥ransfer aad

proten traneport for the polarographic reduction of Tartrazine in various electrolytes

. T ;
pH dn n m | pH An n i pH #n n m
9.4 ¥ ( C,H:),XNC J MK o1 M KX
1 ( 215)4 ;| 0.1 M KC1 0.1 1 KIO,
1.50 202 = 507 1031 2-3 s 3&5 1.30 2-2 i 5.7
200 9.2 - 3T 2430 2.3 - o5 2.50 £e2 - 2ol
3,00 2.2 - 3.7 %.00 23 - %eH 5430 D2 - P
.88 2.2 - 3.7 4.02 2.3 - 3.5 4.10 Dl - %eT
4.58 - 2.0 2.0 4.60 - 2.0 2.4 4 .55 - 98 20
5415 - 2.0 2.0 520 - 2.0 29 5.25 - Bl Dl
5.60 - S50 2.0 5 52 - 250 2.¢ 5.58 - 246 2.0
65.18 - 240 20 6.02 - 1.9 Q) " 6415 - 2.0 2.0
6.55 - 2. 2.0 6.50 - 1.9 2.0 6.82 - 2.0 240
6.98 - 2.0 240 . - 7.00 - 2,0 2.1 T+25 - 2.0 9.0
8e22 S 109 109 8002 = 200 2 o 8.20 *. 4 09 1 09
9 .00 - 1.9 1.9 8.98 - 2..0 9.05 - 240 2.0
9.65 - 2.0 2.0 S.72 - ey ks 9.39 - 2.0 2 obx
10.2 -~ 2.0 2.0 10.60 - 2.0 2% 10.12 - 2.0 2.0

¢6
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Table 2% ihmbers of electron transfer, product of transfer coefficient
and electron transfer and nroton transport for the

polarographic reduction of Brilliant Blue FCF in various

electrolytes
Fipgt wave Second wave
phi b
) {?{n m n ' fAn m
i
0 .1 (02H5)4112101
1450 e 5 243 2.0 - 4.0
2020 1%5 2.3 240 - 4.0
%402 1563 2.3 - 145 242
4415 103 2e% - 1.3 242
4458 y &l 0.2 - 141 1.8
5'19 101 002 - od 1-* 108
5460 147 0.2 - 141 1.8
6.12 1.1 0.2 - ko 1.8
6 .80 %9 0.2 - Qi9 0.3
T.+20 0.9 0.2 - 0.9 0.3
8.20 0.9 02 - 0.9 0.3
3.98 0.9 02 - 0.9 0.3
070 Ol9 002 - 009 013
i -30 009 Qe o Oc9 005
11‘% 009 Oa?_ . On9 O.B
0.1 KC1

1'50 103 201 %.O - 4_‘0
5495 b b b b
430 1.% 244 - 1.1 Yol
g 1.1 0.2 - 141 147
5-60 1 -'1 002 - 1 01 1 07
6 .00 1 +1 0.2 - 1 w1 1.7
7‘00 0-9 001 - Oa9 092
BedY 0.9 Q' - 0.9 0.2
8.85 0.9 0.1 - 0.9 0.2
9420 0.9 0.1 - 0.9 0.2
907@ 009 Oc’T == 0'9 002
1130 0.9 0.1 - 0.9 02
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(continued

Table 23
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Table 24 Product of transfer coefficient and electron transfer and proton
transport for the reduction of Cuinoline Yellow in phosphate

buffer and various supporting clectrolytes

First wave * Second wave

pil i

f
1

\ n m N n m

- w0 "
€.l \L2_L5)4_-_JCJ_
4,60
5405
5,50 -/
590
6450
5490
1+50
7+90
8435
9,00
9.50
10.15
11.10

.
-

e o
i A A
. ¢ o'y
NN R PO =S =5 =d b s

s o TUT
=%

L S,
s o © e &
e ® ©°
S T i S S N e
s & * o =

> o ® 8- ® e &
B O . A e e e
. " * °

B e e O e T o
. ® s s &
[\)l\)[\\)r\)_.\_!.-—l-_é._&._x

P T G WPE WP PRI G SRR Sttt S A
OO0 == 228

0.1M KC1

4450
5410
560
6402
652
T.01
7455
8400
855
- 9,00
9«51

o o
oo

s .
« o o

- b A = Y
. e
s

-
°
L

.
L

BN TN N WP W S N G R S e
°

o e
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Table 24 (contimied)

Second wave

- g e e o 1N &
00 0 e % » o's ¢ e o o O

-+ +—0O0O0

. Y’

{)

Jin

D e sl e T v ol Tl T Y 1
o 8 PN o ST TR T T T I IR . SR <

b 2l e Tl s coth ol ol =i o

Pirst wave

— v ot v v ¥ /OO QN
e & o e ®* o 8 & o e s o QO

T T\ O 00

An

. et T s o~ s Sl W o AT AP . A
e o 9 9% @ SN oLl ool

T TSIy A A L o L TR

pH

0.11i KKO,
3

(&)
INO ING IO\ MY

A4 . - - - .

< IO\ -~ @©

MWWJ%.OOOOOO

8.80
9440
10.80
11440

b

cannat be calculated
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are calculated and listed in Table 23. For Quinoline Yellow both
pecduction waves are irreversible and their An and m arc listed in

Table 24.

4e2:5 Reduction mechanisn

Corresponding to the polarographic behavior of Tartrazine as

mentioned above and its -N=N-, the reduction of Tartrazine should be

| bhjy oH' I B
\: =N"01"_ I~ 15 s 0w Na U N" i | wezng 'COON
a0 @—N N Jl\ J COONa, —=——— Na038 1“1 lk- a
HO : ;
| EO
SOBN& SOBNa‘

This mechanism confirmed the reduction of azo compounds which
took place at -~lel- , giving hydrazo derivative ( 16,2%,38). The reduction
of Tartrazine was quite fast ‘since the electrode reaction resulted in ..
reversible process.

The polarographic reduction of Brilliant Blue ¥CF in O.1M
(02H5)4N01, 0.,1M KC1 or O.1M KNOB_provided two reduction waves. These
waves were irrevsible except at pH 1.50-2.20. The irreversibility indicated
that the rates of electron transfer for the reduction were slow.

At pH 1.50~2.20, the second wave was reversible. The polarographic
reduction of triarylcarboniun ion in aprotic medium involved a 2-elecfron
wave to trisrylmethane but in the presence of water, two reduction

waves were reported and the free radical was observed (35).

g .0 o — (c.m)c* —=2— (CH)/CH
BHNE B (Cgtt)s A (Cghs)s
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Brilliant Blue FCF is a triarylcarbonium ion and two reduction
waves were observed in agueous solution. At some pH, 2.70=4.%0, these
twe waves overlapped in 0.1M KC1 and 0.1 KHO_,.‘ hus the reduction of
Brilliant Blue FCF.waspossible to give trinrvylmethane and the mechanism

could be

H

2H5
CH2 \O\ /@ux 267 4 4‘{ UH O/ 2
(Q 0 ilso S0 H@
Y 505 H @ o

The electrode procegses for reduction of Guinoline Yellow in

803

phosphate buffer and 0.1M (02515)41101, 0.1 KC1 ox 0.1M KRN0z were
irreversible. This was mo:m't-'t}:mt the-ratos of electron transfer and
proton transport in the vtccduction renction mere quite slove The
reduction of 1;3~indandione ususlly iBdok place at its carbonyl groups
and the two 2=-clectiron waves Werc recported (20) .

Corresponding to Table 24 the vch«cUlﬂn of Auinolinc Yellow
gave two reduction steps and the [7<n values of those steps were equal
as well as the number of proton consumcd wagecual to the r7< n value
in each step. Thus, “uinoline Yellow could be reduced at —(|3=O to diendiol

and followed to be the diol as shovn below

: 2 oH" 2
l s e + e — G
C‘j@ (3031'10.)2 x g St (3051@31)9
o) l0):1 i
H of

C 'Eij 20 + 2" o o
m . - (SO H
(bo lh’) X % Ir/k 1)2 >

H OH
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4.2,6 Sensitivities

From the previous study, one well-defined polarographic
wave o>f Tartrazine in 0.1 M (02}15)4_1«31, 0.1 M KC1 or 0,1 M KNO3 was
obtained in pH 1-11. The diffusion current of Tartrazine ig independent
on pH between pi 1.5=-8.2. Thus, Tortrazine ot any pH in this range wa
taken to study for the sensitivity. The concentrations of the dye
studied were in the range 10_4 11 and as low as possible to detect.
Tmamhﬁhmﬁﬁpb&mwntmzwmmnmm1m1mﬂ1medﬁﬁmmncmwam
of Tartrazine is listed in-Table 05 and shown in Figure 31. It provided
s linearity in the range of 1.5x10—5—8.0x10_ 1 Thod@tcctianfiimit-éf
Tartrazine was found to” be 1.5x10-5M-

The relationships between concentrations and the diffusion
currents were studied at phH 1.35 for Brilliant Blue FCF and at pH T.50
for Quioline Yellow since the polarographic waves in these pH values
were well separatedy The linesrities were obtained in the range of
%0 % 165 w fuld B 1C~4 M for Brillienk Blue FCF and in the range of
240 X 10-5- 80 & 10_4 M for Guinoline Yellow. The limits of detection
of the first wave of Brilliant Blue FOF was 1.0 X 1072 M and of the
second wave was T«0 X 10_5 M, Fof Quinoline Yellow the detectien
1imits were found to be 2.0 x 10—5 M for the first wave and ..~
2.0 x “lO-4 11 for the second weve, Therefore, the first reduction waves
of Brilliant Blue FCF and Quinoline Yellow provided higher sensitivity

for quantitative analysis thon the gecond Waves.
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Table 25 The relationships botween the concentrations and the
diffusion currcnts of Tartrazine, Brilliant Bluel FCF
and. “uinoline Yellow
Partrazine | Brilliant Blue FCF Quinoline Yellow
{
| i | 1 |
105 - e 10%xeonc s i - 10%% concd i -4
A i e =" Aoy Ta,
1) gy % ‘ , | .2
Gy g L Gy e W) e ) | (i)
1
0490 i o' 0.90 o & 1 .00 fiTe! c
100 | © 1.00 / M0+030 e 2,00 0.170 c
1,50 10.150 3,00 / 10,060 c 3,00 [0.180 c
3,00 (04430 5.00 /. 10,095 c 5400 0,220 c
5.00 {04,600 7,00 7oeq204¢| 0.030 700 0.360 o
7.00 |0.800 9.00 |0.135: | 0.058 10,00 0.400 c
9.00 104952 10 ,00L--10.150 0.100 20,00 0.800 04300
10.00 |{1.000 20.00 04300 0.360 30,00 14100 0.500
20.00 |[2.010 30,00 104452 0.550 40.00 1.450 0,700
30,00 |2.800 40,00 [0.580 0.680 50,00 1.800 0.830
40.00 [3.962 | [50.00__10.740 0800 60.00 2.180 1.020
50.00 |4.405 60.00 [0.920 | 1.0G0 70400 2.600 14150
60.00 |[5.180 7000 < {14120 ; 14200 80.00 3,020 1 +440
70,00 |6.050 80,00 |1.820  1.530 90.00 3.810 1.800
80.00 {7.000 90.00 (- {14510 1.920 /100,00 4,500 2.550
90,00 - 18,400 100.00 |1.700 2,320
100,00 {84800
| . |
| % z
| ; L : !
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4.3 Mixture of Tartrazine and Brilliant Blue FCF
Another food(additive)color interested is the green coloxr which
is a mixture of Tartrazine and Brilliant Blue FCF . These two dyes
are permitted for food additive by FAO.
: 4.%.1 Composition of the mixture
Concentrations of Tartrazine and Brilliant Blue FCF in the
mixture were varied to provide various shades of green color. Ratios
of Tartrazine to Brilliant Blue FCF in this study were 1:4 , 332 ,
131 , 2:3 and 431 and the initial concentration of Tartrazine was
1.x ‘IO_4 M . Peper chromatographic and polarographic data including
the shade observed for these mixtures were listed in Table 26 .
Paper chromatograms of these mixtures showed two well-defined spots .
The Ry values of these spots pointed to the Rf values of Tartrazine and
Brilliant Blue FCF (-.gee Table 26 ) . The polarogram of each mixture in
0.1 M XC1 at pH 1.354§rovided one distorted and one well-defined waves.
The comparison of polarograms between the mixture and the single dyes
( Tartrazine and Brilliant Blue ICF ) dindicated that the distorted wave
belonged to Tartrazine and the well-defined wave belonged to Brilliant
Blue FCF ( see Figure 32 ) . The distortion of Tartrazine wave might
be resulted from intermolecular bonding between the dyes in aqueous
solution .
4.3.,2 Effect of pH on the polarographic wave
According to the polarogram of the reduction of each mixture
composition provided the same characteristic , the dye mixture of
ratio 131 ( Tartrazine : Brillianc Blue FCF ) which produced green shade

was selected for this study . Polarographic reduction of the mixture
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Table 26 The paper clmoma,tograms and polarograms of the mixtures

including the shade obscrved

: | : b

;Conc'f' ratio shade of colortPaper chromatogram’™ Polarogram &
Tart,sBeBe | Ry ‘ Tart. wave %anwgri’vof
by s ; B.B. |
: 1 8 4 igreen—yellow } 0,19 ,20:54 \distorted wavel -0.651
i 2 53 ggtreen—ycllow 0 o1 Ly 0854 idistorted wave% =0.653
x 1 ¢ 1 ; green 04195 0.51 ldisto:cted wave{; 04652
| 32 yellew-green 0.19, 0.51 Edistorted v 0l
E 4 1 gyellow-green 041940450 ‘distorted wav% -0.653

- i : !

Tart, = Tartrazive j (BsB. = Brilliant Blue FCF
(32)

aT’ape:c chromatogram in golvent system ITsERf  Tart,
32
2 )

0.20
BoBc = 0050

o A ;
Polarogram in 0.1 M KC1 at phi " <1.35



ourrent

0.00 -0.30 ~0.70

petential (V vs SCE)
“igure 32 The pelaregrams ef A) Tartrazine , B) Mixture , C) Brilliant

Blue FCF in 0,1 M KC1 and D) the pelaregram ef 0.1 M KCl.
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in 0.1 M ( CQH—D-)L.;??:\?Cl g O¢1 MKCI or Os1 M KNO5 was studied in various
pH between 1 - 12 . The effect of pll on the polarographic waves of
the mixture was illustrated in Figures 33, 34 and 35 . At pH =3
the distorted wave of Tartraszine in the mixture was observed , the first
wave of Brillisnt Blue FCT was suppressed by this distorted wave and
the second reduction wave of Brilliant Blue FCT was shown . At pl 4-12 ,
the half wave potentials of these two single dyes , the first and second
waves of Brilliant Blue F'CF and Tpmtraéino wave were gquite closed ( see
Tables 7, 8, 9, 10, 11-and 42 ) . Thus, the polarogram of the dye mixture
provided only one well-defined wave . However, at pH higher than 7.0 ,
the polarogram of the mixture showed two well-defined waves , the
overlappecd wave of Tertrazine and the first wave of Brilliant Blue FCF
and the second wave of Brilliant Blue FCF since their half wave
potentials were far aparts

Therefore, the polarographic reduction of the green coloxr
which coinposed of Tartrazine and Brilliant Blue FCI' was not suggested
to use for quantitative analysis of the dye .
A.4 Tood colors in some beverages

The common color shades used in beverages are yellow,green,
orange and red. Only yellow and green shades of beverages were selected
to study and 9‘miyze for Tartrezine, Brilliant Blue FCF :md\ Quinoline
Yellow .
4 4.4.1 Identification of dyes

Color additives in Fante ( yellow and green color ) and

Union ( green colox ) were identificd by paper chromatographic and

vigible spect;('ophotometric methods as mentioned in 3.3.1 and 3.3.2.1 ,



current

~0.10 ~=0.70 =1430
potential (V vs SCE)
Figure 35 The pelaregrams ef the mixture in
0.1 M (02H5)4NC]. ot PN . 4) 2.0
B) 3.00 , C) 4.00 , D) 5.70 E) 7.00
F) 9470 , G) 11.80 and the pelaregram ef

" H ) NC1 (H
011»1(025)4 (")

< R



current

~0470 g -1430
petential (V vs SCE)

The polaregrams eof the mixture in Q.'1 M KC1

at pH A) 2,40 , B) 3.00 , C) 3.80 , D) 5.55 ,

E) 7.00 , F) 9478 , G) 12,05 and the pelaregram
of 0.1 M KC1 (H)
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current

-1030

petential (V vs SCE)
The pelaregrams of the mixture in 0.1 M XNO
at pH A) 2420 , B) 3,00 , C) 4405 , D) 5.70

E) 7.00 , F) 9.70 , G) 12.00 and the pelarscram
of 0.1 I KNO, (i) '
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respectively. Their Re values are listed in Table 27 . The Kge value
of yellow color in Fanta was equal to the Rp value of Tartrazine. -
One of the Ry values of the green color in Fanta and Union beverages
was identified to be that of Tartrazine (see Table 27 3%

The compaxison between the maximum absorption wavelengths
of the yellow and green colors in Fanta,gréen color in Union and
Tartrazine was resulted in the same value ( sce Table 28 o

444.2 Determination of dycs in beverages

Since the identification in4.4.1 indicated that the green
color in Fanta and Union was composed of Tartrazine and other dye,
the quantitative analysis’ by polarography for the green color was
not performed.

) Therefore, only yellow color in Fanta was graphically
determined by standard nddition method . A series of the standard
dye solutions of concenﬁration 0-12.84 mg/dmg were added to the
beverages and the polarographic analysis of the dye in thc beverages

was performed in 0.1 I (c WCL  at pl 560 . The yellow color in

2'5)4
Fanta was analyzed for Tartrazine . Three samples of each beverage ,
one week difference in buying , were analyzed and three trials were
performed for each sample . Graphical determination of Tartrazine in
Fanta is illustrated in Figure 36 o The contents of Tartrazine in

3 3
Fanta bottle A was 4.70 + 0415 mg/dmj , bottle Bwas 4.81 ¥ 0.13 meg/dm

and bottle C was 3.99% 0.22 mg/dm3 4
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Table 27 Re values of the yellow and green colors in some beverages

Beverage

Solvent system I

Solvent system II

Fanta (yellow)

Fanta (green)

Union (green)

0.29 (0,28, Tartrazine)
0429 (0,28, Tartrazine)
0.78

0.29 (0428, Tartrazine)

0.76

0418 (0419, Tartrazine)
0.18 (0.19, Tartrazine)
0470

0419 (0419, Tartrazine)

067

%2 go1vent system I Quitoline Yellow

Rp = 0,50

32501vent system IL Priliiant Blue FOF. Rp = 0450
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Tgble 28 The maximum sbsorption wavelengths of the dyes in some

beverages in acid solution

i | ‘

f Zeverage i Svmax, (nm)

f i

| Fante, (yellow) " 432 (432 for Tartrazine)
;

430 (432 for Tartrazine)

|

t
Fanta (green) } 430 (432 for Tartrazine)
Union (grcen) !

Data in the brackets arc from reference 33 .
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i 4 ( }L’l)

€a

0.300C T

Figure 36 Craphical determinations of Tartrazine in Fanta
(pineapple flavor):.i) bottle 1, B) bottle B

and C) bottle C
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