Chapter III

Result and Discussion

3.1 Purities of the dyes

‘Purities of Azorubine, Sumset Yellow FCF, Orange G, Orange RN,
Tartrazine and Green S were examined by papex chromatographic technique,
ultraviolet-visible and imfrared spectrophotometric techniques before

they were used for the gtudy ©of complex formations with metal ions.

3.1.1 Paper chromatography

Three solvent systems were used for testing purities of
the dyes. There are system I, the mixture of l-butanol, water and
acetic acid iﬁ the rétio of /20:12:5, respectively; system II, the
mixture of water and ammonia solution (specifié gravity.O.Ql) in the
ratio of 99:1; respectiveiy; and system'IiI i= the solution of 2.5%

NaCl aqueous solution. The paper chromatogram of each dye in every
solvent system studiedsshowed a well defined spot except Orange RN

whose chrpmatqgram illdstrated.two spots | (see Figures 3A-3C). The RE
valﬁe of each dye in every solvent system was determined and compared

to its literature-oné. | The values were listed in Table I. Some
expérimental Rf values are slightly diffé}eht from the literature values
(31, 32) owiﬁg to the difference in experimental conditions, such as the
water content in the paper used, thé concenﬁration éf the dye solution,

the temperature and the vapor pressure of the solvent in chromatographic

chamber.
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" Figure 3A Paper chromaxﬁ,qu ‘ﬂgi’ ;&l ﬂ ﬁent system I, A ) Azorubine
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Table 1 Rf values of Azorubine, Sunset Yellow FCF, Orange G, Orange

31

RN, Tartrazine and Green S by the solvent systems I, IT and
IIL
solvent system | solvent system | solvent system
I II 111
Dye ;
RE /s (31| RE re(32 RE re 3
Azorubine 0456 0.56 0.08 0.08
Sunset Yellow FCF 0446 0.45 0.26 0.29
Orange G 0.50 0.52 0.91 0.91
: 0.66, 0.09,
Orange RN 0.46 0.68 0.24 0.08
Tartrazine 0.16 0.18 0.91 0,91
| Green S 0.55 0.57 0.94 0.96
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3.1,2 Spectrophotometric techniques

3,1,2.1 Tﬁe ultraviolet-visible spectra of Azorubine,
Sunset Yellow FCF, Orange G, Orange RN, Tartrazine and Green S
in 0.1 N.HCI, and 0.1 N NaOH were performed and compared to the
ones obtained from the literature (33) as shown in Figure 4A-4F.
The spectrum of each dye indicated an insignificant difference
from the literature cmne. The wavelength at the maximum absorp-
tion of the dyes~(imax) in/acidic and alkali solution were

measured (see Table 2
3.1.2,2" IR spectra

The/ IR spectra of Azorubine, Sunset Yellow FCF,
Tartrazine, Green S in solid KBr pellets and Orange G, Orange RN
in nujol mull were shown in Figures 5A-5F. The spéctra of Tartra-
zine and Orangé G indicated insignificant differences from the
literature ones (345 35). Mo IR spectra of Azofubine, Sunset Yellow
FCF, anﬁ Creen S were reported in the literature. The spectrum
of Tartrazine showed the‘phenolic OH (3450 cm-l), —N=N- (1640
cm_l), afomatic'(1390 cnrl and, 1490 cﬁ_l—skeleton carbon
stretchings and 700-780 cmfl-aromatic out of plane bending) and
ionic sulfonate (1190'cm-1 and 1040 cm-l) characters (see Figure
5E). | The)spectrum: of Orange G showed the aza \-N=N- (1622 cmfl),
phenolic OH (3400 cm-;), aromatic (1460 cm_l, 1540 e '-skeleton
carbon stretching, and 700-800-aromatic out of plane bending) and
ionic sulfonate (1200 cm—l an& 1040 cmfl) characters (see Figure
5C). .The spectrum of Azorubiné_showed the azo -N=N- (1610 cmfl),
phenolic OH (3450 cm-l), aromatic (1480 cm“1 and 1510 Cm—l-skele—
ton carbon stretching, and 760 cmfl—aromatic out of plane bending)

-1 -1
and fonic sulfonate (1190 cm =~ and 1050 cm 1) characters (see
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Figure 5A). The spectrum of Sunset Yellow FCF showed the azo
-N=N- (1622 cm_l), phenolic OH (3450 cmTl), aromatic (1510 i
and 1558 em l-skeleton carbon stretching, and 700-800 cm -
aromatic out of plane bending) and ionic sulfonate (1190 cm—l
and 1040 cm'l) characters (see Figure 5B). The spectrum of
Green S showed the :C=N (1620 cm-l), phenolic OH (3450 cmfl),

aromatic (1370 cmfl—skeleton ¢arbon stretching, and 700-800 cmfl-

aromatic out of plaﬁe bending) “and-donic sulfonate (1170 cm_l
and 1040 cmﬂl) eharacters (see Figure 5F). The spectrum of

Orange RN showedsthe difference from the literature (36) in the

range of 1100-1300 cm—l (see/ Figure 5D).

The evidenées from paper chromatographic behavior
as well as the absorption spectrophotometric characteristics of
the certified grade dyes indicated that the purities of Azoru-
biﬁe, Sunsét Yellow FCF, Orange G, Tartrazine and Green S are
high enough for use in the study of complex formations with metal
jons except-Orange RN. Although the ultraviolet-visible spectrﬁm
of the certified grade Orange RN indicated an insignificant
difference from. the Jliterature (see Figure 4D), the two spots in
paper chromatogram of 'Orange RN showed that it was contaminated
and) they IRy spectrum 1ndicated the difference .from, the literature
(see Figure 5D)., Thus, the certified grade Orange RN had to be
purified before use in the-complex formation study and the column

chromatographic technique was selected for this separation.
3.2 Separation of Orange RN'
3.2.1 Thin layer chromatography

Thin layer chromatographic technique was used for

determining the suitable eluent to purify Orange RN by column chromato-
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'Table 2 Absorption characteristics of dyes in the visible region

‘I
N \ , Amax, nm
W

Dye —

_n

Azorubine 505
Sunset Yellow 450
Orange G -
Orange RN -
Tartrazine 409
 Green S 614

r i;::::::__
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graphy. Five mixed solvent systems of various compositions were
investigated. Solvent system 1 is the mixture of 2-propanol, ammdnia
solution and water in the ratio of 7:2:1, respectively. System IT is
the mixture of 2-propamcl, ammonia solution and water in the ratio of
10:1:1, respectively. System III is the mixture of 2-propanol and
ammonia solution in the ratio of 4:1, respectively. System IV is the
mixture of 2-butanol, ethanol, water and ammonia solution in the ratio
of 10:20:10:1, respectively. System ¥ {s the mixture of l-butanmol,
acetic acid and water in the ratio of 10:5:6, respectively. The RE
values of the certified grade Orange RN in these solvent systems are
listéd in Table 3 and their chromatograms were shown in Figure 6. It
can be seen that, the sglvent system I éhowed the biggest difference of

the Rf values between Orange RN and the contaminate.

3,2.2 Column chromatégraphy

A 1.0 gm of the certified grade of Ora;gé RN was chromato-
graphed on silica gel column with 2-propanol-ammonia-water. Thé fraction
that was eluted with-2-propancl-ammonia-water {7:2:1) gave a pure Orange
Rn of 0.8 gm.

The purity of the separated Orange RN was tested by paper
. chromatography, ultraviolet-visible and infrared spectrophotometric

techniques (see Figure 7, & and 9),, respectively.

The paper chromatogram of separated Orange RN in the
solvent system I or III revealed a single spot whose Rf value was found
to be 0,66 or 0.08, respectively. These Rf values are slightiy‘d;fferent
from the literature'valueS'(0.68lfor éolvenﬁ system.I;‘0.0B fér éolvenf.

system III) owing to the slighﬁ difference in experimental-conditions.-

The trace impurity in the contaminated Orange RN might

has the same absorption characteristics as the pure Orange RN, thus the
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ultraviolet-visible spectra of the contaminated Orange RN and the

separated Orange RN were identical (see Figure 4D and Figure 8).

Infrared spectra of the separated Orange RN indicated an
insignificant difference from the literature one (36), it showed the
phenolic OH (3200-3450 cnrl), -N=N- (1620 cmfl), aromatic (1460 cm-l
and 1500 cmﬂl—skeleton carbon stretching, and 700-800 cm.-1 aromatic out

of plane bending) and ionic sulfonate’ 1200 cm;_1 and 1160 cm-l) characters

(see Figure 9).

The paper chromatogram, infrared, ultraviolet-visible
spectra -of Orange RN revealed that the purified Orange RN was pure enocugh

for using in the study/'of /complex formations with metal ioms.

3.3 Dbye content

Titanium trichloride method, Spectrophotometric method and
Kjeldahl method were used for determining the dye content. Azorubine,
Sunset Yellow FCF, Orange G, Tartrazine and Green S were titrated with
0.1185 M standard titanium trichloride solution. . The percentage of dye
contents of Azorubine, Sunset Yellow ¥CF, Orange G, Tartrazine and
Green S were 85.23,,88,73, 95.43,.89.20, 94,74, respectively (see
Table &), By spectrophotometric method, the dye contenté of Sunset
Yellow FCE and Tartrazine were 87+ 79%.and 88:92%, respectiwvely. From
nitrogen content (Kjeldahl method), the percentage of Orange RN was
85.65. It was seen that the dye contents of the dyes studied were not

less than 85%. - These evidences indicated that the dyes had high purity.

3.4 The effect of pH on solubilities of dyes, metal ions and their

mixtures

Azorubine, Sunset Yellow FCF, Orange G, Orange RN, Tartrazine

and Green S are very soluble in many buffer systems such as phosphoric
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Table 3 Solvent systems %ng Rf values by thin layer
chromatography
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(37 |

F ‘nv | * § ’L
&g - v- ‘
MJ b 81, Q.
F : ::F‘

solvent // l‘\\\\\\b\ Orange RN
L SRR R
= d\\\\
_ r\\\

— - -
']

0.83
0.64
0.88

0.82

ﬂUEI’J'VlEWI‘JWEﬂT

QW’]@\‘lﬂ‘imﬁJVIﬂﬂE

e



solvent front

solvent front

e (2)

ow |

o)

0(2)

solvent frong|.

lsolvent front

solvent front

0 (2)

AR :

'_ 0.80(15

1RE = 0.54(2)

| re

. 0.81(1)
T 0.58(2)

B = 0usoiay

0.70(1)

QW

0 @

RE = 4.67(2)

_ 0.82(1)

O (D
o (2)

RE = 45.75(2)

~0.81(1)

Figure 6 Thin layer chromatograms of Orange RN by A) solvent system I, B) solvent system II, .

C) solvent system III, D) solvent systém IV, E) solvent systemV

0s



solvent front solvent front
A B
O
Rf=066 m 'jjﬂ Rf-—OOS
. 4
Figure 7 Papﬂ uOEJ ’J mﬂnimﬂ’]ﬂ ﬁfication by column

chromat

el RAsalumnIngay

B) solvent system III

189



1,200

0-80_'_

Absorbance

0.40

" 200 3000 | 400 500 600 " 700

wavelength (nm)

Figure 8 Comparision of UV-visible spectra of Orange RN after purification by column

chromatography —— in 0.1 M HCl and --~ in 0.1 M NaOH
A) literature (33) and B) experiment

25



Transmittance, %

R A mrﬂ*“—“'“ﬂﬁv“ir‘\'
| ‘ , F %'5
d - //\ﬂ n “
g ~N=N-
. ,/\J\ :/‘/ L\‘ : )
60 £ (W i ,J
| Oﬁ
A N
40 L
R-S0
S
2 907
arvyl 1028
. : i 1602 , ; .
400 300 200 1500 1000 500
wavenumber, cm
T 144y T FIENRITITH 1)
. (T
- 80 H L L-‘ " i F !
0 i fL i (i
§ il { i N HEal in
40 144 Hil oy i :
=] i I t
E . i l_# :ﬂ | i
AEAECUNEaSARS -"‘M” 1i tHif| i ! S
3000 2000 1000 650
: : -1
wavenumber, cm

Figure 9 Comparison of IR spectra of Orange RN in nujol mull after

purification by column chrqmﬁtogfaphy

A) experiment

B) liferature (36)

53



Table 4 Dye contents of Azorubine, Sunset Yellow FCF, Orange G, Tartrazine and Greem $ by titanium trichloride

method
T.iC;l3 titration factor 3
~ Volume (em™) '
Dye - 5 T4C1, 0.1185 M % Pure dye
gm coloxfem gn color/cm
0,1000 M TiCl3 0,l185 M T;LC_].3
N
Azorubine 0.01256 0.01488 4.32 85,23
Sunset Yellow FCF 0,01131 0,01134 4.49 88,73
Orange G 0,01131 0,01134 4.83 95,43
-Tartrazine 0.01336 0.01583 4,52 89.20
Green S 0.02883 0.03416 2.40 - 94,79

A
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acid, acetic acid, McIlvaine buffer, phosphate buffer, acetate buffer

and dietﬁylamine.

Metal ions such as, Ti (IV), Cr (III), Mn (II), Co (II), Fe (1),
Fe (III), Ni (II), €u (II) and Zn (II) are soluble in phosphoric acid,
acetic acid, McIlvaine buffer, acetate buffer and phosphate buffer.
However, precipitation of Mn (II), Co (II), Fe (I1), Ni (II) and Cu (II)
ion in the phosphate buffer af pH 7.00/are formed when 1.00 cm3 of
5.00 x 10-3 M of metai ion are mixed with 1.00 cm3 buffer solution. 1In

diethylamine, at pH 12.5,.€r «(1IL), Mn (IT), Co (11), Fe (II), Fe (III),

Ni (II) and Cu (II) ionsare insoluble {see Table 5).

No physical change or precipitation of the mixture solution of
metal ions and the dye/solution was obsetved. However, in acetate buffer
it was found that Azorubine, Suﬂset Yellow FCF, Orange G, Orange RN
reacted with Cu (II) ion Since the mixture solution changed from red to
orange for Azorubine and from orange to yvellow for Sunset Yellow FCF,
Orange G or Orange RN. The color of Azorubiﬁe also changed from red to
orange when Azorubine solution was mixed with Cu (II) ion in the phosphate

buffer.

3.5 Ultraviolet-visible (spectrophotometric characteristics of dyes

33501 /The“wavelengths of) maximum absorption (Amax) of dyes in.

ult;aviolet—visible regioﬁ and the molar absorptivity (e) values.

The wavelengths at the maximum absorption (Amax) of the
aqueous solution of Azorubine, Sunset Yellow FCF, Orange G, Orange RN,
Tartrazine and Green S in ultraviolet-visible region were measured as
shown in Tablé 6. Their molar absorpfivities were determined from the
linear ranges df the curye of ébsorbaﬁces of dyes against their concen-

trations (see Figures l0A-10F) and also listed in Table 6. The molar



yle 5 Solubility of the metal ioms in various buffer systems
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Table 6 Absorption character

W yes in aqueous solution in
QW

' molar absorptivity

UV-visible regiom

Dye e€calculated)
i in visible region
21,333

‘Azorubine

' Sunset Yello 20,000

| Orange G 18, 286
| Orange RN 17,858
. Tartrazine 25,000

80,000

- | Green S
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absorptivity of each dye was found in the order of 104 which indicated
the strong absorption of the dye in the visible ramge. Green S has the
highest molar absorptivity and Orange RN gives the lowest molar absorp-—
tivity.

3,5.2 Effect of pH on the characteristics of dyes

The absorption spectra of most organic‘COmpounQS are
.depended on the pH‘bf a medium, Thus, tﬁe absorption specfra.of Azoru-
bine, Sunset Yellow FCF, Orauge G, Orange RN, Tartrazine and Green S in
phosphoric acid, aceticsacid, McIlvaine buffer or diethylamine at various
pH values were recorded im the range of 220-760 nm. In every buffer
system when pH of the solufion was higher than 7.00, the waveleﬁgths at -
the maximum absorption /(imax) of dyes gradually shifted to lower wave-
lengths. However, at pH lower than 7.00 they were pH independence except
Green S that was pH dependep;ee. The abserbance of the dﬁre studied in any
buffef system in the visiblé region decreased as the pH of the solution
increased except Green S at pH 1.00 whose absorbance was obviously
decreased and the absarptien peak in ultraviolet region‘shifted to the
visible region (éee Figures 11A-11F and Tables 7A-7F). At pH 12.5,
Sunset Yellow FCF, Orange G, Orange RN, Tattrazine ‘and Green S showed an
obvious decrease of an absorbance in visible region and. the Qltraviolet

spectra were, slightly changed.

The change in the absorption characteristics of the dye
may be ascribed to the change in the structure caused by ionization., At
the lower pH, the attachment of a proton to the auxochromic group or on

one of the nitrogen atoms of the azo group.waé reported (38)

. lower pH +
R-N=N-R T=—————= R-N=NH-R
higher pH

and when the pH increased, the process reversed.
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The dissociation comstant of a dye based on such change
in the absorption spectrum with the pH of the medium. ‘Therefore, the
dissociation constant of each dye was evaluated by plotting the absorbance
(A) or %%ﬁ against pH of the solution. The curves of %ﬁﬁ'Of Azorﬁbine,
Sunset Yellow FCF, Orange G, Orange RN and Tartrazine showed the inflec=-
tion points at pH 7.00, 6.00, 10.20, 10.30 and 9.80 respectively (see
Tables SArSE and Figures 12A=12E), Thas, the pKa of Azorubine, Sunset
Yellow FCF, Orange G, Orange RN and Tarttazine are 7.00, 6.00, 10.20,

10.30 and 9.80, respectively. The pKa of Green S was not determined

since it decomposed in hydrochloric acid and sodium hydroxide (39).

3.5.3 Dependence of /absorbances on concentrations of the dye

solutions

Since the abéorption spectra of the dyes indicated the
strong absorption in the visible rénge (see’Figures 4LA-4F), the absorbances
of thetdye solution were measured in the visible region at the wavelength
of 515 nm for Azorubine, 482 nm for Sunset Yellow FCF, 476 nm for Orange
G, 485 nm for Orange RN and 634 nm for Green S. ~The relationships of
absorbances and concentrations of the dye in aqueous solution without any-
buffer are shotm in|/Tables ‘BA-9B ‘and“Figures 10A=10F. A linearity was
obtained in the range of goncentrations of 0.50 x 10°° M - 5.00 x 10fS M
for Azoruwbin, 0.40\x 10-5 M- 3.20 x 10-5 M €ér (Tartrdzine, 0.40 x 10-5 M

5 5

- 6,40 x 10-5 M for Sunset Yellow FCF, 0.40 x 100" M - 5.50 x 10°° M for

Orange G, 0.40 x 10-5 M-5.00 x 10“5 M for Orange RN, or 0.20 x 10—5 M

- 1.80 x 107°

M fof Green S.
" gince the color changes of the mixture solutions of Cu (11)
ion and-Sunset Yellow FCF, Orange G or Orange RN in the acetate buffer

pH 6.10, 5.10 or 4.00 and of Azorubine with Cu (II) ion in the phosphate

buffer pH 7.00, 5.85 or in the acetate buffer pH 6.10 or 5.10 were
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Table 7A Dependence of absorbances on concentrations of Azorubine at

wvarious pH values

69

105 X conc,, M

Absorbance at 515 nm

pH 3.10.4" pH 5.15

pH 1.00 pH 7.00 | pH 12.50
7.20 17531 1.590 1,588 1.570 1.444
6.40 1416 1.416 1.414 1.408 1.276
5.60 14250 1.241 1.233 1.220 1.112
4.80 14080 1.058 1.053 1,045 0.946
4,00 0.915 0.894 0.892 0.836 0.785
3.20 0. 786 |1 0727 0.723 0.650 | 0.628
2,40 0.582 0.547 0.538 0.474 0.468
1.60 0.405 0.367 0.363 0.306 0.300
0.80 0.221 0.183 0.182 0.150 0.142




Table 7B Dependence of absorbances on concentrations of Tartrazine

at various pH values

70

105 X éonc., M

Absorbance at 432 nm

pH . 5.15

pil. 1.00 | pH 3.10 pH 7.00 | pH 12.50
4.50 14060 1039 1,029 1.029 0.807
4.00 0.940 0.929 0.919 0.916 0.722
3.50 d.523/ | “ o812 0.800 | 0.800 | 0.640
3.00 9.720 0.700 0.687 0.685 0.560
2.50 04595 0.583 0.564 0.562 0.477
2.00 0.468 0. 464 0.450 0.448 0.385
1.50 0.360 0.350 0.343 0.340 0.303
1.00 0.240 0.235 0.228 0.226 0.222
. 0.50 0.122 0.120 0,117 0.113 0.056
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Table 7C Dependence of absorbances on concentrations of Sunset Yellow

FCF at various pH values

105

Absorbance at 482 nm

x conc., M - _ ;
pH 1,00 | pH 3.10°| -pH'5.15 | pH 7.00 |pH 12.50

5.00 17058 11047 1040 1.030 0.598
4.50 0.970 0.946 0.941 0.930 0.526
4.00 0.840 0.827 | 0.825 0.801 0.465
3.50 0.756 0,751 0. 742 0.735 0.416
3.00 g.611 0.611 0.612 0.600 0.344
2.50 0.532 0.530 0.529 0.526 0.302
2.00 0.431 0. 426/ 0.422 0.420, | 0.251
1.50 0.320 0.317 0,313 0.310 0.191
1.00 0.212 0.210 0.210 0.202 0.134




Table 7D Dependence of absorbances on concentrations of Orange G at

various pH values

72

. Absorbance at 476 nm

105 x conc., M
pH 1,00 { pH 3.10 | pH 5.15| pH 7.00 |pH 12.50
5.00 0.970 0.964 0.958 0.950 0.292
4,50 0.895 0.882 |  0.875 0.850 0.250
4,00 0.7271 0.765 0.760 0.749 0.226
3.50 0.691 0.683 0,682 0.651 0.196
3.00 0L570 0.566 0.566 0.551 0.164
2.50 0.478 0.478 0.472 0.456 0.135
2.00 0.395 0.393 0.390 0.368 0.107
1,50 0.299 0.296 - 0.296 0.275 0.078
1.00" 0.194 0.192 0.190 |  0.188 0.050




Table 7E Dependence of absorbances on concentrations of Orange RN at

various pH values

73

105 X conc., M

Absorbance at 485 nm

| pH 1,00} pH 3.10 pH 5.15 | pH 7.00 [pH 12.50
5.00 09946 0.934 02930 0.916 0. 440
4.50 0.897 0.870 0. 845 0.827 0.395
4,00 0.795 0.750 0, 740 0.729 0.356
3.50 0.705 0.650 0.640 0.648 0.309
3.00 o607 0.560 0.550 0.549 0.265
2.50 0.505 0.450 0.450 0.444 0.215
2.00 0.408 0.359 0.358 0.350 0.176
1,50 0.305 0.275 0.270 0.270 0.129
1.00 0.205 0.173 0.171 0.168 0.089




Table 7F Dependence of absorbances on concentrations of Green S at

various pH values

74

105 x conc., M

Absorbance at 634 nm

pH 1.00{ pH _3.10{pH 5;15 pH 7.00 | pH 12.50
2.00 0. 361 1.502 1.577 1.480 0.185
1.80 0.312 1.377 1.378 1.312 0.168
1.60 0.278 1.232 1.130 1.166 0.150
1.40 0.2839 1.071 1.072 1.022 0.132
1.20 0.204 0.920 0.920 0.875 0.111
1.00 0.172 0.766 0.767 0.724 0.093
0.80 0.138 0.616 0.615 0.584 0.074
0.60 0103 0. 465 0.464- 0.434 0.051
0.40 0.070 0.312 0.313 0.293 0.033




Table 8A Dependence of absorbances on pH of Azorubine solutions

pH Absorbance at 8A/ApH
Amax = 515 nm

12,00 0.584

10.25 0.584 0.00
9.94 0.590 - =0.020
9.73 0.585 -0.020
9.39 0.598 -0.020
7.83 0.628 -0.020
6.93 0,673 -0.050
6.00 0:674 -0.010
5.00 8-678 0.004
4,04 - G.682 -0.004
3.00 0.688 -0.006
2.02 Q.682 0.006
1,02 0.680 0.002
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Table 8B Dependence of absorbances on pH of Sunset Yellow FCF solutions

Absorbance at

pH amax = 482/ nm AA/bpH
12.07 0.181
10.35 0.352 , -0.099
10,02 04382 -0.094
9,52 0.410 ~0.054
7.82 0421 ~0.006
6.97 0,425 © ~0.005
6.02 f 0.436 -0.012
5.02 | 0.439 ~0.003
4.06 0.439 | 0.000
3.03 0431 0.008
2.04 0.430 0.010
1,03 0.422 | 0.011




Table 8C Dependence of absorbances on pH of Orange G solution.

pH "Absorbance at AA/8pH
imax = 476 am

12.50 0.110

12.03 0.185 0.159
10.23 04765 -0.322
10.07 0. 768 -0.018
9.50 0.778 ~0.017
8.07 01782 -0.003
6.94 0:785 . -0.003
6.02 0,785 0.000
5.02 0.782 0.003
4.07 0.783 0.002
3.04 0.783 10.000
2.04 0.783 0.000
1.18 0.779 0.003
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Table 8D Dependence of absorbances on pH of Orange RN solutions.

ph absorbance at AA/ApH
Amax = 485/ nm
13,93 0.217
1#.16 0.515 ~0.168
11.62 0:590 -0.139
10.30 0.639 ~0.565
9.90 07642 -0.007
8.38 | 0v642 0.060
7.99 0.643 -0.001
7.00 0.640 0.003
6.03 0.635 €.005
5.01 0635 0.000
4,02 0.635 0.000
3.00 0.635 0.000
2,00 0.635 01000
1.00 0.635 0.000
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Table 8E Dependence of absorbances on pH of Tartrazine solutions

P

-~ pH

absorbance at

AA/ApH

12,02
10,11

9.75

9.81

6.95

) ‘
I

9,10

SN2

N
- 0,544

- 0.825 g

] ‘!'r"'f *-_n"’-' 'j
AN TUNNINGAY
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Table 8F Dependence of absorbances on pH of Green S solutions

pH | absorbance at AA/BpH
Amax = 634 nm

12,02 0.260
10,23 0.331 | -0.040
9.90 | 04335 | -0.009
9.20 0. 352 ' -0.024
7.85 0.457 | -0.078
6.97 0'.586 -0.146
6.04 0:638 -0.056
5.06 | 0,647 | -0.009
4.15 | 0.651 , ~0.006
3.16 0.631 -; 0.002
2.20 | ——pusgl 0 0.114
1.32 0,244 0.315
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Table 9A Dependence of absorbances on concentrations of dyes in aqueous solution

105 X conc., M

Ahsorbance

Azorubine

Sunset Yellow FCF

Orange G

Orange RN

Tartrazine

at Amax 515 nm

at \max-482 nm

at Amax 476 nm

at Amax 485 nn

at Amax 432 nm

0.40
1.20
2.00
2,80
3.60
4.40
5.20
5.60
6.00
6.40
6.80

7.00

0.091
0.278
0.442
0,620
0.780
0.950
1.100
1.190
1.210
1,300
1,400

1,350

o:oso
0240
@.410
Ql573
0,740
0.890
1.030
1.110
1,200
1:280 .

1,310

0.070
0.220
0.365
0.518
0.660
0,800
0.940
1,010
1,070
1,130
14200

L,270

Ol
0.

0.

i.
l.
l.

l'

072

230

372

.520
.662
.810
.930

.000

080
130
190

220

0.098
0.298
0.500
0.660
0.840
1.000
1.180
1.220

1.300

~ - not measure

£8



Table 9B Dependence of absorbances on concentrations of Green S in

aqueous solution =

>
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observed. The dependences of the absorbances on concentrations of Azoru-
bine, Sunset Yellow FCF, Orange G and Orange RN in the acetate buffer and
phosphate buffer at the pH mentioned were studied. In the acetate buffer
pH 5.10 or 6.10 the absorbance of Azorubine solution is directly propor-—
tional to its concentration in the range of 0.80 ; 10_5 M- 5.60 % 10-5 M
as ﬁell as in the phosphate buffer pH 5.85 or 7.00 the absorbance of
Azorubine solution is directly proportiomal to its concentration in the
range of 0.80 x-107° M - 5.60 % 10~> M. ~“The absorbances of Sunset Yellow
FCF, Orange G, Orange RN in the-acetate buffer pH 4.00, 5.10 or 6.10 are
directly proportional to ghe /concentrations in the range of 0.80 x 10-5 Moo=

=5 y 4
- 5.60 x 1077 M. At higher concentrations, curvatures were shown owing

to the deviation from Beer's law (see Tables L0A-10D and Figures 13A-13D).

3.6 Dependence of absorbances on concentrations of the metal ion solutions

Since Azorubine réacted only with Cu (1I) ion in‘the acetate
buffer pH 6.10, 5.10 and phesphate buffer pﬁ 7.00, 5.85/and Sunseé Yellow
FCF, Orange G, Orange Ri-alse reacted only with CGu/ (IT) ion in the acetate
buffer p# 6,10, 5.10 or 4.00, the relatiohship.ﬁetween absorbances and
concentrations of Cu (IF) _ionm solutlon in these buffers and in water were
studied. A linear relationship between absorbances and concentrations of
Cu (II) iom solutions in every syétem studied was obtained in the range of

concentﬁétion 2.00=8.00 ug/cm3 (see Table 11 and Figure 14).

3.7 Complex formations between dyes and metai ions
3.7.1 The mixtures;qf Azorubine and Ti (IV), Cr (I1I), Mn (II),
Co (II), Fe (II), Fe (III); Ni (II), or Za (ID) '
The absorption spectr# of the-mixtures of Azorubine and

each metal ion in. the buffer systems such as phosphoric acid, acetic acid,

Mcllvaine buffer, phosphate buffer and diethylamine were vecorded in the
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Table 10A Dependence of absorbances on concentrations of Azorubine in

various buffer system

A at 515 nm
10° x conc., M  phosphate buffer acetate buffer

pH7.00 |'pH 5.85{pH 6.10 | pH 5.10 | pH 4.00

0.80 04215 0.220 0.218 0.219 0.219

- 1.60 0424 +10.441 8.429 0.434 G.442
2,40 0. 636 0.643 0.631 0.648 0.652

3.20 04844 6.868 0.856 0.866 0.872

4.00 1,055 1.079 1.070 1.073 1.084
4.80 1.260 1.290 1.280 1;282 1.294

5.60 L 467 1.480 1.493 1,501 1.507

6.40 1.625 1.640 1.682 1:635 1.638

7.20 1.740 1.758 1.748 1.753 1.764

8.00 1.822 1.835 1.830 1.840 | 1.847

8.50 1{900 F.940] (b | 1,925 < 1.931 1.934
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Table l0B Dependence of absorbances on concentrations of Sunset Yellow

FCF in the acetate buffer

5 A at 482 nm
107 x conc,, M
pH 6.10-fpH 5.10 { pH 4.00
0.80 0.205 | 0,204 | 0.204
1,60 0.403 | 0.408 | 0.408
7 :;.Ao' | 61;03 0.667 | 0.612-
3,20 0.806 | 0.808 | 0.810
4,00 1.007 | 1.006 1.014
4 .80 1,205 | 1.208 1.211
5.60 1.399 1.406 1.415
6.40 1.498 1.495 1.499
770 1-600 | 1:610 | 1.616
8.00 1,720 1.724 .| 1.730
8.50 '1.753 1.755 1.763




Table 10C Dependence of absorbances on concentrations of Orange G

in the acetate buffer

5 A at 476 am
107 x conc., M
pH 6.10 { pH 5.10 | pH 4,00
0.80 g.176 0177 0.176
I 1.60 _ 0,350 | 0.352 | 0.350
2.40 0.526 0,525 0.524
3.20 0.v/04 0.698 0.699
4.00 0.880 | 0.879 0.879
4 .80 1.053 | 1.060 1.058
5.60 1.224 1.232 1.231
6,40 1.345 1.348 1.347
7.20 1.460 1,465 1.466
8.00 1.564 1.567 1.568
8.50" 1.607 1.610 1.612
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Table 10D Dependence of absorbances on concentrations of Orange RN

in the acetate buffer

5 A at 482 nm
107 x conc., M

pH 6,10 fpH 5.10 | pH 4.00
0.80 0.157 {-0.161 | 0.160
1.60 0,312 | 0.316 | 0.318
2 .40 0.463 | 0,470 | 0.474
3,20 0.616 | 0.630. | 0.630
4.00 0765 | 0.780 | 0.786
4.80 0.914 | ©.933 | 0.940
5.60 1.062 | 1.087 | 1.096
6.40 i 200 Jw1.215 | 1.218
720 1,335 1.343° 1.346
8.00 1,420 | 1.428 | 1.432
8.50 1.476. | 1.484 | 1.490
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Table 11 Dependences of absorbances on concentrations of Cu (II) ion in

the phosphate and the acetate buffer

. Absorbance at 32&.? nm
COnc., , ‘ 1 y
3 | in water | phosphate buffer | acetate buffer
ug/cm . _ ‘
oH 7.00 [ pH 5.85 | pH 6.10 | pH 5.10 |pH 4.00

2.00 0.117 |=0.218 /| 0.118 j 0.117 | 0.117 0.118
4.00 0.220" 170233 4 0.235 } 0.232 | o.230 | 0.232
6.00 0.386 f 9.3487 | 0.343 [ 0.340 | 0.343 | 0.343
8.00 0.453 4 0.461 | 0.461 | 0.458 | 0.460 | 0.460
10.00 6.562 | 0.586 | 0.566 | 0.562 | 0.568 | 0.570
12.00 0.660 | 0.665 | 0.667.| 0.663 | 0.662 | 0.665
14.00 0.772 + 0.774 | ©0.775 | 0.772 0.778 | 6.780
15.00 0.812 | 0.815 | 0.816 | 0.813 [ 0.817 | 0.822
18.00 01853 | 0:856] ol 02858 }10+854 o 0.852 | 0.860
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range of wavelengths between 220-760 nm as shown in Figures 15A-15H.
The spectra of the metal ion-Azorubine mixtures were not different from
that of the dye solution and no physical change in each mixture was
observed. This meant that no reaction between Azorubine and Ti (IV),
Cr (III), Mn (II), Co (I1), Fe (IL), Fe (III), Ni (I1), or Zn (II) iom
occurred in each mixture system. Thus, no complex formed in the solu-
tion mixtures of Azorubine and Ti (I¥W), €r (III), Mn (II), €o (II),

Fe (II), Fe (III), Ni (II), or Zn (II) i0a din the buffer systems such

as phosphoric acid, acetic aecid; Mcllvaine buffer, phosphate buffer,
diethylamine.
3.7.2 The mixtures of Azerubine and Cu (II) ion

The absorption spectra of thé mixtures of Azorubine and
Cu (II) ion in phosphori¢ aeid, acetic acid, McIlvaine buffer, phosphate
buffer, acetate buffer and diethylamine were recorded in the range of
wavelengths between 220-760 nm ac shown dn Figures 15A-15J. The spectra
of Cu (II) ion-Azorubine mixtures in the buffer solutions such as phos-
phoric acid, acetic acid, McIlvaine buffer, diethylamine were not
different from that of the dye solution and no physical change in each
mixture was observed. ' THis nieant ‘that no reaction) between Azorubine and
Cu (II) ion occurred and no complex formed in the buffer solutioms such
as phosphoric acid, acetic “acid, Mcllvaine buffer and diethylamine.
However, in the phosphate buffer pH 7.00, 5.85 and the acetate buffer
pH 6.10, 5.10 it was found that Azorubine reacted with Cu (I1) ion since
the color of the mixture solutions changed from red to orange, the
" absorption peak shifted to the lower wavelength and the strong absorptign
of Cu (I1) ion-Azorubine mixture appéared in the ultraviolet region (see

Figures 15F-15G and Figures 151;15J)
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3,7.2.1 Absorption characteristics of the Cu (II)-
>

Azorubine complex

The absorption spectra of Cu (II)-Azorubine
complex in the phosphate buffer and acetate buffer illustrated
the absorption peak of Cu (IL)-Azorubine complex at the wave-

lengths of 440 pm, 358 nm and 293 nm (see Figures 16A-16B).

Since the strong absorption of the complex
occurred at 293 nm_and the maximum absorption indicated at 440
nm, the complex'was Erudied at 293 nm in the ultraviolet region

and at 440 nmsin the /visible region.

3.7.2.2 The effect of pH on the absorption spectra of

Cu (II) ion-Azorubine mixtures

Ultraviolet-visible spectra of Cu (II) ion-

Azorubine mixtures at various pH vadues were examined as shown
in Figure 17, It was seen that the wavelength at the maximum
absorption of Cu (II) ion-Azorubine mixture in the range of pH
5.10-7.00 obviously shifted from those of Azorubine to the lower
wavelength, (see Table 12). The difference between the wavelength
at the maximum absorptien ‘of Azorubine and Cu (II)-Azorubine
mixﬁure was.gbout 38 nm. .This shift of the spectra dued to the

complex formation of Cu (II) ion with Azorubine. ~The absorption

 spectra of Cu (I1) ion-Azorubine mixture in the phosphate buffer

pH 6.65 and 7.00 were identical. In the acetate buffer pH 4.00,
the absorption spectrum of Cu (II) ion-Azorubine mixture was

slightly different from its Azorubine spectrum.

The absorption peak of Cu (II) ion-Azorubine
mixture in the ultraviolet region was not shifted when pH

increased, that was pH independence. in the ultraviolet region
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(see Table 12).

This result indicated the complex between Cu (II)
ion and Azorubine was formed in the acetate buffer pH 5.10-6.10

and in the phosphate buffer pH 5.85-7.00.
3.7.2.3 The influence of time on the color development

The effect of time on the absorbance of the
Cu (II)«Azorubing complex in the-&cetate and the phosphate
buffer at 440 nmwae shown in Table 13, and Figure 18. It
seemed that the absorbance of the‘eomplex was time independence.

It meant that the' compliex foxmed guite rapidly.
3.7.2.4 Couwposition of Cu (II)}-Azorubine complex

The complex formation between Cu éII) ion and
Azorubine was performed in the phosphate buffer and the acetate
buffer in the pH range of SmiO—T,GO. The absorbance of Cu (II)-
Azorubine complex was measured 5 minutes after the preparation.
Since ﬁhe absorption spectrum of Cu {I1)y=Azorubine mixture
revealed the Same absorption characteristic as Azorubine, the
slope ratio|method was unsuitable. » The method of continuous
variatién and the molar ratio method were used for determining

the'Gomposition  of the complex formeds 0.1
3.7.2.4.1 The method of continuous variation

A series of solutions which contained
various mole fractions of Cu (II) ion and Azorubine but-
the sum of the concéﬁtrationsvof:Cu (1) ion and Azoru-
bine was kept constant was prepared. The absorbances of
the mixture solutions were measured af 440 nm and 293 mm

using its buffér solution as reference, . The data were
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Table 12 Absorption characteristics of Azorubine and Cu (T1) ion—Azorubiﬁe mixtures at various pH values in

ultraviolet-visible region.

Amax in Qisible region, am .Amax in ultraviolet region, nm
buffer pH ’ - :
| Azorubine cu (1) 1oq—Azorubine A imax | Azorubine Cu (II) ion-Azorubine A Amax

mixture mixture
acetate 4,00 515 515 0 315 293 22
acetate A 5.10 515 480 35 315 293 22
_ phosphate 5.85 515 473 37 315 293 22
‘acetate 6.10 515 476 39 315 293 22
phosphate 6.65 515 476 39 315 293 22
phosphate 7.00 515 476 39 315 293 22

911
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Table 13 Effect of time on the colox development of the Cu (I1)~-Azoru~

bine complex in various buffer system.

Absorbance at A 440 nm
Time phosphate buffer acetate buffer
pH. #=00 pH 5.88 pH 6.10 | pH 5.10
0 min. 0'.068 0.076 0.085 0.030
5 min. 0.064 0.073 0.082 0.030
15 min. 0.064 0.073 0.082 0.030
30 min. 9,084, - 0.073 0.082 0.030
1 hr. 0,065 0.073 0.082 0.030
2 hr. 0.064 0.073 0.082 0.030
3 hr. 0.064 0.074 0.082 0.031
6 hr. 0.065 0.074 0/082 0.031
24 hr. 0.065 0.074 0.080 0.031




0.].2 .
) .
2 0.08 peume - pi 6.10
2 d o o pH 5.85
3 .
<

0.04 o . ~ pH 5.10

j = }
0.00 1. P A 5 6 Time (hrs.)
;“, lr"

Figure 18 The influence © of the Cu (II)~Azorubine

‘complex in varlous pH values.,

ﬂ‘IJEI’J'VIEWIﬁWEMﬂ‘i
QW’WNﬂ‘iﬂJ AN Y

811



119

shown in Tables 14A-14D. The corrected absorbance which
was Fhe difference in each absorbance found and the
corresponding absorbance for no reaction was calculated
(24, 40). Then the absorbances found and the corrected
absorbances were plotted VS mole fraction of Cu (II) iom
in the same figure, It was seen from Figures 19A-19C
that a 1:2 Cu (II)-Azorubine complex formed in.the.phos—
phafe buffer pH 7.00, 5.85and in the acetate buffer pH
6.10. Héwever, a 1?1 Cu (II)-Azorubine complex formed

in the acetape buffer pH 5.10 (see Figure 19D).
3.7.2.L.2 The molar ratio method

The absorbances of the mixture solu-
tions which contained a constant concentration of Azoru-
bine and a series of comcentrations of Cu (¥I) ion were
méasured at the wavelength of 440 nm and 293 nm against
the reagent blank. Their absorbances are listed in
Tables  15A-15D. The plots of the absorbances of the
mixture solutions VS their molar ratios were shown in
Figures 20A-20D. The curve showed d deflection at the
molar ratio of 1312 Cu (II)-Azorubine complex in the ph&s-
phate‘buffer|pH 7.00, 5.85 or in the acetate buffer pH
6.10 (see Figures 20A-20C). In the acetate buffer pH
5.10 the curves showed a l:1 Cu (II)-Azorubine complex

(see Figure 20D).

In the acetate buffer, the ratio of
Cuo (II): Azorubine depended on pH of the solution,
Therefore, the preparation of Cu (II)-Azorubine complex

in the acetate buffer must be careful for the pH of the
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solution.

From the continuous variation and
molar ratio method they revealed that‘the 1:2 complex
(metal:dye) formed in the phosphate buffer pH 7.00,

5.85 or acetate buffer pH 6.10 and the 1:1 complex

formed in the acetate buffer pH 5.10. It was reportéd
that the aze dye having hydzoxyl group ortho to the azo
linkage can form com@lex with transition metgl ions (38).
There are bne’ of hydreoxyl group and the lone pair
electrons of mitrogen atom of the azo group able to take
part in/bouding with the metal. Therefore, the possible
structuze of Cu (I1)=Azorubine complex can be generalized

by the formular

/

503

where the unfilled valencies eithex correspond to another
dye molecule attached in the.same way as the first, or
other molecules ‘that can act as! ligands for the metal ion

such as water.

3.7.3 The mixtures of Sunset Yellow FCF and Ti (Iv), Cr (I1I),

- Mn (II1), Co (II), Fe (IT), Fe (III), Ni (II) or Zn (II)

The absorption spectra of the mixtures of each metal ion
and Sunset Yellow FCF in phosphoric acid, acetic acid, McIlvaine buffer,

phosphate buffer were shown in Figures 21A-21G. Since the absorption
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Table 14A Method of Continuous variation of Azorubine and Cu (II) ion

in the phosphate buffer pH 7.00.

10° x Conc., M Mole fraction Absorbance
Azorubine | Cu (II) iomn OENG A jion ;A 440 pm | A 293 nm
4 .00 0-00 0.00 | 0.340 0.605
3.80 0.20 0.05 0.325 0.621
3.60 040 0,10 0.318 0.641
3.40 0.60 0.15 0.306 0.657
3.20 .80 0.20 0.295 0.673
2.80 1420 .30 0.267 0.661
2.40 1.60 0.40 0.234 0.602
2.00 2.00 0.50 0.196 0.515
1.60 2.40 0.60 0.158 e.aze'
1.20 >80 0,70 0.118 0.319
0.80 3.20 0.80 0.078 0.220
0.40 3,60 0.90 0.040 0.120
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Table 14B Method of confinuons variation of Azorubine and Cu (II) ion

in the phosphate buffer pH 5.85.

10° x Conc., M ;Mole frdction Absorbance

T azorubine | Ca (I1) don | OF CUlTD den |5 440 nm |2 293 om
4.00 0.00 0.00 0.320 0.665
3.80 0.20 0.05 0.305 0.657
3.60 0.40 0.10 0.297 0.650
3.40 0.60 0.15 0.285 | 0.646
3.20 0.80 p 20 0.273 0.637
2.80 {.29 0430 0.247 0.602
2.40 1.60 0440 0.217 0.541
2.00 2.00 0.50 0.183 0.463
1.60 2. 40 0.60 0.146 0.376
1.20 2.80 0.70 0.110 0.287
0.80 3.20 0.80 0.072 0.194
0.40 3.60 090 0.037 0.103
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Table 14C Method of Continuous variation of Azorubine and Cu (1IE} ion

in the acetate buffer ﬁH 6.10.

10 x €onc., M Mole fraction Absorbance
Azorubine | Cu (IT) dom |°F “% () 4on 13 440 om A 293 m
4.00 0.00 Q.00 0.318 0.640
3.80 0.20 0.05 0.310 0.642
3.60 0e%o 0.10 0.295 0.650
3.40 0L 60 0.15 0.285 0.651
3.20 0l 80 0.20 0.274 0.649
2.80 1 £0 0.30 0.250 0.621
2.40 1.60 0440 0.220 0.565
2.00 2.00 .50 0.186 - 0.492"
1.60 2.40 0.60 0.151 0.4&9
1.20 2.80 . 0.70 0.115 i 0.316
0.80 3.20 0.80 0.076 | 0.218
0.40 3,60 0 .90 0.040 0.116
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Table 14D Method of continuous variation of Azorubine and Cu (II) ion

in the acetate buffer pH 5.10.

10° x Cone., M Mole £ragtion Absorbance
Azorubine | Cu (II) ion of Cul(Liy ion Abqrnm 293Anm
4.00 0.00 0.00 0.253 1.401
3.60 0.40 0.10 0.280 0.953
3.40 0460 0.15 0.267 0.892
3.20' 080, 0.20 0.251 0.827
2.80 1420 0.30 0.223 0.713
2.40 1.60 0.40 0.193 0.604
2.00 2.00 0.50 0.161 0.495
1.60 2.40 .60 0.130 - 0.394
1.20 2.80 0.70 0.098 0.293
0.80 3.20 0.80 0.066 0.197
0.40 3.60 0.90 0.034 0.099
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Table 15A The Molar ratio study of Azorubine and Cu (II) ion in the

phosphate buffer pH 7.00.

Molarrratio: Apsorbance

Cu (I1) : Azorubine X 440 am X 203 nm
d.1 0,011 0.111
0.2 0. 024 0.224
03 0.032 0.316
0.4 0.040 0.390
0.5 0,043 0.432
0.6 0.047 0.462
0.7 0.048 0.479
0.8 0.050 0.493
009 0,050 0.498
1.0 | 0.050 0.504
1.2 ) (1 70 1050 0501
1.4 | 0.051 0.518
1.6 | 0.051 0.522
1.8 0.052 | 0,535
2.0 0.052 0.540




Table 15B The Molar ratio study of Azorubine and Cu (I1) ion in the

phosphate buffer pH 5.85.

Molar ratie, Absorbance
Cu (II) : Azoxrubine A44@ nm A 293 nm
Qpd 0.008 0.005
0.2 0.016 0.100
0.3 0.026 0.159
0r4 0.034 0. 206
045 0.039 0.241
0.6 0.042 0.265
0.7 0.046 0.286
0.8 0.049 0.305
0.9 0.052 0. 319
1.0 0.054 0.333
152 0,058 0.353
1.4 0.059 0.362
| 16 0.061 0.377
1.8 0.062 0.384
.2'0 0.064 0. 396
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Table 15C The Molar ratio study of Azorubine and Cu (II) ion in the

acetate buffer pH 6.10.

Molar ratio, Absorbance

Cu (II) : Azorubine o o 293 om
0,1 0.013 0.126

pee 0.030 0.218

9.3 0.045 0.297

0.4 0.054 0.357

0.5 0.061 0.399

0.6 0.066 0.433

0.7 0.071 0.462

0.8 0.073 0.480

. 0.9 0.076 0.497
1.0 0.078 0.513

L2 0,083 0,540

1.4 0.084 0.553

1.6 0,086 0,568

1.8 0.086 0.577

2.0 0.088 0.588
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Table 15D The Molar ratio study of Azorubine and Cu (II) ion in the

acetate buffer pH 5.10.

Molar ratio, 7 Absorbance
Cu (II) : Azorubine s 240 mm 293 o
v 0:003 |  0.022
0.2 0.008 0.047
043 0.013 0.075
0L 4 0.015 0.089
oRs 0.018 0.108
0.6 0.020 0.125
0.7 0.023 0.142
0.8 0.026 0.160
0.9 0.028 0.172
1.0 | 0.030 0.187
1.2 0.035 0.213
. L4 0.038 0.235
1.6 0L042 0.255
1.8 - 03045 03276
2.0 ¥ 0,048 0.293
2.2 0.048 0.298
2.4 0.050 | 0:.315
2.6 0.052 0.326,
2.8 0.054 0.338
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spectra of the mixtures between the metal ion and Sunset Yellow FCF were
not different from that of Sunset Yellow FCF and no physical change in

each mixture system was observed, no complex formed between Sunset Yellow
FCF and Ti (IV), Cr (I11), Mn (I1}, Fe (II}, Fe (I11), Ni (II) or Zn (II)

jon in the buffer solutions mentioned above.

3.7.4 The mixtures of Sunset Yellow FCF and Cu (I1) ion

The absorption spectra of the mixtures of Sunset Yellow
FCF and Cu (II) ion inphosphoric acid, acetie acid, McIlvaine buffer,
phosphate buffer and acegate buffer were recorded as shown in Figures
21A-21J. The spectra ofCu (II) ion-Sunset Yellow FCF mixtures in the
buffer solutions such as phosphoric acid, acetie acid, McIlvaine buffer
and phosphate buffer were not different from its dye spectrum and no
physical change in each mixture solution was observed. This meant that
no reaction between Sunset Yellow FCF and.Cu (I1) ion occurred and no
complex formed in the buffer solutdions such as phosﬁho?ic acid, acetic
acid, McIlvaine buffer and phosphate buffers However, in the acetate
buffer pH 6.10, 5.10 or 4.00 it was found that Sunset &ellow FCF reacted
with Cu (II) ion since’the color of the mixture solution changed from
orange to yellow-orange. ( The absorption 'spectra of Cu (I1) ion-Sumnset
Yellow FCF solutions in the acetate buffersat various pH differed from
that of Sunset Yellow FCF (seeFigures 21H=21J).. A small hypsochromic
shifted and a new absorption band at 354 nmroccurred at pH 5.10, 6.10
and the absorbance of Sunset Yellow FCF at 482 nm decreased in the

presence of Cu (II) ion (see Figures 21H-21J).

3.7.4.1 Absorption characteristics of Cu (IT) ion-Sunset

Yellow FCF mixture

The absorption spectra of Sunset Yellow FCF,

the mixture of Sunset Yellow FCF and Cu (II) ion in the acetate
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buffer pH 6.10, 5.10, 4.00 were recorded in the range of wave-
lengths between 220-700 nm (see Figures 2lH-21J). It was seen
that the absorption spectra of Cu (II) ion-Sunset Yeli;w FCF
slightly shifted to the lower wavelength and the absorbance of
Sunset Yellow FCF decreased in the presence of Cu (II) ion.

The strong absorption band of the Cu (II) ion-Sunset Yellow FCF
mixture in the acetate buffer/pH 6.10, 5.10, 4.00 appeared at
470 nm, 475 nm and 480 nm, fespectively. The new absorption
peak of the mixture of Cu (II} dion and Sunset Yellow FCF which

occurred at 354 nm was weak.

The absorption speectra of Cu (II) ion-Sunset
Yellow FCF mixtures are different from that of Sunset Yellow
FCF in the ultraviolet region and the absorption peak of Sunset

Yellow FCF at 307 nm disappeared (see Figures 21H—21J)ﬂ

3.7.4.2 The effect of pH on the absorption spectra of

Cu (II) ion—Sunset Yellow FCF mixtures

Ultravielet-visible spectra of Cu (IL) ion—

Sunset Yellow FCF mixtures at various pH values were shown in
Figure 22. It was Seem that the \color change was enhanced with
the increase ‘of pH, whife lowering oflpH tended ;to reverse the
calor| change.\ The wavelength at the maximum absorption of
Cu (II) ion-Sunset Yellow FCF mixture gradually shifted te. the
lower wavelength when the pH of soiution increased. At pH 5.10
and 6.10, the new abéorption peak appeared at 354 nm but this
absorptibn peak dissappeared at pH 4.00 (see Table 16 and
Figure 22). The absorption spectra of fhe mixture of Cu (II)

ion and Sunset Yellow FCF in the acetate buffer pH 6.10, 5.10,

4,00 were slightly different from each other in the ultraviolet
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Figure 21A The UV-Visible absorption spectra of the mixture of Sunget Yellow FCF and metal
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Figure 21B The UV-Visible ‘absorption‘spectra“of the mixture.of Sunset Yellow FCF and metal

ions in the phosphoric acid at pH 1.00.
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Figure 21D The UV-Visible absorption spectra of the mixture of Sunset Yellow FCF and metal

ions in the McIlvaine buffer at pH 5.15.
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Table 16 Absorption characteristics of Sumset ¥ellow FCF and Cu (II) ion-Sunset Yellow FCF mixtures at various

pH values in ultraviolet region.

- Amax ini;isible region; nm Amax in ultraviolet region, nm
pH Sunset Yellow | Cu (1) ion-Sunset A Sunset Yéllcw Cu.(iI) ibn—Sunset A \max
FCF Yellow FCF mixture FCF Yellow FCF mixture
4,00 482 480 2 307 - -
5.10 482 475 s 307 354 47
6.10 482 470 12 307 354 47

0s1
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region and they intersected each other at the fixed wavelength.

This fix point is the isobestic point.
3.7.4.3 The influence of time on the color development

The effect of time on the absorbance of the
Cu (II) ion-Sunset Yellow FCF mixture in the acetate buffer at
482 nm was shown in Table 17 and Figure 23. After the prepara-
tion, the absorbance of the mixfuxe increased with time for 2

hours and after that the absorbance was time independence.
3.7.44 Composition of Cu (LI)=Sunset Yellow FCF complex

The complex formation between Cu (II) ion and
Sunset Yellow FCF was performed'in the acetate buffer pH 6.10,
5.10 and 4.00. The absorbances of the Cu (II) ion-Sunset Yellow
FCF mixtures were measured at 482 nm, 2 hours after the prepara-

tion.

Because of the serious ovVerlapping absorption
bands betweefi Sunset Yellow FCF and Cu (I1) ion-Sunset Yellow
FCF mixture, the méthod pf continuous variation was unsuitable
for detérmining the)composition;of sthe complex. Similarly, the
slope ratio method was also unsuitable since large concentration
&% Sinset Tellow | FCF «could not beremployed:, Theimolar ratio
method was therefore employed for the treatment of the spectro

photometric data.

The absorbances of the-mixture solutions which
contained a constant concentration of Sunset Yellow FCF and a
series of concentrations of Cu (II) ion were measured, using
its buffer solution as‘reference at 482 nm. The data were

shown in Table 18.
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The plots of absorbances of mixture solutions
VS their molar ratios are shown in Figures 24Ar26A.. By graphical
method, the compositions of the complex formed between Sunset
Yellow FCF and €u (II) ion are 2:1 in the acetate buffer pH 6.10
and the 1:1 Cu (II)-Sunset Yellow FCF formed in the acetate

buffer pH 5.10 or 4.00.

Since the absocrption spectra of Cu (II) ion-
Sunset Yellow FCE in the acetate-buffer pH 6.10, 5.10, 4.00
slightly shifted from Sunset Yellow ECF spectrum and the absorp-
tion spectrum of each mixture intersected each other at the same
wavelength at”378/nm illustrated a simple equilibrium of Cu (II)

jon-Sunset Yellow FQF as followed (21).

2n— +
nCu2+ + HXDAFZJZIi [CunD] =% ¢ x
where; HxD = formular of Sunset Yellow FCF
2n-x
[CunD] = Cu (II)-Sunset Yellow FCF complex
The formular
1 € T .5
[ ' €x + K: .

(o) "

was used for ‘determining the composition-of Cu (I1)-Sunset
€. —€
Yellow FCF complex by plotting € VS

The spec¢trophotometric data of Cu (II)-Sunset

Yellow FCF system in the acetate buffer pH 6.10, 5.10 and 4,00

€. - €
are shown in Tables 19A-19C. The.plots of € VS‘T%§7E- are shown
‘ ' €n-€
in Figures 24B-26B. At pH 6.10, the plot of € VS —Teﬁsﬁ when
M

n = 1, did not yield a straight line. This meant that the complex
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formation between Cu (I1) and Sunset Yellow FCF was mot l:1 in

E. - €

n
te)”

when n = 2 gave a straight line (see Figure 24B). This indicated

the acetate buffer pH 6.10, However, the plots of € VS

that the molar absorptivity data, at pH 6.10 could be explained
by the reaction of type (I) (see page 11) with n = 2. This result

illustrated the formation of 2:1 Cu {I1)-Sunset Yellow FCF

€. — €
complex. At pH 5.16 or 4.00, /the plots of ¢ VS__QSFH- did not
. : M/ € —€
yield a straight line. However; the plots of € VS ——7;;—-provided
M

a straight line (Seec Figurés 25B and 26B). This indicated the
formation of “I:1 €u (I1)-Sunset Yellow FCF complex occurred in

the acetate buffer pH 5.10 and 4.00.

From the molar ratio method it revealed that the
2:1 complex (metal:dye) formed in the acetate buffer pH 6.10 and

the 1:1 complex formed dn the acetate buffer pH 5.10 or 4.00.

Since complexation involving the replacement of
the H atom of OH group together with the coordination by the azo
nitrogeﬁ atom of Sunset Yellow FCF was reported (21, 38). - Thus,
the 1:1 Cu (II1)-Sunset Yellow FCF complex can be generalized by
the formular

T~cu_

2N é
’ N\
N

9

SO~
3
where the unfilled valencies are other molecules that can act

as ligands for the metal ion such as water.
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Table 17 Effect of time on the color development of the Cu (II) ion-

Sunset Yellow FCF mixture in the acetate buffer.

absorbance at A 482 nm
Time

pH 4..00 pH 5.10 "pH 6,10

0 min. 0.951 0.814 0 642
5 min. 0.953 0.817 0.643
15 min. 0.956 0.819 0.645
30 min. 0.956 0.820 0.645
1 hr. 0.960 0.824 0.647
2 hr. 0.963 0.827 0.650
3 hr. 0.963 0.827 0.650
6 hr. 0.963 0.827 0.650
24 hr. 0.963 0.826 0.650
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Table 18 The molar ratio study of Sunset Yellow FCF and Cu (II) ion

in the acetate buffer.

Molar ratio, Absorbance at 482 nm

Cu (II) : Sunset Yellow FCF pH 6.10 " pH 5.10 pH 4.00
0.00 0.507 0.503
0.20 0.493 0.512 |  0.502
0.40 - 0.481 | 0.510 0.501
0.60 0473 0.509 |  0.500
0.80 0.463 0.508 0.500
1.00 0.456 | 0,506 0.499
1.20 0.450 0.505 0.499
1.40 0.441 0.503 0.498
1.60 0.435 0.502 0.499
1.80 0.430 0.501 0.498
2.00 04420 0,501 0.498
2,20 05420 0.500 0.498
2.40 0.418 0.498 0.498
2.60 0.411 0.497 - 0.498
2.80 0.405 0,497 0.497
3.00 0.406 0,495 0.496
3.20 0.397 0.494 0.496
3.40 0.395 0.494 0.496
3,60 . d301 0.492 |  0.496
4 .00 0,386 0,491 | 0.495
4.40 0.379 0.489 ©0.495
4480 03747 0L 486 0.495
5.20 0.369 0. 485 0.495
5.60 : 0.366 0.484 0.494
6.00 0.367 0.482 | 0.494
6 .40 £ 0.360 0.482 0.496
6.80 0.355 0.481 0,494
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Table 19A Spectrophotometric data of the Cu (II)-Sunset Yellow FCF
System in the acetate buffer pH 6.10, using 3.2 x 10—5 M

Sunset Yellow FCF«

10° x ¢, M, | S AN 10° ED;éng 1010‘
| ()

0.00 /) o804 | | le.s12s
0.40 - 0.505.4 | \1.5780 5.8406
0.80 i g.4ees |\ 1.5063 1.5722
1.20 0.472 | 1.4750 | . ©.7205 -
1.60 T oues  |ma.sszs | o.mor |
2.40  0.465 ; 1.4551 0.1839
3.20 0.4ek | 1uso0 | o0.1038
4 (D0 04463 1. 4469 0.0666
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Table 19B Spectrophotometric data of the Cu (II)-Sunset Yellow FCF
System in the acetate buffer pH5.10, using 3.2 x 107° M

Sunset Yellow FCE.

3 o Absorbance 4 “p ¢ 7
10” x Cy, M o S AR o 10
| M
0.00 0.805 | 2.5156
0.40 0.652 2.0375 1.1953
0.80 47 5ok 1.8563 0.8241
1.20 0.563 1.7594 | - 0.6302
1.60 0.545 1. 7031 0.5078
2.000 0.533 1.6656 0.4250
2.40 0.523 1.6344 0.3672
3420 0:511 15969 0.2871




Table 19C Spectrophotometric data of the Cu (II)-Sunset Yellow FCF

System in the acetate buffer.pH 4.00, using 3.2 x 107

Sunset Yellow FCF.

10° x Cys M ' A2i°zg§“§$ e x 10 Cg x 10

0.00 0.806 2.5187

0.40 0.767 2.3969 3.045
0.80 0.739 2.3094 2.6163
1.20 0.718 2.2438 2.2908
1.60 0.702 2,1938 2.0306
2.00 0.683 2. 1344 1.9215
2,40 0.677 2.1156 1.6796
3,20 0.659 2.0594 1.4325
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Figure 24 The Cu (II)-Sunset Yellow FCF system at pH 6.10
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For 2:1 Cu (II);Sunset Yellow FCF complex, it
was proposed as a salt forming Cu (II) ion and a coordinated °
Cu (II) ion per dye molecule (21). Since the exact location of

Cu (II) fon is not known. Thus, the structure of this complex

Can(ﬁaﬁ;bé written.

3.7.5 The mixtures of Orange & and Ti (IV), Cr (III), Mn (II),

Co (II), Fe (II), Fe (Iik)y Ni (ITY or Zn (IL)

The abserption spectra of the mixtures of eaqh metal ion
and Orange G in phosphorie acid, acetic acid, Mellvaine buffer, phosphate
buffer and diethylamipeé were shown in Figures 27A-27H. Since the absorp—
tion épectra of the metal ion-Orange G mixtures were not different from
that of the dye solutiom and no physical change in each mixture system
was observed, no complex formed between Orange G and Ti (IV), Cr (III),

Mn (I1), Co (II),.Fe (11), Fe (11i), Ni (II), or Zn (I1) ion.

3.7.6 The mixtures of Orange G and Cu (II) ion

The absorption spectra of the mixtures of Orange G and
Cu (II) ion in phosphoric acid;|acetdc acid, Mcllvaine buffer, phosphate
_ buffer, acetate buffer and'diethylamine were recorded as shown in Figures
27A-27K /) THe speCtrd of) Cu (ID)0ipn-Orange G-mixtures, in,phosphoric
acid, acetic acid, McIlvaine buffer, phosphate buffer and_diethylamine
were not different froﬁ that of the dye solution and no physical change
in each mixture solution was observed. This meant that no reaction
ﬁetween Orange G and Cu tII) ion occurrea and no complex formed in the
buffer solutions such as phosphoric acid, acetic acid,.Mcllvaine buffer,
phosphate buffer and diethylamine. However, in the acetate buffer at
pH 6.10, 5}10 or 4.00 it was found that Orange G reacted with Cu (II)

ion ‘since the color of the mixture solution changed from orange to
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yellow-orange. The absorption spectra of Cu (II)-Orange G solution in
the acetate buffer differed from those of Orange G. A small hypso-
chromic shift occurred and the absorption intensity of Orange G at 476

nm decreased in the presence of Cu (II) ion (see Figures 27J-27K).

3.7.6.1 Absorption characteristics of Cu (II) ion-

Orange G mixture

The absorpticn speetra of Orange G, the mixture
of Orange G and Cu (II) iom in the acetate buffer pH 6.10, 5.10,
4.00 were recorded in the range of wavelengths between 220-700
nm (see Figures 276-27K). The absorption spectra of Cu (II)
ion-Orange G mixture slightly shifted to the lower wavelength
and the absorbance of Orange G decreased in the presence of Cu
(II) ion. The strong absorption band of Cu (II) ion-Orange G
mixture in the acetate buffer pH,6.10, 5.10, 4.00 appeared at
468 nm, 474 nm and 474 nm, respectively. In the ultraviolet
region the absorption spectra of the mixtures of Cu (II) ion and
Orange G were-slightly different from the spectrum of Orange G

by a small peak at 390 nm disappeared.

3.7.6.2 The effect of pH on the absorption spectra of

Cu (II) ion-Orange G mixture

Ultraviolet-visibleé spectra of' Cu-(I1) ion-
Orange G mixtures at various'pH values were shown.in Figure 28,
It was seen that the absorbance of Cu (II) ion-Orange G mixture
decreased when the pH of the éolution increased and the wave-
length at the maxim;m abSorptién of Cu (iI) ion—Oraﬁge G mixture
gradually shifted to lower wavelength when the pH increased (see
Table 20 and Figure 28). The absorption spectra of Cu (II) ion-

Orange G mixture in the acetate buffer at pH 6.10, 5.10, 4.00
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Table 20 Absorption characteristics of Orénge G and Cu (IT) lon-Orange G mixtures at various pH values in-

ultraviclet-visible region.

Amax in visdble region, am Amax in ultraviolet region, nm
- y ) N -
Orange G Cu (II) don-Orange G A Jmax |Orange G Cu (II) ion-Orange G A Amax
mixture nixture
4,00 476 474 2 322} 322 0
5.10 476 474 2 322 322 0
6.10 476 468 8 322 322 0

941
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intersected each other at the same wavelength at 370 mm (iso-

bestic point) (see Figures 27I-27K).
3.7.6.3 The influence of time on the color development

The influence of time on the absorbance of Cu
(I1) ion-Orange G mixture in the acetate buffer at 476 nm was
shown in Table 21 and Figure 29. After the preparation, the
absorbance of the mixture increased with time for 2 hours and

after that the absorbance was time independence.
3.7.6.4 The composition of Cu (II) ion—Orange G complex

The complex formatiom between Cu (II) ion and
Orange G was performed in the acetate buffer pH 6.10, 5.10 and
4.00. The absorbances of Cu (I1) ion-Orange G mixtures were

measured at 476 nm, 2 hours after the preparation.

Because of the serious overlapping absorption
bands -between Orange G and Cu (II) ion-Orange G mixture, the
molar ratio-method was used for determining the composition of

the complex formed by plotting the absorbances of the mixture

€. - €
solution VS their, molar ratios and plotting-e VS‘—EL———w

(en)®

The absorbances of the mixture solutions which
contained ja' constant concentration of Oraﬁge Giand a series of
concentrations of Cu (II) ion were measured.at 476 nm against
the buffer solution. The absorption values are listed in Table
22. The plots of the absorbances of mixture solutions VS their
molar ratios are shown in Figures 30A-32A. 'By graphical method,
the compositioﬁ of the éomplex formed between Orange G and €Cu

(IX) ion is 1:1 in the acetate buffer pH 6.10, 5.10 or 4.00.



It was found that the plots of € VS ———— when

n = 1 obeyed the reaction of type

2+

cu™ +H D T [cuD] -2 4 ar*

xH
The results are shown in Tables 23A-23€ and Figures 30B-32B.
Therefore, the complex formed between Orange G and Cu (II) ion

is l:1 in the acetate buffer pH 6.10, 5.10 or 4.00.

Since Orange G is an ortho hydroxy azo dye which
has similar stfucture as Azorubine and Sunset Yellow FCF. There-~
fore, the complex formation of the 1:1 €u (II)-Orange G complex
is expected to the replacement of H atom of the OH group together

with coordination by the aze N-atom.

3.7.7 The mixtures of Orange RN and Ti (IV), Cr (III), Mn (I1),

Co (I1), Fe (IF), Fe (III), Ni (IT), or Zn (II)

The,absorption spectra of thermixtures of Orange RN and
each metal ion in phosﬁhdric acid, acetic acid, McIlvaine buffer, phos-
phate buffer and diethylamine were shown in Figures 33A-33H. Since the
absorption spectra of the metal fon-Orange' RN mixtures were not different
from that of Orange RN and no physical change in each mixture system was
observedy, no complexiformed) between Orange RN and Ti (IV), Cr (III), Mn
(11}, Co (II), Fe (II), Fe (1I¥), Ni (II), or Zn (II) ion in the buffer

solutions mentioned above,

3.7.8 The mixtures of Orange RN and Cu (II) ion

The absorption spectra of the mixtures of Orange RN and
Cu (II) ion in phosphoric acid, acetic acid, McIlvaine buffer, phosphate
buffer, acetate buffer and diethylamine were recorded as shown in Figures

33A~33K. The sﬁectra of Cu (II) ion-Orange RN mixtures in the buffer
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solutions such as phosphoric acid, acetic acid, McIlvaine buffer, phos-
phate buffer were not different fromrits dye spectrum and no physical
change in each mixture solution was observed. This meant that no reac-
tion between Orange RN and Cu (II) ion occurred and no complex formed

in the buffer systeﬁ such as phosphoric acid, acetic acid, McIlvaine
buffer, phosphate buffer and diethylamine. However, in the acetate
buffer pH.6.10, 5.10 or 4.00 it was foumd that Orange RN reacted with
Cu (II) ion since the color of the mixture solution changed from orange
to yellow-orange. The absorption spectra of Cu (I1) ion-Orange RN solu-
tions differed from those'of Orange RN. A small hypsochromic shift and
a new absorption band at/ 350 nm occurred.at pH 5.10, 6.10 and the absor-
bance of Orange RN at 485 nm decreased in the presence of Cu (II) ion

(see Figures 33I-33K).

3.7.8.1 Absorption characteristics of Cu (II) ion-Orange

RN mixture

The absorption spectra of Orange RN, thé mixture
of Orange RN and Cu (II) ion in the acetate buffér‘pﬂ 6.10, 5.10,
4.00 were recorded in the range of wavelengths between 220-700
nm (see Figures 33I-33K)." /It was seen that the absorption spectra
of Cu (I1) ion-Orange RN, slightly shiftéd to the lower wavelength
gnd the absorbance of Orange RN decreased in the presence of Cu
(IT) ion. The strong absorption band of ﬁhe Cu (II) ion-Orange
RN mixture in the acetate buffer pH 6.10, 5.10, 4.00 appeared
at 467 nm, 478 nm, 480 nm, respectively; The new absorption peak

of the ﬁixture of Cu (II) ion and Orange RN which occurred at

350 nm was weak.

The absorption spectra of Cu (II) ion-Orange RN

mixtures are different from that of Orange RN in the ultraviolet
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Table 21 Effect of time on the colox &évelopment of the Cu (II) ion-

Orange G mixture in the acetate buffer,

Time absorbapce at A 476-nm
pH 6.10 pH 5.10 pH 4.00
0 mind 0.548 0.738 0.830
5 min/ 0.550 0.746 0.836
15 min. 0.552 0.746 0.836
30 min. 0.553 0.748 0.839
1 hr. 0.555 0.752 0.843
2 hy, 0.556 04755 0.845
3 hr: " 0.557 0.755 0.845
6 hr. 0.556 0.755 0.845
24 hr! 0.556 0L 755 0.844
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. Figure 29 The influence of time on the abgorbance of the Cu (11) ionJOrange G ‘

mixture-at.various, pHvalues.

81



Table 22 The molar ratio study of Orange G and Cu (II) ion in the

acetate buffer.
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Molar ratio Absorbance at 476 um

Cu (II) : Orange’'® bH 6210 pH 5.10 pH 4.00
0.08 0.867 0.876 0.882
0.16 0.858 0.874 0.881
0.24 0.850 0.874 0.880
0.32 0.847 0.870 0,879
0.40 0.833 0.871 0.878
0.48 0.829 0.869 0.877
0.56 0.818 0.868 0.876
0.64 0.812 0869 0.875
0.72 0.805 0.866 0.877
0.80 0.803 0.864 0.875
1.00 0.783 0.802 0.877
1.20 0.765 0.855 0.875
1.60 0.739 0.852 0.874

; 2.00 0.715 0.847 0.873
2.40 0.700 0.8&2 0.872
2.80 0.682 0.838 0.871
3.20 0.666 0.830 0.871
3.60 0.653 0.826 0.870
4.00 0.639 0.820 0.870




Table 23A Spectrophotometric data of the Cu (I1)-0Orange G System in

the acetate buffer pH 6.10,/using 4.00 x 10-5 M Orange G.

10° x ¢, M A2i°zg§n§$ ex 10% EC;E x 10’
M

0.00 0.881 2,2025

0.40 0.546 1.3650 2.0937
0.80 0.501 1.2525 1.1875
1.20 0.484 1.2100 0.8271
1.60 0473 1.1825 0.6375
2.00 0.467 1, 1675 0.5175
2.40 0.462 1.1550 0.4365
3.20 0.457 1.1425 0.3313
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Table 23B Spectrophotometric data of/ the Cu (II)-Orange G System in

the acetate buffer pH 5.10, tsing 4.00 x 10_5 M Orange G.

100 x 6§ i AR S ot | B of
M

0.00 0.884 - 2.2100

0,40 0.751 1.8775 8.3125
0.80 0.680 1.700 6.3750
1.20 0.639 1.5975 5.1042

1 1.60 0.612 1.5300 4.2500
2.00 0.591 1.4775 3.6625
2.40 0.574 1.4350 3.,2292
3.20 0.551 1.3775 2.6016
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Table 23C Spectrophotometric data of the Cu (1I1)-Orange G System in

the acetate buffer pH 4.00, wsimg 4.00 x 10_5 M Orange G.

103 X C;, M A:iozgznzz' £ X 104 ec;e b4 106
M

0.00 0.885 2,2125

0.40 0.845 2.1125 2.5000
0.80 0.815 2.0375 2.1875
1.20 0.792 1.9800 1.9375
1.60 0.775 1.9375 1.7188
2.00 0.760 1.,9000 1.5625
2,40 0.748 1.8700 1.4271
3.20 0.726 118150 1.2422
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A) Molar ratio plot for the solution contained 4.00 x 10~ M
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B) plot of € VS "¢ for the solution contained 4.00 x‘lO-5 M
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region and the absorption peak of Orange RN at 314 pm disappeared

" (see Figures 33I-33K).

3,7.8.2 The effect of pH on the absorption spectra of

Cu (II) ion-Orange RN mixtures

Ultraviolet-visible spectra of Cu (II) iom-
Orange RN mixtures at various, pH values were shown in Figure-34.
It was seen that the absorbance 6f Cu (II) ifon-Orange RN mixture
at 485 nm decreased when the pH of the solution increased and
the wavelength at'the maximum absorption of Cu (1) ion—Oraﬁge RN
gradually shifgeéd go /the lower wavelength when the pH increased.
At pH 6.10, the new absorption peak appeared at 350 nm but this
absorption peak dissappeared when the pH was lower (see Table 24
and Figure 34). /| The absorption spectra of the mixture of Cu (1n)
jon and Orange RN in the acetate buffer pH 6.10, 5.10, 4.00 inter-
sectéd each other at the same wavelength at 380 nm (isobestic

point).
3.7.8.3 The influence of time on the color development

The influencepof time on the absorbance of the
Cu (II) ion=Orange RN mixture in the acetate buffer at 485 nm
was shown in Table 25 and Figure'35. After thé preparation, the
absorbance! of "the nixture increased with time for 2 hours and

after that the absorbance was time independence.
3.7.8.4 Composition of Cu (II)-Orange RN complex

The complex formation between Cu (II) ion and
Orange RN was performed in the acetate buffer pH 6.10, 5.10 and
4,00, The absorbances of Cu (IT) ion—Orange'RN mixtures were

measured at 485 nm, 2 hours after the preparation.
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Because of the serious overlapping absorption
bands between Orange RN and Cu (II) ion-Orange RN mixture tﬁ;
molar ratio method was used for determining the composition of
the complex formed by plotting the absorbances of the mixture
solution VS their molar ratios and plotting £ VS E—;S;

YU
The absorbances of the mixture solutions which

contained é constant concentratiom of Orange RN and a series of
concentrations of €u (II) ion were measured at 485 nm against
the buffer solttioan the absorbances are listed in Table 26.

The plot of the absorbauce of mixture solutions VS their molar
ratios are showd is Figures 36A-38A. By graphical method, £he
composition of the complex formed between Orange RN and Cu (II)

jon is 1:1 in the acetate buffer pH 6.10, 5.10 or 4.00.

It was found that the plots of € VS

n = 1 obeyed the reaction of type

T 5D T—— [cup] (=2, wt

E

The results are shown in Tables 27A-27C and
Figures 36B~38B. ; Therefore, the complex formed between-Orange RN
and Cu (II) ion is 1:1 in the acetate buffer pH 6.10,-5.10 or 4.00.
The 'complex formatiom of (¢l Cu (II)-Orange RN is expected to the
replacement of the H atom of the OH group together with coordina-

tion by the azo-N atom as €u (II)-Sunset Yellow FCF complex.
3.7.9 The mixtures of Tartrazine and Ti (Iv), Cr (III), Mn (II),.
Co (I1), Fe (II), Fe (ITI), Ni (II), €u (II) or Zn (II)

The absorption spectra of the mixtures of Tartrazine and

each metal ion in phosphoric acid, acetiec acid, McIlvaine buffer, phos-
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Table 24 Absorption characteristics of Oramge RN and Cu (I1) don-Orange RN mixtures at various pH values

ultraviolet region,

-

in

Amax in visible region, nm Amax in ultraviolet region, nm
oH - A 7 -
Orange RN Cu (II)miizugzange BN A dmax | Orange RN Cu (II)m;zzugzange RN. A Amax
4.00 485 480 5 314 314 0
5.10 ° 485 478 i 314 314 0
6.10 485 470 15 314 360 46

70¢
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Table 25 Effect of time on the color development of the Cu (II) ion-

r

Orange RN mixture in the acetate buffer.

absorbance at A 485 om

Time
pH 400 pH 5.10 pH 6.10
0 min; 6.722 0.585 0.426
.5 ming 0.723 0.586 0.426
15 ming 0.723 0.587 0.427
30 min. 0.723 0.587 0.426
1 hr. 0.726 0.590 0.426
2 hr. 0.728 0.590 0.429
3 hr. 0.728 0.590 0.429
6 hr. 0.726 0.590 0.429
247 hr. 0.726 0.588 0.429
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Table 26 The molar ratio study of Orange RN and Cu (II) ion in the

acetate buffer.

207

‘ Molar ratio, Absorbance 485 nm

Cu (I1) : Orange RN pH 6.10 | pH 5.10 | pH 4.00
0.08 0,752 0.760 0.772
0.16 0,738 0.758 0.771
0.24 0.728 0.756 0.770
0.32 0.718 0.756 0.770
0.40 0.710 0.755 0.769 -
0.48 0.700 0.751 0.769
0.56 0.688 0.750 0.767
0.64 0.681 0.747 0.766
0.72 0.673 0.746 0.766
0.80 0.665 0,746 0.766
1.00 0.648 0.738 0.765
1.60 0.631 0.737 0.764
1940 0. 604 0y 737 0.761
2.00 0.582 0.724 0.760
2520 01567 OL715 0.760
2.80 0.550 0.710 0.758
3.29 0.536 0.700 0.759
3.60 0.522 0.694 0.756
4.00 0.513 0.692 0.754
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"Table 27A Spectrophotometric data of the Cu (II)-Orange RN system in

the acetate buffer pH 6.104 ueing 4.00 x 1077 M Orange RN.

3 o Absorbance & | °p°° 7
107x Cy o L 10 @ x 10
0.00 0.766 1.9150
0.40 0.418 1.0450 2.1750
0.80 0.392 0.9800 1.1688
1.20 0.382 0.9550 0.8000
1.60 0.378 0.9450 0.6063
2.00 0.374 0.9350 0.4900
2.40 0.371 0.9275 0.4115
3.20 0.369 0.9225 0.3102
4400 0.367 0.9175 0.2494
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Table 27B Spectrophotometric data of the Cu (II)-Orange RN System in

the acetate buffer pH 5.10, using 4.00 x 10—'5 M Orange RN.

10% x Cqs M A2i°zg§“;; e 10% - ;E x_107
Cu
0.00 0.763 1.9075
0.40 0.590 1.4750 1.0813
0.80 0.523 1.3075 0.7500
L 1.20 0.488 0.2200 0.5729
1.60 0.465 1.1625 0.4656
2.00 0.448 1.,1200 0.3938
2.40 0.438 1.0950 0.3385
3.20 0.423 1.0575 0.2656
400 0 414 1.0350 0.2181
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Table 27C , Spectrophotometric data of Cu (II)-Orange RN System in the

acetate buffer pH 4.00, using 4.00 x 10.-5 M Orange RN.

E.—E
(0% x G e e 1o® | o< 197
;

0.00 0.767 1.9175

0.40 0.722 1.8050 2.8125
0.80 0.690 1.7250 2.4063
1.20 0.665 1.6625 2.1250
1.60 0.645 1.6125 1.9063
2.00 0.628 1,5700 1.7375
2.40 0.615 1.5375 1.5833
3.20 0.593 1.4825 1.3594
4,00 0,577 1.4425 1.1875
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phate buffer and diethylamine were shown in Figures 39A-39H. The absorp-
tion spectra of the metal iom-Tartrazine mixtures were not different

from that of Tartrazine. In additiom, no physical change in each mixture
system was observed. This meant that no reaction between Tartrazine and
Ti (IV), Cr (III), Mn (II), Co (II), Fe (II), Fe (III), Ni (II), Cu (II)
or Zn (II) ion. Thus, no complex formed in the solution mixture of
Tartrazine and Ti (IV), Cr (¥11), Mn (F1), Co (II), Fe (I1), Fe (IIL),

Ni (II), Cu (II) or Zn (II) don in all buffer systems used.

3.7.10 The mixturés of Green S and Ti (IV), Cr (111), Mn (II),

Co (I1), Fe (II), Fe (FTI)s ML (13y, Cu (II) or Zn (II)

The absorptien spectra of the mixtures of Green S and
each metal ion in the buffer system such as phosphoric acid, acetic acid,
McIlvaine buffer, phosphate buffer were shown in Figures 4OA-40G. The
same phenomena as mention im/3.7.9 were observed. Therefore, no complex
Fformed between Green S and Ti {IV), Cr (EII), Mn (II), ﬁo (11), Fe (11),
Fe (III), Ni (II), Co (Fi) ot Zin (II)Vioﬁ in the buffer system mentioned

above.

3.8 Stability constants-ok, the compleXxes, between the dye and Cu (II) ion

The stability constants of the Cu {11) ion-—dye complexes under
the condition studied  as mention in ‘3.7 were'evaluated. (The results are
shown in Iables 28A-28B. At pH 7.00, 5.85, in the phosphate buffer, the
stability constants of the complexes were in the order of tenth and ninth
respecﬁively; and that of the acetate buffer pH 6,10, 5.10 were in the
order of nineth and seventh, respectively. The stability constants of
Cu (II);Azorubine complex either in the phosphate buffer or the acetate
buffer decreased when the pH of the solution decreased., This was due to

the increment of the basic strength of Azorubine when the pH of the solu-
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tion increased; the stronger complex formed in higher pH. The stability
constants of Cu (II)-Sunset Yellow FCF, Cu (II) Orange G and Cu (II)-
Orange RN complex at pH 5.10 or 4.00 were not determined since a sméll
quantity of the complex formed. However, the stability constants of

Cu (II)-Sunset Yellow FCF, Cu (II}-Orange G and Cu (II)-Orange RN complex

at pH 6.10 was found in the order

seventh.
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Figure 39A The UV-Visible absorption sbeptra of the mixture of Tartrazine and metal ions

in the acetic acid pH 2.30,
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Table 28A Stability constants o ) Azorubine in various buffers.

Wil

= e -\" , —_— .
T*QE 3] lity constant

- i w{! - molar ratio method

pH and buffer used

7.00; phosphates 1.5 % 1010
9
5.85; phospha 9.7 x 10
6.10; acetate 6.9 x 10°
7
5.10; acetate 1.2 x 10
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Table 28B Stability constant “in the acetate buffer at

pH 6.10 by tiI

Cu (II)-Sunset ¥Yel ow-ﬂi ' , 92x10
Py P

’;s?.

7
Cu (II)-Orange - : 1.62 x 10
8 i -ff- . ".-:-J"
.’.F ‘ = -
Cu (II)-Orange R ""?’ 1.05 x 107
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