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THE YELLOWNESS INDEX USE FOR THE ACID-BASE
EQUILIBRIUM STUDY IN XYLENOL ORANGE AQUEOUS
SOLUTIONS

The possibility of the yellowness index use for the acid-base equilibrium study and ioniza-
tion constants determination in dyes solutions is studied. It is shown that the yellowness
index is suitable for the set task. Its use enables a more reasonable mathematical appara-
tus algorithmization, automation, simplification and in comparison with the existing ap-
proaches of the chemical chromaticity method and classical physico-chemical methods.
Key words: yellowness index, acid-base equilibrium, ionization constants, coordinates of
color, xylenol orange.

1. Introduction

The aim of study is to establish the dyes physicochemical and acid-base
characteristics of the reagents that are realized in the solutions with a broad
values change of acidity or solvents. Also there is the determination of ionization con-
stants (pK) and the spectral characteristics of individual reagents states or forms. The
knowledge of pK values provides a basis for understanding of the chemical reactions
between the compound of interest. Additionally, they play a major role in acid-base
titrations, complex formation and various analytical procedures. Also, the pK values
of a compound influence many characteristics such as its reactivity, spectral properties
(color). Consequently, several publications were devoted to the determination of pK ex-
perimentally and theoretically [1, 2].

Nowadays interest in the chemical chromaticity (CC) method (tristimulus colorim-
etry method) has grown very much. The CC method approaches have been applied to
create test methods [3], to assess the food quality [3, 4], as well as to study acid-base
equilibrium in organic dyes solutions and analytical reagents [3, 5]. It is recommended
to use a saturation (S) function and its derivative — the specific color discrimination
for ionization constants determination in the dyes solutions [3, 6]. Yellowness Index is
the indicator that describes the color change of the sample from white to yellow, and
is calculated from the array of spectrophotometric data. Its calculation is methodologi-
cally simpler and easy to automatize. The yellowness index is used to assess the textile
and food industries quality [5-8]. In this study we investigated the possibility of a more
informative yellowness index (Y, ) use for acid-base equilibrium study and ionization
constants determination.

2. Material and methods

2.1. Apparatus
Acid-base equilibrium in dyes solutions was studied by the UV/VIS-spectros-
copy and chemical chromaticity methods using a spectrophotometer SF-56 (OKB
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«LOMO-Spektor», St.-Petersburg, Russia) in the wavelength range 380-780 nm in
quartz cuvettes with the thickness of the absorbing layer 1 cm. The medium’s acidity
was controlled by pH meter I-130 («ZIP», Gomel, Belarus).

2.2. Reagents

Xylenol orange (Merck) (XO) was chosen as a dye, whose functional — analytical
groups are characterized by the reliably determined pK (table 1). The initial XO solution
with 10 M concentration was made by sample dissolution (m = 0,1682 g) in 250 ml of
distilled water. Solutions with lower concentrations were prepared by dilution of initial
solution. The medium acidity was created by sulfuric acid and sodium hydroxide.

Table 1
Xylenol orange ionization constants
N Group Method
Potentiometry [9, 10] Spectrophotometry [9] CC [11]

1 -SO,H - - -1,74 - -1,73
2 =OH* - - -1,09 - -1,10
3 —COOH - - 0,76 - 0,70
4 —-COOH 2,06 2,00 - - 1,12
5 —-COOH 2,16 2,74 - 2,60 2,53
6 —-COOH 3,56 4,49 - 3,70 3,05
7 -OH 7,34 7,50 6,46 6,40 6,31
8 =NH" 9,68 10,30 10,46 8,40 10,45
9 =NH"* 12,61 12,00 12,28 12,20 12,38

2.3. Procedures

The necessary medium acidity was created for pK determination. It was provided by
putting the dye’s aliquot of solution into the 50 ml flask. The obtained solutions absorp-
tion spectrum were registered and coordinates of color XYZ were calculated from the
array of spectrophotometry data. Parameter Y, was calculated by formulae:

100(1,28X —1,06Z)
Y = Y ’
where Y| — yellowness index; X, Y, Z — coordinates of color in the CIEXYZ color
space.

3. Results and discussion

3.1. Effect of the medium acidity

The absorption spectra of XO in aqueous solution were studied by various the medi-
um’s acidity. Figure 1 (parts a and b) shows the changes in the absorption spectra of XO.

Figure 1 shows the changes in the absorption spectra of XO. As can be seen from
fig. 1 (a) in the acidic medium XO has absorption bands at 430 — 460 nm (curves 2, 3),
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505-515 nm (curve 1) and absorption band with maximum at 670+10 nm (curve 4). In-
creasing the concentration of OH-groups in the solution contributes to formation of new
acid-base forms of XO.
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Fig. 1. The electronic absorption spectra of the xylenol orange solution in acidic
(part a: 7 — 18M H,SO, medium, 2 —pH 1, 3 —pH 3, 4 — pH 5) and alkaline
(partb: 1 —pH 8, 2—pH 10, 3 — pH 13) media.

They are characterized by isosbestic point at 490 nm and absorption maxima at 575
nm (fig.1 b, curves 1-3). The observed changes in the absorption spectra are explained
the acid-base equilibria in XO solution. Each balance describes appropriate pK values.

3.2. Determination of pK values
We studied the possibility of the yellowness index use for determining the dye pK
values. Figure 2 shows the Y dependence of the medium acidity.
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Fig. 2. The Y, dependence of the xylenol orange solution on the medium’s acidity
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It is known that for an absolutely white body —Y = 0, for yellow and red ones — Y >0;
for blue and green ones — Y <0. The fracture’s points on the curve of Y, values depen-
dence from pH corresponds to the areas of transition from one form to another. The cor-
responding values -1gCH* are received by finding the coordinates of each peak, which
are numerically equal to the values of the XO pK in solution. The formation of 9 peaks
confirms the presence of 9 values of pK (table 1) for different molecule forms of the XO
in the solution, each of which is characterized by specific Y| values, whose sign indicates
the solution reagent color in a wide range of medium’s acidity. The graphic dependence
analysis (fig. 2) points to the existence of ten differently charged forms of XO in solu-
tion, which depend on the medium acidity and are in dynamic equilibrium; each of which
is characterized by pK value (table 2).

Table 2
Xylenol orange ionization constants installed by using the yellowness index
(n=3; P=0,95)

Ne Group pK

1 -SO,H -1,75+0,03

2 =OH"* -1,10+0,03

3 —COOH 0,75+0,03

4 —COOH 1,2540,03

5 —COOH 2,50+0,03

6 —COOH 3,10+0,03

7 —OH 6,41+0,03

8 =NH" 10,42+0,03

9 =NH" 12,35+0,03

The results (Table 2) correlate with those presented in Table 1 literature data, which
indicates that the results are reliable and the yellowness index use for the acid-base prop-
erties study and the establishment of the corresponding values of the dyes’ molecules and
organic analytical reagents pK are suitable.

The yellowness index use allows to simplify the calculations in comparation with
the specific color differences parameter. The algorithm of pK definition with the specific
color discrimination has the following form:

absorption spectrum — the color coordinates XYZ — the color coordinates LAB — the
color saturation S — parameter specific color discrimination — the dependence identifi-
cation of the SCD = f (-lg CH") — definition of the pK.

The algorithm is simplified by using the yellowness index:

absorption spectrum — the color coordinates XYZ — the yellowness index Y, —the
dependence identification of the Y = f (-Ig CH")— definition of the pK.
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4. Conclusion

Thus, the use of color characteristics of chemical systems in chemistry of dyes en-

hances the study of their acid-base equilibria. Also it should be noted that the chemical
chromaticity method compared to other physico-chemical methods (spectrophotometry,
potentiometry, etc.) provides more complete information about available and appropri-
ate protolytic equilibria constants. As a result of our work we established the principal
possibility of the yellowness index use for the acid-base equilibrium study and pK de-
termination in the dyes solutions. The yelowness index allows to simplify and reduce
the mathematical apparatus instead of the existing approaches of chemical chromaticity
method and classical physico-chemical methods.
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OYVHRIIA IOKASBHUEKA JKOBTU3HU ITPU JTOCJIII:KEHHI
KNCJIOTHO-OCHOBHUX PIBHOBATI' KCMJIEHOJIOBOI'O
OPAHKEBOI'O ¥ BOJHUX PO3YNHAX

Pe3iome

BuBueHO MOXIUBICTL 3acTOCyBaHHS (hyHKIIi1 MOKa3HMUKA KOBTU3HU JIJIsT JOCiIKEHHSI
KMCJIOTHO-OCHOBHHUX PiBHOBAr i BUBHAYEHHSI KOHCTAHT iOHi3allii KCiJIeHOJIOBOTO OpaH-
JKEBOTO Y BOAHUX po3unHax. [lokazaHo, 110 BUKOPUCTaHHS JaHOI (DYHKIIl 103BOJISIE
CIIPOCTUTU MaTeMaTUYHMI arapart, aJlrOpuTMi3allilo Ta aBTOMaTU3allil0 pPO3paxyHKiB, y
MOPiBHSHHI 3 ICHYIOUMMHU MiAXOJaMU METOY XiMiUYHOI KOJIbOPOMETPIiil Ta KJIIACUYHUMU
(hiZUKO-XiMIiYHUMU METOIAMMU.

KiouoBi ciioBa: MOKa3sHMK JKOBTM3HHM, KHUCJIOTHO-OCHOBHI pPiBHOBarum, KOHCTaHTU
ioHi3alii, KOOpAMHATU KOJbOPY, KCUJICHOJIOBUM OpaHXKXEeBUIA.
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OYHRKI WA IIOKASATEJIA SKEJITU3HBL ITPY NU3YYEHNN
KN CJIOTHO-OCHOBHBIX PABHOBECHUUW KCUJIEHOJIOBOI'O
OPAHIKEBOI'O B BOJIHBIX PACTBOPAX

I/ISY'{GHa BO3MOKHOCTb INIPUMECHECHUA d)yHKHI/II/I roKasareyd XKEJITU3HbBI 1J1d UCCaea0oBa-
HUA KUCIOTHO-OCHOBHBIX paBHOBCCHfI " ONpEAC/ICHUA KOHCTAHT MOHM3AlIM KCUJIC-
HOJIOBOI'O OpaHXKE€BOI'0O B BOJHLIX paCTBOpax. HOKaSaHO, YTO MCMOJIb30BaHUE AAHHOM
(I)yHKHI/II/I TIO3BOJIACT YIIPOCTUTH MaTeMaTU4EeCKUIA arrapar, aJaropuTMm3alnmio U aBTO-
MaTusaluuilo pacdyeToB, B CpaBHEHUUN C CYILIECTBYIOIIMMMU IMOAXOAaMU METOJa XUMUYEC-
CKOM IOBETOMETPUU U KITACCUIYCCKNMU (I)I/ISI/IKO—XI/IMI/I‘-I€CKI/IMI/I MECTOJAMMU.

KiroueBbie ciioBa: rokasaresib 2KEJITU3HbI, KUCJIOTHO-OCHOBHBIC paBHOBECHA, KOHCTaH-
Thl MOHM3alluM, KOOPJAWHATHI 1IBETA, KCUJIEHOJIOBBI 0paH)K€BbII7L



