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Spectrophotometric Determination of Acidity Constants of Alizarine Red S in
Mixed Agqueous—Organic Solvents
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The effect of different organiewater mixtures on the acidity constants of alizarine red s (9,10-dihydro-3,4-
dihydroxy-9,10-dioxo-2-anthracenesulfonic acid) were determined &C2&nd an ionic strength of 0.1 M by a
multiwavelength spectrophotometric method. Tvi palues for the -OH derivatives were determined. The organic
solvents used were the amphiprotic (methanol, ethanol), dipolar aprotic (dimethyl sulfoxide), and low basic aprotic
(acetonitrile). To evaluate the pH absorbance data, a resolution method based on the combination of soft- and
hard-modeling is applied. The acidity constants of all related equilibria are estimated using the whole spectral
fitting of the collected data using an established factor analysis model. The data analysis program DATAN was
applied for determination of acidity constants. Generally, tigy@alues increase with an increase in the content

of the organic solvent. This behavior can be accounted for in terms of the high stabilization of both the nonprotonated
and the ionic forms of this compound by dispersion forces rather than by hydrogen bonding. There are linear
relationships between acidity constants and the mole fraction of different solvents in the mixtures. The effect of
solvent properties on acitbase behavior is discussed.

Introduction Scheme 1. Chemical Structure of Alizarine Red S

Acid dissociation constants are important parameters to Q oH
indicate the extent of ionization of molecules in solution at OH
different pH values. The acidity constants of organic reagents O‘O
play a fundamental role in many analytical procedures such as SO,-
acid—base titrations, solvent extraction, complex formation, and 0
ion transport. It has been shown that the adidse properties
affect the toxicity, chromatographic retention behavior, and acetonitrile, and dimethyl sulfoxide. Thé&p values have been
pharmaceutical properties of organic acids and bases. Much ofdetermined and discussed in terms of solvent characteristics.
the theoretical foundation of modern organic chemistry is based The solvation of a solute in a mixed solvent is much more
on the observation of the effects on aelshse equilibrium of complex than the solvation in a pure single solvent, and the
changing molecular structute?® literature offers several theories and models for this protess.

The widespread application of anthraquinone compounds as!n general, they agree that, when a solute is dissolved in a mixed
dyes, acie-base, drugs, metallochrome indicators, or histological solvent, the specific solvation effects determine that the propor-
stains have attracted the attention of many researchers to studyion of the solvents in the solute’s sphere of solvation is different
their acid-base and complex formation properties. However, from the proportion in the bulk solvent. The solute interacts
the literature lacks studies on the aelshse properties or ~ more strongly with one or more solvents of the mixture, and it
medium effects on the acid dissociation constants of theseis preferentially solvated by these solvents. Solute properties,
compounds, which are thought to be of special interest owing such as the ¥, values, depend on the composition and
to their biological and therapeutical importarfcé® In continu- properties of this solvation sphere; therefore, they are very
ation of our studies on the acithase properties of these sensitive to preferential solvation.
compoundg;1t we have investigated the medium effect on the ~ The spectroscopic instrumentation used today, however,
ionization constants of alizarin red s (see Scheme 1 for structure)@most invariably has the capacity to collect data across a full
as a good representation of anthraquinone derivatives by thespectral range. Using a single or a few wavelengths discards
study of the electronic spectra of the compound in aqueous most of the information in the collected spectra and requires
buffer solutions containing varying proportions of organic both the presence and knowledge of such suitable wavelengths.

solvents of different polarities, such as methanol, ethanol, However, in many cases, the spectral responses of components
overlap, and analysis is no longer straightforwaté.The
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not contribute significantly to the measured analytical signal.

the following:

The single-point measurements are usually made at the edge of

an absorption band, where the spectral overlap is least. However,
here the spectral responses are much lower than at the absorption

maximum, the noise level may be considerable, and the
association constants determined by the Bendgdebrand
method are accompanied with greater systematic etfors.

T=CR (3a)

P=Rv (3b)

SinceA = CV = C(RR™H)V = (CR)(R"V) = TP'. If R can
be determined, the spectral respong¥esnd concentration€

Using chemometric methods, whole spectra can be analyzed, ¢ the components can be calculated from the tafgend

thereby utilizing all spectral informatioH:'® The approach is
superior to any single-point measurement since several hundre
data points per spectrum can be treated simultaneé3lye

predefined model, known as hard-modeling analysis, cannot be

applied if crucial information is missing. Soft-modeling or model

dprojection P' matrices:

C=TR (4a)

V=RP (4b)

free approaches are based on much more general prerequisites,

such as positive molar absorbance, positive concentration of

all species, unimodality of concentration profiles, and closure
(concentration of all species are the same for all solutions).
Naturally, if the strengths of hard-modeling and soft-modeling

The thermodynamic expression that describes the components
concentration is the main constraint used to deterrRingom
which thermodynamic parameters and components spectral
responses and concentration are calculated. Therefore, the

methodologies are combined, a much more powerful method strategy for determining the rotation matik is as follows.

of data analysis can be expecf&d®
Data analysis, carried out by the DATAN package that was
developed by Kubista grodif?® and is called a physical

constraints approach, provides a unique solution by requiring
that the calculating concentrations obey an assumed equilibrium
expression. It has been demonstrated by application to the

determination of the acidity constants of two and four protolytic
forms of fluorescein. A possible advantage of the Kubista et
al.r® method is that it mixes a soft-modeling approach with a

hard-modeling approach. This might be a better and more
g app d h strength of 0.1 M. The analysis is readily performed with the

general strategy, since it can handle different situations, wit
only a partial knowledge of the chemistry of the system. The

physical constraints method calculates spectral profiles, con-

Concentrations of the chemical species are calculated from the
equilibrium expressions for various trial values of the equilib-
rium constants and are fitted to the calculated target vectors
according to eq 3a. The accuracy of this fit depends crucially
on the trial values of the equilibrium constants, and the best fit
determines their values and the elements of magrix

In this study, the physical constraints approach has been
applied to determine the acidity constants of alizarine red s in
pure water and in different binary organic solvemtater
mixtures by spectrophotometric titration at 25 and an ionic

DATAN progran?’ that was developed by the Kubista group.

Experimental Section

centrations, and equilibrium constants by utilizing equilibrium
expressions that are related to the components. The theory and Materials. Alizarine red s, ethanol, methanol, acetonitrile,
application of the physical constraints method has been dis- dimethyl sulfoxide, hydrochloric acid, sodium hydroxide, and
cussed by Kubista et al. in several pap@rsé and it is briefly potassium nitrate were analytical grade commercial products
presented below. from Merck. These reagents were used without further purifica-
Spectra of alizarin red s at different pH values are digitized tion. Standard stock solutions of 1:01072 M alizarine red s
and arranged in a data matex which is decomposed into an ~ were prepared by dissolving appropriate amounts of alizarine
orthonormal basis set by NIPALS or any equivalent metiod:  red s in water. All the solutions were prepared in deionized
water.
' Instrumentation and SoftwareA Scinco (S-2100) spectro-
tp; 1) photometer controlled by a computer and equipped with a 1-cm
= path length quartz cell was used for BVis spectra acquisition.

I Spectra were acquired between 315 and 650 nm (1 nm
where the orthogonal target vectérand orthonormal projection resolution). The pH values were measured by a Metrohm CH-

vectorsp; are mathematical constructs that cannot be directly 9101 pH meter furnished with combined calomel Ag/AgCl

related t mponent tra an ncentratioi number . ) . )
elated to component spectra and concentratioisthe numbe electrode. To precalibrate the pH meter in the various binary

of independent spectroscopic components, which corresponds : - )
to the number of light-absorbing chemical species. It is organic+ water mixtures used, 0.01 M solutions of oxalate

determined by visual inspection of theand p’ vectors or by and succinate buffers were employed. Then to calibrate the pH

perfrming siaisical metodS < E i an eror matrx By 1 SECong o he concentaton of e suong st
assuming linear responses, the spectra in métriare linear P : P

combinations of the concentratior, and spectral responses, SQI\QSI% t:(;rotnhge ig'iset;?rg%ogasa ngni c_a}g [l)|_|e+])rei2dlly
V, of the chemical components: ' p p= g

related to the operational pH. The details of the electrode
calibration in partially aqueous solutions media are presented
elsewheré® The data were treated in an AMD 2000 XP (256

If the spectral profiles of the components are known, the MB RAM) microcomputer using the DATAN package.
concentration of each component can easily be calculated, for Spectrophotometric MeasurementBor the alizarine red s
example, by least squares minimization. If standards are not(3 x 107° M) in binary mixture titrations, absorption spectra
available, the common belief has been that the componentswere measured with a titration setup consisting of a computer
spectral responses cannot be separated, which precludes theinterfaced to a spectrophotometer. After each pH adjustment,
identification. This is due to ambiguity in determining the solution is transferred into the cuvette, and the absorption spectra
rotation matrix,R, in the following equations; from eqs 1 and are recorded. lonic strength was maintained at 0.1 M by adding
2 it follows that there is a square matfk(r x r) that satisfies appropriate amounts of KNOThe pH values in organic solvent

A=TP' +E~TP'

A=CV+E~CV )
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Figure 1. Absorption spectra of alizarine red s in pure water at 0.1 M
KNOs at different pH values.

+ water mixtures were corrected using the equatiori pH
pH(R) — o, where pH is the corrected reading and @®)(is

the pH meter reading obtained in a partially aqueous organic
solvent, determined by Douherét?® All measurements were
carried out at the temperature (25t00.5) °C.

Absorbance

No. of solution
Results and Discussion

The absorption spectra of alizarine red s in binary solvent
mixtures at various pH values and in the interval (315 to 650)
nm were recorded. Sample spectra of alizarine red s at different
pH values in pure water with the pH ranging from 1.9 to 12.8
and 60 % (w/v) of the organic solvents (methanol, ethanol,
acetonitrile, and dimethyl sulfoxide with the pH ranging from
2.9to0 12.4, from 1.9 to 12.8, from 2.3 to 12.6, and from 2.6 to
12.7) to water at 0.1 M KN@are shown in Figures 1 and 2,
respectively.

The decisive and very important step in the data analysis of
solution chemical equilibria studies is to determine the number
of light absorbing species in the equilibrium system. The number
of light absorbing species in the absorption spectra is obtained
by different approximate methods requiring no knowledge of
the instrumental error of the absorbance data. Many of these
methods are empirical functions. Singular value decomposition
analysis performed on all absorption data matrices obtained at
various pH values for alizarine red s gives the number of
components that best represent the system. According to
eigenvalue results, three components are present in the systems
studied in this work. The existence of the three significant factors
are also supported by the statistical indicators, which were Wavelength (nm)
introduced k_)y E't_’er_ga" et fﬁ!)'T_hese fa(_:tors_ Cou!d be attr'bUte_d Figure 2. Absorption spectra of alizarine red s in (a) 60 wt % methanol to
to the two dissociation equilibria of a diprotic acid such alizarine \ater, (b) 60 wt % ethanol to water, (c) 60 wt % acethonitrile to water,
red s. and (d) 60 wt % dimethylsulfoxide to water at 0.1 M KN @& different pH

The K, values of alizarine red s were investigated in different values.
methanol, ethanol, acetonitrile, and dimethyl sulfoxidevater
binary mixtures spectrophotometrically at 26 and an ionic The K, values obtained are listed in Table 1. The previous
strength of 0.1 M. Acidity constants of alizarine red s in several reported values of acidity constants are mainly in pure water,
mixtures were evaluated using the computer program DATAN in mixtures of dioxane with water, and in micellar media
and the corresponding spectral absorptiphl data. From solution#142 The obtained values in pure water are in good
inspection of the experimental spectra, it is hard to guess evenagreement with previous valu&syhich are listed in Table 1
the number of protolytic species involved. The three calculated for comparison. The differences observed between tg p
most significant projection vectors with clear spectral features values are not only in the experimental errors margins but also
(as compared to noise) indicate the presence of three spectrodue to different computational strategy of the univariate methods
scopically distinguishable components. Their profiles or shapesand of newer chemometrics based methods. The way of noise
show some order of ambiguity, (i.e., they are clearly physically or measurement errors treatment on the absorption spectra are
meaningless and cannot be directly related to the spectralperformed in a multivariate sense, which use the whole spectral
response of the three protolytic forms). After rigorous curve domain, reduce considerably the level of noise, and result in
resolution computational steps according to combination of hard- more precise final information. So the acidity constants obtained
and soft-modeling, the outputs of the program alkg palues are more reliable and precise than previous methods. Khe p
and their standard deviation (derived from the error analysis values correspond to the pH-dependent variation of absorption
plot of the program), number of principal components, projection spectra in all solvents mixtures. One of the very important
vectors (loadings), concentration distribution diagrams, and pure outputs of the DATAN program is the calculated spectrum of
spectrum of each assumed species. different forms of alizarine red s in each solvent mixture. Sample

Absorbance

No. of solution

Absorbance

S33

S17 No. of solution
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Table 1. Acidity Constants of Alizarine Red S in Different Organic Solvents+ Water Mixtures at 25 °C and lonic Strength of 0.1 M by the
DATAN Program

previous reports methanol ethanol acetonitrile dimethyl sulfoxide
wt % pKa1 pKaz pKa1 pPKa2 pKa1 pKaz pKa1 pPKa2 pKa1 pPKa2
0 5.5¢ 11.0¢ 5.55+0.02 11.50+0.08
5.49% 10.85%
6.10° 10.8C
10 6.16+0.04 11.71+£0.08 5.94+0.01 11.55-0.06 6.14+£0.04 11.75+0.07 6.04+0.02 11.46t0.08
20 6.34+0.03 11.93+0.09 5.97+0.02 11.74-0.05 6.26+0.04 12.05£0.09 6.11+0.03 11.65t 0.07
30 6.65+ 0.04 12.20+0.08 5.86+0.04 12.58+0.08 6.53+0.05 12.32£0.09 6.44+0.03 11.84+0.09
40 6.75+0.05 12.34-0.08 6.52+-0.03 12.68-0.07 6.91+0.04 12.73:0.07 6.55-0.04 11.97+0.08
50 6.98+ 0.06 12,5+ 0.1 6.33+0.04 12.79+0.08 7.26+£0.03 12.93-0.08 6.53£0.05 12.27+0.08
60 7.06+ 0.05 12.6£ 0.1 6.63+£0.05 12.99+-0.09 7.46+0.06 13.0+£ 0.1 6.85+ 0.05 12.4+£ 0.1
aRef 34 (pure water)? Ref 35 (75 % dioxane).
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Figure 3. Components absorption spectra of different form of alizarine red s in (a) pure water, (b) 60 wt % methanol to water, (c) 60 wt % ethanol to water,
(d) 60 wt % acethonitrile to water, and (e) 60 wt % dimethylsulfoxide to water at 0.1 M K&t@ifferent pH values.

spectra of the calculated pure spectral profiles of all species ina partial aqueous medium relative to that in pure water. The
water and different organic solvents/water mixtures are shown variations of electrostatic effects resulting from the change in
in Figure 3. As the mole fraction of organic solvents increased, the relative permittivity of the medium operate on the activity
the absorption intensity changes differently for each species of coefficient of all charged speciésThus, one can expect that
alizarin red s. It is interesting to note that the nature and the increasing the content of the organic solvent in the medium will
composition of the solvent have a fundamental effect on eachincrease the activity coefficient of both the'Hnd conjugate
pure spectrum. As is clear from Figure 3, this effect is more base A". Consequently, according to above equation, increasing
for L2~ and HL than HL™. The spectrum of the L species  the mole fraction of the solvents should decrease the acid
has almax at 555 nm which show a splitting pattern in high jonization constants (i.e.a values increase).
weight percent of methanol anq gcetonltnle. j’he splitting of As discussed above, this indicates that the acid ionization
the absorption peak &inax of L2~ is more obvious than the A . : . .

; . . . constants of alizarine red s obtained in various aqueous mixture
ﬁgﬁge?:?rcfgg t?c;[h(ar-t?gr?gilﬁsj Trr:)'Se(;fmo??hgesstggﬁsit;fr:ngng}emedia of methanol, ethanol, acetonitrile, and dimethyl sulfoxide

9) property are governed by electrostatic effects. Acidity constants of two

or destabilization of the ground and excited states ofrthe . A o L .
7* and r — 7* transitions. The appearance and disappearance steps of dissociation of alizarine red s decrease with increasing
y ole fraction of the solvents in the mixed binary solvents. It

of some shoulder and absorption peaks of each species is relate .
P P P as been shown that the solvating abffityas expressed by

to the type and mass percent of the organic solvent. h donici | d dielectri £ th
Increasing the mole fraction of solvents in the medium leads the Gutmann donicity scale) and dielectric constant of the

to a decrease in the acid ionization constants for alizarine redSC/vent play a fundamental role in dissociation reactions. Water
s. The acid ionization constants in a pure aqueous mediumiS a solvent of high solvating ability (i.e., donor number BN

(Kaw) is related to that in a partial aqueous mediutad) by 3372 dielectric constant = 87.3), which can dissociate the
the relationt2 acid and stabilize the produced anion and hydrogen ion. Thus,

it is expected that addition of methanol (BN 19, ¢ = 32.6),
_ ethanol (DN= 15, ¢ = 24.3), acetonitrile (DN= 14, ¢ = 36),
Kaw) = Kas and dimethyl sulfoxide (DN 26.5,¢ = 46.6) with lower donor
numbers and dielectric constants relative to water decrease the
wherey is the activity coefficient of the respective species in extent of interaction between the acid anion and proton with

VA_VH+)

YHA
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Figure 4. Variation of acidity constants values of alizarine red s with mole of different organic solvents, uppeKiinang lower line Ka2.

solvent, and this decreases the acidity constants of alizarineConclusions

reds. In this study, we distinguish the behavior of acidity constants

It is interesting to note that there is actually a linear of glizarine red s in pure water, watemethanol, waterethanol,
relationship between theKp of two dissociation steps and the  ater—acetonitrile, and waterdimethy! sulfoxide systems at
mole fraction of different solventgoweny in the binary mixed  25°C and an ionic strength of 0.1 M that has been studied by
solvents used in Figure 4. The same trend has already beery multiwavelength spectrophotometric method. Results show
reported for various organic molecules in different solvent that the K, values of alizarine red s are influenced by the
mixtures?1-224%45 |t has been reasonably assumed that prefer- percentages of organic solvents such as methanol, ethanol,
ential solvation of the charged particles by water is mainly acetonitrile, and dimethyl sulfoxide added to the solution of this
responsible for such a monotonic dependence of acidity reagent. DATAN is a useful tool for resolution of the different
constants of the alizarine red s on the solvent composition.  species present in equilibrium systems. By using this method

It was recognized that solvent effects such as hydrogen and without any prior knowledge about the system, we can
bonding and solvent basicity as well as dispersion forces and0btain concentration profiles and pure spectra from the experi-
proton-solvent interactions exert a profound influence on the mental data. The effect of solvent properties on atidse
jonization process of weak acids in the presence of Organic behavior is discussed. In conclusion, this indicates that the acid
solvents such as methanol, ethanol, acetonitrile, and dimethyﬂonization constants of alizarine red s obtained in various
sulfoxide. The effective density of dispersion centers in the aqueous mixture media of organic solvents is governed by
organic solvents used are higher than in pure witéccord- electrostatic effects.
ingly, one can expect a higher stabilization of the conjugate . .
base A of each step of ionization by dispersion forces, which Literature Cited
are established between the delocalized oscillator dipole of the (1) Almasifar, D.; Forghaniha, F.; Khojasteh, Z.; Ghasemi, J.; Sharghi,
solvent. Furthermore, the proton is expected to be highly H.; Shamsipur, M. Spectrophotometric determination of acidity
stabilized in agueous mixtures by its interaction with the organic SV%QZSJ”TS‘C?\L‘X”"E%ge_cggttggség'ﬁ'fsl'zzel‘é_alrg?;“'nones in methanol
solvent and water molecules (protesolvent interaction) as (2) Ahmaed, I. T.; Soliman, E. S.; Boraei, A. A. A. The acidity constants
compared with water molecules alone. Consequently, bath A of some pyrimidine bases in various wat@rganic solvent media.
and H will be highly stabilized upon the increasing of the mole Ann. Chim.2004 94, 847-856. .
fraction of the organic solvents in the aqueous medium, that is, ©) Eé'rlghﬁé’te'\féc’?'c’lifant}trr'o’géﬁ' a'\gg?#ég‘“ﬁgggn‘;g fggdé%g,oggtl""f_ts of
ya- andyy+ are decreased. Thus, the acid ionization constants 1518.
of the studied alizarine red s would increask pecrease) with (4) Beltran, J. L.; Sanli, N.; Fonrodona, G.; Barron, D.; Ozkan, G.;
an increase of the studied solvents content in the medium. Barbosa, J. Spectrophotometric, potentiometric and chromatographic
However, this is not the case, as is evident from the data listed PKa values of polyphenolic acids in water and acetonitriteater

' ' media Anal. Chim. Acta2003 484, 253-264.
in Table 1. Therefore, one can conclude that both the dispersion (s) Tam, K. Y.; Hadley, M.; Patterson, W. Multiwavelength spectropho-
forces and protonsolvent interaction effects do not have a tometric determination of acid dissociation constants: Part V. Water-

significant role in the ionization processes of the studied alizarine __insoluble pyridine derivativesialanta1999 49, 539-546. _
red s compound (6) Qureshi, G. A.; Svehla, G.; Leonard, M. A. Electrochemical studies

of strongly chelating anthraquinone derivativésialyst1979 104,
On the other hand, water molecules are characterized by a  705-722. _ _ _
high tendency to donate hydrogen bonds as compared with other (7) Thomson, R. HNaturally Occorring QuinongsAcademic Press: New

| | | heref h . basi d York, 1971.
solvent molecules. Therefore, the conjugate bases&xpecte (8) Arcamone, F. Antitumor anthracyclines: recent developméi¢sl.

to be less stabilized by hydrogen-bonding interaction with the Res. Re. 1984 14, 153-188.
studied solvent molecules as the mole fraction of solvents is (9) Lucker, M. Secondary Metabolism in Microorganism, Plants and
increased (i.eya- increase). This will tend to increase thiép Animals Springer-Verlag: New York, 1984.

. N . (10) Lowe, N. J.; Ashton, R. E.; Koudsi, H.; Verschoore, M.; Schaefer, H.
values of all steps in the alizarine red s system. Accordingly, Anthralin for psoriosis: short contact anthralin therapy compared with

the observed increase in th&gvalues of alizarine red s upon topical steroid and conventional anthralih. Am. Acad. Dermatol
an increasing mole fraction of the solvents in aqueous mixtures 1984 10, 69-75.

can be described, in addition to the electrostatic effect, to the (11) Shamsipur, M.; Ghasemi, J.; Tamadon, F.; Sharghi, H. Spectropho-
hvd bondi . . b h . b tometric determination of acidity constants of some anthraquinones
ydrogen-bonding interaction between the conjugate base A and anthrones in methanalvater mixturesTalanta1993 40, 5, 697

and the organic solvent molecules. 699.



Journal of Chemical and Engineering Data, Vol. 51, No. 5, 200635

(12) Rived, F.; Canals, I.; Bosch, E.; Roses, M. Acidity of methanol (29) Nygren, J.; Andrade, J. M.; Kubista, M. Characterization of a single

water.Anal. Chim. Acta2001, 439, 315-333. sample by combining thermodynamic and spectroscopic information

(13) Kubista, M.; Sjoback, R.; Albinsson, B. Determination of equilibrium in spectral analysisAnal. Chem 1996 68, 1706-1710.
constants by chemometric analysis of spectroscopic datl. Chem (30) Elbergali, A.; Nygren, J.; Kubista, M. An automated procedure to
1993 65, 994-998. predict the number of components in spectroscopic datal. Chim.

(14) Mwalupindi, A. G.; Rideau, A.; Agbria, R. A.; Warner, |. M. Influence Acta 1999 379 143-158.
of organized media on the absorption and fluorescence spectra of (31) Kubista, M.; Nygren, J.; Elbergali, A.; Sjoback, R. Making reference
auramine-O dyeTalanta1994 41, 599-609. samples redundanCrit. Rev. Anal. Chem1999 29, 1-18.

(15) Vatena, G. C.; Bright, F. V. Thermodynamic study on the effects of (32) Nygren, J.; Svanvik, N.; Kubista, M. Interaction between fluorescent
f-cyclodextrin inclusion with anilinonaphthalenesulfonatésal. dye thiazole orange and DN/Aiopolymers1998 46, 39—-51.
Chem.1989 61, 905-909. (33) Svanvik, N.; Nygren, J.; Westman, G.; Kubista, M. Free probe

(16) Liu, G.; Wu, T.; Zhao, J.; Hidaka, H.; Serpone, N. Photoassisted fluorescence of light-up probe3. Am. Chem. So@001, 123 803—
degradation of dye pollutants. 8. Irreversible degradation of alizarin 809.
red under visible light radiation in air-equilibrated aqueous 2TiO  (34) Ghasemi, J.; Niazi, A.; Westman, G.; Kubista, M. Thermodynamic
dispersionsEnviron. Sci. Technol1999 33 (12), 2081-2087. characterization of the dimerization equilibrium of an asymmetric dye

(17) lquierdo-Ridorsa, |.; Saurina, J.; Cassou, S. H.; Tauler, R. Second- by spectral titration and chemometric analy$alanta2004 62, 835
order multivariate curve resolution applied to rank-deficient data 841.
obtained from acietbase spectrophotometric titrations of mixtures of ~ (35) Ghasemi, J.; Niazi, A.; Kubista, M. Thermodynamics study of the
nucleic base€hemom. Intell. Lab. Syst997 38, 183-196. dimerization equilibria of rhodamine B and 6G in different ionic

(18) Saurina, J.; Cassou, S. H.; Tauler, R.; Izquierdo-Ridrosa, A. Spectro- strengths by photometric titration and chemometrics metisqebc-
photometric determination o values based on a pH gradient flow- trochim. Acta Part A2005 62, 649-656.
injection systemAnal. Chim. Acta200Q 408 135-143. (36) Niazi, A.; Yazdanipour, A.; Ghasemi, J.; Kubista, M. Spectrophoto-

(19) Malinowski, E. R.Factor Analysis in Chemistrydohn Wiley: New metric and thermodynamic study on the dimerization equilibrium of
York, 1991. ionic dyes in water by chemometrics meth&gectrochim. Acta Part

(20) de Juan, A.; Maeder, M.; Martinez, M.; Tauler, R. Application of a A (in press).
novel resolution approach combining soft- and hard-modelling features (37) http://www.multid.se.
to investigate temperature-dependent kinetic procegses. Chim. (38) Rouhollahi, A.; Kiaie, F. M.; Ghasemi, J. Multiwavelength spectro-
Acta 2001, 442 337—-350. photometric determination of protolytic constants of 4-(2-pyridylazo)

(21) Ghasemi, J.; Niazi, A.; Kubista, M.; Elbergali, A. Spectrophotometric resorcinol (PAR) in binary DMFwater mixturesTalanta2005 66,
determination of acidity constants of 4-(2-pyridylazo)-resorcinol in 653—-658.
binary methanetwater mixturesAnal. Chim. Acte2002 455, 335 (39) Douheret, G. Comparison between glass electrode with hydroorganic
342. and aqueous fillingsBull. Soc. Chim. Fr1967 1412-1419.

(22) Ghasemi, J.; Ahmadi, Sh.; Kubista, M.; Forootan, A. Determination (40) Douheret, G. Liquid junction potentials and effects of the medium
of acidity constants of 4-(2-pyridylazo)resorcinol in binary acetonitrile glass-calomel electrode in such mixturBsil. Soc. Chim. Fr1968
+ water mixturesJ. Chem. Eng. Dat&003 48, 1178-1184. 3122-3131.

(23) Ghasemi, J.; Ghobadi, S.; Abbasi, B.; Kubista, M. Spectrophotometric (41) Bishop, E.Indicators Pergamon Press: Oxford, 1972.
determination of acidity constants of group B vitamins in different (42) Kido, H.; Fernelius, W. C.; Hass, C. G. Studies on coordination

ionic strengths at 25 0.1°C. J. Kor. Chem. So005 49, 3, 1-9. compounds: formation constants of some metal salts of hydroxyqui-
(24) Niazi, A.; Ghalie, M.; Yazdanipour, A.; Ghasemi, J. Spectrophoto- nones.Anal. Chim. Actal96Q 23, 116-123.

metric determination of acidity constants of Alizarine Reds in water, (43) Coetzee, J. F.; Ritchie, C. [$olute-Sokent Interaction Marcel

water-Brij-35, and water-SDS micellar med&pectrochim. Acta Part Dekker: New York, 1969.

A 2006 64, 660-664. (44) Azab, H. A.; Anwar, Z. M.; Sokar, M. Medium effect on the apparent
(25) Niazi, A.; Yazdanipour, A.; Ghasemi, J.; Kubista, M. Multiwavelength dissociation constants of guanine, thymine, uracil, hypoxanthine, and

spectrophotometric determination of acidity constants of morin in cytosine in various hydroorganic media. Chem. Eng. Dat2004

methanot-water mixturesCollect. Czech. Chem. Comm@006 71, 49, 256-263.

1-14. (45) Rageh, N. M. Acidity constants of some hydroxy azo pyrazolopyrim-
(26) Kubista, M.; Sjoback, R.; Nygren, J. Quantitative spectral analysis of idines in mixed aqueousorganic solvents]. Chem. Eng. Data998

multicomponent equilibriaAnal. Chim. Actal995 302, 121-125. 43, 373-379.

(27) Sacrminio, I.; Kubista, M. Analysis of correlated spectral dAtzal.
Chem 1993 65, 409-416.

(28) Sjoback, R.; Nygren, J.; Kubista, M. Absorption and fluorescence Received for review December 22, 2005. Accepted June 3, 2006.
properties of fluoresceirSpectrochim. Acta Part A995 51, L7—
L21. JE050535D



