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ABSTRACT

The acidity constants of 1-(2-pyridylazo)-2-naphthol(o-PAN) in water-
organic solvents mixtures solutions at 25°C and anionic strength of 0.1 M
have been determined by spectrophotometrically. The organic solvents
used were the acetonitrile (AN), dimethyl sulfoxide (DM SO) and dimethyl
formamid (DMF).To eval uate the pH-absorbance data, a resolution method
based on the combination of soft- and hard-modeling isapplied. The acid-
ity constants of all related equilibriaare estimated using the whol e spectral
fitting of the collected datato an established factor analysismodel. DATAN
program was used for determination of acidity constants. Generally, the
pKa, values decreases and pK, increase with an increase in the content of
the organic solvent. There are linear relationships between acidity con-
stants and the mole fraction of different solvents in the mixtures. The
effect of solvent properties on acid-base behavior is discussed.
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INTRODUCTION

Theacidity constantsof organicreegentsplay avery
fundamental rolein many analytical proceduressuch as
acid-base titration, solvent extraction and complex for-
mation. But in determining of acidity constantsof these
moleculesweare faced with several drawbacks, such
aslow solubility in aqueous sol utionsand the low val -
uesof acidity constants. Therefore, in order to enhance
the acidity constantson one hand and to increasethe

solubility on the other, weforced to choose mixed sol -
vents. Mixed solventsareinteresting, becausetwo sol -
vents mixed together produceasolvent with quitedif-
ferent properties, both, physically (dielectric, density
and viscosity) and chemically (acid-base and donor—
acceptor properties). Asfar astheacid-base proper-
tiesare concerned, an important featureisthat the na-
tureof thesolvent iscrucid for thestrength of acidsand
bases. In particular, important isthe proton affinity, in
other words, the proton-donating and proton-accept-
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ing propertiesof solvent, aswell asitspolarity. Inaddi-
tion, theionization degree of solute dependsonthedi-
electric congtant of solvent. Mediaof highdielectriccon-
stantsarestrongly ionizing, whereasthose of low di-
electric constantsionizeto alesser extent™™2. By mixing
solventsof different polarity in proper ratios, dieectric
constant of themedium can bevaried and, at the same
time, the strength of dissolved acids and bases®.
Acid dissociation constants (i.e. pKavalues) can
beakey parameter for understanding and quantifying
chemical phenomenasuch asreaction rates, biological
activity, biologica uptake, biologica transport and en-
vironmental fate¥. There have been several methods
of thedetermination of acidity constants, including po-
tentiometrictitration, spectrophotometry, capillary elec-
trophoresi s, and so on. Spectroscopic methodsare, in
general, highly sensitiveand are assuch suitablefor
studying chemica equilibriasol ution. If thecomponents
involved can beobtained in pureform, or if their spec-
tral responsesdo not overlap, such analysisis, in gen-
erd, trividl®. For many systems, particularly thosewith
smilar components, thisisnot the case, and thesehave
been difficult to analyze. Therefore, to overcomethis
problem wehaveto empl oy thegraphica and compu-
tational methods. Up to the middle of the 1960s, the
evaluation of equilibrium measurementswasbased on
thedifferent graphical methods. These methodswere
reviewed in considerabledetailsby Rossotti®, Starting
from middle of the 1960s, computersacquired ever-
gregter importanceintheevauation of equilibriummea
surement datausing multiplewavelengthsor full spec-
trum to determining the stability and acidity constants.
The most relevant reports are on LETAGROP-
SPEFO!, SPECFITE, SQUAD™ and HY PER
QUADUI, All these computational approaches are
based onaninitia proposa of achemica equilibrium
model defining species stoichiometricsand based on
mass-action law and massba ance equations (hard mod-
eling methods) and also involveleast-squares curve-
fitting procedures. Thestarting point of using soft mod-
elingwasin 1971 that Lawton and Sylvestré*¥ intro-
duced chemometrics-based method for spectra analy-
sis. These approaches are freefrom therestriction of
the mass-action law and do not requireaninitial model
of speciesto be set up. Dataanalysis, carried out by
the DATAN package that was devel oped by Kubista
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group*>*3 andiscaled aphysica constraintsapproach,
provides aunique solution by requiring that the cal cu-
lating concentrations obey an assumed equilibrium ex-
pression. It has been demonstrated by application to
the determination of the acidity constantsof two and
four protolytic formsof fluorescein. A possible advan-
tage of the Kubistaet a.l*¥ method isthat it mixesa
soft-modeling approach with ahard-modeling gpproach.
Thismight beabetter and moregenera strategy, snce
it can handledifferent situations, with only apartial
knowledge of thechemistry of thesystem. Thephysica
constraints method cal cul ates spectrd profiles, concen-
trations, and equilibrium constants by utilizing equilib-
rium expressionsthat arerelated to the components.
Thetheory and application of the physical constraints
method hasbeen discussed by Kubistaet a. inseverd
papers[13-23]_

Inthiswork, we applied the physical constraints
approach to determinethe acidity constantsof o-PAN
indifferent binary water-organic solvents(MDF AN,
DMSO) mixturesat 25°C and an ionic strength of 0.1
M spectrophotometrically. Theanaysisisreadily per-
formed with the computer program DATAN3,

Theory

Thetheory and gpplication of thephysicd condraints
method wasdiscussed by Kubistaet d., in severa pa
perd*21 However, the generd principal will beout-
lined briefly.

Spectraof o-PANat different pH valuesaredigi-
tized and arranged in adatamatrix A, which isdecom-
posed into an orthonormal basisset by NIPALSor any
equiva ent method™:

A=TPT+E~» Y tip/ )
i=1
wheretheorthogona target vectorst, and orthonormal
projection vectorsp " aremathematical constructsthat
cannot bedirectly related to component spectraand
concentrations, r isthe number of independent spec-
troscopi ¢ components, which correspondsto the num-
ber of light-absorbing chemica species. Itisdetermined
by visual inspection of thet and P vectorsor by per-
forming statistical methods, such as, y>-test®*1, Eis
anerror matrix.
By assuming linear responses, the spectrain matrix
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A arelinear combinationsof theconcentrations, C, and
spectral responses, V, of the chemical components.

A= CV+E~CV 2

If the spectral profiles of the components are
known, the concentration of each component can eas-
ily becdculated, for example, by least squaresminimi-
zation. If sandardsare not availablethe common belief
has been that the components’ spectral responses can
not be separated, which precludestheir identification.
Thisisdueto ambiguity in determining therotation ma-
trix, R, inthefollowing equations, from Egs. (1) and (2)
follows that there is a square matrix R (r x r) that
stisfies.

T=CR
P=R1V
snceA=CV=C(RR)V=(CR)(RV)=TP"

If R can be determined, the spectral responsesV
and concentrations C of the components can be calcu-
lated fromthetarget T and projection PT matrices:
C=TR* (4a)
V=RPT (4b)

Thethermodynamic expression that describesthe
components’ concentration is the main constraint used
to determine R, fromwhich thermodynamic parameters
and components’ spectral responses and concentra-
tion arecalculated. Therefore, the strategy for deter-
mining therotation matrix Risasfollows. Concentra-
tions of the chemical speciesarecalculated fromthe
equilibrium expressionsfor varioustrial vauesof the
equilibrium constants, and arefitted to the cal cul ated
target vectorsaccordingto Eq. (3a).

Theaccuracy of thisfit dependscrucially onthe
tria vauesof theequilibrium constants, and best fit de-
terminesther valuesand the e ementsof matrix R.

(33)
(30)

EXPERIMENTAL

Materials

1-(2-pyridylazo)-2-naphthol (0-PAN), DMF AN,
DM SO, hydrochloric acid, sodium hydroxide and po-
tassum nitratewereana ytica gradecommercia prod-
uctsfrom Merck. These reagents were used without
further purification. Standard stock solution of 4.0x
10°M of 0-PAN was prepared by dissolving appro-
priate amountsof o-PANinAN, DMF, DM SO.

== Pyl Paper
I nstrumentation

A Scinco (S-2100) spectrophotometer controlled
by acomputer and equipped with al-cm path length
quartz cell was used for UV-vis spectraacquisition.
Spectrawere acquired between 320 and 650nm (1nm
resolution). The pH values were measured by a
Metrohm CH- 9101 pH meter furnished with combined
calomel Ag/AgCI electrode. To precalibrate the pH
meter inthevarious binary organic + water mixtures
used, 0.01M solutionsof oxa ateand succinate buffers
were employed. Then to calibrate the pH meter ac-
cording to the concentration of H* somestrong acid-
basetitrationswere performed. Asthe proton concen-
trationsdriving strong acid-strong basetitrations can
bereadily cal culated, the concentration pH vaue (pH)
=-log[H*]) isrelated to the operationa pH. Thede-
tailsof theelectrode calibration in partially aqueous
solutions mediaare presented el sawhere®, The data
were treated in an AMD 2000 XP (256 MB RAM)
microcomputer usingthe DATAN package.
Spectrophotometrictitrations

For the 0-PAN (8.65x10°M) in water- organic
solventsmixturestitrations, absorption spectrawere
measured with atitration set-up consisting of acom-
puter interfaced to aspectrophotometer. After each pH
adjustment, solutionistransferredinto the cuvetteand
theabsorption spectraarerecorded. lonic strength was
maintained at 0.1M by adding appropriateamounts of
KNO,. All measurementswere carried out a thetem-
perature (25+ 0.5°C).

RESULTSAND DISCUSSION

Theabsorption spectraof o-PAN inbinary solvent
mixturesat variouspH valuesand intheinterva (320
to 650) nm were recorded. Sample spectraof o-PAN
at different pH valuesin 50 vol % of the organic sol-
vents (AN, DM SO, DMF with the pH ranging from
1.5t014) towater at constant. lonic strength0.1 M is
showninfigurel. Theprincipa component anays sof
all absorption data matrices obtained at various pH
valuesshowsat | east three significant factorsthat aso
supported by the statistical indicatorsof Elbergali et
a .2 Thesefactorscould be attributed to the two dis-
sociation equilibriaof adiprotic acid sucho-PAN. The
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Figure 1 : Absorption spectra of o-PAN in (a) 50wt %
acethonitrileto water, (b) 50wt % dimethylsulfoxideto
water, and (c) 50wt % dimethylformamid towater at con-
stant ionicstrength of 0.1M .at different pH values

pKavauesof o-PAN wereinvestigated in threediffer-
ent water-AN, water-DM SO and water-DMF mix-
tures spectrophotometrically at 25°C and an ionic
strengthof 0.1 M.

Acidity constants of 0-PAN in several mixtures

TABLE 1. Acidity constants of o-PAN in different organic
solvents+water mixturesat 25°C and constant ionic strength
of 0.1M

Previous Dimethyl Dimethyl

) . Acetonitrile
report formamid  sulfoxide
W1t% Pkal pKaZ Pkal pKaZ Pkal pKaZ Pkal pKaZ
2.0 12.32
1.9° 12.2°
1.6° 12.2°
2.9% 11.2°
1.9° 12.2°
25 212 11.74 2.7 11.65 2.19 12.16
50 205 1193 23 11.81 1.84 12.74
75 1.95 1225 19 1199 162 12.91
aReferencel®?; PReference®d; cReference®; dJReferencel®;
°Refer encel®®

were evauated using the DATAN program using the
corresponding spectral absorption-pH data. Fromin-
spection of theexperimental spectra, itishard to guess
even the number of protolytic speciesinvolved. The
threeca culated most S gnificant projection vectorswith
clear spectral features (ascompared to noise) evidence
the presence of three spectroscopically distinguishable
components. Their shapes, however, are clearly
unphysical and cannot bedirectly related to the spec-
tral responseof thethree protolytic forms. The output
of the program are pKava uesand their standard de-
viation, the number of principal components, projec-
tion vectors (loadings), concentration distribution dia-
grams, and the pure spectrum of each assumed spe-
cies. Theobtained pKavaluesarelistedin TABLE 1.
The pKavalues correspond to the pH dependent varia-
tion of absorption spectrain al solvent mixtures. There
isagood agreement between the obtained resultsfor
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Figure2: Thepurespectraof different form of 0-PAN (a) 50wt % acethonitriletowater, (b) 50wt % dimethylsul-
foxidetowater, (c) 50wt % dimethylformamid towater at constant ionic strength of 0.1M .at different pH values,

H,L*(1), HL (2, L2 (3)
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Figure3: Variation of acidity constantsvaluesof o-PAN with moleof different or ganic solvents

pKavaluesin thiswork and previously reported val-
ues®-¥1, The differences observed between the pKa
valuesaredueto probable experimental errorsof old
methods, against chemometricsbased methods, by us-
ing thewhol e spectral domain, reduce considerably the
level of noise. So the obtained acidity constants are
morereliable and preci sethan previous methods. One
of thevery important outputsof DATAN iscalculated
spectrum of different formsof o-PAN at each solvent
mixture. Samplespectraof the ca cul ated pure spectral
profilesof al speciesindifferent organic solventswater
mixturesare showninfigure2. Asthemolefraction of
organic solventsincreased, the absorption intensity
changes differently for each species of o-PAN. Itis
interesting to notethat the nature and the composition
of the solvent have afundamental effect on each pure
gpectrum. Asisclear fromfigure 2, thiseffectismore
for H,L* and L- than HL. The spectrum of the H_L*
specieshasal _ at 425nm. Thesolvent effect onthis
pectrumisvery interesting. Asthevarioussolvent, the
changed absorption intensity. This can be described
using the nonel ectrostatic (H-bonding) property of the
stabilization and/or destabilization of theground and
excited states of the n—r*and —= * trangitions. The
appearance and disappearance of some shoulder and
absorption peaksof each speciesisrelated to thetype
and mass percent of theorganic solvent.

Asdiscussed above, thisindicatesthat theacid ion-
ization constants of o-PAN obtained in various aque-
ous mixturemediaof acetonitrile, dimethyl sulfoxide,
dimethyl formamid and are governed by electrostatic
effects. Acidity constants of two stepsof dissociation
0-PAN at first step decrease and second step increases
withincreasing molefraction of thesolventsinthemixed

L —
N
HO

SCHEME 1: Chemical structureof o-PAN

binary solvents. It has been shown that the solvating
ability!®" (asexpressed by the Gutmann donicity scal€)
and did ectric congtant of the solvent play afundamen-
tal rolein dissociation reactions. Water isasol vent of
high solvating ability (i.e., donor number DN = 33, di-
electric constant € = 87.3), which can dissociate the
acid and stabilize the produced anion and hydrogenion.
Thus, it isexpected that addition of acetonitrile (DN =
14, £=36), dimethyl sulfoxide (DN = 26.5, = 46.6)
and dimethyl formamid (DN = 26, e=44), with lower
donor numbersand diel ectric constantsrel ativetowa:
ter decreasethe extent of interaction between theacid
anion and proton with solvent, and this decreasesthe
acidity constantsof o-PAN.

Itisinterestingto notethat thereisactualy alinear
relationship between the pKaof two dissociation steps
and themolefractionof different solvents (X, ..Jin
the binary mixed solventsused in figure 3. Thesame
trend has aready been reported for various organic
moleculesindifferent solvent mixtures®4., |t hasbeen
reasonably assumed that preferentia solvation of the
charged particlesby waterismanly respongblefor such
amonotonic dependence of acidity constantsof theo-
PAN on the solvent composition. So accordingtodis-
tribution diagramsit ismay concludethat the spectraat
smaller pH than 1.5 assignedtoH L *form becausethis
formisdominated at thisrange. At pH 2.0-10.5inter-
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Figure4: Digribution of major speciesof 0-PAN H_L*(1),
HL-(2), L% (3),asafunction of pH for the spectral data of
figures 1

valsthe HL formisdominated and hencethe spectra
mostly attributed to thisform. The L2 form appeared at
pH>11.5. Samplesof obtai ned distribution diagrams
areshowninfigure4.

Itisclear that, thedissociation of anuncharged acid
in asolvent requiresthe separation of two ions of op-
posite charges. Thework required to separate these
chargesisinversaly proportional tothedielectric con-
stant of the solvent. Theenergy required for dissocia-
tion issupplied by solvation of theionsand aso the
proton transfer from acid to the sol vent molecule sup-
pliesanadditiond energy. If thediel ectric constant and
the solvating ability of the solvent are decreased, more
energy will berequired to separatetheanion and cation
and consequently the extent of dissociation of acid will
belowered. Therefore, thedecreaseinfirst step and

theincreasein second step of dissociation constantsis
duetoincreasing themolefraction of acetonitrile, dim-
ethyl sulfoxide and dimethyl formamid, inthebinary
mixed solvent.

CONCLUSION

Inthis study wereport, acidity constant of the 1-
(2-pyridylazo)-2-naphthol (0-PAN) in different and
mixed solventsat 25°C and an ionic strength 0.1 M.
We have usedthe DATaAnaysis(DATAN) program
to analyze correl ated spectroscopic data ThepK , val-
uesof 1-(2-pyridylazo)-2-naphthol (o-PAN) obtained
indimethyl formamid, acetonitrileand dimethyl sulfox-
ide-water mixtures. Theeffect of solvent propertieson
acid-base behavior isdiscussed. Thisindicatesthat the
acidionization constants of 1-(2-pyridylazo)-2-naph-
thol (o-PAN) obtained in various organic-water mix-
tures are governed by electrostatic effects. The pKa
values correspond to the pH-dependent variation of
absorption spectrainal solventsmixtures. The physi-
ca congtrainsmethod (DATAN) isauseful tool for the
resolution of different speciespresent inamulti-equi-
libriasystem.
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