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ABSTRACT

Dissociation constants ()X of an indicator acid, 2,5-dinitrophenol in 20, 480, 60 and 70 wt.% ethanol-water
mixtures at 2540.%C temperature were determined spectrophotometyicale pure indicator acid and potassium
salt of indicator acid show maxima at 450 nm in #&ble range. At first the spectrophotometricalatave been
analyzed in terms of an ion-pair intermediate mo&eit the experimental values @f,. potassium salt of indicator
acid and the derived values of interceptf using ion-pair intermediate model show a sharfedénce. So this
model was not applicable in this case. For thisadternative treatment, simple dissociation moded haen applied.
The maximum drop in pKvas found to occur around 20 wt.% ethanol-watextares. This has been explained as
due to increase in solvation energy for anion af #tid by London Dispersion Force Mechanism. Theaditic
increase in pKvalues above 20 wt.% ethanol has been assumeel dod to decrease in dielectric constant of the
medium.
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INTRODUCTION

There has been much attention on the use of be@ment systems for many purposes and practicdlcagipns.
These mixtures have also been used as solventeisttidy of various physiochemical properties efceblyte
solutions [1-4]. Among the mixed solvents, wated afcohol mixtures have been widely used both empmrtally
and theoretically to follow the type of interactibletween the polar and non-polar molecules thrduglrogen
bonding.

Liquid water according to the view of Frank and WBhhas been considered to have a remarkablestsilizing
three dimensional hydrogen bonded flickering clisstgith life times of the order of I8 seconds. These entities
are maximally hydrogen bonded and voluminous matiater open structured liquid full of cavities.

The liquids, alcohols, like water are hydrogen keEmhdAlthough this intermolecular bonding has arggrnfluence
on the properties of the liquid, it is clear thaea structures are not formed as in water. Hydrdgemding alone
cannot account for the oddity in properties thattiserved when alcohols are mixed with water.

Franks and Ives [6] reviewed in detail the struetaf alcohol-water mixtures. From the simple vielve
hydrophobic hydrocarbon group in alcohol may beardgd as opposing the effect of the hydrophilicrbysl
group in its attempt to pull the molecule into smn. The hydroxyl group can form hydrogen bondshwhe
solvent molecules, acting either as donor or aceept
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It now seems clear that the initial addition ofcddol to the mixture increases the degree of stradiwough co-
operative effort to which hydrogen bonding is they.kThe alcohol molecules though opposing havertioe
affinity for water and become trapped in the irtiees of the existing three dimensional clustemoek. With more
introduction of alcohol, the structural breakdowrniater ensues, the sooner the more foreign isttagler alcohol.
On the other hand, with the addition of small amaafrwater to alcohol, the changes in the physpcaberties of
alcohol are less profound than observed on addiradl @mount of alcohol to water as alcohol is lgtsactured than
water.

This is why, to show a medium effect and to gathedence on the role of ethanol in the ethanol-watigtures as
solvents, a study of dissociation of 2,5-dinitropblein 20, 40, 50, 60 and 70 wt.% ethanol-watervesol
compositions has been undertaken in this invesigdty spectrophotometric method.

MATERIALS AND METHODS

2,5-Dinitrophenol (Aldrich, 80% pure), KOH (E. Mé5,c99.8% pure), HNQ(E. Merck, 65% pure) and Ethanol (E.
Merch, 99.9% pure) were used as reagents. 2,5a@jphienol was purified by recrystallization from atiol. The
vacuum dried product melted at 113°C [7]. The retelized 2,5-dinitrophenol was kept over Cai@la vacuum
desiccator. Analysis of the recrystallized sampgega purity of 100%. The recrystallized sample sasied out
free from moisture and carbondioxide. Double didilwater with the specific conductance 1.2-1.3%afni*cm™
was used for sample preparation.

The initial concentration of 2,5-dinitrophenol wlasown by weight using ethanol-water mixtures avesal. The
experimental solutions were made by dilution ofaamrated solution with the help of micropipettes@ution of
KOH was prepared by weight and ethanol-water métwas also used as solvent. The actual strengiObt
solution was determined by titration with succiaiid using phenolphthalein as an indicator. DikgRitions were
made by dilution of concentrated KOH solution. Thiéial concentration of K-salt of 2,5-dinitrophdneas known
by weight and the solution of KOH was used as sulvéhe experimental solutions were made by ditutod
concentrated solution and the solvent used watedsilution of KOH.

The spectra and absorbance values were obtaineg wed spectrophotometers (one was SHIMADZU UV-Kisi
Recording Spectrophotometer—-Model 180 and another @INTRA UV-Visible Spectrophotometer) by selegtin
wavelength at 450 nm. Teflon capped silica cellsldf0 cm light path were used throughout. The celise
calibrated and the constancy of calibration wasckbeé by measuring the absorbance of standard potass
chromate in 0.05 M KOH solution periodically. Allé measurements were carried out at 25+0.5°C tatoper

RESULTS AND DISCUSSION
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Fig. 1. Plots of absorbance versus concentration 8f5-dinitrophenol in ethanol-water mixtures at 450nm
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Fig. 2. Plots of molar absorptivities of the indicéor versus concentration of nitric acid in ethanolwater mixtures at 450 nm
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Fig. 3. Plots of absorbance versus concentration pbtassium salt of 2,5-dinitrophenol in ethanol-wagr mixtures at 450 nm
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Table 1. Summary of€,. and pK, values of 2,5-dinitrophenol in different wt.% of éhanol-water mixtures at 450 nm

Wt.% of Ethanol €~ x 10°
Experimental Intercept pK
20 0.4550 0.3540 5.04
40 0.4920 0.2370 5.30
50 0.4926 0.2524 5.42
60 0.4780 0.2160 5.53
70 0.4270 0.3382 6.63

From the typical spectra of 2,5-dinitrophenol (BBP) and potassium salt of 2,5-dinitrophenol (Kisaf 2,5-
DNP) in 20, 40, 50, 60, and 70 wt.% ethanol-watetunes we can find that in all the media the imdic 2,5-DNP
exhibits absorption maxima at 350 nm (ultraviokety 450 nm (visible) but K salts of 2,5-DNP exhskibsorption
maxima at only one of these two wavelengths ie45® nm (visible). In the presence of a non alisgriacid
(HNOs) the peak tends to shift towards low waveleng80(Bm) region.

The values of absorbance as a function of condemiraf 2,5-dinitriphenol in ethanol-water mixturas 450 nm
represented by the Fig.1 reveal that Beer’s lamotsobeyed at 450 nm. Based on this small curvatfitiee plots at

450 nm, it was decided to use the wavelength 45Qmtast the applicability of ion-pair intermediatedel [7] in
the present case. The ion-pair intermediate magledtéon is as follows:

)2
_ (Dapp- _D) % f? C,
app. In” Dm- _ DI K i

A

where, the apparent molar absorptivi@app_, is defined asl,japp-_ th here, A is the observed

absorbance at a particular wavelength, b is th# lath (cm) and ds the total analytical concentration of the
indicator.

For evaluation of f, the Debye-Huckel limiting lawas used. Thus, in terms of the experimental gtiesti

—logf = A’

where the limiting slope Awill assume values characteristic of the dieleatnnstant of the different ethanol-water
mixtures used [8].

Therefore, A" = 1.8246x£0(DT)*?
where, D and T are the dielectric constant andehmerature in absolute scale respectively.

The values of€” at 450 nm were determined from the limiting spatt of the indicator containing different
amounts of nitric acid which does not absorb atgblected wavelength. The values of molar absadtigsy [ of
the indicator as a function of concentration ofaalded non-absorbing acid (HMGit 450 nm are shown in Fig. 2.
The linear portions of the plots were extrapolaiedero acid concentration and the extrapolatedesabf€ so
obtained were taken to gi¥ for the wavelength 450 nm.

Beer’'s law is valid at 450 nm for solutions of pEsiaim salt of 2,5-dinitrophenol over the studiedicamntration
range. The values of absorbance as a function rdfestration of potassium salt of 2,5-dinitrophea@ shown in
Fig. 3. The values of the constaff, at 450 nm was evaluated from the slope of the r@bsge versus
concentration plots of the potassium salt of 2/stdiphenol. The final trial of ion-pair intermetitamodel is
illustrated in Fig. 4.

The two sets of,. values, obtained from the experimental values baseithe absorbance data of potassium salt of
2,5-dinitrophenol and the derived values from theericept of ion-pair intermediate model equationtgplfor
different solvent compositions as shown in Fig.ré eepresented in Table 1. The values show a rexhbrk
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difference suggesting that ion-pair model is nopliagble in the present instance. So, an alteraasivmple
dissociation model has been used to calculateKhefi2,5-dinitrophenol.

The values of pKof 2,5-dinitophenol in 20, 40, 50, 60 and 70 we¥anol-water mixtures (pkof 2,5-DNP in
water is 5.249]) represented in Table-1 shows that at first pig values of 2,5-dinitrophenol in ethanol-water
mixtures decreases up to 20 wt.% of ethanol anal ith@eases with the increase of ethanol conteesdntly found
values are almost in agreement with the earliekensr[10-11]. This trend is due to the initial d=ase in pK at
lower alcohol region, the dispersive force is daaninover the electrostatic force caused by the fimgeof
dielectric constant and thereby an overall decréageK, was observed up to 20 wt.% concentration of alcoho
component in the solvent mixture. After that comflas range, the electrostatic force of attractimedominates
over the dispersive force as a result of which mi€reases with the increase of the concentratidgheonon-aqueous
component of the binary solvent mixtures.

CONCLUSION

The study of dissociation constants of 2,5-dinitvepol in different composition of ethanol-water tabes helps us
to understand the behaviour of weak acid in alceveter mixtures. This type of study also providesopportunity
to find the applicability of ion-pair intermediateodel and simple dissociation method in the deteauron of pk,
of weak acid in ethanol-water mixtures. From ouwrdgt we can find that ion-pair intermediate modelnizt
applicable but simple dissociation model is apiliean our case.
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