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Adopted:
OECD GUIDELINE FOR TESTING OF CHEMICALS 12 May 1981

"Dissociation Constants in Water"
(Titr ation Method - Spectrophotometric Method -
Conductometric Method)

1. INTRODUCTORY INFORMATION

e Prerequisites

— Suitableanalytical method
— Water solubility

e Guidance information

— Structural formula
— Electrical conductivity for conductometric method

* Qualifying satenents

— All test methods may be carried out on pure or commercial grasiasces. The possible
effects of impurities on results should be&sidered.

— Thetitrationmethal is not suitable for low solubility compieds (see Test solutioriszlow).

— Thespectrphdometricmethdl is only applicable tocompodshaving appreciablifferent
UV/VIS-absaption spectra for the dissociatedd udissociated forms. Thisathod may
also be suitable for low sdiility compoundsand for no-acid/base diss@tions, e.g.
complex fornation.

— In cases where the Onsageragun hdds, the cadwctametric methal may be used, even
at moderately low awentrationsaind even in cases formacid/base equilibria.

» Stardarddocunents

This Test Guideline is based oetimods given in the references listed in Section 4 and
on the Prelinmary Draft Gudance for Premamacture Notification EPA, Augusi8, 1978.

Users of this Test Guideline should consult the Preface,
in particular paragraphs 3, 4, 7 and 8.
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2. METHOD

A. INTRODUCTION, PURPOSE, SCOHRE, RELEVANCE,
APPLICATION AND LIMIT S OF TEST

Thedissociation of @henical in water is of importance in assessing its impact upon the
environment. It geernsthe form of the dastance which in turn determines its behaviour and
transport. It may affect the adption ofthe cherital on soilsandsedimentsandadsoption
into biolagical cells.

e Definitions and units

Dissaiation is the reversible splitting into two or more chemical spedigshwmay be
ionic. The praess is indicated generally by

RX ==R" + X~
andthe concentration eijbrium constant governing theeaction is

WIils
K=

For example, irthe particulacase where R is hydrogéhe substance is an acid), the
constant is

o X
K, =W o
or
S (X
PK, = pH - log X

« Reference substances

The folloning reference compmls need not be employed ailh cases when
investigating a new substandéey are provided primarily so thaalibration ofthe nethod
may be performed from time to tinad to fier the chance to compare thesults when
another method iapplied.
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pK, (1) Tenp. in °C
p-Nitrgohenol 7.15 25*
Benzoic acid 4.12 20
p-Chloroaniline 3.93 20

It would be useful thave a substance with several pK's as indicated in Principle of the

method, below. Such a compound could be:

Citric acid PK.(8) Tenp. in °C
1) 3.14 20
2) 477 20
3) 6.39 20

Principle of the test method

The cherital process describedgenerally only slightly temperature dependent in the

environnentally relevant teperaturerange.The deternination of the dissociation coestant
requires a measure of the concentrations oflibgociatedand uadissociated forms of the
chenical substance. From a knowledge of thdckiometry of the dissociation reaction
indicated in Bfinitionsand wits, abee, theappropriate constasan be determined. In the
particular caselescribed in this Guideline the substandgeisaving as aacid or a base, and
the deternmation is most caveniently done by determining thelative concentrations of
ionised and unionised forms tife substancandthe pH of the solutiorThe relatianship
between thesterms is given in the egtion for pKin Definitionsand uits, abee. Some
compoundexhibit more than ordissociation cestantand sinilar equationgan bedevelped.
Some of the ethodsdescribed herein amdso suitable for neacid/base dissa@tion.

*

No value for 20°C is available, but it can be assumed that the variability of measurement results is higher than the
temperature dependence to be expected.



112

page 4 "Dissociation Constants in Water"

* Quality criteria

Repeatability

The dissoiation castant should be replicated (a minimum of three detatims) to
within £ 0.1 log units.

B. DESCRIPTION OF THE TEST PROCEDURES

There are two bas@pproaches to the deteémation of pK, One involves titrating a
known amount of substance with standard acid or base, as appropriate; thevolhes
determining the relative concentrations of the ioniaed unionised forms arkeir pH
dependence.

e Preparations

Methods based on those principles maglassified asitration, spectrophotometric and
conductometric procedures.

Test solutions

For thetitration methodand conductometric methdte cherical substance should be
dissdved indistilled water. For spectrophotometaiad dher methods buffer solutioage used.
The camcentrations of the test substances shouléxm#ed thdesser of 0.01 M or half the
saturation concentraticandthe purest available form of the substance should be employed in
making up the solutions. If the substance is only sparingly soluble, it nthgddeed in a
small amount of a water-miscible solvpribr toadding to the awcentrations indicated above.

Solutions should be checked for the presence ofs@ns sing a Tyndallbeam,
especially if a co-solvent has been used to enhance solubility. Wfferesblutions are sed,
the buffer concentration should rextceed 0.05 M.

e Test conditions

Temperature

The tenperature should be conllel to at least + 1°CThe deternination should
preferably be carried out at 20°C.
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If a significant temperatudependence is suspected, the detexrtion should bearried
out at at least two other temperatufide tenperature intervals should be 10°C in this case and
the temperature atrol £ 0.1°C.

Analyses
The nethod will bedetermined by theature ofthe substance being tested. It must be
sufficiently sensitive tallow deternination of the different species at the test solution

concentrations.

 Performance of the test

Titration method

Thetest solution is deteiimed bytitration with the standarbbase or acid solution as
appropriate, measuring the pH after eadtition of titrant. At least 10 incremental additions
should be madbefore the equivalenceipb If equilibrium is reached sufficiently rapidly, a
recording ptentiormeter may be used. For this method both the totaitiy of substance and
its concentratiomeed to beaccurately known. lecautions must biaken toexclude carbon
dioxide. Details of procedure, precaut) anctalcuation are given in standatdsts,e.qg.
references (1), (2), (3), (4).

Spectrophotometric methods

A wavelength is found where the ionisatl unionised forms difie compountiave
appreciabhifferent extinction coefficienthe UV/VISabsaption spectrumishiained from
solutions of constant concentratiomder a pH codition where the substance is essentially
unionised and fully ionised andsaveral intermediate pHEhis may be donejther byadding
increments of concentrated acid (base) to a relatively large volume of a solution of the
compound in a multicompent buffer, initially atigh (low) pH(ref. 5), or byadding equal
volumes of a stock solution of the compound in e.g. water, methanol, to constant volumes of
various buffer solutions gering the desired pH range. From the pH aosbrbance values at
the chosen wavelength, dffaient number of values for the pis calculated using data from
at least 5 pH's where the compound is at least 10 peanglgss than 90 per cent ionised.
Further experimental detaidésyd rethod of calclation are given in reference (1).
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Conductometric method

Using acell of small, known cell constant, the conductivity of an appateiyn 0.1 M
solution of the compound in conductivity water is mezditrhe conddtivities of a number
of accurately-radedilutions ofthis solution aralso meased. (The cocentration idalved
each time, anthe series should cover at least an orderagfnitude in concentratig The
limiting conductivity ainfinite dilution is found bycarrying out a similar experiment with the
Na salt and extrapolating. The degree ofdissociation maythen becalculated from the
conductivity of each solution using the Onsageatign,and hence usintpe Ostwald Dilution
Law thedissociation costant may be calculated as Ki%(C/1 - a where C is the ewentration
in moles per litreanda is the fraction dissociated. Precautions musaken toexclude CQ
Further experimental detaded method of calclationare given in standard texaadreferences
(1), (6) and (7).

3. DATA AND REPORTING

e Treatment of results

Titration method

The pK, is calculated for 10 measd points on thetration cuve. The mean and
standard deviation of such pkluesare calculated. A plot of pH versus volumestaindard
base or acid should lhecluded along ith a tabular presentation.

Spectrophotometric methods

The absorbancand pHaretabulated froneachspectrum. At least five values for the
pK, are calculated from the intermediate spedata pointsand the mearand standard
deviation of theseesultsarealso calclated.

Conductometric method

The eqgivalent conductance) , is calculated foeach acid aacentratiorand for each
concentration of a mixture of one aglent of acid, plus 0.98 equivalent of carbonate-free
sodium hydroxide. (The excess acid is to prevent an excess du®ib hydrolysis.) & is
plotted againstC andA, of the saltcan be found bgxtrapdation to zero cacentration.
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N, of the acid can bealculated sing literature values for Hand N&a. The pKa can be
calculated fron = A,/A, and Ka =a?C/1 - a for each cocentration. Better values for Ka
can be obtained by makingroections for mbility and activity. The mean anstandard
deviations of the pK&alues should be calculated.

e Test report

All raw data anctalculated pKvalues should be submittecgether with rathod of
calcdation (preferably in aabulated format, such agigiested in ref. 1) as should gtatistical
parameters described a&bo Fottitration methds, details of the standardisation tifants
should be given.

For spectrophotometric metitmall spectra should be submitted. For the conductometric
method, details of the cell constant deteation should beeported. Inforration ontechnique
used,analytical methodsandthe nature of any bufferssed should be given.

Thetest temperature(s) should be reported.
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