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        Determination of the Mixed Dissociation Constants of Dibasic

                   Acids by a Successive Linear Regression

                   Norihisa ISHIKAWA*and Hiroshi MATSUSHITA*

                               (Received April 4,1986)

              A　 linear analysis is presented which enables the mixed dissociation

           constants of dibasic acids to be determined by using pH-titration data. The

           proposed method is based on the linear equations in which the successive

           dissociation constants and the activity coefficient of the hydrogen or

           hydroxide ion are unknown constants. Linear equations are solved by a

           combination of a least squares method and an iteration technique, i.e.,a

           successive linear regression analysis. The validity of the method was proved

           by the determination of mixed constants for tartaric and Succinic acids.

              The advantage of the method is that it does not require knowledge of the

           activity coefficients of the hydrogen and hydroxide ions for the determination

           of mixed constants.

1. Introduction

   The mixed dissociation constants of acids, the activities of the hydrogen and hydroxide

ions being used in conjunction with concentrations of other species, are widely utilized in the

fields of the equilibrium calculations1)and quantitative analysis of Weak acids2)-4).

    In earlier methods5)-7) for determining mixed constants, activity coefficientS of the

hydrogen and hydroxide ions, which may not even be estimated experimentally without non-

thermodynamic assumption, should be known beforehand.

    In the preceding papers8)9), we proposed two methods for the determination of the mixed

dissociation constants of monobasic weak acids. In a first method8>, the approximate mixed

constants ranging from 10-4 to 10-lo are determined by lineariZation of the pH-titration data,

i,e.,from the slope of a linear plots of v vs. v・10-PH where v is the volume of titrant added.

The main advantage of the proposed method is that neither concentrations of the acid and

titrant nor the volume of acid is required for the determination of mixed constants;hence

the time-consuming standardization of the acid and titrant iS unneccessary. In a second

method9), the mixed constants of monobasic acids are determined by solving the Iinear

equations in which the dissociation constantS and concentrations of acids, and activity

coefficients of the hydrogen and hydroxide ions are unknown constants.

   The determination of the mixed dissociation constants of a dibasic acid, on the other
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hand，have not been yet studied without the uti1ization of activity coefficients of the

hydrogen and hydroxide ions・

   This paper describes an approach to the determination of successive dissociation

constants of dibasic acids in which the ratio of two successive constants is less than103．In

the proposed method，ca1cu1ations are based on a1east squares method in combination with

an iterative procedure in which activity coefficients of the hydrogen and hydroxide ions need

not be known．

2． Limar Eq11ations for the lDetermimti0110f皿ixed Dissociation Constants

   For convenience，a11signs ofcharge are omitted throughout the paper．Consider the case

whereadibasicacidH2Wwithinitia1vo1umeγandconcentrationcwistitratedwithastrong
base of initia1concentration cB and the deprotonation reaction is fo11owed pH－metrica11y by

using g1ass and reference e1ectrodes ca1ibrated with pH－standards．An titrations are

P・・fg・m・d・t・…t・・ti・・i・・t…gth…dth・・th・i・・i…ti・ity…ffi・i・・t…d1iq・id

junction potentia1s are assumed to remain constant during the course of a pH－metric

titratiOn．

   The mixed su㏄essive constants，KM，in the successive dissociation stage of H2W are

given by Eqs．（1）and（2）：

                                    αH・［HWコ

                               耐＝                   （1）
                                     ［H．W］

                           外α・．［W］，K￥。耐

                                ［HWコ

whereαH denotes the activity of hydrogen ions and ［ ］ the concentration of species．

   The fo11owing equation is va1id for each titration point4〕．

                             ・。・・肘・α三’十2・耐・耐・α畳2・w・γ
                （［H］一［OH］）十  ＝            ’
                             γ十・1＋耐・・青’十耐・耐・α畳2「γ十・

where o is the vo1ume of titrant added．

   Rearrangement of Eq．（3）yie1ds

                  1      1           α。 Kダ
            ッ＝一Kγ’κ1＋伽・一万’（［・1一［・H］）’（γ十・）’（ユ十。ポ、、）

where ツ＝0－0e

κ1＝0・αH

κ2：

2・0。一〇

（2）

（3）

（4）

（5）

（6）

（7）

0H

and o、（＝cw・γ／cB）is the vo1ume of titrant required to neutra1ize the acid in the first

dissociationstage，1．e．，theequiva1encevo1㎜eoftheacid．

   In acidic regions（［H］〉［OH］），Eq．（4）gives
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     ユ           エ

ツ＝ jγ．κ1＋伽r．B・、、’κ・ （8）

where

κ・一（γ・・）・α・・ i1・和㌣） （9）

andγH is the activity coefficient of hydrogen ions．

In a1ka1ine regions（［H］〈［OH］）

                           ユ

                     ツ＝一札

Eq．（4）9ives

           KW’α・。・、
’κ1＋砂什、、・、。、’κ・ （10）

where

                            κ1÷・（！・許÷    （・・）

，γ0H＝activity coefficient of the hydroxide ion，凪＝thermodynamic dissociation constant

of water，andαH20＝activity of water．

   Eq。（8）or（10）is a1inear equation with four variab1es and so1ved by a1east squares

method．Eq．（8）or（10），however，requires the know1edge of KiM（i＝1，2）in狛。r必．This

di1e㎜acanbeso1vedbyaniterationtechnique，e．g．，bystarti㎎anapproximateva1uefor
KiM（i＝1，2）and ca1cu1ating a va1ue for局。rκるby using Eq．（9）or（11）and then using this

va1ue for狗。r机in Eq、（8）or（10）for eva1uating KiM（i＝1，2）．The狛一term containing the

approximate va1ues of dissociation constants becomes sma11in comparison with other terms

／ ／
5 ／、／・

^／／／
毛・

。 、／∵／／イ／ 一一ノ 一！ 一 ’ 一  ’

O
）
．岩

頁
箏

①

ミー・

ξ

 ’一／つQ4 ^｛／’ k、・／！／ ／1／／／／／’

@’ ／／’／_〃ζ／・・1＼、．，ノ・／／

／＼ノ／／

@／
＿1∩一10

Fig－1 Contributions of the different terms in Eq．

     （8）to theツーva1ue at different pH－va1ues．

     It is va1id for a titration of100cm3of0．01

     mo玉・dm－3so1ution of an acid having
     different pK，M－va1ues，with0．1mo1・dm－3

     KOH            γH＝1，

         pK1M＝3and pK2M＝4，一一一一一一一一Pκ1M＝4

   ・・dpK．M－5，一一一・一pKlM＝5・・dpK．M：6；

   1，ツ；2，一πI／KlM；3，κ。M・κ。；4，一κ。／・。．

3       4

pH

as the titration proceeds，and so fast convergence may be expected in most cases（see Fig．

1in which the va1ues of the termsツ，κ、／K1M，瓦M・狛and狛／cB in Eq．（8）are shown for

different pH－va1ues）。Severa1iterations are usuauy sufficient to obtain two consecutive

va1ues for KiM（i＝1，2），which do not differ by more than，for examp1e，0・1％・The

approximate va1ues for pK，M and pK；M may be taken as equaI to the pH va1ues corresponding

to the1／2－and3／2－neutra1isation points respective1y．
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    In neutra1regions（［H］z［OH］），mixed constants are direct1y determined by so1ving

the1inear equations with three variab1es ofツ，κ1，and狛because the1ast term in the right－

hand side of Eq．（4）may be neg1igib1e in comparison with other terms．According to the

nmlerica1calcu1ations，Eq．（8）is avai1ab1e in the range pH＜8and Eq．（10）in the range

pH＞6．

3， Res汕ts and Disc11ssion

    ’Wmerたa’Coηs’de帽打。ηs oη肋eハ。curacy of肋e Proρosed〃e肋。d

    The accuracy ofthe proposed method in acidic regions was examined fordifferentva1ues

of瓦M by using theoretica1titration data．The ca1cu1ations were made for a titration of100

cm3of0．01mo1・dm－3acid with0．1mo1・dm－3potassi㎜hydroxide．It was assumed that

p瓦M＝pK1M＋1，γH＝！，and the pH－vaIues and vo1umes of titrant are measured to three

decima1p1aces．In these examp1es，first and second dissociations over1ap each other．

Titration data from the beginning of the titration to pH＝pκMat O．2－pH interva1s were

Table1 Errors in mixed constants and activity coefficient of the hydrogen ion resu1ting from

systematic errors in the pH va1ues and vo1umes of titrant for a titration of100cm3of

0．01mo1・dm－3acid with0．1mo1・dm■3KOHa〕

Errors in Errors in

△PHb） p対 p対  γ｛〕 △。／％d） P対   M        c〕
pK2    γH

（1）pK讐＝3and pKy＝4；pHe〕＝2，6－4．0．

 O．OO     O．OOO     O．OOO    ＜O．1

 0，01      0．010      0，010     －2，3

 0，02    0．020     0，020    －4．5

（2） pK讐＝4and pKy＝5；pHe〕＝3．2－5．O．

 0，OO      O．OOO      O．000     ＜：O11

 0，01    0．010     0，010    －2．2

 0，02     0．020     0，020     －4．5

（3） pK讐；5and pKy；6；pHe〕；4．O－6．0．

 O．OO      O．O00      0．O00       0．5

 0，01    0．010     0，010    一ユ．8

 0，02    0．020     0，020    －4．2

（4） pK讐＝6and pKぎ＝7；pHe〕＝5．O－7．0．

 O．OO    O．OOO     O．OOO    －2．5

 0，01    0．010     0，010    －5．2

 0，02      0．020      0，020     －7．3

0．O      O．OOO

O．ユ      O，000

0．2       0．00エ

O．O       O．000

0．1     0．000

0．2     －O．001

0．0      0．OO0

0．ユ       0．000

0．2       0．000

0．O      O．000

0．1     0．OOO

O．2    －O．O01

 O．OOO    ＜O．ユ

ーO．O03    －O．1

－O．005    －O．エ

 0．OOO   く＝＝O．ユ

ー0．O03    ＜O．ユ

ーO．O05    －O．1

 O．OOO      O．5

－O．002      0．5

－O．005      0．4

 O．OOO     －2，5

－O．O02    －2．3

－OlO05    －1．7

a）1twasass㎜edthatp雄＝p”十1andlheactivitycoeffidentofthehydrogenionisunity．
b）Systematic errors in the pH values．

c）Percent re1ative errors．

d）Systematic errors in the vo1umes of titrant．

e）The pH range used for the calculation．

（4）
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uti1ized for the ca1cuIation．A desk programmab1e ca1cu1ator is sufficient for eva1uations to

be made．

    The errors in mixed constants and activity coefficient of the hydrogen ion resu1ting from

the systematic errors in the pH va1ues and vo1umes of titrant are shown in Tab1e1．InTab1e

1，the iteration is repeated unti1two successive va1ues for KiM（i＝1，2）agree to within0．1％．

Tab1e l shows that errors in the pH va1ue direct1y affect the mixed constants，ク．e。，errors

in pK，M－and pK；M－va1ues are identica1with△pH．In contrast，the vo1ume errors do not

significant1y affect the pK1M va1ue but s1ight1y affect the p凡M va1ue at the rate of－0．0025

pKM unit／O．1％一△o，as is evident from Tab1e1．

   An error in activity coefficient of the hydrogen ion increases with an increase in the p凪M

va1ue even when△pH＝0or△o＝0％．This is due to the fact that the third term in the right－

hand side of Eq。（8）becomes sma11re1ative1y in comparison with other terms as the pH va1ue

increases．It shou1d be noted，however，that the ionic activity coefficients obtained by Eq．

（8）or （10）are the apParent va1ues inc1uding the changes in1iquid junction potentia1s．

   Consequent1y，in order to determinethe mixedconstants with an accuracy of1essthan±

O．01pK M unit the pH va1ues shou1d be measured with an accuracy of1ess than±0．01pH

unit and the vo1ume of titrant with an accuracy of1ess than±0．4％．

    EX∂mρ’eS

   To examine the app1icabi1ity of the proposed method，pK，M va1ues ca1cu1ated from

titration data reported by Ivaska4〕were compared with the va1ues given in the1iterature．

   Mixed constants of tartaric and succinic acids determined by using Eq．（8）are

summarized in Table2．The pH va1ues uti1ized have been measured to O．001pH unit．In

’Tab1e2 Determination of dissociation constants of dibasic acids at25℃

         Ionic strength；0．1mo1・dm－3（KCl）

Acids Tartaric acid Succinic acid

（ユ）Experimenta1conditions

Concn．of titrant（mo1・dm…3）

Initia1vo1ume（cm3）

Concn．of acid（mo1．dm－3）

pH range used for the caIculation

（2） Resu1ts

pKγ

p対

｛This method

         4）Literature

｛ This method

         4）Literature

O．ユ008（KOH）

50．82

       －3
9，89パユ0

3．29－4．ユ1

0．ユO08（KOH）

51．2ユ

       一3
8，525・ユ0

4．30－5．23

2．888            4．080

2．878            4．077

4．011      5・337

4．01！      5．335

Tab1e2，the1iterature va1ues were determined駅aphicauy as fonows；（1）The activity

coefficient of the hydroge血ion is assumed to be0・794at an ionic strength of O・1mo1・dm’3・

This va1ue was calcu1ated from the measured pH va1ue in hydroch1oric acid of known

                                      （5）
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concentration according to the equation焔＝10■PH／［H］and may inc1ude the error based on

the change in1iquidjunctionpotentia1s．（2）The届Mva1ue is formu1ated as a function ofK，M，

〃，and ［H］．（3）By assuming different va1ues for pKM and ca1cu1ating the corresponding

pK；M，a1ine va1id for one titration point can be p1otted in co－ordinates p瓦M and p瓦㌣

Different titration points give different1ines and their point of intersection gives the desired

va1ues of pK，M andきp届M．

    The va1ues of＾ixed constants obtained by the present method，p瓦M＝2．89and pκM＝

4．01for tartaric acid and4．08and5．34for succinic acid，agree with the va1ues given in the

1iterature4），2．88and4．01，and4．08and5．34respective1y within O．01pKM unit．These

resu1ts suggest that theγH va1ue used in Ivask－a’s work is reasonab1e，In fact，the怖va1ue

ca1culated from the coefficient of狗in Eq．（8）by using the titration data for tartaric acid

which is a§tronger acid than succinic acid was0，804and approximate1y agreed with the

va1ue，0，794，used by Ivaska．

    The main advantage of the proposed method in comparison with the previous method4）

is that activity coefficients of the hydrogen and hydroxide ions need not be known for the

determination of the mixed dissociation constants．Thus，an error arising from a specified

va1ue for activity coefficients of the hydrogen and hydroxide ions，which can not be

determined without non－thermodynamic assumptions，is avoided in the present method．The

drawback of the method is that a1east squares ana1ysis camot produce accurateresu1ts from

inadequate data and needs many data in order to obtain re1iab1e resu1ts．
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