CHAPTER 1 L
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the potential or p v & suitz dicator electrode as a
function of titrant v
for the determinatio Pqu ¢e, volum
These methods can be €lagsi __‘ - ~ t ‘types according to Anfalt
and Jagner ( 1971 ). 2

The end poﬂ will be located on the ste&y rising portion of the

curve. Altho }j ﬁ’w d steep portion at
the equivalencaijg1 ‘ﬁ }jn lE l)gzjlrﬁomt will be given.
Thus 0:1 awrf W ‘j_h d inflection
point , ve an unreasonable end pomt v ue. ese methods are

Tubb's or Circle fitting method ( Tubbs , 1954 ) , the Kohn-Zitko
method ( Anfalt and Jagner, 1971 ), the method of bisection and the
method of parrallel tangents ( Jeffery et al., 1989 )




2. Differential methods.

These methods can be usd to determine the equivalence volume
by plotting the difference in potential or pH between each of the
addition of titrant as the function of average volume ( Skoog ,West, and
Holler , 1992 ). These methods the first derivative method , the

second derivative methodf-»,,b;he the@mos method ( Liteanu and
Cormos , 1960 ), the Coher g:ettmen 1966 ) , and the

Gran's 1 method (
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This method was stﬁed ﬁauy scientists, such as : Gran

ulvalen’ca.volume cantbe determined by the extrapolation

of the strai uﬂbgom %Lw]§mfl:ﬂeﬁ G plot and after
equiv. c 11 m se advantages
when auﬁ \iﬁ:\i %Qﬁlﬁmﬁﬂmmm plots.
The graphical analysis is a straight line rather than a curve , so fewer
points are needed to define it and the points can be taken at regular
intervals instead of being bunched in a narrow region around the
equivalence point. The portion of the curve, which are used in this

technique ,are before or after the equivalence point , so the linear

extrapolation used in this method can provide more precise result than
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those obtained by the differential method, especially for asymmetrical

titration curves.
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HA =—= H+A

Ka = [H']A] Eq. 1

[HA]



which Ka = the dissociation constant of weak acid

The solution must be electrically neutral , meaning that

[A]+[OH] = [Na']+[H'] Eq.2

\% m volume o antaddedm
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e concentration of sodium ion at any volumes of titrant was

Na*] = VN Eq. 4

Vo+V)
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and the fact that
Caa = [HA] + [AT] ~ Eq.5
Combining
S ' [OH) Eq. 6

Substitution o ombine it with Eq.3 gave
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which might be rearranged to

[HA) = Vel » { VN + 7~ ORTY T

(VotV)  (VotV)



Substitution of Eq.6 and Eq.7 into Eq.1 gave

Ka =  [H J{VNA(Vo+V}+[H }-[OH ]} Eq.8

www [H]-[OH ]} :

/

and

where G = V2 :'-'?13.’-

Eq.10
i'y:. —
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When thléngeg aZ] 5s!fl ’l]{An;(j was titrated , the
g AN TN ING 1A Y

HA'X + NaOH —— H,0 + A + NaX Eq.11

and the dissociation reaction of the ionized weak acid was



HA' e ' . A Eq.12

Eq.13

(] + [Na* T f[HAT ““040r] * [x'] Eq.14
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which Cya+ = the concentration of ionized weak acid and

Caar = VeN = [HA'] + [A] Eq.16

(Vot+V)



Substitution Eq.4 into Eq.14 gave

BUT+ VN + [HAT] = (O] + P2

(VotV) /

g -1
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Substitution Eq.18 and Eq.19 into Eq.13, gave

Ka = [H" [{VNAVe+V)+[H" ]-[OH]}

VeN/(Vo+V) - {VN/(Vo+V)+HH' ]-[OH" |}

Eq.17

Eq.18

Eq.19

Eq.20



and rearrangement gave

G[H'] = KaVeN-KaG Eq.21

> It v und-that Eq.9 and Eq.21 were
e b Qi
identical. The slope of the€gtiation wa ation constant (Ka) and
the term of KaVeN

volume of the weak agidig'cor . L btained from the intercept

o eual
s

'n . So, the equivalence

of the equation.

Derivation of Gran eqm Io ‘ ation data after equivalence
u,‘i\ |

point

N BSGH1 £)7) T NS

EI iﬂ: : it ‘ ﬂ”ﬁw i id (HA) was
negligible. xﬁgmge solution was qﬁg

Na*] + [H'] = [A]+[OH] Eq.22
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which [A” ] was the concentration of conjugate base of weak
acid(HA).

The mass balance of weak acid was

[A7] Eq.23
Eq.23 was angement gave
[OH ] - [ ! : Ve Eq.24
‘a
in D4 T A DI 1. 24 coud
be reduced to sy el Rl Sy
ARIAINIUNRINYINY
[OH'] = [Na'] - VeN Eq.25

(Vo +V)
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Eq.4 was substituted into Eq.25 and Kw = [H' ][OH" ], gave

Eq.26

Eq.27

In this case, ﬂne lotof Kw /[H+]&Vwould give a linear

relationship ﬂ %(&li @ %%w H %m«e obtained from

intercept.
QWTGNﬂ?ﬂJ URIINYIAY
2. Jonized weak acid

If an ionized weak acid , such as HA'X" was titrated , the charge

balance of the solution after equivalence point was

X1+ O] = [Ra' ]+ [H] Eq.28
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and the mass balance of weak acid was

Caat+ = X = VeN Eq.29

which Cv S ngn& soniized veele acid.
|

and Eq.29 would give

Eq.30

Eventhough tb.c ionized weak aci 1d was in thc form of K'HA", the

TN PONE TS A

point could bé' made in the ¢same manner as for HA'X . So the

final el | el lEa50] VIHAIAR Yo tin

equations whlch were employed to determined the equivalence volume of
weak acid for the titration data after equivalence point.

The various methods described above were the methods used to
determine only the equivalence volume of the single weak acid titration.
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For the titration of two acids mixture , the both equivalence
volumes could be determined by these methods if there was an
appreciable difference in their strength. There must generally be a
difference in pKa value at least 4 (Skoog et al. , 1992 ). If the
difference between the drssoclatron constant of the acids was not large
enough, some of the weaker acl @ have been titrated during the
final stage of titration of-the: stronger acﬁ'fhrs resulted in a decrease in
the height and a smW wGement of the” position of the first potential

Khe equrvalence volume of the stronger

jump, which no longer ted
acid alone. In a cas i
determined from second /posnhal jump. If the dissociation

S ..only the sum of the acid could be
il

constant of the acid lie _ sed tof.pagh other only one jump in the

titration curve could bé olfained /a

(i e
s — :_.' 2 . "
Moreover there - wer¢ many. seientists who studied about the

determination of . ;
acid mixtures, such § McCallum and mé'gfey (‘ 1975 ), Boiani (1986) ,
and Castillo and Al(mso (1989) Va.nous methods studied by these
scientists werg’ *usﬁqd to déta‘dnine ﬂie e(iuiwlende Volumes of the mixture
of strong and weak acrd or the mlxture of two acids which had a
differerie fmthempKa valubsrhore thét 4. Bk

ui .

AdUl valviive v

In 1986, Betti , Papoff , and Meites studied the potentiometric
titrations in which mixtures of two monobasic weak acids were
titrated with a strong base and in which weighted non-linear regression
analysis was used to find the concentration for both acids. The

precisions of the resulting values of the concentrations were depended on
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the difference between the values of pKa , on the ratio of the initial
concentrations , and on the standard errors of measurement of both the
pH and the volume of base. For any given values of the ratio of
concentrations and the standard errors of measurement , the precision
with which the concentration of the stronger acid could be evaluated
was , in general , poorest when\ / ence between the pKa value
( ApKa ) was apprommy | j a@oved if ApKa was either
valu Ho%s method was only a
.J ‘g apport by}e actual experimentation
| od’in t erehcaL there was the error in
. réng_ be %Qn pﬁa values of two weak

larger or smaller th

theoretical research.
and eventhough it wa
determination, when
acids were a{)out 5.

equation's model from

In 1993
method used for the_determinatios
equation was devﬁaped and modif
equivalence volume of two weak acid mixtures. The statistical procedures,

the multiple ﬁnu Elk%%ij %@&N %Jifm ﬁamputer program,

SPSS/PC* was used for the data analysiss. The both atheoretical and

cXpel‘lnalWr’;Lﬁ ﬂ n ésmm 9!4’11& Mflﬁnﬂas based on

the bas:c principle of mass balance , charge balance and equilibrium

cid mixtures. The
jicr to determine the

equation , which could be derived , as followed.
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Derivation of equation for titration of two neutral weak acids

mixture.

When two neutral weak acids, HA and HB ,were titrated with a
strong base, NaOH.

Eq.31
: 1 Eq.32
Aut Ingisnens
QRSN RRAIINYAY
Kag = [H'][B] Eq.33

[HB]
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The mass balance of two weak acids were

Eq.34

Eq.35

Eq.36

I f U]
The concesits ‘fj mﬂ\m j:m:lﬂz of titrant was
RININIUNRINYAE

[Na*] = NV Eq.37

(Vo +V)

Substitution of Eq.37 into Eq.36 gave
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[H']+ NV = [OH]+[A]+[B] Eq.38
(Vo +V)
Substitution of Eq.34 and Eq.35 into Eq.33 gave

w1/ 4 7 Ko Eq.39

Ka;;‘: )
e Y EERdNa T,
RIAINTUNRINYIAY

o= KapVesN Eq.40

(Vo+V)(Kag + [H] )
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which CAVo = VOAN

CeVo = VegN

VOA =

the equivalence volume of weak acid A

Eq.41

ﬂ‘UEJ’J‘VlEJVIﬁWEﬂﬂ‘i

Eq.41 ¢ould be rearranggd to
ARIANN I llW]'J‘V]EJ']ﬂ d
[H] + NV - [OH] = KasVesN +
(VotV) (Vo+V)Kas+[H'])

KagVepN Eq.42
(Vo+V)(Kag+[H'])
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Eq.42 could be written in the term of the variables : y, x;, X,

Eq43

Eq.44

Eq45

Eq46

) ¢ LVo"‘V)(KaB +u[H*])

AULINENTNEINS
AMIANINRMVINGNEY  =ee

= = FEaVeN Eq48

From the partially regression coefficients , a; and a, , which
obtained from solving the equation (Eq.42) by the multiple regression
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analysis and computer program , SPSS/PC" , the equivalence volumes of
weak acids , Ve, and Veg could be determined . The dissociation
constant of each weak acid could be obtained from the slope of G plot
of the titration data of the single weak acid solution.( as shown in Eq.9

and Eq.21) \ , /

For the denvaﬁm of equa itration of the mixture of
neutral and ionized w 1 su‘h as: M K'HB' or the mixture of
two ionized weak b “and HB'X, it could be derived
‘ ﬁ@g\‘bf two neutral weak acids. Thus,
equation 42 and the volume of
agidk were obtained from the

in the same mann
the equation were

titrant which equival

value of partial regres - @ciea ﬁ&l and a, ), as shown in Eq.47 and
Eq48 2
,_,,»f PR E

The satlgfgmg results of the jaolumes determination
were obtained YR modified equat qqu 42) with the aid of
multiple linear regress1on analysis and SPSS/P‘(AI+ programe if ApKa of

the acid mlxtﬁwﬁ ‘Sg %WW qs?ﬁnd to be incapable

of accurately determining equivalence points for each weak acid in the

mixture wién AgKaete 1<2.) Mordover 4 reseatd did not include

the sampies which their ApKa were between 1.3 and 1.9 .

In this paper, a potentiometric titrations of mixtures of two weak
acids which had the difference between pKa values less than 2 were
studied. Since the ionic strength of the solution would be changed during
the titration,the activity dissociation constant (Ka®) was used instead of

the concentration dissociation constant (Ka). The activity dissociation
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constant is obtained by extrapolating the dissociation constant to zero
concentration . ( Butler, 1964 )

Eq.49

Eq.50

which .H‘ = the activity coefficient J
AULINENINYINT .
QRN IUEWHNYINY =

Yua ~ 1 indilute solution.

Eq.51 could be rearranged to
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Ka = Ka’ Eq.52

Yut Ya-

where the braces indicated the activity of the species within the

braces. The activity of the ion was set equal to its concentration times an

Eq.53

_—3
ool 1 DT Y Ml "
M 1A L UL AL

-logy. = AZ2( Y1 -021) Eq.54
1+V1




23

A = the constant depend on absolute temperature (T)
and the dielectric constant (€) of the solution ,

according to the relation

A ="TEN5107( Shpe— Eq.55

_ \ \ electrolyte could be
determined by the equati f(ﬁ' er - Benton , 1957 )

"}%f

Eq.56

where €uo¢ 5, the static d@ctnc constant of water

y nﬂmwmnwm

concentration 1n mo

AR1aNA WU, VAN i,

respectively.

From the calculated value of the activity coefficient of any ion in
the solution at each volume of titrant added, the dissociation constant of
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the acid could be obtained at each ionic strength which vary by the
volume of titrant added during the titration, according to Eq.52 .

Thus, the modified equation which the activity dissociation

constant was used instead of the concentration dissociation constant and

1. Derivation of e: titratic 1 ¢ ixture of two neutral

weak acids

HA + HB @PaOH —— 2H,0 +m~aA + NaB Eq.57
AULINBNINGINT
{RTNSTTIO mad TN A Y

HA === H' + A-

Kay = {H}A) Eq.58
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Kag = {H}[B] Eq.59

Hydrogen ion a¢ A ,‘ s used i - of concentration. The
relationship between a¢fivi ' _ v \ s expressed by

Eq.60

The dlS Ciation constant of acids T A-and HB at zero ionic

V;‘ . \‘
strength(KaoAan :I . ‘

ﬂ‘UEJ’JVlEWIiWEJ’]ﬂ‘i

Ka’s = ¢ (H}{Ala Eq.61

QRIASAT0I T INE A

Ka’s = {H}ya[A] Eq.62

Y ua[HA]



Ka’a = (7a)Kaa

Eq.63 could be rearranged to

)
¢
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Eq.67 could be rearranged to

Kag = Ka%

¥B-

26

Eq.63

Eq.65

Eq.66

Eq.67

Eq.68
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Introduction of Eq.64 and Eq.68 into Eq.42 and rearrangement

gave the equation

-+

Eq.69

i /LN ) 1 R
PRINTPIMINAE

Ya- Eq.71

(Ka's/ya ) + {H'}
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Y Ka’s/ yp- Eq.72

(Ka’s/ ys- ) + {H'}

Eq.73

Eq.74

From the ialls “re N\ ients a, and a, which
obtained from solving the 59 by multiple linear regression
analysis and computer e equivalence volumes of
two weak acids, Ve, and ermined .  The dissociation
constant of each V slope of G plot of each

single acid titraﬁonsgas

AULININTNEINT
2. Derivation %f equation for fitration of-the mixturesof neutral and

onzed el atig| \| 713 VIO VIE TR E

2.1 Neutral weak acid (HA) + Ionized weak acid (HB'X" )

The dissociation constant of neutral weak acid (HA) was the

same character as Eq.64 and the dissociation constant of the ionized
weak acid (HB'X ) could be expressed as followed.
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HB'X’ —— HB' +X Eq.75

Eq.76
Eq.77
Eq.78
Eq.79
ﬂUEJ’JVIEWlﬁWEJ’Iﬂ‘i
Wﬂ@a@m&ﬁﬂmﬂﬂﬂ

Kag = (7m+)Ka’%s Eq.80
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Introduction of Eq. 64 and Eq. 80 into Eq. 42 and

rearrangement gave the equation

NV+ (Vo VX [H]-[OH]) = (Ka'Wyaw VeN  +

////éfioﬁu/ Ya-)+ {H'}

Then, Ve, 3 "be obtained in the same manner as the
mixture of two neutral '

2.2 Neutral weak acid + Toni wea&hcid (K'HB")
. . Sa Q/ 4
T BTSSR AT T g 0 v
same characterias Eq.64 an tye dissociation constant of ionized weak

RN AT HNAD NN Y

KHB —— K'+ HB Eq.82

HB ==== §H' + B Eq.83
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Eq.85

Eq.86

Z
i

"? (YHB-OB .
AUEINYYINYING
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Introduction of Eq.64 and Eq.87 into Eq.42 and rearrangement

gave the equation

Eq.87
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NV + (Ve+VX[H']-[OH]) = (Ka’s/ya-)VeaN +

(Ka's/ ya-) + {H'}

( yus~/ yp2- )Ka’sVesN  Eq.88

§" //gm-/ o2 JKa's + (H'}

3. Derivation of equafiof for ¢ itr ' on of, the mixture of two ionized

weak acids

3.1 Ionized: L‘-,,;_,-_-,_-. A + jonized 1 ,_ acid HB X"
: — "

The dissodiption” CONSHESWORTIA X0 and HB'X could be

obtained ﬁonﬁhuc%] q:ﬁﬁeﬁwﬂaﬁeﬁﬁ ‘%as Eq.80 .
A INGRINUAY

Kazg = (ym+)Kas Eq.90
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Introduction of Eq.89 and Eq.90 into Eq.42 and rearrangement
gave the equation

V +)Ka°BVeBN Eq.91

3.2 Ionized weak afid (EA'X:) + ionlizel weak acid (K'HB"

A'X" and K'HB™ could be

obtained from :4;w .w,,- as Eq.80 and
B N
Eq.87, respectiv ' ‘

The dissociation com:

Introduction ofEq.89 and E%W into Eq d rearrangement

gavetheequaﬁmmwﬂ NINYINT
ammmm UAIINYAY

NV +(VotVX[HHOH]) = (ym+Ka’sVeN  +

(Yaat)Ka’s + {H'}

(Yus-/ y82- )Ka’sVesN  Eq.92

(vem-/vs2- )Ka’s + {H'}
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3.3 Ionized weak acid (K'HA ) + ionized weak acid (K HB"

The dissociation constants of K'HA" and K'HB" could be
obtained from the equation derived in the same manner as Eq.87 .
Thus, the multiple linear equation ¢ouldbe obtained as followed.

QW 1/ L
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G + ()

: :
%uﬁﬁwﬂwéwﬂjﬂi
mmurgq’[f"hﬁ,:] mcﬁ/ﬁf‘ﬁfube ﬁbﬁlﬁd ﬁ geﬁgmer as the
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