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Potentiometrie TitretdCa(Christian, 1986) is the

, 9 LN
method, which ;_involveﬁ measuring the potential of a

suitable indi:ijigffjelecxrode o wpH as a3 function of

titrant volumefl 5 [ method  1s widely applicable and
!"{.:; -

¥

provides inh

f mo accurate data thanr the
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. . '7“ Y - :
‘corresponding that fakesiuSe Mof indicators. It is
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for bﬁ_fation of colored or turbid
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particularly us

e

: W ldvis, - o i N
solutions and for detecting the presence of unsuspected

a

s 2 ,}‘.'f Vg ‘l.!\q -
species in oa _soldtion: o e reaaily applied with
3 /

automatic tiif}tion devices.

There _are™ many. _methecds for‘the determination of
equivalent,  Volume® in “potentiometric titration. Titration
curve methed o eanc determine~ theyegrivarent) volume by
plotting the curve between potential or pH as a function of
volume of titrant. The equivalent point will be located on
the steeply rising portion of the curve. The procedure
for determination of equivalent volume in this method are
Tubb’s or circle fitting procedure (Tubb,1954), the Kohn-
Zitko procedure (Anfalt and Jagner, 1971), the bisection

procedure (Jeffery et al. 1978) and the parallel tangent



procedure (Jeffery et al.. Differential method (Skoog,
West. and Holler, 1990) can be used to determine the
equivalent volume by nlotting the difference in

pot.ential or pH between each of the addition of titrant

as the function of averase /volume. This method involves

the procedure of first deri#ative, second derivative,
. u . i

Cohen (Cohen, 1866) _and Liteanu-cormos (Liteanu and

Ccormos, 1960).
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Moreoveuns tha Grag’s method is used for

determination of #&he aﬁuiﬁalent volume. This methed was
')‘1—! é

uch ass; Gran(1952), Rossotti

studied by many'sciehtistsq

(1956), Ingman and'Stirl(196§§§@Seksiri(1986) and Juthamas
(1988). It is baséd - en maQEQSEIance? charge balance and
‘equilibrium eﬁﬁéﬁiéﬁi”“““Tﬁié”mﬁéﬁﬁbdi;can be used to
determine the equivalent volume of weag acid solution
\by extrapolation #of the straight lines before eguivalent
point callled™ G plot and after' ‘equivalent point called V
plot. This« metbod has .sewveral -advantages-when cowpared
to potentiometric titration curves and differential plots.
The graphical 2analysis is a straight 1line 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 1in a narrow regiorn around the equivalent point.

The portions - of the curve, which are used in this

technique, are before the equivalent point or after the



equivalent point. Also, the linear extrapolation used in
this method can provide more precise results than those
obtained by the differential method, especially for

asymmetrical titration curves. The results cf these study

suggested  that  Gran method would  yjeld the

é statisticel indifference
__J‘

equivalent volu

from the off?

The

quation could Dbe

described,

tration Deta Prior to

juld be classified into

neutral and iELize
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wveak acid, HA, was titrated with a

strong base (sodium hydroxide)

HA + NaOH ——» H_O + NaA



Dissociation reaction of weak acid

Eq. 1

'{’/’Qnt of weak acid.

‘1.\\\; tral, meaning that

CA"]1 + coglfad s + AH b "By .2

and at the equiv -.ﬂ?ﬂfﬁﬁ‘

27T A7

V_N ¥$ﬁ, Eq. 3

g

which V. =¢ ¥olume of gbase equivalent to weak acid,

WHptTN b ke
ammr’l“ LA iTARE

v Volume of titrant

G The conca2ntration of weak acid

The concentration of sbdium ion at any volumes of titrant

was

INa"1 = VN /7 (V_+V) Eq. 4




and the fact that

C = [HA] +CA )

HA o Eq.:'5
When combined Equation

tA- 3 = Eq. 6
substitution .: 'u_ 6 ir Eq gtion 5 and conmbining

it with Equati

V_N /7 (V+Y,

L ) + [H'1 - [OH 1]

Which might be rearranged

-
LY

oV cH*J - [OH 1} Eq. 7

Subsmﬁluﬂlﬂﬂ.?li ﬂﬂ’li’l‘i bk wogiion s
i mmmw MPAY

V_N/(V_+V) = { VN/(V_+V) + [H'J - [OH 1 }

[HA] = V_N iﬂ(v°+v

and rearrangement gave

G [H'] =KaV_N-KagG Eq. 9



where

B= YN+ Va0 (H’3 - o

2.

titrated ,

HA'X %

Ka

anres UHIRENTHENDS o
AN IUNAWINUANY

At the equivalent point

which ok

"1 = V.N/(V_+V)

The concentration of ionized weak acid

Eq.

Eq.

Lq.

Eqg.

Eq .

Eq.
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and

+ -
Cuat = VLN /7 (V_4V) = [MA 1+CA] Eq. 16

Substitution Equation

Equation 14

CHAT 3 5 .t Eq. 17
Substitution E ‘\iégfion 17
tHA'] = V NF Fo i @Ak N+ ron 3 Fq. 18
Equat.ion 1-@' -------------------------- Equat ,l 18, yielded
IS ‘ Y |
e [on 3 Eq. 19

ﬂ‘lJEiQ%‘l EJ'VITW g1nN3
s 1D RIUNRVINUIEY . e

Ka = CHSO S0 VN/(V_+V) + CH'I - COR™] ) Eq. 20

VN/(V_+V) — (VN/(V_+V) + [H'1 - [OH 1)



and rearrangement gave

GIH I =Ka V. N'- i Eq. 21
Eventhough.‘ ionized weak acid was in the

form of K'HA™ e th }A ' 3_ it could obtain in the same

manner as Equ ¥ -!hitmonlzed weak acid was in
the form of

tion 9 and 21 were

identical. The 4 wi \ ear equation was the

dissociation con (K and’ the  term of KaVvV_N

was the
intercebt‘ofvthes Fuat i s the equivalent volume of
weak acidic compounﬂggggi } ©btained from the intercept
of the equatie
Derivation for ratlon Daﬁt;after Equlvalent 2oint
The weak acidie compounid cou aﬁssified into
’Q RAAIDSUNATITE

1. Neutral Weak Acid

After equivalent point, the concentration of HA

was neglegible. The charge balance of the solution was



LA J+[OH 1 = [Na‘1 +cu™3 Eq. 22

Where FA" 3 was the concentration of conjugate

base of a weak acid, HA.

Eq. 23

Equati ; as substituted in Equation 22, snd
rearrangement g

[OH 1 T T | VN / (V_+V) Eq. 24

In % ,,.—_.-;...,---'.

‘““Ef;i-rally O T 5>

[H+II, Equatlolﬂzll , ; ced t
ﬂuﬁl'lﬁﬂ‘ﬁmﬁ?'q&ﬂﬂ'ﬁ i 2

RSN UNBIAN) i R

Kw = C[H 1[OH 1 gave,
Ky / [H') = N/ (V,4V) - V_N 7 (V,4V) Eq. 26

which Kw = The ionization constant of water



i0
Which could be rearranged to

KWV, FLE’T = ¢ Vs Eq. 27

In

- -"l-.\ 1 ' / :
1 S ey + Vs V would give
a linear rela:gg---l_-'“l \ L was

slope and from

a8ld, such as HA'X™, was
titrated, charge bﬁggig‘ of sclution after equivalent

point was

quaameningins "
N LT ob i

[X73 = C .4 = VN / (V_3+V) Eq. 29

which G The concentration of ionized weak acid

In the similar way as derived early, Equation 28

and 29 would give
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Ko Voo gl =0 ey o Eq. 30

Eventhough the ionized weak acid was in the
form of K+HA—, the derivation of Gran equation for

titration data after o .* ent point could be made in the
.'gjggésgf
same manner as fo%:&r-: ﬁ equatior was identical to

Oi'u;¥ﬁa identical equations

equation 30.

t volumes determination of
\

§3equiva1ent point.

5,:
TSI ; ; :
equivalent volumes- " ij f332§5§1§%e#240 titration , as

Various the determination of

described

*ﬁ:levaluation only the

ngle Qhak acid solution, not

mixture of atidic compoun@s. When Eﬁjﬁf were the mixture

of two ijculﬁ-l lmﬂm‘jmﬂl Tution, it cound find
4 ¢ :

bot ﬁe ﬁilﬁlﬁ%ﬁ ??TEI qcﬁllﬂ compounds by

thegi 'saggizq itrati curve, Differential method, Gran’s

method, etc), if there was an appreciable difference in

= -
equivalent Ejlumé‘

their strengths. There nust gererally be a difference in

pKa values at least 4 (Skoog, West and Holler, 1992).

Moreover,there were many methods for the equivalent

volumes determination of weak acid mixtures and could be
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described, as followed.

The Titration of Mixed Acidic Compourd in Nonacgueous.

In this method, there were some exira precaulions
te be considered, suech asji/moisture and temperatur~.
5 - s ‘ 3
Moisture was generally tQ besavoided in using LOn-agueovs
procedures, becawSegvater. being a weak acid, would compete

\
with the weakgacid for the _basic titrant. Experimeuntally

' F | " i
(Jenkins, 1977J, J1¥ fhad been | found that the wmoisture

content in nénﬁéqﬁeoub 'idtrimetry should be held +to
i :'y ‘.-' -’;- bt )'-J"_" i;
less than 0.05 % so asnnotﬁ}p have any apprecisble effect

§
on equivalent detenm{qatlon ’?%mperature (Skoog and wWest,

] T T
1992) must be strictly constant throughout the titration

b

S——

because of‘.ﬁne high coefficient of;expansion of organic

solvent. So .ét could be “seen thag; the determination in
nonaqueous, solvent was not““appropriate and could give
the uncorrect'~ results. For' 'example “(Huber,1967), the
potentiemetric, Tiitratior , in ~nonagueous ~solven: was the

stepwise titration of mandelic acid and 2-aceto-i-raphthol

in acetonitrile with 0.1 N potassium methoxide as titrant.
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Determination ofﬁﬁixtures G
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B
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1 mﬁe Method 2pplied froniuhe Gran’s Plot.

Boiani (1986) applied this method from the

Gran’s plot. ~ The / basic| premise of a Gran’s plot was a

linear relationship, which geould be found between the
analyte eoneentratio® ¢~during ¢ titration' and the volume
of titrant added, Vv, such that a plot of this

relationship versus V would yield = straight line that
intercepted the V = axis at the equivalent volume for the

analyte, Y. For a complete dissociated strong acid

sample of concentration C and volume V

- being

s°?

~

titrated with a base titrant of concentration, N, the
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hydrogen ion coucentration during the titration up %o

the equivalent pcint could be expressed as

i » 7 .
EH F° = Glee Vi <NV Vv oY el Eq. 21

The H""[ NeNs . for . C.V_ eould
J

equ ivume, and rearrangement

be made for

of equation 3

Eq. 32
8,4 = ¥ LH' 3]
into Equation 3 ‘35»%7- ' ment gave
( Eq. 33
: It ‘csuld be ﬁmﬁiﬁ of ¢ v 4v ) 107P"
versus ﬂ“ﬂg jnt.ercept.ing the Vv

¢

oe‘aﬁ;}ﬁﬂ ﬂeji}l EW’T "J"ﬂ"ﬂ“‘ a EI the activity

Junction potentials remained

constant during the titraticn.
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(Vs+v)10 P"

¥

i s
? 7.07 8.086 2.00 1C.00 11.00 12.00

FIGURF 2 ypica, ) ﬁde{;erniﬂaﬁon of the

acid component

_ \used pr a weak acid, HA,
differed from i 3 bac

of the

equilibrium
existing between could be summarized
by the acid dis exprescsion,

Ka A[HAD ) Eq. 34

For farsample of

’ HA with‘i itial concentration,
Ce» volungjll uﬂ\g M&ﬂ@“ﬂﬂﬁj

concentration, N.
| i 7 wé’ﬂ
quflx@J{st‘ZmN (33 wl\ﬂ(vz-w / (V_+V)
Eq. 35
and CA'] = NV / (V_4V) Eq. 36
Substitution

of Equation 35

and 36 into
Equation 34

and rearrangement gave

019448
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VE IR T =20 T = Rewl, V.-V 7 ¥, - Bg) B
A ‘plot et ¥ EO-PH versus V  (Figure 3)

yielded a linear region, which could be extrapolated to

intercept axisi .

obtain the ‘ :

It was also possible to

ﬂwmm‘wm’ﬁﬁ
RN ﬁ]d YANY0AY <

voluse of the weak acid component in the sage
pixture as Figure 2.

It should be

realized that the strong acid
would be titrated first so

that Equation 33 would be used



for the first graph. Also the titrant volume used to find
the weak acid equilibrium point must be corrected for the
volume needed to titrate the strong acid. This meant

Equation 26 was substituted the ternm v? for v

where V?

rve if]the same acid mixture

as in Figures 2 and 3.

£ U TRENINEDD, e

e

From the study of Boiani, the datsa obtained in

a potentiometric titration of a mixture of acetic acid and

hydrochloric acid with standard sodium hydroxide could be
used to access the concentration of each acid by a linear
treatment of the Gran plots that best fit the

pertinent

equations. For the determination of the equivalent volunmes,
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two different relationships and two plots were needed.
Carios, Castillo and Alcnso (1989) proposed the mathema-
tical and graphical procedure in determination of a mixture'

of two acids in difference strength, example for hydrochlo-

ric acid and acetic aci

L,y this method, an seiternative

ed us to get the same kind

procedure was pre

—
of informationu’y,.wsi lewn (Equation 38) plus

a graph (Figu r than the method of

Boiani.
Th rived and shcwed the
relationship betwe , 73 | as followed
¥ (V_+V) d/B Eq. 38
where ratlonilf hydrochloric acid

f1e] ’mﬂiﬁ‘ﬁ 1
awwﬂ'smmwmaa

and d = cu*: “ Kw 7 cH Eq. 29

A plot of V versus (v + V) 4 was then

o

constructed. Figure 5 showed two breaks of the graph

The first correspdnds to V_, the equivalent volume

of the strong acid component in the mixture, and



the different

equivalent

mixture.

volume

FIGURE 5

between the two breaks is , =S

19

the

of the weak acid component of the

(Vo+V)ad

Ihe plot of Vvs (Vo + V)d for the determination
of the equivalent volues of an acid nixture.
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3. The Use of Lirear Plot as The Function of Fmix

and Gran’s Plot.

McCallum and Midgley (1975) described that

"f;ar titration plots for

in this method,

potentiometric pplied to a mixiure of a

cimp\lght have any number

W

"h._.}"

strong acia anall . k
of dissociati ' S

linear titrati

.rength. The resultant

.ermine the strong acid,

N N
together wit U&i‘ermine the total acid

concentrations order to resolve the

mixture into it :method,it was necessary

to know the total solution. This value

.--"".---"'1'.'1

m1ght be ootiined 1uf£f%eﬁ5 iment, by any suitable

method or %‘ .._ N raftion into the basic

—LLhaped titration curve

i ﬁﬁﬁwﬁwmm
RVERIRI P ) ()

balance equations, together with the equilibrium constants

region and :151ng ei

of the system, 1linear titration plots had been obtained

in the function of ¢ mix.

Faix = = N (V.-"V)/h Eq. 40
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A function Fmix could be calculated from the
equilibrium constants Kw, Ki and the experimental data Vo,

¥, N, V¥_‘and CH), ‘as followe@

Fmix = {(V_+V) ( '//w Y (148)+ N(V-V_) (14-e )} /«
S ¢====' h

ents of the i-th
reak acid

2 .ent of the unionized

A 1e-of  bas juivaient to the strong acid

tH*3

observed hydrogen ion
Y

h ﬂ’l‘he‘ wber of provons|removable by titration
leuﬁ?jﬁhﬂfl‘j ion ﬁ,ﬁ%xt of weak ac:l.‘d
AN IAIMINAY

fl

From Eqdation 40, the function was linear when
plotted against Vv, intercepting +4the V-axis at V=-V_.
Thus, once the total acidity was known, the concentration

of the strong acid could be calculated and hence the
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concentration of the weak acid found by different.. The
Figure 6 showed the Fmix and Gran plot for a typical

titration and for comparison the pH vs V curve (Figure 7).

PR Yo

ﬂuﬂﬁ 8 5Wﬂ1ni
QRIA9N 11 AngNa s

FIGURE 7 : Titration curve of oxalic acid-nitric acid mixture.
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Determination of The Mixtures of Two Wezsk Acids by

Potentiometric Titration and Non-Linear Regression.

This method was the study of Bet.t.i, Papc{f and

Meites (1986). It

in which mixturE o
titrated witw
linear regzsﬁﬂiﬁiiff

concentrations

ith potentiometric titrations

ﬁnobasic veak acids wvere
J

ng'ﬂ)amin which weighted non-
1 N used to find the

he precisions of the

resulting val tions depend on the

different betwe ) alues \ on the ratio of the

initial concent Sy ~and : > standard error of

measurement of bo he -pH - voivre of base.

such a mixtuég,mig)*

%uzi‘ﬁ Sn(ﬂz:m ﬁ:ﬂﬂq ﬂi Ka,/(Ka_+CH" 1)
QRIAINTWNEITNIway

where Ka,, Ka, = The dissociation constant of the two
acid
x = The ratio of concentration (x = C./C)
C, = The ﬁnalytical concentration of the

stronger acid
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C, = The analytical concentration of the

weaker acid

x|
]

dilution parameter

s
]

titration paraceler

data of f which the value of

(6’1 was ob on 41, using a Newton-

Raphscon proc rted into a value of

the pH and subsequent point was

obtainad by - to the last preceding

value, which s corresponded to f = 0

(the start of the ° rf":' ¥ T algorithe employed to

ﬂﬂﬁfﬁ‘ﬂﬁﬁwmh‘ﬁ
q wqmmmmn LR B ot veine

genefated and f denotes the value at the (N-1)th point.

The resulting data pair were combined with a
general program (VARPWR) for estimating the variances of
the parameters in weighted non-linear regression analysis.
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 can be evaluated is,
in general, poorest when the difference between the pXa
values (a) is approximahe}y 1.5, and improves if a is
either larger or smaller thaa that vaiue.
y
These methods Eiégéifpitration in nonagueous

solvent and “the™ lindar SoLItFEtion plot  for  the
’pﬂ’:— . # -

potentiometric titration).| as described above, were used Lo

find the equiv olume” of the mixture of acidic compound

4

s%reag acid and weak acid or tre two

1

31f.erence in -log (dissociation

only the mix'

'J
acids which had
¥ 4 il“‘m /};4 d

4. 3 ;‘heylast method (Betti, Papoff and

AJ‘

constant) more tha

Meites) was studied abvut i he “ﬁﬁterm1nat*on of the mixtures

of two weak acids. ﬂereover dik‘wab not. suitable in determi-

A ==
nation, when~f€ﬁ“_alfference of pha ue between two wveak
Wy L

acids was about 1.5.

The third methdd(Bétti, Papoff and Meites) was only
theoregical research. There vas, no support /hystthe actual ex-
perimentation. Eventhcﬁéb it was the method in theoretical,
there was the error in determination, when the difference
of pKa between two acids was absout 1.5. It might be
described that the fitting of equation’s model from the de-
rivation was uncorrect. Thus, the propose of the new method
was occured. The previous study was the modification and

development of equation from the former methods in order to



determine the equivalent volume of weak acid mixtures. This

-

method was studied both in theoretical and experimental.

The modified equation, which based on the basic

principles of mass balance, /charge balance and equilibrium

Derivatdon' of Equat  \, iLration The Mixture

of Two Neutral

\\

When 2 nedtrii weak . s, HA and HP, were titrated
with a strong bages ==+
')

— Zﬂla + NaA + NaB Eq. 42

vi.

HA + l-@ + 2NaOl
e o SUEANUNIT NN, ..
RDALNINYNIINYIAL

Ka, = CH 1[A” 1/CHAJ Eq. 43
HB —_——— B_+H+

Ka, = [H 1CB 1/CHB] Eq. 44




The mass balance of two weak acids gave

CV /7 (V_+V)

CHA] + CA™] Eq. 45

CV_/(V_+V) Eq. 46
charge balance . : t3 r%ﬂution was
" ¥y
CH 1 + B ] Egq. 47

The concentr at any volumes cf

titrant was

Eq. 48
Y

'l
Substitutionﬁx q at.io 47 gave

mﬂummamwm A
~AEIA0IMNANEAY... ..

Equathn 44

Ko, o s BT EER

4GV VeV & PR )

which c.v = V_.N
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c_ .V = V__N

B.-Q EB
o = Eaquivalent volume of weak acid A
e = Equivalegt volume of weak acid B

LA™ ] Eq. 50
£B I = Eq. 51
Substitution & gt ilon 50. - and in Eguation 49 gave
> W '
CH'1 + Nv =F cfEsy=-ge ‘ K| +
Vot V i (1/LKa +[H 1)
. i
8, Vo N i Eq. 52
ﬂ'lJEﬁ"WEWIWEJ’]ﬂ‘i
Y
¢ o/
ARTASSITIIINYNa Y
p ] k | Vi I
+ s »
CH'1 + NV - [OH 1 = Ka,V_,N + Ka_V__N
+ 4+
V 4V (V +V) (Ka, +[H 1)  (V_+V)(Ka_+[H 1)

Eg. 53



Equation 53 can be written in term of variable Y,X1 and

X2
Eq. 54
which ¥ Eq. 55
X Eq. 56
X Eq. 57
T X
a, = —Ka, m Eq. 58

AUEIRENTNINT = o
ARADTANBIINGIAEL... .

a2, which obtained fron s0lving the equation (Eq. 53) by
the multiple regression analysis and computer progranm,
SPSS / PC’, we could find the gquivalent volume of

.2 weak acids, V_, and V__,. The dissociation constant of
each weak acid could be obtained from G plot (as shown in

equation 9 and 21, the slope of these equation was the
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~dissociation constant) from the titration of the siangle
weak acidic solution. The normality of titrant could be
obtained from the standardization of ititrant solution

with the standard acid solution.

WAL équation for titration the
i_#

mixture of neut¥81 aid ionized weak acids, such as: EA and

K'HA® or the \E\‘x*\\;‘ weak acids, such as;

K HA™ and arived in the same

manner as for rai weak acids. Thus,

the equations er as Eguation 53 and

the volumes of valent to the two weak

> 4 AL ’ : :
acids, were obtai e-4?2¢'- h lue of partially regression

coefficient, as shov 59.

AULINENINEINg
AN TUNNINGA Y
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