CHAPTER I

INTRODUCTION

Volumetric widely used for

routine analysis p1dness, convenience
and accuracy-. idic drugs are not
usually titra ecause their disso-
ciation const eir reactions
are not suffi satisfactory end
points. Anoth solubilities in
‘water. . Thus, n ons of these weak
acidic drugs are in non—aqueoué system.

However, some_ex hould be considered.

First, moistur] &J:ded in using non-

aqueous procedg‘es .

compete with the smeak acid the basic titrant. Hence,

the sharmmmmwmﬂiﬂ

mentally, 1t has been fiound thafmthe moistmpye content in non-—

aqu&ﬂﬂﬂﬂﬂimuﬂﬂﬂﬂﬂiﬁhﬂ T

not to have any appreciable effect on end point determina-

: Eeak Beid. witl

tron (1), Second, temperature must be strictly constant

throughout the titration ‘because of the high coeff1c1ent
of expansion of organic solvent (2). Third, utilization
of indicators for determination of end points may not be

totally-'satisfactory. The color change may not be as



obvious as might be desirea. Hence, the potentiometric
end point determination with a glass electrode should be
employed. However, it has'been recommended that a glass
electrode and a reference electrode should be used with
glass frit diaphram tubes and an electrolyte and appro-
priate solvent such as a saturated alcoholic solution of

LiCl is filled to ens §3~'£' onductivity. This is not

A d7~
ccordin R \H::i:

aqueous solvent -riation

the titration ‘im non~
ueous solvent may
become useful i . ,>1 ;:.' X xsblems of precipita-
tion during the detof i ~at and difficulty in end
point determinati S Mixedisdlvent of organic solvent and
water may be employed 4 ﬁ’- f to increase the solubility

of weak acidic drugs éﬂff__ iometry will be employed

when a suitable cator’ i ible (3,4}

v )
jﬂmination of end point

e

Varionﬁ I

volumes in pote?¢1ometrlc tltratlon are classified into

three maﬂ %H'}%%&]‘%Wﬁﬂﬂﬁhgner (5).

of aiTitration

The end point will be located on the steeply
rising portion of the curve. Although the curve shows a
very clearly marked steep portion at the equivalence
region, an approximate value of end point will be given.

Thus, a titration curve of weak acid, which has poorly
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defined inflection point, will give an unreasonable end

point value. These methods are, as followed

1.1 Tubb’s or Circle Fitting Method

In this method (6; 7)), @& thin rigid plastic

arked a series of circles

J"t rcles is constructed to

of the t1trat10n

sheet is needed on which i

)

sig

or concentric arcs.
partly coincide wi
curve for V > Vem othe 1s constructed in a

‘rﬁg:\EV“ is evaluated as the

¥nters of two

similar way for
V value where t

circles interse

I a straight line which

intersects the primar] ve at three points is

constructed S&E&f————"———-ﬂ—“ - &d between the

N
ne%&re equal. The end

titration curveiﬁn-

point is the 901n#‘¥here the o areas meet.
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the curve when it shows reasonably good straight lines

before and after the steep part of the curve, the lower
portion to thetright and the upper portion to the left.
Then at suitable points vertical lines are erected, one to
the‘riéht of the steep part of the titration curve and one

to the left. These vertical lines are then bisected, and
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~to the upper a

the mid points are joined. The line joining the mid
pbints intersects the titration curve.at the end point

volume (7).

1.4 The Method of Parallel Tangents

A th1n rigid plastic, on which is marked

’,ﬁ er with a number of pairs
n e i}de of the central

tlon curve in such a

a central horizontal
of parallel lines
line, is laid on
position that lines is tangential
ration curve. A

pencil is marke

slot at the point

where it cuts th pAaYT, Rl itration curve then

2

1€se methods are concernefd/with differences
i -
X J

in potential ors ildition of titrant.

1

Accuracy of measured potentlal or pH 1is important for end

point evalﬁﬂ)m%ﬂﬂﬁ?‘ EFE}ﬂ ‘Ef error

potentlals r pHs will g&ve a poor end p01nt value.

Seve@ﬁqwﬂﬁﬂ%ﬂﬂ NYNa Y

2.1 Method Based on AE//AV Values

The ratios of AE/AV = (E -En)/(Vn W

n+1 +1

V,) are plotted against (Vv + Vn)/2 where the ¥ denote

n+1
the volumes of titrant and E. denote potentiallvalues that

th

correspond to the volumes of titrant in the n titration
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point. The maximum point of the curve is the end point.

.2.2 Cohen’s Method

According to the AE//A\V plots, several
values of ZXE/ZXV and the corresponding volumes are

selected from either curves. Let L for the volume taken

from the left hand c the end point) and R for

the volume taken nd curve (after ‘end: p01nt)

= l(L + R), the wo values is computed,

and the differ alues is D (D = R -~
L): “Plet .M as lustrated in Figure

1, the extrapo end point (8).

tuin Methods

i g-group. ‘ ods exploits titration
data around end point. yetween the corresponding
E values areigalculated _The nd-poilt! is evaluated from

TH

R}
(5), or Fortuin 3omograph (9) The end point is

calwlateﬂwww‘swmm
- ARIAINT 1{1%99587a

Second Derivatives

parameters ( QO Kolthoff (3), Hahn

2
The plot ‘of [&E/Zkvzand V locates the end

2 2
point with the intersection on the volume axis. AN E/AV
= (AE

difference values of potential and V, are the volumes in

X [ﬁEn)/(V = Vn)2 where ZﬁEn denote the

n+1 n+1
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Figure
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1 End poi td‘ﬂt by Coheny’s method

ﬂ'HEl’JVIEWIﬁW El']ﬂ’a'



the n'! titration point.

2.5 The ZXV/[XE or Gran’s I Method

AV/AE is plotted against (V_

where AV = V - ¥ and AR = B

n4+1 n

+ vV )/2
+1 [

- E,. Two straight

n+1

lines one before and one after the end point will intersect

at the V value correspohd k # the end point (10). The
k My, ‘ :
use of linear line gressi &mprove the precission

i--ii

of the evaluatio extended this

method with th stepwise addition

of equal volum ed better results

(i1 1 S [ 5)
2. e FLik Cari ethod
T &1”5 wof , AV//AE values are used
with a correctlon foﬁﬁﬁﬁ? " nce in slope at V = Vn+1

and V = V . ".‘:;_--ll;l;-—--lI;.-.‘_i--‘-ﬁ'.'—-—-';', L after the end

g Y T X

point are calcuqz' -r'stical formula for

linear line regr%P51on

2 lﬂﬂﬂﬁﬂﬂlﬂ‘imd
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balancl condition (14, 15). It is assumed that the

reaction between the titrant and titrated solution is
complete in all titrations except in the immediate vicinity
of the equivalence point. The volume at end point can be
obtained from a few measurements at the beginning of the

titration. The differentiation in Nernst equation of two



successive titration points, V. and V predicts the

n ni1?

end point according to

1 = FdE. ~ 1
[Ve - (v + v, )/2] RTdV [Vo + (V. +V,_ /2]

where F is Faraday number, R is real gas

constant and T is absolu v erature.

3. Method ~~E41s 4s€ B lance and Equ1111br1um

Equation

3 Lected EMF Value

opposing the emf
value in questio erence potential
between the referg z\f ndicator eiectrode'at
the equivalence poi is added until no current
flows. At this poini . of titrant is the end

point volume. $+<this method s Freagunentldly applied in

AV

Y This ney technlc of end p01nt location
was dg}twq&‘ﬂ ﬂ 5 mﬂwgsl}ﬂ)ﬂ ql-a tHltlparameter
curve 1tt1ng is employed to combine data obtained during
the titration with a theoretical equation to yield the
best estimate of the parameters in that equation. There
are three significant parameters in‘the equation. Those
are the concentration of the titrated solution, an equil-

librium constant and an apparent activity coefficient.



The function is expressed arithmatically by means of mass
balance and equillibrium equations. A computer is

necessary for executation.

3.3 Gran’s Second Method

This met od is based on an original idea
\ e antilogarithm of the pH

which gaﬁe a straight

of Sorensen (17),
as a function ofwy _
—

line instead o ation curve. Grah

(18) had intr the volume change

during the c j b‘i_;zi ‘,“ e suggested that the
correction ma : e than Sorensen’s
method. The e determined by
extrapolation o before or after

equivalence poin

From ibed above, the

optimal meth§Q  . ’3‘-oint of a particular

potentiometriiﬂtitrafion which respﬂit to systematic

error, p isi ‘:3 : i ngigr }_' t ﬁethods based

on maés ﬂ:uﬁa mmb i EZ:lni (6). However,
the, Wﬂa‘ 'ftlr L p]ri é( alue has a
limig due to gectjzg;urgﬁdu01 ﬁajh Hultiparameter

refinement method involves complicated equations so that

it needs a programmable calculator for end point executation.
Gran’s second method, then seems to be the most suitable
method for utilizing in routine works because of its

accuracy, precision, rapidness and simplicity in
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calculation (17, 18, 19). A semi—antilogarithmic paper
(20, 21) and a Gran ruler (22) were suggested in Gran’s

second method in order to plot more easily.

The end point determination by Gran’s second

method is beneficially carried out by the technic of

stepwise addition titrat_ V
1 y _--_ '-.t‘\‘ 1

‘A known volume of titrant is

“;-p and measuring the pH
SCRede17, 23, 25).

H

Gran's ey ‘hhy oplied, particulary

NN
1?‘ j::\ .
\

transfered to the t

values when equi

when analyte cousm give well—defined

end points. The low concentration
obtained from
precipitation of‘ , ﬁ% f-Gw" ‘ s and also ionic
strength and the aofi{jﬁijyfv 1 canvPe better
controlled (25, ‘

26 d coworkers presented

end point dete C fion for the tHteatiidn which was run on
> X

'u
e

low concentrati tion limited of the

electrode by Gran s method wh1ch yielded excellent results

- ﬂﬁﬂﬂﬂﬂﬂﬁﬂﬂﬂﬂﬁ

g

seconﬂqmm@iﬂﬁi AT

-7
acid (Ka < 10 ) as Gran had not accounted for autoprotolysis

of water. Therefore, the curvature near equivalence point
would occur and the erroneous end point volume was

obtained (29, 30).
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The derivations for some weak acids and strong base
titration which are modified from Ingman and Still’s

idea are shown as followed :

Derivations of Gran equations for titration data prior to

equivalence point

1. Titrationg® otic acid whose conjugate

\ili/

base has higher charge than i&S8&CcCid

itrated with a

strong base (sog

HA

Eq: 1

The solution m [rél, meaning that

{

ﬂuﬁﬁ%ﬂﬁ%’w{ﬁ]ﬂi S

and at the qulvalence g?int

QRIANTIATU A 'JWEI’W&EI s

The concentration of sodium ion at any volumes of titrant

is

[Nat) = O 9 S e
: Vo + V °
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‘and the fact that
B [HA] + [A-] i Eq. 5

When combine equations 2 and @f, give

CA=3c =m0 WM & tRe) - 10R-) o e 08

ion 6 intd Edfiation 5 and combining it

with equation 3 m—— { e
VeN L LUN S SR+ ] - [OH-]

Vo + V VO F

which may be reap

[(HA]

ST

FE

subsititution of equatigh—6 ani quation 7 into equation 1

Ka

o e @UBAANININGNT
L ARYEATINRTINgaY "

&= YR+ Ve W & ToNE ) gi. 10

wh

1.2 Ionized weak acid

When ionized weak acid, such as K*HA  is

titrated, the reaction is



KtHA- + NaOH —— H20 + NaKA
and dissociation reaction of weak acid is

A" canee HE ¥ Ws

H+J[K*J

Charge balance of thi ‘ rati solution iS.
[H+] + [Na+]

At the equivalence

and

Substitution equa 14
y;
[H+] + N 1ph.h A7)+ (HA-]
Vo + V o+v : !

Equation 1ﬂ%ﬁ ’}ﬂtﬂlﬁ?%ﬁq ﬂs‘j’ylelds
awﬁ“aaﬁmﬁﬁwmaﬂ

and rearrangement

AT s UEN 4 [BY.coloRe]
: Yo i+ ¥

Eq.

Eq.

Eq.

Eq.

Eq.

Eq.

13

11

12

13

14

15

16

18
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Substitution equation 18 in equation 16 and rearrangement

[HA-] = VeN = VN + flE] ~ [OH—]) Egq. 19
Yo hY Voo + oy

Substitution equations 18 and 19 in equation 13, gives

[H+] ( + [H+] - [OH 1)
Ka = )\ i Eq. : 20
“+ [H+] - [on—])
Equation 20 is tr ranged
Eq. 21
2. Titraghigh mo1 9 whose conjugate
base has lower ch

When an aci “;:_: 3+ X is tifrated with

sodium hydroxide.

+ '?._"'."
HB" X[ s 24,0+ NaX

= ,
il
The dissociation ‘f weak acid is

ﬂugqn_ﬂﬁwﬁﬂ
amaﬂmmmﬂ’mﬂ’mﬂ o

ABB*+T

and charge balance of the solution ,

[{HB+] + [H+#) "# [Na+]l: ' = [OB-] '+, [X-] Eq. 23
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At the equivalence point,
VeN = HB+(Vo S g Eqi. 24

During titration, mass balance of weak acid is

c 2. E X wm TR i (R Eq. 25

[H+] —.[OH-]) Eq. 26

[B] Ra. 27
substitution equationg . 2t ‘an into equation 22 , gives
‘ : [OH-]
I ——— — - Eq: .28

Sl 5" ¥

o eAIEnS s

[H+] = Ka¥eN =) KaG e Eq. 29

9 WAL IMARIINEIRY..

identlcal linear equations which are corrected for the

i

change of volumes during the course of titration and the

autoprotolysis constant of water. 1If,

VN 29 FH+ ]~ [OH-] Eq. 30
Yo £ V

SRR i 181090585
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equations 9, 21 and 29 will be reduced to
V[H+] = KaVe - KaV Bg. .31

Equation 31 is similar to Gran’s second plot which
is corrected only for the change of volumes during the

course of titration.

b
‘-\_ \l“

r ""H-\‘\" s
3. Titratign™ef diprofie®™acid whose conjugate

i%iﬁ

- as salt of weak

base has lower charge™tha:

When &

base,Hszﬁzﬁs titgh \son of this acid is

fd. 32

and

H+]
[HB+]

AUEANNINEN.c o
e LR ST

before first equlvalence point is

Eq. 33

H2B2+ + NOB e @B L O N W ¥4, 34

The charge balance equation for‘the solution is

(H+] + [(HB+] + 2[H_B%] + [Na+] = [OH-] + 2[X?] Eq. 35



The mass balance of weak acid gives

C
HB

2+

e [x

i

[HB+] + [H,B]

substracting équation 35 with 36 yields

[H+] + [H,BY] + [Na+]

If,

[H,B

substitution‘equaﬁk

2+

]

9 and 40 in eqion 32
KaﬂuBQW@%QWﬁﬂW?Q

substitution equati

[oH~] + [X*]

anged to

Vey N

ammﬂ%tﬁ%ﬁ

substltu ion G in equation 41 and rearrange

Before second equivalence point,

[H+]G

+ . [H+]

INYA

Ka, Ve, N

that [Hth] is approximately zZero.

HB*

+

NaOH

S

H

2

(¢

+

The reaction is

B

Ka

+

1

G

[OH

Na™t

Eq.

Eq.

Eq.

Eq.

Eq.

it is assumed

Eq.

19

36

37

38

39

40

42

43
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and charge balance

[B+] +' [HB+] + [Na+] ‘=" fom-1 + 2ix*] 84l 4

4
~

The mass balance of weak acid is

CHB* “é' D Galll - [HB+L + [B] A | Eq. 45
where

CHB* Eg:- 46
and

[HB Eq. 47

substitution egq equation 44,give

[HB+] /N + [H+] - [OH—O Eq. 48

Prx

7

equations 4”‘%,

{0H~1) - Ve N Eq. 49

1815 3 + [m+
: Vo + V

fuY Wﬁ?i”?ﬂi

substitut&kn equatlons‘48 and 9*1n equat1

awwaﬂmimlnllﬂﬂjlﬁﬂ i,

Vooe 4+ ¥ Ve +

Ve N~ ’+ [H+] -[OH-]
Vo Y Vo + v

and substitution G in equation 39 and rearrangement gives

[HE]{G "~ Ve, H) . =} KaZVezN = KazG ‘ Eq. 51
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If it is assumed that

VN oo [He) = o [OH=]
Yo +. ¥ iy

equations 42 and 51 are reduced to, respectively

V[H+] Xa,Vey ~ Ko V¥ Bq. 52
Ka2V

[H+](V - Ve %

L Eq. 53
| r——

i ] ,ﬁ;g;*~~qibasic acid, equations
42 and 52 are 1li ‘ i.}\i§:§k~n 42 involves the
. 3_  1 ‘;”{x of volumes during

cequation, however, they

autoprotolysis

the course of ti 52 corrects only

the change of ti equations 42 and

52 are employed f etermination.

Equations 51 and 53Fare -son—L
4

will be reduced to a simple 1 equation once Ve, is

known and secohd_end % also obtained

f
e

from extrapolatmn )
It ﬂﬂ- o .tw monoprotic acids whose
conjugate %ﬁ ’Joﬂﬂﬁgewﬂl]ﬁ ‘iid and the
diffe . REdi cgd m s aﬁ i 'gﬁ[;ugh that
ov‘erli;ﬁjoae{}ji }[ﬂt’l I.[.EJ?‘J" not
occur, equations 42, 51, 52 and 53 can also be employed

in the same way as the titration of ionized dibasic acid.



4. Titration of monoprotic weak acid whose

unionized conjugate base precipitate during the course of

titration.

Titration of some weak acids which their

unionized cojugate base has limit solubility, precipita-
We of- titratian:
Y —ﬁéggzil"‘g + Na* . # - H.O
. ‘ e 2
where B 1 _ Ugﬁ 77? “%ﬁ? of weak acid, uB* x~
The dissociation s4 A% :

Eq: 54
Concentration of the unionized form, B, will
increase durit i Qi Once concentra-—

tion of B in Liie Jsblubility, the

excess B will Jﬂecipi ate out and thiﬂconcentration of the
dissolved il ¢ in constdnt roughout the rest of
titrationﬂ;‘ﬁeﬁl iﬁhﬁmﬁnﬁ ﬂ:]ﬁiquation 54 '
descpi Ahe dissoci £ ei ' g e point at
e N LAY T AT TN AL,

dissociation is described (31, 832) by

Ka (H+] [B], Eq. 55

[HB+]

where [B]cis the concentration of dissolved B on



saturation, charge balance for this solution is

(HR+] + [Na+] 4 [H+] = [O0H~A] #i[X~] Eq.

and the fact that

Ka = '7 Eq
" -\\\\‘ v) {{H+]-[0oH- H)
If, G = (Vo £ W) ([H+] - [OH-])
equation 59 3
(Vo 4L g
VeN = G
ﬂum'ﬂﬂmwmni
[H+] (Vo + ¥) = KaVeN - KaG Eq.
amaqmmum%ﬂﬁ J
- as [B is constant, equation 61 can be rewritten
[H+] (Vo + V) = Iv('VeN‘ - k'g Eq.

and: i1f,

VNl 53 [ T~ FOH= ]
Vo . =2V

[x-] = .veR Eq.

J+ge - [OH-]> Eq.

21

56

57

58

59

60

61

62



[av]
2

equation 62 is reduced to
[H+] (Vo + V) & K'veN - K’'VN Eq. 63

Derivation for titration data after equivalence pPoint

I v Bitration of mohoprotic acid whose conjugate

base has higher charge s, acid.
After /4 concentration of HA
is neglegible. *th;;% olution is
RN L+ [H*] Eq. 64

where [A-] is t gate base of a

weak acid (HA). cak acid is

Eg. 65
Substitution eque ‘e 644 and rearrange
Y]
Va®] + _VeN Eq. 66

9 Vo +V

1a the alkﬂ,u AN gﬁq@w WAFYS (01, eavation

.66 can be r uced to

AANIUNKINGEY . .,

Yo + N

Sustitution equation 4 in~equation 67 and Kw = [H+][OH-]

give,

VN + VeN Eq. 68
Vo + 3 o + ¥

=
b
1

s
+
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S

which can be rearranged to

KwV, = (V + Ve)N Eq. 69
[H+]
where
Y - (Vo o+ ¥)

In this case KwV, vs V will give a linear

relationship of wh and from intercept, Ve

can be obtained,.

2. T.

._ ;‘ “k‘ Jg‘ ..Cid Whond Goll Juaais
A //;E e ‘
= P\

WA\

L f A alence point is
7 ‘j'g g i
[x-1 + foupda.~ s [H+] Eq. 70

-..sl
et s g

and the mas D 3 he idfis

Y]
v '¢,r,: E q. T1
Voild Vv

In the sﬂ;ﬁxﬂ{a ﬁaﬁq@wg{‘ ﬂﬁtions 70 and 71

will glve

amaﬂngmuw IWPINY .

[H+]

base has lowes

1s titrated, charge

T

a
. s
-

balance of the sg

3. Titration of diprotic acid whose conjugate

base has lower charge than its acid.

Ionized diba%ic weak acid (H, BNX%), the

charge balance of the soiution in alkaline region is



2(x%) + foH-1 =, (Nat]l + [B*] Eq. 73
and mass balance of this weak acid is

2[X¥] = C,a+ = . VeN Eq. 74
Hp' o ¥

VeN j . [H+] Eq. 75
Vo + ¥ ’ ’

and in the simi

Eqg 76

\
LY R\ A
Equation 'Jajj'ax »J\{= identical equations
which are employedFigZdel ] i end point volumes of

weak acids for titratior fter equivalence point.
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