CHAPTER IV

RES@W DISCUSSION
The. ,?urﬂa prrogram, SPSS/PC*, is

important for et "17 of data in this methcd.

To test the po il 3 | of? ~data wes simulated in
theoretical. experinental data, we

that this srogram can be

used to solve 6% i ; fon (Bqg. 53) for

Testing The{r ., SP C ' | Programs

The setg, of data were synthesized by solving the

polynom 16&1 uﬂt’a’m &Lm ‘5 ?N EJ':J ﬂj\‘ he concentratiou
of hydronlum ion as th func V%ﬁd of titrants.
The %mf}ﬁ\ﬂ ﬂ ipm uk?lﬁ j:ﬂg[qx asaased on mass
balance, charge balance and equilibrium equation. The

polynomial equation could ‘be derived, as followed.

The initial steps of derivation were in the same

pattern as for the derivation of Equation 53.
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5 G
[H'] + NV - [OH 1 = En Vo N.: @ Ka,V_ N

——

V_+V ' (Vo#V) (Ka, +[H 1) (V_+V) (Ka_+[H'1)

refer to ‘Eq. 53

Eg. 80
Multiplying Eq 0 5T j_ ' H 1) (KaB+[H+J) could
give
Y )
(Ka K__ + (KBl +K2"9% (OH"3 %
AT aB N . -h.' + VNEH J i KW}

ﬂUEJ’JVIEJVI?WEJ’]ﬂ‘S
SRR

Eq. 61
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Equation 61 could be rearranged to

CH'I" + 6Kay + a4 W0 o™ 4

4&5&;5? Yo N Ka a W'y (H T o«
===::Egg. (V+V_)

- Ka,Ka_V__N }cH’3

——— e

{KaAKaB + (KaA

{ Ka,Ka_VN -

(V4+V_) (V4V_)

polynomial form

:‘;:::::fff____———T__—iE’

+ . s 3 '”I +
84[1{ ]ﬂ a, 2o + 3z [H A 8 =0

iione ﬂJJEJ’J‘VIEWﬁWEJ’]ﬂ‘i
ammm“mﬂmmmaﬂ

a, = Ka, + Ka, + (Ka,+Ka_)VN - Xy - Ka V_,N

V +V V_+V

o

V4V
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When w ¢

in the ionized

in the sam
neutral fornm

Equation 62.

equation (Eq. €2) ﬁas

?f parameters in the

}iquat icn (Ka _, Ka_,
e

A ¥l ﬁg,%E' ;::ff' w&*e fixed except the
volume of titraftes. Thus, 8é1lvi %slynomial equation
could ﬂu Elll ’g ILEJ m i ﬂ Ej’jrﬂ “wes the hydronium

%pﬁi\ mﬂﬁﬁqmma g of titrant.
Newi%& zap

atlon method (Butler, 1964 and Geenspan,

v

1988) and computer program, Macro Lotus were used in
order to solve this polynomial equation. This newton’s
approximation method was included in the textbooks of Maron
(1987)3 Maron and Lopez (1991); Mendeﬁhall, Scheaffer and
Wackerly (1981) and Pizer (1983). Each set of data,

hydronium ion concentration as a function of the volume of
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titrant, was obtained from changing the pKa of each weak
acid in the polynomial equation, which could give the
difference of apKa, as shown in Table 3. The sets of

data (hydronium ion concentration as a function of the

volume of titrant, %-.W?/ rom simulation) were the same
character as obtk:' @ titration :in the real

experiment. The/ w

applied to

1ned from sisulation, was

tion (Zq. 53) for

calculation ¢ with <the aid of

SPss/PC’ progr

Table mparison between the

theoretical A" with the calculated

values of rultiple 1lipear

regression s 19663 Johnson and

Bhattacharyya,:1987, Byrl 1987 dﬂd Dunteman, 1984) of
spss/pc* rograiés The Ej rized in Table 3
suggestedﬁ ﬂ ﬁﬁ : :’Li‘]? wes suitable
for ).13 qﬂ ? flﬁ ﬁlﬂrﬁm Erl]ﬁa E]a equivalent
poi;E§Qﬂ§

eternination o two weak acids.

Figure 8 - 43 showed the three-dimensional plot
between the variables of the modified equation, Y, X1 and
X2,  In theoretical. For +this case of two independent

variables, X1 and X2, the equation for the value of Y
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described a plane in the three-dimensicnai space with X1,

X2 and Y as the coordinate axis .

EH+]+(VN/(V o+tV))-[OH]

Kal+CH 13}
+EH 1)}

where Y

The Titration

The
acid, potassium "1 :;.,  IR W trophenol, pralidoxime
chloride, boric/#acid an e rine ydrochloride. Their pKa
was shown in Table _;__I fﬂi'ejexperiments, the pairs of

weak acid :ﬁere a in : A form in crder to
\ — -

reduce the n matching the pairs

of weak acii;. erences Eln apKa of weak acid

:::resﬂﬁgﬁaw ﬁ%ﬂ%ﬁw Er;.Tyﬂxﬁ were shown in
quﬂﬂﬂimﬂlﬂqqtlﬂﬂ'lﬂﬂ

The results of the +titration were conmpared with

T

the reference method, G plot, by the statistical procedure,
student t-test, at 95% confidence interval (Devore, 1990).
Gran’s plot (G plot) could be used as the reference method,
since it had been shown that in the former study there
was no statistical difference between the result from G

plot and the official method in USP XX.
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The discussion of the two equivalernt points
determination for the weak acid mixtures could be divided
into 3 categories, as followed: two neutral weak acid
mixtures, neutral weak acid mixed with ionized weak acid

and two ionized weak

1. Neutral

Weak Acidic

Mixtures
éqgn this group were
theze
compounds were
- = ‘—I' 5 9
TB71% 107 4.1¢ ZOlQﬂbCld) and 8.017 x10™*°
(pKa = 9.096, bemic acid). @The difference of pKa Dletween

these aku&g mij yl}; WLL Qeititration ea:}: of
) ‘fﬁ SRR TE P10

Gran’s

plot and the modified equation (Equation 53 with only
one variable in the equation). The titration curves and
Gran’s plots were shown in Figure 44, 48, 50, 51, 58 and
$9. For boric acid, the equivalent volume could not be
determined from the titration curve, because the curve had

poorly defined equivalent region, as shown in Figure 48.
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The titration curve of weak acidic mixture
and the three-dimensional plot of three variables in the
modified equation (Y, X1 and X2} were shown in Figure 62

and 62. The equivalent volume of these weak acids (see

: Vﬁ«/son ing the modified equation

for each weak acid

Table 4 and 5) were f

(Eg.. 537%.

ation (Eq. 53) from the

were statistical

indifference umes of the respective

weak acid obt Equation 9) from the

¢ Ahe dissogiaticn constant these

compoundﬂ u ﬂ’lm ﬂmi chJlflijwere BT % 10°°
= 104 ben201c ﬁcld pK& = 6.998,
AN AR

acids was 2.894. From the titration'each of weak acidic
solution, the equivalent volume (see Table 6 and 7) could
be determined from the titrstion curve, Gran’s plots and
the modified equation (Eq. 53 with only one variable in
the equation). The titration curves and Gran’s plots wére

shown in Figure 44, 46, 50, 51, 54 and 55.
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The titration curve of weak acidic mixture
and the three-dimensional plot of three variables in the
modified equation (Y, X1 and X2) were shown in Figure 64

and 65. The results of these titration foliowed in the

acid

compounds as de 9) were 1.004 x i0~~

(pKa = 6.998,

boric acid). The di e Oty between these weak acids

was 2.098. of weak%x acidic
solution, Table 8 and $) could

be determinefjb" irVﬁ} Gran’s plots and the
modified equaf&on (Eq. 53 th only one variable in the

canationf] {141 90 B INGNATerve sios v

shown in Figure 48, 48 54, 55, 58 and 59. “For borie acid,
theq qu nﬁm uowr]gnﬂ I:’laazﬂned from the
tltratlon curve, Dbecause the curve had poorly defined

equivalent region, as shown in Figure 48.

The titration curve of weak acidic mixture
and the three-dimensicnal plot of three variables in the

modified equation (Equation 53) were shown in Figure 66
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and 67. The results of these titrations followed in the

same pattern as for the titration of tlie mixture of

benzoic acid and boric acid.

of this group (benzoic acid-
‘;?-'p nitrophenol mixture and
it was concluded that

tral wveak acids could bhe

AU  INBBINENNT e ot ree

compounds as determine by G plot (Equatidh/9 and 21) were

mﬂﬁ’m*ﬂﬂimmﬂ QNLINg -

—-10

2.153 %10 for ephedrine Lydrochioride (pKa = 9.667).
The difference of pKa between these weal acidsiﬁas 5.5863.
The equivalent volume for each weak acid (sece Table 11 and
12) could be determined from the titration curves, Gran’s
plots and the modified equation (with only one variable in

the equation); The titration curves and Gran’s plots were
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shown in Figure 44, 49, 50, 51, 60 and 61. For ephedrine
hydrochloride, the equivalent point cculd not be
determined from the titration curve, because it had

poorly defined equivalent region.

%rve of the weak acidic

e-PinGlatanal plot of the varisbles

in the modifie job | (Eq. 63) were shown in Figure 88

mixture and

and 69. The tions were summarized

in Table 11 a

the modified for the titration of

weak acid mixture _were histi difference from the

(Eq. 9 and 29 ioﬂ each of weak acid

solution. Thls‘¥g§ llkely to alkaline error as much of
he  datf|ubdd hn il m‘mmn oBlile: Tha arrbr vas
due to he capability of thesmembrane fotr esponding Lo

otndt Heddl Sl lhehierddn Ll it o

act1v1ty became very small, the Na' ions could comrpete

succesfully in the potential determining mechanisn.
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2.2 p-Nitrophenol and ephedrine hydrochloride

The dissociation constant of these

ccmpounds as determine by G plot (Eq. 9 and 21) were

1.004 x 10”7  (pKa=6.998,

-nitropkenol) and 2.153 ¥ 10~ *°
(pKa =9.867, ephle w

!" loride). The difference of

pKa between 4.669. The equivalent

volume for eéﬂﬂ-_—?—p / ',‘-sf-!?gsle 13 and 14) could be

determined f J 10 cve, Gran’s plots and

the modified only one variable in

the equation). and Gran’s plots were

shown in Figure ana 61. For ephedrine

"hydrochloride, th could not be determined
from the titratiogiﬁﬁgﬁ%:, because the curve had poorly
et e R -

'7igure 49.

The tltratl curve of the weak acidic

mixture ﬁxusr}wegmi w&f}ﬂ f three variakbles

in the modified equatign (Eq. 53) were shogwn in Figure 70

andaﬁﬁ%ﬂﬁsﬂa w vuew ’aig-mztjs’laeﬂummarized in

Table 13 and 14 and followed in the sanme pattern as for the

titration of benzoic acid - ephedrine hydrochlbride mixture.
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2.3 Boric acid and ephedrine hydrochloride

The dissociaticn constant of Laese
compounds as determine by G plot (Eq. 9 and 21) were

L0

8.017 ¥ 30 ="

boric acid) and 2.153 x 10~
hlo

ride). The difference of
pKa between ¢ : j}“ A 0.571. The equivalent
volume for eacﬂ-'-—._" . (see Table 15 and 16) could be

determined fr

(pka =9.667,

the modified equation

(Eq.53 with the equation). The

titration re shown in Figure 483,

49, 58-61. of these weak acids
could not be dét mined f ;;‘, titration curves because
the curves had p T__ > = ~equivalent region, as s£hown

curve of the weak acidic

¢ Zhe titrati

| it igp
mixture ﬁnu &Qtﬂ%%@%g{ln@f three variables
in “the m%'dified equatiion (Eq. /83) were shHoWwn in Figure 72

ARAIAIIRIANENRE.

in Table 15 and 18 and followed in the same pattern as for

the titration of benzoic acid - ephedrine hydrochloride

mixture.
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2.4 Potassium biphthalate and boric acicd

The dissociation constant c¢f {lese

compounds as determine by G plot (Equation 9 and 21) were
9.156 x 10T (pka W potassium biphthalat2) and
$.017 a6 " /ﬁ acid). The difference of
pka Dbetween ak“aomtl 058. The equivalent

/ :\ﬁsh”‘biﬁhibe determined fron

titration cur ure Hﬁ-u 48), Gran’s

volume for

plots

(Figure 52, dified equation (with

only one vari ) ; ) For:: boric aecid; the

equivalent poin ined from the titration

curve, because rly defined equivalent

region.

curﬁ} of the weak: acidic
mixture and thé shree-dimen&ional plot of variables in the

modlfleda]ufﬂq m EJMQ wsﬂ,’] ‘nniugure 74 and 75?
AR N

obtained from solving the modified equation (Equation 53)
in the titration of weak acid mixture were statistical
indifference from the equivalent volumes of the
corresponding compound as obtained from G plot (Equation

9 and 21) for the titration each of weak acid solution.



2.5 Benzoic acid and pralidoxime chloride

The - dissogiation constant of these

compounds as determine by G plot (Equation 9 and 21) were

T.871 x 107" (pKai=l

- 1 en2010 acid) and 1.240 x 156°°
P {éggsh‘ de). The i

(pKa= 7.907, pralido:

pKa betweeny
equivalent vg}ag!"'ff J

from titratio

difference of
was 3.803. The
id could be determined
and 47), Gran’s plots

(Figure 50, e modified equation

(with only one

the weak acidie

-'-I'_j""__. i : =
mixture and the thﬁéé#g mer Y ' of variables in the
( :

k‘in Figure 76 and 77.

The results ég thes S (Taﬂle i9 and 20) followed

in the same pattern as 1&f%iion of potassium

blphthalﬂuﬂ ’ln&l uj W EJ ’]
ANaYNIMUANANEEY

The dissociaticn constant of these

compounds as determine by G plot (Equation 9 and 21) were
D158 XN pEa e 5.028, potassium biphthalate) and
1,004 % 107 ‘(phka= 6.998, p-nitrophenol). The difference

of pKa between these weak acids was 1.960. The
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equivalent volume for each weak acid could be determincd
from the titration curves (Figure 45 and 46). Gran’s plots

(Figure 52-55) and the mo@ified equation (with only one

variable in the equation).

urve cf “he weak acidic

mixture and the L plot of variables in the

modified equa in Figure 78 and 79.

The results 15 and 20) followed

in the same itration of potassiunm

pralidoxime chloride

R#onstant of these

oo T U a‘ﬁ‘%ﬂﬁ%’ﬁ T e
S SR Ay - o

ent ume for each weak acid could Dbe

(Eilanlon ¢ and 21) were

determined from the titration curves, Gran’s plots and the
modified equation (with only one variable in the equation).

The titration curves and Gran’s piots were shown in Figure

465747, 54 = 5T.
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The titration curve of the weak acidic
mixture and the three-dimensional plot of variables in Lhe
modified equaticn (Eq. 53) were shown in Figure 80 and 8i.

The results of these titrations were summarized in Table 23
y# that there were statistical
o;ume for each weak acid,

mnagﬁhékuquatlon (Equation 53)

h, \‘a,

and 24. It could

difference betweﬂi-” t

obtained SO1V the
from the tlj |

equivalent

idic solution and the

ponding compound as

obtained fro 21), which the data

obtained from the single weak acidie

solution.

we-could notf, determined

the equivalent va ak lacid mixtures by the
q 4 A%

2 ﬂ When the dissociation
ZZZT“Q‘EMWHMWMI? IZT;I?ZCZTZ,ZTQ
AT T SN g i g e e

not sensitive enough to change in volume of
titrant. Thus, the modified equation (Equation 53) could

modified eq&}tlon?

not be used to accurately separate the effect of each weak

acid on the pH of solution.
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2.8 Pralidoxime chloride and boric acid

The dissqpiation constant of these

compounds as determine by G plot (Eg. 9 and 21) were

152407 %" 10 (pKa =

iy -_ ’7 ralidoxime chloride) and
e AN

!“‘ibric acid). The difference
; = __J
of pKa between ©h ea aGhin, 3 1.189. The eguivalent

8.017  x . 10

volume for e determined from the

titration cu )., Gran’s  plots
(Figure 56-5 uation (with only one

variable in th acid, the equivalent

point could n rom the titration curve

because it had p = d =quivalent region.

Qf the weak acidic

sional pilt of variables in the

modified u tgnﬁ( n )»%{ s )|.1 i Figure &0 and 81.

The resu@ﬂf }gsﬁﬂill nﬂﬁe ﬂgrized in Table 25

and Zﬁﬁr ﬁﬁ flj:ﬂ ﬁﬂ[gjﬂm ﬁﬂhe titration
iq gznol a:§

of p-<nitrop pralidoxime chloride.

mixture and

2.9 Benzoic acid and potassium biphthalate

The dissociation constant of these
compounds as determine by G plot (Eq. 9 and 21) were

T-B%) % 10" . (pKa = 4.104, benzoic acid) and 9.156 x 10~ °
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(pka = 5.038, potassium biphthalate). The difference of
pKa between these weak =acids was 0.334. The equivalent
volume for each weak acid could ke determined from

the titration curve (Figure 44 and 45), Gran’s plots

( ’,}/ied equation (with only one

3

(Figure 50-53) and t

variable in the eqg

mixture and t/
f

mocified equati

of the weak acidic
t of variables in the
in Figure 82 and 83.

The results of s le 27 and 28) fcllowed

the same patt_ on of p-nitrophenol and

pralidoxime chlor deiEEL

3. G 3 ionized Weak Acidic

Mixtures

AL ANENTHEDD Loe s v
AR A NIUIIANIREL e

hydrochloride

The dissociation constant of these
compounds as determine by G plot (Equation 21) were
9.156 x 10 - (pKa = 5.038, potassium biphthalate) and

2.153 x 10 '° (pKa = 9.667, ephedrine hydrochloride).



The difference of pKa between these weak acids was 4.829.
The equivalent volume for each weak acic could be
determined from the titrat:ion curves, Gran’s plots and the

modified equation (with onlv one variable in the equation).

The titration curves g:'r ran’s plot were shown in

Figure 45, )d 61. For ephedrine
hydrochloride, —hke—-equ’fvawume coiuld not be

determined by)/ ; o{n \Yﬁbeca\nse it had poorly

defined equiva

and 30.

¢ SZhe equivalent volumes for each veak acid,

obtalned&uﬂ 1%&] m‘jwﬂqﬂj(hq. 53) from the
titration of weak ac1ﬂ;}£i§ ﬁ ] difference
froqme @ vﬂi /1' he orrespm.c.lng compound

as obtalned by G plot (Eq. 9, 21) from the titration each

of weak acid solution. This was likely due to alkal:ne
error as much of the data were in the range of high pH
value. The error was due to the capability of the membrane
for responding to other cation besides the hydrogen ion.

As the hydrogen ion activity becane very small, the Na'
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ions could compete succesfully in the potential

determining mechanism.

3.2 Pralidoxime chloride and ephedrine

W///

-ﬁbﬁs-'dlgsom constant of these

hydrochloride

compcunds as det J 1", GEqQ.21) were 1.240 x 10 °

(pKa=7.90T7, d. e ihg. e A0

(pKa = 9.667 e). The difference of

pKa between th '  760. The equivalent
volume for ea éak, i;mn Table 3i and 32) could be
determined by | g jﬁrfj >5, Gran’s plots and the

me variable in the equation)

= plots were shown in
anﬂ 61. For ephedrine

hydrochloride, & dhe equivalent volure could not be

BN V115 P11 1 Tl MO
"°°§yﬁe’ﬁlﬁdﬂe SANATAR STy

The titration curve of the weak acidic
mixture and the three-dimensional plot of three variables
in the modified equation (Eq. 53) were shown in Figure 88
and 89. The results of these titrations were summarized in

Table 31 and 32 and followed the same pattern as the



63

titration of potassium biphthalate-ephedrine hydrochloride

mixture.

3.3 Potassium biphthalate and pralidoxime

i \ constant of these
| " - . i
compounds as 15_—-—# - EEDERL, Wvere 9.156 x 10" (nKa

5.038). . for

chloride

and 1.240 x 10° " (pKa

7.907) “for
between these
for each weak a dﬁxlngtf:i ) ined from the titralion
curves (Figuré

lots (Figure 52, 53, 56

and 57) and the mgé@ﬁ%? / tion (with only one variable

in the equsa

¢ Ihe titratign curve of the weak acidic

mixture m&m&m A1 | Bhal of varsestes in

the modlfled equation QEQ. 53) mere shown in Figure 20 and
91. Q WI:J aﬂ\ﬂjm &mqana ,lailummarlze'i in
Table 33 and 34. The equivalent volumes of two-weak acids,
which obtained from solving the modified equation
(Equation 53) in the titration of weak acid solution, were
statistical indifference from the equivalent volunmes,

which obtained from G plot (titration each of weak acidic

solution).
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From the results of the experiments (Table 4),
it was anticipated that there were many factors which
concern on these resulls, cuch as; alkaline erroc and the

difference of pKa between {wo weak acids. The experimental

results were differed fr(‘l\lpe theoretical resulbls because

of these factors. Q} /’
-
_.-J'

""""'!--3

——
Alkaline Error1ﬂp-—-'

following weak acid

mixturess;

|
lon
[0}
=
N
C
)
=
<«
(=5
2]
(e}
Q
o
—
o
o]
foh
@

|

o]

=}

it

c’.

Lo ]

@]

§e)

3

AL ' ‘
A | <" il
% S o - F

(:} i

=

=

=}

(0}

=

«

o

21

o

O

—

(o]

=

=

D

- borfa'

showed that, &here were s tlotlcal difference between

the eqmﬂlﬂﬂ’ﬂu%sﬂ%ﬁﬂ%}’m Wing the modified

equation and the equivalent molume of the corresponding
com@uwl-]aa qaﬁm uom q(:g moﬂq a Eal)s due to the
q

alkaline error as auch of the data were in the range of

8 hzrrochloride

high pH value. The pH measurement of glass electrode in the
range of high pH value (pH value was more than about 9) did
not reflect the true concentration of hydronium ions. The
H® concentration was very émall, when it was compared

with the other ions such as Na+, X* and other
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cations. This alkaline error was due to the capability of
the membrane for responding to other cation (Na“)
besides the hydrogen ion. As the hydrogen ion activity .

successfully in ning mechanism.

~determi

became very small, these other ions could compete
As we

The Effect

the titration of the

iphthalate

ime chloride

4 ".-\jﬂhil"f'l

were statlsﬁxcal di?fé%igq he eguivalent voiune,

cbtained fr uation (Eq. 53) and

obtained E] from the reference

IO 1V L )12 () L1

error ermlnatlon, when the

RTRITIO NATVIN TR e momeore

were' quite close.

the equlvale volume,

The reason was that +{the range of data which
were used in the calculation of the modified equation (Eq.
53) was in the range of high buffer capacity, as shown 1in

Figure 80, 82 and 84. These figures showed the titration
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curves of these weak acid mixtures, which the slope of
their buffer regions were less than the titration curve of
other weak acid mixtures, which their apKa w2re more than
about 2. 1In this region, the measurement of PE values was

not sensitive enough to the change of titrant volume. Thus,
the modified equatxon\%}:‘/ ) could not be used to
accurately separahq.;ghe ef é each weak ecid on the pH
of solution. ‘-—___,,
/"

of slope of th

The

weak acid and : a.}fhej alu,s_oﬁlolopes for mixed weak

acids as show

slope value". To gigfif&#f » let us loovk at mixture of

'J;" =

potassium bﬁPhthalatéibd?ic the mixture of

potassium b .“'a‘é e-p-nitrophe J;ihe slope value for
potassium blphLLalate boric 301d(ApKAJ 4.058) 1is 0.885 and

the slop gEJ ﬁ t,% ﬁﬂjibroohenol(apKa=
1.960) i

is e reason for potassiun blphthalate -p-

PSR ) ) AL T B B ovaesi

biphthalate-boric acid mixture is bacause the buffer region
of potassium biphthalate and b-nitrophenol significantly
overlapped with each other and calculation of the_apparent
slope include both the buffer region of potassium
biphthalate and p-nitrophenol. Where as in the case of
potassium biphthalate-boric acid, there is no ovérlapping

of the buffer regions and hence the apparent slope of this
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mixture is actuallythe slope of potassium biphthalate only.

Moreover, there was _a seall uncertainty in the pH

measurement.. Normally, this does not lead to error in

determination of volumes of each weak acid in

the mixture. ly when the change in pH

- z -

of solution uwJue=—G;m wnt.o change in volume of

titrant (see e weak acidiec mixtures,

this would s than 2. This would

lead to error i valent point for each

weak acid in t

ye

O G
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