CHAPTER 1V

RESULT AND DISCUSSION
The eight acidic com

un ich their properties were weak
acid with pKa value betw; ‘ olve in 0.1 M KCl solution
———

and had no precipiﬁw-ingf th% were studied. These

compounds were be , p- nitrophenol ,

vanillin , pralidoxin ide/, lic N rochloride , salicylamide ,

and procaine hydr i 'he 1_'1" a val were shown in Table 2.

matching the pairs of ere arranged in random form in

The binary mixtures of weak acidic compounds in this study

could be clasﬂeum reelcteabticd 68 followed )

E The mixtures betweeh two neutrabwe
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3. The mixtures between two ionized weak acids .

acid .

The results obtained from the multiple linear regression analysis

of the titrations of weak acid mixture were compared to those obtained
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from the reference method ( G plot ) of the titration of each single acid
titrations to determine whether their was a statistical difference between
these results . The student t-test at 95 % confidence interval was
employed . Glan’s plot ( G plot ) could be used as the reference method ,
since it had been shown in the former study (Seksiri Arttamangkul ,

1986 ) that there was no statisti ';# ce between the result obtained

from G plot and the offic &X ( Non-aqueous titration ).
J

uld be discussed as

The results _
followed .

The d1ss001atlon constafits of these-ﬂo ermined by
G plot@ ﬁqﬁﬁ ﬂ ‘i)m gllyl rl;a] henol and
5.26 x 10 ( pKa = 7.28 ) for vanillin . The difference between pKa
values of these acids was 0.27 . From the titration of each weak acid
solutions , the equivalence volumes could be determined from the titration
curves and G plots as shown in Figure 9 , 10, 17 , and 18 . The
titration curve of these acids mixture was shown in Figure 23 and

the results of these titrations were summarized in Table 4 and 5 .
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It could be seen that there were statistical differences between

the equivalence volumes of the individual weak acids obtained from the
titration of these weak acids mixture and the equivalence volumes of the
corresponding compounds obtained from G plots of each single weak
acid titrations . Thus, the modified equation (Eq.69) and all methods
used for choosing the range of ‘nM in this study could not be used
to determine accurate ang err uivalence volumes of the

individual weak ac1dmse : ids ure titration.( see Table 34 )

794 x10° ( pKa = 8. _
pKa values of these ac ds*@GS rom the titration of each weak
acid solutions, thq\lequivaléﬁcéitvdlmlﬂdy bf determined from the

re 10, 13,18, and 21 .
5!

> was shown in Figure 24 and

titration curves a 3 piots as she
The titration curve g‘ these acids mixtu
the results of these titration were summarized in Table 6 and 7 .

It coﬁiiu ESLQ n&uqilm&%mn‘js of the individual
weak 0% obtamed from the titration ofe , when
Metho@/jﬂ}g @ gnm ; m;lm’}ogmﬁ gmﬂ:ge of raw
data, were statistical indifferent from those obtained from G plots
of each single weak acid titrations . But for choosing the range of raw
data by method C , there were statistical differences between the
equivalence volumes of each weak acids obtained from the acid mixture

titration and those obtained from G plot of each single acid titrations.
( see Table 34 )
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As considered to Table 37 , it would be seen that the number of
data points chosen by Method A, B, D and E for equivalence volumes
determining of both vanillin and salicylamide ( Ve, and Veg ) were nearly
equal when compared to the other pairs of weak acid mixtures. Whereas
the numbers of data points chosen by Method C was different from those
chosen by these method. Thusx*f and Veg obtained by Method D
were accurate, Veaand Wbﬂﬁne%hod A , B and E would be
accurate too since the Wf t at1 osen by Method A, B,
and E for Ve, and nini \Hg app?bachgd to those chosen by
Method D. |

G plots were 9.74 x 1075 ¢ wag;Ol ) for p-nitrophenol and
7.94 x 10° (pKa=8.10) for salicylamide . The difference between
u e

pKa values of these-acids-was-+-05—Fs ‘Wtratlon of each weak
acid solutions, the fﬁ]uivalence ‘volumes could Ee determined from the
titration curves and Geplots as shown in Figure 9,13, 17, and 21 . The

titration cur@ utﬂs%&qs&llmli w&m ﬁFlgure 25 and the

results of these titrations were simmarized nTgble 8 and9 .

qg]lﬂ a@aﬁ@ ilmu%gnglmﬂ ;li@ EJtained from
the titration of these acids mixture , when Method D was used for
choosing the range of raw data , were statistical indifferent from those
obtained from G plots of each single weak acid titrations. For choosing
the range of raw data by the Method A, B, C, or E, there were

statistical differences between the equivalence volumes of each weak
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acids obtained from the acid mixtures titration and those obtained from
G plots of each single acid titrations . ( see Table 34 )

From the results of this group ( the mixtures of two neutral weak
acids ), it could be concluded that Method D was the best method for
‘:f ine equivalence volumes of each

es which their equivalence

choosing titration data range.

weak acids. The palrs

volumes could be deWb : mgear regression analysis

II. The titraﬁ})n of the mi eUtrﬂ weak acid and ionized

weak acid

ﬂummmwmm

by G plots were 1.11 x 10® ( pKa = 7.95 ) for lidocaine
hydrochloride and 7.94 x10"° (pKa = 8.10) for salicylamide. The

difference between pKa values of these acids was 0.15. From the
titration of each single weak acid solutions, the equivalence volumes

could be determined from the titration curves and G plots as shown
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in Figure 12, 13, 20, and 21. The titration curves of these acids
mixture was shown in Figure 26 and the results of these titrations were
summarized in Table 10 and 11 .

It could be seen that the equivalence volumes of the individual
weak acids obtained from the titration of this mixture were statistical
different from those obtained &&g ﬂ ots of each single weak acid
titrations. ( see Table 34&

For this pair of weak a 1d 'Wdlssmlanon constants of
i€ olose (- pKa O I"S-) The measurement of

equivalence volumes of e‘&sdmdu@tk acids from this binary acids

mixture titration . _ LR g

22 Pralidogme chloride and salicylamide mixture

The dissociation<eonstants of thé as determined by
G plots were uﬂ ﬂw ; ﬁﬁnplﬁo me chloride and
7.94 x e between
pKa val iﬂﬁﬂ@ g Zj 3 gu @ ﬁl’ﬁjﬁm A[lon 0 ach weak

acid solutions , the equivalence volumes could be determined from the

titration curves and G plots as shown in Figure 11, 13, 19, and 21 .
The titration curve of these acids mixture was shown in figure 27 and the
results of these titrations were summarized in Table 12 and 13 .

The equivalence volumes of each weak acids obtained from the
titration of these acids mixture were stastistical different from those
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obtained by G plots of each single weak acid titrations. ( see Table 34 )
All methods used for choosing the range of raw data in this study which
would be applied into the modified equation (Eq.81) could not be ‘
used for determining accurate equivalence volumes of the individual
weak acids from this binary acids mixture titration .

2.3 Vanillin and pralidoxi mixture

The dissociaﬁmnt&bf tmpounds as determined by
(0 (ks vanillin and 1.15 x 10°
Nlﬁ‘erence between pKa
om th&tltratlon of each single
_ bsuld be determined from
igure 10, 11, 18 ,and 19..

shown in Flgure 28 and

il — ""':’ ﬁ
statistical different trom those obtaing)d by G plots of each single weak

acid titrationﬁeu %}e@w ﬂl%@Wyﬂ:@oSing the range of

raw data in this study which, would be.applied into ,the modified

cquation B4 $1)Sbuld notbé bid fo ebrmidig dechialchuivalence

volumes of the individual weak acids from this binary acids mixture

titration .

2.4 Vanillin and lidocaine hydrochloride mixture

The dissociation constants of these compounds as determined by

G plots were 5.26 x10° (pKa = 7.28) for vanillin and 1.11 x10®
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( pKa = 7.95 ) for lidocaine hydrochloride . The difference between
pKa values of these compounds was 0.67 . From the titration of each
weak acid solutions, the equivalence volumes could be determined from
the titration curves and G plots as shown in Figure 10, 12, 18 , and 20 .
The titration curve of these acids mixture was shown in Figure 29 and
the results of these titrations 3 '%ﬁzed in Table 16 and 17 .
It could be seen@ ‘{-);mstlcal differences between

the equivalence volume: ion of these acids mixture

‘ ; ch s’x;\?\g;k@id titrations ( see Table
th femgMaw data in this study

and those obtained from

weak acids from this |
Table 16 , it would be e@ﬁa’c @ ivalence volumes of vanillin
obtained from Method A ang,E—t;f t}i%ds nnxture titration in the first
experiment of ﬁv“ > ’ ‘ :-_;_ --_-:-- others. The Q-test
was used as a statlﬂcal test to decide !
results ( Skoog et al.,uglg?O ). From this statistical test , these results

should be rejﬁput%"% %Beﬂe@% EJ f] ﬂ ‘j
’aq. -Ni ] iu%qﬁhnﬂ nlé:?.]

The dissociation constants of these compounds as determined
by G plots were 9.75 x 10®( pKa = 7.01 ) for p-nitrophenol and
115 . 107°( pKa = 7.94 ) for pralidoxime chloride. The difference

between pKa values of these weak acids was 0.93 . From the titration

et] erﬂ: retain or reject these

of each single weak acid solutions , the equivalence volumes could be

determined from the titration curves and G plots as shown in Figure 9,
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11,17, and 19 . The titration curve of these acids mixture was shown

in Figure 30 and the results of these titrations were summarized in
Table 18 and 19 .

It could be seen that there were statistical indifferences between

the equivalence volumes of the individual acids obtained from the titration
of these acids mixture and the\ \W volumes of the corresponding

compounds obtained fro !
Method D was used fo 05

methods of choosi

pgle weak acid titrations if
mraw data. By the other

g?-,:mn.equlvalencc volumes of

! it tm\\f the acid mixture were
G pbts of each single weak

the individual acid
statistical different

acid titrations. ( see

2.6 p-Ni idocaine Bydrochloride mixture
The dlssoc,l‘atlon cohsf&ts,of'ﬁ ‘ compounds as determined by

G plots were 9.' ""%*-"‘“— 101 p-nitrophenol and
1.11 x 10®(pKa =j}.95 ) for idocaine h drocaoride . The difference
between pKa values of these weak a¢ids was 0.94 . From the titration

of each s1nglﬂxiJldeJ ’g %]&Lm jhm giljvolumes could be

BN e ULV MION 1M1 W

Figure 31 and the results of these titrations were summarized in Table 20
and 21 .

It could be seen that there were statistical indifferences between

the equivalence volumes of the individual acids obtained from the titration
of these weak acids mixture and the equivalence volumes of the

corresponding compounds obtained from G plots of each single weak
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acid titrations if the method used for choosing the range of raw data was
Method D. By the other methods , the equivalence volumes of the
individual weak acids obtained from the titration the acid mixture were
statistical different from those obtained from G plots of each single weak
acid titrations ( see Table 34 ) . The results of these acids mi};:ture
titrations were the same mamk} e results of the titration of
p-nitrophenol and prahdoxm;a chlori ?ﬂ__;e ;

= 9
2.7 Benzoi
The dissoc nts f &§e oonﬁ%unds as determined by
G plots were 8. J | i \ 06 hfor benzoic acid and

9.88 x 10 ( pKa =
between their pKa values, s O ,
weak acid solutions , th eqﬁ%ienc@né could be determined from
the titration curves and G- pidts ‘as’ %m fl
The titration cu hese acids 1 as shown in Figure 32 and
the results of these ?}rations ere S arized m\;}' able 22 and 23 .

The equlvalenc’emlumes of thesindividual acids obtained from

the titration tu&%mnm ﬂalmgxods used in this

Zt::: w:ﬁtatlsnc% f]ire t Ejﬁ;ﬂﬁﬁm}j %ﬁom those

2.8 Salicylamide and procaine hydrochloride mixture

g}m? 8,15, and 16.

The dissociation constants of these compounds as determined by
G plots were 7.94 x10° (pKa = 8.10) for salicylamide and
8.51 x 10" (pKa = 9.07 ) for procaine hydrochloride . The difference

between pKa values of these weak acids was 0.97 . From the titration
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of each weak acid solutions ,the equivalence volumes could be determined
from the titration curves and G plots as shown in Figure 13 , 14, 21 , and
22. The titration curve of these weak acids mixture was shown in Figure
33 and the results of these titration were summarized in Table 24 and 25 .

The equivalence volumes of the individual acids obtained from
the titration of these binary acxd“:l were statistical indifferent from
those obtained from G M@cb su@e weak acids titration if the
methods used for choosing the "e ofm were Method B and D .
By Method A , C any epce vor'mas of the individual weak
acids obtained fro e acxdﬁiuxture were statistical
different at 95% coafid ds,e obtained from G plots of
each single weak aci on. It W seén that Method B could
11;!? ;3511” in th ;a.lr of weak acids mixture

A

-

yield accurate and re
whereas in the other Sir{eE amd@ures titrations , accurate and
reproducible resul'gs could“ndt-be ,o% by tl? method. The reason
was about statlstm *"""‘"-“"'a';"a-e“-='- see page 68 ).

2.9 Vamllm and:

The 1 S nds as determined by

Crn A ﬁi’isﬂmmm s

pKa values of these weak acids was 1.79 . From the titration of each

weak acid solutions , the equivalence volumes could be determined from
the titration curves and G plots as shown in Figure 10, 14, 18, and 22 .
The titration curve of these weak acids mixture was shown in Figure 34

and the results of these titrations were summarized in Table 26 and 27 .
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It could be seen that , there were no statistical differences
between the equivalence volumes of the individual weak acids obtained
from the ftitration of these binary acids mixture and the equivalent
volumes obtained from G plot of each single acid titrations if method
used for choosing the range of raw data was Method D.

From the results of this gro acid mixtures ( the mixtures
between neutral and ionized weak a éy/as concluded that if ApKa
of the acids mixture loj
individual weak aci { dete; ned. acor rately by the modified

ivalence volumes of the

multiple linear equ )and Me ., ‘Was the best method for
choosing the titratiofi 865 2 analysis ( see Table 34 ).
The pairs of weak IXture ‘_ W tich if equivalence volumes could

be determined accura

2, p-Nitrophery&and doc "':7 -hiofide, mi re. ( ApKa=0.94)
3. Salicylami Y. 1 re. (ApKa=0.95)

4. Vanillin and I ocaine hydrochloride mlxtua (ApKa=1.79)

The paus gl( ivalence volumes
could not beﬁt;ur ?‘bﬂ wLple llnear regres?;zn analys1s though
) NI TNG VY -

followed

1. Lidocaine hydrochloride and salicylamide mixture. ( ApKa = 0.15 )
2. Pralidoxime chloride and salicylamide mixture. ( ApKa = 0.16 )

3. Vanillin and pralidoxime chloride mixture. ( ApKa = 0.66 )

4. Vanillin and lidocaine hydrochloride mixture. ( ApKa = 0.67 )

5. Benzoic acid and potassium biphthalate mixture. ( ApKa = 0.95 )
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III The titration of two ionized weak acids mixtures

The ionized weak acids mixtures in this study were

3.1 Pralidoxime chloride and lidocaine hydrochloride mixture.
3.2- Lidocaine hydrochloride and procaine hydrochloride mixture.
3.3 Pralidoxime chloride and procaine hydrochloride mixture.

3.1 Pralidoxime chloride and

lor idogaine hydrochloride mixture.
The d1ssoc1athts of tEéseT@ounds as determined by
G plots were l.lw/ = 794 )‘wfq: pralidoxime chloride
and 1.11 x10* ) f r 7hdocam hydrochloride. The

€ aclds was 0.01. From the
= qth ,e&emnlcnce volumes could be
determined from the titfati 'n‘cqr,ges : G ots as shown in Figure 11,
12,19, and 20 . The ajioa.cuwé?ghe} acids mixture was shown

in Figure 35 and the results of these fitrations were summarized in

N\ T VY
Table 28 and 29 .7 = - v
J " ik ;'_:hp
From Table? 29 and 34, it ¢ seen that the equivalence

volumes of the individual weak acids ebtained from the titration of these

acids mlxtureﬂly &t&&ﬂ &gqnﬁﬁm nglned from G plots
of each suﬁe weak acid titrations. All methods u choosing the

140 I e

volumes of pralidoxime chloride ( Ve, ) could not be determined from

range o

titrations of this pair of weak acids since the results obtained from
SPSS/PC" program showed that variable x; was not in the equation.
From Table 29 , it could be seen that the equivalence volumes of
lidocaine hydrochloride (Vep) obtained from the mixed-weak acid

titrations were nearly equal to the sum of these two acids since their pKa
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values were quite close . So titrations of this pair of weak acid mixture
approached to single acid titrations. Table 29 also showed G plot of acid
mixture titrations. It would be seen that equivalence volumes obtained
from G plot of this acid mixture titration were nearly equal to the sum of
those obtained from G plot of each single acid titrations.

For this pair of acids_\ e difference between pKa values
of each weak acids was;_; ...; @Ol 5) so that they seem to

be the same values.

multiple linear equai
equation for this pa#

'simple linear equatig

o B8] AL RS EIND T vt
Y KT ) g1

variable x, was influential on variable y in this multiple linear equation so

only a; could be determined. From the value of a, , the equivalence
volumes of acid B would be obtained. These equivalence volumes were

nearly equal to the sum of these two acids.
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3.2 Lidocaine hydrochloride and procaine hydrochloride mixture.

The dissociation constants of these compounds as determined by
G plots were 1.11 x 10® ( pKa = 7.95) for lidocaine hydrochloride and
8.51 x10™"° (pKa = 9.07 ) for procaine hydrochloride . The difference
between pKa values of these acids was 1.12 . From the titration of each
weak acid solutions, the equw*lﬁf volumes could be determined from
the titration curves and QEots as Flgure 12, 14, 20 and 22.

The titration curve ot“'ﬂ/wsracldimnmmShown in Figure 36 and
the results of these yﬂ/ Vel summaﬁZeL. in Table 30 and 31.

ui alence volumes of the individual

It could be : ;c__i
acids obtained from n.s_ des glxture when Method D
%
was used for choosi aw k were statistical indifferent

l&weak acid titrations. For

e other methods , there were

acids obtained f a m_the acids .. z Jand the equivalence
volumes obtained ﬁjm G plots of e I Beak acid titrations (see
Table 34 ). '

‘a Y,
ﬂUEJ'WlEJ‘V]‘ﬁWEJ’]ﬂ'ﬁ
33 Pralidoxime chloride and procaine hydrochleride mixture
sl conbhds i hese dohbaina b4 determined by
G plots were 1.15x10° (pKa = 7.94) for pralidoxime chloride
and 8.51 x 10" (pKa = 9.07) for procaine hydrochloride . The
difference between pKa values of these acids was 1.13 . From the

titrations of each weak acid solutions , the equivalence volumes could
be determined from the titration curves and G plots as shown in Figure 11

,14, 19 and 22. The titration curve of these acids mixture was shown in
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Figure 37 and the results of these titrations were summarized in Table
32 and 33.

It could be seen that the equivalence volumes of the individual
acids obtained from the titration of these acids mixture, when Method D
was used for choosing the range of raw data , were statistical indifferent
from those obtained from G plthk &mtle weak acid titrations. For
 choosing the range of raw@aby =2y B,C or E, there were
statistical dlﬁ'erences e thJ equ ice volumes of each weak
acids obtained fro ds )gure ﬁhﬁan and the equlvalence
volumes obtained i
Table 34 ).

-
Le

. ')Xures of two-ionized weak
acids), it was concluded ¢ thai acc@ ivalence volumes of the
individual weak acids could-bédeterm’by ttle multiple linear equation
(Eq.91) and the -i:—:-*-.w ----- —.-m__—,-. 1s should be chosen
only by Method D. jhus the multiple

computer pro ﬁiram SPSS/PC’ couldsbe used for determining the

%H%Mﬂﬁ aﬂﬂln ﬁ)lnary weak acids
mixtures such as lidocaine hydroc drochlonde
mlxture qﬁﬁl&iﬂﬁ Iﬁ‘}jrg‘ﬁ de mixture
which their ApKa values were about 1.1 .

For the mixture of pralidoxime chloride and procaine

: re@pssion analysis and the

equivalence v

hydrochloride , the multiple linear regression analysis and computer
program , SPSS/PC" could not be used for determination of equivalence

volumes of the individual acids from these acids mixture titration since
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their pKa values were quite close so they were seem to be single acid

titration.

From the results of these experiments ( Table 34 ), it would be

concluded that there were many factors which affected to the accuracy

binary acids mixtures such as

and precision of the equlvalen es obtained from the titration of
@uon data range applied for

analysis , the dlﬂ’erenq’__/ n -pKa:ﬁv of weak acids , and the
ionic strength of solutigaduris

txtratlon

W
Factors af ‘ e Eﬂd precision of the
equivalence volumes of ndividu: | ‘gfids obtained from the
titration of binary acic whi eir ApKa were less than

I. The effect of titration dats splisd for analysis
From Tablej‘l , 1t was s t& titration data range of
acid mixture titration Gagplied to the wlltiple linear regression analysis,

affected to thﬂn%@o%&%@iw&kms of the individual

acids obtained. The appropriate'method used for choosing titration data
range Q W@@lﬂ mquggg %Jd?ﬁaoﬁmble results
would be obtained if the difference between pKa values of weak acids
was more than 0.8 . For choosing the ranges of titration data by
Method A, B, CorE, then applied these titration data ranges to the
multiple linear equation , accurate and reproducible results could not be
obtained though ApKa values of the acid mixtures were more than 0.8 .
The results obtained from each methods could be discussed as followed.
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1. Method A : For this method , raw data of two-mixed weak
acids titration would be chosen in the range of V; to Vi which gave
maximum F value. The pairs of weak acids mixtures which had no
statistical difference at 95% confidence interval between the equivalence
volumes obtained from multiple linear regression analysis of two-mixed
weak acids titration and G plot‘ ‘nf f h single weak acid titrations were
vanillin and salicylamide mlxture (Aﬁ%ﬁ
of weak acid mlxturos-—tﬁjs méthoé“wukl’ not yield accurate and
reproducible results. I might | due to the nun;&)_cr of data points chosen
et _.[nlq:qg 1. the mixture of vanillin and
al to_Jhow choseq by Method D ( the
vhig dnﬂ'eéfd ofn the other pairs of acids
mixtures as shown in Tablé 37 ;tn 1 !Sa\mdee Chiewcharnwattana
used this method for ck o,s}ng tltraw
acids and determmed the,,eqmyalcncg.@umes of the individual weak
' - —~ Jcould be found that
i ;B: obtained when the

AP

difference between plga value of ac1d%_}vere less than 2. For this

study , the rﬂl%%@%%@% Ej\q:acﬁsmn of a previous

study. Only a yalr of weak acidmixture such as vanillin and salicylamide

mixture i | e rsil couid] b ‘bished.”| (ofthe mutipte

regresswn analysis of titration data range chosen by this method could

2). Whereas the other pairs

range of two-mixed weak

Y
accurate and reproducible results coul

not yield accurate equivalence volumes of the individual weak acids if

* pKa values between each weak acids were less than 2.

2. Method B : For this method, the raw data of two-mixed

weak acids titration would be chosen in the range of V; to V; which gave
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pH equal to maximum pH of G plot linearity range of the weaker acid
titration ( pHmaw ) , then Ve, and Ve were determined from the partial
regression coefficients ( a, and a, ) of the multiple linear equation. The
pairs of mixed weak acids which had no statistical differences between
the equivalence volumes obtained from multiple regression analysis of
two-mixed weak acids titra‘,.?gﬂ f7/jG plots of each single acid
titrations were L

a. vanillin a?md R -52)

& HCl mixtuze ( ApKa = 0.97 )

b. sdicylamy/ i

b d ol [ < JAE

o dt; acid mixtures , this method

‘ ucib ‘iesults of Ve, determining
when compared to those ¢ tﬁlqu feth . b In this case , it might
be due to the final part o dajé_%ijnge@ )
points around and gﬁer the-éeitiigaquﬂmts of acid A ( stronger acids).

this method were the data

Thus, errors in Ve deiesmining-might-be-happer “Two reasons would be
described , as follow?;fl. e

2.1 The multiple linear equation used in this study was derived
on the basic ﬂ%&%@],ﬂmgmg ,;llﬁl‘,;ilibrium equation
which was theqs]ame manner as the derivatien of the equétions in Gran’s

oA T VSRt Tk ALVE L) S5 e

there were deviations from linearity which affected to the accuracy and

=

precision of results obtained ( Macca and Bombi , 1989 ) : positive
deviation before the equivalence point and negative deviation in the
initial part. Thus , the titration data range of two-mixed weak acids
used for determination of Ve, and Vey should be within the linearity

range of Gran plots of each single acid titrations.
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2.2 pH measurement by glass electrode was known to be less

precise in poorly buffered solution such as in the region of inflection

point of titration curve because equilibrium between the solution titrated

and the layer of solution at the surface of a membrane of electrode was

achieved slowly ( Kateman , Smit and Meites , 1983 ; Skoog et al., 1990).

The measurement should not ibﬂw close to the equivalence point
where the electrode response wou

interfering ions such e;%natu'm zrneuﬂahzatlon titration , due to the

low level of the meas : { Akimoto, Hanakuma and Hozumi, 1987).

y be slow and subjected to

For vanillin
chosen by this met e
reproducible results. The easo;x wa#xg swlegas described in Method A.
The numbers of data thod D and Method B for Ve,
and Veg detenmmng of tlus s paii. of a@@xture were nearly equal.

For sahc = ........3.., mixture , reporting
of analytical dataﬁch as the significant fig res and rounding of data
were influential on t-galculated value d the decxslon that whether there

was a statlstﬁ] w&w&*&ww&jﬁ msionmdered to Table

24 , the equlquflence volume ofrsalicylamide obtained by Method B was
2:39 £ 45} 167 inl Which kds baitichl ndiffesbnt. et hat obtained
from qulot (240 + 4.83 x 10 ml ) of single acid titration at 95%
confidence interval ( t-calculated value = 1.46 , t-critical value = 1.86 ).
t-calculated value of the result was less than t-critical value so the
equivalence volume of salicylamide obtained from the titration of these

acids mixture (by Method B) was statistical indifferent from the

equivalence volume obtained from G plot of single acid titration. But, if
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data was reported as four significant figures , the equivalence volume of
salicylamide obtained from this pair of acids mixture titration ( by
Method B ) was 2.389 + 1.451 x 102 ml and the equivalence volume of
salicylamide obtained from G plot of single acid titration was 2.402 +
4.834 x 10 ml . t-calculated value was 1.901 which was more than t-
critical value . It would be, w*f , } if data was reported as four

difference between the
equivalence volume o btﬁ@ Method B of these acid
mixture titration. ” : the ins\ﬁ‘umcnts used in this study
such as an automati€ tiif: ‘ ] meter affected to the significant

significant figures , th%wa a

value with four signifighnt fig | perimental data was reported
as three significant figures:/a ool oid rounding error it was
important to postpone roundmg nqtﬂ%d-ﬁalculatlon was completed. In
this case , the rel fseﬁaﬂ@a~~ea-=~-—---, S v ?reased by increasing
the sensitivity of 1ns§1ments- and the of @e sample analysed.

For the equivaleace volume determination o {ocame HCI.,

titration dataﬂru %Jl ';m)ﬂhm lﬁt%ﬂigl"g ﬂa

chosen by Method D so the resalt obtalnedﬁb)ﬁgﬁtgﬂas as same
as the rau m

3. Method C : For this method , the raw data of two-mixed

weak acids titration would be chosen in the range of V; to V¢ which gave

me as the range

the numbers of data equal to N; + N, where N; and N, were the numbers

of raw data obtained from the linearity range of G plot of each single
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acid titrations which were used for determining the equivalence volumes

and dissociation constants of acid A and acid B respectively.

As considered to Table 34 , it would be seen that the results
obtained from this method of all pairs of acid mixture titrations were

statistical different from those\ ined, from G plot of each single acid
titrations. It might be du@b v ) data points chosen by this
method represented W tel OQHQSS of the titration curve

before equivalence po at"Wittreas \ne@ods used in this study
represented more than 70% /of ﬁ.qan\xve before equivalence
point . The numbes of d _' ‘ ' irkbii;glany methods used in
this study were shown'in/Table 36 . tanley and David studied

inty which arised from
ind 1 e titration curve of points
used in making Gran plots.- ;Zhey coneluded that data points used in
Gran plot should ' epresent as large a region-of-the titration curve as
possible (apprommaﬁly 60% or 1 ot 1rjjdy ).  The higher
precision of the end point would be gbtained when the larger numbers

of data point ﬂr%y ’}%]&%a@%qg}r’%ﬂ iquwalence point.

( Akimoto et al 1987 )

ama\m'ﬁmu‘mqwmaﬂ

4. Method D : For this method , Ves could be determined
by interpretation of titration data in the range of V; to Vg, and Veg

could be determined in the same manner as Ve,. The raw data of

acid mixture titrations would be interpreted in the range of V| to Vg
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where V; = the volume of titrant which began to give maximum
r? in G plots of each single weak acids. ( Compared
these values between acid A and acid B, then
the less value was selected. )
ra = the volume of titrant which gave pH equal to
maximum gﬂ plot linearity range of acid A.

Vis = the vkk ich gave pH equal to
pI‘Pof inearity range of acid B.
From Tabl/ ‘ ‘S: thaff’ﬁ@urate and reproducible

: FEET ) AN
results could be ob “Hgthod\ it »Jhe _glﬁ‘erence between pKa

value of cach weak agids weré moré than 0,8 in this study ).  The

method used for choosi g,;ﬁ?r'i‘an tion data were the same as
those described in Method ﬁ‘; Y m
' o,

i ¥ aﬁuratc and reproducible
results could be obtajngchy this meth%, were as followed.

1. Vaniliff4nf slicylai hidure { gk H0/62)

-Nltrop}xjenol and pralidoxime chloride mixture. ( ApKa = 0.93 )
PHiopHcabi i idobaine HC mikiskel  Apich 5054
Sahcylamlde and procaine HC] mixture. ( ApKa = 0.97 )
p-Nitrophenol and salicylamide mixture. ( ApKa =1.09 )
Lidocaine HCI and procaine HCI mixture. ( ApKa =1.12)
Pralidoxime chloride and procaine HCI mixture. ( ApKa =1.13)

?°.\’.°\.‘":‘>S*’.N

Vanillin and procaine HCI mixture. ( ApKa =1.79 )
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The pairs of weak acid mixture which the equivalence volumes of
the individual acids could not be determined by this method were as
followed.
1. Pralidoxime chloride and lidocaine HCI mixture. ( pKa = 0.01 )
. Lidocaine HCI and salicylamide mixture. ( ApKa = 0.15 )
. Pralidoxime chloride anq\ y 'de mixture. ( ApKa = 0.16)

R

. p-Nitrophenol and mi \pKa =0.27 )

2
3

4

5. Vanillinandp"":_hr ide mixture, ( ApKa = 0.66 )
6. Vanillin and iid0Gaifle HICI mixture, ; ~0.67)

re. ( ApKa = 0.95 )
It could be see ‘not be used to determine
accurate equivalence Vo s.of each/we ds from the acid mixture
titrations if their pKa value?% q&Hse ( ApKa was less than 0.8 for
this study). For bggzow acld andﬁotassu@ﬁ alate mixture titration,

by this method smck the ionic 's rength of th&lsolutlon were changed

significantly rﬁlgﬁﬁﬁ ﬁﬁmj 315?11 ould be described
in the topic o sof1 ation.

ﬁmethom;m UNANYIAY

or this method , the ranges of data points
interpreted were the same as Method D , but
- For Ve, determining , the equivalence volume of the weaker
acid (Vep) obtained from Method D was substituted into the multiple
linear equation then it would be rearranged to simple linear equation
and Ve, could be determined.
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- For Vep determining , the equivalence volume of the

stronger acid (Ve,) obtained from Method D was substituted into the
multiple linear equation then Veg could be determined.

From Table 34 , it could be concluded that this method could not

be used for determination of the equivalence volumes of the individual

acids from two-mixed weak agl t ns. The reason might be due to

the equivalence volumes% ined from Method D , which
an—#

was substituted into le near on was not the actual true

S

value . So there w n‘xpc'cﬁ[ om substitution of this

_ l‘ | ‘e%‘ inear %nmon which might cause

A

estimate true value 4

II The effectof ApKa

Fronﬂ ue&.l“g n&.\t% l}omﬂq @ ;ulvalence volumes

of the 1nd1v1dua1 acids obtained from the @eids mixturettitrations which
their @]ﬂ ’]l@\jvailw li!l w)f] Igl w ﬂ'::ltal E:ldlfferent at

95 % confidence interval from the equivalence volumes obtained from

G plots of each single weak acid titrations. The methods used in this
study could not be used for determining the equivalence volumes of
the acids mixtures which their ApKa were less than 0.8 , such as ; the
mixture between p-nitrophenol and vanillin , the mixture between

salicylamide and lidocaine HCl , the mixture between salicylamide
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and pralidoxime chloride , the mixture between vanillin and
pralidoxime chloride , the mixture between vanillin and lidocaine HCI ,
and the mixture between pralidoxime chloride and lidocaine HCl . For
these acids mixtures , it could be seen that the range of data used for
analysis was in the range of high buffer capacity as shown in Fig.23 ,

curves of the other pairs of

26,27,28,29,and 35 . The buffer region of these titration
curves were less than those Qf %

weak acids mixtures which-iheir ‘-Apm were more than 0.8 as
shown in Table 35 . ues of t ese s}bpcqeﬂectcd the apparent

minimum slope valu

methods used in , study . Error wo ,.-.r_::;‘.-,g- ¢n the change in pH
t red hange of titrant volume
and it would lead 50 the error in determmatlon of the equivalence

volumes of tlﬂ @\@ua %@ﬁ?&ﬁl rE}(ﬂrﬂ ﬁmon Moreover ,

it had been Shown in the former study..that when the dissociation
constarth f b 40 abisietd i iobed b dndf data appilea
into the modlﬁed equation ( Eq.69 ) would reflect high buffer capacity
and the measurement of pH value of the combined glass electrode used
for this region was not sesitive enough to the change of titrant volumes
( Supawadee , 1993 ).

For the mixture of pralidoxime chloride and lidocaine HCI , their

pKa values were nearly equal ( ApKa = 0.015). Thus, the variable x;
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and X, in the multiple linear equation of these acids mixture seemed to
be the same value and could not be distinguished by the computer
program , SPSS/PC" . " The equivalence volumes of the weaker acid
obtained from these acids mixture titration were nearly equal to the sum

of two acids.

of each single weak
more than 0.8 ( ApKa
titration data range , Jacg and 1

obtained . For these a¢ d@ﬁﬁ@on
solution would be ;ncrcase,dfﬁmgg—ﬁcoﬁ of titration since there

were many ions‘?!' redin-the solution-especially a doubly charge ion

L the ionic strength of the

such as phthalate 1 l red during the titration .

The activity coefficients_for smgly ch&gged species were less affected by

changed in 1@ w &Jg@ ﬂﬁﬂ% % %@%ﬂ@ ion with multiple

charges as shown in Figure 38 (Pecsok , et al,, 1976 ; Skoog et al., 1990).
The vﬁmqm m@mm’] 33 msﬂfgoaiﬂ) the liquid
junction potentlal of the cell used for pH measurement in potentiometric
titration.

The emf. of the cell used for pH measurement might be

described by an equation consisting of three terms.

E = E, + (RT/oF)n[H] + E; Eq. 94
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E, was a constant depending only on the type of cell . The
second term could be called the “ Nernst term ” and accounted for the
variation of E with the concentration of hydrogen ion [H']. The
third quantity E’j included the liquid junction potential and termed for
the activity factors with changing acidity of the solution .
Nevertheless , the err measurements might be occured
by the liquid junction poten w

the composition of the‘w buffer Qﬂnknown solution ( Skoog
etal., 1990 ). For the 01¢ ac

d potassium biphthalate,
the difference betwe

ltmg from the differences in

analyte solution and i : SR W 'Bﬂore than this difference
of the other pairs of a fl xqs ity is unity, the response
was Nernstian o “cottt olute concentrations, the
activity of the water 1 1 A glass membrane was less
than unity. For the tltraton_,gf—__ .- f benzoic acid and potassium

Thus , it might lea| to error ‘ ts of pH by the glass

electrode ( Christian , }986 ; Braun 12}7 %
iy

The A O 9 B4 1 T ions et

the liquid Juncﬁ’bn potential of the cell used for pH measurement in

porentiof 3 1ghno | Thérak YA pmessbhetien lahd be occured

by the 11qu1d junction potential variation .
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