This investigatic tors affecting the accuracy

and precision of pots acid mixtures by multiple
factors involving in this
\ of each weak acids, the

, the standard errors of

linear regression @
research such as
initial concentrationdra

measurement of bo 2 of base used, the changes

of ionic strength of solutiofi’drring t e of titration, the titration data

range being interpreted —-e.«-f-q@-:r'r‘ , ondition and the applicability

and limitation of % -------------- hnear regression 2 ; ysis computer program

(SPSS/PC"). Th@ acte i a@ccurac}r and precision of

the resulting values of gquivalent volumes.

ﬂ‘IJEJ’J‘I’IEmﬁWEﬂﬂ‘E

The computer curve fitting program, SPSS/PC’, was used for
interpreting the data. To test the applicability of the program, it was
necessary to prove theoretically that this program could be used to solve

the modified equation for equivalent volume determination of weak acidic
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mixture by simulation the data for comparative purpose with experimental

data.

The set of data were synthesized by solving the polynomial

equation at any given values of the following parameters with assumption

that the inoic strength of the solutign was constant throughout the course
of titration,the parameters -

1. Dissocia of aml acid B (Kaa, Kas)

2. Initial co hoth dic A and acid B

ater (Kw)
of sodium hydroxide)
LIra ed (Vﬂ)

3. Ionizatigafprg
4. Concentgdtig
5. Initial vol
The set of da ion of hydronium ion as the
function of the volume of 1 r__ % principle of polynomial equation
was based on mass balan —;; ilibrium equation and

s balance. charg
could be denved,

il

ﬂﬂ%ﬁ‘%ﬁ Wt%ffw,-mﬁ ﬁﬂe pattern as for the

derivation of ﬂquatmﬂ 42,

QW%*@WEHW’FJWEI@M
(Vot+V)(KastH")

(Vot+V)(Kas+tH") Eq.193
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Multiplying Eq.93 with [H'](V+Vo) gave

[H)? (V+Vo) + VN[H'] - Kw(V+Vo) = KaaVeaN[H+]
(Kaat+[H+])

+ KasVesN[H+] Eq.194
(Kas+[H+])

e

Mlllt. 1 E 194 ith 3 @t 1) Ean ,' \ oave
iply Eq.194 with'(K3 REED ¢

(H')* (V+VoylRy
+ VN[H'] (Kay# [ Jf K )
- KW(V‘f"Vﬂ) A Tk ;. -7._ 4_::5 T\ -

KaaVeaN[H+] Kaf + A !
+ KagVegN[H+] Eq.195
Eq.195 could be {ZATaNged o

i
[HT

+ o G UEANERINE NS

e S M

+ {KasKagVN - (Ka, + Kag)Kw - KayKapVesN - Kay KagVepN }[H']
(Vo+V) (VotV) (VotV)
- KasKagKw - 0 Eq.196
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Eq.196 could be written in polynomial form

A4[HT' + A3[HT + A2[H] + AI[H] + A0 = 0 Eq.197

where

A4 =1

A3 = {KaA +KaB + VN/(Va

A2 = (Ka\Kag + (Kay#oKa KasVesN - KagVesN )
ony) 9 e (VoiV)  (VoiV)

agkasVeaN - Kay KagVesN )

Al = {KasKagVN - (J

(Vot+V) (VotV)
A0 = KasKagKw
When each or both ‘of ‘weak acids were in the

ionized form, the polyfo could be derived in the same

manner when both a in the neutral form and the

polynomial equation
Yy

The varia l‘ﬁ: In pﬁlynﬁnuaiuequatmn q.197) was hydronium

ion concenﬁ%.tj ?W@Wﬂyﬁ] ﬂéﬁicient (A0-A4) of

polynomial e&llatmn (Kas, Kgs, Vea, Vgg, N, V, an w) were fixed
s B S VE410b i i
giving e set of data, which was the hydronium ion concentration as a
function of the volume of titrant. Newtons’ approximation method
(Butler, 1964 and Greenspan, 1988) and computer program, Macro Lotus
were used in order to solve this polynomial equation. This Newton’s

approximation method was also described in the textbooks of Maron
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(1987); Maron and Lopez (1991); Mendenhall, Scheaffer and Wackerly
(1981) and Pizer (1983). Each set of data, hydronium ion concentration
as a function of the volume of titrant, was obtained from changing the
pKa of each weak acid and the initial concentration ratios of both acid in
the polynomial equation, which could give the difference of ApKa and
initial concentration ratios (X)) 4 , in Table 2. The sets of data
(hydronium 1on conce ~4:-\:~Zf-l %ﬂ of the volume of titrant,

acter as obtained from the

‘.‘f
)]

titration in the real expefiment, Thé set obtained from simulation,
calculation of Ve, and
near, regression analysis and

2. The accuracy of "poient ation _of two weak acid

mixtures by multip ;’a~ ion analysis.
Yoo X
2.1 Modifics , 'Jl.i to find the equivalent

volumg of weak acid mixtures.

AUYINBNINYINT

By Hhtroduction of the thermodynamic dissogiation constant to

the eqﬁtﬁﬂﬁﬁ»ﬂﬁmmﬂ'&%&aeﬂw& balance

and ethbnum equation, the modified equations were improved. The

derivation of these equations was described previously.
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These equations (Eq.106,123,134,148,158,159) were used to
determine the equivalent volumes of each single acid from the two weak

acid mixture titration.

2.2 Equipment :

1) pH meter ((
2) e glass cledtrodefORION 9172 BN)

3) mge unit (ORION 960 auto
2.3 Mate
-— osem iR the experiment were based on
these criteria

1) dwieak acid of which pKa Wi botween 4 and 9.
2) “Botk .;:f’j" re selected :

;:,ulral weak ac1d and Jonized weak acid.

Wu ﬁlﬁgqu‘g m'ﬁﬂﬁ] ﬂtﬁde solution and not

precipitate during the course of tﬂ:rau

AR ?ﬁéﬂ@ﬂl’l@ﬂ%’%ﬁ&

5) The interaction between those weak acids selected had

not to occur in the titration solution.

Those weak acids selected in this investigation were as followed:

1. Neutral weak acids
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1.1 Benzoic acid, AR (M&B, Lot # 57518)

Empirical formula
Molecular weight
pKa (28°C)
Description 5 10 gf-,l | - ites, leaflets
Solubility (Budavagiffeg =g \\\

ne, 30 ml carbon disulfide,
ventine, 250 ml water (25°C) and

..5'4

1&,,,,, Smayrot # 43H3747)
ﬂummmwmm
ammnimwmwmaa

Empmcal formula : CsH;e0O,

Molecular weight : 102.13

Description . colorless, needle crystal, stable in air
pKa (28°C) : 5.010

Solubility (Budavari, ed., 1989)
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- one gram dissolves in 40 ml water, freely
soluble in alcohol, ether.

1.3 p-Nitrophenol, AR (Fluka Chemica, Lot # 73560)

g 3

L

L,

Empirical formula

Molecular weight

Description ly yellow, odorless crystals,
X y ing taste.

pKa (28°C) . _LOW) 7

Solubility (Buda Cre s ' S

.! N ¢ ¢ 1 cold water, freely soluble
in alcoho chlnrofunn, ether, also soluble in

A 1187 st ?‘Wﬁe’]ﬂ@h hydroxide  and

carbonates.

qumnimummmaa

1.4 Boric acid, AR (E. Merck, Lot # 5690020)

Empirical formula : H;BO;
Molecular weight : 61.84
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Description . colorless, odorless, transparent crystals, or white
granules or powder
pKa (28°C) . 9.096

Solubility (Budavari, ed., 1989)
one gram dissolves in 18 ml cold water, 4 ml

. (Fluka Chemica, Lot #
266270)

Empirical formula
Molecular weight
Description % ’- le in air
Y]

pKa (28°C) W /
Solubility (Budav' ed., 1985 {

E[lu Eh ﬂmmﬂiﬁ% t 12 part cold water
AN AN A
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Empirical formula  : C;HgN;O Cl
Molecular weight . 172.63
Description (Florey, ed., 1988)
crystalline, odorless, stable in air at tempetature
below 100°C, white to pale yellow.
pKa (28°C) 391
solubility (Budavari, cd 31089

— in 2 ml water, 12 ml

\1 ethanol and 1000 ml

23 i ’LL\ \‘_\‘* !

(Sigma, Lot # 62H0959)

y

- co—crig-ﬁci; “HCI
i“ifi‘;iﬂifﬂm thk (e} 103
D= PR TR ﬂ'i‘tﬁ)ﬁ;{ WIINEIAL., oo e

odorless substance.
pKa (28°C) - 7.954
Solubility (Budavari, ed., 1989)
HCl salt : 0.68 gram in 1 ml water.



free base : 0.004 gram in 1 ml water,
0.76 gram in 1 ml 95% ethanol,
0.79 gram in 1 ml chloroform,
0.12 gram in 1 ml n-hexane.

Empirical formula
Molecular weight B0
Description v & =";5=+=;* Is or a white crystalline powder,

pKa (28°C) 17
Solubility (Budavari.

AUY ﬁ% mﬁﬁ‘ Tt
ammmmuﬁ‘iﬁ“ﬁﬁ% e

free base :one gram dissolves in 200 ml water,
soluble in alcohol, ether, benzene and

chloroform.
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2.4 Solvent and Other Reagents :
1) Sodium hydroxide, AR (E. Merck, Lot # 327

K19742898)
2) Potassium chloride, AR (E. Merck, Lot # 208

3) ,
4) ectrode 1lI g and_storage solution, 4 M KCl

gitaetl O -~ N, Lot # 900011)
5) l F “

epared)

ORION, Lot #910104)

6) Stndht *? {DRION, Lot # 910107)

7) wi SD H 10 (ORION, Lot #
.?_,.-.'_.l*

2.5 Preparatic “"F e;t hydroxide standard solution

Y]
Sodigl 1SS0 v% in an equal weight of
water and allowed tor stand overnight, in close container for preventing

absorption oﬂaﬂw%ﬂ Fidar Shftond fiduid was decanted. and

diluted from 5 ml with carbén dioxide-fsee water to oducae 1000 ml

(Recnan%rla cﬁ :ﬂ ﬁmm m EJSQ}

{7

2.6 Standardization of sodium hydroxide solution

Sodium hydroxide solution was standardized with 50 mg
potassium biphthalate (dried at 120°C, 2 hours) in 50 ml of carbon
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dioxide-free water. One ml of 1.000 N sodium hydroxide was equivalent
to 204.22 mg of potassium biphthalate. (Recommendation of the Medicine
Commussion, 1988).

2.7 Preparation of weak acidic compounds in 0.1 M KCl

hlorid %lved and diluted with distilled
i

ncmi'abuut 0.1 M. Each weak

sighed inssuitable quantities (according

to its molecular weig pioduce two f0lds ofits required concentration.

ek ‘acidic compounds in
0.1 M KCl

Wﬁ;?j nﬂ-‘g%{% ﬁ}lﬁl:?ompound solutions

whose concerifration was abowt two folds, of the required concentration

was il 2359 %W%’MQ i haghirkbofitentration

2.9 Titration of single weak acid solution and two-mixed

weak acids solution with 0.1 N sodium hydroxide.
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For prevention of carbon dioxide absorption during
titration, the experiments were performed in closed vessel with the way to
pass nitrogen gas over the solution throughout the experiment. Electrode
was recalibrated with buffer each time before titration and submerged into

titrated solution for 5 minutes to assure equilibration. It was necessary to

beware not to rinse the side ' eaker with distilled water since the
exact volume of solution. j'\ , @1}' controlled. Raw data of

experiments were obtamed from atmns of each sample
2.10 Th f of analyzing \data for determining the

I Frb ai ed from the titration of each

single weak acid snlutio _ yolume could be determined by
the extrapu[atlon é_. .......... :;]-;:-.’.:i?ai’-.”.’:.aa;;;..'.{ 1 . ods agcording 1o Eq_

67, Eq.79 and Eq.8

T T I Y T T S——

dissociation calnstant (Ka% at temperature,28°C. The equivalent volumes

of mmmmwwm&m Ithe data range

mterpreted was the range which gave maximum r° as demonstrated in

Figure 2 and 3.

where Via = the initial volume of titrant of G plot linearity

range of single weak acid A (stronger acid).
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Ve = the final volume of titrant of G plot linearity
range of single weak acid A (stronger acid).
Vis = the initial volume of titrant of G plot linearity
range of single weak acid B (weaker acid).
Vi = the final volume of titrant of G plot linearity

2R Iw-datd “ - [ from the titration of two-
mixed weak acid so] the ¢g 2 mes could be determined
i i néar e A = hich were derived in terms of
06 ' 123 , Eq.134, Eq.148, Eq.

5 could be obtained from partial
by intmductiﬁn of  the

Yy = axg +ax;
158 and Eq.159. The equiyaten
regression coefficients 3

thermodynamic '-l“;;;:i;::;:;;;;::;=;-::

/|

e

titration in these eque

single weak acid
sC o ultiple linear regression
analysis (Draper ang Smith, 1966 , Dunteman,1984 : Johnson and

Bhaﬂmhwﬂ%%m}m%’%ﬂoﬁm sesspc
AT ARNS BRI B,

ranges nf the raw data of two-mixed weak acids titration had to be
chosen before being interpreted by the multiple linear regression analysis.
The methods used for choosing the ranges of raw data and
determination  the equivalent volumes of the individual acids could
be classified into three methods (Table 1), as followed.
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where F = The statistical value obtained from the analysis
of variance. (F - test)
Vi = The initial volume of titrant obtained from

comparing Viaand Vis, then the less value was

ot linearity range of acid A.
hich gave pH equal to
ipearity range of acid B.

The raw data Of PWo-miX yeak acids titration would be

chosen in the range otV 1o Ve witch s pi qual to maximum pH
of Gran plots Ime :l' rang : .-? titration (pHmexe ) . This

W

range of raw data would be interpreted, then Vea and Ves could be

determined ME}%%%ﬁ w&l:(e}lﬂ(ﬁ a;), as shown in

Fwﬁmaﬂnim GANINEAY

3 2 Method B:

3.2.1 For Vea determining, the raw data of two-mixed
weak acid titration would be chosen in the range of Vi to Vra which gave
pH equal to maximum pH of Gran plots linearity range of the stronger
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acid titration (pHmsa), as shown in Figure 5. This range of raw data
would be interpreted, then Vey could be determined from the partial

regression coefficient (a;).

3.2.2 For Ves determining, the raw data of two-mixed weak

acids titration would be chosenjihjthe range of Vi to Ves which gave pH

arity range of the weaker acid

equal to maximum p ., \“’ f .
' d be interpreted, then Ves

titration (pHmas).

could be determined frgan . coefficient (a;)

The ravwjdata-of t acids titration would be
chosen in the range of Vjto ——  value maximum as shown in
Figure 6, then Ve_.a. and_- determined from the partial

regn ession coeffign GRS ey da)—————————

i Y

Q'Pe equivalent volumes of the individual weak acids

i 5 4 Y8 ] RSV G s

Method A, B¥and C descrgbed above were then compared to those

obtaingd YRbn} G Riais] o §4hd/Hishtbrd §Fdich ot weak acids

lil:ration;. To determine whether there was a statistical difference between

these results, the student t-test at 95% confidence interval was employed
(Devore, and Peck, 1990). Gran plots could be used as the reference

method since it had been shown in the former study that there was no
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statistical difference between the result obtained from Gran plots and the

official method in USP XX (Arttamangkul, 1986).

2.11 The steps to achieve the appropriate experimental

conditions.

1. Single = ions of different initial

concentrations Were i dium hydroxide standard

solution. The equiv 14 ¢otild be determined by extrapolation of

linear plot of modified lope of this plot was the

thermodynamic dissg perature 28 °C . The

equivalent volumes o 2 determined from the intercept.
The data range interpfetgd shiould e of not less than ten points

which gave maximum pncentration according to this
specification was the mo inimum initial concentration
=S s

of this investigatign:

=

sa

2. To S}le}’ the effect nf aunosﬂenc carbon dioxide, the

nitrogen gasﬂ%ﬁ;@ %@m wl][ﬁﬁn solution of single

weak acid solftion. The equivalent volumg obtained frqm modified Gran
methna ﬁﬂﬁdﬂﬂ]‘i\maﬂﬂ‘a ’a %&*ﬂ:ﬁdgﬂm modified
Gran méthods of the single weak acid solution but without nitrogen .
Statistical difference was tested by using student t-test at 95% confidence

intervals.
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3. The precision of potentiometric titration of two weak acid

mixtures bv multiple linear regression analvsis.

Experimental titrations always involve the random errors of
measurement of both the pH and the volume of reagent since these errors
usually affected on the thedre
o dlﬁed equation by multiple

mw{) evaluate the maximum
! V . -

soluies of two weak acid mixtures

attainable precisions of the
equivalent volumes obitaining f

linear regression ana

The cogf o ,#f, i\to), evaluate the equivalent

volumes of weak acidfar 15 o res was, d scribed by Eq.42 .

ortant  parameters such as
dissociation  co :r“"i—‘:*_—A—_v—f—E J' (Kaa, Kas), initial

A

concentration ratio nd a@ B, ionization product

constant of water (Kw), concentration of titrant used (normality of

sodium hydﬁ\%ﬂn’a ?’ﬂtﬂ ﬂ@wt‘gﬂlﬂliﬂng titrated (Vo),

with theoreﬂca] coordinates of 30 pointg,along a titeghion curve were
comptﬂdﬁ%aﬁ ﬂ M’;Q xl‘:%.lla a’ EII “intelligent”
autotitr;tur was simulated by distributing these points in the following
way. The first point always corresponded to /= 0 (the start of the
titration), and the value of f at each subsequent point was obtained by
adding an increment Af to the last preceding value. The algorithm
employed to generate the values of A f was
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1. f<1 Af = 0.004 Eq.203
2. I<f<1+X A& = X_
25

3. stopat f=1+X

where f =
Coa = id A
Cos =
X = Ver/Vea
r =
to these deﬁnitinns,- y/ irst equivalent point and to

The valiEpffii-at=ac Ewassobiained by solving Eq.197
using Newtun-Raﬂsu pre evthat” was ‘terminated when two

successive approximatigns differed by 0.001% or less, and was then

converted mﬁLuaﬂa%m %ﬂﬁﬂ ﬁjl’llm this conversion, the
value of th qlparet ingle i ivi ient assumed to
be 1. ﬂ-ﬁﬁﬁ iﬁﬁeﬁi‘ ﬂﬁmﬂeﬁ based on the
results of the calculations had to ,of course, be conducted in such a way as
to minimize or eliminate its variation. Adding a swamping concentration

of a neutral electrolyte would serve that purpose and would also minimize

variations of the liquid-junction potential which also affected yj+.
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The resulting data pairs were combined with a general program
(Macro Lotus) for estimating the variances of the parameters in multiple
linear regression analysis. That program included provision for errors in
measurements of the independent variable as well as the dependent one.

[t applied an increment equal 5opH, where opH was the value

assigned to the standard dewi

\'\\

produced, it found the BeSEvalues :u parameters Vea, Ves by

multiple linear regrgs \\ sulting value of AVea/
ApH and AVes/ APH MG \\\'\ derivatives 6Vea/6pH

measurement of pH, to the pH

value for each point in ‘& e perturbed sets of data thus

and OVes/ OpH, mder consideration. Then,
restored the pH valué on the next point. After
effecting the fit and e g7 {heé \\ value at the last point, it
obtained estimates of the défiv: Grrved” €y odVand JVes/ IV where

‘...

V was the volume nally it combined the values

fitidces of the parameters

AUy mwm@ et
Y0 N1 £ ik TS

to 9, ApKa from 5 to 1, initial concentration ratios from 0.05 to 40, OpH

of the derivatives w

which were ubtam@ from Eq.

and oy were usually taken to be 0.002 pH and 0.005 , respectively.
These standard errors of measurement were slightly, but in modem
practice not excessively, optimistic, and it was shown in the following

chapter how changes of their values affected the standard errors of



75

parameters. These equations contained two parameters: Vea and Ves.
Eq.192 could also use to evaluate the precision due to combination of the
standard deviation of pH observed and volume of titrant used.

AULINENINYINg
RINNTUUNIININY
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