CHAPTER IV

RESULTS AND DISCUSSION

Titrations i wedl@®aeidic compounds were
conducted in aqueoUs
deionized water)

‘ \\=MH§;i/v/v ethanol/water).

5 ran’s method were

-\\::T es of these weak
S\ \\ then compared with

that obtained from vddrd ‘ : }\‘ methods as described

The end point vo
used to determin

acidic compounds.

‘here was a statistical

difference between th FeSw the t test was employed
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Titration in Aqgapu ; e m
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e YUY dmiiﬂm i p B
groupﬂaﬁﬁraﬁﬁimﬁm Y ﬁwmﬁlﬂ precipi-—

tation fduring the course rations er group

was weak acids whose unionized forms had limited solubi-

lities and precipitated during the course of titrations.



1. Weak acids which showed no precipitation

during the course of titrations.

Compounds in this group were potassium hydro-

genphthalate, phenylpropanolamine HC1l and pseudoephedrine

Hel.
5 a.
ally employed as a
primary standard ’ £ v 4‘¥§: iclzatlon of sodium
hydroxide soluti 28 I era 'y weak acid with the

dissociation cons titration curve of

potassium hydroge solvent (Figure 2)
showed a well—-defi at the equivalence
region. Therefore gﬁ"r'”l iethods in potentiometric
end point determinatior,.7 ethods based on the shape
’ ﬁ#ds would give

accurate and reproc oltfmes. Based on
I LN

of titration cus

“ 1 :
the end point vo the average percentage purity was
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study)
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the tltratlon of potassium hydrogenphthalate with sodium

mes,

hydroxide. The curvature at the beginning of the.plot
(Gran plot which was uncorrected for autoprotolysis of
water, this would be called V plot throughout this paper),

was probably partly due to high concentration of hydronium



ion and hence, the assumption that VN >> [H+] - [OH-]
Vo+V

was not valid. Less curvature was obtained when G plot

(corrected for autoprotolysis of water) was employed.

However, the curvature at the beginning‘of‘the ploti'did

not affect end point determination which was gained from

the linear region of the plg

Table 3 illus end point volumes of
four different potas
were obtained by Gra 54 | The end point volumes
obtained from G pl
from V. plot' by on}
to difference in p J ~“f<J~: ‘niy £0138%.
It indicated that f N\

phthalate, autoproto “f‘: “WE did not significantly

LY
S t‘udy, the selected

hyd;ELium concentration

pH range was between 5 — 7, hence,

and hYdr0X1daﬂmwgﬁ$WﬂTﬂ7 than VN as

assumed for

Sl vk wwww&;m&m end

‘ point volumes (obtained from G plot and V plot) were 99.86
+ 0.4% and 99.48 + 0.4%, respectively. Thése values were
nof significantly different from the averaée percentage
purity obtained from the conventional method (100.1 +
0.3%, using parallel tangents method to determine end

point volumes from potentiographs). Gran plot of the
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titration data after equivalence point also yielded
percentage purity (100.4 + 0.2%) which was statistically
same as values obtained from the conventional method,

G plot and V plot (Gran plot using titration data prior to .

equivalence point).

The advantages od ‘ y method over the
conventional methodswwere ed : ;
‘ o rr——
d point volume was

=

which was easier

'c:t
obtained by ext ofl

than using some ’\ig 8§ iniorder to" fix

cu; x\ drawing the
\\ ion curves.

h”‘end point determina-—

the end point v

first and second

tion by Gran plot woul — than the conventional
G 1hé ,,w,_,_,;mu_m__m_ﬂ_,; nation data for

evaluation and e data need not be

made close to eq-ivalence point. Theh fore, incomplete-—

ness of reﬁﬂmﬁﬁiﬂtﬂﬂ%ﬂﬂﬁsﬂjent which

caused_slowﬂiquilibrium of electro and titration solu-—

¢ o o/
Hor FWITANTT IR NN VIINEIRNEY™
estimation of equivalence‘poiht was not necessary for Grén

plot method.

3. Accuracy. The linear line drawn by
Gran plot would serve as an estimate of the accuracy of
the data, any point which deviated greatly from the linear

line would obviously be an error and should be deleted



from end point determination. However, under reasonable
care with good laboratory technics, all points shoﬁld lie

on the linear extrapolated line.

b Phenylpropanolamine HC1

is a very weak acid with the

%The titration curve of

n qucc!!-gblvent illustrated a
poorly defined 13!!--#‘ . in i region of equiva-—

lence point (Fi ur R ¥ :' onventional methods

This com o

dissociation constanv

were not recommen } ?J“‘ ? x\?oint volumes (1, 72).

The small pH chang sach e O titrant at
equivalencevregi o gain accurate and

reproducible end i __mil“ the methods based on

sigmoid form of titra{_ufuiﬁ For the differential

methods (first .and S ha AN vepmethods), fluctuated

curves would b *ﬂ \;‘action near

equivalence regﬂgh occurrec e, qgese methods would not

yield correct endfpeint volumesst. Thus, in determining

it athads ﬂ,uﬂ 3 P AW EL AL 81, ene non-

aqueous t1trat10n method Was usualklhy employe@d/and yielded
the r&wqaﬂﬂimuquq w&qalﬂy (1LOGER =+
0.1% )

Gran’s method, end point volumes were
usually resulted from titration data which were not close
to equivalence region so that the problem of small pH

change and incomplete reaction in the vicinity of equiva-
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- lence point would be avoided. However, titration data
near equivalence could be employed in the end point deter-—
mination by Gran’s method if they still lay on tne linear

extrapolated line.

Table 4 showed average end point volume obtained

by Gran plots (G plot,‘ d the plot of titration
data after equivale
volumes of which
overestimate value : ! '   " xﬁ{;P was statistically
different from st '

was due to the cu region for V plot.

By employing G plo obtained (Figure‘S)

and average end poi accurate and

reproducible (Table purity based on

these values was 100.% e difference

between average iined from standard

Yo R

non—aqueous me thod atistically

different. Gra  51ot of titration da&ﬂaﬂ%er equivalence point
']

] REMOIRAING
TR TUIIN TR Y

c. Pseudoephedrine HCI1

This is the weakest acid in this study
which has dissociation constant of 1 x ldqq Titration
curve of this compound in- aqueous solvent showed no

noticeable inflection point at equivalence point (Figure 6).
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Table 4
Experiment : _
A
B
y ; 2 -"?5;.‘. ’&'é-_l
2 “ ﬂr«h\ﬂi
Note : (a) average from thf¥ee parallel guitrations v
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Therefore, it was not possible to determine end

point volumes by thé conventional methods especially the
method based on sigmoid‘curve. Thus, percentage purity of
péeudoephedrine HC1 should be determined by non—aqueous

titration method which yielded excellent value of 99.98 ¢

c/ﬁantageously employed

| r———
e eudoephedrine HC1 in

o
(8]
o®

Gran’s m
for end point de
aqueous solven ‘ ‘ e\, Ni ¢ that of phenyl
propanolamine ‘ | Ny correction for
autoprotolysis j~rtant for Gran’s method
e at equivalence region
(Figure 7). .. . Thi , ‘;‘ : 0 ghly overestimation
of percentage puri fiﬂ ;:; 118 compound (106.7 + 1.0%)

while G plot gave -;égﬁggéﬂf‘ pear lines which extrapolation

to X—axis .~’;....m-._......m.\j end point
volumes (Table‘ : purity calculated from

these values (fﬁym G ipLot )} was 100.2-£.-0.5% which was

Statmtlcﬂl‘uﬁ"ﬂ]éﬂ Ha‘nﬁwrﬂﬂ'}ﬂ% titratian Retiliod’
AT

The reason was that the curvature of the titration line was
large and only few titration data were useful as the
measured pHs whiéh were higher than 11 should be avoided
due to alkaline error of glass electrode which could occur
especially in the high concentration of potassium chloride

solution. In this condition glass electrode would falsely
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Table 5 Average End Point Volumes\ jran’s Method for the

o o o s o o e e e o o S e e S o S o o G et - — —— i ——— ———— o o o

i nd int volumes (ml)
\ \ sthod 2 Method 3

Experiment Wt. of sampl

A 50.74 4+ 0.01 2.50 & 0.:03
B 50.64 0 0 2.45 + 0.04
C 51.04 £ 001 2.48 = 0.02
D 51.40 * 8:0] 2.51 %+ 0.04

e o e o o o e S ot . o o T o o o o o o o o T S ol et o S S e e S e e o, i e - —— e o o —— ———— . — —— ——— o ——

e mernee FRUEINENINEINT
RO MR T TE gl TE 11

method 3 " "o (Vor¥Vikw/[H+] . \Y
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measured some of the Na+ ion in the solution for hydronium

ion. Therefore, actual pH should be higher than what was
measured.
2. Weak acids which unionized preducts precipitated

during the course of titxzations

This

diphenhydramin? ;

and chlorphenir

d of triprolidine HC1,
J

@ HBr, quinine sulfate

W ipitations occurred because

of low solubili conjugate bases.

If th : uring acid-base

titrations;, co potentiometric end
oneous results because

titrations of these ﬂ%%%; s tould show asymmetrical

titration curves.. the /1 e initial precipitation,

supersaturati 'i;jrticles of the

precipitate col ..EFince pH values were
altered accordingsto the chapges of buffering system of i [B]

s ] BB DTN LG or smsvsa

pre01p1tat1on caused erfoneous measured pHgyalues.

’QW']Q\"IT]‘??UZJW]’JWEI’\@EI

Gran’s method was exploited for determining end
point.v01umes of acid-base titrations which involved
precipitations. According to new equilibrium dissociation$
after unionized conjugate bases had precipitated, new Gran
plots were obtainéd as described in equations 62 and 63.
They still'yielded V plot shapesrand end point volumes could

be determined by éxtrapolationrto X—-axis. Those five
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compounds which employed Gran’s method were discussed as

followed
a. Triprelidine HC1
This compound has the dissociation
-7
constant of 3 x 10 . Its conjugate base, triprolidine, had

sparing solubility iniw egan to precipitate

after:D.6°ml of : andard solution had

been added. At the solution was

found to decre ¥igs! QN?S?‘% whe titration curve
(Figure 8).
Table ’\?1nt volumes obtained

from Gran plots ( e plot of titration

data after equival c;#uiii Gran plot curves were
P

shown in Figure 9. e percentage purity of triprolidine

HC1 based on @pdfPoint volus LYot was 99.63 + 0.2%

which was st?,ﬁ~ ] fﬂigher from that of

standard non—a-meous titration (98.4m:': 0.6%), while
percentag 't‘j %’ : 0.3% and

did hot d XJH :Y[Ejiﬂl yﬂﬁﬁﬁjof non—aqueous
metl\,qi }‘.1 efore, ¢ ﬁ f ﬁ ould be ‘
takenq:mo :acﬁﬂmgﬁ:j » YJ&Ij Eination of

percentage purities (or end point volumes).

Employing titration data after equivalence point,
Gran plot yielded end point volumes of which percentage
puarity was 98,92 & 022%. The t test at 99% confidence

level indicated the statistically indifference of this
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Table 6 Average End Point Volumes by n’s Method for the

Titration of Triprolidi 01 1 o1 with ~

Experiment Wt. of sample — End nt volumes (ml)
, od 5 Method 3

A 82,54 0.0 2:81:2 0.0

B 8315 56 004 228 .+ 0.0%

¢ 81.72 0.01 278 £ 0.0}

D 81.40 0.01 2.76 +.0.02
Note: {(a) average from thré&ﬂparallel tifrations

or s « QUEIDENITHEIRT ) o
) SN TR T i1y TR
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value from that of non—-aqueous method and G plot. Hence,
for triprelidine BCl, only G plot and the plot of
titration data after equivalence point were found to give

satisfactory results.

b. Diphenhydramine HC1

onstant of this compound

basew-began to precipitate out

. """-b

was: l x IOQ. It

of solution after of was added to the
solution. Titg ‘ :r6'\\ nhydramine HC1l in

aqueous was sho

Nz |
owdﬁvﬁ d point volumes

. W s YA\
which were obtaimed 24 ””, lot methods. The V plot
shape for Gran plotsiads h' pound was shown in Figure
11. The V plot yig §5$}§x}§_ values which when calcu-

lated in ter =—_T_:T-=r»\: 00.2 + 0.2%. This
X

was statistica!&y .:eaTurity obtained from

G plot (100.1 # P 2%) .

LLUEL 'mam NEIND e
A AR X ﬁwaflﬁia:‘z:::m

plot. All three plots of Gran methods (V plot, G plot and
the plot of titration data after equivalence point) could
be employed to determine end point volumes which gave
percentage purity with the same degree of accuracy and
repréducibility as that of standard non—-aqueous method

(99.73 & 0.1%).
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Table 7 Average End Point Volumes ran’s Method for the

Titration of Diphenhyed e L 0.1M KC1 with

Experiment Wt. of sample ‘ . ind nt volumes (ml)
(mg) ‘ od 5 Method 3

A 73.36 0.01 " ¥:B0. & .91
B 74.78 0.01 2583 £+ 0.01
C 73.30 0.01 2.59 £ 0.01
D 7390 0,02 2.60 % 0.0%
Note: (a) average from threg parallel titrations
(b) method 4 oﬂ u&l ’J m&lmlimzdﬂq]niﬂ versus G

" sm[H+](Vo+tVRJ v

methoﬂﬂﬁ ANNINNIINELRY .
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c. Dextromethorphan HBr

This weak acid has dissociation constant
of 5:x ldﬁ. Precipitation occured after about 0.8 ml of
titrant was added to the titrated solution. Titration
curve for this compound was shown in Figure 12. The

pattern of the titrati was similar to that of tripro-

lidine HC1l and di

The ave obtained from Gran

‘plot were sho plot curves were
shown in Figu nes were obtained
from V plot andf [ o flise the vas influence
which was very
stirrer on. Hence,
{B] in equation 5 sumed for a constant value

was not valid and ~Hﬂ%¢%¢ﬂﬁ*.‘ to equivalence point

would y1€ld ,hmm::.

Y e
102.0 + 0.4% fﬁ‘

(104.8 + 0.9%,

s Erspectively) as
standard non- aqwfous method elded 899.97 £ 0.1%.

ﬂHﬂ@ﬂﬂHiWﬂlﬂimmeM%s
MV ST 116 e 130151

recorded were direct results of sodium hydroxide volumes
of which were added to the titrated solution. Thus,
extrapolation to X—axis of the linear line from Gran
plot would yield accurate and reproducible end point

volumes. The percentage purity based on these end point
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Table 8 Average End Point Volumes by cran’s Method for the

Experiment Wt. of samp - 35..' pint volumes (ml)
(mg) ‘ ' ethod ethod 5 Method 3

A 84.26 + 0. 01 2:.60°% 0.01
B 84.76 £ 0.01 2.61 =+ 0.01
c ' 89.52 + 9.0) 277 3 °0:01
D 87.96 o158 2.72 £ 9:02
Note: (a) average from tﬂ%ﬂb paral el@fitrations
(b) method @MH mﬂ sl ﬂ’]mﬁo+V) versus G

ﬁwmnm MWEIRY, - .
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volumes was 99.90 t 0.9% which was equivalencent to that of

standard method.

ds Quinine sulfate

This compound has dissociation constant of

2% 10*. Titratien ¢ shown in Figure 14. During

‘/‘gpouhd yielded a light and

—

dn fe@ triprolidine, diphen-

b D fie precipitate could

the course of titra

bulky precipitat

hydramine and M

interfere the plgfie I during the course of

-
7

,\?\ membrane of glass A\

N

titration becau

electrode and heg the membrane would be

altered from an ogdi This resulted

erroneous pH values icult to clean the electrode

while the titration cess without affecting the

concentration f s in the g solution.
[ —— |
Gran pﬁt anﬂthe plot of
titration data af r equ1valﬁyce, Figure 15) yielded end

mﬁq 1] AN ASNYNAT en vetens

when calcu ated in percentage pupities weregl00.8 £ 0.5%,
too. 844 45454 bl 4 §BIINHIAA -f; RO
these values were statistically different from the
percentage purity of standard method (97.94 # 0.5%). This
discrepency would be due to effect of the precipitate

coating the electrode.
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[(HY1(vo + V) x 10"7
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Figure 15

o ® z &
(Vo + Wkw/[H'] x 1013
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N
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Table 9 - Average End Point Volumes 'JGran’s Method for the

ine sulfat e’ M KC1 with
0.07835N NaOH . g8 —

______________________ " "'""

Experiment Wt. of sampl

A 98.68 0.02 3.40 = 0.02
B 96.12 0.01 3.29°'+ 0.01
c 98.76 0.02 3.42 + 0.01
D 95.70 0.02 3:29 £ 0,01

e e o —— — — o ———— T T S S . S S S o, e . — .

% Zzzef@"ﬂfﬁ?ﬂﬂﬂiNMH’a'm SR
maniaenslan Iy o




e. Chlorpheniramine maleate

Titration curve of chlorpheniramine maleate
illustrated two neutralizations (Figure 186). The first
inflection point indicated the neutralization of the second
proton ‘of maleic acid (Ka . = 6 x 104) and the second inflec-

tion point was the tif

»\” protonated chlorpheniramine
_ ‘\‘

Gran p " b n ‘equat 1o 42 and 52 were

employed to d '.N\;fhxk

: : = | \ \zﬁg:HJOIDt volume as
the differencé K ;1 Ra“ ond, proton of maleic acid

and Ka of pro

(Ka:= "6 % 16 ¥

ne was high enough

and thus would'

S \'.’:.,

end point volum

h other. The average

G’ﬁlot were

ot ~an

shown in Table 10 aﬁ-‘h-a Z ' curves were illustrated

gsliligure 17 .1 the beginning of V plot

the curvaturivf4‘;%"‘""'”” ;st reason as in
potassium hydr&enp .y a@latio‘n from the
linear region off ¥, plot yielded end point volumes which

percentad b By b ALEH] GINERIAT Tos 50,52+ 0.1

Thig is 1dentlcal to the& value obtained fréw G plots

mnest] LT AR LML LV LB Eoivarene 1o

non-— aqueous method "(99.95 + 0.2%).

To determine the second end point volume, Gran
plot based on equations 51 and 53 were recommended.
The plots should show linearity when the first end point

volume, Vei,.had already been known. An inflection was



observed at the point of initial precipitation (Figure 17).
For this situation, a modified Gran plot equation must be
derived from equation 55. The equations that were

employed for end point determination were

[H+] (Vo + V) "= 1 Ka,NVes — Ka, NG Eqw 77
; [B [B],

and

£H+]( 1 KasNVe, Ka, NV Eq. 78

based on equat average end point.

volumes from t ‘ated in Table 11.

A
Percentage puri )\ nt volumes of V plot

“l‘:.'_J‘
and G plot were. 101 .9%0-25 d 99.84 *+* 0.2%, respectively.
A b I '
The V plot yield verestil eg" because titration

data which wére T f’ in the region of

high pH that gELre would be & ectijﬂ of autoprotolysis of

ﬂumwﬂmwmm

fdn plot .of tlératlon data after e uivalence
i PN 15D W DT G
perce tage purity was 99.36 * 1%. Percentage purities
based on second end point volumes (titration of protonated
chlorpheniramine) which were obtained from G plot and the
plot after equivalence was statistically identical to that
obtained from non-aqueous method. Therefore, for the

titration of chlorpheniramine maleate, the first and second
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(Vo + V)Kw/[H*] x 10-2

24q
'\'..
o 20
S,
M
e
* 16 4
»
E‘ ~N
gy
T+
T
A F
o
{ i | et 8—
. .
e
(&)
4 -
T
0 8
—= ===
Figure 17 Q plot for the- titratlon o@ Chlorpheniramine

ﬂ Tjﬂﬂ%ﬂ%ﬁ"w 8ﬂrﬂﬁ§rox1de, & wlox -

), Vplot (8, @ , A ) and
ARAATRINMINESY
G plot of [H'] vs.G
G plot of [H'1(G - Ve ) vs.G
G-' plot of [H'1(Vo + V) vs.G
V plot of V[H'] vs.v

V plot of [HTI(V - Ve) vs.V

> © o D @

V plot of [H'1(Vo + V) vs.V



Table 10 ~ Average End Point Volumes 4 Gran’s Method for the

( First
Experiment‘ Wt. of samp S K \ “End, p01nt volumes (ml)
(mg) thoe Method 2
A 96.10 b e 0.01 318 £0.0)
B 96.04 V& 50+ 0.00 3.15 % 0.00
¢ ' 96.18 LTI .01 3.16 + 0.01
D 96.1672 D1 3.16 + 0.01
; \ 77

oes () aversd] usmq HYGNEARS

(b) method 1 obtained frém the plot of G[H+] versus G

ammnmumwmaﬂ ;

(continued)



Table 11 Average End Point Volu by an’s Method for the
' e in 0.1M KC1

with 0.07751N NaOW™

( Second ne/ \

Experiment Wt. of sample R 'kwA point volumes (ml)
(mg) Mellic ‘\:\\ Method 5 Method 3
A 96.10 F 0501 6.3 .+:0.00
B 96.04 + 0700 6.30 % 0.00
C 96.18 0501 631 +:0.01
D 96.16 y & . 2 5 2 5+ 42 + 0.00 6.30 ¢+ 0.02

——— e e o . e e . S, e e e S

oo (0 weersee G4 BFD NHRSNEGAS

(b) method 4ﬂbta1ned fromgthe plot 5 [H+}(Vo versus G

=R TANT TN 3I%19 Vlrf:ﬂﬁvﬂ T

method g " (Vo+V)Kw/[H+] " v



\‘(,

TX

end point determinations by G plot would yield results
which were statistically identical to non—-aqueous method

and the plot of titration data after equivalence point.

Summary

Curvature occurred at the beginning of the plot

would not affect the ion value as seen with

te while the curvature

: o —
near equivalenc 1 ! S U in an overestimation
of end point , \‘nf A fhiphenylpropanolamine

HC1l, pseudoep j e HC1 and the second

V plot of potassi

end point vol aaleate. The curvature

‘s. \ > 1R+ ) = [0f+]
\\\\p v

Althoug i o€ more calculation than V plot
for end point determ’: . ' is plot could give less

curvature bo ~ plot and near

-

equivalence &ﬂ. EJ-d in higher degree

:
ﬁ%ﬁ%‘“ﬁ MR A oeroriis 10 ons

point det mination for the tltratlon of weak acid with

Strﬁgﬁﬂa&“@ﬂ'ﬂiﬁd AN GRRIGREne conree o0

tltra ion such as the titration of triprolidine HCl and

of accuracy aJm reproduc

diphenhydramine HCl with sodium hydroxide. However, it
has limitation from precipitate redissolution during
titration process as seen with the titration of dextro-
methorphan HBr. in addition precipitates may coatbthe

electrodes and thus interfered with the pH measurement



T2

during the course of titration. In this case Gran plot
method would yield erroneous results eventhough a good
linear line was obtained such as the titration of quinine

sulfate.

ion data after equivalence

Gran plot of titr:
: d easily calculated than
equivalence point. It
could give accura end point volume
whether there the course of
titration such phenhydramine HC1
and dextromethg ecipitates did not
interfere with pf er, for determining
end point volume as with chorphenira-
mine maleate, it esults. However, it

also has limitatioo-n:a., ine region pH values

Sl = e B - 7o :
woulvd be affe} .,‘-" electrode

_—1
AULINENINYINT
AMIAATAUNNIING A Y
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Titration in Mixed Solvent

Gran’s method.had been employed successfully in
determining end point volumes of weak acids and strong
base titration in aqueous solvent even when there was
precipitation during the course of titration. However, e
precipitates could redisso. or interfere pH measurement,

Gran’s method wouldiyiel end point volumes.

Thus, we should @ation in order to
avoid those pro .

solvent and wates® '|j\§:\smﬂﬁsmogeneous solution

throughout the

Ethanold’ _I~"n35;' solvents,was mostly
recommended for
constant (potenﬁi
unionized form had cr ; AL : and precipitated during

the course

protoldonor and/or proton
acceptor J?f It%{ad a lower dielectric
constant@nﬁ aaﬁﬂtnjwlfﬂqniant than water.
Ethgq y1 qi gij ich uni%ohized form was
geneq;ﬁ ﬁ ﬂj um 5% ﬂglﬁﬂous to

carry out weak acids and strong base titrations in this

Ethan is capab

solvent, especially weak acids that produced unionized

species.

In this study, 40%v/v ethanol/water was exploited

in order to gelt homogeneous solution throughout the



74

titrations. According to the properties of ethanol, the
dielectric constant and autoprotolysis constant of this
mixed solvent would be decreased. However, during the
titration lyonium ion of this mixed solvent was still
hydronium ion (H30+) because ethyloxonium ion (EtOH,+)

would occur only when pe tage of ethanol approached

near 100% (44,

G plot w ot sloyed. for 40%v/v ethanol/water
solvent system “,‘f' M&#;ysis constant for
this solvent , .j‘i,fb andhthus only V plot was

employed for t i b >termination of the titration

Titrati®n £ Erd“-a‘ acidic compounds 1in
40%v/v ethanol/water-cou be divided into three groups

as followded =

7 <
1. Moenoprc ol jugate base has

3y : 1
higher charge t?an its acid.

AUSINEN TNEINT e o
AR SR

well-defined inflection point in the region of equivalence

point (Figure 18). However, the change in pH with

respect to the change in volume of titrant was not qﬁite as
sharp as in aqueous solvent. This result was due to lower
dielectric constant of 40%v/v ethanol/water (as compared

to water) which would not favor the reaction of potassium



hydrogenphthalate and sodium hydroxide since they

generated more highly charge products.

Table 12 showed average end point volumes obtained
from Gran plots (V plot and the plot of titration data

after equivalence point). Percentage purities based on

these values were 100;_"  % and 99.59 % 0.3%,
respectively. The : ul 'é)statistically equivalent
| tﬁation in aqueous

to the percentag

int volumes by conventional

DS

Ted rom those three Gran

solvent which det

method (100.1 + hey were also identicél

to the percenta

plots of the titugh olvent (Table 20).

AN
2. Mono : »‘njugate base has

lower charge than

o f phenylpropanolamine

=i

N

HC1, pseudoe-*ﬁﬁw e c"HCl, diphenhydramine

HC1, dextromet-mrphan HBr and quininm sulfate. The
titration & tﬁﬁ’ ) in 40%v/v
ethanol/wﬂﬂﬁiﬁﬂﬂ 2 )ﬂﬂt[ﬂj: cleary defined
infle Wp-] i ﬂr?\d r)-]ﬁj ﬁﬁﬂ This
resuﬁ was qu the remns ofvlf'lthese'weak acids

and sodium hydroxide in 40%v/v ethanol/water which

generated unionized products and hence were favored by low

dielectric solvent.

Table 13 showed average end point volumes obtained

from V plot -and the -plotiof Ltitration data after
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F1gure 184) Titration curve of Pota331um hydrogenphthalate
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during the course of titration. 1In this case Gran plot
method would yield erroneous results eventhough a good
linear line was obtained such as the titration of quinine

sulfate.

Gran plot of titrs

ion data after equivalence

Ny ‘d easily calculated than
3 & equivalence point. It
¥ ——

——

point would be more _
the plot of titratmes
could give accus lucible . end point volume
whether there w8 v "‘ jon during the course of
titration suc phenhydramine HC1
and dextromet ecipitates did not
interfere with ver, for determining
end point volume d as with chorphenira—
mine maleate, it esults; However, it

also has limitatiomas-&'n &l ine region pH values

would be :"_?—“"‘ glass electrode.

U

AUEINENINEINS
RINNINNRINGIAY
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B3
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I‘-V lumes of ti nt, (ml)

e ﬂUH?ﬂHﬂﬁWHﬂﬂi

Figure 19 ran plot for the titration of Potassium hydrogen-

QWA 354 AN B

hydroxide; V plot ( ® ) and Va plot Q)

(Vo + V) Kw/[H'] x 1071
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equivalence of phenylpropanolamine HC1l in 40%v/v
ethanol/water. The V plot shape of Gran plots, as shown
in Figure 25, exhibited less curvature than those in
aqueous solvent because more complete reaction between
phenylpropanolamine HC1 and sodium hvdroxide was achieved.

Thus, V plot yielded tid eallent end point volumes which

when calculated in

- O f ‘?ﬂﬂ.de percentage purity was
50 {0 DCHE SR8 s B :1-;-..-‘-.. raﬁta after equivalence

point, Gran pl® end point volumes and

hence average pe 'Mﬁg 45+ 0. 2%k i Both

results were sts \Qrt from standard non-

aqueous methot

In the 3 nifl 4" ner A .nylpropanolamine HC 1y

Gran plots of theit iffPation Wv/v ethanol/water of

el
< b

pseudoephedrine ”Cl;ﬁﬁﬂ" HC1, diphenhyvdramine

t
C1, dextrome S#ulfate also gave

Y.
the V plot sh¢ﬁ~ ; ﬂ han the titration in
ﬂ ‘ W]

fFldure 26 - ?13 In.addition; " aceurate

aqueous solv

‘and reprﬁ\uﬁf}ww§>WHqﬂﬁh compounds were

obtained fifom V plot qqg the plot of t1*rﬁilon data after
~RRIRIN TR UAINGY o
compo finds which calculated from thosa end point volumes -
showed statistically same walues as the percentage
purities obtained from non-aqueous method (Table 20).
There was ounly one limitation for the plot of titration
data after equivalence point of pseudoephedrins HC1 which

vieldéd an wunderestimation: valites. This may be partly
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pH
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1

10

- Figure ﬂ uﬂc’a Wﬁ%?wﬁ@rﬂ.ﬁum in 40% v/v

ethanol/ Wateer
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Figure 23 Titration gurve of Di henhydramine HCl in 40% v/v
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Figure 25 - Titration curve of Quinine sulfate in 40% v/v ethanol/water



vIE*] x 1072

86

3—.

=2

Figure zsﬂ uﬂ g nﬂ miuﬂn’lniylpropanolarmne
CLADETFib gl (1911

(Vo + V)kw/[H'] x 1071



87

=7
Tt v g
. -6
127
o
© IS
10

(@}

Fl' ‘
O —4
— 8-

b

o
Mg i
=

-2
‘—4
— 1
2—
0

I
Volumes of titrant, (ml)

e AU AN ENEINT. s
RN Uit gL

(Vo + V)KW/[H+] ; 10_1



88

viE*] x 107°

3—1

2-

1
v

)
o~

|J
w

U
»nN

~1

»_ll Volumes 2 rant, (ml)

o s UEAVENENE D0
YA E it aeliac ek

(Vo + V)kw/[H'] x 1071



89

(¢]
=7
(o)
®
8 ' —6
°
°
L8
[
— ~4
»
i
+
L. e
i —3
=2
2—
=1
¢

¥

roes o A U AR TNY WA T e

in 40% v/v etWanol/waterswith sodium Hydroxide;

)

AWTERD M o K E TR E

(Vo + V)kw/[H*] x 1071



o]
-7
(o]
% -6
o
[ ]
20 - .. O -5
L]
(@]
%
==}
= 15 —~4
b
—
+ :
& 1 -3
=
87 -2
£~ -1
0 - ;J'

¢ Volumes of titxant, (ml)

ﬂ‘lJEl’JVIEWITWEI']ﬂ’i

Figure 30 Gran plot for €he titrati®m of D extromethorphan HBr

WA MARIRNINGAR

v plot (® ) and Va plot ( O )

(Vo + V)kw/[H*] x 1071



g-0T ¥ [,HIA
N
i

&

~

-1

ﬂyﬁl?ﬂﬂﬂﬁ N3

Figure 31

AW AR AN

fGran plot for the titration of Quinine sulfate in 40% v/v ethanol/

water with sodium hydroxide; V plot ( ® ) and Va plot ( O )
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Table 13 Average End Point Vol \ L= ’s Method for the

- o —— i — — i S o B T o S e e (i o e o ot . o o . T S S S e o S o ot o S

Experiment Wt. of sam ~ 'ii'-‘,*'nt volumes (ml)
' e ¥ Method 3

o ————— — —— o — —— — — —— o T . o s o e o e . o —— T T T e S S .

3.018-470.00
B 46.62 3.15 = 0.01
C : 46.50 3.156 '+ 0.01

D 46.80 31T 1 0.02

—— e o o  — — —— . —————— o t——— — — . S o e e o T o o o S o .

i g ::::f:rm&imit%‘wmm "
‘"eawﬁa\mmuwﬁwmﬁ*ﬁ

Mﬁ
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Table 14

Experiment

Average End Point Volume iran’s Method for the

40%v/v

Titration of Pseud“_{.~

ethanol/water wifm-v.Lwisgr NSOH™

Wt. of sampld = | End ‘point volumes (ml)

(mg) ' [ : Method 3
50.22 2578 + 0.01
50.42 2.78. +0.00
50.40 2.0 £ 0. 01

Note: (a) avérage ﬂﬂ?ﬁﬂﬂiﬁrat}] ﬁ
(b) method ; ‘§;+] versus v

<<

"I AN T UM INEHY'



“Table 15 : i s |b an’s Method for the

—— e e e . ot . o o e o o e S S e . o, . ~ - —— . o . . e e . o o T . . . . e . i o e e e

Experiment N ; £FIr 2 | _;“ int volumes (ml)
L ) Method 3

A 2.24 + 0.01
B 2.25 + 0.01
c 2.24 + 0.01
D 2.25 + 0.01

——— e — = —— — — — ———— — — —— . —— — I U —

"y

.Ijl‘

e ZZZ?T@” fﬁ ““e%“iiﬁﬁm AL
“NRBINTA NN



Table 16 Average End Point Volume ="s Method for the

" Titration of Quinine™ : /V ethanol/water

Experiment Wt. of sampl v t volumes (ml)
/ ; Method 3

A 118.24 4.01 £ 0.01
B 119.08 4.02 £ 0.01
C 143.40 4.84 + 0.01
D 158.36 5.32.% 0.01

e e :::.:i:fquzfﬁmi‘wmm S—_
“ARIaanIinTIng sy v



Table 17 Averége End Point Volunm b ’s Method for the

Experiment Wt. of samp t volumes (ml)
(mg) Method 3
A 70.086 2,10 £ 000
B 95.66 2.86 + 0.00
C 91.74 2.74 = 0.00
D 90.16 2.69 % 0.01

o e o e o o —— ——— —— . — e . — — — o ———— — o —— o — .t

.H‘ _—
o s, .
"RRTRNIUANAITY -



Table 18 Average End Point Volume ¥ 1Gre js‘Méthod for the

(mg) Method 3

o — . . o T . o o S o T S, B o S S S e e

A : 73.72 2.83 + 0.01
B , 72.94 2.80 + 0.00
o 72.84 2.80 % 0.00
D 72.4% 2.78 + 0.00

o e e o i, o o o o e S S e S S o o S — . e e e e e e e . s S G e e e e S

|
_w |

] . |
"o L RIS .
“IMANIUNINSRY
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resulted from using titration data in the high pH region

.which had effect of alkaline error.

3., Mixture of moneprotic.acids

The compound in this group was chlorpheniramine

maleate of which the ti n curve (Figure 32) showed

only one inflections 1‘ ough it had two different

dissociation co
' V plot n" '\"i\ “%g;ﬁed a curve line
(Figure 33) re 'tf;,;»:’\\\ n

protonated chl

ing dissociation of
econd proton from maleic
agid (299, In ﬁ\\ protonated chlor-
pheniramine can : :r; \ efiter since the formation
of unioized produ ; by the solvent. This
~resulted in higher‘qgﬁgggiﬁg constant when compafed
with this va-um-wmmwwvv«—vf7~—~ ----- 1Fn the other hand,
the second pro+o ‘ ; gh titration product

U

had higher charge than reactants would decrease the disso-—

ciation. ﬂﬁg?%ﬁﬂﬁw&l{}ﬂdﬁstant would be

lowered wHEn compared w&th the value in water (Ka.g 10 ) A
e RUNNEERITE AT B Y Bgener svo
that %he neutralization of protonated chlorpheniramine and
sodium hydroxide would occur while the neutralization
reaction of the second proton of maleic acid and sodium
hydroxide was carrying out. Hence, equations 51 and 53
wouid be invalid and then end point volumes obtained from

V plot were erroneous (Table 20) which when calculated in
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pH
137
10
oo
7-
gl =l
R
T & ]
2 | 6 i¥ 8
R Volumes of titrant, (ml)
Figure 32 Titration curye of Chorpheniramine m#ate in 40% v/v
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v[E"] x 10

5-&

100

3—1

2-_
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I"hlumes of tigrent, (ml)

- AUBINBNINEING

of Chlorp iramine
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hydroxide; Vv plot ( ® ) and Va plot @ g
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(Vo + V)kw/[EY] x 10



o s . o e e e S o . . e o o S S S, e S o . o . - - S et e e . S ——————— —

Experiment Wt. of samplegh /& End ' vpldﬁes (ml)
/ . ' Method 3

—— . o e e o . e e o . e o . o . S . e . . e . . e e e ——— . . . —

B.87. £ 0.0}

A 98.66
B 97.04 5.57 + 0.02
c 98.26 5.64 + 0.01
D 100.3 N £ 0,00

- o
| |

ey g@ﬂﬁ’i’iﬂﬂm’mﬁ‘m it v
"ARTRNIUIRTINSTHY "~
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Table 20 Average Percentage Puri i cidic Compounds

o o . e e . b s S e e

Substance

Potassium hydro-—

genphthalate

Phenylopropano—

lamine HC1

Pseudoephedrine

HC1

Triprolidine

HC1

Diphenhydramine

HC1

Aqueous s ) AN " Mixed solvent
G Plot '

99086 9904 § v . ¢ 99.59

(+0.35) (+0.35 e o We0.17) (£0.29)

100.2 102.0 G553 99.45

(+0.29) (0% o 9) (£0.19)

')

. - 4

(+0.54) (i0.9§) (£0.75) (+0.28) (+0.29)
=9

f-j,ymngm%’wmm
AR THIN SN INY Ty

100.1 100.2 100.2 99.90 99.54

100.2 106. 7

(+0.21) (£0.17) (i0.35)v (£0.07) - (£0.07)

Plot Va Plot

100.1

(£0.94)

100.3

(+£0.09)

99.98

(£0.32)

98.49

(+0.58)

99.73

(+£0.09)

(continued)



Table 20 (continued)

— - —————————————— — — ——————— — — ————{— —, o o ——— —————— — ————————— —— — o~ —— T — {— —— — —— —————

Mixed solvent USP method
Plot Va Plot

. ——— ——— — —— —{— ——— {——— — ———— ——— — {——— — ———— ——— ———— {———— ———— —— —— — — — —— {— ————{—— {—"

Substance Aqueous so

Dextrometorphan. 102.0 104.8 | ‘  :  f ", .. 99.76 98.34 99.97

HC1 (+0.38) (0.8 #0'. f; A AN ," R 5 o (£0.19) (£0.10)

Quinine sulfate 100.6 100.8 ! _;f"" _ )7. 86 97.71 97.94
(+0.39) (+£0.500 _‘ .3"- ‘ .25) (+0.38) (£0.46)

X

Chorpheniramine 99.52 .08 99.65 99.95

maleate : (£0.11) € .36) (£0.10) (+£0.18)
99.8:* 10°

(£0.186) ’(io'*v)

W"m_m";;:m@uﬁmﬂmmﬂﬁm’;@;g1,s1;';;,,st;;t
Q W’TﬁQﬂ 3%%‘1‘3“‘””’1@ BtOProtoly51s constant

Va plot was Gran plot after equivalence point

b3 from first neutralization

¥ from second neutralization
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term of percentage purity (99.08 + 0.4%), it was signifi-
cantly different from value obtained by non—aqueous method

(99.95 + 0.2%).

For the plot of titration data after equivalence

point,; accurate and rep

ible end point volumes were
obtained. Percentag ed on these values was

99.65 * 0.1% and Efatistig @

ivalent to the non-
aqueous metho(7 “

Summary

By em “§1\ :ter, an improvement
A b

in determinati Gran. plot (V: plot
and the plot of equivalence point)

was achieved. V seful especially when

autoprolysis ~gon anel /water was not
exactly knowanZand G plot o« ;’3mployed. However,

V- plot employiﬂk £1 on dats priJE to equation point

- would yield erréneous results’ if there was overlapping

vevneen b WELRILELILD WELAT LD e 10 1

titration‘of chlorpheni‘*amine mddeate iﬂl lﬁdi/lv
L AANTIITUHAN IV 1S
9
The plot of titration data after equivalence point

would give same results as the standard non-aqueous

method. However, high pH region after equivalence point

‘could affect end point determination in the similar way as

titration in aqueous ‘solvent.
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