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Visual and thPntlometrlc titrations of aspirin, benz-
oic acid, hydrochloric acid, nicotinic acid, perchlor-
ic acid , phenyl bdézone,sallcyl¢c acid, chloropromaz-
ine hydrochloride, ephedrine hydrochloride, mepyramlne
maleate and vorocaine hydrochloride were carried out in
n-butanol, u51ng-potaSblum butoxide as the titrant.
For visual end points, thymol blue was used as indicator,
while potentiométric measurements were assessed by a
glass-indicator electrode. The dissociation constants
of the studied compounds were determined by the use of
the electromotive force method and revealed the good
appiicability of n-buknol as a solvent for non-aqueous
titration of acidic pharmaceutical compounds.

Many 6rgaﬁIC”acids;_basiS”aﬁd-salts are sparingly sol-
ublé‘in‘water or possess such weak dissociation constants,
that hanﬁicapetheirzdeterminationbyordinary acid-base
titfations; Such shertcomings are oftenly overcomed by'ﬁhe
use=ofnon—aQueoustitrations.0603313naligi “he stady of-the
'sdlute-solventequilibriais'recommended for suggesting the

probability of'solﬁing'the handled prodlem. Many scientists
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~urccated 10 study such processee in mixed organic
IR mocily with water. Thie is because of the dif-
x5 nostly met with during measurements of the emf
o oceld used.Typlcal examples'are : the long time- nee-
"nro the e:tab71shment of equilibrium_between electro-
gty inveftigated solutions, sensitivity of the examin—
.ruiions in pure organic solvents to atmospheric car-
nxide and susceptlbility of most organic solvents
cotatila zation that may lead to change in concentration
;ﬂoee solutions
Alcohol water mixtures have particular-intereet bet—
HRSES ;“VEUtlgatIOHS while studying the acidity pheno-'
.1 Moet of these mixtcree are.ethanolwwater_(2-4),- d
“thanol-water (5-7). In pure'isopropenol andethanoi,
- «iicns of several ihorganic‘acids anceome dibasic acids
iﬁfiﬁ}; Roy et al (11-12)by careiul enf measure-
o hydrogen and silver chloride electrodes have stud-
cosesrties of hydrogenJChlorldn inn—propancliae
.~ in isopropanol and 1n.their aqueous mixtures.
“izh the hydrogen electrode ie'difficult to handle,
Treouently used in the determinatioﬂ.ofdissociatioo
- ants by the emf method. However, glaes electrodefhave
-mnloyed instead of hyarogen.electrode for such meaeure?'
ﬁﬁd'WéS found fb give‘reprodﬁcible ﬁeQSuremeoto at:

s+imte nH range. i.e. not so strong acidic or so strong
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basic medium (15 15)

The present investigation presents the use of pure n-
butanol as a goodsolvent that would surpass other”lower
- alcohol homologs by virtve of its promising differentia-
-~ ting and bolubilizing effects. For this purpose, poten-'

tiometric titrations of certain acids and 301dic pharma-

'?ceutical salts and the determination of dissociation cons-~

tants of the acids in n- butanol were carried out. The more

‘stable and easy to handle glass electrode had been used
for emf measurements. -
- EXPERIMEN T AL
BEea:e:s_eaé_éeeezezae:

L Chemicals— solvent n-butanol reagent grade was fur-
-ther dried over anhydrous scdium sulfate then distilled
and collected the medium fraction at 117.7 C Aspirin ‘ben-
zoic acid, hydrochloric acid nlootonic acid perchloric
301d ‘phenyl butavone, sallcyllc a01d, chloropromazine hydro
chloride, mepyramine maleate, procaine hydrochloride and
-fother chemlcals as mettalic potassium and thymol blue were
'cf the analytlcal grade. The accurate composition of the
ra01ds and salts weny. estmated by the E--P. and other stan-
.dard methods.

2 Titrant-O 02 N potassium butoxide in n-butanol was

.'.prepared by dissolv1ng the required amount of metalllc po -
ta951um 1n cold n-butanol to obtain 0.02 N solutlon The
concentration of thls titrant was determined by potentlo—

'metric titration against standard benzoic acid in n-butanol.
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%-Snlutions of Acidic'Compounds—0§O2 Nsolutionsinn*buta—
nol wére accurately prepared from the invgtiéated compounds.
4-Solutions of Hydrogen Chloride~Hydrogen chloride gas wés ge-
nerated by adding qonceﬁtrated Sulfuric acid dropwise to.
reagent grade hydrochloric acid. The gas was dfied by passing
~through a series of U-tubes fillpd-with P205, and_fused 03012
respeCtively.The'gas was finally passed into .pure n-butanol
cbntéined in a flask. The latier was kept in aﬁ icelﬁath
to avoid any possible exotherhic interactions.The molalify'
of stock solution of hydrogen chloride in n-butanol was ca.
-0_3 moW.KqT1The séries of cell solutions for emf measure-~
'ments were made by serial dilution of the stock solution

. Knan
with n-butanol by weight.The final concenirations were jwithin

+ 0.02 % when titrated with the-standard potassium butoxide

solution ( potentiometric and thymol blue indicator).

5-Half—neutralized solutions of Phenyl butazone~ the accura-
Ltelywe%ghed aﬁount of phenyl'butazone was dissolved in
n—buténol toobtain'ca. O.J-mbl.Eg"1df nhenyl butazone
solution. The acéurate concentrafion was-determined pém
teﬁfiometﬁicalTy by titration With-potassium butoxide,
and the calculated amount, by welght -Of'the titrant nee-
ded to half-neutrallye the phenyl butazone in this stock

solution was added.The series of solutions of half- neutra—

]jzed'phenyl butazone in n—butanol, required for emf'
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measuremenfs were made by dilution, by,weight, of the
stock solution Qith n-butanol. The final concentrations
were calculated accurately. l
6-Half-neutralized Solutions of Acids-Solutions of toe
investigated acids were accuretely prepared in.n-butenoi,
then half-neutralized with potassium butoxide.Concentoa—
tions of the acids and their salts io.nubutanol were the

gsame in all cases ( 0.0025 mol.Kg_1).

'Apgggggggl The emf valoes were measured osing-a pH meter
in conjunction with a glass electrode and e sealed calomel
electrode filled with saturated solution of potaseiuﬁ chlo-
ride io n—outanol. The emf readingswere_taken after,approp;
riate times of equilibration; when emf values remained con-
-etant withio + 6.02 mV, for ca. 20 min. A1l measurements
were cartied at Z“OC(+0 05) under a stream of nitrogen.

The glass electrode was soaked or preserved in dil. aqu-

eous hydrochloric acid solution in the tlme between mea-

surements.

of the acid or salt eolutlous inn—butanol were titrated_“
against the standard titrant till the change of the'green
color to blue color (thymol blue ).Paralell to the visual
end pointla pofentiooetric determination was carried oup}
. _2-Determination_oflthe Stahdard Potential ,E0 -
TheoeilEowasdetermioed from measurements of the emf.

~of hydrogen chloride solutions in n-butarnol, using ihe cell

10P 401,Radelkis,Budapest,Hungary.
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type (1) :

Glase electrode HC1 (m), Hg2012,Hg
(1) ' | BuOH . KC1 sat.BuOH

A sample of hydrogen chloride solution in n-butanol was
placed in the cell (I) and the emf was recofded aftér co-
mplete equilibration (15-20 min.).
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was achieved through measurements of the emf of half-neutra-
'}ized solutions of phenyl butazone in ﬁ—butanol, when pla-

ced in the cell type (I1) :

(ITI): Glass phenyl butazone (m). | Hg

Hg,Cl,,Hg
"electrode] phenyl butazone potas- 1KCi sgt. BuOH
sium salt - (m)

BuOR.

duis GEE oo Sy oun A EE S TER S Enb Sl Sy Sy S - -_— s PENy wEe e el A s S s AR ulall bl sl WA Sl

from the emf measurements using a celi'of the type (III):

(111) - - ~
Glass Phenyl butazone (m) }Ax . ".(m) ]| Glass
electrode|Phenyl butazone pot-f Ax potas- -electrode
assium salt ?m) sium salt. (m) |

| BuOH " BuOH

where (m) = 0.0025 mOl.Kgf1 and Ax stands for the investiga-,
ted acidic pharmaceutical_compounds.The glasé elctrodes were

of the same glass and had the same potential.
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Dry hydrogen chloride was chosen as a strong proton do-
hafing in n-butanol medium, The use of perdhloric acidtthe
most powerful proton donor in general, woﬁld have affected
the solvating ability of n-butanol due to the introductién -
of small amount of water with Hit. The more_concentfated p=
erchloric acid is ca. T2 % and it could not be prepared in
dry form, However,rthe evaluation of the effect of this pe=-
rchloric acid on the Eo of the ceil type (I) is in progress.
The dissocliation constant of the standard acid, phenyl buta=-

jzdne, in*n-butanbl equals 7,55 units pK, figure 3, The dete .
ermination was conducted by the extrapol&tion.méthod (I5-I7).
The extrapolated pK; values were calculated from the relatio=-
nships:

C
4 E_Eo acid
a 0.05% csalt

where E 1is the emf for the cell type IT,
The calculated pK;'values and the measured emf readingé

for the. series of half-neutralized phenyl butazone in.n?bﬁt-

anol are given in Table III,

Using the pK‘ of phenyl butezone (p:KA St) and themeésured
emf values of the half-neutralized solutions of the investig-
ated acids in n-butanol, the Pk, of these acids were computed,

Table IV,

The dissociation constant of the investigated acid(pKAx)
was calculated from the formulat

E ' o o
= pKk, St + =wm==—= , where E is the emf
Phax = P 0,059
for the cell of the type 1I1I,
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The equlmol ooncentratlon of every acid and itm.salt in cells
_of the type III, was chosen to approximate 0.0025 mol, Kg,I,so ag
to insure the p0551b111ty of the totai dlssoclation of all eleotr-
olytes in solution, with the least error obtained durlngqprepara-
tion of sblutions: ~ In this case, reality of the presented PK,

values could be assured,

Fr0m the comparison of the pﬂa values in nﬁbutanol with those
optained in'water, inhibition of the dissociatibn.of the investig-
atéd acids in“h—butanol can be remarked, The great differenfiétiu
ng effect of this solvent towards strong acids is also evident,

- especially when the cases of perchloric and hydrochloric acids are

~taken into con81deration.
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_Theseacids are considered as strong electrolytes, with
tetaidiseociation in water,whereas their zpr in n-buta-
'nolxwaa“fcuad : 6.53~ 1 79 = 4.74 units. Moreover, the pH
scale of n-hutanol can. be euggeseted to be more than 20
unite; that 1is much;greater than the pH ecale fof water.h
This eﬁgéeetion baee3,0n1the fact, that the well titrated
in aébutanel'benvoic acitd has got a pK value of 8, 99,
Table IV while the weakly and very weakly d135001ated
acide should have | higher PKa values.ln n-butanol.Hence,
*the-half acidic scale of the latter weuld be ca. 16 or
.more. Occaisonally, the higher the pH scale; the more is
.:the differentiatlng*power of the solvent ueed
Although theoretlcally less differentiating than its tert-
1ary isomer (18), —butanol offers. no experlmental diffi—
culties for its manlpulatlon - tertlary butanol solidifies
' at 25 C the conventional temperature for pE determinations.
- Applicatlon of n-butanol for the determinatlon of the in-
| ?estigated acida in mlxtures,'as well as other+pharmaceuti—

A | _ '
cal compounds with functional acidic or basic properties is

~in progress.

CONCLUSIONS

1-Estimation of aspirin, benzoic acid, hydrochloric acid

}

‘nicotinic acid, perchlorlc acid, salicylic acid , phenyl

ﬁkazone,Jenhedrine hydrochloride,chloropromazine hydro-

chloride, mepyramine maleate and procaine hydrochloride
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in_pqre n-butanol was anl’cved wiith =n eeeureey of ca. if.O%,
uSing-POtaBsium-hutmﬁﬁﬁe woyahion in m%hthnOIF o

2-To study the influern~~ -7 Tenntansl ﬁﬁ,thé.diSSeciafidh

;bf_acidﬂg-thepra Qf'ﬁe%ﬁeﬁ? CiAs were o e“mined by app-

lication of the emf meth~. 207 using nhenyl butazone as the

standard acid. ' "

3—Comparieon'between the pﬁ} values of The investlgated acids

obtained in n—butanol and those renerted in water revealed

the great differentiating power of nmbutanol towards streng : - %

acids, and correspondingly towards strong and weak 301ds,

i

that recommends the use of n-butanol to solve mlxtures of-such
acids, ' '
4-Although theoretically 1ess’ﬁifferentiating'than its tertﬂ_
iary isomer, n-butanol offers no experimental difficﬁlties'”

during its manipulation, while the tertiary isomer is usually

SOlldlfylng at room temperature.
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Table l-Analysis of Acids and Salts in n-Butanol

- ' ey e o e e s S e L e i iyt o gl o o e P e Voresiirer-+ S eyl el B ~. S -

Added,mg/10 ml Found,% . SD,+

= 125 o

Compound Potential rise-at
* end point,mV/ml
Aspirin 25.2 99.70 0.08 800
Benzoic .
acid 24 .4 99, 34 0.14 600
Hydrochlo- * o '
ric acid - 30.0 100,01  0.09 5300
Nicotinic " . _
acid 24 .8 09.12 0.17 1400
Perchloric |
acid 25,1 g9.30 0.13 1600
oalicylie. - j
- acigd. - 27.5 ©8.93 0.11 1900
Fhenyl. but- : .
azone S ) B 99.50 0.25 1600
Ephedrine |
hydrochlor. 30.3 100.9 - 0.21 600
- Chloroproma- Y -
zine hydro~ 35.5 99. 91 0.19 1400
chloride | -
ﬁepyramine |
maleate ° 4.0 98.99 0.17 840
.~ Précaine _
hydrochlor. 20.7 100.62 " 0.23 800




~Table II- Determination of the Eo of cells of the type (I) -

1/2

in solution.

= 1/2 the concentration of the total ions

| X
m, St H E, ¥
0.00128 0.00256 0.110
0.0018% 0.00366 0.111
0.00294 0.00588 0.114
0.00364 0.00729 0.117
0.00445 -0.00891 0.119
0.00497 0.00995 0.120
» . |
p~ = lonic power
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m,HC1 m,” “HC1 B,V ES ,-V
10.00115 0.0%391 0.197 0.370
0.00167 0.04095 0.213 0.377
0.00202 0.04493 0.221 0. 380
0.00218 0.04668 0.226 0.383
0.00259 0.05091 0.233 0.386
0.00306 0.055%2 0.242 0.390
0.00344 ' 0.05864 0.2'8 0.393

Table l1Il-Determination of'pKa 3t of Phenyl butazone

pK;St
7.63
7.65
7.0
7.74
7.78
7.80




Table 17—;D1530c13t10h Constante of Some Phafmaceuticallﬁcids

"i{n n-Butanol _ _ |

Compound E, 'V, PK, s - pxwatef

’ - - .
Perchloric acid -0.3%40 1.79 - o e o
Hydrochloric acid - -0.060 | 6.53 e
Salicylic acid -0,009 ~ 7.40 - 2.97
Phenyl butazone - e 7.55% , —————
ﬁicotinic aéid + 0.015 7.80' - ﬁfr;_
Aspirin _ + 0.052 I8.42 o 3.49 “
Beﬁzoic'acid - 4 0.085 8.99 - 4.21
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Pigure 1~ Potentiometric Pitration Curves of :l-benzoic nn»ﬂ-mnﬁmwpﬁh ..wluwnowvu_»n m.o»n.#.._.wwmbwu.

butazone,5-aalicylic acid,6-ephedrine HCl,7-procaine HC1,8-mepyramine maleate and 9=
chloropromazine HCl in n-Butanol. _
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