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potentiometric titration of nitrogen-containing compounds1
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Abstract

In the United States Pharmacopeia (USP), 0.1 N perchloric acid in acetic acid volumetric solution (hereafter HClO4

VS) used for non-aqueous titration has specified a water content between 0.02 and 0.05%. Preparing this titrant with
such a narrow range of water content is very time consuming, precludes the use of commercially available titrants,
and, consequently, prompted an investigation to try and expand the range up to 0.5%. In this study, the titrimetric
results obtained using HClO4 VS containing more water were very close to those obtained using the USP specified
titrants. A maximum assay difference of 0.7% in the titrations of three selected nitrogen-containing compounds,
clonidine hydrochloride, dipyridamole, and adenosine were observed. The titrimetric results obtained using these
titrants were also precise with RSDs of not more than 0.4%. Therefore, a wider range of water content in HClO4 VS
between 0.02 and 0.5% is suggested for the USP potentiometric titration of nitrogen-containing compounds. © 1997
Elsevier Science B.V.
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1. Introduction

Potentiometric titrations have become well ac-
cepted for the titration of many organic and
inorganic compounds containing acidic or basic
moieties. The advantage of this approach includes
its simplicity, good accuracy and precision, and
low operating cost. Unlike chromatographic
methods, drug substances can be directly titrated
without the use of a reference standard. Conse-

quently, titrimetric assay methods have been spe-
cified by the USP for many drug substances [1].

Many nitrogen-containing heterocyclic com-
pounds, amines, oxazolin, and quaternary ammo-
nium compounds are important drug substances
and can be determined titrimetrically. However,
titration of these weak bases in aqueous solution
will be neither accurate nor precise because the
endpoints generated from weak bases are not
significant. The apparent strength of these weak
bases can be enhanced if these titrates are dis-
solved in a weak acid solution such as glacial
acetic acid, which results in the formation of
acetate, a stronger base.

* Corresponding author.
1 This work was presented, in part, at the Pittsburgh Confer-

ence, Chicago, IL, 1996.
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RR%R¦N+CH3OOH�RR%R¦HN+

=CH3COO− (1)

Whereas, by using HClO4 VS titrant, a stronger
acid, acetate acidium (CH3COOH2

+), is gener-
ated.

HClO4+CH3OOH�ClO−
4 +CH3OOH+

2 (2)

The titration of a weak nitrogen-containing
base with HClO4 VS actually becomes the neu-
tralization of acetate acidium and acetate, which
is a strong acid-strong base titration, as indicated
in Eq. (3):

RR%R¦HN++CH3OO− +ClO−
4 +CH3COOH+

2

�RR%R¦HN+ClO−
4 +2CH3COOH (3)

This results in a significant endpoint, thereby
improving the accuracy and precision.

Acetic anhydride contained in acetic acid may
interfere by reacting with some easily acetylatable
amines to generate corresponding acetylated
products, which do not consume acid. Second,
too much water in the system including the sam-
ple and/or titrant solutions may affect the sharp-
ness of the endpoint of the titration [2]. Third,
conductive halide acids (HCl, HBr, or HI) in
some amine salts interfere with the electrometric
endpoint. To eliminate halide acids, the USP pro-
cedure requires the addition of excessive mercuric
acetate into the sample solution, thus, producing
a mercuric halide that does not interfere with the
titration [2]. Generally, an excess of water is
added to eliminate anhydride, however, too much
water interferes with the endpoint. Since water
content is an important factor in the non-aqueous
titration system, a suitable amount of water is
needed in both the titrate solution and the HClO4

VS titrant.
The limit of water in the titrate solution has

been studied [2,3]. As suggested by Pifer and
Wollish [2] in 1952, water content up to 1% could
be used for the potentiometric titration of asterol
dihydrochloride. Recently, Tsunakawa and
Tamura [3] studied 33 drug substances including
many USP pharmaceutical substances such as
amitriptyline hydrochloride, cyproheptadine hy-
drochloride, naphazolin hydrochloride, etc. and

found that these titrate solutions containing water
content up to 0.5% could be employed due to no
obvious interference. The USP procedure does
not specify a requirement for water content in the
titrate solution, however, it specifies the HClO4

VS titrant to contain a water content between
0.02 and 0.05% [4]. Similarly, the British Pharma-
copoeia (BP) [5] and the Pharmacopoeia of Japan
(JP) [6] set limits between 0.1 and 0.2% and less
than 0.03%, respectively for water content (Fig.
1). Like the USP, both the BP and JP do not
specify a water content in the titrate solution.

The preparation of HClO4 VS, as per the USP,
requires at least two days. First acetic anhyride is
mixed with perchloric acid in glacial acetic acid.
The mixture is allowed to stand for 1 day to aid in
the elimination of water. Then, a sufficient
amount of water is added into the mixture and
allowed to stand for another day to eliminate the
excessive anhydride. The water content is subse-
quently measured. If the water content is not
between 0.02 and 0.05%, then additional water
and/or acetic anhydride is added and, again, al-
lowed to stand for another day. The narrow range
of water content in HClO4 VS with the time-con-
suming adjustment procedure, resulted in our lab-
oratory exploring the possibility of expanding the
range of water content up to 0.5%. In doing so,
commercially available HClO4 VS containing
about 0.1–0.2% water could be used (Fig. 1).
Since it has been proven that water content up to
0.5–1% in the titrate solution does not interfere
with the endpoint, this amount of water in HClO4

VS titrant, which is considered one part of the
whole titration system, should not interfere either.
Therefore, the effect of water content up to 0.5%
in HClO4 VS was investigated for three nitrogen-
containing compounds including clonidine hy-

Fig. 1. Water contents (%) in HClO4 VS.
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drochloride, dipyridamole, and adenosine to de-
termine if these commercially available HClO4

VS’s can be employed in the USP potentiometric
titration without any treatment.

2. Experimental

2.1. Materials and equipment

HClO4 VS (0.1 N in glacial acetic acid) was
purchased from both J.T. Baker (Phillipsburg,
NJ, USA) and Aldrich, (Milwaukee, WI, USA),
while Hydranal-Composite 2 (Karl Fisher
reagent) was purchased from Crescent, (Haup-
pauge, NY, USA). Clonidine hydrochloride and
dipyridamole reference standards were purchased
from the United State Pharmacopeial Conven-
tion, (Rockville, MD, USA), while adensine was
purchased from Kyowa Hakko Kogyo, (Tokyo,
Japan). All other chemicals were purchased from
Mallinckrodt, (Paris, KY, USA) and met ACS
requirements. The potentiometric titration and
water determination (Karl Fischer reaction) were
carried out with a Metrohm 682 autotitator
(Herisall, Switzerland). A Metrohm calomel refer-
ence electrode, modified with 0.1 N lithium
perchlorate in glacial acetic acid, and a Metrohm
glass indicator electrode were used for the
clonidine hydrochloride titration. A Metrohm
Glass/Silver Chloride combination electrode was
used for the dipyridamole and adenosine titra-
tions.

2.2. Preparation of solutions

2.2.1. HCLO4 VS (B0.02% water)
HClO4 VS containing less than 0.02% water

was prepared by adding 20 ml acetic anhydride
per 1000 ml of J.T. Baker HClO4 VS and allowed
to stand for 1 day.

2.2.2. HCLO4 VS (0.02-0.05% water)
HClO4 VS containing 0.02–0.05% water was

prepared by adding a suitable amount of water
into the HClO4 VS (B0.02%) and allowed to
stand for 1 day. Additional water or acetic anhy-
dride was added as necessary and allowed to

stand for 1 day to obtain the desired water con-
tent throughout the range of 0.02–0.5%.

2.2.3. HCLO4 VS (0.05-1% water)
HClO4 VS containing 0.05-1% of water was

prepared by adding a suitable amount of water
into J.T. Baker or Aldrich Perchloric acid and
allowed to stand for 1 day.

2.2.4. 0.1 N Mercuric acetate solution
Dissolve 6.0 g of mercuric acetate per 100 ml

glacial acetic acid.

2.3. Determination of loss on drying of
nitrogen-containing compounds

The USP loss on drying method [7] was used
for determining the amount of volatile matter in
clonidine hydrochloride, dipyridamole, and
adenosine.

2.4. Determination of water content in HCLO4

VS

USP Method Ia (Karl Fisher Volumetric Titra-
tion) was used for the determination of water
content [8]. About 20–30 mg of water was used
for the standardization of the Karl Fischer
Reagent, which was employed to determine water
content. Three replicate measurements for each
HClO4 VS were conducted on about 10–26 g of
HClO4 VS samples depending on their level of
water content and the average was reported as the
final result.

2.5. Potentiometric titration of
nitrogen-containing compounds

The USP titrimetric method [1] was applied to
the potentiometric titration of clonidine hy-
drochloride, dipyridamole, and adenosine with
HClO4 VS titrants. A glass electrode and a
calomel reference electrode were used for the
clonidine hydrochloride titration. The standard-
ization of HClO4 VS was performed on about 700
mg of accurately weighed potassium biphthalate,
which had been dried at 105°C for 4 h, dissolved
in 50 ml of glacial acetic acid and titrated to the
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Table 1
Potentiometric assay results of clonidine hydrochloride

Averagea (%) Assay differenceRSDDesired H2O Trial (No.) Assaya (%)Actual H2O HClO4 VS (N)
level (%) level (%)

99.8 99.7 0.1 0.2B0.02 0.004 0.09682 1
2 99.8

99.63

99.9 0.10.02–0.05b 0.047 0.09864 1 99.9 —c

2 99.8
99.93

99.7 0.10.06–0.15 0.13 0.09884 1 99.8 0.2
99.62
99.83

0.20.3100.10.2–0.3 99.80.21 0.09901 1
100.32

3 100.3

99.7 0.2 0.20.4–0.6 99.50.50 0.09951 1
99.52

3 99.8

99.1 0.60.30.8–1.2 99.31.01 0.09979 1
2 98.7

99.33

a On anhydrous basis.
b The USP specified range.
c This is the reference.

endpoint. The potentiometric standardization of
each HClO4 VS was conducted on three indepen-
dent potassium biphthalate standardization
reagents and the average was used as the titrant
concentration. About 200 mg of clonidine hy-
drochloride was dissolved in 80 ml of glacial
acetic acid, mixed with 15 ml 0.1 N mercuric
acetate solution, then titrated with the standard-
ized HClO4 VS. The potentiometric assay employ-
ing HClO4 VS titrant was conducted on three
clonidine hydrochloride titrates. Dipyridamole
and adenosine were titrated in a similar manner
except different solvents, as described below, and
a glass/silver, silver chloride combination elec-
trode were employed. About 450 mg of dipyri-
damole was titrated in 50 ml of glacial acid mixed
with 75 ml of acetone. Similarly, about 200 mg of
adenosine was dissolved in 50 ml of glacial acetic
acid and then titrated. Blank titrations were per-
formed for each solvent in the same manner. The

final titrated volume was corrected by subtracting
the blank volume. The assay results of each sub-
stance were calculated on the anhydrous basis,
corrected by its loss on drying result.

3. Results and discussion

First, the interference of water over the range
between 0.004 and 1.01% on clonidine hydrochlo-
ride titration was investigated. The choice of
clonidine hydrochloride as our focus was due to
its relatively complicated titrimetric system with
potential interference from hydrochloric acid
compared with the other two nitrogen-containing
compounds, namely, dipyridamole and adenosine.

HClO4 VS containing six levels of water con-
tents between 0.004 and 1% were tested and eval-
uated for their accuracy and precision of clonidine
hydrochloride titrations. To compare the titrimet-
ric results obtained from HClO4 VS containing a
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Table 2
Potentiometric assay results of dipyridamole and adenosine

Assay differenceAveragea (%)Compounds Actual H2O RSD (%)HClO4 VS (N) Trial (No.) Assaya (%)
level (%)

99.7 0.1Dipyridamole 0.045b 0.0992 1 —c99.7
99.82

3 99.6
100.1 0.40.48 0.0993 1 100.3 0.4

100.42
99.73

99.5 0.2Adenosine 0.045b 0.0992 1 —c99.3
99.62
99.73

0.70.1100.2100.10.48 0.0993 1
2 100.3
3 100.3

a On anhydrous basis.
b Within the USP specified range.
c This is the reference.

wider water content range than the USP, the
assay difference was defined as follows:

Assay Difference=
�Assaystandard−Assayactual�

Assaystandard

×100%

Where Assaystandard is the titrimetric result using
the USP specified HClO4 VS and Assayactual is
the titrimetric result using other titrants. An as-
say difference of not more than 1% was consid-
ered acceptable. The titrimetric results are
provided in Table 1.

It was found that assay values of clonidine
hydrochloride obtained by potentiometric titra-
tion were not influenced by the water content in
HClO4 VS since all assay difference values were
less than 1%. The resulting RSDs for all assays
were not more than 0.3%. Therefore, the preci-
sion and accuracy of the titrimetric method are
not affected by water content between 0.004 and
1.0%.

Although the experimental results indicated
that the water content at the low end (0.004%)
may still be usable, it would be not practical to
make this titrant, since our objective is to use a
commercial HClO4 VS. Results for our labora-
tory indicated that commercial HClO4 VS con-

tains about 0.1–0.2% water. Also, HClO4 VS
water content at the high end of 1% may not be
practical, since the acid may not adsorb that
much moisture from the atmosphere under nor-
mal storage. As a result, HClO4 VS containing
0.5% water content (actually 0.48%) was exam-
ined for the potentiometric titration of dipyri-
damole and adenosine. The results are presented
in Table 2. Titrimetric results were accurate with
an assay difference of 0.4–0.7% for dipyri-
damole and adenosine, respectively. The RSDs
obtained from these titrations were not more
than 0.4%. Therefore, it can be concluded that
like clonidine hydrochloride, 0.5% water content
does not affect the dipyridamole or adenosine
titrations. Although only three compounds were
tested, this results can be extrapolated to other
nitrogen-containing compounds, since the non-
aqueous titration actually takes place as a neu-
tralization of acetic acidium and acetate as
indicated in Eq. (3) and nitrogen-containing
compounds are not directly involved in the acid-
based reaction. As a result, these commercially
available HClO4 VS’s can be employed in the
USP potentiometric titration without any treat-
ment.
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4. Conclusion

A potentiometric titration of nitrogen-contain-
ing weak bases is often specified by the USP as an
assay method. However, preparation of HClO4

VS titrants with the USP requirement of water
content between 0.02 and 0.05% is time consum-
ing. Comparing the titration results obtained by
the USP specified HClO4 VS containing 0.02–
0.05% water with those containing up to 0.5%
demonstrated that there was no interference of
water content on the potentiometric assays of
clonidine hydrochloride, dipyridamole, or
adenosine. Furthermore, accuracy and precision
within 0.7% can be achieved easily. Therefore, a
wider limit for water content in HClO4 VS, rang-
ing from 0.02 and 0.5%, can be applied to the
USP potentiometric titration of other nitrogen-
containing organic compounds.
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