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No report has been published concerning reference materials of ammonium chloride in which ammonium ions
were accurately determined, though ammonium chloride is widely used as a standard of ammonium ions. In the
present paper, accuracy of the coulometric titration of ammonium ions with electrogenerated hypobromite was
studied. The authors found that the pH of electrolyte solution significantly affected the accuracy of the assay of
ammonium ions. Lower assays were obtained at pH more than 8.5 or less than 8.0: much higher pH values led
to evaporation of ammonia and much lower pH ones led to insufficient hypobromite generation or insufficient
conditional equilibrium constant of the reaction between ammonium ions and hypobromite. Ammonium ions
in ammonium chloride were certified by coulometric titration under an appropriate condition, and chloride
ions in it were also certified by gravimetric titration based on standard sodium chloride. The first certified refer-
ence material with ammonium assay was developed which enabled more accurate ammonium determination
than that before.

© 2014 Elsevier B.V. All rights reserved.

1. Introduction

Ammonium chloride iswidely used as a standard of ammonium ions
in analyzing different materials such as fertilizers, drugs, additives and
analytical reagents. The purity of ammonium chloride has been usually
evaluated by determining its chloride content since the accurate assay
of ammonium ions is not easy. One of the authors reported the precise
coulometric titration of ammonia and ammonium ions with electro-
generated hypobromite [1]. In the previous report, ammonia and am-
monium ions were assayed by coulometric titration based on both
acidimetry and oxidimetry, and highly accurate assays were presented.
However, the apparent assays were corrected by extrapolating the time
required for electrolysis to zero because those proportionally decreased
with the time. This phenomenon would be caused by the diffusion of
ammonium ions from the generator-electrode chamber to the counter
one of the coulometric titration cell or by something else. The coulomet-
ric titration cell in the previous report did not have intermediate
compartments between the generator-electrode chamber and the
counter-electrode one; therefore, any diffusion loss of the sample was
not avoided. This phenomenon was one of the major problems to be
solved.

Ammonia or ammonium ions react with hypobromite in an alkaline
solution based on the following reaction [2]:

2NH4
þ þ 3BrO− þ 2OH−→N2 þ 3Br− þ 5H2O: ð1Þ

Coulometric titration directly determines the amounts of substance
bymeasuring the electric charge (electrical current and time) in an elec-
trochemical reaction based on Faraday's law. The coulometric titration
with the electrogenerated hypobromite could be utilized to determine
nitrogen compounds including ammonia and ammonium salts [1,3–6].

In the present study, the authors found that the pH of electrolyte sig-
nificantly affected the accuracy of the assay of ammonium ions by the
coulometric titration with electrogenerated hypobromite. Finally, the
assay of ammonium ions in ammonium chloride was determined with
the coulometric titration under an appropriate condition, and the
assay of chloride ions in it was also determined with gravimetric titra-
tion with standard sodium chloride. The drying condition for ammoni-
um chloride was also examined.

2. Materials and methods

General techniques were similar to those in the previous report [1].
Ammoniumchloridewas of analytical reagent grade (25 g each, 200 bot-
tles) obtained from Wako Pure Chemical Industries, Ltd., Osaka, Japan.
Analytical reagent grade chemicals were used unless otherwise stated
in the present paper. The Faraday constant was 96,485.3365 C mol−1

[7]. The molar mass of ammonium chloride was 53.4903 g mol−1 [8].
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Air buoyancy corrections were always applied; the density used for the
purpose was 1.519 g cm−3 for ammonium chloride [9].

The instruments for coulometric titration consisted of a constant
current source, a custom-built switch, standard resistors, a voltmeter
and a universal counter [10,11]. The end-point was detected by
constant-voltage biamperometry, which consisted of a DC source and
a digital multimeter with a dual platinum-plate electrode (each
5 mm × 5 mm). Constant voltage (150 mV) was applied between the
platinum pair of the electrode, and the current was monitored.

The coulometric titration cell was a horizontal type with two inter-
mediate compartments separated by three sintered glass filters placed
between the generator-electrode chamber and the counter-electrode
one to avoid any loss of analyte as a result of diffusion from the
generator-electrode one (Fig. 1). The electrodes were a platinum cylin-
drical plate (circumference: 80 mm, height: 25 mm, supporting rod:
1 mm ϕ × 150 mm long) as a generator electrode and a platinum
wire (1.5 mm ϕ × 300 mm long) as a counter one.

The salt bridge for the coulometric titration cell was a 3% (mass
fraction) agar gel containing 3% (mass fraction) sodium sulfate. The
anolyte consisted of 1 mol L−1 sodium bromide and 10 g L−1 sodium
tetraborate decahydrate, and the catholyte had the same composition
as that of the anolyte except sodium bromide. The pH of anolyte was ad-
justed with sulfuric acid and sodium hydroxide.

A plastic syringe with a perfluoroalkoxy (PFA) or
polyetheretherketone (PEEK) needle was used for gravimetric titration
of ammonium chloride with a silver nitrate solution standardized
based on sodium chloride and gravimetric introduction of a solution-
form sample to the coulometric titration cell.

3. Results and discussion

3.1. Influence of experimental time and pH on ammonium ion assay by
coulometric titration

One of the authors reported the purity of ammonium chloride by ex-
trapolating the time required for electrolysis to zero in the previous report
[1], because the apparent assays proportionally decreasedwith the exper-
imental time. To evaluate the dependence of the apparent assay on the
experimental time in the present study, ammonium ions were

determined under different conditions on pH of electrolyte and delay
time (Fig. 2). An approximately 35 mmol kg−1 (mmol kg−1 means
amount of substance per mass of solution not solvent throughout the
present paper) sample solution was prepared by dissolving ammonium
chloride in water. Approximately 3 g (ca. 0.1 mmol) of the sample solu-
tionwas analyzed by coulometric titrationusing a long large constant cur-
rent (60 mA) to electrolyze most of the sample and subsequently short
small constant currents (10 mA, 2 s) to draw the titration curve around
the end point.

The examination shown in Fig. 2(a)was done tofind the cause of the
disappearance of ammonium with the experimental time. Delay time
was the duration before electrolysis after the sample addition. The pH
value of all electrolytes in Fig. 2(a) was 8.5 before electrolysis. The de-
crease rates of apparent ammonium assay became larger under the con-
dition of stronger argon (purity of ca. 99.995%) purging. Though the
decrease rate was slightly smaller when there were no electrolyte solu-
tions in the intermediate compartments during the delay time, there
was still a large decrease. Judging from the examination,most of ammo-
nium ions did not diffuse from the generator-electrode chamber to the
counter-electrode one but evaporated together with argon gas flow.
The apparent assays at no delay time were roughly in agreement for
those under all conditions; “no delay time” means that electrolysis is
started within 30 s after sample addition. Ammonium ions had partly
disappeared during the electrolysis; however, the disappearance had
only limited effects within the repeatability on the assay because the
electrolysis time at 60 mAwas about 7 min for 0.1 mmol of ammonium
ions and also the amount of substance of the disappearance for 7-min
electrolysis substantially corresponded to that for less than half of
7-min delay time.

To confirm the presence of ammonia in the outlet flow of argon gas
after passing through the coulometric titration cell, pH of trap water for
the argon gas was monitored. The pH was stable for the argon gas after
passing through the coulometric titration cell with only electrolyte, and
increased for the argon gas from the coulometric titration cell with elec-
trolyte and ammonium chloride. Therefore, the presence of ammonia in
the argon-gas flow during the delay timewas confirmed. The pH values
of electrolyte were naturally expected to be a key factor in the evapora-
tion of ammonia. The examination shown in Fig. 2(b) was done to eval-
uate the influence of the pH of electrolyte on apparent ammonium
assay; argon-gas flow was not used in this examination. The investiga-
tion yielded results as expected: the decrease rates of apparent ammo-
nium assay were smaller using electrolytes with lower pH. Under the
appropriate condition (electrolysis current 60 mA, no delay time,
pH 8.0 to 8.5 and no argon-gas purging), the disappearance rate of am-
monium ions given in Fig. 2(c) was approximately 0.001% aminute; the
influence of the delay time of 10 min was within the repeatability and
no extrapolating was necessary.

The results depicted in Fig. 3 are apparent assays of ammonium ions
(ca. 0.1 mmol) expressed as ammonium chloride at the different pH
values of electrolyte without delay time. Each apparent assay was plot-
ted against both pH values before the sample addition and after analyz-
ing the sample. The assays had a maximum around pH 8.0 to pH 8.5.
The lower assays were understood as a result of the evaporation of am-
monia at higher pH values and the insufficient hypobromite electro-
generation or insufficient conditional equilibrium constant at lower
pH values. The apparent assay at initial pH 7.4 before the sample addi-
tion was less than 98%. Electrogeneration of bromine might be signifi-
cant at pH lower than 7.5 before the sample addition though there
was no clear evidence of bromine generation; as a matter of fact, the in-
accurate assays were obtained.

Dependency of apparent assays of ammonium ions expressed as am-
monium chloride on amounts of substance of ammonium chloride is
shown in Fig. 4. The results were obtained under the following condi-
tion: electrolysis current 60 mA, no delay time, initial pH 8.5 and no
argon-gas purging. There was no significant dependency on the sample
size.

Fig. 1. Horizontal type coulometric titration cell with two intermediate compartments
separated by three sintered glass filters.
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