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A BST RA CT

À highly selective þ ï chromatographic method for the determination î Ã ammonium ions using an anion-exchange separation
column with à bipolar þ ï exchanger was developed. The method is based on the reaction in à suppressor ñî lø ï ï between ammonium
ions and nitrous acid formed from the eluent components followed by the negative conductimetric signal . The determination of more
than 0.1 ppm of NH4+ in water is possible in the presence of 100-fold amounts î Ã alkali metals and inorganic anions.

IN T ROD U CT I ON

Ammonium ion is one of the components that
need to be monitored in natural and waste waters.
For this purpose à number of methods have been
applied, including þ ï chromatographic methods in
the cation-exchange separation ò î äå [1 — 3]. Òî
increase the selectivity and sensitivity î É Üå determi-
nation of ammonium ions we have developed an þ ï
chromatographic method with conductivity detec-
tion based on the highly selective reaction of ammo-
nium ions with nitrous acid ø the suppressor
column.

PRINCIPLE OF IC DETERMINATION OF AM MONIUM

IONS

I n an acid ic m edi um , the react i on betw een am -

m on ium ion s and n i t r ou s aci d occur s as f ol l ow s:

N 0 ) + N H g ~ 1× ã + 2 Í ãÎ (I )

H ence the react i on resu l t s in the f orm at i on of
neu tr al m olecu les f r om the elect r ocond uct ive st ar t -

~

ing compounds, which is refl ected in conductimetr ic
measurements in à large decrease in the conductivity
signal . This is an essential prerequisi te for increasing
the sensit ivi ty of the determination of ammonium
ions.

A s ni trous acid is very unstable, it is impossible to
use i t as an eluent , so sodium nitr ite solution is used.
Òî obtain the nitrous acid necessary for reaction 1,
we have used à suppressor column with à cation
exchanger in the Í + form . To avoid the retention of

ammonium ions in the part of the suppressor
column present in the N a + form, an alkaline eluent

was used, which conver ts ammonium ions into
ammonia molecules according to the reaction

Õ Í 4 + Î Í Ë× Í ç + % 0 (2)

The pressure in the chromatographic system is
always sufficient for the complete dissolution of
ammonia in the eluent (several bar). The suppressor
column can exchange all the eluent cations with Í +

ions, hence these cations (wi th the exception of
amides participating in à reaction similar to ãåàñ-
t ion 2) do not infl uence the determination of ammo-
nium ions.

The separation column should possess an anion-

exchange capaci ty in order to separate ammonium~ Cor responding author .

ammonium ions in waters witn à suppressor as
postcolumn reactor
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Fig. 2. IC analysis of sea water. For chromatographic conditions
and sample preparation, see text.Fig. 1. Typical chromatogram for the IC determination of

ammonium ions. For chromatographic conditions, see text.
Concentration of ammonium þ ï â, 0.2 mmol/1.

ions from anions. On the other hand, the ammonium
þ ï zone should move ò î ãå slowly than the liquid
phase in order to avoid superposition of the ammo-
nium þ ï peak and peaks of unretained substances
(å.g., water). The anion exchanger is capable of
retaining ammonia according to the ion-exclusion
mechanism, but this eff ect is not suff icient for
separating the ammonium ion peak from the water
peak. To increase the ammonia retention, the sta-
tionary phase should act as à bipolar þ ï exchanger
having both àø î ï - and cation-exchange active sites.

Âó varying the eluent pH and the ratio between
the cation- and anion-exchange capacities one can
achieve à 1î è concentration of ammonium þ ï ç
(several percent), being in equilibrium with ammo-
ø à and, thereby, providing complete separation of
ammonium ions from anions and unretained com-
ponents.

BP bipolar central-localized sorbent (15 pm) [4]
(GEOH I , M oscow, Russian Federation). Both the
anion- and cation-exchange capaci ties of the pack-

ing were 0.2 mequiv ./ml . À suppressor column (120
~ 5 mm 1.D .) was fi l led ú÷1Û Ýî ~÷åõ-50Õ8 (50 pm)
in the Í + form . À 30-pl sampling loop was used.

T he eluent fl ow-rate was 1.7 ml/min.
The eluent and all solutions were prepared by dis-

solution of analyt ical-reagent grade chemicals
(Reakhim , M oscow, Russian Federation) in doubly
disti l led water . A n aqueous solution of sodium
nitr ite (0.5 mmol/1) and sodium hydroxide (3.0
mmol/1) was used as the eluent . A n art ifi cial sea-water

sample was prepared by mixing sodium chloride
(0.5 mol/1), sodium sulphate (0.02 mol/1) and potas-
sium bromide (0.8 mmol/1), and 1.0 mmol/1 ammo-

nium chlor ide was added.

RESU L T S A N D D I SCU SSION

EX PERIM EN T A L

Fig. 1 shows à typical chromatogram for the 1Ñ
determination of ammonium ions. The height of the
negative peak corresponding to ammonium ions is
proportional to the amount of ammonium ions in
the sample, as established by the correlation between

À ZVET-3006 1î ï chromatograph (DOK BA,
Dzerzhinsk, Russian Federation) with à BIE-03
conductimeter (DOK BA) was used. À separation
column (100 õ 3 mm 1.D .) was fi lled with KanK-
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d et er m i n a t i o n o f am m o n i u m þ ï â i n n a t u r a l w a t er s,

a s sh o w n i n F i g . 2 . T h e d et er m i n a t i o n o f am m o n i u m

i o n s i n sea w a t er i s p o ssi b l e d o w n t o t h e l ev el o f à f ew

p ar t s p er m i l l i o n .
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and the detector response at the position of the
ammonium ion peak. This correlation can be ex-
pressed by the equation

ÀÐ1~ 4 ]

where À = 13.20 + 0.39. The retention time of am-
monium ions is 370 + 10 s. The determination of
ammonium ions is possible down to à concentration
of 5 pmol/1 (90 ng/ml; detection limit). Under the
above conditions 100-fold molar excesses of alkali
metal 1î ï ç (Na+, Ê +) and inorganic anions (ÑÃ ,
Br , ÊÎ ~4 , etc.) do not interfere.

The proposed method can be applied to the


