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Abstract

An ion-exclusion chromatography method with ion-exchange enhancement of conductivity was developed for the selective separation
and sensitive determination of hydrazine ion from alkali/alkaline earth metal cations and ammonium ion. Hydrazine ion was separated by
ion-exclusion/penetration effect from other cations on a weakly basic anion-exchange column intHer@HTSKgel DEAE-5PW).

Moreover, two different ion-exchange resin columns were inserted between the separating column and conductimetric detector in order to
improve the sensitivity of hydrazine ion. The first enhancement column packed with a strongly basic anion-exchange resinfit the SO
form (TSKgel SAX) for hydrazine ion can convert frompNsOH to (N,Hs).S0,. Moreover, the second enhancement column packed

with a strongly acidic cation-change resin in the Fbrm (TSKgel SCX) can convert to 230,. As a result, the sensitivity of hydrazine

ion using two conductivity enhancement columns could be 26.8-times greater than using the separating column alone. This method was
effectiveness also for the enhancement of ammonium ion (6.1-times) and sodium ion (1.2-times). The calibration graph of hydrazine ion
detected as 80, was linear over the concentration range of 0.001-100 ppre=(0.9988). The detection limit of hydrazine ion in this

system was 0.64 ppb. Therefore, hydrazine ion in real boiler water sample could be accurately determined, avoiding the interference of other
cations.

© 2004 Elsevier B.V. All rights reserved.
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1. Introduction samples such as the boiler, river and industrial wafig}s
Many methods for the determination of hydrazine have
Hydrazine ion is a strong reducing agent in order to been proposed including colorimetii], spectrophotomet-
remove solved oxygen scavenger in boiler waters andric [5,6], potentiometric[7], chemiluminescencé8], and
hot-water systemfl]. Hydrazine ion as well as its deriva- titrimetric [9]. These could achieve the highly sensitive
tives has been also employed application in industry, agri- detection for hydrazine and its derivatives in the environ-
culture, explosives and other field. However, hydrazine has ments. However, some of these methods are sensitive to the
been reported to be a toxic material which has to be treatedinterference of coexisted substances and/or require many
with precaution[2]. Therefore, the monitoring system of procedures for pretreatment of samples.
hydrazine with high sensitive detection has been developed lon-exclusion chromatography has developed into a very
to determine trace levels of hydrazine in environmental useful technique for separating small weak acids or weak
based10]. It is possible to determine a target sample with-
mspondmg author. Tels81-561-82-2141; out the intgrference _of other samples. lon-exclusion chro-
fax: +81-561-82-2946. matographic separation of weak bases has been a packed
E-mail address: masanobu-mori@aist.go.jp (M. Mori). column with a basic cation-exchange resin in the OH
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form as a separating column, in order to convert from salts 2. Experimental
to bases[11-15] Especially, the method is effectiveness
for separating of very weak bases, such as ammonium ion2.1. Apparatus
(pKp = 4.75) or hydrazine ion (f, = 5.77), due to its
large penetration effect to the resin-phase based on the The ion chromatograph (Tokyo, Japan) consisted of
effect of Donnan equilibrium membrane. Commonly, the Tosoh LC-8020-Model II chromatographic data processor,
detection of analytes separated has been curried out by thédP-8020 dual pump operated at flow rate of 1ml/min,
conductivity detector. However, the conductivity responses SD-8022 on-line degasser, CO-8020 column oven oper-
are low due to its low limiting equivalent ionic conductance ated at 40C and CM 8020 conductimetric detector. The
[16]. injection volume was 10Ql.

Previously, Tanaka et al. reported the high sen-
sitive determination of ammonium ion in biological 2.2. Reagents
nitrification—denitrification process water by ion-exclusion
chromatography with ion-exchange enhancement of con-  All reagents were of analytical reagent-grade, purchased
ductivity detection[17]. Ammonium ion was selectivity  from Wako (Osaka, Japan) and were dissolved in distilled
separated by ion-exclusion effect from other cations on a and deionized water for the preparation of standard solutions
strongly basic anion-exchange resin in the Ofdrm with and eluents. The stock solutions of basic compounds used in
water eluent. The sensitivity was dramatically improved by this study were prepared by dissolving 0.1 M with distilled
two ion-exchange enhancement columns sited between theand deionized water. Appropriate amounts of analyte bases
separating column and detector. However, measurement akt the concentration of 0.1 M each were diluted with water
ppb level of sample was difficult due to the high detection as necessary.
limit (530 ppb).

The purpose in this study is to achieve a sensitive detec-2.3. Boiler water
tion of ppb level of hydrazine ion by the ion-exclusion chro-
matography with the conductivity enhancement columns, Boiler water samples were collected from boiler system
including the separation from ammonium ion and alkali at the factory area of Tosoh (Shunan, Japan). Each analyte
metal/alkaline earth metal cations. sample was analyzed after filtration through a Qu2®mem-

The separating column used in this study was a brane filter.
polymethacrylate-based weakly basic anion-exchange resin )
column (Tosoh TSKgel DEAE-5PW). A weakly anion- 24 Procedure of the enhancement system with
exchanger (tertiary amine functional groups) in the column conductivity detection
is partially protonation and dissociation by OHn water

eluent, and thus weak bases are easily penetrated into the A separating column useq " thls study was a pqumeth-
. . : acrylate-based weakly basic anion-exchange resin in the
resin-phase in the column rather than that in a strongly

. : . OH~ form, Tosoh TSKgel DEAE-5PW (150 mx 7.5 mm
basic anion-exchange colunfits]. The resolution of weak . . . .
. i.d.). This was because the separation of ammonium and hy-
bases can be expected to be consequently improved.

L : drazine ions using a strongly basic anion-exchange resin col-
The enhancement columns of conductivity detection used : 2 .
. . umn was insufficient in the water eluent. As showifrig. 1,
two sorts of ion-exchange columns. The first enhancement

. . . two sorts of ion-exchange enhancement columns were em-
column was a strongly basic anion-exchange resin TSKgel loyed and inserted between a separating and a conductivit
SAX column formed by an anion that has a high limiting ploy P 9 y

equivalent ionic conductance (e.g., Gl The effect con- detector. The first enhancement column was a polystyrene—
q o divinylbenzene-based strongly basic anion-exchange resin
verts from a weak electrolyte (e.g., NBH) to a strong ; o .
lectrolvt NECD) by an anion-exchange reaction in the SQ<~ form, TSKgel SAX (50 mmx 4.6 mm i.d.)
electrolyte (e.g., ) by an anion-exchange reac ON " and second a polystyrene—divinylbenzene-based strongly
[17]. The second enhancement column was a strongly acidic_ .. i S
; . acidic cation-exchange resin in the"Horm, TSKgel SCX
cation-exchange resin TSKgel SCX column formed by H (50mmx 4.6 mm i.d.). All columns were specially packed
that has the highest limiting equivalent ionic conductance by Tosoh énd wéré .e uilibrated with eluting water for
of cations. This can greatly emphasize the conductivity re- }(;min before chromatoq raphic runs 9
sponse, because analytes convert to strong acids (e.g., HCI? grap '
by a cation-exchange reaction passing through the column.
In this paper, we report the feature of this systeminterms: 3 peaqyits and discussion
(1) the ion-exclusion chromatography of hydrazine from
other cations on a weakly basic anion-exchange resin col-3.1. |on-exclusion chromatographic separation of
umn with water eluent, (2) the effect of two ion-exchange hydrazine ion
enhancement columns of conductivity detection, (3) the lin-
earity of analytes in the optimum condition, and (4) the ap- A 0.1 ml sample containing 1 ppm NacCl, 1 ppm NH,
plication to the boiler water samples. and 1ppm NHsCl was injected to test the separation
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waste

Fig. 1. Schematic illustration of the proposed system. Identities: 1, eluent;
2, pump; 3, injector; 4, separating column; 5, first enhancement column;
6, second enhancement column; 7, conductivity detector.

ability of the system used. In the elution with water,
the weakly basic anion-exchange column in the OH
form converts NaCl, NBClI and NoHsCl to NaOH,

NH4OH and NHsOH, respectively. Good resolution of
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[16]. However, the conductances of weak base such as
NH4OH (pKp1 = 4.75) and NHsOH (pKp1 = 5.77) were
consequently low.

3.2. Use of anion-exchange enhancement column

A strongly basic anion-exchange column was sited be-
tween the separating column and the detector in order to
obtain a more sensitive detection of MBH and NHsOH.

This column is called the first enhancement column. The
purpose is to convert from the NB®H and NhHsOH to a
more highly ionized form and thus to increase the conductiv-
ity. For example, when the anion-exchange column is in the
CI~ form, the exchange reaction foprNsOH is as follows:

resin—CI" + NoHsOH — resin—OH + N>HsCl

Several anionic forms were tested and compared for the
anion-exchange column TSKgel SAX, in order to evalu-
ate the performance of the first enhancement column. The
anion-exchange resin in the $O form was higher than
those in the other anionic forms because the ionic equivalent
conductance of S§8~ (80) is higher than those of CI(76),

Br~ (78), I~ (77),and NQ~ (71)[16]. Although Fe(CNg*~
(111) has higher ionic equivalent conductance than that of
SO4?~, the detector response of ammonium and hydrazine
ions obtained on the anion-exchange resin in the Fe{tEN)
form were lower than that in the $& form. This might

be mainly due to the unstable nature of (NiHe(CN) and

the sample bases was obtained depending on the degrefN2Hs)4F€(CN) formed in the anion-exchange reaction on

of ion-exclusion/penetration effect for each other to the
resin-phase of the separating column as showhign 2A
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Fig. 2. Comparison of ion-exclusion chromatograms of some cations with

TSKgel SAX.

From these results, an anion-exchange resin in th&SO
form was judged to be the most useful as a first enhancement
column. The peak areas of a 1 ppm standard sample detected
with the use of this column gave the increase of conductivity
response 1.70-times for ammonium ion and 4.16-times for
hydrazine ion larger than that detected without enhancement
column as shown ifrig. 2B.

On the other hand, the peak areas of sodium ion gave
lower conductivity response than that detected on separating
column alone due to the conversion toJS8&y which is a
weak electrolyte.

3.3. Effect of cation-exchange enhancement column in the
Ht form

As described inSection 3.2 the (NH;)>SO; and
(N2Hs5)2SOy eluted from the first enhancement column have
larger detector responses than the J& and NHsOH
eluted from the separating column alone. However, the ionic
equivalent conductance 080, (430) is much higher than
that (NHy)2SOy (153) and (NH5)2SO4 (139). Therefore, a

and without first and second enhancement columns. The construction of more sensitive detection of weak bases should result from

column: (A) separating column (OHform) alone; (B) (A) + first en-
hancement column (S@ form); (C) (B) + second enhancement column
(H* form). Sample concentrations: 1 ppm for each. Peaks: 1, sodium ion;
2, ammonium ion; and 3, hydrazine ion. Eluent was distilled and deion-
ized water at 1 min/ml of the flow-rate. Injection volume was 0.1 ml.

using a cation-exchange in the"Horm as second enhance-
ment column. The cation-exchange reaction in the column
converts both (NE)2SOy and (NbH5)2SOy to HSOy that

is the much higher conductivity response.
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The chromatogram ifrig. 2Cshows the effect of second 100000
enhancement column. The use of two enhancement columns 200
could obtain 6.10-times for ammonium ion and 26.8-times
for hydrazine ion enhancement in the detector response. The
conductivity response of sodium ion with two enhancement
columns could be detected the peak area of the 1.21-times
enhancement greater than that without them.
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3.4. Calibration curves E 50000l
©
(5]
Fig. 3 shows the calibration curves of ammonium ion _;(:
and hydrazine ions with conductimetric detection eluted by ¢

ion-exclusion chromatographic separation with and without
two ion-exchange enhancement columns.

The calibration graphs for analyte cations with the sep-
arating column alone were nonlinear over the range of
0.05-10 ppm for ammonium ion and 0.05-5ppm for hy- M
drazine ion because the NBH and NHsOH are very 0 20 40 60 80 100
weak bases. It has been well known that a conductivity a)
detector has a nonlinear detector response to weak bases
obtained in ion-exclusion chromatography. The calibration
graphs of analytes monitored in the first enhancement col-
umn were linear in the range of 0.01-25 ppm for ammonium
ion and 0.01-50ppm for hydrazine ion. The calibration
graphs for analytes obtained in the second enhancement
column were linear in the range of 0.001-100 ppm for
ammonium ion and hydrazine ion (ammonium iof: =
0.9995 in 0.001-0.1ppm and 0.9997 in 0.001-100 ppm;
hydrazine ionr2 = 0.9996 in 0.001-0.1 ppm and 0.9991 in
0.001-100 ppm). These results could be demonstrated the
advantage using two enhancement columns.
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3.5. Detection limits and reproducibility

Detection limits of 1 ppm ammonium ion and 1 ppm hy-
drazine ion calculated at signal to noise of 3 in the three
column system were ranged from 0.55 ppb, and that of hy-
drazine ion was 0.64 ppb. 0 =! —— ‘ —

The reproducibility in the repeated chromatographic runs 0 20 40 60 80 100
(n = 10) and day-to-day (3 days; 10 runs per day) were in- (b) Conc. of N,H;* (Ppm)
vestigated by injecting 1 ppm of sample concentrations. The . o . .
relative standard deviations (R.S.D.) obtained were pretty Fig. 3. Comparison of calibration curves of ammonium and hydrazine

. L ions with and without first and second enhancement columns. Con-
good as summarized ifable 1 Additionally, R.S.D. of the centration ranges in calibration graphs: large0.001-100 ppm; small

= 0.001-0.1ppm. Analyte samples: (A) ammonium ion, and (B) hy-
Table 1 drazine ion. The construction of column®] separating column alone;
Relative standard deviation (R.S.D.) of the retention time and peak area (L) Separating columa first enhancement columni() separating col-
in the repeated chromatographic runs of some cations in the ion-exclusion UMn + first enhancement columit second enhancement column. Other

chromatography with two enhancement colufnns chromatographic conditions as Hig. 2
Sample cations  One day & 10) Day-to-day (3 days;
10 runs per day) peak areas in the concentration range 5 and 50 ppb of hy-
Retention Peak area Retention Peak area drazine ion, which are about 10- and 100-times above the
time (%) (%) time (%) (%) detection limit, were 2.3% in 5ppb and 1.8% in 50 ppb in
Sodium ion 0.18 2.43 0.63 253 the repeated chromatographic runs= 10). Therefore, this
Ammonium ion  0.20 2.69 0.76 2.66 three column system was applicable to determination of the
Hydrazine ion 0.20 1.87 0.68 1.75

low level concentration of hydrazine ion included in boiler
& Conditions were the same as fifig. 2 water sample.
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Fig. 4. lon-exclusion chromatograms of ammonium and hydrazine ions
in boiler water. Boiler water samples (s&able 2J: (A) sample 1, (B)
sample 2, and (C) sample 3. Peaks: 1, ammonium ion; 2, hydrazine ion.
Other conditions as ifrig. 2

Table 2
Determination of hydrazine ion in several boiler waters on the proposed
systen?

Boiler ConcentrationConcentrationAdded Found  Recovery
sample  (ppbf (ppb) (ppb) ~ (ppb) (%)

1 54.7 53.8 50 47.5 95.0

2 235 21.4 50 48.8 97.5

3 18.0 19.1 50 48.4 96.8

@ Conditions were the same as fig. 2
b Colorimetric method.

3.6. Application to boiler water samples

The ion-exclusion method was applied to the determina-
tion of hydrazine ion in several boiler watefsg. 4 shows
the ion-exclusion chromatograms of boiler waters collected
at three different positions in Tosoh. The sensitive conduc-
tivity detection of ppb level of hydrazine ion from all boiler

water samples could be achieved, separating from ammo-j 4

nium ion added in order to control pH of boiler water. The
concentrations of hydrazine calculated in this method al-
most agreed with those in colorimetric method curried out
by Tosoh as summarized ifable 2 No matrix limitation
problems (e.g., pH value and salt content) for this method
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4, Conclusions

This proposed method was the selective separation of am-
monium and hydrazine ions from alkali/alkaline earth metal
cations by the ion-exclusion chromatography on a weakly
basic anion-exchange resin and the sensitive conductimet-
ric determination by the enhancement columns. The good
linearity of calibration curves over the concentration range
of 0.001-100 ppm of the bases detected aS®;, was ob-
tained by using the system. The results indicated that the
present method was possible to accurately determine a lower
concentration of hydrazine ion in the boiler water.
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