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HIGH PERFORMANCE LIQUID CHROMATOGRAPHIC DETERMINATION OF HYDRAZINE

IN WATER USING 2-HYDROXYNAPHTHALDEHYDE AS A DERIVATIZING REAGENT
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Hydrazine (HZ) derivative with 2-hydroxynaphthaldehyde (HN) eluted with methanol: acetonitrile: water (95:1:4 v/v/v)
from reverse phase HPLC column Microsorb C-18, Sum with UV detection at 330nm. Hydrazine, thiosemicarbazide
(ISC) and phenylthiosemicarbazide cPISC) derivatives of HN also separated when eluted with methanol: Chloroform:
acetonitrile: water (65:4:2:29 V/V/VIV) with a flow rate 1 ml/minute, with detection limit in a range 0.54 to 16 ng!
injection (1O~1). Linear calibration curve for HZ was obtained with 0.54-2.7~g/ml. The effect of variables on the
determination of HZ was examined and method has been proposed for the determination of HZ from water.
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Introduction

Hydrazine (HZ) is a toxic agent that may induce mutage-
nesis, carcinogenesis and hepatic injury (Manes et aI1988).
HZ is used in boiler feed water as reducing agent to control
the presence of dissolved oxygen. The determination of HZ
in below down water has an environmental importance.
HZ could be determined by titrimetery (Budkuley 1992;
Hernandez Mendez et at 1984), spectrophotometry
(Amlatheand Gupta 1990; Yatsimirskyetal1994; Molto and
Font 1989; Alvarez de Laviada et a11987; Collins and Rose-
pehorson 1993 and 1994), electro analytical techniques
(Colonnese and Lannieuo 1989; Dias and Jaselskis 1983;
Lovering et aI1985), gas (Matsui et a11983; Wang and Xin
1988; Lovering et at 1985) and liquid chromatography
(Zhou and Wang 1993; Kester and Danielson 1984; Shustina
and Lesser 1989). The methods are based on spectropho-
tometry, spectrofluorimetry and chromatography involving
derivatization with arometic aldehydes including different
substituted benzaldehydes, salicylaldehydes, o-phthalal-
dehyde, vanillin and 2-hydroxynaphthaldehyde (HN).
Liquid chromatographic methods involved UV or electro-
chemical detection. Manes et al (1987 & 1988) have used
HN for spectrophotometric determination of HZ in feed
waters and as fluorimetric reagent for the analysis of HZ in
isoniazid and its formulation. Manes et al (1989) have sub-
sequently used HN for the determination of HZ in whole
blood using either spectrophotometer or spectrofluoro- meter.
The present work examine HN for HPLC determination of
HZ in water.
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Experimental

Spectrophotometric studies were carried with Hitachi 220
spectrophotometer equipped with lcm quartz cuvettes. HPLC
studies were carried out with Hitachi 655 A liquid chroma-
tograph connected with variable wavelength UV monitor,
Rheodnye 7125 injector and Hitachi 2500 chromato-integra-
tor. Column Microsorb C-18, 5urn (150x4 .6mm, id) was used
throughout the study, pH measurements were made with
Orion 420A pH meter, connected with glass electrode and
internal reference electrode. Hydrazine hydrated (Fluka),
4-phenyIthiosemicarbazide (PTSC) (Merck), thiose-
micarbazide (TSC) (Merck), 2-hydroxynaphthaldehyde (HN)
(Fluka), chloroform (Fluka), methanol (Fluka) and acetoni-
trile (Fluka) were used. Buffer solutions in the pH range 1 to
10 were prepared from the following;

Hydrochloric acid (0. 1M), potassium chloride (LM), acetic
acid (IM), sodium acetate (lM), ammonium acetate (lM),
ammonia (25%), sodium bicarbonate (lM) and sodium car-
bonate (saturated).

Hydrazine hydrate was standardized by titration with stan-
dard sulfuric acid (0. IN) using methyl orange as indicator
(Furniss et aI1989).

Analytical procedure. Solution (5ml) containing (7.2 to
28.7~lg), of HZ PTSC (up to 268ng) and TSC (up to 180ng)
were added sodium acetate acetic acid buffer pH 5 (2ml),
derivatizing reagent HN (0.3% in ethanol) 1.5ml and the
solution was heated on water bath for 20 min. The solution
was allowed to cool and chloroform was added (Sml). The
mixture was shaken for 3-4 min and layers were allowed to
separate. The organic layer (luul) was injected on the column
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Microsorb C-l8 (150x4.6mm id) and eluted with methanol:
chloroform: acetonitrile: water (63:4:2:29 VNN/V) for 6 min,
followed by methanol for 7 min. The detection UV was at
330nm.

Analysis of HZ in water. Water (15ml) was spiked with
1-3J..lgof HZ and the analytical procedure was followed. the
chloroform extract (5ml) was transferred to sample vial and
solvent was evaporated gently on water bath, the residue was
dissolved in methanol (0.5ml). Solution IOul was injected on
the column and eluted as analytical procedure. The amount
found was evaluated from calibration curve.

Results and Discussion

Hydrazine reacts with HN in 1:2 molar ratio to form 2, 2-
dihydroxyl-naphthaldazine with absorbance in visible
region at 410nm and 430nm with molar absorptivities of
2.7xlO-4 and 2.2xlO-4 L mole:' cm' respectively. (Fig 1) The
derivative formed was stable for more than 24 hr. Similarly
HN reacts with PTSC and TSC which absorbed maximally at
390nmand 375nm; and 376nmand 3631111with molar absorp-
tivities of 9200 and 9375L mole:' cm' and 9576 and l1250L
mole:' em:' respectively. The absorbance of the solution after
derivatization and after 24hr was recorded and no change in
absorbance was observed.

The effect of pH, heating time and concentration of HN on
the spectrophotometric response of HZ were examined at
410nm. The buffer solution (2ml) of different pH within the
range 1-10 was added and analytical procedure was followed,
The pH which gave a maximum absorbance was considered
as optimum. Maximum absorbance was observed within pH
range 4-7 to pH 5 was considered optimal. Heating time at
95°C was varied between 5 to 25min at an interval of 5 min.
It was observed that absorbance remained constant after 15
min and heating time of 20 min was selected. Reagent con-
centration (0.3% in ethanol) was varied between 0.5 to 2.5 m1
at an interval of 0 .Sml. The absorbance remained constant up
to 1.5ml and was used.

The determination of HZ in water has an environmental
importance and therefore HPLC method was examined. The
HZ after derivatization was injected on the column Microsorb
C-18 Sum, (150x4.6mm id) and eluted isoratically with
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Fig 1. The structural diagram of 2,2-dihydroxyl-l-napthaJda-
zine derivative.
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methanol, methanol-water or methanol-acetonitrile-water.
Each time HN and HZ derivative eluted but the complete sepa-
ration between derivatizing reagent (HN) and hydrazine de-
rivative was obtained when eluted with methanol: acetoni-
trile: water (95:1:4 VN/V) using flow rate of Irnl/min with
uv detection at 330mn (Fig 2). A linear calibration curve was
obtained with 0.54 to 2.7J..lg/mlHZ using lOJ..lIinjection with
coefficient of correlation (r') 0.9981. The detection limit
measured as three times the background noise was observed
54nglml corresponds to 0.54ng/injection (lOJ..lI).The effect
of amount of water on the derivatization, extraction and the
determination of HZ was investigated. A constant amount of
HZ 2.1 ug was added to different volumes of water between 5
to 50ml and same analytical procedure was carried out. Aver-
age peak height (n=3) was used to examined the response.
The similar response was observed with the volume of water
used between 5 to 15ml, but somewhat decrease in peak height
was observed by increasing the vloume of water up to 50m!.
Extraction of 2.1 ug of HZ from 15ml was extracted and the
amount extracted was evaluated from calibration curve. The
amount extracted was in the range 90-96% with precon-
centration factor of 3.

PTSC and TSC also formed derivatives with HN at the condi-
tions optimized for the HZ and was therefore examined for
the simultaneous elution and separation from the HZ. PTSC
and TSC derivatives also eluted with the solvent system used
for HZ derivative, but the optimal separation between TSC,
PTSC and HN was obtained when eluted with metha-
noJ:chloroform:acetonitrile:water (60:2:4:34 VN/VlV) using
flow rate of l ml/min. However using eluent the HZ deriva-
tive was long retained. It was therefore after elution of TSC,
PTSC and RN (6min), HZ derivative was eluted with metha-
nol (Fig 3). The resolution factor (Rs) between TSC andPTSC
and HN was calculated 2.25 and 2.9 respectively. The detec-
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Fig 2. The calibration curve of hydrazine.
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Fig 3. HPLC separation of(1) ISC (2) PISC (3) HN (4) HZ-
HN, Colum Microsorb C-18 (1S0x4.6mm), elution with methanol:
chloroform: acetonitrile: water (63:4:2:29 V/V/V/V) for six min,
followed by 100% methanol up to 13 min, with the flow rate l ml/
min, UV detection at 330nm.

tion limits for PTSC and TSC were found l.oug/ml corres-
ponding to 1O.6ng/injection (luul).

Replicate analysis of HZ (2.1 ug) (n==5)was carried out and
the relative standard deviation was observed 3.5%. Test solu-
tions of water were analyzed for the contents of HZ and
amounts were evaluated from the calibration curve. The rela-
tive % error was observed within ±-3%.

The work reports a simple liquid chromatographic method
for the determination of HZ in water at mglml level with
%RSD within 3.5%. The work also repots the possible sepa-
ration and determination of HZ, PTSC and TSC simulta-
neously.

Water samples spiked with hydrazine were analyzed with
preconcentration factor of 3, with % extraction with 90-96%.
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