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ABSTRACT

A new disposable chemo-strip is developed for tletecand determination of hydrazine. The sensor was
constructed by immobilizing vanillin and oxalic da@n TLC (Thin layer chromatography) paper. In thigthod
hydrazine is coupled with vanillin in acidic mediamd formed yellow aldazine product. The productsdetected

by scanner. Changes in RGB values of color spot§ldd strips create a pattern. The obtained patteras
analyzed by “MATLAB software”. Degree of color spaas found to be proportional to the concentratafrthe
tested analyze i.e. hydrazine. The proposed sasdimear in concentration range of 1.92-6.72ugbhhydrazine.
Effective intensity, Reproducibility, SD, RSD h&een calculated. The reaction time, concentratibmeagent,
stability of sensor has been optimized. The metiasdbeen successfully applied for the determinatfdmydrazine

in waste water, biological and pharmaceutical sagspl

INTRODUCTION

Hydrazine has the formula,N, is a colorless liquid with an ammonia-like odoHydrazine is highly toxic and
dangerously unstable, and is usually handled wihilsolution for safety reasons. Hydrazine is maiunbed as a
foaming agent, but uses as a precursor to polyatésiz catalysts and pharmaceuticals. Hydrazinedigdand its
derivatives react with benzothiazole derivatived agpnthesized newly compound wear evaluated fabacterial
activity. Hydrazine is also used as rocket fuels and to peetfee gas precursors used in air bags. Hydrazine i
extensively used in many industries like power pl@nreduce corrosion of metal pipes and fittingydrazine
derivative is isonicotinylhydrazine (INH) is alssohiazid is one of the most common drugs used @itrefculosis.

It is inexpensive, effective and easy to takeal prevent most cases of Tuberculosis. The thrédimoit value for
hydrazine by ACGIH is 0.1ppm (TWA) and recommendggdosure limit for hydrazine by NIOSH is 0.03ppm (2
hour).[1-9]

Several methods have been described in the literdtw the determination of hydrazine using differanalytical
techniques such as voltammetry[10-13], spectroitnetry[14-15], spectrophotometry[16-20] and titrimetry[21]
Many methods have been suggested for the deteionnat hydrazine based on its basic character dugiag
property. Spectrophotometric methods are more ugefuthe determination of hydrazine at low concatibn
level, but these methods suffer from poor linearaigic ranges and some of them require expensitreiments.

Various method is based on spot test analysis dafitative determination of materials on an absotlmaper or
other inert support has been extensively studiednany years, Feigl and Anger have provided thésifas many
such studies[22]. Kealey mentioned that spot-tesiyais by reflectance spectrometry cannot yiekl ghecision
better than 10% when used to obtain quantitative daectly from spot test [23]. According to Naaagwamy and
Sevilla for a quantitative and reproducible anaysiansmittance spectroscopy is considered whef@as

qualitative and non-reproducible analysis, theeafince spectroscopy will be used due to the effédhe

hetrogeneous media [24].
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Previously, Gupta and coworkers had developedpaper for detection and semi-quantitative detertionaof
hydrazine in water and air [25, 26] later on udimg same principle Abbaspour et al. introducedqmtThey have
developed paptode for determination of iron andydrazine [27, 28] further Sharma and Amlathe dgvetb
paptode for determination of arsenic [29].

The proposed method describes the development mbgea for determination of hydrazine. In the pragmbs
method, paptode is prepared by immobilizing vami{lR2-hydroxy-1-napthaldehyde) as chromogenic reagen
TLC strips followed by drying of the paper then lixacid was immobilized on TLC strips and agairsitried. A
yellow product was formed on TLC strips after ijes of hydrazine on paptode. Hydrazine is couplégth
vanillin in acidic medium, resulting yellow aldaeiproduct forms a particular pattern on an inepipsut [30]. The
product on TLC strips are detected by scanner dntdireed pattern was analyzed with program writtewisual
basic 6.0 (VB6).

EXPERIMENTAL SECTION

Apparatus and software
In the spot test analysis commercially availab&tbiéd-scanner (HP SCANJET G2410) is used for abtgithe
images of color spots. The obtained images have traesferred to computer for analysis and deteation.

A specific area has been selected for analyst®lofr spot. The number of pixels that can be ingéiddy this area
was about 10000-300000 and this program can avéhage pixels. Therefore, the signal to noise ratio be

increased dramatically. Area of the spots, whichewesed to measure the color intensity, was a squih 90000
dpi (300_300 dpi).The spots were perfectly homogerseResolution of the scanner was regulated adgd0For

analyzing color values in RGB (red, green, blusfemy, the software, which was written in visualibasedia, was
used. A mircolit-mircopipate was used for injectsamples paptode.

The experimental data can be saved to analysemdtle powerful scanner in future, short response tifnpaper
optode, portability and user friendly applicatioe aome advantages of the method.

Chemicals and reagents
Hydrazine solution: 1 %( v/v) stock solution of hydrazine hydrate waspared in 10% of 2M hydrochloric acid.

Vanillin: 2% (w/v/) solution was prepared in 25% aqueouareih
Oxalic acid: 2 %( v/v) solution was prepared in double distillgater.

Preparation of paptode

To construct the sensor strips for hydrazine, stop TLC was dipped into known concentration of #aaillin and
dried then dipped into known concentration of axaltid for few seconds and again dried. Aliquot18fil of
hydrazine solution containing 3.84ug/ml were inggicbn these TLC strips. Then after formation ofoxelcolor
(Aldazine product), the stripes were scanned aratjés of spots was analyzed by software systenirfdinfy their
R, G and B values. The RGB color model is an adslitiolor model in which red, green and blue lighgt added
together in various ways to produce a broad arfaptwrs. Any color can be analyzed to obtain dsresponding
R, G and B value. Effective intensity for any col@atues of color spot was calculated as follows:

Ar = -Log (Rs/Rb)
Ag = -Log (Gs/Gb)
Ab=—-Log(Bs/Bb)

Ar, Ag and Ab are effective intensities for redegn and blue color. Rs, Gs, Bs and Rb, Gb and #8b te R, G
and B values of sample and blank respectively. Bia calibration curves, effective intensitiesRyf G and B
values were plotted with respect to analyte comaéinhs.

RESULTSAND DISCUSSION
Hydrazine is coupled with vanillin in acidic mediand formed aldazine product. Vanillin solution wlsono any
other effect in this method .Other acid such afusgalacid, hydrochloric acid, phosphoric acid awbtic acid were

also used to prepare test paper but the test pappared with oxalic acid was found to be morelstabd lasting
[25].Thus oxalic acid is found to be suitable faaintaining acidic medium in this method.
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Optimization of the reaction conditions
Injection volume: The influence of volume of the analyte solution ethinust be injeed onto the TLC strip was

investigated. The optimum sample volume was obthtoebe 48ul. With greater injected volume spoeaging
occurs due to diffusion and consequently the intgs color was decrease

Effect of vanillin: The TLC strips were repared containing vanillin sdlan in different concentration and ¢
Then 48ul of standard solution containing 03.84@f hydrazine was injected on eaTLC strips with micro-lit
micropipette and effective intensity of the R, Gldhvalues werplotted with respect to conceration of vanillin.
The maximum color intensity was observed -3% solution of vanillin. 2% vanillisolution was chosen 1 this
experimental work. (Figl)
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Fig: 1 Effect of vanillin concentration
Where
Effective intenity is the antilog of RGB values of sample to RGBlank
Ar = effective intensities for R valt
Ag= effective intensities for G valt
Ab= effective intensities for B vall

Effect of oxalic acid concentration: To study the effect of oxalic acid foraimtaining acidic medium in th
method. Different concentrath of oxalic acid were prepal each solution immobilized on a TLC strips then
allowed to dry.After drying 48ul of standard solution containing.8ug/ml of hydrazine was injected on e
TLC strips and corresponding effective intensityttté R, G and B values were plotted (Fig 2). Theimarn color
intensity was observed at 2% solution of oxaliaddaand this concentration was selected for furthgregmenta
work
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Fig 2 Effect of oxalic concentration

Where

Effective intensity is the antilog of RGB valuesarhple to RGB of bla
Ar= effective intensities for R valt

Ag= effective intensities for G valt

Ab= effective intensities for B valt

Drying methods: After immobilizaticn of reagent onto the TLC Strips, the strips neele dried. Some metho
such as drying at room temperature, oven and hetexe applied and no change in signal was obseiedever
for increasing the speed of analysis, using an eecommende(
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Calibration Curves

Calibration graph of hydrazine at optimum condit{@vanilline=2% and Coxallic acid =2%) shown in 8gn this
figure linear relationship between effective inignand concentration of hydrazine is 1.92 ug/mbt@2 pg/mi
(Fig 3) Calibration in different concentration of hydirazis shown by photogph (fig 4)
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Fig: 3Calibration graph of hydrazine at optimum condition
Where
Effective intensity is the antilog of RGB valuesarhple to RGB of bla
Ar= effective intensitiefor R value
Ag= effective intensities for G valt
Ab= effective intensities for B val

Fig: 4 Photographs of yellow color changes upon the addition of hydrazinein vanillin solution and
calibration of hydrazinein different concentration on the test paper.

Reproducibility, response time, stability and detection limit of the system
Reproducibility of the proposed system is inveddaat seven different sensors under optimum condior
various concentrations of hydrazi Table 1 shows the reproducibility of the proposesthad

The response time of the system was evaluated wpdienum experimental condition for 3.84ug/ml ofdhgzine.
It was calculated by measuring the time requireddioieve 95% values of colintensity of the spot. The respor
time of 1045 seconds was achiev

To study the stability of color spots, 3.84pg/mhgtirazine was injected under optimum experimeraadition on
the sensors. Scanning of the strips was done itirtiee period of , 10, 15, 20, 30, 60 120, 180, 240, 300,
420,480 min. No change in color intensity was obserfor a period up to 420 min that shows the senge stabl
for 7 hours after injection of the hydrazi

In order to study the stability of the sensorsgriitnmobilization vanillin on the TLC strips it wased periodicall
each day, the signal did not show any significdrgnge within 33 days of experiment .After 33 day®sponsi
time was found to be aneased from 15 seconds to 3 minute. This revlalsthe prepared strips are stable at |
for a month.

For each RGB factor there is one Detection limit) [27].Theoretical DL of this methowas 1.55pg/ml and
0.38ug/m1 for G and B values respeely. As the R value does not vary considerably anging the

1549



Sulbha Amlatheet al J. Chem. Pharm. Res,, 2012, 4(3):1546-1552

concentration of hydrazine, we calculated DL omlly@ and B values. We can also determine the detelomit by
practical experiment. Practical DL is the lowesh@entration that would give a color on the TLC stj22].
Practical DL was about 0.1pg/ml.

Tablel: Reproducibility of the method

Concentration of
Hydrazine (ug/ml) Ag A
Ave’ s} RSD Ave® SB RSD
6.72 0.204 0.05 1.0| 0.782 0.03 15
5.76 0.076  0.03 2.0 0.040 0.02 2.2
3.84 0.054 0.03 2.3| 0.030 0.02 2.1
1.92 0.013 0.01 4.0| 0.090 0.01 4.0

a Average of seven measurement on different TLC
b Standard deviation
¢ Relative standard deviation

I nterferences Study

To check the validity of method the effects of vas interferences have been studied under optinxyp@rienental
conditions. The method was found to be free fronstnod the interferences including organic compoand metal
ion in water. The tolerance limits for various irigences tested on paptode are shown in table 2.

Table 2 Effect of foreign species on the deter mination of hydrazine

Interferences Masking agent Tolerlivdt(ppm)
Benzidine - 150
Nitro-phenol, nitro-phenyl, phenol - 700
Formaldehydes _ 500
IAscorbic acid, semicarbazides - 600
IAmmonia, FAS, 4-diphenylamineBenzeldehydes. — 300
ClI'SO2,CO# Na' K* C& - 10000
Cd* Cuv’ 10%EDTA solution ( 1ml) 3000
Fe'* IAIS 10%sodium potassium tartrate(1ml) 10000

a Causing an error of £2% or less

APPLICATION
The proposed method for determination and sendihgdrazine is successfully applied in biologicairgple, waste
water sample, and pharmaceutical tablets.

In waste water: To assess the applicability of the sensor, iapplied for sensing hydrazine in waste water
samples. No real sample was found containing hynkealzence synthetic samples were prepared by takasie
water samples of the nearby industrial area. Thehsyic samples were prepared by adding known amofin
hydrazine to the waste water samples, and theryzsthby proposed as well as already reported mg8@jdThe
results are shown in Table 3A.

Table 3A Analysisof hydrazinein waste water and biological samples*

Sample Hydrazine added(ug/ ﬁ ugtorll O%y(ﬁgmfeRecovery(% F%uert]ﬁ O%yr(i%?r:tqicRecovery (%)
20 21.1 100.2 19.7 99.2
In waste water* 30 29.9 99.8 29.2 99.3
40 42.0 102.3 38.2 100
20 19.8 99.2 20.0 100.00
In biological samples(urine sample)* 30 30.0 100.00 27.4 97.2
40 39.1 98.00 35.9 98.0

*Amount of samples 1ml
**mean of three replicate analyse

In Biological sample: To check the applicability of the method, it isabzed in urine samples. Hydrazine is
reported to be present in biological samples irneu[31]. The samples were first deproteinated doygling
trichloroacetic acid prior to analysis. Then anatyZor presences of hydrazine using proposed paf86H The
percent recovery was found 98 %. (Table3A)

In pharmaceutical tablets: To check the sensitivity of the sensors, the psed sensors are applied for sensing
hydrazine in pharmaceutical tablets like isonia@sbkin) tablets in which hydrazine is present asirhzide.
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Tablets containing isonicotinic acid hydrazide ased as a therapeutic agent for tuberculosis [3Rih&se tablets
were analyzed for the determination of hydrazinespnt as hydrazide. The stock solution was prepafréablets

by dissolving one tablet (300mg) in 10% 2M hydrachd solution. The determination of hydrazine weearied

out by proposed method and compared with a repontttiod [25] (Table3B).

Table 3B Analysis of hydrazine in phar maceutical tablets**

Hydrazine found b[Hydrazine found b|
samplegCalculated labeled (%) proposed reported
Method (%) Method (%)
o 14.43 99.80 98.00
Isoniazid 14.60 98.2 97.00
15.00 100.2 98.04

*Amount of samples 1ml
**mean of three replicate analyse

Table 4: Comparison of the propose paptode with some repoted method

Readent Techniaue Linear range| Detection limit | Response Remark Ref
9 d (ug/mi) (ug/mi) time :
p-Dimethylamino- ] . .
benzeldehyde Spectrophotometry 0.06-0.47| _ _ Urea,semi-carbeaidefere [34]
Saliylldehyde spectrophotometry 0.29-1.2% — 15mih esd sensitive [35]
2-hydroxy-1- Extraction- . [Reaction at 100°c
naphthaldehyde ispectrophotometry 0.035-0.70 - 20min (extractive) (361
p-Dimethylamino-  [FIA- ) L
benzeldehyde spectrophotometry 2.0-40.0 1.0 - Less sensitive [19]
p-Dimethylamino-  [Spectrophotometry 0.020-.50 0.01 _ I
benzeldehyde Less sensitive [18]
p-Dimethylamino- . .
benzeldehyde Based on paptode 10-300 0.1 2min|  PH dependent [29]
Vanillin Proposed method 1.92-6.72 0.1 10-154519Nly sensitive, simple rapid, Proposed
[qUantitative, less interferences method
CONCLUSION

The proposed chemo-sensor is highly sensitive eelffom most of the interfering species. The psapgomethod
was found to be superior to other method. This pektis simple and rapid and it does not need angmrsige
apparatus. The proposed method can be used fodeteemination of hydrazine in industrial health asafety
monitoring work.
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