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ABSTRACT

The Electrothermal Atomic Absorption Spectrophotometer (ETAAS) is one of the most important analytical
techniques in the field of elemental determination owing to its high sensitivity. The best results were achieved by
using spiral tungsten filaments-ETAAS. The new method approved by using certified standard 1AEA. Certified
standard reference materials were analyzed for the assessment of accuracy of proposed method. Calibration plots
for Antimony in both methods were achieved. The calibration plot was liner from 20 to 120 ppb for the spiral
tungsten filaments-ETAAS. Corréation coefficients found were at least 0.998 for direct calibration and the recovery
was 102%.
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INTRODUCTION

The graphite atomizer is a commonly used reactara/tthe sample undergoes various processes, letalig

formation of free atoms of the analyte of interiesgaseous phase. Thus atomic absorption of thedabd atoms
could be measured. This process is called atoroizaind depends strongly on the composition of trapse

introduced into the atomizer. In graphite furnaites sample is gradually heated according to theiqusly set
temperature/time program so that various comporiitse sample could evaporate. The best condifimnatomic

absorption measurements could be achieved whematix components evaporate before analyte atompeaapn

the gaseous phase. The better the separation afvéigoration of matrix from the evaporation of gtwl less
interference occurs during the measurement. Itléarcthat the efficiency of the separation depeondsthe

volatilities of both matrix and analyte compoun@®nerally speaking, the main aim of the modifisrsoi provoke
intended chemical reaction in order to enhance dtygaration of matrix and analyte, thus ensuring the

atomization process is free from interferences. @omly, an excess of reagent—modifier—is added tidaally

to the sample or atomizer. Its aim is to transfer analyte into the less-volatile compounds antt/dransfer the
matrix compounds to more-volatile compounds. Moegpproperly designed modification could also pitayrole

in the interaction of the sample with graphite acef and/or unify the atomization process of andigieg present
in various species [1,3].

The issues regarding antimony have been extegsstadlied due to high toxicity of this element. Tdwncentration
of antimony in earth's crust varies between 0.2 @5dig g— 1 in general. The oxidation states of Sb sty
found in two oxidation states (Il and V)in enviraental samples. These two forms exhibit pronounlierences
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in their analytical behavior, toxicity and mobild§, inorganic compounds of antimony are more tatkian its
organic forms; toxicity of Sb (Ill) has been shoterbe 10 times higher than that of Sb (V).

Although the most common atomizer in ETAAS in grié@hube, the limitations such as need for a higiver
supply and difficulties in the determination of mlents that form refractory oxides and carbides,ehked to
development of many metal atomizer [4,5,8]. Amdhg metal atomizer, tungsten has been the predomina
atomizer. In the recent years, tungsten coils begthave been used an alterative atomizer to #phige tube in the
determination of elements by ETAAS [9,12]. Theiedshas been extended to use as combination pmrizer
samples into inductively coupled plasma [13,18]e Tungsten devices used in atomic spectrometayamsizers or
vaporizers are summarized in recent review[19].

Tungsten coil have been used as atomizers in perthattery powered atomic absorption spectromég&s The
low cost and low power requirements of these devinake them ideal candidates for field applicafij. Metals
atomizer, such as molybdenum and tungsten tubdeasecommon in atomic absorption spectrometry .s&he
devices usually require the addition of hydrogenatgon purge gas to protect the metal from oxidatiorhe
tungsten coil, an open metal atomizer, has beeth wih some success as an electrothermal vapq@2gr

Among the techniques for determination of antimdieyne atomic absorption spectrometry (FAAS) andride
generation atomic absorption spectrometry (HGAA&juire only a simple flame AAS instrument and some
attachments; therefore these techniques in pria@pbvide the most economical alternatives. Hydddaeration
(HG) is one of the most popular and powerful teghes of vapor generation for chemical analysis,[@Bhough in
principle HG is a sample introduction technique #imgs can be coupled to any atomic detector innditomic
fluorescence spectrometry (AFS), inductively codplelasma optical emission spectrometry (ICPOES) and
inductively coupled plasma mass spectrometry (ICRNM&AAS is the most often used one due to its Siitp

and low cost. Some recent applications for deteation of antimony include diverse techniques sush a
electrothermal atomic absorption spectrometry (EBN24], ICPMS[25] and instrumental neutron actigati
analysis (INAA) [26] and stripping voltammetry [27Ghemical pre-concentration on a micro column 28 eloud
point pre-concentration [29,30] are few recentneples. A recent approach for sensitivity enhancerisemapping,
applications in literature are the use of hydrideayation and integrated atom trap[31].

The main problem in the determination of antimohy ETAAS are tendency of these elements to fornatilel
compounds that can be easily lost during the ashimd) atomization steps and the possible interaatifothe
elements with graphite furnace wall forming carlkid€he use of pyrolytic graphite tube with L'Vovaform and
chemical modifier that stabilizes the volatile e@ts until higher temperatures can avoid thesbkl@nos[32].

In the present work a tungsten filaments in thepkite furnace tube for the flameless atomic absmmpt
spectrometry is contracted and described for tindysof Cadmium. This system employ a two tungsiieaments
as a combination between them form a concave vpliform . The tungsten filament is extracted frarf80 Watts,
220 Volt commercial light bulb. A simple laboratocpnstructed was done by easily mounted of the stiemg
filaments in the medial of the graphite tube anid itloes not need to realignment the optical patttHe hallow
cathode Lampe. The new mounting used for the d@tation of trace Sb in the ppb range. The behaofdhis
element were studied. The optimization of thermpdgram was carried out, such as ashing and attionza
temperatures and parameters of the sampling suttiea&ind of the acid and the concentration wertntzed in
order to obtain high sensitivities. The comparasuedy was performed using the conventional ETAAS spiral
tungsten filaments ETAAS the new technique. Theaultesshowed from these studies when appropriate
electrothermal program are used, the direct detextion of Sb can be successfully performed . Kiram of our
work was to develop direct, quick and accurate wettfor determination of Sb in samples without usimatrix
modifier in inexpensive system.

MATERIALSAND METHODS

2.1. Apparatus

A Shimadzu, AA 680, Atomic Absorption Spectrophotder equipped with Shimadzu GFA-4B Graphite furnace
Atomizer, Shimadzu Autosample Changer ASG-60G ahiin&zu PR-5 Graphic printer. Argon was used to
provide an inert gas atmosphere within the graghiteace at a flow rate 1.5 I/min. Pyrolyticallyaghite tubes was
used. Argon gas used as sheat gas; the inteowalirilthe graphite tube was interrupted duringdtwnization step.
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Antimony hollow cathode lamps were used as thetsgea@mdiation sources. The wavelengths, spectrdihs and
current were set to 217.6 nm, 0.2 nm for cadmiuch 20 mA. Deuterium background correction was walkthe
operation time. Peak height absorbance values meesured. The spiral tungsten filaments 1.5 cigtteand 0.10
cm diameter extracted from commercial light bull® 28It and 100 watts.

2.2. Reagents

Reagent of analytical grad or higher quality wesedifrom (Fluka. Riedel-de Haen AG-Fixanal, Marokl 8HD)
while igneous rock JGB certified standard IAEA .11 ug Sb per gram of the certified standerd sglution
were prepared using deionized water. All glassastic ware were immersed in 2 M nitric acid 24t followed
by rinsing with deionized water. Several aquedasdards were used to obtained the calibrationesuand the
standard additions were also made. The concemgatibsolution used in the calibration ranged fi2drnto 160 ppb
of Sh. The calibration curves were liner betwe@alQ0 ppb in the concretions ranges of these stdaddhe
working solution were prepared daily from theirctasolution ( 1000 mg/L, Riedel-de Haen AG-Fixahabith
distilled-deionized water.

2.3. Procedure

The analysis of igneous rock JGB-1 certified staddlAEA sample preparation was carried out by ighie
accurately 2.00 gram of the sample in PTFE beakikee. sample was digested by adding 20 ml of conatntr
hydrofluoric acid and 2 ml of concentrate HGIOhe sample heated using hot plate to nearly Aliter digestion
the sample was re-dissolve by concentrate hydrachéxid and transferred into 10 ml volumetric Reand the
volume make up to 10 ml by dionized water. TheHertdilution was carry out in the direct calibratioy taken 1
ml and completed the volume to 10 ml. The standatdition method was used following the protocoltluk
method for preparation the standard solution. Tifieceof hydrochloric acid and nitric acid conceziton were
studied from 0.05 to 0.7 M. The graphite furnacéhwiit/with STF optimized condition for the deteriation of
Antimony in the of igneous rock JGB-1 certifiedrstlard IAEA .

2.4.Developed method and optimization

The illustrated the laboratory set up for the mednif spiral tungsten filaments into the graphitenéce explained
elsewhere and showed the concave valley between the twalspingsten filaments that can support the aliquot
sample easily and steady. A 10 pl aliquot of sotutivas inject directly onto the spiral filaments.this deign give
privilege to the volatile elements to heat indile by the heat came from the wall as in the L'Waat form as
well as the sample rise from the base of the whllhe graphite furnace. The diameter of the spiualgsten
filaments is to small that make the method to @¢adyandle and set up, it don’t need to re-optintiee light path
through the tube radiate from the hollow cathaep.

RESULTSAND DISCUSSION

3.1. Antimony behavior without/with spiral tungsten filaments ETAAS.

With respect to the small concentration of antimoimyset up the instrument conditions, the aquesmlstion of
antimony were injected duo to lower matrix loadittte graphite tube, so for the starting studyattpgeous solution
was used. The heating program was carried out Ipf@nma heating cycle in four steps: drying, ashigmization
and cleaning. The drying and cleaning steps has figed for 150°C ramp 30 sec., and 1800 to 20D/ 3 sec,
respectively for all the experiments. The temperatcurves for ashing recorded by varying ashimgperature
between 200°C to 700°C each step 108C, while keeping atomization temperature on 1400 Then the
temperature curve for atomization were recordeddrying the atomization temperature between 700.8@0°C,
while fixed the ashing temperature on 380. Figure 1 presented the ashing and atomizatiowes for the
conventional ETAAS.
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Fig. 1. Ashing and atomization temperatur e curvesfor 100 ppb Sb in aqueous solution without spiral tungsten filamentsETAAS
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Fig. 2. Ashing and atomization temperature curvesfor 100 ppb Sb in aqueous solution with spiral tungsten filamentsETAAS

Figure (2) showed the ashing and atomization ctowd&00 ppb of antimony with spiral tungsten filam ETAAS
implemented in the same manner as above. Figyr&(@) showed the absorbance signal of Sb withauth
spiral tungsten filaments which indicated that éishing temperature with spiral tungsten incredssd 30F°C to
1300°C which is give privilege to this new techniqueraore chance to rid of all the organic compoundshinig
present in the sample which reduce the factorteffierences, so for the samples you could app(a&d 2C without
loss the analyte which is high enough to removetrobthe matrix components. The results obtainetevis good
agreement with our expectation.

3.2. Effect the concentrations and acid type on the Antimony absorbance signal without/with spiral tungsten
filamentsETAAS

It was noted that the absorbance signal for Sksithes to the acid type and concentration. Hydfoghb acid and
nitric are among the most acids used in digestiothe samples. Figure (3) showed the differamtcentration of
nitric acid and hydrochloric acid (0.05-0.7 M) wetested. As shown for the figures both acid preddower Sb
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absorbance signal as well as the signal with l@e much lower absorbance signal for Sb. The biehaf Sb

with spiral tungsten filaments ETAAS but the signalas similar as shown in figure (3)& (4). It wiasind that the
Sh signals are a steady level between 0.05 td/0f@r the HNQ and HCL. The use of HNQOwas found to be
less effective in lowering the absorbance signath wpiral tungsten filaments technique as it destrated in
figure (3) and (4). To get similarity in our studymorality of 0.05 of both acid were take as wagktoncentration
for further study.
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Fig. 3. Effect of different concentration of nitric acid and hydrochloric acid on the 100 ppb Sb absorbance signal without spiral tungsten
filamentsETAAS
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Fig. 4. Effect of different concentration of nitric acid and hydrochloric acid on the 100 ppb Sb absor bance signal with spiral tungsten
filamentsETAAS

3.3. Ashing and atomization temperature curves for 100 ppb Sb in HCL and HNO3 without/with spiral
tungsten filaments acid type ETAAS.

Figures (5)&(6) showed the ashing and atomizatimves for the 100 ppb Sb without/ with spiral tstem filament
ETAAS respectively in 0.05 M HNQand HCI. The results shows for all the experimethis absorbance signal for
Sb with spiral tungsten filaments give higher resms than the conventional ETAAS which improved in
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sensitivity. The ashing temperature in HCI incesafor 100°C to 1206C without /with STF respectively. Under
ashing study for Sb in the 0.05 M HNO3 the ash@mgpierature increases form 490 to 1400°C which overcome
the volatile elements could be loss thought theéngshtage (minimizing volatile analyte losses).dtemization
temperature measurement stay on between 80®2&686°C give chance to better generation of free atoyoas
can seen for absorbance signal. Table 1 summattizedptimum conditions heating program for the ppbd Sb
thought the study.
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Fig. 5. Ashing and atomization temper atur e curvesfor 100 ppb Sbin 0.05 M nitric and hydrochloric acid without spiral tungsten
filamentsETAAS
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Fig. 6. Ashing and atomization temperature curvesfor 100 ppb Sb in 0.05M nitric and hydrochloric acid with spiral tungsten filaments
ETAAS
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Table 1. Optimum conditions heating programsfor 100 ppb Antimony without/with spiral tungsten filamentsETAASand in different

acid media
Atomization . . Interferences
surface G\:V?tarcljlltj? ;uri?;ce ermtz fiL:;Tac Without spiral With spiral

conditions P P HNO; 0.05M | HCI0.05V | HNO; 0.05M | HCI 0.C5M
Sample aliguotpl) 1C 1C 1C 10 10 10
Wavelength (nm) 217.6 217.6 217.6 217.6) 217.6 217.6
Slit band width (mA) 0.2 0.2 0.2 0.2 0.2 0.2
Back ground corrector ON ON ON ON ON ON
Drying step®C/sec, ramp 150/30 150/30 150/30 150/3! 150/30 3050/
Ashing step®C/set 180/2( 1300/2( 400/2( 100/2( 1400/2( 1200/2(
Atomization step®C/ser 1600/« 1800/« 1700/« 1600/« 1900/« 1900/«
Cleaning step®C/sec 1900/4 2000/4 2000/4 2000/4 2200/4 2200/4

3.5. Calibration plotsfor Antimony without/with spiral tungsten filamentsETAAS

Calibration plots without and with using spiral gsten filament were constructed. The linear partbcalibration
without spiral included Sb concentrations of 2@-Ipb using peak height values. In this linear eadigpearity
equation was found as y=0.004x+0.058 and correlataefficient () was found as 0.998; y is absorbance value
and x is concentration in ppb. In the spiral tuegststudies, linear range included Sb concentmsitair0.10-120
ppb; best line equation was found to be y=0.00309® and correlation coefficient {Rwas found as 0.997; y is
absorbance for peak height measurement and x ¢eotmation in ppb.

3.6. Method validation and sample analysis

The precision of the methods were examined byrgpdicate measurements of 100 ppb Sb in aqueougleairhe
relative standard deviation found out was 3.88 %otlie direct calibration and 2.13 % for the staddaddition
methods. The accuracy of the proposed method wesket by analyzing the igneous rock JGB-1 IAEAitiedted
reference material with heating cycling programyiByg: 150°C/30 sec ramp, ashing: 1380/20 sec , atomization:
1800°C/3 sec and cleaning: 200C/4 sec and the results were in excellent accomaiith both certificated and
informed values ( recovery better than 100 %).Steash@ddition were applied for the two samples dicalibration
using the previous program , It was noted thetetis not slope differences are shown for diresthod and for the
standards addition method for the determinatiothefSb in the certificated standard. The accuvesne 104.54%
and 102.27% for the direct calibration and thexdsad addition methods respectively . Taking intccant the
sample dilution during the preparation step.

CONCLUSION

The new construction of the two spiral tungstelanfients provides a simple way for the determimagibantimony
in agueous solution as well as in the igneous 6&&R-1 certified reference standard material wilinaplicity, low
cost, optimize a fast and reliable, excellent emcy and precision. They were in good agreemerit thié results
obtain by direct ETAAS calibration measurementd #re standard addition method and they were instiree
slope. Simple apparatus and minimum of chemicalera$ are the main advantages of proposed tecéniqu
Additional studies are in progress on evaluating plerformance of spiral tungsten filaments tedhaigfor the
determination of another volatile elements. Pheposed method is suitable for routine metals toanig in
sampleslt can be observed that spiral tungsten filamegite privilege to the volatile element to heatiradtly by
the wall of the furnace as in the L’ Vov platformithout losing in the interest elements and vodatile materials
which is ceasing the interferences. Our recomméntdas the use of spiral tungsten filaments aseadf@im for
atomization for the volatile compound. The nextject will continue to cover the anther volatileraent.

An increase in the life time of the tube due to timpection of the sample not injected on the vedlthe graphite
furnace. The device would not required to re-cleating level of the graphite furnace because tamelier of the
filament is to marrow that not disturbed the patie.| The results encouraging the author to extaiglstudy and
technique for study father elements.
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