Available online at www.derpharmachemica.com

Scholars Research Library I'_Qx@‘ma %_'I

LN .
Scholars Research . Qw ?
Der Pharma Chemica, 2015, 7(12):152-159 K

(http://derpharmachemica.com/archive.html)
l==_

ISSN 0975-413X
CODEN (USA): PCHHAX

- E')\\»

Determination of ultra-trace amount mercury (Il) ion in Tap water andRiver
water samples with the barium di phenyl amine sulfonate ypthe chlorateion
in sulfuric acid with kinetic method

Ali Savarian*, Saideh Baghert? and Ali Kargar *

'Chemistry Department, Islamic Azad University, Dastan branch, Dashtestan, Iran
%young Researchers and Elite Club, Shiraz Brandhmiis Azad University, Shiraz, Iran
3Chemistry Department, Islamic Azad University, Kamgranch, Kangan, Iran

ABACTRACT

A new kinetic spectrophotometic method for therdetation of trace amount mercury(ll) in Tap watard River
water samples has been described based on it cdtaytic effect on the oxidations of barium dieepyl
aminosulfunate, by potassium chlorate in sulfuriida The reaction is followed spec- trophotometticaby
measuring the decrease in the absorbance at 469Umuer the optimum conditions of 0.2 mblulfuric acid, 1.0
x 10*mol L, barium die phenyl aminosulfunate, 0.01 mdl potassium chlorate at 3§ calibration graph in the
rang of 0.001-0.06 ngtmercury(ll). Concentration was obtained with dien limit of 0.2303 g mt by the
fixed-time method of 4.5 min. The relative standdetiation for 0.05 ng £ mercury(ll) is %90. No serious
interference was identified. The applicability bétmethod was demonstrated by the determinatiothheofnercury
(1) in Tap water and River water samples.

Keywords: mercury(ll); Kinetic barium die phenyl aminosulfunate; Behination; Spectrophotometic.

INTRODUCTION

is an essential micro element for the human badyormal conditions it plays an important role onk and tissue
formation (normal growth), normal reproductive ftions, and carbohydrate and lipid metabolism. Tiet¢ id the
basic source of the metal. A daily dietary intake2oto 5 mg is estimated to be adequate for adufistcury
deficiency in humans is related to delayed @lowoagulation and hyper cholesterolaemia. Thealnmeay be
considered toxic when dietary in take is sigaifity higher [1]. Hence, sensitive and selectivehods for
determination of mercury in foodstuffs, drinkingtews and drinks are of great interes. There haea pe@merous
spectrophotometric methods for the determinatiomefcury. The oxidation of mercury to permangareatd a
measurement of the absorption of the charge-trapsfel of permanganate at 528 nm has long been ased
standard method for mercury determination; 1, 2 hosver, this method suffers from low
sensitivity.Spectrophotometric methods based onptexnformation with chromogenic reagents provideodjo
sensitivity, but have showed serious interfererica® many cations and anions despite the highctletelimit of
0.05 ng m[*[2,3]. Numerous kinetic methods have been reportesed on the catalytic effect of Higon the
oxidation of organic compounds with suitable oxigalthough these methods have shown good setgitihey
are time consuming and irreproducible, since iificult to control the timing of the reaction, wah is variable
from one experiment to another [4 — 9], The sopdagtd techniques, such as inductively couplednpasmass
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spectrometry (ICP-MS), inductively coupled plasmaraic emission spectrometry (ICP-AES), electroctuatni
analysis, spectrophotometry, neutron activationlyaiga and atomic absorption spectrophotometry (AASen
adopted for sensitive assays for both oxidatiotestaf mercury. These methods have disadvantagesifand
instruments used in regular analysis. AAS often lbas sensitivity due to the matrix effect of sangpleuch as
salinity[10,11]. environmental samples at low levahd has matrix effects with detection limit chd§l2]. Some
recent enhancements of the method using a flovetioje tech- nique have been reported [13 — 15], él@x, if the
reaction time is longer than the flow rate, the mdtwill not be efficient and still irreproducibl8everal efforts in
crease the reaction rate by temperature have lepemted; however, either the sample degrades loulatites will
develop that hinder the flow rate [16-20]. Theitnar die phenyl aminosulfunate is a well-known mletdiromic
indicator for the quantitative and qualitativdetermination of variety of metal ions. BDA&s many
characteristics required an ionophore. Thisophore reacts highly colored complexes. Thepexes can be
reversed to form again the ionophore over a langmber of repetitions [21]. In this work, the catalyeffect of
mercury(Il) on the oxidation of barium die phenyl aminsnate , with potassium chlorate in the presenfce o
barium die phenyl aminosulfunate, was investigat&dcatalytic kinetic Spectrophotometric method fie
determination of mercurgll) was developed. The proposed method is extrgmmehsitive, with higher selectivity
and is a simpler procedure than the three methasigtiomed above. The method was applied successfultiie
determination of total mercuyl) in Tap water and River water samples.

MATERIALS AND METHODS

2.1. Apparatus

All the determinations of the analytes were caried using a Sens AA GBC double beam atomic abisorpt
spectrometer (AAS) equipped with deuterium backgtboorrector. Hollow cathode lamps were used astiad
sources and the operational conditions of the eqeig were established according to the manufacsurer
recommendations for each element. An adjustablélagpnebulizer and supplies of acetylene andnaire used for
the generation of aerosols and atomizations. ThA/id\spectra were obtained from a Perkin-Elmer, edddmbda

2 spectrophotometer. A Genway model 3510 pH/lonemetith a combined glass electrode was used for pH
measurements. Laboratory glassware was kept overimd 0% nitric acid solution. A NBE ultrathermas{VEB
Prufgerate — WerkMedingen, Germany) was used tt@ahe temperature.

2.2. Reagents and materials

All chemicals, except barium die phenyl aminosudfien were prepared of the analytical grade purchésen
Merck Company, solution (Merck, Darmstadt, Germafyje solutions were prepared with doubly distileater.
The concentrations of the stock solutions wereodlsviis: barium die phenyl aminosulfunate, 1.0 x*igol L™,
potassium chlorate, 0.1 mol*lsulfuric acid, 0.2 mol & mercury(ll) chloride.

2.3. Pretreatment of real samples

Water samples

Analysis of water samples for determination of Hgidn content was performed as following: 200 miLsample
was poured in a beaker and 8 ml concentrated @ 3 ml of HO, of (30%) for elimination and decomposition
of organic compound were added. The samples, sliiléng was heated to one tenth volume. After stifient of
samples pH to desired value the were performedrdicapto general described procedure[22].

2.4. Procedure

A typical kinetic Spectrophotometric method expesithrequired the following steps: 1 ml of mangansdetion
equated to 0.01 ml grams was added to the 10 raimetric flask. Than 1 ml gram of potassium chlof@éd mol
L™ and 1 ml of sulfuric acid solution (0.2 mof'Lwas added. By adding the first drop of 1 ml baridie phenyl
aminosulfunate 1.0 x T0mol L, to the volumetric flask, the time of the reactleginning is recorded, after 5 sec
the solution is mixed for 30 sec, and then it isumte by adding the distilled water, a sufficientaamt of the
solution was added to a 1 cm cell, the differenewvben the quantities of the absorption in a wagtte equal to
469 nm in a time interval equalto 1-4.5 min was soead by mean of spectrophotometer (A As). All éhsteps
would be repeated for a non catalytic reaction eutithe presence of mercuag the catalyst element (AAb), finally
(AA)AAblank-AAsample is calculated. barium die plyeaminosulfunate, oxidation is traced in the &cidedium
by potassium chlorate, which its wavelength is 468 The absorption spectra in an aqueous solatiershown in
figures 1 and 2.
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Figure 1: The absorption spectra oxidation of prodat barium die phenyl aminosulfunate
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Figure 2: The absorption spectra oxidation of prodet barium die phenyl aminosulfunate, 20min mg *
RESULTS AND DISCUSSION

3.1. Investigation of ligand complexation with methions

The complexation studies between the ligand andiHgf were carried out to determine the stoichém of the
metals - ligand reactions as well as the formationstants and the molar absorptivities of theseptexes. The
stoichiometry between the ligand and each of theahiens were determined from the absorbance-natie data.
The plots at 469 nm (Figure 3), clearly show a(ligand to metal) stoichiometry for all the metalngplexes. The
formation constants, «Kand the molar absorptivitiesy, , of the resulting complexes were then evaluatethfthe
absorbance-mole ratio data and with the aid ofrdimear curve fitting of the theoretical absorbgngg.e, to the
experimental absorbanceg/using Microsoft Excel program[23]. When known centrations of metal, & is

mixed with a constant concentration of ligand antd dbmplexes are formed, the following equations b&n
written;

L +M <ML Kf = [ML]/ [L] [M]

[L]= C.-Cu+x [M]=x[ML] =Gy - x

Ki ¥+ (KiC—KCy+1)x—G=0

Athec ALt AuL = (Ad C)[L]
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+ew Ki Gy [L]/ (14K [L]) (2)

where A is the initial absorbance of the ligand with camtcation of G before any metal ions addition. Also, x is a
reversed amount of ligand or metal reproduced fdwmomomposition of ML at equilibrium which is equal tM]
value under > C_condition. The procedure actually consists of twatuml steps. First, by initial guessing for K
and solving Equation (1), x value is obtained whyedlds [L] parameter from [L] = C- Cy + X then Ayeo IS
calculated by the substitution of [L] in Equatid®?) (G, Cy and A are known parameters). In the second step, for
fitting the curve of Aneoto that of As,p, minimization of SSR, sum of squared of residisaperformed by the Excel
Solver program and two adjustable parametgrarifiey,. are found. The results, which are summarized ablg

1), show the values of formation constants forahiesidered metal complexes.
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Figure3. Absorbance-mole ratio plot for Hg- bariumdie phenyl aminosulfunate, complexes at [M] = 468m, [BDAS] = 1.0 x 10" mol/L
in Methanol

Table 1. Formation constants and molar absorptivites of the metal complexes

Type of complex K emL SSR
Hg - BDAS 1.02x 10 | 2.71 x 1CG 1.22 x 18

SSR :Z (AExp - ATheo)Z

3.2. Effect of time on the reaction rate
As it was expressed in the method, to obtain optintime of the reaction, 1 ml Hg(ll) 0.01 m¢'Isolution, 1 ml
potassium chlorate 0.1 mol*.1 ml sulfuric acid solution 0.2 mol'Land 1 ml barium die phenyl aminosulfunate,
1.0 x 10" mol Lt are added to the volumetric flask 10 ml and byirgldistilled water. Absorption of so lutions
was measured in the 0-11 min interval of time. @heve mentioned operation was repeated for banitisol(the
solution without Hg(ll). Changes in absorption &®n the time at 30 centigrade degrees temperaterghown in
figure 4 . 4.5 min was selected as the optimum.time

0.7 1

045
0/
0/
0.3
0.2

Albdi

01
a

o 2 4 5 a8 10 12
Time {min)

Figure 4: The effect of time on the reaction rate
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3.3. Effect of sulfuric acid concentration on the ate of reaction

As it was expressed in the method, to obtain optinsulfuric acid concentration of the reaction, 1Hi(Il) mgL™
solution, 1 ml potassium chlorate 0.2 mét, 11 ml sulfuric acid solution 0.1 to 10 mol*land 1 ml, barium die
phenyl aminosulfunate , 1.0 x 4@nol Lare added to the volumetric flask 10 ml and byirgldistilled water.
Absorption of solution was measured after 4.5 rmitme above mentioned operation was repeated fok igalution
(the solution without Hg(ll)). As it is shown ingfire 5, the 0.2 molar concentration of sulfuricdasas the most
changes in the absorption, so that, it was selexgd@tle optimum concentration of the acid.
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Figure 5: The effect of sulfuric acid concentratio on the rate of reaction

3.4. Effect of barium die phenyl aminosulfunate orthe reaction rate

To inspecting The effect of barium die phenyl ansifunate, on the reaction rate, 1 ml Hg(ll) Oy L*
solution, 1 ml potassium chlorate 0.1 md, 11 ml sulfuric acid solution 0.2 mol'Land 1 ml barium die phenyl
aminosulfunate, 1.56x f0to 2.5 x 1G mol L™ are added to the volumetric flask 10 ml and bdfimagl distilled
water. Absorption of solution was measured aftérmlin. The above mentioned operation was repeatetdldnk
solution (the solution without Hg(I1)). The resuitee shown in and figure 5, based on those residits 10* mol L

! was selected as the desired concentration.
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Figure 5: The effect of barium die phenyl aminosulfinate, on the reaction rate

3.5. Effect of potassium chlorate concentration othe reaction rate

To inspecting the effect of potassium chlorate emm@tion, 1 ml Hg(ll) 0.01 mg t solution, 1 ml potassium
chlorate at different concentration 0.05 to 0.3 md) 1 ml sulfuric acid solution 0.2 molLand 1 ml barium die
phenyl aminosulfunate , 1.0 x t@nol L are added to the volumetric flask 10 ml and byirgldiistilled water.
Absorption of solution was measured after 4.5 ritme above mentioned operation was repeated fok ldalution
(the solution without Hg(ll). Results are shown figure 6, based on that results, potassium chloedte
concentration of 0.011 mollwas selected as the desired concentration.
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Figure 6: The effect of potassium chlorate, on theeaction rate

3.6. Effect of temperature on the reaction rate

At first put the cells including: Hg(ll), potassiuahlorate, barium die phenyl aminosulfunate, desdilwater and
volumetric 10 ml flasks in the thermostat to reachthe desired temperature. After they go to theildgium
temperature, 1 ml Hg(ll) 0.01 mg'Lsolution, 1 ml sulfuric acid solution 0.2 mof‘land 1 ml barium die phenyl
aminosulfunate, 1.0 x Z0mol L are added to the volumetric flask 10 ml and byirgldistilled water. Absorption
of solution was measured after 4.5 min. The aboesmtibned operation was repeated for blank solufibe
solution without Hg(ll)). As it is shown in figurg 35 centigrade degree was selected as the désimperature.
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Figure 7:The effect of temperature on the reactiomate

3.7. Effect of ionic power of the medium was also

inspected; potassium chlorate and potassium nitvate used for this purpose. 1 ml Hg(ll) 0.01 mpdelution, 1

ml potassium chlorate 0.1 molL 1 ml sulfuric acid solution 0.2 mol™.and 1 ml barium die phenyl
aminosulfunate, 1.0 x Z0mol L are added to the volumetric flask 10 ml and byirgldistilled water. Absorption
of solution was measured after 4.5 min. as we eanirs figure 8 results show that the effect of copower on the
reaction rate is neglectible, and can be ignored.
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Figure 8: The effect of lonic power on the reactiomate
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3.8. Calibration graph and reproducibility

Reaching to the standard curve of Hg(ll) in thectiem, the system went into the desired conditi®a.different

volumes of Hg(Il) (100 ng mt), 1 ml potassium chlorate 0.1 mof L1 ml sulfuric acid solution 0.2 mol'Land 1

ml barium die phenyl aminosulfunate, 1.0 x*1ol L™ are added to the volumetric flask 10 ml and byiragld
distilled water. Absorption of solution was measledter 4.5 min. the above mentioned operation ngpeated for
blank solutions. The examination/test was donéatedtigrade degrees. Results are shown figure 9.
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Figure 9: Calibration graph for Hg(ll)

3.9. Effect of foreign ions

The accuracy and reliability of this method wasleated by comparing the results obtained for threesaamples

by an AAS method. The results estimated by AAS apdctrophotometry are shown in Table 4. The results
estimated by spectrophotometry are much less apa@nto results obtain by AAS. It may be attributedhe
interference of foreign ions in the determinatidnn@ercury. The interfering ions. These ions magiifgre with
mercury(ll). In order to assess the potential analytiggllzations of the proposed kinetic reaction, thiuence of
foregn ions on the determination of mercury (ll)swavestigated [24-26]. The tolerated limits foe flons assayed
are shown in Table2, (was relative errors less 8% As can be seen, the proposed method is highbetive.

Table 2. Effects of the matrix ions on the recovees of the examined mercury (ll) ion (N=6)

lon Added As Tolerance Limit, mg I
Cl, K*, Na" KCI, NaCl 1000
Mg?',ca* chloride salts 800
cu** Nitrate salt 70C
HCO;™ NaHCGQ 1000
SCN KSCN 1000
PO NaPQy 400
Fe* Nitrate salts 300
CO? N&CO; 500
cr Nitrate salts 150
Mn?* Nitrate salts 250

3.10. Application

To assess the applicability of the method to reahfdes with different matrices, containing vari@amounts of
diverse ions were used. For accuracy and relighilft proposed method, spiking experiments and ieddpnt
analysis were used. The proposed method was applittte determination of total mercufl) in Tap water and
River water samples. In Table3 the results obtaiaed shown, and compared with those obtained bmiato
absorption spectrophotometry. The level of theyrdabns were found below the detection limit dated element.
The results of replicate three analyses of eactpkashow that the ions recoveries are almost giading with a
low RSD. The recovery of spiked samples is satisfgcreasonable and was confirmed using standaditical
method, which indicate the capability of the pragbsnethod for the determination of trace amountshete
elements in different samples.
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Table 3. Recovery of trace mercury (Il) from Tapwater and River water samples after application opresented procedure (N=6)

Added | Founded
Sample (ng El) (ng El) RSD % | Recovery %
0 103.3 1.1 .
Tap water 100 610 I -
River water 0 61.8 1.1
100 | 164.3 1.3 95.3
CONCLUSION

The proposed method is very simple, highly selectaensivite and reproducible for the determinatibmercury
(I1). The method also exploits low—cost instruméiota and overcomes the problems associated withiqursly
reported spectrophotometric method for the deteatiin of mercury [27-30]. The method is simple,ate can
be applied for the determination of analytes iniemmental samples [31,32].
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