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Abstract

Rhodamine 6G used as anion exchanger in organic phase for extraction and
spectrophotometric determination of Hg?* and Zn?* ions from HCI aqueous media after
conversion metal ions into chlorol complexes anion .The study include limitation
optimum condition for extraction such as , HCI concentration , metal ion concentration
shaking time as well as stoichiometry of ion pair complex extracted , organic solvent
effect , thermodynamic studies about extraction was endothermic for both metal ions ; in
addition to another studies and applications for determination analyte metal in different
samples .

Introduction

This study to rely on used liquid anion exchange method for extraction and
spectrophotometric determination of Hg?* as HgCls or HgCls™ and Zn?* as ZnCls~ by
used Rhodamine 6G (R6G) as ion exchanger in solution . Cd?* and Hg?* was extracted
from hydrochloric acid media with a-Naphthyl amine 4-Amino benzoic acid , 2-[(4-
carboxy methyl phenol )azo] -4,5-diphenyl imidazole and Cryptand (C222) and definition
of all parameters effect on extraction method [1]. Extraction of Ni (II) from H2SO4 media
by use sodium Diethyl dithio carbamat (SDDT) with organic solvents as well definition
optimum conditions for extraction and determination in environmental and vital samples
[2]. Spectrophotometric determination of mercury with Iodide and RhodamineB by
formation ion association complex [(Rhodamine B)*; (Hgls) ] in highly acidic solution
[3]. Trace amount of toxic such as(cadmium) was determine of spectrophotometer
method by using 2- dihydroxy anthraquinone -3- sulphonic acid , sodium salt .(Alizarin
red 5) as anew spectrophotometer reagent in acid solution H>SOs [4]. Bis
(salicylaldehyde) ortho phenyleuediamin (BSOPD) has been proposed as new analytical
reagent for the direct spectrophotometric determination chromium (V1) in acidic media
(0.1-0.3)M H2SOg4 with presence Tritonx-100 [5]. Extraction of Mn(Il) from sulphate -
acetato medium by bis (2,4,4 - tri methyl phenol) phosphoric acid dissolved in distilled
aliphatic kerosene has been investigated , the equilibration time more than 5min [6].
Norfloxaein using to form yellow colored complex at pH= 6 with maximum absorbance
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430nm ,molar obsorbtivity 2x10°L.mol cm™ [7]. Baking - Leaching - Solvent extraction
provcen was investigated to recover metal values from waste petroleum catalyst . Baking
of(Mo -Ni/AL20Oz) spent catalyst with H.SO4 followed by leaching of the baking man
concentrate [8]. N,N,N’,N'-tetra octyldiglycolarmide was applied for the extraction and
separation of Zr(IV) and Hf(IV) from nitric acid solution [9]. Measurements of the
partitioning of various alkali eather cations between solutions of hydrochloric acid and a
series of 1,3- dialkylimidazolium liquid (ILs) with a crown ether has added have revealed
substanticl differences in extraction be haviov [10]. Phosphonium ionic liquid are
frequently used for separation of metals ions ,Zn(ll) and Iron from chloride solution in
classical liquid-liquid extraction and polymer inclusion membranes[11]. Synthesis and
extraction properties of new lactam ionoporees . these lactam derivative were easily
synthesized via aminolysis of 2,2’-methylene bis (4-chlorophenol) dimethylester with
corresponding diamine compounds in methanol — dichloromethane solvent systems at one
step [12]. Solvent extraction of trivalent lanthanoids with 4-benzoyl-3-phenyl-5-
isoxazolone and tert-ButylCalix(4)arene Tetrakis(N,N-Dimethylacetamid) [13]. The
diamide N,N,N’,N’-tetraoctyldiglycolamide was applied for extraction of Ce(lll) from
nitric acid solutions , the equilibrium studies included the dependencies of Cerium
distribution ratio on nitric acid [14]. Extraction behavior U(VI) and Th(VI) from nitric
acid medium is investigated by using organo-phosphoran extractant .The effect of
diluents, nitric acid concentration as well as extractant concentration of U(VI) and Th(VI)
are evaluated [15]. A novel automated liquid/liquid extraction system was developed for
the determination of trace contaminants in unalloyed , alloyed , highly alloyed steel and
super alloys . In the presented batch extraction System the aqueous phase and the non-
water miscible organic phase were brought into close phase contact by high-speed
stirring with a magnetic stir bar [16]. The gol of this study to determination mercury (II)
and zinc (Il) in different sample by use R6G as complexion reagent by liquid ion
exchange affect determination the condition of formation stable ion pair complex .

Experimental

Apparatus

Shimadzn UVv- 1700 spectrophotometer (Japan) was used for absorbance
measurements , for shaking used HY- 4 vibrator with AD just about speed multiple

(Italy) .

Materials and Solutions

All chemical materials received from commercial sources with high purity and
used as received , Hg(ll) Img/ml aqueous solution was prepared by dissolving
0.1713gm of Hg (NOgz)2- H2O in 10 ml distilled water contain 0.5ml concentrated
nitric acid in 100ml volumetric flask , all another working solution prepared by dilution
with distilled water Rhodamine 6G solution in concentration 1x102M prepare by
dissolved 0.0479gm in 10ml chloroform and 10ml volumetric flask, and all another
working solutions prepared by dilution with chloroform Dithizone in solution 1x102M
prepared by dissolved 0.0256gm of Dithizone in 10ml CCls and volumetric flask and
other solution prepared by dilution with CCls aqueous solution of Zinc (II) prepared by
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dissolved 0.1gm of Zinc metal in 15ml hydrochloric acid HCI (1:1) and then complete
the solution into100ml with distilled water by use 100ml volumetric flask.

Adoption procedure

The ion pair complex of Hg (II) and Zn (II) with (R6G) prepare at optimum
condition giving maximum absorbance at Amax =481nm for mercury(Il) and Amax
=548nm for zinc(Il) with molar absorptive € =10798.5 L.mol*cm™?
for Hg(ll) but € =9403 L.mo™cm™ for Zn (II). for determination of Hg(II) and Zn (II) in
environmental and vital samples digest by moist method [17] ,after complete the aqueous
solution to 25ml ,for 5ml portion of sample solution added masking agent, as well as
added fixed concentration of hydrochloric acid HCI to conversion metal ion into anion
chlorol complexes and then added 5ml of R6G solution in chloroform at 1x10* M and
shaking to optimum time . after that separated aqueous layer from organic layer take
absorbance of organic phase at Amax =481nm for Hg(ll) and phase at Amax =548nm for
Zn(I) vis organic solution of R6G as blank after resort of calibration curve Fig(1)
determine amount of Hg(IT) and Zn(II) in the sample. and to the aqueous phase determine
remainder quantity Hg(Il) or Zn(II) according to Dithizone method [18] as well calculate
distribution ratio(D) depended calibration curve Fig (2). according to results at
Fig(1)show the method have.

Metal %RSD DL mol.L* S pg.cm?
Mercury(1l) % 7.078x107 2.117x10° 1.860x1072
Zinc(II) % 8.037x10°° 7.373%x10°° 5.909%x1073
2 -
¢ Hg & Hg
AZn AZn
3
<
0 é 10 1I5 0 20 40 60
ppm ug Hg?*and Zn2*

Fig (1) Calibration curve of Hg?* and Zn**  Fig (2) Calibration curve of Hg?*and
Zn?* with R6G in CHCls with Dithizone
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Results and Discussion

Effect of HCI concentration

5ml aqueous solution contain 60pug Hg?* or 30pg Zn?* with different concentration
of HCI at range (0.1-1)M after shaking for 5 minutes then added 5ml R6G solution
at1x10* M, shaking the two layers for 10 minutes organic phase at from aqueous phase ,
measure the absorbance of organic phase at Amax =481nm for Hg?* and Amax =548nm for
Zn?* vis R6G solution as blank ,but for aqueous phase determine remainder quantity of
Hg(II) or Zn(I) as well as calculate distribution ratio (D) according to Dithizone method
[18] obtained the results in Fig (3,4) .The results demonstrate optimum HCI concentration
was 0.8M for Hg(II) extraction but 1M for Zn(ll) extraction ,which is play to conversion
metal ion into anion chlorol complex reached to equilibrium for formation ,from other
hand giving the equilibrium for the anion exchange.
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1 - =4=Hg 85 - =4=—Hg
0.8 - =r=7n e=fe=17n
o L 891
< 0.6 - =)
< > 75
0.4 -
0.2 - 70 -
0 T T T 1 65 T T T 1
0 0.5 1 1.5 2 0 0.5 1 15 2
[HCI] [HCI]
Fig (3): Effect of Hydrochloric acid Fig (4): Effect of Hydrochloric acid
concentration on ion pair complex concentration on efficiency of
formation extraction

Effect of metal ion concentration

5ml aqueous solution contain range of metal ion (5-70)ug with 0.8M HCI and 1M
HCI for Hg(Il) and Zn(Il) respectively after shaking for 5minutes added 5ml of R6G
solution dissolved in chloroform at 1x10* M ,after shaking the two layres for 10 minutes
separate organic phase from aqueous phase ,determine absorbance of organic phase at
Amax=481nm  for Hg(Il) and at Amax=548nm for Zn(Il) vis R6G solution as blank,
determine remainder quantity of metal ion by dithizone method [18]. after that calculate
distribution ratio (D),as the results 50pug Hg?* and 40pg Zn?* which is giving more
favorable equilibrium and more stable ion pair complex formation according to
thermodynamic behavior of extraction method , metal ion concentration less than
optimum value not allow to reach thermodynamic ,equlibriun but when the concentration
more than optimum value that is effect to increase dissociation equilibrium according to
the lechatelier principle, and mass action low .
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Fig (5): Effect of metal ion concentration on Fig (6): Effect of metal concentration
on ion pair complex formation efficiency of extraction

Effect of shaking time

5ml aqueous solution contain 50ug and Hg?* 0.8M HCI , or 40 pg Zn?* and 1M
HCI shaking for 5mintes , added 5ml of 1x10* M R6G solution dissolved in chloroform
,after shaking for different time (5-25) min, separate organic phase from agqueous phase ,
determine absorbance of organic phas at Amax for each metal ion,as well calculate
distribution ratio (D) . giving the results as in Figs (7,8 ) show 10 minutes for extraction
Hg?* and 15 minutes for extraction Zn?* was the optimum skaking , shaking time less
than optimum not allow to reach thermodynamic equilibrium , but shaking time more
than optimum increase dissociation equilibria,and decrease complex formation and
distribution ratio.
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Fig (7): Effect of shaking time on ion pair Fig (8): Effect of shaking time
on complex formation efficiency of extraction
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Organic solvent effect

5ml aqueous solution contain 50pug Hg?* and 0.8M HCI or 40ug Zn?* and 1M HCI
shaking for 5 minutes , add 5ml of R6G solution dissolved in different organic solvents
differ in dielectric coustant , after shaking for 10 minutes to Hg?* and 15 minutes to Zn?*
separate organic phase from aqueous phase and determine absorbance of organic phase at
Amax for each analyt metal ion ,as well calculate distribution ratio (D) giving the results
as in Table (1) . the results illustrate there is not any linear relation between absorbance
of organic phase or distribution ratio (D) with dielectric constants but there is an effect
for organic solvent structure.

Table (1) : Effect of organic solvent on extraction method

Organic € Hg** Zn?*
solvents L.mol t.cm? AbS Amax = D ADS Amax = D
481nm 548nm

Nitro benzene 35.74 1.666 10.66 1.893 16.40
Amyl alcohol 15.8 1.659 10.43 1.818 14.38
1,2-DCE 10.65 1.895 13.32 1.606 13.29
DCM 9.08 1.875 12.19 1.740 14.69
Chloro benzene 5.708 1.275 8.27 1.122 8.90
Bromo benzene 54 0.885 7.88 1.244 9.50

Chloroform 4.806 0.547 5 1.350 10
Benzene 2.804 0.306 3.75 1.530 12.80
Toluene 2.438 0.331 4.22 1.320 9.80

Thermodynamic study

Extraction analyte metal ion at optimum condition at different temperature (5-
30)C°(278-303)K , after determine distribution ratio (D) calculate extraction constant Kex
according to relation.

Kex=D/[M2*][R6G]

The relation between Kex and temperature was endothermic for Hg?* and Zn?* as in
Fig(9) , and thermodynamic data was AH = 0.02485 K J mol™! | AGex = -52.890 K J mol 1
and AS = 174.637 J mol *K* for Hg?* but for Zn?* was AH = 0.02638 K J mol™; AGe=
-52.479K J moltand AS =173.286 J molK™.
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Fig (9): Effect of temperature on Extraction
Extraction constant Kex

Stoichiometry

Slop analysis method

At optimum condition extracted Hg(Il) and Zn(I) by different concentration of
R6G  dissolved in chloroform (1x10%-1x10°)M The slop value of straight line
relation Fig (10) show the ion pair complex extracted was 1:1 [R6G]* HHgCls™, [R6G]*
HgCls™; [R6G]HZNCls™ .
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Fig (10): Effect of R6G concentration on distribution
ratio (D) of extraction
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Slop ratio method

Extraction Hg?" ; Zn?* as chloro anion complex at optimum conditions with
constant R6G concentration 1x10™ from different concentration of Hg?* (1x10° -1x10"
M, but for Zn?* (1x10° - 1x10°M , from other hand constant extracted analyte
metal ion at optimum condition and constant metal ion concentration with different R6G
concentration 1x10° M to 1x10° M, giving the results in Figs (11,12) ,show the ion pair
complex extraction was 1:1 [R6G]*HgCls™ ; [R6G]* HgCls™ ; [R6G] *HZnCls™ .

2 ® Slop Hg=780.8 2 7 @ Slop Hg=750.8
15 - A Slop Zn=675.7 15 | ASlopzn=665.7
8 a8
< 1 < 1-
0.5 + 0.5 -
0 I T 1 0 T T T 1
0 5 10 0 2 4 6 8
[R6G] [Hg?*] and [Zn2*]

Fig (11): Absorbance as function of Fig (12): Absorbance as function of

R6G concentration mercury and zinc concentration

Methanol effect

Extracted Hg* and Zn?" at optimum conditions from 5ml aqueous solution
contain rang concentration of methanol (1% - 50%) by 1x10* M R6G dissolved in
chloroform giving the result in Figs (13,14 ) , show ethanol effect to enhancement
Extraction ion pair with maximum effect at 30% ethanol for Hg?" and 30% ethanol for
Zn?*
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Fig (13): Effect of methanol on ion pair Fig (14): Effect of methanol on
complex formation and stability efficiency of extraction

Effect of anion

Extraction Hg?* and Zn?* from 5ml aqueous at optimum conditions contain
different anion of electrolyte solutions with 1x10“*M R6G dissolved in chloroform the
results as in Table (2) , show all electrolyte salts effected to increase extraction as well
stability of ion pair complex with different degree.

Table (2): Effect of anion or extraction method

Anion Hg** Zn*
AbS Amax =481nm D ADbS Amax = 548nm D

SO4 0.617 8.8 1.36 11.4
NO3~ 0.644 20.95 1.48 16.3
CrO4 0.653 24 1.38 13.7
ClOs 0.639 15.7 1.42 14.6

[ 0.667 29 1.77 24.4
C204” 0.631 13.3 1.62 20.2
HPO4~ 0.626 10.9 1.56 18.8

Applications about determination of Hg?* and Zn?" in different samples

By used R6G dissolved in chloroform as spectrophotometric reagent determined
Hg?*and Zn?" in environmental and vital samples , After digested the sample according
to moist method [17] . after that dealing the sample as evident in adoption method , the
results demonstrated at Table (3).

124



AL-Qadisiyha Journal For Science Vol.19 No. 2 Year 2014
ISSN 1997-2490 Shawket K.\ Nadia M.

Table (3): Concentration (ppm) of Hg** and Zn?* in samples
environment

Sample Hg** Zn?*
Agricultural soil 0.460 36
Non Agricultural soil 1.040 12
Meat beef 0.056 4.100
Meat fish 1.300 3.200
Meat chiken 0.017 2.400
Brinjal 0.006 5.500
Banana 0.068 4.300
Apples 0.092 2.200
Water river 0.610 1.040
Water tap 0.007 0.780

All the results was identical to the results in apreriom study and by checking the amount
of elements in this samples by (AAB) optained the same values which prove the accuracy
of this method for determination was very high and good.

References

1- S. K. Jawad and S. M. Hameed , (2011) , Ibn-AL-haiytham Journal for pure and
Aplied Scienes V.3, No 2, p158-16 .

2- S . Touati , A.D. Kanoo and P. Nasack , (2012) , penanck Un . Malaysia Vol .8 ,p -1-
13.

3- AY. Yoonyloo , Y.P. Ei lay , M. G . Kutty , O. Timpe , M. Behrens and S. R. A.
Hamid , (2012) , "Spectrophotometric Determination of Mercury with lodide and
Rhodamine B", Sains malaysiana 41, 2,213 —218.

4- M. R. Ullah and M . E. Haque , (2010) ," Spectrophotometric determination of toxic
elements (CADMIUM) in aqueous media", Journal of chemical Engineering . IEB. Vol
ChE 25 ,No. 1-12.

5- R. Soomro, M. J. Ahmed and N. Memon , (2011) ," Simple and rapid
spectrophotometric determination of trace level chromium using bis (salicylaldehyde)
orthophenylenediamine in nonionic micellar media”, Turk J.chem. 35,155-170 .

6- R.K. Biswas and M.S.Rahman , (2011) ,"Solvent extraction of manganese from
sulphate-acetato medium with cyanex 272", Indian Journal of chemical Technology Vol-
18,pp372-380.

7- D.N. Reddy and K.N. Reddy, (2011), " Derivative spectrophotometric determination

125



AL-Qadisiyha Journal For Science Vol.19 No. 2 Year 2014
ISSN 1997-2490 Shawket K.\ Nadia M.

Of Zn(ll) in Biological and Pharmaceutical samples by using Norfloxacin " ,
Interntional Journal of Analytical and Bioanalytical chemistry 1 (3), 77-81.

8- K.H.park , H.I.Kim , P.K.Parhi , D.Mishra , CW.Nam , J.T. Park and D. J. Kim ,
(2012) , " Extraction of metals from Mo—Ni/A;203 spent catalyst using H.SO4 baking-
leaching-solvent extraction technique”, Journal of  Industrial and Engineering
Chemistryl18 ,2036-2045.*

9- AS.Saleh , (2012) ," Solvent extraction of Zr(IV) and Hf(IV) with N,N,NO,NO-
tetraoctyldiglycolamide™ , J Radional Nucl Chem , 292: 1109-1114.*

10- S. L.Garvey, C.A. Hawkins,and M.L.Dietz ,(2012)," Effect of aqueous phase anion
on the mode of facilitated ion transfer into room-temperature ionic liquids”, Talanta .95
,25-30.*

11- M.R.Rosocka, L.Nowak and M.Wisniewski, , (2012) , " Removal of zinc(Il) and iron
ions from chloride solutions with phosphonium ionic liquids”, Separation and
Purification Technology 97,158-163.*

12- S.Ertul and H.Azak , (2011) , " Effect of macrocyclic lactam receptors on extraction
of heavy metals and chromate anions”, J Incl phenom Macrocycl Chem 70, 153 -159.*

13- M.A.Petrova, V.I.Lachkova,N.G.Vassilev and S.G.Varbanov , (2010) , "Effect of
Diluents on The Synergistic Solvent Extraction and Separation of Trivalent Lanthanoids
With 4-Benzoyl-3-Phenyl-5-Isoxazolone and tert-Butylcalix[4]Arene Tetrakis (N,N-
Dimethyl Acetamide) and Structural Study of Gd(lIl) Solid Complex By IR and NMR",
Ind. Eng. Chem. Res., 49, 6189-6195.

14- E.Metwally,A.S.Saleh, S.M.Abdel-Wahaab,and H.A.EI-Naggar ,(2010), " Extraction
behavior of cerium by tetraoctyldiglycolamide from nitric acid solutions”,J Radioanal
Nucl Chem 286,:217-221. *

15- S.Biswas , K.N.Hareendran , D.K.Singh , J.N.Sharma , and S.B.Roy , (2010) ,
"Extraction of U(VI) and Th(IV) from nitric acid medium using tri(butoxyethyl)
phosphate (TBEP) in n-paraffin®, J Radioanal Nucl Chem 283, 665-668.*

16- H.Wiltsche , K. prattes and G. Knapp , (2011) , "A novel approach for an automated
liquid/liquid extraction system-principle and application for the determination of several
trace contaminants in highly alloyed steels and base alloys”, Anal Bioanal Chem
400,2329-2338.*

17- H.Slam , E.Yang , X.He and Z. Mahood , (2007) ,"Assessing potentied dietary
toxicity of heavy metals in selectetd vegetables ",J. Zhejiany univ.Sci 8 (1), 1-13.

18- Z.Marczenko, (1986) , "'Separation and Spectrophotometric ~ determination of
elements™, Allis Horoodo Limited.

126



AL-Qadisiyha Journal For Science Vol.19 No. 2 Year 2014

ISSN 1997-2490 Shawket K.\ Nadia M.
*Iraq's Virtual Library.

oaala b g (e (T1) G il g (T1) GBSl Oa Ag g Sile cilpas! Adal) pyail)*
R6G 4kl g3 HCI

2013\5\21 : Jsadll G 2013\3\3 : pdiu) Gl

aloca (53¢ Aol - ) g2 ABBIS S 9
sl anad - liall Ay ) A0S - 48 o<l) Anala

ALadAL

A s (I1) Om S5 (IT) Bi5OU (el il 5 DALY (8 Sl (53] Jalial) A Caandii

Al jall a8 sl 4 Al il W) Ja a5 b gl Jolie () 4l a3 223 Rhodamine 6G plaai)
i A jall et aly ZnCly , HOCls™, HYCly™ <l slS s sael) aala Jan 5 (Al IS Cilaias
Gl s 5 el pranla 38 55 Jhe Al (385 (DAl dlee (o B il Jal gl 5 () iy ) AdS
Gl 5 Al 50 () Adlal Galitid) dieal) (a5 Al o Sy # 0 a5 g3l G 51 3 555 HC
(Al pall a8 Gy puaiall dphall jaEll 8 A Baakaiy (aBlATLY dland 4Saalinn g 5 Al 53 5 (5 sudand)
) " " Al Azl

A Galll iaabe Ul (e S Cagd)

127



