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CHAPTER I

INTRODUCTION

1.1 Statement of the problem

The main drawback of heavy metals separation from water using conventional
cation exchange resin is low selectivity. The development of the modified resin or the
complexing resin can improve the selective separation of heavy metals from water.
The anion exchange resin_loaded withJcomplexing ligands has been interesting for
many years. The advantage of complexing resin 1s not only selective sorption of
heavy metals but also preeongentration o¥ many trace heavy metals [1-4].

The complexing ligands possessmg anionic groups in their molecules come
into contact with the anionic gesin by means of anion exchange process. In particular,
the binding sites such as Oy N and Sin ﬂ_‘re}r molecules can chelate with metal ions.
The complexing ligands such asf J-trisodium 2-(p-sulfophenylazo)-1,8-
dihydroxynaphthalene-3,6- dlsulfonate 153 tetrg{kls (4-carboxyphenyl) porphyrin [6],
and 1,8-dihydroxy-2-(pyrazol- S-ylazo) napﬁthalene 3,6-disulphonic acid [7] were

loaded onto surface of anion exchange resin for separatlon and preconcentration of

heavy metals from water samples. Fortunately, dithiocarbamates are bidentate anionic
ligands, offering two sulphur donor atoms (illustrated in Figure 1.1) and formed stable

complexes with a large ntimber of elementsg[§-10].

R, R"=H, Alk, Ar

Figure 1.1 Chemical structures of dithiocarbamate derivatives.



From the anionic properties and their dithiocarbamate complexes, we attempt
to modify dithiocarbamate ligand onto anion exchange resin since the selectivity and
preconcentration of trace heavy metals from water become to inspiration of this

thesis.

1.2 Research objectives

The aims of this work were focused on the modification of anion exchange
resin with bis(sodium dithiocarbamate) piperazine as complexing ligand containing
selective binding sites to heavy metals. Nexi the complexing resin was applied for

separation and preconcentration of trace metals fromreal water samples.
1.3 Scope of the research

The scopes of this® work were -’f[h@_ synthesis ‘and characterization of the
complexing ligand by FT-IR spectroscd'p_y and 'H-NMR spectroscopy. Then, the
loading conditions of complexing ligand o"r"itca)'- anion exchange resin were studied in
parameter of solution pHj loading tilne-:_,':__'far}_(_i complexing ligand concentration.
Afterwards, the sorption of heavy metals su_fch:.é‘s Ag(I), Cu(Il), Pb(Il) and Au(IIl) on
complexing resin were studied under stati;:- anzi dynamic methods. In static method,
parameters such as sotution pH, sorption time, concentration of metal ion solution and
interfering ions were studied. The parameters of the flow rate of metal and eluent
solution, sample volume, and reusability of complexing resin were evaluated in
dynamic method!

Furthermiore, the optimum conditions of this method were applied to real

water samples as tab, water-and-seawaterjwith spiked method.

1.4 The benefits of the research

The selectivity and the enrichment of trace heavy metals were achieved using

a new complexing resin before determination by FAAS.



CHAPTER Il

THEORY AND LITERATURE REVIEWS

2.1 Dithiocarbamate derivatives

Dithiocarbamates are wide in several fields, e.g., agriculture as

fungicides and pesticides, in nic synthesis, radio protectors in

pharmaceuticals, vulcanizi i némistry and chelating agents in
. . T ——

material chemistry [1 1-19/|—.—.-'

sometimes achieving
examples of their appli
dithiocarbamates are oft
inction of thermal decomposition

and decomposition mechanigm hiocarbamates in acid media were seriously
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Table 2.1 The dithiocarbamate derivatives modified onto various solid materials and their applications

Dithiocarbamate derivatives Type of modification Type of'solid material Application Ref.
N-(2-aminoethly-3-aminopropyl) Immobilization Silicalgel Adsorption of heavy metals [20]
dithiocarbamate |
Sodium dithiocarbamate Grafting Poly(styrene-g-ethylene glycols) Adsorption of heavy metals [21]
Benzyl dithiocarbamate Grafting Polystyrené microspheres Selective removal of Hg(II) ion [22]
Uni-dithiocarbamate Grafting Silica.gels Extraction of Co(II) [23]
Polydithiocarbamate Immobilization Polystyrene resin Preconcentration and removal of trace ~ [24]
heavy metals from waters
Polydithiocarbamate Grafting Macroreticularresin Preconcentration of trace Mn(II) [25]
‘ " ' from mineral and tap water
Tris-dithiocarbamate Grafting Sslida geli-Sdda Selective extraction of Hg(II) ion [26]
Sodium salt of dithiocarbamate Grafting Silica gel- /=22l Removal of Hg(I) [27]
Morphiline dithiocarbamate Impregnation Bagasse — Preconcentration of trace heavy metals [28]
- o= from natural waters
Poly(acrylaminophosphonic) Ton-exchanger Polyacrylonitrile fiber Preconcentration of rare earth element  [29]
dithiocarbamate : from seawater
Hexamethyleneammonium- - Amberlite XAD-16 resin Preconcentration of trace metals from  [30]
hexamethylenedithiocarbamate seawater and wastewater samples
Pyrrolinide dithiocarbamate - C,g-bonded Silica gel Preconcentration of trace metal from [31]
seawater
1-Benzylpiperazinedithiocarbamate : Mierostalling naphthalene Preconcentration of Cd(II) from water ~ [32]
samples
Sodium diethyldithiocarbamate Immobilization Silica gel Preconcentration of trace metals from  [33]
aqueous solution
Pyrrolidinedithiocarbamate and Tipregnation Ambetlite XAD-4 resin Preconcentration of trace metals from  [34]

piperidinedithiocarbamate

saline matrices
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2.2 Anion exchange resin

Anion exchange resins are spherical beads consisted of a network of cross-
linked polymers containing functional groups with fixed cations that are positive
charges located on each functional group along the resin surface. The functional
groups on the surface of resin such as chloride ion or hydroxide ion that can be
exchanged negative ions with negative charge of analyte ions in the bulk solution.

When the anion exchange resi ated with A") is immersed in solution,

there is a tendency for A" to di olution and B’ into the resin because

of the concentration differ and the resin phases. The anion

exchange mechanism is s

A @.1)

where R™ = ati he resin surface
A = e n group on the resin surface
B = thea i0

e

The types and functional groups of anion exchange resin are summarized in
P T 3-;_
[able 2.2.

7 m
AU INENINYINS
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Table 2.2 The types of anion exchange resin [41]

Strong anion exchange resin Weak anion exchange resin
Functional - [N(CH;)s]" - NR,
groups - [N(CH3),C,H40H]" -NHR
- NH,

——CH—CH,—CH—CH,—CH——

——CH—CH,—CH—CH,—CH~77 @ @ @
Structures O CH;NH,  CH,NH,  CH,NH,
——CH—CH,—CH—CH,—CH——
CHSNR; " OH#CH,NR4"OH CH,NR; OH-
1

Y CH,NR, CH,NR, CH,NR,

Trade Amberlit€ IRA-400, 401,402, 405" Amberlyst 21
names Dowex -1,11 i 2 Dowex A-1, M-43, Monosphere77
MP-600 - Duolite 43

Zeo-Karb 226 Lewatit MN

Modification of complexing ligand onto anion exchange resin

In general casepif we separatetheavy metals fromareal-water sample using ion
exchange resing the cation exchafige resin is’ uSually conSidered but the cation
exchange resin often gives low selectivity,. So, the modification 0f anion exchange

resin with compleXing ligand to improve the'selectivity of-heavyimetals is interesting.

The modification of resin depends on the physical and chemical properties of
the exchanging ion and resins. The nature of the resin is one factor to influence the
selectivity of modified resin including the type of functional groups on the polymer
chains. The complexing ligand loaded onto resin depends on various factors such as

the ability of the ion-exchangers and solution pH. The characteristic property of



complexing ligand loaded onto resin consists of an ion-exchanger with the resin, the

selectivity of the analyte, and the physical adsorption on the resin matrix.

The preparation and regeneration pathways of anion exchange resin with

terfunctional properties of complexing ligand are shown in Figure 2.1.

The complexing ligands containing terfunctional properties such as Alizarin

Red S, Bromopyrogallol, Napthol blue

black, 8-hydroxyquinoline-5-sulfonic acid and
i ‘ e resin are shown in Figure 2.2.
Furthermore, other complex g ligand iilBismuthiol IT and 2,9-dimethyl-
ure 2.3) can be successfully
loaded onto anion exchangete ese modified resins had excellent selectivity and
they could be used to pre€ s0me heavy ﬂss; They also showed higher

recoveries than those of resing g\

¢ donor sites on surfaces of

AU INENINYINS
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R-N",CI' ;4 X-R -SOjNa" 7 R-N'SO; -X + Na',CI
Anion-exchange : - I|{’
resin
Loaded anion-
exchange resin
l Y (analyte)
R-N'SO; -X R-N'SO; -X-Y

o
R
Regeneration of
loaded anion-
exchange resin

~ |
\\
R’

l

LCI + X-R -SO;Na"  + Y

Fanion- Complexing ligand Recovery of Y
g2C 1C! in

d

-------- physical interaction
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Table 2.3 Applications of loaded anion exchange resin with several complexing ligands

1"

Anion-exchange resin Complexing ligand Metal ions Appli¢ations Method of Ref.
determination
Dowex 1X-8 Alizarin Red S Cu(lh»Ma(l), Separation and preconcentration of Cu(II), AAS [44]
Zn(1b) . Mn(1II) and Zn(II) in saline samples
Amberlite IRA 400 SPADNS CudT) andyF (== Preconcentration of Cu(Il) and Fe(III) in AAS [45]
\ deinking water
¢
Amberlyst A-26 Thoron Fe(11) “Separation and preconcentration of Fe(III) AAS [46]
from Cu(l1), Ni(11), Zn(II), Ca(II) and Mg(I)
1;1 ﬁgtural water samples
Dowex 2x4 Pyrocatechol violet Sn(1V) l?gT_e__éo!ncentration of Sn(IV) in a nickel sample =~ DCP-AES [47]
Amberlite IRA 400 Bismuthiol 1T e SntRa—— Selective collection of Se(IV) from Spectrofluorometry  [48]
environmental water
Dowex 1x4 BCS Hg(I) Selective collection of Hg(I) in natural water Neutron activation  [49]
samples analysis
Amberlyst A-26 Tiron Ag(I), Co(ID), Separation of heavy metals from water AAS [50]

Ee(Ih), Cd(Ih)

samples

BCS = 2,9-Dimethyl-4,7-diphenyl-1,10-phenanthroline
SPADNS = trisodium 2-(p-sulfophenylazo)-1,8-dihydroxynaphthalene-3,6-disulfonate

I


nkam
Typewritten Text
11


12

For the chelation of the metal ions on the surface of complexing resin, there
are many factors such as suitable extraction condition, the nature of donor sites of

complexing resin, and geometrical structure of the complexes to be considered.

In case of the nature of donor atoms of complexing resin, the donor atoms
such as nitrogen, oxygen and sulfur are usually observed. In general case, the order of
soft Lewis base is S > N > O. The complexes between metal ion and donor sites of
complexing resin refer to hard-soft acid-base principle as hard likes hard and soft

likes soft [51]. The hard-soft acid-base definitions are summarized in Table 2.4.

Table 2.4 Definition and éxamples of hard-soft acid-base

Acid | Base
Hard - high posifive eharge, small size, - high electronegativity and low
low polagizability A | polarizability
) Mn2+, Cr3+, Fe3+, Ti4+, Vo 4 F",OH", NO;, CI', SOi_
Borderline - Intermediate behavior 94 Intermediate behavior
-CuF NI, cot Tz Fe”":"f ., -N;. NO;, NCS™, SOF”
Soft - low positive charge, large siz_cg - low electronegativity and high
high polarizabirlitry e polarizability
- Au’, AG'. Cd™", Hg™, Pd™ 1, CN/, SCN™,CO, R,S, RSH

2.3 Heavy metals in the environment

Heavy /metals, are:mobilized tby tvarious physical] hemical Jand biological
circulations so the mobility of heavy metals in the environmental Tedia has been
important factor. The mechanism including sorption process, redox reactions and
speciation of heavy metals are studied. These processes are controlled by chemical

driving factor such as pH, redox potential and chemical species formed.

In this section, the metal ions as silver ion, copper ion, lead ion and gold ion
are represented in a detail of physical and chemical properties, common oxidation

states in natural, main resources and toxicity.
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2.3.1 Silver

Silver is a lustrous and bright white metal, which is ductility and malleability.
Silver has atomic number of 47, an atomic weight of 107.87 and a specific gravity of
105¢g cm™. Silver is found in four oxidation states in nature: 0, +1, +2 and +3, that is
commonly in occurring 0 and +1 while the oxidation state of +2 and +3 are rarely.
Ag’ is very reactive and forms stable complexes with negative binding sites in
suspended soils and sediments.

The most important sources of silver are metallic Ag, argentite (Ag,S) and
silver chloride (AgCl). Other sources of silvcisare found nearly electrolytic copper
refining and smelting of Nickel ores. In the main industrial, silver was used for
photographic manufacturing; this amounts to more than 40% of the world’s total
silver requirement. It’s used for glectrical contacts and conductors, catalysts, batteries,
sterling ware, jewellery, silverplate, mirrors and others. The main toxicity of silver is

an influence by chemical spegiation, sucB‘ as water hardness, pH, alkalinity, chloride
d

ions (Cl7) and dissolved ©rganic carbon (DOC) In humans, silver is relatively

nontoxic. The prediction of Eh-pH stablhty ﬂeld for silver is shown in Figure 2.4.

vl

e My

- Condition: Ag-C1-S-O-H

P, =1bar,25%C

pH
0 2 4 6 8 10 12, 114

Figure 2.4 Predicted Eh-pH stability field of silver, modified from Bradl, H. B. [52].

2.3.2 Copper

Copper is a reddish, malleable, ductile metal with very good heating and
electrical conductivity. It belongs to group I-B of the periodic table, which has an

atomic number of 29, an atomic weight of 63.55, a melting point of 1083 °C and
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a specific gravity of 8.96 g cm™. There are two natural isotopes, **Cu and *Cu, with
relative abundances of 69.10% and 30.90%, respectively. The oxidation states of
copper are occurring +1 and +2. For the +2 state, it is isomorphous with Zn*", Mg*"
and Fe?". Copper can be formed with variety of sulfides, sulfates and carbonates. The
main resources of copper are copper fertilizers (for example CuSO4-5H,0, CuO,
Cu,0 and CuSO4-3Cu (OH);) which are widely used in agriculture. Copper is widely
used for wire production and in electrical industry. Other applications are
kitchenware, water delivery systems, fertilizers, bactericides and fungicides and feed
additives.

In aquatic systems, the free Cu” 1on48 censidered because it has toxicity form
of copper to aquatic life more than the complex forms. The concentrations levels of

copper in various environmentalimedia [52] are shown in Table 2.5.

Table 2.5 Commonly obsefved copper coneentrations (mg L) in various

environmental media

Material Ayerage concentration Range
Igneous rocks L28~al 80 —200
Sandstone 30 2y 6—46
Limestone 6 TS 0.6-13
Shale and clay -~ 23 - 67
Coal 17 1-49
Fly ash 185 45 - 1452
Sewage sludges 690 100 — 1000
Soils 30 2-250
Freshwater (ng L) 3 02-3
Seawater (pg L) 025 0.05-12
2.3.3 Lead

Lead is a bluish-gray metal, malleable, ductile, a poor electrical conductivity
and very resistant to corrosion. It belongs to group IV-A of the periodic, which has an
atomic number of 82, an atomic weight of 207.2, a melting point of 328 °C and a

specific gravity of 11.4 g cm™. They occurs four stable isotopes, ***Pb, **°Pb, **’Pb
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and 208Pb, with relative abundances of 1.48%, 23.6%, 22.6% and 52.3%, respectively.
There are two oxidation states, +2 and +4. Mostly is found the +2 oxidation state in
inorganic compound.

Species forms of lead depend on pH. At low pH values, lead performs
hydrolysis reaction and displays multiple hydrolysis reactions. Above pH 9, the
formation of Pb(OH), is important, while as pH range 6-10 the formation of Pb(OH)"

is predominant. The species distribution of lead as a function of pH is illustrated in

Figure 2.5.
100
e\"/
= 80 —
_§ Pb(OH);
2 60 —
=
6
3
2, 20 —
0 - pH
0 14
e
Figure 2.5 Species distribut; lead as.a function of pH, modified from
=.",’ 527 f
W '
The concentratEns levels o ariou envi@nmental media [52] are

shown in Table 2.6. ¢
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Table 2.6 Common values of lead concentrations (mg L) in various environmental
g

media

Material Average concentration Range
Igneous rocks 15 2-30
Sandstone 7 1-31
Limestone 9 -
Shale 20 16 - 50
Coal 16 up to 60
Fly ash 70 21-220
Sewage sludges ) 1832 136 — 7627
Soils agricultural - 2-300
Freshwater (ng L) 3 0.06 — 120
Seawater (ug L) . 0.03 0.03 - 13

2.3.4 Gold

Gold is a metallic yellow; bright 11'1'sftrer,r ductility and stability in air. Metallic
gold also has high electrical and conductivity-p%bperties that lead to widespread use in

industries. List of some physical properties of gold is.shown in Table 2.7.

Table 2.7 Physical properties of gold

Physical properties

molar atomic weight 196,967 g mol 7
melting point 1064 °C
boiling'point 2808 ?C
density(at 20 °C) 19.32 g cm™
electrical resistivity (at 20 °C) 2.35 uQ cm
electronegativity 2.4

Gold is a soft metal and is found in oxidation states from -1 to +5. Main forms
of gold ion like aurous (Au'") and auric (Au’") oxidation state. The coordination

number of aurous ion is usually found of 2 and the complex of this ion is a linear
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geometry. In the case of auric ion, the common coordination number of 4 and a square
planar geometry were always found [53].

Although the stability complexes of gold ion and ligands have in a wide
ranges. The stability of gold complexes is related not only the complexing ligand

properties, but also more specifically to the donor atom of the ligand that is bonded

directly to the gold atom. In water, Au'" and Au’" can form complexes as Au(H,0):

and Au(H,0);", respectively, although they are generally represented as Au’ and

Au’". In chloride media, the distribution species forms of gold as a function of pH are

differently as shown in Figure 2.6.

24
2.0
1.6
1.2~<

0.8 =

AuCl4'

041 .t 1N \

reduction potential (V)

0.4

0.8
127
1.8

pH

Figure 2.6 Diagram of the Au-H,O-chloride ion system at 25:°C when [Au’"] = 0.01
mol L™ and [CI] = 2.0 mol L', medified from Finkelstein, N. P. and
Hancock, R. D: [54].

2.4 Solid phase extraction
Solid phase extraction (SPE) is one of useful sample preparation technique for

isolation and concentration of analytes from a gas or liquid by their transfer and

sorption on the solid surface. The SPE method is more efficient than LLE with several
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advantages such as, yields quantitative extractions, enrichment of analytes, easy to
operate, automation and reduction of lab times.
SPE method consists of four main steps: conditioning, loading, washing and

elution, respectively (illustrated in Figure 2.7) [55].

Washing/ Loadi " .
Conditioning -03ding  Washing  Elution
Ai:D:.oog,l
0, |
(TDF' s g o -
!
[
i | | -
i { hd | |
- -
— ; SR

|

L

|

|
#
£

® impurity, e partitioning con,lpo‘nenf.:i Ainterfering ecomponent and o analyte
’ :! ]

." ]

Figure 2.7 Four typlcaf steps of SPE method.

A ..I'...

¥ d e _ y ,1:.1
The first step, an approprlate solvent—ls used to condition on the solid sorbent,

and to remove the initial 1mpur1t1es on the sorbent surface or the packing material.

The second step, the s‘ample 1s throughout onto the solid sorbent. During this step, the
analytes are accumulated on the sorbent surface. The solid sorbent (that is saturated
with the analytes) is washed with an appropriate solvent in the third step. The
appropriate solvent should| be lower' elution strength "and’can eliminate matrix
components on ‘the surface of sorbent. The last step is elution. The analytes (sorbed on
solid sorbent)~are~elutedy by .an japprepriate seluent, pwithouty eluting of matrix
components. The analytes in the final step continue to the detector for quantitative

determination.
2.5 Adsorption isotherm
For the characteristic adsorption behavior of the analytes onto sorbent surface,

the adsorption isotherm is considered. Adsorption isotherm is defined that the analytes

are contacted with the sites surface of sorbent in an aqueous phase under
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thermodynamic equilibrium. The surface coverage of analytes to sorbent depends on
the enthalpy of adsorption. There are many types of isotherm (such as Langmuir
isotherm or Freundlich isotherm) which are based on different assumptions in each

model.

In this subheading, the Langmuir isotherm for sorption behavior of analytes

onto surface of sorbent is explained.

The Langmuir isotherm is a model'to predict the analytes in a gas phase or an
aqueous phase accumulated onto sorbent Sutfae€ in a monolayer adsorption on the
pressure of the gas above the Surface at-a.constant temperature. The Langmuir

equation [56] is representedsin gquation 2.2,

C .7_ # 1 C (2 2)
—_— Ly .
N f _-J QN Sf N Sf

In this expression, C isl the residual dbijcéntration (mol L") of the analyte at
equilibrium, Nt is the mole of analyte pér— gram of sorbent, N°% is the maximum
sorption capacity of the sorbent and b = Keﬁj\;vhere “a” represents the activity of the
solvent in solution. By plottihgﬁCVZ/Nf Versu-s. E_Ei_ll-ustrated in Figure 2.8), the linearity

of model and the sldpe‘of 1/N% are obtained.

CIN;

Figure 2.8 The linearity from Langmuir isotherm.
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2.6 Flame Atomic Absorption Spectroscopy (FAAS)

Flame atomic absorption spectroscopy (FAAS) is one technique which is used
to determine the quanlitative and quantitative analysis in a milligram per litre of
concentration level of analyte in a liquid sample. The metal ion is separated and
mixed as an aerosol by combustible gases such as acetylene gas and air, or acetylene
gas and nitrous oxide. The mixture is ignited in a flame under temperature between
2100 to 2800 °C. During combustion,,metal atom in the sample is reduced to the
atomic state and a light beam from a hallow cathode lamp of analyte is working
through the flame into a monechromator and+detector, respectively. The common

instrument is shown in Figure 2.9.

lens lens detector
R A ) it | _:
: @- é I& monochromator
hollow atomized
cathode lamp sample

readout | | amplifier

i

Figure 2.9 General atomic aBsé#ption spectrometer [57].

However, FAAS has a restriction in a poor detcction limit than the other
techniques such as inductive couple plasma (ICP) and mductive couple plasma-mass
spectrometry (ICP-MS)., The limits ,of detection of EAAS are shown in Table 2.8.
Therefore, a good~“choice fo impreve this problem requires a sample preparation
method such as solid phase extraction, co-precipitation, and coagulation because their

methods have an entichment of analyte.
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Table 2.8 Detection limits of FAAS [58]

Element Detection limit (mg L)
Al 0.03
As 0.10
Cd 0.001
Cu 0.002
Fe 0.005
Hg 2\ 0.50
Mn W/ .002
Mo |

Ni

Pb

Sn

Zn

)
_.j
[
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CHAPTER Il

PREPARATION OF PIPERAZINEDITHIOCARBAMATE
ON ANION EXCHANGE RESIN

In this chapter, we attempted to synthesize the piperazinedithiocarbamate as
complexing ligand and to characterize the synthesized product, followed by the
loading of the piperazinedithiocarbamate ontean anion exchange resin. The effect of
loading parameters such as'pH, loading time aind-eoncentration of complexing ligand

was investigated. Moregvery-the stability of the ecemplexing resin after loading was

also studied in coexisting aniensmedium such as NO7 and CI .

3.1 Chemicals

All chemicals werg of analytical gréde"and listed in Table 3.1. They were used

without further purification unless 6therwise fioted.

Table 3.1 Chemicals, list e

Chemicals Supplier
Acetone Fisher Seientific
Amberlite IRA 402 anion eXehange resin Fluka

Carbon disulfide MERCK!
Deuterium oxide Eluka
Diethybether MERCK
Hydrochloric acid 37% MERCK
2-Propyl alcohol CARLO ERBA
Piperazine anhydrous MERCK
Potassium bromide MERCK
Sodium chloride CARLO ERBA
Sodium hydroxide MERCK

Sodium nitrate CARLO ERBE
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3.2 Synthesis of bis(sodium dithiocarbamate) piperazine and its

characterization
The bis(sodium dithiocarbamate) piperazine or piperazine dithiocarbamate

was prepared with adaptable method of Fabretti et al. [59]. The synthetic pathway is

shown in scheme 3.1.

Na*§" S
NaOH / \
NH NH + CS, P N N
\ / Ether / C3H50H \ /

S S"Na*

piperazine bis(sodium dithiocarbamate) piperazine

Scheme 3.1 The syathctie pathway of bis(sodium dithiocarbamate) piperazine.

A mixture of piperazine anhydrof_l:s (1.0 g, 11.6 mmol) and 50 mL of diethyl
ether in a 250 mL twosnecked round bot‘fo_r.na flask was stirred under nitrogen gas at
room temperature for 1 . Then, a mixture_;_;of 2-propyl alcohol (30 mL) and carbon
disulfide (5 mL, 6.3 mmol) was -added di;cgp.xyise, followed by 10 mL of sodium
hydroxide solution (1.0 g, 25.0 mmol). The;er_a_‘rc_tiron mixture was continuously stirred
over 5 h. The crude!product was purified by recrystallization in acetone and the
crystal white product Was obtained (1.8 g, 6.4 mmol, yield'= 55.2 %, melting point =

247.5-250 °C decompose). The product was kept in a desiccator.

The charactetization of the complexing ligand was garried out on UV-Vis
spectrophotometry (HP 8453, Hewllet Packard), Fourier Transform Infrared
spectroséopy. (Nicolet, Tmpacti410) in transmittance ' mode” between 500-4000 cm™
with KBt pellet technique and "H-NMR spectroscopy (Varian Mercury plus 400) in
order to determine its chromophore, functional groups and molecular structure,
respectively.

The absorption spectrum of the synthesized product in deionized water is
shown in Figure 3.1.

This complexing ligand showed the maximum absorbance in the ultraviolet

regions at 283 nm and 265 nm, respectively. These two absorption bands were owing
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to a transition of the unshared electron pairs of the dithiocarbonyl sulfur which is

characteristic of the NCS, group [60].

absorbance
1.0 ~

0.8 1

0.6 1

0.4 -

0.2 1

o ///9&%\\\‘ i

Figure 3.1 Absorption spg & ’\\ \

(4.0 x 10 mol L)/ ""

rer

The FT-IR spectra of coniplexing 1
illustrated in Figure 3.2. ﬁ']T‘ + 778

_'
i ‘VIEWI?WEI '

~ EN-C=S

in deionized water at pH 7.0

N\

in comparison with piperazine are

w%T
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Wavenumbers (tm-1)

Figure 3.2 FT-IR spectra of (a) complexing ligand and (b) piperazine.
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The most important absorption bands of complexing ligand found at around
940 and 1500 cm™ were attributed to the C=S group and N—C=S partial double bond
stretching, respectively, which were similar to the previous researches [61-62]. In
addition, a characteristic band of dithiocarbamate in the range of 1450-1580 cm’
contributed to N—C=S stretching defined bond order between a single bond and a
double bond.

ed at the chemical shift of 4.30

abundances of hydrogen atoms in t ;Eroup of piperazine. The singlet

ppm, meanwhile the chemical shift esented at 3.00 ppm as shown

in Figure 3.4.

. pu a ~ o
TRARIATUHARIYY ¢
: ) G I oY T T 1
10 af g 7 5 5 4 z i 1 0
Ealgy

Figure 3.3 'H NMR spectrum of complexing ligand.
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3.0 ppm

f piperazine.

The characterize d that we accomplished to

synthesize the bis(s s‘f r ‘

3.3 Loading ﬁ blsgdnm dlthlocalb'amate)ﬁ ﬁrazme onto anion
g

plexing ligand.
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was stualed in batch method. The conventional anion exchange resin in this

exchan

experiment was Amberlite IRA 402 in chloride form. The properties of solid material

are listed in Table 3.2.
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Table 3.2 Properties of Amberlite IRA 402 anion exchange resin

Properties

Components

Matrix type

Anionic active group
Fixed cationic group
Cross-linkage
Moisture

Operating pH
Particle size

Capacity

styrene-divinylbenzene (gel)
chloride ion
quaternary ammonium functional group
6%
53%
0-14
16-50.mesh
122 megmL ™" by wetted bed volume
4.1 meq g by dried weight

The structure of Ambeulite IRA 402 anion exchange resin is shown in Figure

3.5.

SNy e

Figure 3.5 The structure of Amberlite IRA402 anion exchange resin.

The effect of Vloading parameters such as pH, loading time and concentration

of complexing ligand was investigated. Moreover, the stability of the complexing

resin after loadingiwag also)studi¢d |ifi )CoeXistirigianionssmedium such as NO; and

CI". The amount of complexing ligand was determined by UV-Vis spectrophotometer

model HP 8453 at-283 nm using deionized water as blank. The-loading experiments

were pefformed in triplicate (n=3). The loading capacity of complexing ligand onto

anion exchange resin was calculated according to equation 3.1.
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DNpefore ~ Nafter
m

3.1)

loading capacity (pmol g7) =

resin
where nperore = the amout of complexing ligand in solution before loading (umol)
Nufier = the amout of complexing ligand in residual solution after loading (umol)

Myesin = the weight of anion exchange resin (g)

The loading pathway of complexing ligand onto Amberlite IRA 402 anion

exchange resin was proposed in scheme 3.2,

Na* S /_\ S
Resin—R;N*, CI T Y N%
R  — S Na*
R5N™S; )

N

S

Resin

/Na'. ClI

“complexing resin” e d

Scheme 3.2 Loading pathway of compjlej-(_i'r—-l-g ligand onto Amberlite IRA 402.
3.3.1 Preparation of solutions

(1) Hydrochléric aéid solutibn (0! “mol 11} was) prepared by direct dilution of

the concentrated hydrochloric acid in deionized water.

(2) "Sodium " chloride “solufton "(0.01 and’ 0.1' mol L™)' was prepared by

dissolving an appropriate amount of NaCl in deionized water.

(3) Sodium hydroxide solution (0.1 mol L) was prepared by dissolving an

appropriate amount of NaOH in deionized water.

(4) Sodium nitrate solution (0.01 and 0.1 mol L) was prepared by dissolving

an appropriate amount of NaNOj in deionized water.
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(5) Complexing ligand solution (80 mg L) was prepared by dissolving an
exactly appropriate amount of complexing ligand in deionized water in an appropriate

volumetric flask.
3.3.2 Loading parameters

3.3.2.1 Effect of pH

The pH effect for

\ yﬁ‘ lexing ligand onto anion exchange
resin was investigated as fol ‘/) )
A = ; F — ] r
suspensio ng of A mt@m in 10.00 mL of 80 mg L

justed with 0.1 mol L™ HCI or
0.1 mol L™ NaOH) in a beakerwas 11 ) erature for 3 h. The resin was
separated by filtration and'the 4 . \ exing ligand in solution was
determined by UV- [
triplicate (n=3).

iments were performed in

The loading capacity on plexi and in a function of pH is shown

AR

.0 I I I I !
0 2 4 6 8 g 10

p

Figure 3.6 Effect of pH on loading capacity.
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In strong acidic solution, loading capacity decreased. When increased solution
pH, increasing of loading capacity was obtained. The constant loading capacity of
complexing ligand onto anion exchange resin as a function of pH was found since pH
= 5 with the maximum loading capacity of 3.5 pumol g'. Therefore, the suitable
solution pH of 5-6 for loading complexing ligand onto anion exchange resin was

selected for next experimental study.

Figure 3.7 shows the experimental results of the absorption spectra of

complexing ligand in deionized water at pH between 2 to 10.

absorbance —pH2
1.0 ——pH3
0.9 pH4
0.8
0.7

00 T I I f T !

200 220 240 260 280 300 320
wavelength(nm)

Figure 3.7 Absorption spéctra of comiplexmg ligand in déionized water at different
pHs)(4 x 10" mol L™).

The absorption*bandstat’207,°265 and 283 nm'were observed at pH 4-10.
At lower pH 2-3, the bathochromic shifts of the complexing ligand peaks at all three
peaks were clearly seen. These indicated the formation of the protonated form of

complexing ligand.

The protonation of dianion piperazinedithiocarbamate as the following

mechanism:



31

_S\ / \ //S - 'S\ /T \
c—N, N—C =—= P N—

S/ \_/ S S

L

/

SH

gave the monoanion or neutral molecule which had less efficiency to exchange with

CI on the resin surface resulting in lower loading capacities.

Moreover, the color change of complexing resin was clearly observed from
white (Amberlite IRA 402) to brown. This indicated that the anion exchange between

CI and piperazinedithiocarbamate was achieved.

The FT-IR spectrum of the complexing resin synthesized at pH 6 was
compared with unloaded Ambetlite IRA 402 as shown 1n Figure 3.8.

!
%

(a) y 4

-
(b) =, T

g v g g . E 1 . g . g 1 g . g g v g
2500 2000 1500 oo
Wavenumbers (cm-1)

3 ' ' ' ' 1 ' ' ' ' 1
4000 3500 3000

Figure 3.8"FT-IR spectra of (a) Amberlite IRA'402 and (b) complexing resin.

The FT-IR spectra showed very small difference between Amberlite IRA 402
and the complexing resin. The absorption bands of complexing resin mainly belonged
to Amberlite IRA 402 structure due to low capacity of the piperazinedithiocarbamate
on resin (3.5 pmol g"). However, the characteristic peak of C=S group was found at
940 cm™ in complexing resin spectrum while the Amberlite IRA 402 did not appear.

This indicated that the complexing resin had piperazinedithiocarbamate.

Vs RNV
C\ /C_N N—
S _/

¢

S

SH
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3.3.2.2 Effect of loading time

The effect of loading time was studied between 2-20 min. The loading kinetics
of complexing ligand onto anion exchange resin was determined under the following
conditions:

10.00 mL of 80 mg L™ complexing ligand solution at pH 5-6 (adjusted with
0.1 mol L HCI or 0.1 mol L' NaOH) was continuously stirred with 30 mg of
Amberlite IRA 402 at room temperature. The resin was filtered off and the amount of
residual complexing ligand in solution was determined by UV-Vis spectrophotometer.

The experiments were performed in triplicate (n=3).

The results are shown inFigure 3.9.

..[;
S
J

w
S
!

2.0

1.0

loading capacity (umol g'l)

o
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0, 2 4 6 8 10 12 14 16 18 20
time (min)

Figure 3.9 Effect of loading time on loading capacity.

The loading capacity of complexing ligand onto Amberlite IRA 402 as a
function of loading time showed the constant retention of complexing ligand within 8
min. This loading kinetic was faster than other complexing ligands such as napthol
blue-black loaded anion exchange resin [63]. The time required to reach complete
loading capacity of napthol blue-black onto anion exchange resin was found to be >

90 min.
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In next parameter, the loading time at least 8 min was used for loading of

complexing ligand onto Amberlite IRA 402.

3.3.2.3 Effect of complexing ligand concentration

The concentration of complexing ligand was an important factor to determine
the maximum loading capacity of complexing ligand onto anion exchange resin. The
loading capacity as a function of initial complexing ligand concentration was studied
as follows:

10.00 mL of complexing ligand solutient in.the concentration range of 10-140
mg L at pH 5-6 (adjusted-with 0.1 mol L HCL or 0.1 mol L NaOH) was
continuously agitated with"30smg of anion exchange resin at 25 °C for 8 min. The
resin was filtered off and the amount-of residual complexing ligand in solution was
determined by UV-Vis spectrophotométér. The experiments were performed in

triplicate (n=3).

The loading capaCity as a function of initial concentration of complexing

ligand is shown in Figure 3.10. w22l
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Figure 3.10 Loading capacity as a function of complexing ligand concentration.

The maximum loading capacity of piperazinedithiocarbamate onto Amberlite

IRA 402 was found to be 3.50 umol g"' when the initial concentrations of complexing
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ligand solution of 80-140 mg L' were used. The concentration of 80 mg L was good

enough for loading of complexing ligand onto Amberlite IRA 402.

The loading behavior of complexing ligand onto anion exchange resin was
confirmed by Langmuir isotherm. The experimental data plotted C/N; versus C with
isotherm model illustrated in Figure 3.11 showed satisfied correlation coefficient of
0.9957, indicating that these results fit well to the Langmuir model. Langmuir model

also allowed to estimate the maximum loading capacity of 3.5 pmol g™
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Figure 3.11 Langmuir isotherm fitting at 25 °C.

According to the maximum loading capacity of the piperazinedithiocarbamate
onto Amberlit€ JRA 402]of 3.8 finiol &' iwas lowei than the ien-exchange capacity of
Amberlite IRAi; 402 (see Table 3.2). Therefore, the loading mechanism of

piperazinedithiocarbamate.onto Ambexlite JR A.402 was only.ion-¢Xchange process.

3.4 Stability of complexing resin

The stability of complexing resin in different matrix coexisting anion solutions
depends on the ability of complexing ligand retained on anion exchange resin and the
matrix anion competition in bulk solution [43]. So the effect of matrix coexisting
anions to leach the complexing ligand from loaded complexing resin was seriously

considered.
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In this experiment, the coexisting anions such as NO; and Cl™ were selected

to study because these anions were usually found in natural water. The stability of
complexing resin was studied by determining the complexing ligand in solution after
shaking with NaCl or NaNOs solutions of different concentrations (0.01 and 0.1
mol L") and at various pHs in comparison with deionized water. The procedure was
carried out as follows:

A 30 mg of complexing resin was continuously stirred in 10.00 mL of an
individual matrix coexisting anion solution at various pHs of 2-10 (adjusted with 0.1
mol L™ HCl or 0.1 mol L' NaOH) at room tefmperature for 30 min. The complexing
resin was filtered off and the leached cgmplexing ligand in solution was determined

by UV-Vis spectrophotometer: The experiments weie performed in triplicate (n=3).

The %release off complexing liéand from complexing resin was calculated

according to equation 3.2:
|'l ' n
% réleaset=  —FEE5% 100 (3.2)

Diegin

")
B |

where nNyelease = the amount of complexingﬁg’dhd 1n solution (umol)

Nresin = the amount of complexing Iig@d onto solid material (wmol)

The results are presented in Table 3.3.
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Table 3.3 % Release” of complexing ligand from complexing resin

pH DI NaCl NaNO,
0.0l molL"  0.10 mol L™ 0.0l molL"  0.10 mol L

2 0.50(0.02) 1.35(0.04)  10.38 (0.07) 1.64 (0.05)  24.18 (0.07)
3 0.49(0.05) 1.10 (0.06)  10.70 (0.05) 1.76 (0.03)  24.08 (0.09)
4 0.51(0.03) 0.90 (0.03) 8.92 (0.08) 1.79 (0.07)  23.48 (0.10)
5 0.53(0.05) 0.95 (0.03) 7.60 (0.04) 1.55(0.06)  22.82(0.83)
6  0.19(0.02) 0.65 (0.04) 7.17/(0.05) 136 (0.02)  22.71(0.14)
7 0.21(0.03) 0.60 (0.05) 7.87 (0.08) 124 (0.05)  22.45(0.09)
8  0.21(0.04) 0.57 (0.02) 7.58 ((i.os) 1.22(0.06)  19.98 (0.17)
9  0.18(0.03) 0.590.06) 700 (0.06) 129(0.04)  20.48 (0.11)
10 0.18(0.05) 0461 (0.02) 7.16.(0.04) 120 (0:03)  20.04 (0.18)

" mean values (SD) _

It was found that the corhpiexing rqsm was able to resist in the presence of
deionized water, 0.01 mol L} Nac] andiﬁ.%(_})] mol L NaNO; at pH 2-10 with
Yorelease < 2%. A comparison of NaCl aI_l?N}d_NO3 at similar concentration, higher
%release of complexing ligaiid from corri[ife)iing resin in nitrate medium was
observed, indicating {liat the stability of complexing resin Was in the order of NaCl >
NaNO:s. It was probably due to higher hydrophobic property of nitrate ion than that of
chloride ion [64]. In addition, the polystyrene-divinylbenzene as polymer matrix on

the anion exchange @ resin | is = majot component | and the amount of

piperazinedithioearbamate loaded onto Amberlite IRA 402 was very low.

In the case of the different concentrations of NaCl solution, %release of
complexing ligand in 0.10 mol L™ NaCl were higher than those of in 0.01 mol L™
NaCl. It might be explained by the following equilibrium:
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%N/\:/\N%S_ +  NaCl

Na® S /—\
> N + Resin R;N"CI”

(”/gza, the equilibrium will go forward

nomena in NaNO3z medium was

resulting in high %release.

| —
obtained. 7
Furthermore, /

considered. In this stud im- 1 ter at pH 6 was chosen. The

as a function of time was

results in Table 3.4

observed.
Table 3.4 The releasing ti (foct i '._ ion o water at pH 6
Time (min) """! 2 %ei‘éét 0)
10
20
30 0.19 (0.02)

o ﬂuHQWHmﬁwHWﬂi
ammnmﬁﬁﬁwmaa

0.20 (0.03)
90 0.19 (0.01)
100 0.21 (0.02)

" mean values (SD)

In summary, we succeeded to loading of the piperazinedithiocarbamate onto

Amberlite IRA 402 anion exchange resin. The optimum loading conditions of
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complexing ligand onto Amberlite IRA 402 were solution pH > 5, loading time of

8 min and the complexing ligand concentration of 80 mg L™.

We expected that the complexing ligand was loaded on anion exchange resin
in a position of sulfur binding atom and another sulfur binding sites in its molecule
could form complex with metal ions, leading to separate and preconcentrate metal

ions from aqueous solution.

AULINENINYINS
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CHAPTER IV

SEPARATION AND PRECONCENTRATION OF HEAVY
METALS ON COMPLEXING RESIN

In this chapter, we described the extraction properties of the complexing resin
towards Ag(I), Cu(Il), Pb(Il) and. Au(Il) in static and dynamic methods. The
parameters in static method such as solution” pH, extraction time, concentration of
metal solution and interfering cations were sttudiedsIn dynamic method, the flow rates
of sample and eluent solution, samplel volume and reusability of complexing resin
were investigated. Furthermeore, the preconcentration of trace heavy metals in real
water samples with the stitable dondition under dynamic method was also evaluated.

The metal extraction efficiency a@nd'elution efficiency were reported in the
term of sorption capacity and %elution wﬁi_qh_can be calculated by equations 4.1 and

4.2, respectively. Y,

it ol

. = by = Noefore - Nafter 4.1)
sorption capacity (mg g~) = ~

cpx resin

where Npefore = the.amount of metal 10on before extraction (mg)
Naier = the amoéunt of metal ion‘in residual solution after extraction (mg)

Mepx fesin = <the weightlof complexing resin (g)

0 ] Ne
Yo elution V= N x 100 (4.2)

where N, = the amount of metal ion eluted from complexing resin (mg)

N; = the amount of metal ion sorbed on complexing resin (mg)



40

The metal ion concentrations were determined by a flame atomic absorption
spectrophotometer (FAAS) model AAnalyst 100 (Perkin-Elmer). The instrumental

conditions are listed in Table 4.1.

Table 4.1 FAAS conditions for determination of metal ions solution

Operating conditions Ag Au Cu Pb
Wavelength (nm) 328.1 242.8 324.8 283.3
Slit width (nm) W 0.7 0.7 0.7
Lamp type ’ cL’ HCL" HCL"
Lamp current (mA) = A5 ﬁ 15 10
C,H; flow-rate (mL mix’ ' 3 3
Air flow-rate (mL mi/ 10 10

" Hollow cathode la

’ S (12
All metal ion selutions vf?é  piepared ing deionized water by stepwise
dilution of 1000 mg L™ stafidafd $olution. 44 \
{?i“’: \
o L]

e e

4.1 Chemicals T
_F A T

All chemicals were of

without further puriﬁchn unless otherwise notc

i Table 4.2. They were used

§
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Table 4.2 Chemicals list

Chemicals Supplier

Amberlite cation exchange resin Mazuma

Calcium chloride Fluka
Ethylenediaminetetraacetic acid disodium salt dehydrate Fluka
Hydrochloric acid 37% MERCK

Lithium chloride Fluka

Magnesium chloride Fluka

Potassium chloride Ajax Chemical
Sodium chloride CARLO ERBE
Sodium hydroxide MERCK

Sodium nitrate CARLO ERBA
Thiourea p Sigma-Aldrich

Ag standard solution (1000 mg 1 ') : BDH SpectrosoL”
Au standard solution (1000 mg L) . BDH SpectrosoL”
Cu standard solution (1000/mg 1.7 P BDH SpectrosoL”™
Pb standard solution (1000 ng L) A BDH SpectrosoL™

4.2 Extraction study in static method

In batch or static method, the various parameters such as solution pH,

extraction timesy metaldonsconeentsations,andyintesfering.cations were investigated.

4.2.1 Effect of solution pH

The solution pH is the most important factor to the efficiency of sorption
capacity of metal ion on complexing resin because the binding sites of complexing
ligand are controlled by solution pH.

In general case, the binding sites of complexing ligand can be protonated in
acid solution. While in basic solution, binding sites of the complexing ligand were

completely deprotonated. However, in strong basic solution, the metal ion can
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precipitate in hydroxide form so the extractions of metal ion are not successfully

obtained.

Experiments were performed by using 2.5 mg L™ of Ag(I), 5.0 mg L of
Cu(Il), 10.0 mg L of Pb(Il) and 6.0 mg L' of Au(Ill). The metal solutions were
adjusted to the appropriate pH ranging from 2 to 9 using 0.1 mol L' HCI or 0.1
mol L' HNO; and 0.1 mol L™ NaOH. A suspension of 10.0 mg of complexing resin
and 5.00 mL of a metal solution in a test tube was mechanically stirred for 3 h at room
temperature. The aqueous solution was bringing off and the amount of residual metal
ion in the solution was determined by FAAS.+The experiments were performed in

triplicate (n=3).

The retentions of Ag(l); Cu(ll), Pb(1l) and Au(Ill) on the complexing resin as

a function of pH are illustsated 1n Figurc 4.1.

10 1 i —— Ag(l)
Ten z: —e— Cu(ll)
g7 ¢ Pb(Il)
2 6 —a— Au(IID)
25 y
S 4-
g 3
B 2
2 1-
0 T T T I T T T T 1
1 2 3 4 S 6 7 3 9 10
pH

Figure 4.1" Effect of solution pH on the metal extraction.

In the case of Cu(Il), the sorption capacity rapidly decreased from pH 3 to pH
4. At pH 5-6, the sorption capacities of 0.5 mg g were obtained while the maximum
sorption capacity of 3.3 mg g' was found at pH 2. The experiments were not
performed at pH > 6 because of the occurrance of Cu(Il) hydroxide precipitation.

The sorption capacity of Pb(II) increased with increasing the solution pH until

pH 5 resulting in the maximum sorption capacity of 6.0 mg g'. The sorption
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capacities rapidly decreased between pH 5 to pH 7, probably because Pb(OH)"
became to be the dominant species of Pb(II) which can not chelate to dithiocarbamate
groups. Lower sorption capacities at low pH for Pb(II) were probably due to the
protonation of —S™ resulting in —SH which had less efficiency to chelate with Pb(II).
But for Cu(Il), the higher sorption capacities were found at lower pH indicating that

Cu(II) probably preferred —SH donor site more than —S~ donor site.

On the other hand, the pH of metal solution slightly affected to the sorption
capacity of Ag(I) and Au(III).

According to the hard=soft aciii base principle and the assumption of the
chelate complexes by dithiocarbamate derivatives with copper ion [65], lead ion [66]
and silver ion [67], wepropesed that Cil(H), Pb(Il) and Ag(I) would bind to the SS

moiety of dithiocarbamate group in 1:2 mei'él-to-ligand ratio.

The retention of Au(fll) probably occurred via two mechanisms as follows:
(1) At low pH, Au(Ill) is mainly form of'AuCl, which can exchange with CI or

piperazinedithiocarbamate on' resin surfa@et as the following chemical equations:

Resin—R;NZ-Cl-+AuCi; ~— Resin—R;N", AuCl, + (I

Resin—R3N+ N

N fa\ S _
S%N\_/N%S_Nf 1+L Au€T;,

/ \ S
> N N é + Resin
S \_/ S Nat

(2) The chelation between Au(IIl) and piperazinedithiocrbamate.

*Nar$

RN, AuCl,

The Au-dithiocarbamate ratios of 1:1, 1:2 and 1:3 were proposed as follows [68]:
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X
<S\Au/ (S\Au/ NN
AN AN\ S
X S S S S

S

1:1 1:2 1:3

4.2 .2 Effect of extraction time

The extraction time of f the important parameters because
the application to flow sy s fast equlhbrlum

The effect of ext \ he. omplexmg resin was studied
using the metal ion soluti \u\ \

25mgL"! of Ag 2MN \

esin and 5.00 mL of an individual

A suspension of 10 mg ;_ %'!‘i E 2

metal solution in a f 0 __af ferent times between 5 to

A\ % inging off and the amount

ed by ﬂ,AS.
sl 3 s R CTIETT S———

’QW']ENﬂ‘iELJ UAIINYAY

120 min at room te *{

of residual metal ion i@he solutic

4.2.
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Figure 4.2 Serptien kinetics of metal-ligand on complexing resin.

The extraction gimeof /Ag(I) and.Pb(H) was fairly rapid at 15 and 20 min,
respectively. While the extragtion time of Cl}(H) and Au(IIT) on complexing resin was
found to be 60 min as long sorption kineties. Therefore, the rapid sorption kinetics of

Ag(1) and Pb(II) can be applied inseolumn method.

it

4.2.3 Effect of initial concentration =

The effect of mitial metal concentration on sorption capacity was performed
using the following procedure:

A suspension;of 10-mg,of eomplexing-resin in-5.00, mL of a metal solution of
which the concentration"were varied betwéen 2.5/100.0 mg I for Ag(I), 10.0-120.0
mg L for Cu(Il), 5.0-100.0 mg L™ for Pb(Il) and5.0-10.0 mg E=* for Au(IIl) under
the optimum pH ag section 4.2.2+in¢a test tube. The mixture wasymechanically stirred
for 15, 60, 20 and 60 min for Ag(l), Cu(Il), Pb(Il) and Au(IIl), respectively. The
temperature was controlled at 25 °C. The amount of residual metal ion in solution was

determined by FAAS. The experiments were performed in triplicate (n=3).
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Figure 4.3 Effect ofinitial concentration for sorption capacity of metal ions.

Figure 4.3 showedthe/maximum sorption capacity of Ag(I), Cu(Il), Pb(Il) and
Au(III) on the compleXing resin with the ‘initial coneentration of 40, 60, 50 and 120
mg L™, respectively. Thé esfimated maxirill.um sorption capacities of complexing resin
for Ag(l), Cu(ll), Pb(l) and Au(lll) were found to be 8.0, 4.9, 16.8 and 4.5 mg g,

respectively. =l

The sorption model of metal ion o_ﬁ'jtk-l.e complexing resin according to the
Langmuir model was, used o analyze the--éc_)_r—p_ﬁon datai The information obtained
from this model was Used to describe the adsorption phenofnena of investigated metal
ion on solid-liquid interface.

The experimental-data plotted C/N;yersus C, the linear curves were obtained

with the R* > 0199 (illustrated in Figure 4.4). These curves yielded the slope = 1/ N;.

The maximum sorption capacities (N ) calculated by 1/slope and Langmuir constant

are given in' Table4:3.



47

——Ag(D)
—o— Cu(Il)
—— Pb(II)
—=— Au(IIl)

C/Nf(gL™h

0 T T I I T T

0 30 60 90 120 150 180
C (x10° mol LY

Figure 4.4 Langmuir plots for Ag(I), Cu(Il), Pb(Il) and Au(IlI) at 25 °C.

Table 4.3 Langmuir data

Metal ion R* value b s atuc /e N? value

10" L mold)  (x10° mol g

Ag() 0.9913 2.97 742
Cu(Il) 0.9975 145 S g s
Pb(II) 0.9936 1.47 81.1
Au(IID) 0.9948 1.87 21.9

These tesults showed the important-characteristic of the metal ions behaviors
based on the @hlangmuir model in which the monolayer sorption process via
chemiserptien..Kurthermore, the sorption capacities of-each metal, ionjon complexing
resin wete different.’ The ‘'maximum sorption capacities' (N ? ) in“the"order of Pb(Il) >
Ag(I) > Cu(Il) > Au(III) were obtained.

The b value represented the activity of the solution or bonding energy
coefficient. This results showed that the maximum b value of Ag(I) was obtained on

the complexing resin surface.
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4.2 .4 Effect of eluent

The effects of eluents on the %elution of metal ion from complexing resin
were investigated. The metal ion released from surface of complexing resin depends
on the metal-ligand stability. The formation constant values of metal-eluent
component must be higher than the formation constant values of metal-ligand on

complexing resin.

In this experiment, the effect of elueats on the elution of metal ion from
complexing resin was also investigated in twe steps as follows:

(1) Retention of metal ion-on coranlexing resin.

A suspension of LO+mg of complexing resin and 5.00 mL of an individual
metal ion solution in a test'tube was mechanically stirred for 15 min for Ag(I), 60 min
for Cu(II), 20 min for Pb(Il).and 60 min for Au(Il) at room temperature. Next, the
residual metal ion soltition was determin-_e‘déby FAAS and the complexing resin was
washed with 5.00 mL of'deionized water. i_

(2) Elution of metal 1on from comﬁléﬁ;fﬁg resin.

5.00 mL of an eluent solution was aziciegk and mechanically agitated for elution
time of 2 h at room temperature. 1he aq@&}s solution was bringing off and the

amount of metal ion i thé solution was determined by FAAS.

The experiménf:s were performed in triplicate (n=3).7
4.2.4.1 Eluent type and their concentrations

For desorption of Ag(I) and Au(IIl), the series of eluent type such as thiourea
and thiosulfate™ were (considered, because: theircomplexes) hayed high formation
constant values. In the case of Cu(Il) and Pb(II), the eluent as EDTA was chosen
because of the high formation constant values of 6.3 x 10'® for Cu(II)-EDTA
complexes and 1.1 x 10'® for Pb(I)-EDTA complexes at pH 3 [69].

Moreover, the mineral acid such as hydrochloric acid was added in the eluent
solution to increase the elution efficiency of Ag(l), Pb(Il) and Au(Ill) from the
complexing resin. Because the Ag(I), Pb(Il) and Au(Ill) can be retained on
complexing resin at pH 7.0, 5.0 and 5.0, respectively.



49

In the case of Cu(Il), the retention of Cu(Il) was found at pH 2.0 so the elution
of Cu(Il) from the complexing resin should be occurred in basic solution. The sodium
hydroxide was added in the EDTA solution to improve the elution efficiency of Cu(II)

from complexing resin.

The %elution of metal ion from complexing resin are shown in Table 4.4.

Table 4.4 %Elution in various eluents

Metal ion Eluent type Elution (%)
Ag(I) 0.1 mol L thicurea . 70.5 (1.2)
0.1 moF™ thievtes in 1 mol L' HCI 83.2 (2.4)
Cu(Il) 0.1 mol' L . FDTA '. 58.6 (1.7)
0.1 mol L 4EDTA in 0.05mol L NaOH 101.3 (2.0)
Pb(II) 0.1 mol'L JEDTA A 65.1 (2.3)
0.1 mol " EDIA in0.5 {nol L' HCI 88.4 (1.0)
Au(II) 0.1 mol 1" thiouréa & 81.6 (0.7)
0.1 mol ™! ghioused i | mobL" HEI 101.0 (1.4)

as et b

" mean values (SD), n=3 =

The results showed that fhe Cu(ll) and Au(I) were completely eluted using
0.1 mol L' EDTA iﬂ 0.05 mol L' NaOH and 0.1 mol L'lr thiourea in 1 mol L' HCI,
respectively. But the hncornplete elutions of Ag(I) and Pb(II) were obtained. To
ensure the desorption 'of Ag(l) and Pb(Il)~from complexing-resin, a term of eluent

concentration was considered.

The %elution of Ag(I)and Pb(Il) as a function of* eluent 'concentration level

are shown in Table 4.5.
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Table 4.5 %Elution” of Ag(I) and Pb(II)

Concentration (mol L) Ag() Pb(1I)
Thiourea® 0.1 82.1(3.3) -
0.3 98.0 (2.7) -
0.5 100.4 (1.9) -
0.7 102.1 (2.1) -
EDTA® 0.1 - 87.6 (1.8)
0.2 - 102.0 (0.9)
0.3 . 101.1 (2.3)
0.4 J 101.2 (1.5)

" mean values (SD), * in Lol k" HCI, ”in 0.5 mol L' HCI, n=3
The results showed that the eluent as 0.5 mol L thiourea in 1 mol L' HCI

gave a complete elution of Ag(l) and 7_15b<(_II) was quantitatively eluted using 0.2
mol L' EDTA in 0.5 mol L AT,

The suitable eluent solutions for eacli.}ngtal 1on are summarized in Table 4.6.

Table 4.6 Suitable elyents for metal desorptib; -

Metal ion ' Eluent

Ag(D) : 0.5 mol L™ thiourea in 1 mol L™ HCIl
Cu(1l) 0.1,mol,L;"EDTA in 0.05-mol.L* NaOH
Pb(I) 0.2 mol' L™ EDTA in 0:5 mol L HCI
Au(III) 0.1 mol L™ thioureadn.1 mol L' HCI

Moreover, the metal desorbed from complexing resin as a function of time
was also investigated in next subheading. Because desorption of metal ion can be
applied in a column method if the metal ion was rapidly eluted from complexing

resin.
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4.2.4.2 Elution time

The elution time of metal ion from complexing resin was also investigated as
follows:

A suspension of 10 mg of complexing resin and 5.0 mL of a metal ion solution
in a test tube was mechanically stirred for 15 min for Ag(I), 60 min for Cu(II), 20 min
for Pb(Il) and 60 min for Au(Ill) at room temperature. Next, the residual metal
solution was bringing off and determined by FAAS and the metal-
piperazinedithiocarbamate complexes on complexing resin was washed using 5.00
mL of deionized water. Afterward 5.00 ml’ _of an eluent solution was added and
mechanically stirred for different times between'5S to 90 min at room temperature. The
aqueous solution was bringing. efi and the amount of metal ion in the solution was

determined by FAAS. #he experiments were performedin triplicate (n=3).

The results of eagh metal desorpti'oﬁ as a function of time are shown in Figure

4.5,
120 < 1. —— Ag(])
100 - —& —— Cudl)
—x— Pb(II)
E 80 —=— Au(TII)
= 60 -
N
40 -
20 -
0 I I I | I I I I 1
0“ 10 20 30 40 50 60_ 70 80 90
elgtiontime (min)

Figure 4.5 Effect of elution time.

The results showed that the elution times of Ag(I), Cu(Il), Pb(II) and Au(IlI)
were found to be 20, 60, 20 and 15 min, respectively. The desorption kinetics of
Cu(Il) was long times meanwhile Ag(I), Pb(Il) and Au(IIl) desorbed from complexing
resin was fairly rapid. Thus the desorption of Ag(I), Pb(Il) and Au(IIl) can be applied

in a flow system. Unfortunately, the sorption kinetics of Au(Ill) on complexing resin
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became to 60 min as long sorption times while the sorption kinetics of Ag(I) and
Pb(II) on complexing resin completed only 15 and 20 min, respectively (see section
4.2.2). So the sorption and desorption profiles of Ag(I) and Pb(II) were considered in

a flow system.
4.2.5 Effect of coexisting cations

Common coexisting cations such as Na", Ca*" and Mg*" as chloride salts found
in the natural water samples were used to nvestigate the selective of metal sorption

on modified resin reported in term of % sorptiois

The sorption efficiency of metal ion was calculated by the following equation

4.3.

Os5sorption, = iC = X 100 4.3)

where C; = the initial concentration of metal ion before extraction (mg LY

C; = the residual concentration of metal ion after extraction (mg L™

Experiments-were performed by using 2.5 mg L+ of Ag(), 5.0 mg L of
Cu(Il) and 10.0 mg L' of Pb(II). To ensure that the complexing resin can make trace
metal ion separation from, coexisting cation matrix with high selectivity, the
comparison test between the complexing resin and the conventional cation exchange
resin (Amberlite'in sulfonic acid form) under the optimum conditions was performed
using the followingprocedure:

Al suspension of 10 mg of complexing resin and 5.00 mL of binary mixture
containing metal ion and one of the coexisting cation in a test tube was mechanically
stirred for 15 min for Ag(I), 60 min for Cu(Il) and 20 min for Pb(II) at room
temperature. The aqueous solution was bringing off and the amount of residual metal

ion in the solution was determined by FAAS.



53

The effects of coexisting cations on the %sorption of metal ion are presented

in Table 4.7.

Table 4.7 Comparison of the %sorption” on complexing resin and cation exchange

resin
Coexisting cation (mg L'l) Complexing resin Cation exchange resin
Ag(T) Cu(Il) Pb(IT) Ag(D) Cu(Il) Pb(IT)
Without coexisting cation | 1003 (04) 1024 (1.0)  101.0(1.4) [ 101.1(0.5) 1004 (23) 1017 (12)
Li 5 103.1 (0.4) - " 783 (2.3)
25 T3 (D) - - 5413.1) - -
50 602025 -2 - 295(1.9) - -
100 - 102.3 (0:7) "10k2.2.3) | - 972(2.4) 1014 (1.1)
1000 < 98.1(1.4) - 100:1.(0.6) | - 78.5(0.6) 853 (3.2)
Na® 5 1002720) ] - § - 322(1.8)
25 89400, - 4 211 29) - -
50 dopos) = \ 11.6(1.7) - ;
100 f 7100.‘§(L.;7) 100.3(1.5) | - 86.8(2.1)  91.2(0.7)
1000 / 101.}f (3.2) 1100.822) | - 69.4(2.0)  83.6(1.2)
K 5 0 FIaer T 432(1.9)
25 o1 (A A 31.0(2.0) - -
50 83.7/(L4) ik - 174(3.0) - -
100 . 014 99427 |- 902 (1.1)  99.1(1.6)
1000 T s ié.‘é")“*'"92.2(1.2)_ - 74.1(2.5)  62.8(2.3)
Mg™ [ 101.2(1.7) 1002 (2.0)  100.0 (2.7{ 17100.1(1.0) 101.0 (1.8)  100.2 (3.4)
100-- 102.5(0.8) 1004 (3.9)  984(1.1)+ 708(12) 719(227)  89.6(1.9)
1000 '_ 89.3(20)  988(06)  95.1(29) | 53.6(15) 453(1.0)  81.4(28)
CaZ’ 10 | 1012(17) 100.1(0.4) 100.5(3.2) | 1004 (24)  99.2(23) 100.2 (1.9)
100 1031 (0.8), ; 100.0.(1.2). . . 963 (L.1).] 725(2.1) 760(3.1)  955(2.2)
1000 101.8(2.00 | 1023@5) |« 932(15) | 5712(13)  50.6(1.9)  86.1(1.4)

" mean values (SD), n=3

In the case of non coexisting cation, it was found that the cation exchange
resin had similar retention efficiency in comparison with the complexing resin with
high %sorption. In the presence of any coexisting cation, higher %sorption of Ag(I),
Cu(IT) and Pb(II) were obtained for complexing resin. When the concentration of
coexisting cation increased, %sorption of interested metal ions significantly decreased
for cation exchange resin, with ion-exchange retention mechanism. While coexisting

cations had less effect for the complexing resin, indicating that the chelating agent as



54

piperazinedithiocarbamate enhanced the selectivity via the chelation mechanism. This
loaded complexing resin had potential to apply to separate Cu(II) and Pb(II) from real
water sample that contained alkaline and alkaline earth metal ions at high
concentration level. The sorptions of Ag(I) in the presence of alkaline and alkaline
earth at high concentrations on complexing resin were higher than those of cation
exchange resin. Therefore, the complexing resin showed the good selectivity of Ag(I),
Cu(II) and Pb(II) from coexisting cations media while conventional cation exchange

resin can not obtain.
4.3 Extraction study in dynamic method

In column or dynamic.method, \the silver ion and lead ion were selected for
sorption and desorption stlidy/becatise their retention time and release time were fairly
rapid in batch method. The various parainéters such as sample flow rate, eluent flow
rate, sample volume and reusability of cor'-l:lplexing resin were investigated.

In this study, a laboratory-made rri_ini-c_olumn (1.d. 2.79 mm) was packed with
10 mg of complexing resin and 5 .OO ml OJf; rﬁetal solution containing 2.5 mg L™ for
Ag(I) at pH = 7.0 or 10.0 mg L;" for Pb(II) a:cpH = 5.0 was passed through the mini-
column controlled by a peristaltic.pump m(_)_dT__ej_ ISMATEC with Tygon tubing R 3607
1d. 2.79 mm wall 0.86 mm."Then the résiciual concentration of metal ion was

determined by FAAS./All experiments were performed in tiiplicate (n=3).

4.3.1 Flow rate of sample solution

The sample flow rate is an important parameter to obtain quantitative retention
of metal ion oh coniplexing Tesin. The flow fate of sample Solution was studied in a

range of0.5-5.0 mL min™ for sorption of Ag(I) and Pb(II).

The results are shown in Figure 4.6.
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The elutions as a function of eluent flow rate are shown in Figure 4.7.
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The quantitative obtained at the flow rate of 0.25 mL

)
min”' and the eluen £ 1.0 ml R was obtained for Pb(I). When
increasing eluent flo reased due to a rapid elution

time.
4.3.3 Reusability of

To evaluate the re of the compl & tention and the elution of

Ag(I) and Pb(II) -j_\:’_,———“’" sonditions as shown in Table
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Table 4.8 The optimum operating conditions for metal sorption and desorption on

10 mg of complexing resin

Ag(D) Pb(II)
Sorption conditions
Concentration (mg L™) 2.5 10.0
Solution pH 7.0 5.0
Sample flow rate (mL min™) 4.0

Sample volume (mL) 5.0

Sy

mq)L

Desorption conditions

0.2 mol L' EDTA in
0.1 mol L' HCI

1.0

5.0

Eluent solution

Eluent flow rate (mL

Eluent volume (mL)

\

determined by
(4) washing by passin;fj .

- ”ﬁ‘ﬁyﬁ"’i‘ﬂﬂ?ﬁw 01 I
‘-]W’]ﬂﬁﬂﬁm UAIINYAY
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Step 1 Retention

(5.00 mL of metal ion solution) ------ +> FAAS
Step 4 Washing Step 2 Washing
(5.00 mL of deionized water) (5.00 mL of deionized water)

Figure 4.6 -, t u\.\\s cycle diagram.

The experimental results reported in term of the percentage recovery

. i«
which was calculated by equation 4.4.

mmﬁ mamum NS s

Figure 4. 9

T oo = X (4.4)
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Figure 4.9 ‘Reusability of complexing resin for Ag(I) and Pb(ID).

The results showed that %recove_.riles significantly decreased since the cycle
number of 10 for Ag(I)while %recoveﬁeé- of Pb(II) were constant until the 12th
repeated cycle. This indicated that - the i.aboratory-made mini-column showed the
reproducibility in both within and:between columns at least 9 cycles for Ag(I) and 12

i

cycles for Pb(II). £

4.3.4 Preconcéntration-study

The preconcentration of trace metal ion in term of the sample volume is one of
the important paratnéters|to obtain high precorncentration factor:

The Ag@) volumes of 10-90 mL at a concentration of 50 ug L and the Pb(II)
volumes, of 50-400.mL.at.a concentration.of 1007 g L' were.used'in this experiment

under the optimum/conditions‘mentioned in Table4.8.

The recoveries of Ag(I) and Pb(Il) as a function of sample volume are

illustrated in Figures 4.10 and 4.11, respectively.
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decreased probably due to the overloading of metal ion on complexing resin.

4.4 Analytical performance of method detection limit

The method detection limits provide a useful method for capability of the

method. The method detection limit is restricted by the instrument detection limit.
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Commonly, the instrument detection limit of system is always determined using blank

solution. The detection limit and quantitation limit are defined as follows [70]:

1. Limit of detection (LOD) or detection limit is the lowest concentration level that

can be determined from three times standard deviation of the signal of blank
solution according to equation 4.5:

L

OD(signal) " yB(signal) * 3SDB(signal) (45)

2. Limit of quantitation (LOQ) or lower limit of quantitation is the concentration level

above that quantitative result was obtained from ten times standard deviation of the
signal of blank solution.according to equation 4.6:

LOQ(signal) U }iBésignal) R 1OSDB(signal) (4.6)

where Yg (signal): blank signal )
SDB (signal) = standard‘deviation of%_;l?ﬁk signal according to equation 4.7

, SDB(signal) 2

(4.7)

where N = number of data

Xi = signal value of blank

X = mean'signal value of blank

Moreover, method detection limit (MDL) and method quantitation limit
(MQL) of the method can be determined according to equations 4.8-4.9, respectively.

MDL = I;)O—D (4.8)
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LOQ

MQL =
Q P.F.

(4.9)

Sample volume (mL)
Eluent volume (mL)

where P.F. = Preconcentration Factor =

The experimental data in section 4.3.4 showed the optimum sample volumes
of 50 mL for Ag(I) and 250 mL for Pb(Il) with the eluent solution of 5.00 mL.
Therefore the preconcentration factors of 10 and 50 were obtained for Ag(I) and
Pb(II), respectively.

In this manner, the blank solution as'the gluent solution was used to determine
the detection limit of FAAS without passing through the complexing resin column.
The summary results of deteetionlimit are shown in Table 4.9.

Table 4.9 Preconcentration factor, LODand LOQ of Ag(T) and Pb(II)

Metal ion Preconcentgation Factor '-’ LOD (mg L") LOQ (mg L

Ag(l) 10 v 0,02 0.07
Pb(I)™ 50 0,06 1.91

. blank solution = 0.5 mol L' thiourea in lﬂaorL1 HCl

. blank solution = 0:2 mol L' EDTA in O.i modlL1 HCI

4.5 Application to real water samples

The complexing resin was applied to preconcentrate Ag(I) and Pb(Il) in real
water samples as tap water and sea water with_spiked method under the optimum
precongentration conditions inja column method. These experintents-were performed
9 replicates (n=9).

The Ag(I) volume of 50 mL and the Pb(II) volume of 250 mL were used in

this experiment under the optimum conditions mentioned in Table 4.8.

The results are shown in Table 4.10.
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Table 4.10 Recoveries of the Ag(I) and Pb(II) preconcentration from tap water and

* .
sea water , respectively

Element Tap water Sea water

Spiked, Found™, recovery RSD  Spiked, Found™, recovery RSD

ugL'  pgL” (%) (%)  pgLl'  pgL! (%) (%)

Ag 0 n.d. - - 0 n.d. - -
25 247+1.0 98.8 5.4 25 22.5+3.5 90.0 10.1
50 514+£0.6 102.8 3.2 50 43.6+2.0 87.2 7.6
100 100.5+1.5 100.5 D8 100 88.6+1.2 88.6 4.9

Pb 0 n.d. - - 0 n.d. - -
50 509+24 101.6 3 4.8 50 447+1.3 89.4 4.7
100 99.8 + 2.0 99.8 ol 100 94.1+14 94.1 2.4

" Resource: Phetchburi pfovince, . mean + t(i‘/ojs , n.d. = not detectable, n =9
n

i

The results showed the hiéh per(;'ij:nat;age recoveries and good RSD for Ag(I)
and Pb(II) preconcentration in both tap v&;_a;fcr*and sea water. Although the recoveries
of Ag(I) and Pb(Il) in sea waterwere le:é{";t‘fhan in tap water probably due to their
matrix, however the accuracy a’ﬁd fhe preciéiéf;‘ of this proposed method showed the
satisfactory results in compariSen with Table 4:1 1+ This indicated that this system can

be applied for determmation-of-Ag)-and-Pbdh)-ii-tap-watef and sea water.
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Table 4.11 Analyte recovery and precision at different concentrations [71]

Analyte, (%) Analyte ratio  Unit Mean recovery, (%) RSD, (%)
100 1 100% 98-102 1.3
10 10" 10% 98-102 1.8
1 107 1% 97-103 2.7
0.1 10° 95-105 3.7

0.01 10 53
0.001 7.3
0.0001 11
0.00001 15
0.000001 21
0.0000001 v 30
P
4.6 Comparison of compléxing resin properties with literatures

dit ntosAmberlite IRA 402 anion

The piperazine

exchange resin. The T———' F i 0ading parameter and metal

sorption, of this modiﬁd res 0 Of erm:sins in literatures, as shown

T AU Ineninens
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Table 4.12 Comparison of the characteristic properties of loaded anion exchange resin with literatures

65

Loaded Types of sample  Loading Loading Metal ions * #Serptien  Sorption Weight of Preconcentration =~ Method of Ref.
complexing time (min) capacity. o e capacity complexing Factor determination
ligand (wmeolg™) (min) (mg g ™) resin (mg)
SPADNS Drinking water - - Cu(l) 3 - - 1800 10 FAAS [5]
]
ARS Sea water - - Cu(ll), - 90 50 750 5 FAAS [43]
Mn(I) —, 260
Thoron Natural water - 200 Fe(I1D) 'J - - 200 50 GF-AAS [45]
PV Nickel sample - 10 Sn(IV) V K 2 120 - 100 10 DCP-AES [46]
' : 1
Napthol blue Pharmaceutical >90 3.9x108 cudD, "" = - - 1500 - FAAS [67]
black sample wzndl) £
ANS Copper ores - 2000 --'Ag(l) S . 200 - FAAS [68]
Piperazine Tap water, >8 =35 Ag(D) 5 ! 10 10 FAAS This
dithiocarbamate  Sea water Cu(I) 60 4.9 - work
Pb(II) 20 “16.9 50
Au(IID) 60 4.5 -

ARS = Alizarin Red S

ANS = 8-amino-naphthalene-2-sulfonic acid

PV = Pyrocatechol violet

SPADNS = trisodium 2-(p-sulfophenylazo)-1,8-dihydroxynaphthaiene-3,6-disulfonate

Thoron = (1-(2-arsonophenylazo)-2-hydroxy-3,6-naphthalenedisulfonic acid sodium salt

$9
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The literature data indicated that the complexing ligand in this work was
rapidly loaded on Amberlite IRA 402 anion exchange resin although the loading
capacity of 3.5 umol g' was obtained in compared with others. Moreover, the
sorption kinetics of metal ions on piperazinedithiocarbamate resin were faster than

other complexing resins.

Furthermore, the preconcentration factors of 10 for Ag(I) and 50 for Pb(II)

were obtained when the only 10 mg of piperazinedithiocarbamate resin was used in

column method.

i IFII
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CHAPTER V

CONCLUSION

The complexing ligand as piperazinedithiocarbamate was synthesized and
characterized by FT-IR and 'H-NMR spectroscopies. A complexing ligand rapidly
loaded anion exchange resin was found at pH > 5.0 and the maximum loading
capacity of the piperazinedithiocarbamate /onte'anion exchange resin of 3.5 umol g
was obtained.

A new complexing resin-was used to separate heavy metals such as silver ion,
copper ion and lead ion frem spiked sample water under static and dynamic method.
In static method, the parameters such as solution pHs, sorption kinetics and
concentrations of metal i6n were studied. Moreover, the sorption behaviors of all
metal ions fit well to‘the Langmuir mocfel and the high selectivity was obtained in
comparison with the conventional cation: exchange resin. The parameters in column
method consisted of flow/Fatd of meal solupon flow rate of eluent solution, reuse of
complexing resin and sample yolume wereJ c-ongldered. The complexing resin can be
reused in several times, nme cycles for s1rver ion and twelve cycles for lead ion,
respectively. Espemally, silver ion and lead qlon showed a high precencentration
factors of 10 and 505vhen the complexing resin was used only 10 mg.

The optimum operating conditions for preconcentration of silver ion and lead

ion on 10 mg of complexing resin as following:

Ag(D) Pb(II)

Sorption conditions

Concentration (ug L 50.0 1000

Solution pH 7.0 5.0

Sample flow rate (mL min™) 3.0 4.0

Sample volume (mL) 50.0 250.0

Desorption conditions

Eluent solution 0.5 mol L™ thiourea in 0.2 mol L' EDTA in 0.1
1 mol L™ HCI mol L' HCI

Eluent flow rate (mL min™) 0.25 1.0

Eluent volume (mL) 5.0 5.0
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Furthermore, the complexing resin was applied for the preconcentration of
trace silver ion and lead ion from real water samples as tap water and sea water under
the optimum preconcentration in a column method. The results showed a good
%recovery and %RSD of metal ions with the acceptable range. Therefore, the

proposed method has high accuracy and high precision.

Suggestions in the future works

|

The efficient method iperazinedithiocarbamate yielded in

good purity should be es city of complexing ligand onto
anionic resin should be im order to 0 e higher preconcentration factor
and the lower limit of 3 ver, a more effective and comfortable system

may be developed to th i acentration-FAAS system.
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