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Abstract

A new modified silica gel using 2,4,6-trimorpholino-1,3,5-triazin was used for separation, preconcentration and determination of silver ion
in natural water by atomic absorption spectrometry (AAS). This new bonded silica gel was used as an effective sorbent for the solid-phase
extraction (SPE) of silver ion from aqueous solutions. Experimental conditions for effective adsorption of trace levels of silver ion were
optimized with respect to different experimental parameters in column process. Common coexisting ions did not interfere with the separation
and determination of silver at pH 3.5 so that silver ion completely adsorbed on the column. The preconcentration factor is 130 (1 mL elution
volume for a 130 mL sample volume). The relative standard deviation (R.S.D.) under optimum conditions is/3=08%The accuracy
of the method was estimated by using spring and tap water samples that were spiked with different amounts of silver ion. The adsorption
isotherm of silver ion was obtained. The capacity of the sorbent at optimum conditions has been found tp.p®fR38&#/er per gram of
sorbent.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction centration or trace enrichment methf@-8]. The classical
liquid—liquid extraction and separation methods are usually
The increasing use of silver compounds and silver- time consuming and labor extensive and require relatively
containing products in industry and medicine has resulted large volumes of high purity solvents. Of additional concern
in an increased silver content of environmental samples is disposal of the organic solvent used, which creates a severe
[1,2]. Silver also enters the environment through industrial environmental problem.
waters because it often occurs as an impurity in copper, Solid-phase extraction (SPE) has become known as a pow-
zinc, arsenic and antimony or§3. Low-level exposure to  erful tool for separation and enrichment of various inorganic
silver compounds is widespread due to the use of solubleand organic analytg8—13]. The basic principle of SPE is the
silver compounds to disinfect drinking watgf]. On the transfer of the analyte from the aqueous phase to bind to active
other hand, recent information about the interaction of silver sites of the adjacent solid phase. It has several advantages
with essential nutrients, especially selenium, copper, Vita- over other techniques, including stability and reusability of
mins E and By, has focused attention on its potential toxicity the solid phase, reach of high preconcenrtation factors, easi-
[4,5]. ness of separation and enrichment under dynamic conditions,
Due to the very low concentration of most elements, no need for organic solvents which may be toxic and mini-
including silver, in environmental samples, their separation mal costs due to low consumption of reagents. Accordingly,
and sensitive determination necessitate the use of a preconseveral selective solid-phase extractors have been prepared
by either physical loading or chemical binding of selected
* Corresponding author. Tel.: +98 811 8272404; fax: +98 811 8272404, Chelating reagents to different solid supports such as silica gel
E-mail address: madrakian@basu.ac.ir (T. Madrakian). [14-21] activated carbof22,23], cellulosic derivativef24],
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polyurethane foanfi25] and chelating ion exchange resins 0
[26-29]

The typical sorbents used for silver separation contain
organic agents with sulfhydryl groups that form stable com-
plexes with silver. Gomez et 480] described an on-line pre- %‘ N\ N
concentration method for the determination of silver by flow o \H/ Y

injection FAAS using sulfhydryl cotton. Pei and Fajgi]

determined silver in geological materials using FAAS cou- N AN
pled with on-line flow injection preconcentration by copre- T
cipitation with diethyl dithiocarbamate. The sorption of silver
was investigated by 2-mercaptobenzothiazole (MBT) fixed
on modified silica gel and surfactant-coated alunf8Za33]. %N

0

Also the sorption of silver, gold and palladium by thiourea
immobilized on the silica gel was studigg#]. In those meth-

ods based on using modified silica 488,34}, the use of
aminopropylsilica gel as an expensive reagent is inevitable.
To bond analytical reagents such as 2-mercaptobenzothiazole
toaminopropylsilica gel, the Mannich type condensation with . .
formaldehyde is required, which is atedious procedure. Using (Scheéme 1 was prepared and purified according to
this methodology, the formation of side products makes a [40].

serious problem. Recently, an easy and efficient method was

reported for the preparation of silica-based reag@%s37]

This method was used for the preparation of morpholinated

and 8-hydroxyquinolinated silica gfl38]. On development Silica gel was activated with concentrated hydrochloric

of this simple method for the preparation of iNEXpensive 4iq for 4 h under reflux conditions, then filtered off, washed
and very stable solid-based analytical reagents, the syntheynqr6yghly with doubly distilled water till it was acid-free
sis of 2-mercaptobenzothiazole bonded silica gel and its 5,4 finally at 150C for 6 h[41].

application as a sorbent for preconcentration and determina- £ the synthesis of the sorbent, 1.50g of activated sil-
tion of silver by atomic absorption spectrometry (AAS) was .5 gel was refluxed with 1.00g 2,4,6-trimorpholino-1,3,5-
reported[39]. In this study we report the synthesis of anew yja7in in 100 mL chloroform for 2 h. The residue was then

2,4,6-trimorpholino-1,3,5-triazin bonded on silica gel and its \a5hed several times with triply distilled water and filtered.

application as a selective sorbent for preconcentration andre resylting residue was washed with chloroform, filtered
determination of silver by atomic absorption spectrometry. 5.4 gried at 70C for 2 h.

2.3. Synthesis of the sorbent

In IR spectrum of the modified silica gel, the absorption
band is observed at 2920 cthwhich is due to the €H

2. Experimental stretching of triazine. The other two bands of interest are
observed at 1542 and 1444 tithat can be assigned to the
2.1. Apparatus C=N triazine. The IR spectrum also shows the presence of

. ) ) unreacted OH groups of silica gel (3400chand Si-O as
A Shimadzu model 670 atomic absorption spectrometer 4 strong broad band at 1100t

was used for determination of concentration of metal ion.

The following conditions were used: absorption line: Ag:

328.1 nm; slit widths: 0.6 nm; and lamp currents: 4mA. The 2.4. Analytical procedure

flow rates of air and acetylene were set as recommended by

the manufacturer. The mid-infrared spectra were recorded by A 0.10 g of synthetic sorbent was transferred into a glass
KBr pellets using Perkin-Elmer FT-IR spectrometer Model column of 15cm length and 1.0cm diameter. The height
spectrum GX. A Metrohm model 713 pH-meter with a com- of the solid sorbent in the column was 8 mm. The packed
bined glass electrode was used for pH measurements. Ancolumn was washed with triply distilled water. The pH
ISMATEC peristaltic pump type ISM404B was used for of silver ion solution was adjusted at 3.5 by the drop-

adjustment of the flow rate. wise addition of diluted HN@ and diluted NH. Sample
solution was passed through the column at a flow rate
2.2. Reagents of 5mLmin~1. Silver ion adsorbed on the column was

then eluted with 1 mL of 0.05molt! thiosulfate solu-
Triply distilled water was used and analytical reagent tion at an elution rate of 1 mL mirt. The silver concen-
grade chemicals were purchased from Merck and Aldrich tration in the eluent solution was determined by AAS at
chemical companies. 2,4,6-Trimorpholino-1,3,5-triazin 328.1 nm.
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3. Results and discussion Table 1
Effect of nature of eluent on percent recovery of silver ion
To obtain the most suitable data from this method, differ- Eluent Recoveryr(=5) (%)
ent parameters were optimized. The pH of sample solution, Sodium acetate % 1.0
the type and concentration of eluent, the pH of the eluent, the Thiourea 97+ 0.5
effect of sample and eluent flow rates on the extraction effi- Potassium thiosulfate 108 0.8

Sodium cyanide 10& 1.5

ciency, interfering effect, foreign species and capacity factor Potassium thiocyanide 5F 13

of the sorbent for silver ion recovery have been studied. The
optimization procedure was carried out by varying a param-

eter while the others were kept constant. used. Because when HNOHCI and HSOy pass through
the column and cause decomposition of the modified silica
3.1. Optimization of pH gel and/or the formation of AgCl or AGQy, these min-

eral acids were not used as eluents. Aliquots of 5.0 mL of
Aliquots of 5.0mL of 5.QugmL"" silver ion solution 5.0pg mL~1 silver ion solution were passed through a series
were passed through a series of columns containing 0.10 gof columns containing 0.10g of adsorbent. A total of S5mL
sorbent in the pH range of 2.0-8.0. The results are shown©f 0.05mol L™ of the above mentioned eluents were used
in Fig. 1 The results showed that silver ion was completely for desorbing of adsorbed silver ions. The amount of silver
adsorbed on the sorbent over the pH range of 3.0-6.0. Thereion back-extracted into the liquid phase by each eluent was
fore pH 3.5 was chosen as the optimum pH for further studies. Measured using FAAS. Percent recoveries of silver ion were
Diluted HNO; and diluted NH were used for adjusting of ~ calculated for each sample. The results are giveTaile 1

the pH of solutions. As Table 1shows, the recovery is the best when potassium
thiosulfate or sodium cyanide solution was used as the eluent.
3.2. Effect of sample flow rate Using sodium cyanide as eluent caused decomposition of the

sorbent and the elution of the ligand. Therefore, potassium

The percent sorption of 5.0 mL of 5@ mL~1 silver ion thiosulfate was selected as eluent.
on the sorbent surface as a function of sample solution flow ~ FOr desorbing silver ion, already adsorbed on adsor-
rate was examined in the range of 0.5-8.0 mLTinThe bent, different concentrations of the eluent, in the range

. . l . . .

results indicated that at flow rates lower than 6mLndin ~ 0-002-0.100mol L™ of thiosulfate have been used. As itis
complete sorption of silver ion was achieved on sorbent, Shown inFig. 2, at concentrations more than 0.025 mof
However at flow rates greater than 6 mL min there was thiosulfate completely desorbed silver ion from sorbent sur-
a decrease in the percentage of sorption. This may be dudace. Therefore a concentration of 0.05 mollof thiosulfate
to the insufficient contact time of the sample solution with Was selected for further studies.

the sorbent. Thus a flow rate of 5 mL mihwas chosen for To find the optimum pH value of the eluent solution for
further studies. adsorbing of 259 silver ion, already adsorbed on 0.10 g of

sorbent surfaces, a series of thiosulfate solution with different
3.3. Choice of eluent pH values have been used. The results are giv&igind. At

pH values less than 5.0, the eluent solution was not stable,

In order to choose a proper eluent for desorbing sil- and recovery is about 100% in pH 5.0. In higher pH values,
ver ion from the sorbent surface, a series of selected elu-
ent solution such as sodium acetate, potassium thiosulfate,
thiourea, potassium thiocyanate and sodium cyanide were
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Fig. 1. Effect of pH of the silver ion solution on the percent of retention on  Fig. 2. Effect of eluent concentration on percent recovery of silver ion.
sorbent. Experimental conditions: 5mL 5.§ mL~? silver ion solution at Experimental conditions: 5 mL 509 mL~! silver ion solution at pH 3.5,
different pH, 0.10 g sorbent, 1 mL 0.05 motL thiosulfate solution. 0.10g sorbent, 1 mL thiosulfate at different concentration at pH 3.5.
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100 Table 2
E 50 Effect of foreign ions (in binary mixtures) on percent recovery of silver ion
E, 60 Coexisting ions Coexisting ions Recovery of
2 w0 (ngmL—1) silver ion (%)
3
2 20 Na* 1000 100
0 , ‘ , , ‘ , K* 1000 100
4.0 5.0 6.0 7.0 8.0 9.0 10.0 ca* 1000 100
pH Mg?* 1000 98
Co?* 1000 101
2
Fig. 3. Effect of pH of the eluent solution on percent recovery of silver ion. Ni i 1000 94
Experimental conditions: 5mL 50y mL~? silver ion solution at pH 3.5, Pz; 1000 101
0.10 g sorbent, 1 mL 0.05 moH! thiosulfate solution at different pH. c 1000 99
zZn?* 1000 100
. +
the recovery decreased. So, pH 5.0 was considered as th%l‘f2+ iggg igg
optimum pH value for the eluent solution. The pH of eluent ¢+ 1000 97
was adjusted by diluted HN$and diluted NH using a pH P03~ 200 96
meter. SOu2~ 200 98

The effect of the volume of eluent solution was also stud- Experimental conditions: 5.0 mL of 5.y mL~! silver ion solution con-
ied. The results are shownfiig. 4 The percentofrecovery of  taining foreign ion at pH 5.0; sorbent, 0.10 g eluent, 1 mL of 0.05 mdl L
silver ion increased by increasing the volume of thiosulfate thiosulfate solution at pH 5.0.
up to 0.9mL and remained constant afterward. Therefore,
optimum volume of the eluent was chosen as 1.0 mL. The of cation is illustratedFig. 5 shows the process that con-

flow rate of eluent was 1 mL mirt. forms to the Langmuir model. Such isotherms are generally
associated with monolayer adsorption.
3.4. Effect of foreign ions The Langmuir equation was used to calculate the max-

imum retention capacityNs) [43,44] The general form of

The effect of different cations and anions was investigated Langmuir isotherm is:
on percent recovery of 50g mL~1 of silver ion in 5mL of KCs
solution by the proposed method. The results are given inY = 15 KC.
Table 2 The results indicated that high concentrations of all s
the ions tested did not interfere with separation and determi-where Y is the fraction of adsorbent surface covered by

1)

nation of silver. adsorbed specief; a constant and’s the equilibrium con-
centration of the cation solution. In our ca¥e;, Nt/Ns, where
3.5. Capacity of the sorbent N: represents the number gfy cation adsorbed per gram of

adsorbenti¢g g~1) at equilibrium concentratiorGs andNs

The capacity of the sorbent is an important factor that is the maximum amount of solute adsorbed per gram of sur-
determines how much sorbent is required to quantitatively face (.gg—*) which depends on the number of adsorption
remove a specific amount of metal ion from the solufiy. sites. After linearization of the Langmuir isotherm, K,

For investigation of adsorption isotherm of silver ion in we obtain:
solution, the same volumes of silver ion solution with dif- Cs 1
ferent concentrations of silver ion was passed from column N <N) (KN )
that packed with 0.10 g of sorbent. The adsorption isotherm S S
is shown inFig. 5. The number of microgram adsorbed per All these adsorption studies were based on the lineariza-
gram of adsorbent\¢) versus the equilibrium concentration tion form of the Lanmgmuir isotherm derived froy/NVy

)

100 —~— 400 . e
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8
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Fig. 4. Effect of the volume of thiosulfate on percent recovery of silver ion. Co/ (mg LY
Experimental conditions: 5 mL 50y mL~! silver ion solution at pH 3.5, s g
0.10g sorbent, 0.05moH! thiosulfate solution at pH 3.5 with different

volumes. Fig. 5. Adsorption isotherm of silver ion on sorbent.
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0.006 Table 3
- Recovery of Ag(l) spiked into samples of water after preconcentation with
o 0004 a factor 130
; 0.002 Sample Ag(l) spiked Ag(l) detected Recovery
S (ngmL™) (ngmL™) (n=5) (%)
&
P00 o0 im0 200 250 Spring water 0.0 n.d. ,
: ’ : n : : 10.0 9.9 &0.3) 99.2
C,/(mgL™) 20.0 19.8 (£0.9) 98.3
50.0 49.2 ¢0.7) 98.5
Fig. 6. Linearization of the adsorption isotherm of silver ion on sorbent. Tap water 0.0 nd. _
10.0 10.1 ¢:0.4) 101.0
20.0 19.8 ¢0.8) 99.1
as a function ofCs. The plot is shown irFig. 6. This plot 50.0 49.1¢0.7) 98.2
gives a straight line with slope equal toNk/ and inter- n.d.: not detected.

cept equal to HNs. Therefore the Langmuir isotherm is an ~ ® Mean= S.D. of five determinations.
adequate description of the adsorption of silver ion on sor-
bent. The maximum retention capaciigf for cation-surface
interaction was determined from the slope, and a value of
384ug g lwas obtained.

References

[1] I.M. Kolthoff, P.J. Elving (Eds.), Treatise on Analytical Chemistry,
Part Il, vol. 5, Interscience, New York, 1966.
[2] H. Renner, Ulmanns Encyklopedie der Technischen-Chemie, vol. 21,

3.6. Effect of sample volume fourth ed., Verlag Chemie, Weinheim, 1982.
[3] R. Soager, Metallic Raw Materials Dictionary, Bank Tobel, Zurich,
The effect of the sample volume on the adsorption of sil- 1984.

ver ion on 0.10 g of sorbent was studied by passing sample [4] Environmental Protection Agency (EPA), Ambient Water Quality

L . Criteria for Silver, EPA 4405-80-071, Office of Water Regulations,
volumes of 5—200 mL containing the same amount of silver Washington, DC, 1980.

ion (25pn.9) thrOUQh the co_lumn. The sample VOIUr_ne did not 5] E. Meian (Ed.), Metals and Their Compounds in the Environment,
affect the adsorption of silver up to 130 mL. At higher vol- VCH, New York, 1991.

umes percent of recovery decreased. As the amount of silver [6] A. Mitsuike, Methods for Preconcentration of Trace Elements,
in 130 mL was measured after elution of adsorbed silver by _ Khimiya, Moscow, 1986.

. . . [7] C.C. Huang, M.H. Yang, Automated on-line sample pretreatment
1 mL thiosulfate solution, the solution was concentrated by system for the determination of trace metals in biological samples

a factor of 130. Preconcentration factor of 130 makes the by inductively coupled plasma mass spectrometry, Anal. Chem. 69

method very promising for use at sub ng milevel in com- (1997) 3930-3939.

bination with a more sensitive technique such as inductively [8] C.H. Lee, J.S. Kin, M.Y. Suh, W. Lee, A chelating resin containing

coupled plasma (|CP). 4-(2-thiazolylazo)resorcinol as the functional group Synthesis and
sorption behaviour for trace metal ions, Anal. Chim. Acta 339 (1997)
303-312.

[9] M.E. Mahmoud, M.M. Osman, M.E. Amer, Selective pre-
concentration and solid phase extraction of mercury(ll) from natural
water by silica gel-loaded dithizone phases, Anal. Chim. Acta 415

3.7. Reproducibility and reusability

In order to find the reproducibility in the determination (2000) 33-40.
of silver ion, the recommended procedure was repeated five[10] M.E. Mahmoud, Selective solid phase extraction of mercury(ll) by
times under optimum conditions. The relative standard devi- silica gel-immobilized-dithiocarbamate derivatives, Anal. Chim. Acta
ation (R.S.D.) was found to be 3.03%. 398 (1999) 297-304.

h d b bi d lloadi . h[11] K.S. Abou-El-Sherbini, I.M.M. Kenawy, M.A. Ahmed, R.M. Issa, R.
The prepared sorbentwas subjected to several loading wit Elmorsi, Separation and preconcentration in a batch mode of Cd(ll),

the sample solution and subsequent elution with eluent. The  cr(i1, Vi), Cu(il), Mn(ll, Vi) and Pb(ll) by solid-phase extraction
capacity of the adsorbent did not change after six cycles of by using of silica modified withV-propylsalicylaldimine, Talanta 58

sorption and desorption. (2002) 289-300. , - _

[12] A.R. Ghiasvand, R. Ghaderi, A. Kakanejadifard, Selective precon-
centration of ultra trace copper(ll) using octadecyl silica membrane
disks modified by a recently synthesized glyoxime derivative, Talanta
62 (2004) 287-292.

. . . [13] U. Pyell, G. Stork, Characterization of a chelating silica-gel

The suitability of the proposed method for the analysis with immobilized 2-amino-1-cyclopentene-1-dithiocarboxylic acid

of natural water samples was checked by spiking samples of ~ (ACDA), J. Fresenius Anal. Chem. 342 (1992) 376-380.

the spring water and tap water with 10, 20, and 50 ng|1n|_ [14] K. Terada, K. Nakamura, Preconcentration of cobalt(ll) in natural

of silver. The results are given ifable 3 As the results waters with 1-nitroso-2-naphthol supported on silica gel, Talanta 28

. . (1981) 123-125.
show, the pI’OpOSGd method is suitable for the pr(:"Cor‘m_}n_[15] M.E. Mahmoud, E.M. Soliman, Study of the selective extraction

. . . l .
tration of silver ion at the ng mtL" level in real samples of of iron(lll) by silica-immobilized 5-formyl-3-arylazo-salicylic acid
water. derivatives, Talanta 44 (1997) 1063-1071.

3.8. Analytical application



72 T. Madrakian et al. / Journal of Hazardous Materials B128 (2006) 67-72

[16] Q. Pu, Q. Sun, Z. Hu, Z. Su, Application of 2-mercaptobenzo- [30] M.M. Gomez, M.M. Haligo Garcia, M.T. Palacios Corvilo, On line

thiazole-modified silica gel to on-line preconcentration and separa- preconcentration of silver on a sulfthydryl cotton microcolumn and
tion of silver for its atomic absorption spectrometric determination, determination by flow injection atomic absorption spectrometry, Ana-
Analyst 123 (1998) 239-244. lyst 120 (1995) 1911-1915.

[17] A. Goswami, A.K. Singh, B. Venkataramani, 8-Hydroxyquinoline [31] S. Pei, Z.L. Fang, Flame atomic absorption spectrometric determi-
anchored to silica gel via new moderate size linker: synthesis and nation of silver in geological materials using a flow-injection system
applications as a metal ion collector for their flame atomic absorption with on-line preconcentration by coprecipitation with diethyldithio-
spectrometric determination, Talanta 60 (2003) 1141-1154. carbamate, Anal. Chim. Acta 153 (1994) 185-193.

[18] A. Goswami, A.K. Singh, Enrichment of iron(lll), cobalt(ll), [32] G. Absalan, M. Ayattollahi Mehrdjerdi, Separation and preconcen-
nickel(ll), and copper(ll) by solid-phase extraction with 1,8- tration of silver ion using 2-mercaptobenzothiazole immobilized
dihydroxyanthraquinone anchored to silica gel before their deter- on surfactant-coated alumina, Sep. Purif. Technol. 33 (2003) 95—
mination by flame atomic absorption spectrometry, Anal. Bioanal. 102.

Chem. 374 (2002) 554-560. [33] P. Liu, Q. Pu, Z. Su, Synthesis of silica gel immobilized thiourea

[19] A. Goswami, A.K. Singh, Silica gel functionalized with resacetophe- and its application to the on-line preconcentration and separation of
none: synthesis of a new chelating matrix and its application as metal silver, gold and palladium, Analyst 125 (2000) 147-150.
ion collector for their flame atomic absorption spectrometric deter- [34] Q. Pu, Q. Sun, Z. Hu, Z. Su, Application of 2-mercapto-
mination, Anal. Chim. Acta 454 (2002) 229-240. benzothiazole-modified silica gel to on-line preconcentration and

[20] A. Walcarius, M. Etienne, C. Delacote, Uptake of inorganic' Hry separation of silver for its atomic absorption spectrometric deter-
organically modified silicates: influence of pH and chloride concen- mination, Analyst 123 (1998) 239-244.
tration on the binding pathways and electrochemical monitoring of [35] H. Firouzabudi, N. Iranpoor, B. Karimi, H. Hazarkhani, Highly effi-
the processes, Anal. Chim. Acta 508 (2004) 87-98. cient transdithioacetalization of acetals catalyzed by silica chloride,

[21] PK. Jal, S. Patel, B.K. Mishra, Chemical madification of silica Synlett 2 (2000) 263-265.
surface by immobilization of functional groups for extractive con- [36] N. Iranpoor, H. Firouzabadi, R. Heydari, Silica-polyethylene-
centration of metal ions, Talanta 62 (2004) 1005-1028. glycols/N;O4 complexes as heterogeneous nitrating and nitrosating

[22] M.B.O. Giacomelli, J.B.B. Dasilva, A.J. Curtius, Determination of agents, Phosphorous Sulfur Silicon 178 (2003) 1027-1035.

Mo and Bi in steels by electrothermal atomic absorption spectrome- [37] N. Iranpoor, H. Firouzabadi, R. Heydari, Silica-acetate complex of
try after complexation and sorption on activated carbon, Talanta 47 N2O4: a heterogeneous reagent for the selective nitration of phe-
(1998) 877-881. nols and nitrosation of thiols, Synth. Commun. 5 (2003) 703-

[23] I. Narin, M. Soylak, L. Elci, M. Dogan, Determination of trace 710.
metal ions by AAS in natural water samples after preconcentration [38] M.A. Zolfigol, T. Madrakian, A. Afkhami, E. Ghaemi, S. Azizian, S.
of pyrocatechol violet complexes on an activated carbon column, Afshar, Synthesis of morpholinated and 8-hydroxyquinolinated silica
Talanta 52 (2000) 1041-1046. gel and their application to water softening, Green Chem. 4 (2002)

[24] V. Gurnani, A.K. Singh, B. Venkataramani, Cellulose based macro- 611-614.
molecular chelator having pyrocatechol as an anchored ligand: syn- [39] A. Safavi, N. Iranpoor, N. Saghir, Directly silica bonded analyti-
thesis and applications as metal extractant prior to their determination cal reagents: synthesis of 2-mercaptobenzothiazole-silica gel and its
by flame atomic absorption spectrometry, Talanta 61 (2003) 889—-903. application as a new sorbent for preconcentration and determina-

[25] Y. Toker, M. Eral, Hicénmez, Recovery of uranium from aqueous tion of silver ion using solid-phase extraction method, Sep. Purif.
solutions by trioctylamine impregnated polyurethane foam, Analyst Technol. 40 (2004) 303-308.

123 (1998) 51-53. [40] D. Azarifar, M.A. Zolfigol, A. Forghaniha, A convenient method

[26] A.K. Singh, S.K. Dhingra, Application of Dowex-2 loaded with for the preparation of some new derivatives of 1,3,5-S-triazine
sulfonaphthalein dyes to the preconcentration of copper(ll) and cad- under solvent free condition, Hetrocycles 63 (2004) 1897-
mium(ll), Analyst 117 (1992) 889-891. 1901.

[27] P.K. Tewari, A.K. Singh, Amberlite XAD-2 functionalized with chro- ~ [41] E.M. Soliman, M.B. Saleh, S.A. Ahmed, New solid phase extractors
motropic acid: synthesis of a new polymer matrix and its applications for selective separation and preconcentration of mercury(ll) based on
in metal ion enrichment for their determination by flame atomic silica gel immobilized aliphatic amines 2-thiophenecarboxaldehyde
absorption spectrometry, Analyst 124 (1999) 1847-1852. Schiff’s bases, Anal. Chim. Acta 523 (2004) 133-140.

[28] Y. Guo, B. Din, Y. Liu, X. Chang, S. Meng, J. Liu, Preconcentration [42] K. Dev, G.N. Rao, Preparation and analytical properties of a chelat-
and determination of trace elements with 2-aminoacetylthiophenol ing resin containing bicine groups, Talanta 42 (1995) 591-596.
functionalized Amberlite XAD-2 by inductively coupled plasma- [43] A.G.S. Prado, C. Airoldi, Adsorption, preconcentration and separa-
atomic emission spectrometry, Talanta 62 (2004) 207-213. tion of cations on silica gel chemically modified with the herbi-

[29] P. Pohl, B. Prusisz, Pre-concentration of Cd, Co, Cu, Ni and Zn cide 2,4-dichlorophenoxyacetic acid, Anal. Chim. Acta 432 (2001)
using different off-line ion exchange procedures followed by the 201-211.

inductively coupled plasma atomic emission spectrometric detection, [44] G. Attord, C. Barnes, Surfaces, Oxford University Press Inc., New
Anal. Chim. Acta 508 (2004) 83-90. York, 1998.



	Separation, preconcentration and determination of silver ion from water samples using silica gel modified with 2,4,6-trimorpholino-1,3,5-triazin
	Introduction
	Experimental
	Apparatus
	Reagents
	Synthesis of the sorbent
	Analytical procedure

	Results and discussion
	Optimization of pH
	Effect of sample flow rate
	Choice of eluent
	Effect of foreign ions
	Capacity of the sorbent
	Effect of sample volume
	Reproducibility and reusability
	Analytical application

	References


