Available online at www.pelagiaresearchlibrary.com

Pelagia Research Library

Der Chemica Sinica, 2015, 6(1):73-81

Library
ISSN: 0976-8505
CODEN (USA) CSHIAS

Physical modification of silica gel with bis(2,2'-nethylenephenol)
diaminoethane for separation and spectrophotometric
determination of Cu(ll) from Ni(ll) ions

Francis K. Onwu™ and Patrick I. Uguru 2

'Department of Chemistry, Michael Okpara UniversityAgriculture Umudike, Umuahia, Abia State, Nigeri
“Department of Industrial Chemistry, Ebonyi Statevdrsity, Abakaliki, Ebonyi State, Nigeria

ABSTRACT

Physical modification of silica gel with bis(2,2ethylenephenol)diaminoethane (BMPDE) for extractdrCu(ll)
and Ni(ll) ions was investigated in four differemids; H,SQ,, HCI, HNG; and HCIQ in the concentration range of
10* -10* M and pH 1-11. The stability of the BMPDE-physdigahodified silica gel was investigated in the same
acid concentrations and pH range. Maximum adsorptacd BMPDE onto silica was observed at pH 10 with
percentage removal of 92.50 % while the presené¢@f H,SQ,, HNO;, HCIO;, in the concentration range 1010

* M depressed adsorption of BMPDE onto activatddasiyjel. Optimum separation of Cu(ll) occurred &t § while
that of Ni(ll) was at pH 7. Extraction of the tweetal ions in the four acids HCI, 430, HNG;, and HCIQ in the
concentration range of 1910* M was between 8-77%.

Keywords: Adsorption, bis(2,2'-methylenephenol)diaminoethaaeovery, salen-type Schiff base, silica gel.

INTRODUCTION

The chemistry of metal complexes with Schiff bagandds have attracted continuous attention forsymhetic
chemists due to their ease of synthesis, stahitifer a variety of oxidative and reductive condisi@specially in
aqueous medium [1]. Bis(2,2'-methylenephenol)diamihane is a salen-type Schiff base which resufisnwwo
equivalents of salicylaldehyde react with an ethgtiamine in a condensation process [2]. Over #asy there has
been a growing interest in the use of salen-typbifSbase in metal ion separation. This is becaokdhe
exceptional ability of salen-type Schiff base tonpdex heavy metals especially the transition mettaisugh its
four coordination sites [3]. The potential of BMPIdform coloured complexes with transition met@ls and Ni
has eased its application as a spectrophotometgent.

The search for new methods of metal ions separdtmn environmental samples has continued withnéitia

being paid to analytical methods, which are cofgotifre, time saving, specific, sensitive and aatair This drive
towards scavenging metal ions is because of thindettal effects these metals have on our environiraad the
complexity of some common methods such as atonsoragtion spectrometry, inductively coupled plasraréc

emission spectrometry, graphite carbon mass speetrg, inductively coupled plasma mass spectromédiame

atomic absorption spectrometry and graphite flatoena& absorption spectrometry. These methods usiraiblve

combination of two techniques; the sample prepamatiection and the detection tools [4]. The higbrapional cost
of these instruments limits their applications. 3denethods are also limited by matrix interferereed results
obtained may be erroneous if the limitations okthanstruments are not considered because the imesainay be
present with other elements [5].
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Adsorption of heavy metals at trace levels on lgaaVailable and low cost activated carbon materle@s been
reported [6]. The use of activated carbon materi@s major drawbacks such as non selectivity inaimen

separation, non reusability and irreversible adsmmpof the metal ions [7]. Solid phase separatibrnmetal ions
using BMPDE-physically-modified silica gel is théwee exigent because of the many advantages itokias

conventional methods of metal ion separation ambehinclude thermal and chemical stability, disoratory

removal of metal ions, enhanced sensitivity andt &ffectiveness [8]. Solid phase extraction is ads@reen
analytical method since it does not involve the aséoxic solvents and it saves time [9, 10]. Thesent work
studied the modification of silica gel in acids anddifferent pH ranges using a chelating liganJ/DE, which

has the potential to enhance the separation ofl et

MATERIALS AND METHODS

2.1 Activation of silica gel and preparations of sick solutions.

2.1.1 Synthesis of the ligand

The chelating ligand bis(2,2'-methylenephenol)dimsihane was synthesized as reported in previoug4yoThe
silica gel was activated by heating in a 1:3 migtaf HCI/HO. Stock solutions of BMPDE were prepared by
dissolving appropriate weights of the compoundbsadute ethanol to obtain a 5% stock solution.

2.1.2 Preparations of stock solutions
Stock solutions of Cu(ll) and Ni(ll) were preparéy dissolving appropriate weights of Cu&eH,O and
NiSO,.7H,0 respectively in distilled water to obtain 1.0 mg/solution.

The acid solutions; $$0,, HNO;, HCI and HCIQ were prepared in the concentration range 6f-10* M and
standardized with N&O; for use in the adsorption studies. Buffer solwi¢pH 1-11) were prepared following the
method reported by Dhanlad De lloyd [4]. The pHhaf solutions was confirmed using pH meter (prodfi¢ianna
instruments). The reagents used in the preparafithe buffer solutions were of Analar grade. Thenples were
agitated using RF-12 rotary shaker 500 rpm, Remipzgent while the absorbances of the solutions weasured
using spectrum Lab 22pc spectrophotometer.

2.1.3 Activation of Silica Gel

In the activation of silica gel, 10 g of silica gélaverage particle diameter (APD) of 75 pm waggtved into a 500
cm® beaker. Then, 200 ¢nof HCI/H,O solution (1:3V/V) was added and heated for 1@ lan oven at 108 to
remove metals if present and to maximize the nurobeilanol groups on the porous silica gel surfikd. The
silica gel was then removed from the oven and abbto cool to room temperature and then filterett wihatman
filter paper 110 mm. The activated silica was wadsbeveral times with copious amount of distilledevaintil the
pH was 7. Subsequently, the activated silica gel evéed in an oven at 120 for 13 h and then kept in desiccators
for use.

2.1.4 Determination of wavelength of maximum Absortion (A,.x) of BMPDE in Acid and in buffer solutions.

In the determination of the maximum wavelength lm$aption, 1.0 crhof BMPDE solution was pipetted into two
different extraction bottles and each of the extomcbottles made up to 5 érseparately with IOM HCI and a
buffer solution of pH 8. The mixture was equilitedtfor 5 min and then extracted with 5%aif chloroform. The
absorbance of the extract was measured at variauslengths to determine the wavelength of maximdsogption
(Amay of BMPDE in both HCI and buffer solutions.

2.2 Experimental Procedure

2.2.1 Influence of contact time, acid concentratiorand varying pH on the adsorption of the BMPDE onto
silica.

The effect of equilibration time on adsorption d1BDE on the activated silica gel was investigatgdMeighing
1.0 g of the activated silica gel into six extrantbottles. 2.0 cfrof BMPDE was added to each bottle and finally
made up to 5 cfhwith buffer solution of pH 10. The mixtures wergitated in a rotary shaker at 200 rpm at
different contact times of 5 min, 10 min, 15 m®&®, min, 1h and 2 h. The content of each bottle fill@sed at the
end of each time interval. The residue was rinsééd cn? of ethanol. 5 crhof distilled water was added to the
filtrate from each bottle and then unabsorbed BMRIZE extracted with 5 chof chloroform. The absorbance of
extract from each bottle was measured at 370 nm.

The effect of buffer pH on adsorption of BMPDE b factivated silica gel was carried out by weighir@g of the
activated silica gel into eleven extraction botéesl then adding 5 c¢hof the different buffer solutions of pH 1-11
as appropriate. The mixtures were agitated on aryathaker for 30 min to allow for optimum adsaoptiof the
BMPDE on the silica gel. At the end of 30 min, ttantent of each bottle was filtered and the resithsed with
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1cn? of ethanol. Then, the BMPDE in the filtrate wasragted with 5 crhof chloroform and the absorbance of
each extract measured at 370 nm.

The effect of various acid concentrations on adsmmpf BMPDE onto the activated silica gel wasalsvestigated
by weighing 0.1 g of activated silica gel into faxtraction bottles. 2.0 chof BMPDE solution was added and then
made up to 5 cfwith 0.1 M, 0.01 M, 0.001 M and 0.0001 M HCI. Thettles were agitated for 30 min at 200 rpm
after which the silica gel was filtered off and Wwed with 1 cm of distilled water. The unadsorbed BMPDE in the
filtrate was extracted with 5 c¢hof chloroform and the absorbance of the extraaasured at 370 nm. The same
exercises were also carried out on 0.1 M, 0.0l MOOM and 0.0001 M solutions of430,, HNO;, HCIO, acids.

The stability of BMPDE-Physically-Modified Silicaeg in buffer solutions of different pHs and in \ars
concentrations of different acids was also inveséd by weighing 0.1 g of modified silica gel indbeven
extraction bottles. Then, 5 érof buffer solutions of pHs 1-11 was pipetted itie different bottles and agitated on
a rotary shaker at 200 rpm for 30 min. The sameaitore was repeated in various acid concentratidifsyl, 10°

M, 10°M, 10" M, 0.5M, 1.0 M and 2.0 M for the different acids HCI;$0, HNO; and HCIO4. Then, the content
of each bottle was filtered and the filtrate nelitesd with aqueous ammonia and then the desorbed B/
extracted with 5 crhof chloroform. The absorbance of the extracts fthmdifferent bottles was measured at 370
nm.

2.2.2 Determination of wavelength of maximum absomon (A, of metal-BMPDE complexes

The determination of wavelength of maximum absorpf.,,) of metal-BMPDE complexes in acids and buffer of
different pHs was also investigated by introducin@ cniof 0.102 mg/criof copper(ll) solution into four extraction
bottles and the solutions made up to 5 evith 10°M, 10°M, 10°M and 10*M solutions of HCI. Then 0.10 ¢n

of 0.5% BMPDE was added and equilibrated for 5 fiain colour development. The €uBMPDE was then
extracted with 5 cfhof chloroform. The absorbance of the extracts thes measured at various wavelengths to
determine the wavelength at which the?GBMPDE complex absorbed maximally. The same proeedwas
applied for Cé"in 10*M, 10°M, 10°M and 10*M solutions of HNQ, H,SO, and HCIQ. The same exercise was
carried out on Ni" in the different concentrations of the four aciflee same procedures were applied to determine
the wavelength of maximum absorption of the metsllFDE complexes in buffer solutions of pH 1-11.

2.2.3 Effect of Equilibration Time on solid phase Etraction of Cu®* and Ni#*

0.1 g of the modified silica gel was weighed inicefextraction bottles. Then 1 émf Ni** solutioncontaining
0.102 mg/cr of Ni** was added. The volume was made up to $with buffer solution of pH 8. The bottles were
equilibrated at various times of 1 min, 5 min, 1hni5 min and 30 min respectively. At the end afious time
intervals, each bottle was removed and the mixiiitexed and then 0.1 chof BMPDE solution was added to the
filtrate for colour development of any Niunextracted in the aqueous phase and the compimetl was extracted
with 5 cn? of chloroform and the absorbance of the extract measured. The Niadsorbed on the solid support
was desorbed with 5 ¢hof 2 M HNO,. The desorbed metal ion was neutralized with agsi@mnmonia, and then
0.1 cn? of BMPDE solution was added for colour developramd then extracted with 5 émf chloroform and the
absorbance determined. The same procedure was@gplidetermine the effect of contact time on splihse
extraction of C&'.

2.2.4 Effect of pH on Solid phase Extraction of Cti and Ni*".

The influence of pH on the extraction of the méak was carried out by weighing 0.1 g of modifggiica gel into
eleven extraction bottles. Then 1 thi?* solution containing 0.102 mg/énof Ni** was added into each of the
bottles and made up to 5 Emwith buffer solutions of pHs 1-11. The bottles ehen equilibrated for 5 min on a
rotary shaker at 200 rpm and then filtered and edstith 1 cm of distilled water. 0.1 cfof BMPDE solution was
added to the filtrate for colour development anenttNF*-BMPDE was extracted with 5 ¢nof chloroform. The
absorbance of the extracts was determined at 37@munat 38C. Ni#* adsorbed on the solid support was then
desorbed with 5 cfnof 2 M HNO; and neutralized with few drops of aqueous ammohieen 0.1 criof 0.5%
BMPDE solution was added to the desorbed metahimhthen extracted with 5 éraf chloroform. The absorbance
of each extract was measured at 420 nm. The saooedgure was applied to determine the effect of pHsalid
phase extraction (SPE) of €u

2.2.5 Effect of Acid Concentration on Solid Phasesraction of Cu®* and Ni#*

0.10 g of modified silica gel was weighed into faxtraction bottles. This was followed by additi@i1.0 cnf of
CU** solution containing 0.102 mg/énof CU* to each of the bottles and made up to 5.0 with different
concentrations (I6M, 102 M, 10°®M and 10* M) of HCI solutions separately into the differeratttes and then
equilibrated for 5 min. The mixtures were filteread then 0.1 cirof BMPDE was added to the filtrate for colour
development and equilibrated for 5 min and themaexeéd with 5 crhof CHCL. The absorbances of the extracts

75
Pelagia Research Library



Francis K. Onwu and Patrick I. Uguru Der Chemica Sinica, 2015, 6(1):73-81

were measured at 400 nm. Cu(ll) ions adsorbed emthdified silica gel were then eluted with 5%ai 2 M
HNOs. The eluent was adjusted to a pH 8 and then thricavas developed with 0.1 érof BMPDE. The eluent
was then extracted with 5 éraf chloroform and the absorbances of the extnaetasured. The same procedure was
applied to C&" in H,SO,, HNO; and HCIQ at 10* M, 10% M, 10° M and 10° M concentration. This was also

carried on Ni*in the different acids HCI, $$0, HNO;and HCIQ of concentrationsIdM, 10?M, 10°M and 10*
M.

2.2.6 Separation of nickel from copper

0.1 g of the physically modified silica gel was glegd into an extraction bottle. Then 13wsplution of Nf* and
CU?* containing 0.102 mg/ctreach of Ni* and Cd* was added to buffer solution of pH 7 and the vaumade up
to 5 cn? using distilled water. The mixture was equilibchfer 5 min and then filtered and then*Nadsorbed on
the solid sorbent was desorbed with 5 @h2 M HNO; and the absorbance was determined. The pH ofltree
was again adjusted to 9 using M¥H, then 0.1 g modified silica gel added and thgtune equilibrated for 5 min
and then filtered. Cii adsorbed on the solid sorbent was desorbed with*®f HNO; and then the absorbance was
determined.

RESULTS AND DISCUSSION

3.1 hmax Of bis(2,2'-methylenephenol)diaminoethane in Acidand Buffer pH

The ligand, BMPDE in 16M HCI, H,S0,, HNO; and HCIQ has wavelength of maximum absorbance at 370 nm.
Also at pH 10, BMPDE also exhibited ’g,,x of 370 nm. The non variation in the wavelengthnaiximum
absorbance of the ligand in both acidic mediumiarttle buffer of pH 10 showed non-interferencehia buffer and
acid absorption spectra of BMPDE.

3.2 Influence of equilibration time on BMPDE adsorpion onto Activated Silica Gel.

The exposure time required for the deposition eflipand on activated silica gel and adsorptiomnetal ions on
modified silica gel and attainment of equilibriumaf utmost importance. Optimum deposition of tHdADE on
activated silica gel at pH 10 occurred within 151miith a percentage removal of 92.00 % as showrabie 1.

Table 1: Effect of Time on Adsorption of the Saleronto Activated Silica

tminy | Me(@) | Cosmg | Cimg | GG | % R
5 0.10 10 3.65| 6.35 63.5
10 0.10 10 1.60] 8.4Q 84.0
15 0.10 10 0.80] 9.20 92.0
30 0.10 10 1.000 9.00 90.0
60 0.10 10 1.60] 8.4Q 84.00
Cos= initial amount (mg) of Salen in 5 éof aqueous phase

C, = amount (mg) of Salen in 5 éaqueous phase after time (t)
t=time of equilibration in min.

m= mass of silica geling
% R = percentage of salen adsorbed

[cNeNeNe)

3.3 Effect of pH on Adsorption of BMPDE on Activatel Silica Gel

Figure 1 shows the influence of pH on adsorptioBBPDE on activated silica gel. The figure showatthbout
92.5% of the ligand was adsorbed at pH 10 whicthéspH of optimum adsorption. Quantitative adsanptof
BMPDE at this pH could be due to the formation pditogen bond between the silanol groups of theasijel and
the phenyl groups in the Schiff base. The structirBMPDE which has four donor atoms (ONNO) alsdkesait
easy for it to bind with the silica gel. At pH beyb10, precipitation of the ligand sets in diminmighits adsorption
on the solid support, while at pH 1-4 incompletesdktiation of the ligand as a result of high ¢dncentration
lowered the adsorption of BMPDE on activated sifieh

3.4 Effect of Various Acid Concentrations on Adsorfion of Salen on Activated Silica gel

The effect of four common acids, HCI, HN(H,SO, and HCIQ in the concentration range of 420* M on
adsorption of BMPDE onto activated silica gel waseistigated. Variation of acid concentrations with amount of
BMPDE adsorbed on activated silica is shown on @&bIThese acids are common in the natural envieotynso to
obtain the optimum adsorption conditions, theieifégrence on the adsorption process was examimech Fable 2,

it could be seen that the four acids at higher entrations of 18-10% M significantly decreased the adsorption
process. This could be due to the higher concémtraf H" ions and subsequent protonation of the adsorgsites

of the BMPDE. The adsorption of the BMPDE on thdivated gel; however increased with decreasing
concentration of the acids. This is in line witle thehaviour of the ligand in pH media. At lower centration range
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of 10°-10*M, more of the ligand is adsorbed on the silicaef@ll, there were no marginal differences on ttiecef
of the four acids on the adsorption process.

100

80 -
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40

% Adsorption

0 T T T T T 1
0 2 4 6 8 10 12

Figure 1: Plot of percentage of BMPDE Adsorbed on étivated Silica gel as a function of pH

Table 2: Effect of Various Acid Concentrations on Alsorption of Salen onto Activated Silica gel (mg/g)

[Acid|M M{g) Gdmg) HCI HN®  HSO HCIQ
0.1 0.10 10 20 09 1.3 3.8
001  0.10 10 40 71 1.5 4.2
0.001  0.10 10 59 53 2.2 4.4
0.0001  0.10 10 6.7 438 43 46

[Acid]= concentration of acid in mol/din
Ms= mass of silica gel in g
C.: = initial amount (mg) of Salen solution in 5&m

3.5 Stability of BMPDE-Physically-Modified Silica Gel in Acid and pH Media

The stability of the BMPDE-physically-modified si& gel in the various acid solutions viz; HCI, HN®,SO, and
HCIO, in the concentration range 16 2.0 M and buffer solutions of different pH 1-1kaexamined. The results
obtained in these studies are shown in Figuresd23ar-rom the results, it could be seen that thbilitly of the
BMPDE-physically-modified silica gel decreased las ¢oncentration of the acids increased. Moreefigand was
desorbed from the silica gel at higher concentmati¢l0™-2.0 M) of the acids while minimum desorption was
observed in the concentration rang& add 10* M of the four acids.

(mg/g)
O L, N W A O O

Amount of ligand eluted

*

Figure 2: Plot of Amount of BMPDE (mg/g) Desorbed tdifferent pH

In the different buffer solutions of pH 1-11 us#uk trend was also the same. Highest percentagepdies of the
ligand from the silica gel occurred at the pH rardg® which is strongly acidic pH range. From pH 4% the

desorption percentage decreased. Hence, the pegeetiesorption of the ligand from silica gel deseebas the pH
increased. At pH above 10 however, the ligand iiglormed precipitates [12]. This indicates thia¢ tstability of
modified solid phase increased as the acid coramiimir decreased and also increased as the pH #sctedhis
shows that the ligand was physically adsorbed erstlica gel. This observation further confirms timitation of

the ligand in its application in either strongljidic or basic media [3]. However, outside the sgigracidic or basic
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medium, the BMPDE modified silica gel is very s@abrhe modified silica gel was kept in a desicédorover six
months without degeneration in colour or capacitile modified silica gel was also not affected bdiary
atmospheric pressure and temperature.

7 -
6 . OHNO3
BHCI
c | BH2S04
25° BHCIO4
N D 4
G E
=20 3 4
N
l -
0 - =
0.0001 0.001 0.01 01 0.2 1 2
Concentration of the acids(mol dnm®

Figure 3: Plot of Stability of BMPDE Modified Silica gel in Various Acid Media

3.6 Equilibration Time for metal Extraction

Optimum recovery of the metal ions under study omzliwithin 5 min. For the metal ions, Niand Cd", the
agitation (stirring) period of 5 min was sufficieforr their equilibrium retention as shown in Tab8sand 4. This
confirms the fact that modification of a silica gairface with organic complexing agent results ietahion
extractions which need only a few minutes for catglextraction process [12]. This is one of theaatlges of

using silica gel support for immobilization of caghg compounds. Figure 4 shows that equilibriursoagtion was
attained in 5 min.

Table 3: Influence of Equilibration Time on Solid Fhase Extraction of C{#"

Time(min) c:o(mg‘ Ct(mg‘ Cu'cl(mg‘ Ch
1 0.102| 0.0642 0.0378 0.37
5 0.102| 0.0102 0.0918 0.91
10 0.102| 0.0102 0.0918 0.91
15 0.102| 0.0102 0.0914 0.91
30 0.102| 0.0142 0.0874 0.87
60 0.102| 0.0163 0.0857 0.85
C, = initial amount (mg) of C¥ in 5 cn aqueous sample
C, = amount (mg) of Cii in 5 cnd of aqueous at time (t)
C.-C; = amount (mg) of Cii adsorbed by 0.1 g of solid phase at time (t).
g: = adsorption capacity of the solid phase at tijex{g/g

~ 00 00 00 0 0

3 -
5 25
> —— = |
E 2 -
©
= 1.5 - —&— Ni2+ —— Cu2+
2
o 1 -
)
T
= 0.5 ~
c
>
g 0 . T T T T T T 1
< 0 10 20 30 40 50 60 70
Time (min)

Figure 4: Plot of Amount of Metal ions (mg/cm) Adsorbed at Various Contact Times

3.7 Effect of Acidity on Metal ion Extraction

Adsorption of Nf* and Cd" as a function of various acid concentrations iespnted in Tables 5 and 6. The
influence of various acid concentrations on metal recovery was examined in four acids at fouredght
concentrations, I810*M in HCI, HNO,, HCIO, and HSO,. The four acids examined significantly influendéd
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metal ions recovery. At higher concentrations 28d 10° M, the recovery of the metal ions was poor, thisldde
due to the protonation of the adsorption sitehefligand and the competition between the positicehrged metal
ions and hydrogen ions. At lower concentrations’(@06d 10* M solution) of the acid, the recovery of the métals
increased. This could be due to decrease in coratimt of the hydrogen ions and lesser competitietween H
and metal ions for the adsorption sites of thenligal his decrease in"Honcentration also implies a reduction in
the repulsion between positively charged metal amsthe hydrogen ions.

Table 4: Influence of Equilibration Time on Solid Fhase Extraction of Nf*

Time(m\n) Co(mg‘ Ct(mg‘ Co'Q(mg‘ Ch

1 0.102| 0.0630 0.039Q 0.3
5 0.102| 0.0082 0.0938 0.93
10 0.102| 0.0082 0.093§ 0.93
15 0.102| 0.0082 0.093§ 0.93
30 0.102| 0.0122 0.0899 0.89
60 0.102| 0.0143 0.08779 0.87

., = initial amount (mg) of N in 5 cni

C, = amount (mg) of Nf in 5 cn? of aqueous phase at time (t)
C,-C: = amount (mg) of Ni adsorbed by 0.1 g solid phase at time (t).

g: = adsorption capacity of the solid phase at tirf)er( mg/g.

~ 00 0 0 00

The recovery of the metal ions increased as tfie@micentrations decreased and there was no sigmifilifference
in the effects of the four acids studied. At lovesid concentrations, the metal ions were presefrem cationic
form and the charge density of the functional gsapsolid silica gel material played a crucialkeral the metal ion
sorption. The dissociation of the acidic functiogabups on the ligand, which provided binding sfi@sthe metal
ions were governed by the acidity of the solutidhhigher acidity, the dissociations were supprdggeatly due to
excess Hin the sample solution and therefore very low tiorptook place. The decrease in acidity facilitatee

dissociation of functional groups and thus moredinig sites were released for sorption of metal .idksa result,
increased retention efficiency was achieved.

Table 5: Variation in Amount of Ni%* (mg/g) Extracted in Acids Media by Modified Solidphase

[Acid] M M(g) G(mglcrm) HSQ, HCIQ HNQ HCI

10* 0.10 0.102 0.00836 0.0204 810 0.00408
102 0.10 0.102 0.03060 0.04896 08844 0.05916
10° 0.10 0.102 0.04488 0.05202 0om5 0.07152
10* 0.10 0.102 0.05712 0.06018 00246 0.08160

[Acid] = acid concentration in mol/dfn
Ms = mass of silica gel in g
C, = initial amount (mg) of Ni" in 5 cni of aqueous solution

Table 6: Amount of Cl?* (mg/g) Extracted in Acids Media by Modified Solidphase

[Acid] M M(g) Qmg/cnd) HSQ, HNQ HCI HCIQ
10" 0.10 0.102 0.0102 0.00816 03264  0.0306
102 0.10 0.102 0.0510 0.04794 0.05712 0.04896
10° 0.10 0.102 0.05712  0.06732 6834  0.06936
10* 0.10 0.102 0.06528 .07@42 0.07752  0.07344

[Acid] = acid concentration in moldfn
Ms = mass of silica gel in g
C, = initial amount of C&" in 5 cn? of aqueous solution

3.8 Effect of pH on Nf* and CU/** Extraction

Adsorption of Nf* and CG* by the modified silica gel as a function of pHthé solution is shown in Table 7. The
pH of the agqueous metal ion solution is an impdrt@mtrolling factor in the sorption process. The pf the
solution affects the adsorbent capacity. The adisorpf metal typically increases with increasepid; and the
mechanism of metal ion binding, by changing it frmm exchange and/or adsorption at acidic regioadsorption
and/or complexation and possible precipitationhat basic region [13]. BMPDE used in this study hslating
agent has two hydroxyl groups and two donatingtedecpairs, so it can form stable chelates withahigins. The
two hydroxyl groups can be ionized in a basic sotutin this work, the pH values of the metal siwos were
adjusted within the range of 1-11 using HN® NH,OH.
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The two types of functional groups; Lewis base (@Hacidic pHs and Lewis acid (-NHat basic pHs, seem to be
involved in the binding of the metals studied. Withry strong acidic (pH < 2) or basic (pH > 10)uimn, the metal
is not retained by the sorbent [14]. The increasmétal ion removal as pH increased can be exmlainethe basis
of a decrease in competition betweeraHd positively charged metal ions tiéind C§") at the surface sites, which
results in a lower electrostatic repulsion of thsabing metal ions and consecutively increaseclnieh removal
[15]. The low recovery of metal ions at lower pthdze associated with the protonation of functiajalups of the
sorbent and a low degree of swelling. At such avphie, metal ions occur in a hydrated (M(#}** form. The
swelling capacity grows as the solution pH incregg 4-9), which favours the interaction betwesn netal ions
and active groups of the sorbent [16]. The formmtd aqua and hydroxo-complex species of a givetaimen
depends on the pH value of the solution and thelniet concentration. Depending on the pH of theamien
aqueous solution, the total concentration of théahien in the solution is the sum of the concetidraof the metal
ion and presence of metal-hydroxy species [13]. §gexiation of a metal has a significant impacttenadsorbent
extraction efficiency and can influence the mectanof metal ion binding. The metal ion-adsorbetec@vity is
also influenced by the character of the metal cempthat predominates at a particular solution phie pH range
(4-9) was chosen for the ligand to ensure the ceta@dsorption of metal ions. The differences entibhaviour of
the metal ions may be attributed to the differemcéheir ionic sizes and their stability with thetsf base [13].
Copper and nickel were optimally recovered at ptdr@ 7 respectively. At higher pH values, the adsamp
decreases due to precipitation of metal hydroxidéis case, the solid phase works as a normeg sie

Table 7: Variation in Amount of Metal ions (mg/g) Extracted in Buffer pH by Modified Solid Phase

pH Ma) Q(mg/cnt) Nf*(mg/g) ¢i(malg)

1 0.10 0.102 0.02448 0.01734

2 0.10 0.102 0.02856 0.01938
3 0.10 0.102 0.04284 0.03264
4 0.10 0.102 0.04488 0.04488

5 0.10 0.102 0.04692 0.06120
6 0.10 0.102 0.05304 0.07344
7 0.10 0.102 0.09925 0.07752
8 0.10 0.102 0.09180 0.08568

9 0.10 0.102 0.05508 0.09792
10 0.10 0.102 0.04896 0.06936
11 0.10 0.102 0.04692 0.06528

Ms = mass of silica gel in g
C, = initial amount (mg) of metal ions in 5 émf aqueous solution.

3.9 Metal ion Separation

Table 8 shows the separation of metal ions fromeags solutions by varying the pH using the modifsedid
phase. Ni* was quantitatively separated from*Cat pHs of 7.0 and 9.0 respectively. On this basis, possible to
separate the metal ions quantitatively using thePBId modified solid sorbent.

Table 8: Analysis of Mixtures of Metal ions

Metal ions Initial Amount in Aqueous phase (mg/m Recovery (%)

Ni%* 0.102 99.3

Cw 0.102 97.9
CONCLUSION

This study is based on the separation of two enwientally related and important heavy metal ion€ @nd Nf*
using solid phase (silica) physically modified wihkhiff base bis(2,2-methylidenephenol)diaminoethé@MPDE).
Different experimental factors such as time, pH a&ffiétcts of various acid concentrations were exanhito
optimize the conditions for the physical modificatiof the silica gel with the ligand. The waveldrggof maximum
absorbancel,,) of the ligand and ligand-metal complexes weresdeined in various acids and pH media to be
370 nm for the ligand, 420 nm and 400 nm fof*ald Cd" ligand complex. The study revealed that a maximum
equilibration time of 15 min was required for thptimum adsorption of the ligand onto activatedcailgel at a
temperature of 45£C. Adsorption of the ligand onto the silica gel vedserved to be poor at lower pH <4, and at
pH >10 precipitation of the ligand sets in. Vari@gsds, HCI, HN@, HCIO, and HSO, with concentrations THM,
10%M, 10°M, 10*M impaired the adsorption of the ligand onto thévated silica gel. Optimum adsorption of the
ligand onto the activated silica gel occurred atJiH The stability studies of the physically moelifisolid sorbent
were carried out in the various acids concentratiand pH media. Results showed that the silicapbgsically
modified with the ligand BMPDE, was not stable troagly acidic medium and the ligand precipitatedirongly
basic medium. Optimum time of 5 min was obsen@d¢ effective for the separation of the metal itnosn
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aqueous solutions. The pH of optimum recovery of*Gsi 9 and Ni* is 7. The metal ions in the eluent were
spectrophotometrically determined. The newly depetbprocedure, SPE-spectrophotometry using BMP §énd
has been found to be successful in separatioreafgtal ions from complex matrices.
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