CHAPTER II
THEORY AND LITERATURE REVIEW

The details presented in this chapter are the explanation of solid-phase
extraction principle. The synthesis of silica and its physical properties were then
described. Also, the general procedure for the functionalization of silica was

reviewed. In addition, several characterization techniques for such silica were written.

Finally, the related research o ‘#Wed with Schiff’s base molecules was
delineated. /
2.1. Solid-phase eXﬁV /7

2.1.1. Principle

-

Sohd-phase ¢ ample preparation method.

This technique has separation and sensitive

determination of met s [17]. Moreover, it is an

attractive technique that exposure, disposal costs and
extraction times [17, 18]. T e extraction involves partitioning
between a liquid (analyte samp! id_(sorbent) phase [19]. The analyte is
distributed betweep:jhe hquld samp dﬁ rface, either by simple
adsorption to the su 41' ce or thi layer of molecules on the

surface. When an equgbrlum phase is set up, which %1 define this distribution by
coefficient, Kp (2.1). ¢ o,
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For metal extraction, there are three-step grocesses relevant to a solid-phase
o R AR T A TG oo
metal iohs on the sorbents and the distribution ratio of the metal are calculated

according to the following equation [20].

q = (Ci-CoxL/W (2.2)

D = q/Ce (2.3)
Where D = distribution ratio of metal (L/kg)

q == amount of metal on the sorbent (mol/kg)

i = initial metal concentration (mol/L)



Ce . = metal concentration in the liquid phase
at equilibrium (mol/L)
L = volume of the ligand phase (L)
\\Y = weight of the sorbent (kg)
The most importance topic in this technique performance is the sorbent
characterization. Under this topic are included adsorption isotherms and particle

properties (size, shape and pore properties).

2.1.2. Type of solid supports _\ 1, ,/
The nature and prop & of prime importance for effective

retention of sample. Carw of'-lle us crucial to the development

ed as organic based ones and

inorganic based ones. Organic base ‘may b 1v1ded into polymeric and non-

polymeric sorbents. “sorbents are the PS-DVB

copolymers, which hag c based sorbents are mainly

Ve A
adsorption of trace elements. WM;%?S to its acidic properties, is expected to
) ’,/ . > :

adsorb only catlonsj)asm oxides (su

2.1.3. Adsorption meckaahsm [17]

There ﬂ urﬁ)} @pﬂn&}]ﬁl% ‘w %da’rqlﬂ %sohd _phase extraction

(SPE). Reversei:lhase mechanism 1%volves the partltlonlng of orgJ ic solutes from a

polar ﬂ Woﬁ ﬁﬁpﬁﬂrbents are C-8
and C-1 y rocarbons. The mechanism of 1solation is a non-polar interaction, called

van der Waals, dispersion forces, or partitioning. The partitionipg mechanism is a
low-energy process and is analogous to a molecule being removed from water in a
liquid-liquid extraction. Normal-phase SPE refers to the sorption of an analyte by a
polar surface. The mechanism of isolation is a polar interaction, such as hydrogen
bonding, dipole-dipole interaction, n-m interaction, and induce dipole-dipole

interactions. The sorption by normal-phase is a low to moderately strong interaction.
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The types of non-bonded phase used for normal-phase SPE are silica, alumina, and
magnesium silicate. Ion exchange mechanism involves the ion exchange~0f a charged
organic solute from either a polar or non-polar solvent onto the oppositely charged
jon-exchange sorbent. The mechanism is a high energy, ionic interaction. Sorbents
are termed strong cation or anion exchangers if they have a permanent fixed charged,
either negative or positive, respectively. Factors that affect sorption in ion exchange
include the charge on the analyte that is being exchanged, as well as the charged on

the competing ions. Adsorptlon mechcanism involves the interaction of an organic

.

is &ual

solute with a surface of the sorber\ ism can be characterized in terms of

the fundamental physical a f the solute, the sorbent and the

solvent (water). The org

on solid phases through van -

der Waals forces or hydro

2.2. Silica
5o 0y 8 Generality [6

enabling easy analysis and 1nterp? 7 01) ’ alts. The primary advantage of silica is
its availability in a me range o‘t" well- cféﬁg@.egand pore sizes. Also, it can
be successfully useg 177 1s adso bing agents, as : 0t jswell or strain, has good

mechanical strength ag can unde atment. A@he surface of silica consists

of the structure terminates in either siloxang group (=Si-0O-Si=) with oxygen atom, or

one of the sﬂ %Jf@’}ﬂqlﬁu}%ﬁ;wsﬁ)ﬂ ﬂhjsﬂanol group can be

classified in thréé types: isolated, ggmmal and v1cmal silanol grqd) The structure in

RN "l’ﬁ‘ﬁ‘ﬂﬁ“ﬁﬂ M"’I“"’Iﬂﬂﬂ ’] ae

i (\/

Si Si

Isolated silanol Vicinal silanol Geminal silanol

Figure 2.1 Types of silanol groups.
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In addition, the pores of silica are divided in different classes depending on
their size as follow:

1. Microporous silica (pore size <2 nm)

2. Mesoporous silica (2 nm < pore size < 50 nm)

3. Macroporous silica (pore size > 50 nm)

Pore can have a regular or, more commonly, an irregular shape. Furthermore,

the active silica surface with large area is of great importance in adsorption and ion
resent at the surface, depending on
the preparation of materials. e character that is defied by the

relative concentrations o H" (1 a etermlmng ions) in solution, as
shown by the following egua ' N

exchange.

Several different functioﬁ

- (2.4)

-0 + H,0 (2.5)
It is the reacti o of t 7 equilibrium constant in Eq. (2.4) and Eq.
7 e isoelectric point (iep) for
silica occurs at approxi 210171 he jpoi ero charge for silica, which is
( at approximately pH 2.0 [22]. Also,
the hydroxyl groups on the Wﬂhg' Wesalso an acidic character, which the

S % S

The pKa valuegf the reaction 1s about 6.8 (& 0. SD

222 Symheﬂu.ﬂ[gz“{lzﬁlﬂ‘ﬁwmﬂ‘ﬁ

One of the current methods ifi the synthetig,silica is the preparation via sol-gel

proces b de Mo s ahd dofeishin adibn o the metal

alkoxidei. Most sol-gel techniques use low molecular mass tetraalkoxysilanes

(2.6)

precursors, mainly tetramethoxysilane (TMOS) or tetraethoxysilane (TEOS). The
overall chemical sol-gel reaction can be described as follows.
Hydrolysis:

=Si-OR + 0 =————= =Si-OH+ROH 2.7
Alcohol condensation:

=Si-OR + HO-Siz= =————== =Si-0-Si= +ROH (2.8)



Water condensation:

=Si-OH + HO-Siz ———— =§i-0-Si= +H,0 (2.9)

In a typical procedure, tetraalkoxysilane is mixed with water t.ypically in a
mutural solvent such as methanol followed by addition of a catalyst (e.g. hydrochloric
acid). During the sol-gel formation, the viscosity of the solution grédually increases as
the sol (colloidal suspension of small particles, 1-100 nm) becomes interconnected
through polycondensation reactions to form a rigid, porous network-the gel.

The technological importance of the sol-gel process is due to simplicity in its
preparation. This method has shoy y ss due to the possibility of controlling
the physicochemical prope &atemals they are not extensively
used as metal ion sorbw is ime@using hybrid sol-gel material

& t

containing sulfur or nitro g \B{;ns selectivity from aqueous
i TOVi exibility in the geometric

obilize organic reagents in

solutions. Also,

reagents to silica. u, s method

-

of the chemical bong However, thi enca]gillation is very specific and

reaction conditions haverte.be specially tailored for each case. Considerations of cost

fimit the usetﬂ. ebslof uich WanfidiHd) i) b e HGvices or to general purpose

materials amendble to mass prodygtion such as 1 the octadecylsﬂane media used in
oG98 RE B TP S e vl
adsorbed, chemisorbed or physically encased in porous supports. Typical
impregnation procedures are carried out by exposing the porous support to a
concentrated solution of the reagent in organic solvent, which after drying gives a
support coated in reagent. The technology is highly versatile and the same solvents,
manufacturing apparatus and impregnation protocol can be use to immobilize
different reagents in a variety of organic and inorganic materials. However, the

adhesion of the reagent to the support is rather weak, excluding in vivo application
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and limiting the practical opefation and shelf life of the materials. Doping technology
is the same immobilization procedure. It can be applied with slight modifications to
encapsulate a plethora of organic reagents in various metal oxides. T};is method is
gaining popularity for immobilization of organic compounds in the inorganic support
due to its high versatility. The application of this technology was restricted to organic
polymer supports. The advent of low temperature sol-gel syntheses of metal oxides

opened the way for the development of similar inorganic/organic combinations.

2.2.4. Mesoporous silica \' /

Mesoporous silica, @ / e area as high as 1000 m%/g, is
tlolf ablﬁl ions from aqueous solution
ired silic icles is usually done by a micelle-

liquid-crystal arrays ‘of micelle ructur irecting agents (templates) for the

expected to provide sup

[25]. The preparation of mg

assembly and subseq ymeriZation ! i'czﬂrecursors at the surfactant-
solution interface. El o een long-chain quaternary
ammonium cation surfac apd sors<(I") is especially effective
in generating mesostructuggs wit ic, or lamellar symmetry. This
fam1ly of materials genencally&;;ﬁ ve large channels from 1.5 to 10 nm

The system w1th 1 y of pc 1 as MCM-41, is the most
important member of the fa exagoin}lly arranged uniform pore
structures [26]. The impertance characteristics of this novel material are its large BET

surface area, ﬂgluoﬂs@ Wtﬂ@] %W&Hyﬂlst ibuted pore sizes that

manifest itself 48 a very promising gandldate as solld support, adsorbent and host for

ARG PO IR T

2.3. Characterization of materials

2.3.1. Characterization of porous structures [28-30]
2.3.1.1. Generality

Porous materials are defined in term of their adsorption properties. The term
adsorption originally denoted the condensation of gas on a free surface as opposed to
its entry into the bulk as in absorption. Pores of materials can have a regular or, more

commonly, an irregular shape. The most similar geometric form is used to represent
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pore shape: cylinders, slits and voids between connected solid spheres, as shown in
Figure 2.2. These models assume that each pore has a uniform size along the length,

but very often they are ink-bottle shaped or funnel shaped.

Pores can be ¢ . the external), blind (open at only one

e

end), or through (open agbothi ends). Ez ore ean be isolated or, more frequently,

Figure 2.3)

connected to other pores

uniform  funnel A
size  shaped . &4

==

3 ,
ol porous network
1sol%d pore

AUE NI ThS

The irregular shape of pores‘and their consiectivity cause aumolecule to cover a

distan@qgﬁ&er A N 36l idh Ded Vb o QN granuie. The

ratio between distance covered and granule size is sometimes called tortuosity factor.

2.3.1.2. Adsorption

Adsorption is often described in term of isotherms, which showed the
relationship between the bulk activity (concentration) of adsorbate and the amount
adsorbed at constant temperature. One isotherm that was both easy to understand

theoretically and widely applicable to experimental data was due te Langmuir and
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know as the Langmuir isotherm. The Langmuir equation is derived from application
of the mass law, in a similar way as the surface complex formation equilibrium. In
principle at a constant pH there is no difference between a Langmuir c;)nstant and a
surface complex formation constant. The most simple assumption in adsorption is that
the adsorption sites, S, on the surface of a solid (adsorbent) become occupied by an
adsorbate from the solution, A. Implying a 1:1 stoichiometry.

SR =—=> BA (2.10)

Where = surface site of adsorbents

W te in solution

' surface 51tes

The maximum CW 1s given by
‘ [ (2.11)

S and SA can be ofsed ir or in mol/m”. For simplicity, it is used

first mol/L. Appling the Langmuir equation is

known in the form of Eq.

; | 2.12)
The conditions fogthe afld;ty;éj;- ngmuir type adsorption equilibrium are
i) Thermal equilibr mqg;_:jﬁf;the ormation of a monolayer, g=1L
ii) The energy of adsq,ﬁ_?@ is dent of O (i.e., equal activity of all

surface sites).

The concept™®
surface resulting in a sufface layer that 1s only one moleale thick, a concept that quite

naturally led t l_éj;he Briindeer, Emmett, dhd Teller ﬂiET) treatment of multilayer '

WL &I bt i dcmimasion o s

areas of porous sohds

AR1AINIUUNINYA Y

2.3.1.3. &1a551ﬁcatlon of adsorption isotherms

adsorption. T

Porous materials are most frequently characterized in term of pore sizes
derived from gas sorption data, and IUPAC conventions have been proposed for
classifying pore and gas sorption isotherms that reflect the relationship between
porosity and sorption [28]. Adsorption by mesopores is dominated by capillary

condensation, whereas filling of micropores is controlled by stronger interactions
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between the adsorbate molecules and pore walls. The IUPAC classification of

adsorption isotherms is illustrated in Figure 2.4.

"

=

f = i DN

pre \\\
sification of adsorption isotherms [28].

The six types of isoll teristic of adsorbents that are micropdrous
eI,nonorousandmar, T 111, and VI) or mesoporous (type VI
(type I), nonp ACTOpOIES YRGS ) porous (typ

and V). The differencs mg and between types IV and
& fluid-solid and fluid-fluid

attractive interactions: pe and are associated with stronger fluid-solid

V isotherms arise

interaction and types III and,V are associated,with weaker fluid-solid interaction. The

hydleresi oo %@%bﬂd&};ﬂ@%ﬂ%ﬂ@s ate associated with

capaillary conde‘ysation in the mesopores. The ty}RVI isotherm r&gresents adsorption
o R KB AT BRI pon o

2.3.1.4. Adsorption hvsteresis

The adsorbate desorption, after saturation is reached, is the opposite of the
adsorption, but evaporation from mesopores usually takes place at a pressure lower
than that of capillary condensation giving an hysteresis. This is due to pore shape and

four types of hysteresis have been recognized, according to IUPAC classification.
[28]. |
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H3 H4

Amount adsorbed —

ion hysteresises [28].

Two extreme typ: : i Hida ; B e former the two branches
are almost vertical iable range of gas uptake,
whereas in the latter they y horizontal and parallel over a wide range of
p/po. In certain respects types 42-and. | 3 may 'be regarded as intermediate between
these two extreme. Type Hl;ﬁ;@ 5

distribution of poreisize._ orous materials (e. g. 1norga ic oxide gel and porous

ith porous materials having narrow

Ny . i
glasses) tend to give : yop, which does not exhibit any

limiting adsorption at*high p/p,, is observed with aggregates of plate-like particles
giving rise to a‘ g e usully found on solid
consisting of E ﬁ oﬁﬁﬂﬁ }ﬁ E‘Eﬁﬁ ﬁsht shaped pores, with
“ARTAINIUNMINGIAY

2.3.1.5. z.pphcatlon of the BET (Brunauer-Emmett-Teller) method

In spite of alternative equation to describe the isotherm, thé BET equation has
retained its utility for many years. Subsequent proposed schemes are useful for certain

situations but the BET equation is still widely used. The BET equation is

1 G P
I 2.13)
n(P,-P) nC n.C P,
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Where n is the amount adsorbed at the relative pressure P/Py and ny, is the

monolayer capacity. From ny, calculated from the experimental data using the above
equation, the area is determined from equation.
ABET) = nn'L-an (2.14)
Where A is the apparent surface area (ng'l), nm is the experimental
monolayer volume'(molg'l solid) for an adsorbent of cross section area, am (m2), and L
is Avogadro’ s number. Normally A is determined from nitrogen adsorption on the

nerally considered to be the most suitable

it is usually assumed that the BET

basis of the BET equation. Nitrogen i‘
> at 77 K.

adsorptive for surface area de@"

monolayer is close-packed g 1&& 2 (N2)
f -

2.3.1.6. Mesoporosity /

-
Many methods, ' i ati ve been developed to describe

- |

the adsorption capillary ace in mesopores. The BJH

method, which is pro , is the most widely used to

i -
performed calculatio Nesoj 5. “is simple. In the capillary
r":‘ ’.‘- )
condensation region (P/ 4 ot crease causes an increase of the
thickness of layer adsorbed/on @'_’_e":__ E y condensation in pores having a

core size, rc, defined by Kelvm;é@g%; =

- i . /
|
Where rc represent the radius for cylindrical por€s, the distance between walls

for slit share ! fa j % velume and 0 the contact
e BTV WIS

, : ko gTie t hﬁj ge 0.42 < P/Py
> O.98ﬁemﬁ§?ﬁ§nmsﬁsﬁre si ﬂﬁflm ﬂnobtained.

(2.15)

2.3.2. X-Ray Diffraction (XRD) [31-33]

X-ray diffraction is cuirently of prime importance in elucidating the structure
of materials. It provides direct information of the pore architecture of materials. For
mesoporous materials, diffraction patterns are in the low angle range, 26 less than 10

degree. No reflections are observed at higher angles; thereby, it has been concluded
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that the pore walls are mainly amorphous. The order of lines can be indexed
according to lattice planes.

When X-ray radiation passes through matter, the radiation inter.acts with the
electrons in the atoms, resulting in scattering of the radiation. If the atoms are
organized in planes (i.e. the matter is crystalline) and the distances between the atoms
are of the same magnitude as the wavelength of the X-rays, constructive and
destructive interference will occur (Figure 2.6). This results in diffraction where X-
rays are emitted at characteristic angles based on the spaces between the atoms
organized in crystalline structurc:%~~ \% !ys Most crystals can have many sets of
planes passed through theia&ﬁ% ' &lanes has a specific interplanar
distance and will give -—__J chg_!‘actenet‘—:gle of diffracted X-rays. The
relationship between wave ic's

Bragg Eq. (2.16).

and angle was solved as the

(2.16)

This equation i _
permits the interplanar : _ E from the measured diffraction
angle, 0, for a known wa L of the iation. Quantity, n, corresponds to

the diffraction order.

U
R4

2.3.3. Fourier-transform infrared spectroscopy (FT-IR) [34, 35.]

Infrared spectroscopy is a powerful technique for analyzing samples; both
qualitatively and quantitatively, inorganic as well as organic, and can be applied to
samples in all three states of matter; gases, liquids and solids.

To better understand tﬁe effect of parameter selections, a basic understanding

of terms used to describe the data collection from a Fourier-transform infrared (FT-
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IR) spectrometer is needed. The FT-IR method is based on the combination of an

interferometer, usually of the Michelson type, with a sensitive infrared detector and

computer.

Source —p-interferometer —p Sample—» Detector—p Computer —» Data Output

The principle of the Michelson interferometer is depicted in Figure 2.7.

fixed mirror

movable mirror

—

iy
o |

o e
e e — e e

8

+
[=2]

A S B B > ——
Figure-2t-A-diastati-or-the-Michelsomaater ferometer [34].
¥ ; )

In an FT-IR g?ﬁmeter, the sig:j:l “seen” @y the detector is termed an
interferogram i i i mterferogram is called the
centerburst amzilgnmﬂﬂ:lfrli fixed mirrors in the
interfe re.equidist 1 ittef* The_interferogram is transfered
mathe%ﬂeﬁlﬁh:ﬁ mﬁnﬁﬁﬁﬁﬂﬁeﬁwmmm. The

fourier transform takes the data recorded as a function of mirror movement in distance

and produces data as a function of frequency in cm’ (wave numbef).

2.3.4. Thermogravimetric analysis (TGA) [26, 36]
Thermogravimetric analysis (TGA) is used to measure the fraction of sample
weight lost as a function of temperature or time. The loss of sample weight implies

that some portions of the sample are evolved into the surrounding purge gas stream.
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In order to enhance the steps in the thermogravimetric curve, the derivative
thermogravimetric (DTG) trace is frequently drawn. Remember that this is the plot of
the rate of mass change, with time, dm/dt. -

As with most thermal analysis systems, measurements of mass changes during
heating are made with a thermobalance. The thermobalance has four major parts:

1. The electrobalance and its controller

2. The furnace and temperature sensors

3. The programmer or computer

4. The recorder, plotter @ﬁf’ n device

#
nce control unit
| ‘% i
G N, ;
Fumace b
Sample
Thermocouple Recorder and/or computer —

The sample is }Et i
with the sensor which iy to_measure the %;ﬁcular property. A temperature sensor

must also be ?F%dtﬂ (} ‘iqnﬁ} ‘}6] Tglﬁﬁ E;J gnﬁrﬁxe as the experiment

progresses. The%ensor assembly th%n fits into a spec1al furnace and the atmosphere

e RN SN

programmer and is set by the operator to raise (or lower) the temperature of the

1 v@ch is then placed in contact

furnace at whatever rate has been chosen as most suitable. The data are collected by
the sensor system and, after processing are displayed on a screen or recorder as a
thermal analysis (TG) curve. The output TG curve is a plot of either the actual mass
or the percentage of the origin mass against temperature and provides information
about drying process, loss of solvent of crystallization, thermal decomposition

reactions. The output from the balance can be also be differentiated electronically to
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give a derivative thermogravimetric (DTG curve), making it easier to interpret

complex TG curves.

2.4. Schiff’s base molecules

Schiff’s base can be thought of as the imine prodﬁct of the condensation
reaction of a primary amine with an aldehyde or ketone [37]. They are well known as
ligand that are easy to be synthesized and have structural rigidity, and they are used |
also as selective extraction reagents for several kinds of metal cations. The favourable

tetradentate ligand, which is an 20- ’!

ting Schiff’s base has ensured continued
interest in their complexes & have been attracting increasing
attention because of their_ﬁce in th@raction which are used in the

determination of Cu(II; 11 1(I1), Ga(II), Ni(II), Mn(II),
Mn(I1I), Fe(Ill), etc. | 7 Schiff’s base ligands such as
2,2'-{ethane-1,2-diylbisfhitsi thylylidene]} diphenol (salen), 2,2'-{propane-1,3-

—
ah
=

3
ﬂﬁ’]@ NINYIAY

Y _ e —
OH HO OH HO
salophen haen

Figure 2.9 Structures of Schiff’s base ligands used in modified mesoporous silica.
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2.5. Literature Review

Research in the preparation of the novel modified materials in order to used as
a solid phase adsorbent is stimulated a renewed interest since these n;ate‘rials have
greater applicability than traditional solvent extraction. A variety of fun_ctionalization
methods such as grafting, impregnation, and doping fechniques has been studied
extensively for the modiﬁcatiqn of sorbent [40-42]. Shiraishi et al. [20] reported the
synthesis of several modified inorganic sorbents (i.e. silica gel, MCM-41, and

aluminium oxide) functionalized with ethylenediaminetetraacetic acid (EDTA) and
diethylenetriamine-pentaacetic ag'{)xtw using grafting method and the
application of these materia asgdi } extraction. The results displayed
that silica gel modified v\gm (sﬂ.p:aEm most effective sorbent for the
_ Wermer and Pinnavaia [43]
porous - materials modified by 3-

ation technique. The prepared sorbent

extraction of transitio
described the sy
mercaptopropyltrimet

showed the good extr aqueous solution. Khan and co-

results found that the max1mum"a;f‘s§:§pt} (II) ions onto the TAN doped sol-gel
were 2.33 mg/g (0.03 j mmol/g‘)" 7\’!&0 this 311 ca “ ?he maximum regeneration
value at as high as 9 ‘i-"

Several researﬁs had recently
modified mesoporous m?tenals under bamajondmons For example, Dai ef al. [45]

reported a neﬂ ﬁ Ejyége% E} W§W% q ﬂrﬁonahzmg surfaces of

ordered mesop@fous silica. This matenal was prepared by a surfactant assembly

pathw. W ﬁﬁ ﬂlmgbl E!CTAB), water,
NaOHai d'et sed as so vent 1s method sho a (ﬁn d experimental

procedure and also increased the loading of the functional ligand. The molar
composition ratio of TEOS : CTAB : H,O : NaOH was 1 : 0.12 : 130 : 0.7. In
addition, Cai and co-workers [46] demonstrated that mesoporous silica could be

produced throught reaction of CTAB with TEOS in the NaOH solution. The size and

; the@nthesis of such organically

other morphology of this synthesized silica were controlled by varying the content of

the solvent used.
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As previously reported [47-49], the functionalized mesoporous silica using
organic molecules gave the good physical materials. Also, the different characteristic
properties of each material were observed when various organic molecules were used
as an organic modifier. Schiff’s base was another ligand, which is known to be an
attractive analytical reagent used for metal complexation. Several reports concern the
application of Schiff’s base complexes as a catalyst. For example, Sabater ef al. [50]
synthesized a chiral Mn(III)-salen complex encapsulated within zeolite Y to use as a

heterogeneous enantioselective catalyst for the epoxidation of alkenes. Also, Ortiz and

Park [51] described the prepara}:m'fﬁ II)-salen and Co(Il)-salophen. Both
synthesized compounds co reduction catalysts. Furthermore,

Mirkhani and co-worker. areﬂ Mxﬂﬁphen complex and used it as a
new catalyst for oxidative deeatbOxylati 1-\‘;3?@1; acid to the corresponding
et dl

carbonyl derivatives.” fid] ‘ .Wsented a novel MCM-41
supported Mn(III) comiplexsvith the nitroge | nor Schiff’s base ligand, namely 1,11-
] ieh -[N,N"-bis-3-(salicylideneamino)

oxidation. Another research for
and co-workers [54]. The ox1dat'rmeac ’ linear alkenes, such as n-hexene and

af
..v“‘-*f .

n-heptane with molﬁular oxygen occ1ﬁ‘re

this complex. T :
In addition, over the" thesﬁ of materials modified with
Schiff’s base ligands an@tge.:d them as a sc&i;l phase sorbent for metal extraction was

found a few pﬂrulﬁaﬁgu% %J m %p%{}h@})ﬂﬁtion of octadecyl silica

membrance disk§ modified by a naghthol denvatlve Schiff’s base in order to use in
the SPQW?‘EIWTT?W%MH} wﬂﬂr aEﬁs successful to
apply far the separation and determination of copper in real samples. Also, the
preparation of octadecyl silica membrance disks modified by a new S-containing
Schiff’s base for SPE procedure was studied later by Hashemi et al. [16]. The
maximum capacity of these membrane disks, which had 5 mg of newly ligands was
found to be 700 pg Pb*" retained. In addition, silica gel modified by
diethylenetriamine mono- and bis-salicylaldehyde and naphthaldehyde Schiff’s base
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to use for metai ions extraction was synthesized. The prepared sorbent had capacities
to selective extraction of Cu(II) and Fe(III) ions. i

According to review, the previously literature research showed that Schiff’s
base ligands had ability to act as a very successful extracting agent. However, only
after a few papers had been reported for metal extraction using Schiff’s base ligands
as an extractant molecule immobilized in mesoporous silica. Therefore, the attempt to
prepare the mesoporous silica modified with Schiff’s base ligands by doping

technique was becoming interest.

2.6. Objective
1. To synthesize

%s silica.

ies of Schiff’s base doped mesoporous silica.

S On \ tal extraction efficiency of

2. To study the
3. To study t
Schiff’s base doped

)
J
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