CHAPTER II

THEORY AND LITERATURE REVIEW

Principle and extraction mechanism of solid phase extraction are described in
detail here. Then the focus is shifted to the properties and synthesis of silica. The

method for functionalization of silica surface is also described. Then, reviews of

Solid-phase ext ) 8 ha met of sample preparation that

concentrates and purifies 1 salutic tption onto sorbent, followed

by elution of the anal - salyent appropriate instrumental analysis. The
SPE provides a number of'ad sf liquid-liquid extraction technique include
high recoveries of analytes, purifié :, At ase of automation and reduction in

the consumption of organic_solvents: A antage is that the solid phase can

be repeatedly used [ R8s
== — :
As a result o ‘ v %-». found application in the

preparation of environir tal clinical and pharmaceuticatample [3]. In addition, the

SPE technique p ﬁs ﬁﬂ% {W atrix interferences in
the analysis of T g] }fﬂ ‘S

In solid p ase extraction, analytes are exteacted from a ligmid phase into a
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Where M s the analytes in the liquid phase
S 1is the sorbent
1 is the liquid phase

s is the solid phase



In the case of metal extraction, the amount of metal ion on the sorbent and the
distribution ratios of the metal were calculated according to the following equation
[13].

q = (Ci-Ce) x L/'W

D = g/C,
Where q is the amount of metal on the adsorbents (mol/kg)
D is the distribution ratip of the metal (L/kg)
C; is the initial _ ion in the liquid phase (mol/L)

The solid phase #fyr Al st o\\,‘:‘ that are derived from
\ divinylbenzene resins, or

inorganic as silica. The e jon antakesplace inja Batch mode in which the solid

immobilization of orgd solid support. Generally,

the solid support is e

sorbent is intimately mixed solution. In chemical analysis, it is

more common to pack the solid-§orben 1i¢ all tube and pass the liquid sample

i -
S e e

through the tube. .
v,

1.2. Adsorption mechanisms -

There are three migehanisms of separation in solid phase extraction i.e.

: \
reversed phase,ﬁn%d ﬂs%mﬂ%@éweg% ﬂas mechanism involves

the partitioning 58 organic solutes frgm a polar mg)ile phase, SU%I} as water, into a
nonpolaﬂhw, ﬂcﬁ.ﬁmﬁ‘? meﬂ% G’TWB @fﬁn&j is a nonpolar
interactiony called van der Waals, dispersion forces or partitioning. Normal phase
mechanism refers to the sorption of an analyte by a polar surface. The mechanism of
separation is a polar interaction, such as hydrogen bonding, dipole-dipole interaction,
n-n interaction and induced dipole-dipole interaction. The mechanism involves the
sorption of the functional groups of the analyte to the polar sites of sorbents. The
types of sorbent used for normal phase SPE are non-bonded phase of silica, alumina

and magnesium silicate (Florisil). Several bonded phases may also be used for normal



phase SPE, including aminopropyl, cyanopropyl and propyldiol. Ion-exchange
mechanism is used to extract ionic analytes or analytes that can be converted to ionic
form by adjusting the sample pH. This mechanism of separation is ionic interaction.
The extracted ions may be removed from the ion-exchange sites by elution with a
solvent containing a relatively high concentration of a displacing ion. Sorbent used for

ion-exchange contains cation-exchange groups or anion-exchange groups [3].

2. Silica
2.1. Generality

Silica is an ino o+ general structure formula of
Si0,.xH,O0. Silica is a poro becla S 1ed in three types depending

on its pore size.

1. Microporous silj an 2 nm

2. Mesoporougsili | iz a \ and 50 nm

3. Macroporous pﬁ netel \ \ han 50 nm

The silica used i 3 romatograp \.\~ ications and in typical SPE

a surface area of 200 to 600 m*g.

Generally, the particles are irregwiar in sizeeWith an average particle diameter of

procedures is an amorphou

= .-“" J b f—“ b )
40 pm have an averagg : imary advantages of silica are
its availability in a h@;——'_‘“ ac 7;’}' 1d pore size as well as its

relative low cost. Fmﬂﬁ’nor Wi% used solid support due to
its high thermal, chemlc?l and mechamcak}stablhty properties compared to other

°fga““““‘“°ﬁ"tm"?°flﬁlﬂ§WEJ’1ﬂ‘ﬁ

Amorphous silica with a porous structure consists of three kinds of silanol
T A
siloxane e ’Br iloxanes are

hydrophoblc [1,14]. The surface of amorphous silica is depicted in Figure 2.1.

Most chemical properties of silica are due to surface silanols. The silanol
groups form strong hydrogen bonding with water molecules. These adsorbed water
molecules can be removed by heating at 150 °C under vacuum for several hours
[14-15]. The hydroxyl groups on the porous silica surface have also an acidic

character.
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Figure 2.1 Threg orphous silica surface

The pK, value of thgfioniza ’
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is about 6.8 (£0.5). The aCIJ of surface silanols confirms some

ion-exchange properties o ica gonsists of negative charge

in solution [15]. For .'i;r',i f 5 inorganic ion exchanger,

but its application to tE extrac f io o isﬁot so popular because the
interaction between many ‘metal ions and the silica surface is weak and non-selective.

Therefore, it ﬁe%ﬁ 'fg ﬂ Ejaﬁ\é'a‘ wmmactlon of silica by

functionalizationfprocess [14-1
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Synthetic silica was prepared by sol-gel process, which is a method to produce
solid from gel. The preparation method starts with a silicon alkoxide in an organic
medium is first hydrolyzed by addition of water, followed by polymerization of the
hydrolyzed alkoxide through condensation of the hydroxyl groups. When the
polymerization and cross-linking of polymeric molecules become extensive, the entire

solution becomes rigid and a solid gel is formed [7, 16]. With a silicon alkoxide



(Si(OR); as a precursor, sol-gel chemistry can be described in terms of two separated
reactions as shown below :
Hydrolysis reaction =Si-OR + HL O —» =Si—-OH + ROH
Condensation reaction =Si—OH + RO-Si= — =S8i-0-Si=+ ROH
or =Si-OH + HO-Si= — =Si-0-S8i=+ H;O
The hydrolysis reaction occurs when an amount of water is added to the

silicon alkoxide. Intermediates obtaine as a result of this reaction include alcohol,

which corresponds to the alkoxide wused. e condensation or polymerization

reactions, alkoxide groups (-SIOR) ¢ a2 1 groups (-SiOH), which were
formed during the hydrd , t yi%ﬂe bonds (-Si-O-Si-). Both
hydrolysis and condensatiog e cursor is occurred by acid or

Any factors that af] o 1y IS 2 ... ensatlon steps are likely to
| ructure of obtained silica
are type of solvent, watgf co 4 . J«T"‘ 2 D precursor concentration and
temperature [16-17]. Sili £ L, by oel process has several promising
advantages over other methods. livg Herat ' thesis offers better control over
surface area, pore size distributi .~ Vi o, 5 -gel method allows the formulation
of a number of gels with b mifor 7 7

5'! are low molecular mass
S), 0 etra@oxysilanes (TEOS). Since
alkoxysilane is not miscibl&in aqueous so&yion, methanol or ethanol is used for

homogenizatiorﬂ' %&Ie’ﬂ' %i%ﬁ%@ﬂxféﬂica. In addition, the

incorporation ofY$urfactant at a low concentration in precursor solution prevents

e N R

silica.

The most widg gﬁ—

tetraalkoxysilanes, tetrﬂetho y

2.3. Mesoporous silica

Mesoporous silica is expected to provide superior extraction ability of metal
ions from solution because of its high surface area [10]. This mesoporous material

typically has surface areas above 700 m?/g [11]. The mesoporous silica is much more



readily accessible to reacting chemical species than microporous silica [1]. The
preparation of mesoporous silica can be achieved by the sol-gel process of
alkoxysilane in the presence of surfactant with concentration greater than the CMC.
The most surfactant used in synthesis is cetyltrimethylammonium bromide
(CH3(CH,)iNBr(CH3);, CTAB). The CMC value of CTAB is 8.5x10* M [18].
A liquid crystal templating mechanism (LCT) in which surfactant liquid crystal

been proposed for the formation of the

p

structures serve as organic templates

mesoporous silica [19]. The prepared by a micelle-templated

sol-gel polymerization meth ters adjustable between 20 and

300 A, with narrow pore- ace area [10]. The final size

and characteristics of meso depend on-the type and initial concentration
of catalysts, type of surfac i \ \.\\ methyl, ethyl, pentyl, etc.),
type of solvent and synffiesi At |95 \\

A.C. Voegtlin g l$ 3 the ‘synthesis pH is an essential

parameter in the preparati niesopArousy iliéa at toom temperature. The degree of

polycondensation of the sili mereases as the synthesis pH decreases [22].

J.C. Vartuli and co-worker theistructure of mesoporous silica
et -
depends on surfactant-to-silica meo i in_the synthesis [23]. KJ. Elder and

co-workers described that the synt ilica~is highly dependent on a

number of factors, e ,

[24]. m

fraeid catalyst and surfactant
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2.4. Functionalizat Qfl EJ nj w g’] ﬂ ?
Chemicalederivatization, impregna ion an oping are technologies currently
S ¢ . .
oo AN S ST IS TR
Chemical 'derivatization S mi b ﬁ ion the silica gel

surface groups and organic modifier molecules. The ligand-bond silica gel adsorbents

have the advantages of stability, but their preparation is complicated and
time-consuming. Moreover, the chelating agents that can bond to silica gel are
limited. Impregnation technique is carried out by exposing the porous silica to a
concentrated solution of the reagent in the organic solvent, which after drying gives a
support coated in reagent. This technique is highly versatile and a large variety of

reagents have already been loaded on silica. However, the binding force is quite low



in this case and leaching is currently observed. Consequently, the lifetime of the
support is short. Doping technique is the direct encapsulation of organic molecules by
using sol-gel process. In this technique, the synthesis of silica is carried out in
solution and at low temperature, which allows the introduction of the organic
molecules in a mixture of sol-gel precursors. The derivatization of chemical reagent is
not required prior to the encapsulation step and thus reactivity and specificity of the

dopant are generally maintained [7, 25-26].

2

d g \ \ ) . There are many different
1y d

3.1. Characterization of por
3.1.1. Generality 7
Adsorbents of hi ( ; rerally-pore
g ‘i.h\.
DIE 0. Neasu
= BN

adsorbent to an extern ide(F - From this \ nt, pores totally isolated

3. Characterization of material

ing the accessibility of

hey influence the macroscopic
properties of the solid, b activg in term,o \ emical reactions. On the

other hand, pores that are o ¢, externalisurface of the solid, called open pores

. . o o 3 e . . . .
To describe qualitati dnd‘que it a porous solid, more information
is necessary, such as the spe -}?;;J ace/ ar the pore size and the pore size
e ¢ area is the accessible

(or detectable) area V g ‘4 The pore size also

called pore diameter is i 5 o opposite walls (ﬁhe pore.

.

Figure 2.2 Different types of pores.
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3.1.2. Adsorption Isotherm
Gas adsorption measurements are widely used for determining the surface area

and pore size distribution of a variety of solid materials. The measurement of
adsorption at the gas/solid interface also forms an essential part of many fundamental
and applied investigations of the nature and behavior of solid surfaces.

The adsorption isotherm is a plot of amount-adsorbed nitrogen against the
equilibrium relative pressure (p/po), Where po is the saturation pressure of the pure

adsorptive (adsorbable gas) at the te e of the measurement. Isotherm shape

depends on the solid porous textur . f adsorption isotherms may be

grouped into six types according 0. JUPAC as ip Figure 2.3 [27-29].
| —

i
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Figure 2.3 Six types of adsorption isotherm.
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external surfaces (e.g. activated carbons, molecular sieve zeolites and certain porous
oxides). Type II isotherm is the normal form of isotherm obtained from a non-porous
or macroporous adsorbent. Characteristics of the type IV isotherm are its hysteresis
loop, which is associated with capillary condensation taking place in mesopores, and

limiting uptake over a range of high p/po ratio. The initial part of the type IV isotherm
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is attributed to monolayer-multilayer adsorption since it follows the same path as the
corresponding part of a type II isotherm obtained from the adsorbent in a non-porous
form with the same surface area. Type IV isotherm is given by many mesoporous
adsorbents. The remaining isotherms are less common: type VI represents stepwise
multilayer adsorption on a uniform non-porous surface, whereas type Il and V are
associated with weak adsorbent-adsorbate interactions {27-28].

3.1.3. Application of BET mmett-Teller) equation for specific

surface area measurement
The Brunauer-Emmett=ieclie ﬁaption method is still the most

widely used procedure {6 determin; tno ~Of the"Stirface area of porous materials

[26-27]. This method is / 4 \\\ extensmn of the Langmuir

mechanism to multilayer g
[ INEa

The BET equfion ' x\ \
b ‘_ -.

Where n is the amo

relative pressure p/po and np, is

the monolayer capacity. Accordif ory, C is a constant which is related

= .n- i.-"'i’ A f"
exponentially to the, he g-linear relation between
p/n (po-p) and p/po h-’, stheCandr m 51 7,- ; tion of the BET method
is the calculation of

The equation for caleu atlon the BET surface area is

ﬂuﬂﬂiﬂmﬂ'ﬂﬁﬁl’m‘i
aklindi FREIR AT RYA e oo

constart and a, is the average area occupied by the adsorbate molecules in the

BT area) from the nm value.

complete monolayer. The value of a; of nitrogen at 77 K is usually taken as
0.162 nm’.
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3.1.4. Mesoporosity

3.1.4.1. Adsorption hysteresis
Gas adsorption in mesopores takes place in two more or less distinct stages

(monolayer-multilayer adsorption and capillary condensation). In monolayer
adsorption, all the adsorbed molecules are in contact with the surface layer of the
adsorbent. In multilayer adsorption, the adsorption space accommodates more than
one layer of the adsorbent. In capillary condensation, the residual pore space which

with condensate separated from the gas

4&&%% in the multilayer region
e —

remains after multilayer adsorption is ﬁ,

phase by menisci.

Capillary condensation B

of the physisorption isotheffi: hara® éri@nyster%is loop are shown
in Figure 2.4. Type iven by porous materials having narrow
distributions of mesopore si i rots 03 t};\\\ 0 give type H2 loop, but in

— ) \'

these systems the dis i 5, SiZ t well defined and the

broadness of the loop "’ \ re'b) ckage effects. The type

Relative pressure — %

Figure 2.4 Four types of hysteresis loops.
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3.1.4.2. Computation of mesopore size

The mesopore size is usually calculated with the aid of the Kelvin equation in

the form:

2yV,

Ly = i, 7p)

Where p/py is the relative pressure at which condensation occurs, ry is the

If the radius of a cy " porg is correctlon is made for the

s, then

i

‘Nddd &

d,, is given by

Values of t are ental data determined on

\.

non-porous reference mat 1, standard ¢ ata [27-28].
227 \

3.1.5. Method for determination ‘{ sorpti therm

Many different proced cs have 2d for determining the amount of
gas adsorbed. Vol r,: 1sed of ; measuring nitrogen
adsorption at temperatufe & il 1s usually constructed
point-by-point by the adm
allowed for equilibration at%ﬂa in d techniques have
been developed. aa %ﬁ]ﬁm’iﬁn %eadmission of the
adsorptive and thu? provide a measure of the adserption under quasi-equilibrium

oo N G TG B VAR o

gas chromat@igraphic equipment, may be employed-provided that the adsorption of the

ssion of successive charges of+gas, with sufficient time

carrier gas (e.g. He) is negligible under the conditions used.

Prior to the determination of the adsorption isotherm it is usually considered
necessary to remove all physisorbed materials. However, the exact conditions
(temperature, time of pumping, and residual pressure) required to attain a clean
surface depend on the nature of the adsorption system and the purpose of the

investigation. For the determination of the surface area and pore size distribution by
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nitrogen adsorption, outgassing to a residual pressure of 10™* Torr is generally
acceptable. The rate of desorption is strongly temperature-dependent and at elevated
temperature is therefore desirable, but obvious changes in the adsorbent structure or

surface composition must be avoided [27-28].

3.2. X-ray diffraction analysis
3.2.1. Principle

The simplest basic structural unityin the structure is repeated regularly in three
dimensions. When an X-ray beani strike iurface at some angle 6. A surface
of crystalline material will .act as-di i for X-rays. In Figure 2.5, the
beam of X-ray striking the ¢ arface;is partly.scattered by the atoms in the first

grating. The requireme of difffaction: (1) the Spacingbetween layers of atoms

must be roughly the samg asthe : f the radiation and (2) the scattering

RIAIRAMANIN Y

W.L. Bragg treated the diffraction of X-rays by crystal as shown in Figure

2.5. Here, the Bragg equation obtained from this treatment.
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nA = 2dsin©

where n is the order of diffraction
A is the wavelength of beam
0 is the diffraction angle
d is the interplanar distance of the crystal

3.2.2. Apparatus and measurement
' ith a Debye-Scherrer powder

camera, shown schematically, in Figure 1 s is held in a thin glass tube or
spread with a binder on a PIasticgim. X- olidge tube are filtered to
produce a nearly monochrog Sean i \ portion of the beam is
trapped and adsorbed, whilgghic difiracted fe al shape emanating from
alculated from Bragg
ystals is based on a
comparison of d-spacings clati i) \ ample with those of the

known compounds. Most moder Sttatents {6 ensity of the diffracted beam

¢ 4
WV
£| |J.1

Sample \
q W'W GRLERK

Figure 2.6 Schematic diagram of Debye-Scherrer powder camera.
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3.3. Thermogravimetry

3.3.1. Principle
Thermogravimetry (TG) or thermogravimetric analysis (TGA) is an analytical

technique in which the mass of a substance is monitored as a function of temperature.
TG curve is a plot of either the actual mass or the percentage of the original mass
against temperature and provides information about drying processes, loss of solvent

of crystallization (and hence the amo

t of solvent present in the sample), thermal

ic analysis includes: (1) a

The apparatus requued a,i\\ etr
iti i \\\ ges during heating; (2) a
furnace; (3) a furnacé™tenyp | -* \\- grammer; (4) a recorder that

2NN
."\i“\ |

the erithermobalance. The sample

atéd from the remainder of the
ample eflection of the beam, which
interposes a light shutter betWee = -andOne of two photodiodes. The resulting
imbalance in the photodiog arfipl; ingo coil E, which is situated
:'J field generated by the
current also determmesﬁ po orde@' he Mettler instrument has
several weight ranges (1, ].OLO and 1000 and has a reproducibility of +10 pg.

e e AR P s o e

the temperature lfflkarly at predetermined rates (typlcally, from 0.5 to 25 °C/min). The
¢

tempera m ﬂm ;Jﬁ m(a"fﬂperatures are
determlrﬁ ocouple [ocate close as possible to the sample. Insulation

and cooling of the exterior of the furnace is required to avoid heat transfer to the

balance [30-32].

between the poles a@
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Figure 2.7 Components of 2 ; ple cup and holder; C,
counterweight; D : blodiodes; Bycoll Ry agnet; G, control

amplifier; H, tare At amplifie \\\.\\w der. (Courtesy Mettler
Instrument Corp., Hightétoffl, NewsJersey) \

3.4. Particle size measur,

3.4.1. Principle

In this research, the red by the Malvern laser

diffraction technique. This techm T ,5 bon measurements of the forward
e ‘J’ -

diffracted light from aydi Suspe giffraction is inversely

-:"‘-j am at any angle is a

1ﬁmize {33].

3.4.2. Apparat /-]Vrl]
This apparatus”€o Mh“ Zl: jpatlal filter and a

collimating lens which provxdes a parallel, monochramatic, coherent in¢ident beam.

i i »atﬂbwwaaaﬂmaba

brought to'a focus on a special detector placed in the focal plane of the lens. This

proportional to éfj
measure of the mean proﬁte a

detector consists of 30 concentric, semicircular, photosensitive rings. The signal is

transmitted to a computer and the whole system is controlled by a teletype [33].
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4. Doping molecules

In this research, 1-phenyl-3-methyl-4-stearoyl-5-pyrazolone (HPMSP) (Figure

2.8) is chosen as a doping molecule incorporated into mesoporous silica. This
compound is widely used in analytical chemistry as reagent with potential
complexation properties. Silica modified with HPMSP has been the subject of
intensive interest [34-36]. A. Tong described the preparation of HPMSP supported on
microporous silica by impregnation technique [34-35]. The proposed adsorbent

showed an excellent extraction capagity : cobalt and nickel. Each metal was
completely retained on the adsorbent af ‘ es higher than 4. Copper was
adsorbed quantitatively from 2~onwards. Howeverpeobalt and nickel quantitative

i . The exftaélion ¢apac [PMSP for copper, cobalt, and
nickel was 0.043, 0.045, ) g, v\:\\\‘?\\\\*t\ .

A. Intasiri des e £ ca sl 7 \\n.\ ISP in microporous and
mesoporous silica by dopifig i | I 3 : showed that the doped silica
. ' : ‘extraction process. The extraction
OF A pery cobalt, and nickel was about
- 0.04, 0.03, and 0.04 mol/kg, re ‘- ~:-:,' “\Wh ; \at of HPMSP doped mesoporous
silica for copper was about 0. 2 l estingly, the sol-gel HPMSP doped
mesoporous silica provides.athig “copper ex sapagity. The HPMSP doped

mesoporous silica was f ” itions (in mole ratio)
1 TEOS : 140 H,O : 13 , where H>O is the 0.1 M
NaOH solution which is us‘;d as catalyst for the synthesis. However, the parameters

1111211 A1 v e
AMIAIN TR ffane1ay

Figure 2.8 The chemical structure of 1-phenyl-3-methyl-4-stearoyl-5-pyrazolone.
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5. Research objectives
1. To study the synthesis of HPMSP doped mesoporous silica for using as a

sorbent in solid-phase extraction of metal from aqueous solution.

2. To study metal extraction behaviors of HPMSP doped mesoporous silica.

AULINENINYINT
ARIANTANNINGAY
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