CHAPTERII
THEORY AND LITERATURE REVIEWS

Basic principle of solid-phase extraction, knowledge of silica and sol-gel
process are described in this chapter. The functionalization of this material and the
characterization of adsorbent are next explained. Finally, the information on doping

molecules (HPMSP) and related 11ter rqﬁ v1ews are given in details.

2.1. Solid-phase extraction ‘___.-
Despite the selectiv - sen t1v1tyj~e£.,aga.lxt1cal techniques, there is a

crucial need for the prec trafe elgrfl‘em‘pefore their analysis due to

us samples especially water samples [1].
-

. It reduces solvent usage and
exposure, disposal costs and extraction. tuné‘,@'

i“"‘

recent years SPE has been sucgessfully:-%_for the separation and sensitive

et o™ o ¥

e preparation. Consequently, in

determination of metaIlions mainly in Water Samples i £}
2.1.1. Basic T o "~
SPE method al\g\giys consists of thre

c 10 four su@éessive steps [2] First, the
solid sorbent should be eonditioned using anv appropriate solvent, followed by the

same solvent asﬂe%én&i %l%t&d’k%@ Wr&na’q ﬂtﬁ;ables the wetting of

the packing matétial and the SOlVBélOI’l of the functlonal groups, In addition, it
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this step rémoves the air present in the column and fills the void volume with solvent.

The nature of the conditioning solvent depends on the nature of the solid sorbent.
Care must be taken not to allow the solid sorbent to dry between the conditioning and
the sample treatment steps, otherwise the analytes will not be efficiently retained and
poor recoveries will be obtained. If the sorbent dries for more than several minutes, it
must be reconditioned. The second step is the percolation of the sample through the
solid sorbent. Depending on the system used, volumes can range from 1 ml to 1 litre.

The sample may be applied to the column by gravity, pumping, aspirated by vacuum



or by an automated system. The sample flow-rate through the sorbent should be low
enough to enable efficient retention of the analytes. During this step, the analytes are
concentrated on the sorbent. Even though matrix components may also be retained by
the solid sorbent, some of them pass through, thus enabling some purification (matrix
separation of the sample). The third step may be the washing of the solid sorbent with
an appropriate solvent, having a low elution strength, to eliminate matrix components
that have been retained by the solid sorbent, without displacing the analytes. The final
step consists on the elution of the of interest by an appropriate solvent,
without removing retained mag:x W The solvent volume should be

adjusted so that quantltatlve of the achleved with subsequent low
— ”

dilution. In addition, the ‘
elution. It is often recoy
aliquots, and before the elutio
2.1.2. Sorbents
Sorbents are important i f ) ' d}:(opertles of the sorbent are of

11 S c%s [3]. Careful choice of the
10dology. In practice, the main

e be fractionated into two

olid sorbent.

to extract a large number of

trace elements over a wide pH ra,n‘geﬁmngctlwty towards major ions; (2) the

IL_(i)_hlm ) regenerability; and (5)

fast and quantitative Q(o%mon and elutio
accessibility. = -~

The sorbents us for SPE are similar to those usé& in liquid chromatography.

Examples of favorite sorbénts.are silica, ene-divinylbenzene based sorbents,
and carbon sorﬁl %’g m ﬁ" h ﬁ)st popular packing
materials since 11“' presents the advantages of rryéghamcal thermal and chemical
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2.1.3. Sorbent containers

The sorbent may be packaged in different formats such as filled micro-

columns, syringe barrels, cartridges and disks as shown in Figure 2.1 [1].



Micro-column Syringe barrel ~ Cartridge Disk

Figure 2.1 Disposable sorbent con v?
2.1.3.1. Micro-columns QS /
The use of a mlcro n&sedure for extraction of trace

elements from various sam MOf packing the column with
. the sorbent weight) may

be adapted to the samplg of In/par ita ger sample volumes, thus

The most frequently used de 1 m in off-line 1S the cartridge or the syringe
barrel. They are usually polyethylene and filled with

packing materials having di eretj,l-* ﬁmcuo ps. The solid sorbent is contained
between two 20 mm polypropyl@g-,‘ﬂr_ts; ases they may be made of glass)
Cartridges vary from.a mg to 1 g or more ge barrels range in size

used at the top of the syri incre olume (50—100 ml).
2.1.3.3. Disks

The use Eéﬂ‘udﬁl ANENINENDT, ey v

the problems encountered with colums, cartridgesand tubes. The packing material is

wsualy énfodbed 54 miof doberitobrdelibne BIFE) microirit,

with a typlﬂal composition of 90% w/w sorbent and 10% w/w PTFE fibers.
2.1.4. Mechanisms in SPE

There are ~four mechanisms in SPE depends on the nature of the sorbents [1].

2.1.4.1. Reverse phase
Reverse phase separatiors involve a polar or moderately polar sample matrix
and a nonpolar stationary phase. The analyte of interest is typically mid to nonpolar.

Retention of organic analytes from polar solutions onto these SPE materials is due



primarily to the attractive forces between the carbon-hydrogen bonds in the analyte
and the functional groups on the silica surface. To elute an adsorbed compound from
a reverse phase SPE tube or disk, use a nonpolar solvent to disrupt the force that bind
the compound to the packing.
2.1.4.2. Normal phase

Normal phase SPE procedures typically involve a polar analyte, a mid to
nonpolar matrix and a polar stationary phase. Retention of an analyte under normal
phase conditions is primarily due to ons between polar functional groups of
the analyte and polar groups on,\the smtﬂ

&. A compound adsorbed by these
mechanisms is eluted by paim‘a solven Mrupts the binding mechanism.

Usually a solvent that is m than e sampb&qqglnal matrix.
2.1.4.3. Ion exchange y . \
Ion exchange SPL#

1 r cmpomd tlllat are charged when in a

solution (anionic (negativ. ) compounds and cationic (positively charged)
, A
compound). The primary r mechani € eorﬁpound is based mainly on

ion exchange from an aqueo the sample matrix must be one at

which both the compound of the - mj:ergst andmﬂctlonal group on the bonded silica
are charged. (A s, { )
7 i

2.1.4.4. Adsorption 3
Compound of m.’(f.‘rests are usually adsorbed on sbjld phases through van der

Waals forces or &{dro phobiesinteraction. More recently, reversed polymeric phases

Lty ine) steiel o ege) copdiimer. Eruion s usualy

performed with ogamc solvents, such as methanol.or acetomtnleéuch interactions
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be rapidly‘disrupted. However, because most analyte species are ionic, they will not

have appeared,

be retained by such sorbents.
2.1.5. _Adsorption isotherms

Adsorption is often described in terms of isotherms which show the
relationship between the concentration of adsorbate remaining in solution at
equilibrium and its adsorbed extent at a constant temperature [10-12]. A number of

isotherm models have been proposed to describe adsorption process but the most



frequently uses are (a) linear sorption isotherm, (b) Langmuir isotherm and (c)

Freundlich isotherm (Figure 2.2).
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(Adsorption capacity
of solid, N)
( -

Ce Ce

Figure 2.2 The adsorption.i g @ption isotherm (b) Langmuir
. . | — r .

sorbed, Ny, (mg/g) is directly
proportional to the conce i fetal i libri Ce, (mg/L) and the slope of

the isotherm is referredto the distubution ¢ e linear sorption isotherm

2.1

In the Langmuir mod ases linearly with the increasing of

solute concentration at low Céms' hes a constant value at high
concentration. The adsg i ant value because there

are limited numbers of . THe Langmuir equation can

be described mathemati : ly with equation 2.2.
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Where Ny is the amounts of metal adsorbed atwequilibrium (mg/g), Ki is the

cqii) s ik bbpinidilin] NEQ Sorion s

(max1mum amounts of metal adsorbed) (mg/g) and Ce is the concentration of metal at
equilibrium (mg/L). After linearization of the Langmuir isotherm, we obtain:
c. € 1

e _ e

+
Ny Ny KN

(2.3)

The plot of C./N¢ versus C. gives a straight line with a slope equal to 1/Ns and an
intercept equal to 1/KNs. The values of Ng and K are then calculated from the slope
and intercept of the Langmuir plot, respectively.



If the number of adsorption sites is large relative to the number of metal ions,

it is possible to use the Freundlich isotherm:

N; =K,C." 2.4)
Where Nf is the amounts of metal adsorbed at equilibrium, K4 is the distribution
coefficient, C, is the metal concentration at equilibrium and N is a cheniical-specific

coefficient. The linear form of Freundlich model derived from equation 2.4 is

expressed in the following equation.

(2.5)
The plot of log N versus log € yielc i with a slope equal to N and an

intercept equal to log K.
2.1.6. Application of SP

(2.6)
2.7
»«’f_t '''' Ctdl Ol 1€ adSorocnts ¢ ‘I/kgadsorbent), D is the

metal concentration in the

aqueous solution (mol/L) C is the metal concentratlon in the aqueous solution at

equilibrium (mo@ﬂ ﬂdﬁ)wﬂ ﬁ ng(jlﬂﬂlﬁand W is the weight |

of the adsorbent
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Silica is an inorganic polymer with the general structure formula of
SiOrxHy0. Silica has a porous structure and can be classified in three types
dependent on its pore size.

1. Microporous silica with pore diameter smaller than 2 nm.

2. Mesoporous silica with pore diameter between 2 and 50 nm

3. Macroporous silica with pore diameter larger than 50 nm.



Silica is used in most chromatographic applications [13]. The primary
advantages of silica are its availability in a wide range of well defined surface area
and pore size as well as its relative low cost. Furthermore, the silica is the most widely
used solid support due to its high thermal, chemical and mechanical stability
properties compared to other organic and inorganic supports.

Amorphous silica with a porous structure consists of three kinds of silanol (Si-
OH) on the surface: isolated, germinal and vicinal. The surface also contains siloxane
bonds (Si-O-Si). The silanols are hydr while siloxanes are hydrophobic. The
surface of amorphous silica is dq@l\cte \W&

%Sllox_ane
l -'R

HO
/ o]
- / 0 l
Isolated silanol : \8’/ 0\
‘ O /0\ to/
B‘\%i ~OH ISi —OH
0/
O/
Geminal silanols
N o
Figure 2.3 Structure \%}‘1 ilica gel showing sitox: jolated silanol, germinal

silanol and vicinal silanioh [3)

—

Two parameters‘ge usually used to charactenze e ab111ty of silica to act as
an ion-exchang ?ﬂ ﬁl oint of zero charge
(pzc). Most ch%lﬂﬁe e E:[YI >Qsﬂlﬁlﬁ‘lz[:ilanols. The silanol
groups form stroniadrogen bonding with water“molecules. The8e' adsorbed water

moleculd bl b 301 ) bl 450/ e Vi 6l hours. The

hydroxyl éoups on the porous silica surface have also an acidic character. The pK,

value of the reaction

=5i-O-H ——— Si-O'+H' (2.8)
is about 6.8 (£ 0.5) [13]. The acidic character of surface silanols confirms some ion-
exchange properties on porous silica. At pH = 7, silica consists of negative charge in
solution. For this reason, the silica is known to act as inorganic ion exchanger, but its

application to the extraction of ionic species is not so popular because the interaction
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between many metal ions and the silica surface is weak and non-selective. Therefore,
it is essential to increase the selectivity of extraction of silica by functionalization
process.

The point of zero charge (pzc) where the surface charge is zero and the
isoelectric point where the electrical mobility of silica particles is zero have been
measured by many methods. The pzc of silica have been variously reported to be from

pH 0.5 to 3.7 according to a review of the literature [14]. However, a pH of around

2 + 0.5 appeared to be an average f ous types of silica ranging from purified
ground quartz to colloidal Sﬂiﬁsi:‘!rz% may be expected, depending on

whether the surface is cryﬁ%\‘\"r ﬁmo&ossibly on particle size, and

especially on the presence of i 5 | ——
2.2.2. Sol-gel process \\
luti Mc networks through the

ion of the sol to form a network in a

The sol-gel process'in
formation of a colloidal suspe
continuous liquid phase ( ;‘ynthesizi_ng these colloids
consist of a metal or me ous reactive ligands. Metal

alkoxides are the most po y react readily with water. The

—

most widely used metal alkoxides are - alks ysilanes, such as tetramethoxysilane
TMOS) and tetraethoxysilane (FEOS). H her alkoxides such as aluminates,
(TMOS) ysilane CEEOR), HowgkSiathe

titanates, and borates a;}, also co
TEOS. { i 3

At the functionaﬂroup ‘l—é;/_é , three reactions are g@;herally used to describe the
sol-gel process: hydrolysis,=alcohol condefisation, and water condensation. This

sencrl ecion i Ul rigball] ol 47 9o Mpfihted et s shown below:

Hydrolysis: ' ¢

AN RARFHLL ZHHGH ) oo

Alcohol condensation:

mmommjgjpcess, often mixed with

=Si-OR + HO-Si= =———> =Si-0-Si= + ROH (2.10)
Water condensation:
=Si-OH + HO-Si=s =——— =Si-0-Si= +H,0  (2.11)

The hydrolysis reaction occurs when an amount of water is added to the
silicon alkoxide. Intermediates obtained as a result of this reaction include alcohol,

which corresponds to the alkoxide used. In the condensation or polymerization
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reactions alkoxide groups (-SiOR) react with hydroxyl groups (-SiOH), which are
formed during the hydrolysis step, to yield siloxane bonds (-Si-O-Si). Both hydrolysis
and condensation reactions of the alkoxide precursor are occurred by acid or base
catalyst.

However, the characteristics and properties of a particular sol-gel inorganic
network are related to a number of factors that affect the rate of hydrolysis and
condensation reactions such as pH, temperature and time of reaction, reagent
concentrations, catalyst nature and pp ntration, H,O/Si molar ratio, aging
temperature and time, and drying. Of %rs listed above, pH, nature and
@perature have been identified as

ng the e factomosmble to vary the structure

concentration of catalyst, HZQ%Iar 13th

most important. Thus, by con

of or; anic reagents to materials. This
technique has found many a lioﬁﬁﬁé in e@o phy due to the high stability of
chemical bond. However, this type. Ef ’enca@@an is very specific, so the reaction
conditions and precugslrs have to be spec1a1_,m_qﬂé » gach case. Impregnation
technique is another m&l_?od used to immobilize

organic reagents are phjysmally adsorbed, ¢ emisorbe&ll or physically encased in

porous supports. Tﬁal ffrﬁ ﬁa‘aon procédures are carried out by exposing the

I S @ bk ) ombamic solvent, which

after drying glvesq‘ll support coated ingreagent. The technology is highly versatile and

L T AT —

immobilizé difference reagents in a variety of organic and inorganic matrices.

immobilization is the direet ¢ rnicaln_l;,'.bon,_
e A4

ecules in materials. The

However, the adhesion of the reagent to the support is rather weak and short life time.
Otherwise, application of impregnation is restricted to disposable or renewable
devices. Chemical doping is the direct encapsulation of organic reagents by using sol-
gel process. This method is gaining popularity for immobilization of organic
compounds in organic and inorganic matrices due to its high versatility. This

technique is simplicity in its preparation and low temperature process. In general, the
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modified material using this chemical doping method has better mechanical properties
and chemical durability as compared to impregnated materials. The doping method
has found applications in various kinds of field such as catalysis, sensors, and
separation [5, 6, 16, 17].

2.2.4. Mesoporous silica

Mesoporous silica was first synthesized by a group of researchers at Mobil
Corporation in 1992 [18]. This material is characterized by narrow pore size

distributions, turnable from 1.5 to 10. &Ej The extremely high surface areas (>1000

m?/g) and the precise tuning of pore ﬁg the many desirable properties
that make such matenals mterest J___;ﬁ,search group proposed later a
Liquid Crystal Templating m to the formation of mesoporous

structure [19]. For this m Isi 1cate conc uon is not a dominant factor

in the formation of mes

prior to the addition of
to the reaction mixture i
liquid crystal phase, i.e. :
structurally and morphologically, phreﬁt.ed bgpm ence of 11qu1d crystal micelles

and mesophases. -.".—,“ Py
3 e DETS T

Hexagonal

Surfactant
Micelle

o oy
“ ' € 4
b“ W{@Nﬂ‘ﬁk‘wwﬁﬁﬁaam

Figure 2.4 Schematic model of liquid crystal templating mechanism via two possible

pathways [19].
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Chen et al. [20], carried out an in situ “*N-NMR spectroscopy to investigate
the mechanism of the formation of MCM-41 and summarized the inexistence of
hexagonal liquid crystal during the MCM-41 synthesis. So, this hexagonal phase
could not be the structure-directing agent for the synthesis of mesoporous materials.
This conclusion was in agreement with the already proposed mechanism through
route 2. The randomly ordered rodlike organic micelles interacted with silicate species
to yield two or three monolayers of silica around the external surface of micelles.
Subsequently, these composite species spor}taneously formed the long-range order.

The mechanism is illustrated in Figure 2.5. f 'y

—
(4)

Further
Condensation

a1
{r# »iml«&{nm 7 m—?—o- ’*{*
e E b T LR

w17

Figure 2.5 Assembly of é;licate-encapsulated rod [20].

Huo er al) [21] developed a model that made use of the cooperative
organizatien pof inoreani¢ .andeerganicymolesularspeciesyinto, threey dimensionally
structured arrays. A micellar solution’of CTAB transformed to a hexagonal phase in
the presence of silicate anions were shown : this was consistent with the effect of
electrolytes on micellar phase transitions. The silicate anions ion-exchanged with the
surfactant halide counterions, to form a silicatropic liquid crystal (SLC) phase that
involved silicate-encrusted cylindrical micelles as shown in Figure 2.6. The SLC
phase exhibited behavior very similar to typical lyotropic systems, except that the

surfactant concentrations were much lower and the silicate counterions were reactive.
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A) Precursor solutions

'\.?’ 5 °

s o~ 0000
> o or °

@.}. L] a o

Micelles and isolated cationic Inorganic silicate anions

Surfactant molecules (for example, D4R oligomers)

B) Ion exchange

K64 ‘f
;‘351 037 }:‘f
" S S §

J
:t_‘_,‘s ‘? |

¥ hexagonal SLC
Add : 1.1’{ :

aa,;

Figure 2.6 Formation of a sxhcatrop}&hqmd e@ta‘l phase [21]

Four pathways. \ivere presehted in the‘syﬂ'tﬁesm of Jrrnesostructured surfactant-
inorganic biphasic aﬂ*ﬂ?—&s—shﬁw&m—ﬁgm—%?{%&i—’ﬁptﬁe two direct pathways,
cationic surfactants S" were used for matching with negatively charged, inorganic
species I" to form ST mesostructure and anionic surfactants (S") were employed for
cationic inorganid species (1) /1te form ST\ niesostructure, Organic-inorganic
combinations with, identically chargéd partners are possible. In the two mediated
pathways,. the formation of the.mesostructure, was mediated, by the“counter charged
ions which must be ‘present in Stoickioffietric lamouit, 'i.e.-.S"XT (X -was a counter
anion), and SM'T (M was a metal cation). In cases where the degree of condensation
of the oligomeric ions which form the walls is low, the removal of the template leads
to the collapse of the ordered mesostructure. It would then be of both fundamental and
practical interest to develop new synthetic routes which allow the template to be more

easily removed.
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3
pathways\ (BES)

Surfactant I RoLS an.lc Examples
solution species
ST Antimony oxide
1) + Anfonic —  Tungsten oxide (pH<7)
p anonte Wrsisssatll M41S, MCM-48
Mediated Ir d
pathways —— ST v .g’
: 2) - Cationic —p Leadoxide
\ ) Aluminum oxide
——  S'XT Silica (pH<2)
3 o [Ccmiome ) X7 Zincphosphae
Direct

4)| Anionic Zinc oxide (pH>12.5)

of different surfactant and

kinds of rigid and non-rigid o@?@cﬂ}' s and

range of pores of different size and sl
- = 'P-tj". E

according to their effective width, adopted

1. Micropores have widihs not exceeding al

2. Mesopores have widﬂ between 2 nm a 0 nm. L"J
3. Macropores have widthsiexceeding about 50.nm.

pores caftb U2 BYVERI I SL ISttt o, e

frequently, connedted to other pores tq.form a porm&network (Figu&eJ2.8).

i) 35 5 ) S A £

poré  pore

LAV B
e béolated pore

OO

porous network

Figure 2.8 Type of pores [23].
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2.3.1.2. Classification of adsorption isotherms

The first stage in interpretation of physisorption isotherm is the identification
of isotherm type and hence the nature of the adsorption process. The physisorption
isotherm may be grouped into the six types as shown in Figure 2.9.

ount adsorbed ———»

A

Figure 2.9 Types of adsorpt
The Type I isothe

, porous solid (e.g. zeolites, active
carbon) having a relatively small”gm_ ma];_ urface. In contrast, the Type II isotherm

represents unrestrlctem monolayer-mululaw' on a non-porous or

macroporous adsorben 'ype IV isotherm are its

hysteresis loop and the ]Qliting uptake at high p/p,. Thes&atures are associated with

capillary condensation takipg place in mesopores. Type VI represents stepwise

tipioer isebbb ) QYD SIS L FE S rypes M and ¥ e

Associated with vséak adsorbent-adsorbate 1nteract10 8
2513 4RO B4 3 S ll‘W]’J V18 ¢

Capillary condensation/evaporation usually gives rise to hysteresis in the
multiplayer region of the physisorption isotherm. Four characteristic types of
hysteresis loop are shown in Figure 2.10. Type H1 loop is given by porous materials
having narrow distribution of mesopore size and shape. Many porous oxides tend to
give Type H2 loops, but in these systems the distribution of pore size and shape is not
well defined and the broadness of the loop appears to be associated with pore

blockage effects. Type H3 and H4 loops are usually found on solid consisting of
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aggregates or agglomerates of particles forming slit shaped pore (plates or edged
particles like cubes), with uniform (H4) or non-uniform (H3) size and/or shape. If no

hysteresis, this is the case of blind cylindrical, cone-shaped and wedge-shaped pores.

Amount adsorbed ——»

nitrogen adsorption [23].

2.3.1.4. Determination of surface are
. "!{t -.h'

The Brunauer-Emmett. ellel"_ o1 ethod 'is still the most widely used
procedure for the determin: oﬁ's@—the irfacelarea of finely-divided and porous

(2.12)

where n is the amount Qsorbed at 1ve pressure M)o and ng; is the monolayer

capacity. According to theftheery, C is a constant which is related exponentially to the

ot RN NI NS

The secon%I stage in the application of the B T method is thajalculatlon of the

i 5 By AP IS i o o

average aféa, am, occupied by the adsorbate molecule in the complete monolayer.
Thus,

ABET) = np. L. ap (2.13)
where A(BET) is the surface area of the adsorbent and 1 is the Avogadro constant.
2.3.1.5. Mesopore volume and mesopore size distribution

The mesopore size is usually calculated with the methods proposed by Barrer,
Joyner and Halenda (BJH method). The model is simple. In the capillary condensation
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region (p/p,>4), each pressure increase causes an increase of the thickness of layer
adsorbed on pore walls and capillary condensation in pores having a core size ri
defined by Kelvin equation.

2yvL (2.14)
RT In (pJ/p) |

where p/p, is the relative pressure at which condensation occurs, r k is the radius of a

I'](:

hemispherical meniscus, y is the surface tension and vy is molar volume of the liquid
condensate.
2.3.2. X-Ray Diffraction techni

| X-ray diffraction is 1 echm/ investigation of structure and
crystallinity of material@ ,% types of electromagnetic

radiation, interaction betw: fric ve -rays and the electrons of the

an X-ray beam strikes a
the layer of atoms at the
surface. The unscatter ‘ f the (beam jpenetra e second layer of atoms
where again a fraction i d., ‘ aj ' passes on to the third layer
(Figure 2.11). The cumul .' ,‘J ng from the regularly spaced
centers of the crystal is dif] cupp: C th '

r"— -

uch the same way as visible

radiation is diffracted by a reﬂecu@ﬁm' G T T

et A

Figure 2.1 1 Diffraction of X-ray by a crystal [24]
The relationship between wavelength, atomic spacing (d) and angle was
solved as the Bragg equation.
nA = 2d sin 6 (2.15)
This equation is a fundamental relationship in X-ray diffraction analysis, as it

permits the interplanar distance, d, to be calculated from the measured diffraction
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angle, 6, for a known wavelength of the primary radiation. Quantity, n, corresponds to
the diffraction order.
2.3.3. Fourier-transform infrared (FT-IR) spectroscopy

The infrared spectroscopy is generally regarded as one of the technique to
study the characteristic property of a compound [24-26]. All molecules are made up
of atoms linked by chemical bonds. The movement of atoms and chemical bonds can
be likened to that of a system comprised of springs and balls in constant motion. Their
motion can be regarded as being com F?d of two components, the stretching and
bending vibrations. The frequencws of J ns are not only dependent on the
nature of the particular bonds.t@l‘ves butémﬁected by the entire molecule

and its environment. The vibration of

s w : hich accompany electric vibrations will
increase their amplitude i Sleefromag w,,wavéWd beam) strikes them. The

whose frequency is changed ,Gom‘lnuo olecule will absorb certain

e

frequencies as the energy is consm;a"?i in smgg or bending different bonds. The
transmitted beam co;:rfbspondmg to the region @tmn will naturally be

weakened and thus a iited infrared beam versus

rdmg of the intensity
wavenumbers or wavelqgé‘th will give a curve showing at;korptlon bands. This is the
infrared spectrum.

o rraPh S Y490 S B ) S i e o

interferogram. The region of maximum signal 1%. the mterferogwl is called the
centerbu.t‘a % &Tﬁaﬁﬂ@mlwqf}%m ﬂc%}irrors in the
interferométer are equidistant from beam splitter. The interferogram is transfered
mathematically by the Fourier transform to produce a single beam spectrum. 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 number). The

principle of the Michelson interferometer is shown in Figure 2.12.
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L —1 fixed mirror
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Malvern laser d

particle size of materi ks by measuring the light

scattered from particles . Depending on their size,

the particles scatter light at diffraction method is based on

frameworks. One is thé th¢ory of Rayleigh
dielectric and spherica]ﬂ)artic_:-les. '

o

econd is the thé}ry of Mie scattering that
encompasses the ieneral spherical scatteringysolution without a particular bound on

Nla;%lﬂ%{g @ %]s@ Witgtjoa ﬂi§nverges to the limits

of geometrical ogt‘lcs for the large particles. Mie tge.ory, may be u&sd for describing
oo o WG T TR

He-Ne Special S
- - ample — el
Lasen filter Detector |—»| PC

particle size. H

Fourier lens

Figure 2.13 Diagram of Malverns instrument [28]

Figure 2.13 illustrates the diagram of Malverns instrument. The Helium-Neon
laser of wavelength 632.8 nm is used as a light source, which illuminates the

dispersed particles in the measuring zone. During the laser diffraction measurement,
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the particles are passed through a focused laser beam. These particies scatter light at
an angle that is inversely proportional to their size. The angular intensity of the
scattered light is then focused by a Fourier lens to a detector, which consists of a large
number of photosensitive elements radiating outward from the center. A novel
property of a Fourier lens is that it collects the scattered light from an ensemble of
particles, and overlays the common angles of scattering on the detector array. The
intensity of the scattered light is measured and an optical model (Mie theory) is used

thematical deconvolution procedure. A

to calculate the scattering pattern and

until it is close to the measured

-

the visible-light image.
not actually view a true

map of the specimen that is

awmymt‘u

vacuum chamber secondary electrons

Figure 2.14 Schematic of a SEM [24]

The figure above shows a schematic for a generic SEM. Electrons from a
filament in an electron gun are beamed at the specimen in a vacuum chamber. The
beam forms a line that continuously sweeps across the specimen a£ high speed. This

beam irradiates the specimen which in turn produces a signal in the form of either x-
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ray fluorescence, secondary or backscattered electrons. The SEM has a secondary
electron detector. The signal produced by the secondary electrons is detected and sent
to a CRT image. The scan rate for the electron beam can be increased so that a virtual
3-D image of the specimen can be viewed. The image can also be captured by

standard photography.
2.4. Doping molecules ( HPMSP)

structure is shown in Figure 2. 1 o

1-Phenyl-3-methyl-4-stearoylp: 5 -one (HPMSP), a [B-diketone whose
% thesized and is widely used in

liquid-liquid extraction. In ial to form different types of

coordination compound due_to-its -rich donor centers and the

tautomeric effect of enol has thus been used as an
advantageous metal extr. laf
determination of trace metals. i as\Qd(H) Co(1I), Cu(ID), N1(II)
and Zn(I) are the exampl | tha '

HPMSP molecules [7, 8,
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Sinee the development of an ordered mesoporous silicate using a surfactant
templating by a team of scientist from Mobil, this kind of materials has aroused
enormous interest among researchers in various fields on account of their potential
application [18, 32-34]. There are several researches relating to the syntﬁesis of such
materials. Some works were described below.

Mokaya [35] studied the restructure of mesoporous silica by performing the

secondary synthesis in which the calcined MCM-41 silica is used as a silica source.
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The factors investigated are (1) the time allowed for hydrothermal recrystallisation at
150°C, (2) the amount of amorphous silica available during the recrystallisation and
(3) the use of large pore MCM-41 as a silica source. The results had shown that the
increase in the time allowed for recrystallisation had little effect on the basal spacing
but resulted in a gradual and considerable increase in the pore wall thickness. The
pore size therefore decreased slightly while both pore volume and surface area
undergone more significant reduction. These textural changes were accompanied by
restructuring of the particle morpholo%yg [n the small sphere shaped particles of the
original MCM-41 to much larger partlcl both elongated and sheet (plate)-
like. .aﬁ_f_ 2 J____-
Pang and collew prepared: mestLous silicas with different

morphologies from an a h.Suxture conmstgg of an inexpensive silica

source, template (CTAB) Na@h “ on. The narrow distribution of mesopores
and high specific surface arealof

TEOS as silica precursor.

significant parameter whi¢h affect 51 ﬂr}!shdé tr

For the researches /€con erhiﬁﬁ;_ the_f?&ﬁ i
ers.m] pre@ 4-2
doped silica thin film to be used.as ,,an ’opitxcﬁ\l@;_or for a determination of Zn(II) in
insulin. Several parame.’kers such as type of precursorMé,st and concentration of

ization of silica by chemical

doping, Jeronimo and cowor 2-pyridylazo)resorcinol (PAR)

or was obtained when

ligand were studied. '-'l](e optimum performance
using tetracthoxysilane jl" EOS) and 3-amynopropyltr1eﬂioxysﬂane (3-APTES) as
silica precursors, NaOH as€atalyst and 3.0 x ¥0# M of li gand.
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hydroxyphenylamfﬁo) glyoxime doped octadecyl sg:a membrane &';ks and applied
s B S P o
in aqueous‘samples. The maximum capacity of the membrane disks modified with 25
mg of ligand was found to be 280 + 32 ug of Cu(Il). Also, the desorption of Cu(Il)
ions was achieved using 0.2 M nitric acid solution as eluent.

For the researches related to the potential pyrazolone ligand, Tong and
colleagues [30, 38] prepared the HPMSP impregnated microporous silica to be used
as a sorbent for the preconcentration of Cu(Il), Co(II) and Ni(II). These metal ions

were quantitatively retained on the proposed sorbent above pH 4. The adsorption-
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cycle were repeated ten times with no observable decline in the efficiéncy of such
sorbent. The preconcentration factor of this microporous material was found to be 40.
The method was successfully applied to sodium chloride solution and tap water
samples. The satisfactory results were also obtained when using this sorbent for the
extraction of Fe(IIl), Mn(1I), Pb(Il) and Zn(II) from environmental samples.

The functionalization of microporous silica by HPMSP molecules using
doping technique was firstly introduced by Intasiri [9]. Various synthesis parameters
such as speed of drying, temperature ion time were studied. The results had
shown that a significant factor was th ﬂz ing. The physical and the Cu(Il)
extraction properties of the sar@mre also . The auther concluded that the
be depended..mgnly on its surface area. The

Cu(Il) adsorption capaci 7'
Cu(Il) extractability of t obtai ed by batch method was found to be 0.04

Co(II) and Ni(Il) ions we 1ed ﬂd’ the adsorptlon capacity was found to be

MSP doped rmcroporous sorbent towards

doped mesoporous silica to uééT és a semiﬂhl HPMSP modlﬁed support was

found to be better than the same,ﬁnctxon@@: microporous material in terms of

facility, rapidity and re}vrodumblhty of the synthesxs,_lnza@}tlon the Cu(II) sorption
—

capacity of the mesop{r_lous silica was approxi

es greater than that of
microporous silica. The_inﬂuence of parameters on the!s"gfnthesis of HPMSP doped

mesoporous silica was @ also investigated.”[39]. These parameters were the
ﬂ.\éllonalized molecules.

concentration of el Bkd g PR W B Ph &b}

The author concﬂfded that the appropriate concentration of NaOH for the synthesis
should @)Wfﬂhﬂeﬁn@%c%%@ n@lévql%]mﬁ% ﬁlﬂecommended
the numbér 0.06 as the mole ratio of HPMSP/TEOS used for the synthesis since
higher extent of HPMSP would result to the difficulty in dissolution of these
molecules. Then, the extraction properties of the HPMSP doped mesoporous silica
synthesized with the mole ratio of HPMSP/TEOS equal to 0.06 was examined by
batch method. The target metal ions were Co(II), Cu(Il) and Ni(I) and the parameters
studied were pH of metal solution, initial metal concentration and the‘presence of

foreign ions in metal solution. The sorbent had shown a high adsorption capacity to
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the extraction of Cu(Il) even at low pH. For the adsorption of Co(II) and Ni(Il), the
pH of metal solution should be higher than 4 to reach the maximum capacity of
material. Moreover, the sorption capacity of this sorbent was enhanced with the
presence of foreign ions in the metal solution. The complete elution of metal ions
from the sorbent were achieved by 1 M HNO:s.

The arrangement of surfactant (CTAB) and ligand (HPMSP) in the HPMSP
doped mesoporous silica was later investigated by 'H HRMAS NMR [40]. From this
research, the surfactant molecules in t odified silica could be classified into two
types: the bound CTAB and the ﬁ'\bew&
surfactant which is bonded t1c 1n o the silica surface whereas the
free CTAB interacts with » sul ed ﬁmg.s::n;:olecule by electrostatic and
hydrophobic interactions irg at the sameé ratio.

_ ion d bpve,iﬁbs&esearches were focused on
only some parameters whi e aytiesi of the HPMSP doped'mesoporous

bound CTAB 1s the templating

According to the li

silica. Furthermore, the's . allex behavior was limited on some
'y \

metal ions and the extractio 10d ¥ ;ﬂ y\by batch experiment. Thus,

of other extraction fac,tbrs on the metal ext;'actab' ity of PMSP modified silicas
determined by both ba ]

ject of interest with the

aim of achieving the m,g*imum effici and using th@sorbent to the removal of

different metals from variotissdindustrial wastewater samples.
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2.6. Research obj’u‘tzves
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meSoporous silica.

2.6.2. To study the physical properties and to determine the effect of parameters on
the metal extraction efficiency of HPMSP doped mesoporous silica.

2.6.3. To apply the HPMSP doped mesoporous silica to the removal of metal ions

from industrial waste water samples.



	Chapter II Theory and Literature Reviews
	2.1 Solid-Phase Extraction (SPE)
	2.2 Silica
	2.3 Characterization of Materials
	2.4 Doping Molecules (HPMSP)
	2.5 Literature Reviews
	2.6 Research Objectives


