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CHAPTER I

INTRODUCTION

s) are the compounds that

consist of two or more fused aromatic W' \-\\u oxic compounds have been
' 150l «., PAHs are incomplete
combustion processes oforg; matte d to a smalle ent in forest fires and

[1, 2]. PAHs can have
[oxic potential. The complex
: erous isomeric structures.

ers. The separations of

Figure 1.1  Chemical structures of some PAHSs.



1.2 Analysis of PAHSs

Gas chromatography (GC) is one of the most widely used in analysis
of PAHSs. The fundamental characteristic for a compound to be analyzed by GC is its
volatility within the temperature range used. By this measure, PAHs containing up to
24 carbon atoms may be analyzed by GC.  Structural differences may play a
significant role in determining the volatilities 0f#PAHSs with the same carbon number;
for example, the less condensed pyranthrene (whieh has thirty carbon atoms) can be
easily analyzed by GCwhereas its counterpart, naphtho|8,1,2-abc]coronene, requires
special high-temperature GG [5]. However, the decompesition of analyte is the

problem when analyzing PAHsUsing the GC.
!
Reversed-phase liquid chromatography (RPLC) is the popular mode

for separation and amalysis of PAHS {6} Partlcularly, octadecylated silica (ODS) has
been most widely used as a statlonary-‘_ phg_se because of its wide applicability.
Retention in RPLCis often described in té_rmé of solute polarity and a like dissolve
like process. However, it failed to explainfthe retention behavior of many classes of
structural isomer Such: as pelycyclic. aromatic  hydrocarbons (PAHs) and
polychlorinated biphenyl congeners (PCBs) The retentlon mechanism of these groups
are described by shape selectivity phenomeneﬁThe shape selectivity is used to show
a chromatographic quality-exhibited by certafn.‘étationary phase for which separation
of geometric isamers is based on their molecular structures [6}.. Shape selectivity is
enhanced by incfeased phase loading, longer chain length bonded phase ligands,
reduced column temperature, increased organic modifier composition in the mobile
phase, and the Use of polymeric phases [4, 6]. Among theSe parameters, the phase
density and polymeric.ghase play a major role.in the solute retention. The commonly
used high density monomeric and polymeric C18 stationary phases give better
resolution (Rs) and longer retention factors (k') because these phases contain rigid
structure [4, 6].



1.3 Purpose of the study

This study has for objective to enhance the separation efficiency of a
monomeric C18 column on the separation of isomeric polycyclic aromatic
hydrocarbons (PAHs) by adding a surfactant into the mobile phase with a

concentration lower than its criti ellar concentration (CMC) to induce rigidity
of stationary phase. \:&\ 1 loye the study are diethylamine
hydrochloride, ethylamine hydrochlori &\ I ylamine and octylamine as
shown in Table 1.1: it the_dbuld interact with ionized
silano groups on it 7 he modified surface of
stationary phase i ‘ . as shown schematically in
Figure 1.2. The adserbed st | ¢ 0 an 7 tatlonary phase rigidity
which increases the resolul s) and retenti K') of the PAHSs. Solute

N

olumn temperature will be

_ ) 7 m of each surfactant as a
function of conc ior ature. At each condition, the
improvement of retention AGLOT, res utic : AHs solute probe will be evaluated.
Finally, the separation efficiencyof polar ers will be studied under the best

condition of each surfactant:

=

Y ’

Eﬂ | iy
ﬂ‘lJﬁ’J“flﬁ"ﬂ'ﬁWEl']ﬂ‘i
’Q‘W?Mﬂim 1N1INYAY




Table 1.1 Properties of studied surfactants

Surfactants Carbon atoms pKa
AN =l|

Ethylammonuim: AN,

_j 10.64
3 || - :
Diethylas |

10.77
10.70
10.56
10.55

ARIAINTUNNING Y
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Table 1.2 Properties of polycyclic aromatic hydrocarbons (PAHs, mixture I) used as
solute probe: triphenylene, benz[a]anthracene, benzo[k]fluoranthene and
dibenz[a,c]anthracene

Structure Formula Molecular L/B? log Pow”
Triphenylene
OO‘ e
Benz[a]anthrac
{7 =) AN RN 5.91
Benzo[k]fluoran : > ‘ | ;
OO_ -1":.' - 52 | 1474 6.84
Dibenz[a,c]anthracene
7.19

ﬂuﬁl'lﬂ’l EW]‘WI 81173
ama\aﬂimumqwmaa



v

Table 1.3 Properties of isoflavonoids (mixture 1I): 5-methoxyflavone and

6- methoxyflavone were used for the performance study of the modified column

Structure

Formula

Molecular
Weight

A

AU INENTNYINS
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CHAPTER Il

THEORY

2.1  High performance liguid chromatography(HPLC)

In the HPLC technique, the sample is forced through a column that is
packed with irregularly or spherically shaped particles or a porous monolithic layer
(stationary phase) bysa liquid‘(mebile phase) at high pressure. HPLC is historically
divided into two diffefent sub-¢lasses based on the polarity of the mobile and
stationary phase. Technigue in which' the stationary phase is more polar than the
mobile phase (e.g. toluene as the mobile-phase; silica as the stationary phase) is called
normal phase liquid chtematography (NPLC)‘an{d- the opposite (e.g. water-methanol
mixture as the mobile and €5 octadecylsilyl as the stationary phase) is call reversed
phase liquid chromatography (RPLC). In general,jH;Ij)LC system consists of four parts
such as pump, sample introduction (injector),'éﬁa'lysis column and detector [9], as

shown in Figure 2.1.

@ Injector

Cihirgm gtogeam
Py

Deteciar

Calumn

Salvents

Figure 2.1  Schematic diagram of the HPLC system.



2.1.1 Pump

There are several types of pumps available for use with HPLC
analysis. They are: reciprocating pumps, syringe type pumps, and constant pressure

pumps.

ing piston pump because this

pump provides stable flow rate _f‘_: wev . e free and able to deliver

an njection valve and the

cted into the loop via the
injection valve. A rotati _ ve otor.eloses the valve and opens the loop in
order to inject the s : phase. Loop volumes can
range between 10 pl to the sample injection is

typically automated [9].

2.1.3

LY

Theen silica based modified

surface with n-alkyl :!I ains such as C-8 and C-18. The hydrop HJ compounds elute

earlier than hydrophob? compounds. The type bstatlonary phase in RPLC can be

“”“ﬁedﬂwffﬁ“”ﬂ"ﬂ”ﬂ?ﬁ NN

2131 Monomerlc stationary phase

s1 es with s1la§o;s al ie sﬂlcé sgr'age ;urface olﬁc;tlon reacglons are gterlca;J

hmlted and even under rigorous reaction conditions, only about half of the available

silanol groups are covalently modified [6].
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I I CH

] 1 3
~$i—OH —Is_i—a—lé—ms

5 ona 6 < cn,
OH + X—Si—C18 —p —ém—ﬂ—c1s

ij_ ¢ns P o HC on,
sj—n—/sj-cis

H,C

ﬂmerlc Cl18 silica

Figure 2.2 Synth nary phase [6].

the reaction of di- or

trifunctional silanes with sili | pres wat ‘ sher bonding densities
can be achieved with polymeri¢ synthe s/ Thw added to the reaction slurry, the
synthesis is referred to olymeriza . since sila polymerization occurs

in solution with subsequ: eposition and & silica surface. Surface
polymerization denotes a synthe 1r the water is adsorbed onto dry

711
silica prior to the silane introd 'i_"_Aiﬂ'l.--L-i! "'{ £

Ay

; § _
g—uve x—sj—c-ls = éj_o_séo i

—-% ci18

] “I;Im“%&m W’El‘Tﬂ‘ﬁ

FI ure 2.3 Synthe81s schemes ﬁ)r olymeric C¢'stationary phases [6& H

WIRNN AR INE
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2.14 Mobile phase

The mobile phase can be altered in order to manipulate the interactions

of the sample and the stationary phase.

2.1.4.1 Isocratic elution: pounds are eluted using constant mobile

1.4, ent elution: com&luted by changing the
mobile phase composition. C, percents Wnt in mobile phase
increase with time [9]. >, ; \ M

2.1.5

t (U ) detector, refractive

index (RI) detector J och \: ' or, electrochemical
detector, near-infrared (Near \ MS) detector, nuclear
magnetic resonance (N ,.and _' A rlng S) detector.

¢ most popular and useful LC

detector that is available to the absorption detectors respond

to those substances ith ' mi '.'i:"“ substances
absorb light in @*— e Ir\fj' ed wavelength

)]

detector) or several e ng
ﬂ‘L!El’J ‘namwmm

Q’mﬁ\ﬂﬂiﬁu&lﬁﬂﬂﬁﬂﬂﬂ
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2.2 Parameter

Hold up time (ty or to) is the time taken for the mobile phase to pass
through the column. The unretained solute molecule is used to measure the hold up

time because this compound is not retained by stationary phase and travels through

column at the same rate as the mobile

nitrate (KNO3), uracil (C4 Ha Na (

e common unretained are potassium

o / (D:0) [9].

Retention | el through the column.

Each analyte in a sample ii rete tio ime:

Time

Figure 2.4 ow the holc ume (tp) and retention time (tr).

) II'
I I
solute, spend1ng1 ._‘.I.-‘t ; !: alculated using

i

ﬂ'uEl’J ﬂﬁﬁl‘ﬁ‘wmﬂ‘i o
A IR TINE THY

the following equation:



13

The selectivity (a) is a measure of the time or distance between the
maxima of two peaks. If a = 1, then the peaks co-elute. It is calculated band with

Equation (2.2).

k,
oC= — 2.2
" (2.2)

Where k; and k, are i 3 7Gtof ¢ jacent bands 1 and 2.

aration of band centers,

it does not take into account peak widths. Ar e of how well species have

(2.3)

ht (min) for adjacent

bands 1 and 2. \\
adjacent bands 1 and 2 (min).

e is equal or above 1.5.

Wh— 0.126 min WhiO .071 min = O 071 min

amwﬂi?uﬂww%mﬂ

Figure 2.5  Example of resolution.
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2.3  Shape selectivity

Retention behavior in liquid chromatography is influenced by a wide
variety of physical and chemical properties of both the chromatographic system and

the solute. The development of retention models reflects an effort to describe the

quality exhibited by in- stationary shase for which separation of geometric
isomers is based on thei e ather.than hysical or chemical

differences of the sol

23.1

Stationary onding densities control the shape discrimination of
columns. Shape discrimi creases with increasing

bonding density because o ' rease in phase y [6,10-12].
i ';i < ) el . .
Table 2.1 The phenyl selectivity-at10-° s a fune octadecyl bonding density

with acetonitrile W ate d

: Y
Cis bonding density Phenyl selectivity:

(umol/mz) ! nixture ‘ ixture II°

¢
q;wﬁfamﬂqnlﬁgiunjﬁ- L
VIV TOVNTT dble gy VI TE1TO

* Mixture of benzene, naphthalene and anthracene
® Mixture of benzene, biphenyl and p-terphenyl

“Polymeric C,g stationary phase
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2.3.1.2 Bonded phase type

The polymeric C;g especially the highly loaded phase showed an

excellence in the shape discrimination compared with monomeric phase.

| L
ﬁ_iﬂ T T T T T u T T T T —
FLLE VT E e T T2
Y
Figure 2.6  Separation of PAHs isdmer of molecularmass 302 on (a) mofiomeric

VSR AR AR

toqceton'itrile over 10 min
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2.3.1.3 Alkyl chain length

The enhancement of the shape selectivity is proportionally related to
the length of alkyl chain. Better separations of isomer sets are usually achieved with

longer chain-length phases. This trend is observed for both monomeric and polymeric

tion of PAH isomers is possible
s phase. However, for any

lectivity for structurally

2.3.1.5 Mobile p compositior |
o "'J‘ /48

Mobile p havesa- weak effect on

shape selectivityy Shape—scle icicascs  sligh ithe percent organic

yf!'f , : 4£"~ ‘

modifier. Mobile phase portance than other

variables for conside

ion during method development for iso .However mobile

phase composition is ofl‘?n of importance for the separatlon of other compound [6].

ﬂﬂﬁ’)“flﬁﬂ‘ﬁ'ﬂﬁ’]ﬂ‘i

2 3.1.6 Temperature g

R BRIV BV

shape selectivity in LC. The retention decreases with increasing temperature.
Although temperature is sometime controlled to improve retention reproducibility or

column efficiency [11, 14-15].
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1l

Figure 2.7  Separationof the phase selectivit on a Viydac 201 TP Cg

Column at Vario S lellldl’ll!ll-k‘.--- - _-
AvF N

2.3.2 Rﬂtion model of shape selectivity @
ANy SWE T
schematic| repr Hﬂl H ‘ﬂﬁe er tolas the “slot

model”. Planar and linear molecules vgre preferentlally retained over their nonplanar

LTRSS WIITETAE

w ch the bonded phase consists of a number of narrow “slots” into which the solute
molecules can penetrate (see Figure 2.8). Planar molecules would be able to fit more

easily into these narrow slots and interact strongly with the C;g stationary phase,
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whereas the nonplanar molecules would not penetrate as far into the slots, and so

interact less strongly with the stationary phase [4].

y ‘ i L 1 L
Figure 2.8 “Slot model* for retent ‘,l' >AHs on Cig stationary phase [4].

2.3.3 Length-to-bread 7R ratic

by

The L/B ratio was first used to ¢ e with the retention of PAHs in
BeL) L

gas chromatography b ‘B =~ 1 are nearly

e/

Q S !
ARIAND A A INE N E
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2.3.3.1 Solute shape

In general, solute retention increases with increasing L/B ratio for
PAHs isomer separation. The example of this trend illustrated in Figure 2.10 for the

separation of molecular mass 278 PAH isomers on polymeric Cig stationary phase

[6].

? 30
Figure 2.10 Sepatation of PAH: S 1somer oI moiccuiar ma. SS 2 .ﬁ' polymeric Cg
column. Values V onditions:  85:15

acetonitrile/water (Vﬁto acetonitr m
ﬁ.ﬂﬂ 11 ﬂ“ﬂ’“ﬁ AL N

AN AN IR A ]

configuration was also discussed by using NMR spectroscopic information.
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«— gauche

AULS Elﬂ‘iWEl']ﬂ’i
MNP Y

50 40 30 20 10 0 -10 ppm

Figure 2.11 NMR spectra of the C3y bonded phase at various temperature [16].



-4.6°C (268.6 K) - :
oy e T
24°C(2756K)
i
-
- : f. T
14-3 .c " i F
L E
o - K
- P
24.8°C (298.0K) b | :

TEANENINUINT

Figure 2. 1H1de- and top-view snapshgt of simulated monomerlc Ci3 model at

'ﬁW’"TWﬂiﬁu 1N1INYAY

21
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Figure 2.11 and 2.12 show NMR spectral changes as a function of
temperature for the monomeric type Csp phase. The proportion of the “gauche”
configuration increases above 20 °C and proportion of the “trans” configuration

increases below 20 °C [16-18].

The retention of planar e begins to increase at the same
temperature that the proportio m__' | trans ; ion just being to increase. At
low temperature, more alkyl '-‘., ; | ionary phase like slot
structure of the bonded -moi ‘the plana PAuaccess to the space of
the bonded moiety resulting onig retention of plana Is. Figure 2.13 is

schematic for the propesed i 2 / b \\1\?\»‘” s Csp bonded phase
and PAHs [16]. . f \ '

wsA ‘t

o W ] H"VT‘?W grmTs
ammﬂim UNIINYIAY
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25  Surfactant

Surfactants are amphiphilic molecules that have both hydrophobic and
hydrophilic properties. A surfactant molecule consists of a hydrophobic group, which
has long chain hydrocarbon (tail) that dissolves in non-polar solvent and hydrophilic

group (head) that dissolves in polar solve

Hydrophobic (tai

- entration of the

surfactants in solutio 00 \ es (1 icelles, round rods,

lamellar structures etc.) i

Surfactant tail

II i

Surfactant monomer Surfs '5- ant micelle

f % ﬂ“‘ﬁ‘ﬁ“ﬂ“ﬁlﬂ'ﬂﬁ
ammnim UAIINYA Y
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2.5.1 Anionic surfactant

The head group of surfactant has negative charge in solution.

I Na
0—S—0
e . I
Figure 2.16 ( ulfate (SDS).
Hs;C
Figure 2.17  Structure of dodecy! lar i 1- ide (DTAB).
,TI‘:: :
253 Non-ionic surfactént< -
The surfactant de ﬁl"r: 1y I:I,r.’._:;
&
,_Il
| \\ 7/
VRN RN Pl
v ¢
AR IS ANAY
q ‘ ‘e surfactants can be eMr anionic (negazc]yﬁchlarged), cationic

(positively charged) or non-ionic (no charge) in solution, depending on the acidity or

pH of the water.



25

V\/\/\/\/\TM o
|

CHs

Figure 2.19  Structure of 3-(dode

ldimethylammonio) propanesulfonate.

2.6 Frontal analysis(FA)....

An adsorpti othe ? i
solute concentratio 0biLe lf{ atio al' es under O
o /}/ . };& R\

equilibrium, can be measurg nany .. ple frontal analysis (FA),

frontal analysis by charagferistic point (| ' w terlstlc points (ECP),

u\\\

h describes the relationship between
N -

stant temperature at

the pulse methods, a
method [20-21]. FA is

d thefcomputati method or inverse
does not require detector

calibration and does no .d

In FA, mobi pum ' column with surfactant
solution at a known conc ‘ 7 ase and recording the break-
through curve of the column elute. F; a by ough curve, the amount of the

compound that is-sequire -quilibrate the p: in the-column with the

Surfactant can b “..ﬂllplf_‘r.-’l‘“l'l\"‘l-Il--.(.l.i‘-..‘l.i.""._.

E
ﬂ‘lJEl’J'ﬂﬂ'Vl‘iWEl’]ﬂ‘ﬁ

ammﬂimummmaﬂ

J
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Plateau
C ]
1}

g )
.S =
5 Mass ofs < g
= adsorbed on the' g 5
: Skt 273
=] St ‘ N 1 ] = O

" Q
8 w4 = £
3 N 4
<
=
a.
()
—=
O
§

time (min)
1a volume
. - & : ¥ . \
Figure 2.20 A frontalianalj « cation of equal area method for the

adsorption isotherm determination escription he method used to derive the

amount adsorbed from the frontal a

The mass of _g%,:_q?ﬁfﬁl -:4_;' 2n plateau concentration is
o L N
reached allows the ¢a ' adgorbent volume, q"

(mmolL) i Y’ )

E q* v \'eq 0 e iill (24)

V. -Ft,

e ) Mﬂﬂfﬂ&fm 4 v (b i

and teq is a t1me of equilibrium [26-27]g"

Q’mﬁ\ﬂﬂiﬁu&lﬁﬂﬂﬁﬂﬂﬂ
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2.7 Literature reviews
2.7.1 Effect of stationary phase morphology for PAHSs separation

Effect of bonded phase lengths was reported by Wise and Sander [28]
by studying the retention of PAHs on monomeric and polymeric alkyl phases ranging
in length in range from Cg to C;g. The retention behavior of PAHs was observed to
vary significantly with alkyl chain length whercothc _€5) monomeric phase was
observed to have selectivity toward PAH similar to-€i¢ polymeric phase. Sander and
Wise [10] studied moleculai.shape recognition of a series of C;3 columns prepared
using a variety of synthetie*approaches. Mono-, di-, and trifunctional silanes were
used to prepare stationawy phases through monomeric and polymeric surface
modification procedures. Shape selectivity was enhanced by increasing phase loading,
longer chain length bonded phase ligénds, reauced column temperature, increased
organic modifier composigon in the mobile ﬁlas‘q, and the use of polymeric phases.
Wise and Sander [4] separated PAHs by mon(;'mefic C,s and polymeric Cg stationary
phase. Polymeric stationary phase-has a high C.-ldﬁiﬁsugface coverage provided excellent
selectivity for separation of PAHs thgp monomfeﬁc_l stationary phase. Sander et al. [6]
presents an overview of column properties that i{lﬂ@(}r}ce shape selectivity for PAHs.
Stationary phase contribution to shape recognition iflcrease with polymeric surface
modification chemistry, increasing bonding dénfsi’ciz,; mereasing alkyl chain length,

increasing organic.content of the mobile phase and decreasing temperature.

Kikfa and Grushka [29] studied the retention behayior on alkyl bonded
stationary phases for liquid chromatography. This work has been studied as a function
of chain length, surface coverage, solute type, mobile phase composition and
temperatur€: The sméall bofided nonpolar imethyl groups do not interactsStrongly with

the solutes.

Shundo et al. [30] newly synthesized and immoblilized
poly(octadecylacrylate) having plural trimethoxysilyl groups in the side chain (co-
ODAN) on to silica supported co-ODAnN (Sil-co-ODAnN) used as a stationary phase in
HPLC. Sil-co-ODA ¢ showed higher selectivity for the separation of PAHs than Sil-
ODA 4 and octadecylated silica (ODS) due to the higher bonding density.
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Kayillo et al. [31] studied the retention behavior of polycyclic aromatic
hydrocarbons in reversed phase stationary phase on C;s and phenyl-type surface. The
result revealed that phenyl-type column offered better separation performance for the
linear PAHs. Because the propyl-phenyl column has the highest molecular-stationary

phase interaction.

Takafuji et al. | newly s stationary phase in reversed
phase liquid chromatograh by dioctac ‘ 1 erived lipid-grafted porous
silica particles (Sil-DSG)=€ witl‘l__lonveﬂ(octadecylated silica),

the Sil-DSG column s-m_’

ranging from Ci; t tries (monomeric
solution polymerized, length. The phases
were characterize ctivity, and band
broadening. As the sha ‘density of the phase
it is not surprising that d the highest degree of
shape recognition; mon of shape recognition

Nuiez et al. [34}’6’?@ 1:_:‘5_.‘7 lic silica capillary column with
poly(octadecyl nl,l acrylate) (ODM colurrﬂi) for h '

homologues. The results w par using 2 onolithic silica
capillary column di 1 ade i amino) silane (ODS

column). The ODM cc&umn showed a better rformance for polar and non-polar

vl WL, an “Em “'S"Wﬁ”TTT‘Em’““ "
AR AINIUNNINYIAY
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2.7.2 Surfactant application for PAHs and other compounds analysis

Hansen et al. [35] developed the reversed-phase HPLC base on
dynamic modified of bare silica with long chain quaternary ammonium ions. The
modified silica approach has been used in analysis drug metabolism and
determination of the toluene metabolite. The main advantage is high reproducibility of

the selectivity.

Delgado et al. [36] used micelles and alcohols as the modifiers of the
aqueous mobile phase inRPLC in controlling retention and selectivity of
polyaromatic hydrocarbomns. Lhe - cnhancement of separation selectivity with
increasing of alcohol congéntration was observed. Increasing micelle concentration
showed an opposite. effect on the separation _self:_ctivity, that the separation selectivity
of PAHs was better with mobile phascs with: medium concentration of micelles and
moderately high aleohol percentages, The sef_e‘ctivity enhancement can be explained

in terms of the competing equilibria in micellaf‘l.‘_

Kavran and Edim [3;7] {used Sodil;:'}’n fc'iodecylbenzenesulfonate (SDBS)
as an additive in separating a broad range f')f_PAHs by micellar electrokinetic
chromatography (MEKC) base on capillar;ife;féi:trophoresis. The separation
mechanism was predicted as_solvephobic assoczt_lti_(in of the PAH molecules with
hydrophobic chains of the SDBS surfactant and a possible - idteraction between
aromatic groups of-PAHS and SDBS: A buffer of 20 mmol/I TFs; 40% MeCN and 50
mM SDBS at 25 kV-was found to be optimal for complete separation.

Zhao et al. [38] used cationic surfactants attached to cation-exchange
silica and junmedified silica to, create hydrophobic, solid-phase extraction sorbents.
Various chain lengths ‘ands numbers of amine; ammonium and pyridinium based
cationic surfactants were investigated to reach sufficient sorbent hydrophobicity to
capture-PAHs. The result.showed.that. the hexadecylamine gaye a.greater density. of
alkyl = ‘chains [+ than' [the  trimethylhexadecylammonium bromide | land | N-
cetyloxycarbonylmethyl pyridinium bromide, resulting in a more hydrophobic
sorbent. Steric hindrance of the more bulky trimethyl ammonium and pyridinum
groups prevented a smaller amount of surface alkyl groups than the least bulky amine

group. The trimethyloctadecylammonium bromide chain attacheed as efficiently as
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the trimethylhexadecylammonium bromidechain, therefore the greater carbon content
from the C18 chain resulted in greater %C and greater hydrophobicity. The C16

trimethylammonium bromide was less steric hindrance so it better attached to surface

than di-C16 dimethylammonium bromide.

ﬂummm‘wmnﬁ
’Qﬁ?ﬁﬁﬂ‘iﬁ”ﬂﬁ']’)ﬂmaﬂ



3.1

CHAPTER Il

EXPERIMENTAL

3.1.1 High Perf ui atograp C): Varian, Prostar.

3.1.2 * 40 Filter unit 0.22
illerica, MA, U.S.A.
3.13 46 x 150 mm,
3.1.4 A glass filter ! 1 S ; L funnel, 1 L f ‘glass base with tube
cap, and P 7 obile phase filtration,
Millipore, Bi
3.1.5 Vacuum pump with pressure reg Model DOA-P504-BN, Gast®,
3.1.6  pH ifie
II
3.1.7 Micrﬂ;ettes 10-100, and tips, endorf, Hamburg,

Germany‘.

b1 T %I 1 1 B R e

Qmﬂﬁﬂ?mﬂ‘ﬁ“ﬁ”}ﬂ&ﬂﬁ d

3.1.10 Volumetric flask 10.00, 25.00, 250.00 and 1000.00 mL.
3.1.11 Beakers 10, 100, 250, 500 and 1000 mL.

3.1.12 Graduated cylinders 10.0 and 25.0 mL.
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All glassware was washed sequentially with detergent and follow by rinsed with

deionizer water.

3.2 Chemicals

3.2.1 Standard comp ,;

dibenz[a,c]anthracene luka, Sigma-Aldrich, USA. D,O and

acetylsalicylic acid wer

3.2.2 Organic

Fisher Scientific,
Leicestershire, U.K. from E. Merck,

Darmstadt, Germany.

. ochloric-acid(t ICl H ;.‘ ck, Darmstadt,
Germany. Sodium hydrog , "tl-l droxides (NaOH)

were purchased from Carlo Erba Reagenti. Butylamine, hexyl e and octylamine

were purchased from ‘tldrich Sigma-Aldrich, ..}A Ethylammoniumchloride was

ﬁﬂﬁ?% WA REL LT e
purchase it lycerol purchased
from F1sher cientific, Leicestershire, HK

Q’mﬁ\ﬂﬂiﬁu&lﬁﬂﬂﬁﬂﬂﬂ



33
3.3  Preparation of standard solutions
3.3.1 Stock of standard solution

A 200 ppm single solution of each standard triphenylene,

benz[a]anthracene, benzo[k]fluoranthene and dibenz[a,c]anthracene was prepared by

dissolving 2.0 mg in 10 mL volumetric flas acetonitrile and making up to

scale with 70% acetonitrile: 30 D & ndard solutions were kept

ared by pipetting 1.00

mL of each standar | _ .00 m ‘. lask and making up

to scale with 70% acetonit . CF: _‘ solut re kept in amber bottle
glasses

A2 epared by dissolving 2.0 mg in
10 mL volumetric flask _ to’ SC; ith 70% acetonitrile: 30% water.

3.3.2 Preparation of carbenate bu
i

o e

A 500 v 6 wa ' ‘5:,“ by dissolving
0 J djusting pH of

sodium hydroge -_"»g’“ rl :

ﬂ%ﬁ@%ﬁ%‘ﬁ"ﬂﬁ’]ﬂ‘i

solution to the requim pH
A 10 mM surfactant ‘vsolutlon pH6 & prepared by d1 olving

ﬁﬂﬁﬁ;ﬁﬂﬁmﬂmw ?ﬂ?ﬂ‘iﬁfﬂi

to cale with sodium hydrogen carbonates solution.



34
3.4  High performance liquid chromatography analysis
3.4.1 Parameter of chromatographic system

Table 3.1 Physico-chemical properties of the C;s-bonded packed (4.6 x 150 mm)

and other parameters

Column diameter (mm) 4.6

TR

e A

Information is pr ox$)

-

: 1oy
S %
342 H V -'J

Varian® Prostar model 230 HPLC was used -ﬂ this study. This
instrument includes a rillﬁolvent delivery system, a manual injector with a 20 puL
sample loﬂa %eﬁlay/g\’ - ﬂ(%)ﬁoﬁﬂs{s};ﬂoﬁred at210
nm. Detectml wave ength of solute probeé was set at nm. Data processing was
performed by Varian workstation séftware. Columnswas water-jacketed fwith a
e P A
ciqulator. The 1socratic program of appropriated mobile phase composition obtained
from optimize condition study was used in the study. The flow rate was set at 1
mL/min for the whole study. The 40 mM carbonate buffer and acetonitrile were used

as mobile phase.
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3.4.3 Optimization composition of mobile phase

The appropriated mobile phase composition was developed by varying
percentage of acetonitrile. The composition of acetonitrile was varied from 60 to 100
percentages with a 10 percentage increment. Column temperature: 25 °C, flow rate: 1

mL/min and detection wavelength: 254 nm. PAHs were used as the solute probe.

3.5  Chromatographic measurements 4

The colummnrholdsup.tfime (ty) was derived from the retention time of
injections of D,0 as the uaretained marker. The extra-column volume (t.) is the transit
time between the pump mixer and the column* inlet, and between the column outlet
and the detector cell, that can bejcalculate usiﬁg' the elution time of D,0O. The column
tube volume (V.) was calculated by the cZ)lumn diameter and its length. These
parameters were used to ealculate the am‘é)pnts of surfactant adsorbed on the

stationary phase. t) was used to caleulate the retention factor.

3.6  Study the relationship between the adsorbed amounts of surfactant on the
stationary phase.with the number of carbon atoms, coneentrations and column

temperatures

Frontal analysis is used as the method to quantify the adsorbed amount
of surfactant on the<stationary phase surface as the function~ef surfactant types,
concentration and colunstemperatures by monitoring the breakthrough curve. The
investigated parameters are the carbon numberts, surfactant concentrations (1, 2, 3, 4
and 5mM),.and coluriin temperatures. The temperature was varied from 0 to 40 °C

with a 10 degree increment and at room temperature.

The measurement of breakthrough curve of a surfactant was made by

the follow procedure:

Firstly, the column is equilibrated with an aqueous carbonate buffer

(40 mM, pH 6.0) and acetonitrile (70/30) for 1 hr.
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Then, the carbonate buffer solution (40 mM, pH 6.0) containing a fixed
amount of a surfactant was continuously loaded at the same flow rate, and the frontal
elution of a surfactant was monitored by measurement of absorbance at 210 nm. The

breakthrough curves were recorded only one time at each concentration.

3.7 Study of an adsol(‘ actant on the se on efficiency

ase condition, a 20

¢ ,-. benzo[k]fluoranthene

dibenz[a,c]anthrace yl ar ’\.’;\

\ to the column. HPLC-
n this section were
. i ) _ - '.

nt ofi separation ien etween the systems with

performed in triplica run

The improver

and without surfactants fj"'r- r.r!'a y ermination of changes on the

retention factors (k’), resolution ( -W.
- _‘-'7 o "-r':

B [
ﬂumwﬂmwmm
ammﬂimummmaﬂ



CHAPTER IV

RESULTS & DISCUSSION

4.1  Optimization of t

graphic s

As shown in Ta 1, the increase in the percentage of acetonitrile in
’}: ,

the mobile phase resulted in*the )‘n. of 1 M . o acetonitrile, which
one compounds could no sgpe ! > bes \"‘ phase composition for the

separation of PAHs e pudbes'ish bufte c\ acetonitrile.

Table 4.1 Separations of PAL

of pH6 carbonate bu " and'@

Conditions

a]A" B[k]E“/D[a,c]AP

Carbonate buffer/acetoni 0.0
|
Carbonate buffer/ace 2.0
=
Carbonate buffer/a‘ nitrile: 20/ 80(V/V) 3.5

4.9

3
e ‘
i i

TR INeNa Y
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4.2 Amount of surfactants adsorbed on the stationary phase (q*)

In order to allow the surfactant adsorption onto the stationary phase via
electrostatic interactions, the pH of the mobile phase needed to be kept at a value 6, at

which the silanol groups (Si-OH) on the stationary phase are ionized to Si-O".

calculated by the fo

(2.4)

s that is adsorbed on the

d is contained

in the volume of tHe-mobile-phase- - Cot or hold-up

!
Ee represents the time during which the compound is present in

the Volumeﬁ[ the mobi$ phase outside the colufi] between the mixing %int and the

volume.

detector.

UHAMEMIWEH
RIANIUNRINYIAL
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Table 4.2 Parameter used for calculating q* value

Flow rate (mL/min), F, 1.00

Extra-column time: te

Column tube volume: 1.._

2 —
* Ve = d"h Where; 0= co

42.1 Fro

mATJ

¢ @

ammn‘imummmaa
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.y 40 °C
e 0,
S0
25°C
20-°C—
~10-2€—
D_
. s
time (min)
Figure 4.1 (a) Frontal l aur : ) 8, at - 0 °C as a function of
concentration and (b) frontz $ 0 : ‘, ine at 0, 10, 20, 25,
30 and 40 °C. '

in our study shown in Figure 4. 1 ;.s-. \ilib t (teq) decreased with increasing

demonstrated that the

ine adsorption obtained

in surfactant concentration in

change of surfactatif concentration affi ected the equilibrium-time (f3)! This could be
e ——— ,;-f‘

explained by thi ok Sdhghicker with the

increment of surfactant concentre 10 own that the adsorption is

diffusion control because of the dependence of concentratlon with q* value [23].

Ha FiraY 1) 1A
found to he | properties of the“surfactants changed when

the concentration reached the CMC pﬁmt leadlng to a ﬂange in absorbanctgf the
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When focusing on the shape of the front of the breakthrough curves at
low temperatures (0 and 10°C) in Figure 4.1 (b), the curves display two plateau steps,
which indicated adsorption of the different solute species [24]. In our system, we may
have the adsorption of the surfactant-carbonate and the surfactant-ion pairs carbonate
(COs%). In contrast, at high temperatures, the single-component adsorption front was

observed. This can be explained by a decrease jin kinetic energy with decreasing

temperature. When the temper ure is decreaséd ai’ om motion of individual
molecules is slowed down: The : 101 pai bonate can be form to

emperature, thus the curves have

surfactant-ion pairs carbona

two plateau steps in low te

4.2.2 Factors

[ e N |
oo o

q* value (mMol/L)
w
S S

[\
o)

."‘-.

10 e
o 1 2 &3F
Concen 1';‘ 0

. 0 1 2 3 4 5 6
Concentration (mM) Concentration (mM)
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70

6o (d) - 0°C
350 " = 10°C
% 40 20°C
=30 ; < 25°C
320 L ¢ 30°C
*O_‘ 10 ' ! // —— 40 °C

0 ' ‘ 5

o 1 2 3 ‘ /

Concentration@

T —

Figure 4.2 Plot of the

(a)ethylammonium:

va ‘ ations at each temperature;
o ‘ (c)butylamine,

(d)hexylamine and (e st concentration of

surfactant before CMC 1

a

above CMC, the q* valu ally. This result can be

explained by the fact that when T t concentration is below the CMC the
self-diffusion of _surfactants "ias'l""ﬁ"rrgﬁ'éf"-t];ﬁﬁ-' $5t

equilibrium time (feq)

o the increased

valuie (trom. |

Co{n;u mween low and high
temperatures obse d in Figure 4.2. The CMC values of all ‘surfactants increased
with decreasing columnitemperatures. This is dye o the fact that at low temperature,

the hydr ﬂgﬁaﬁat ﬂﬁmqﬂm ﬁ ing of the
surfactant tail i celle more difficult and energetically unfavorable. Therefore, it
required a higher surfactant concentration to reach thﬂMC. This phenonigon is
RWIRINTHANTIINYIQE

q However, the amount of adsorbed surfactants increased with
decreasing column temperatures. When focusing on the low temperature (0 and 10

°C), the amount of surfactant adsorbed on the stationary phase was larger than at high

temperatures (20-40 °C) for all surfactants at all concentrations. This is due to the
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decrease of the column temperatures resulting in the decrease of gauche
conformations of C;s alkyl chains anchored on the stationary phase. Therefore, the
space between alkyl chains should present less steric hindrance as shown in Figure 4.3
(a). Surfactant molecules are able to penetrate between C;s alkyl chains easier

compared to the higher temperature range which resulted in higher q* values at low

temperatures [6, 13, 16-17]. Surprisingly, at 0 °C a linearly increase in q*

value with increasing surfacta

At high tem 20-40 °C), all surfactant-gave similar the q* value
for all temperature beeause of i aflace et \ should present more
steric hindrance as shoa 1 4.3 (b ‘}.\. ‘amount of surfactant that can

be adsorbed on the stationai F o ; in q* value fo ll s factant significant

Si
oife

Si—si—Si—Si

f ¢§u Hi

—Si—Si—Si—Si—

N40.545 'Eﬂil

.—s'.—én—s.—s|—s|— —Si—

(a) (b)

Figure 4.3 Stationary phase modified with surfactants at (a) low and (b) high

temperatures. Adapted from ref. [16] and [24].
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4.2.2.2 Type of surfactant and temperature

60
~ 501
= @ C2
g 40 B C4,di
E 30 O0C4,n
Q
2 20- D C6
> HC8
¥ 107
O ,
0
Figure 4.4 Amount s tiﬁ;'l:aq phase (q*) using
various types of ant jand . mpe ra : | | surfactant. C2:
ethylammonuimchlori 14di ‘ﬁr_ﬁ' h , n: butylamine, C6:

phase dependencies of the shapt{ﬂm‘i: cham gt surfetctants is shown. The g*
values of ethylammonulmchlor_;de';,.-wlrg}gh 15 th > smallest molecule, were higher than

the other surfactam at all temperatures A{ low M ﬁa 10 °C), the g*

value of Ethyla —- ------ showed a signiticant difterenc e-when compare to

the other surfact To explain this

~molecular size of

ethylammoniumchleride is smallest then it can be adsorbed onuje stationary phase

easiest compare to the lan molecules.

A WSIRNIHENA T e

steric effect when compared to the other surfactants. Therefore the least amount of

SRy

showed a significant effect on q* value at low temperature (0 and 10 °C).

At temperature above 20 °C, all surfactants were observed to give
similar q* values. This result showed that the amount of surfactant adsorbed onto the

stationary phase was independent of the shape and chain length of surfactants at
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higher temperature range. The effect of temperature and q* value was previously

discussed in Section 4.2.2.1 and it consistent with these results.

4.2.3 Precision of the amo rfactant adsorbed on the stationary

phase

Precision i
reproducibility (betweet
method using the sa he frontal analysis
curves were recorded for cach ¢ and only o i ion was tested for
precision test due to the large co i sur 1t 2 and mobile phase.
The frontal analysis curve el s I A 200, 210, 220 and

254 nm) to maximizethe a

4.2.3.1 Repeatabili

The closeness of the agreer v >rmined by the percent of RSD.

Three replicates at 1, 2, 3, 4 and 5 5 °C) were presented as the
- g i
%RSD ranging from 0.00 2

S — ]

4.2. 3E?eproducibi Ity ﬂ
etween 1S10 son between the
- ST

butylamlne 5 °C) were presented as the %RSD ranglng from 0.22 to 4.68.

Q‘WﬂﬁNﬂiﬁN UNIINBA
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Table 4.3 %RSD of 1, 2, 3, 4 and 5mM butylamine (25 °C)

%RSD
Concentration (mM)
Repeatability Reproducibility

1 \ 2.94
2 ' ’ 2.97
3 7 3.12
4 T L AN, : 4.68
5 w4y [ 0 -‘ \ ‘ 0.22
This

/N

e |
4.3  Effect of surfactants on the r ;r‘o of PAHSs
The retention faeios ; tin:' (o) and the resolution (R) on

the separation of polycyclic (PAHs) were calculated by

s A
Equation 2.1, 2.2 and 2 y.

T : 2 L/B=1.119),

benz[a]anthracene (ﬂle, ene (CyHo, L/B=1.474)
and dibenz[a,c]anthiracene (CpHis, L/B=1.238) can be explained in terms a

hydrophobicity and f/hatio. Considering" I./B ratio of structural isomer
(triphenylﬁ au) ; ]%n ﬁe%]e%uﬂeg Q/ ‘ratio higher than
triphenylenﬂit would be able to fit more reasily into the narrow slot and interaction
strongly with bonded alkyl chain Therefore benzfa]anthracene eluted.fafter
wlf S E e e
h}qrophobi01ty. ‘Dibenz[a,c]anthracene has a more hydrophobic character than
benzo[k]fluoranthrene, thus it will be eluted after benzo[k]fluoranthrene, although it
has small L/B ratio.
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All retention factors, resolution and selectivity reported are based on
the average of three measurements, with relative standard deviation (%RSD) less than

1.0% for all cases.

To compare the trends of retentions with surfactant concentration, we

used the normalized retention parameter K he PAHs defined as

_‘/_/J. . 4.1)

 ——
Where; k" is tm ) £ e surfactant.

Ko is the r \~ the surfactant.
If K>1, i ' ¢ retertion | r obtained from the system

In general, stentio : ot s increases with increasing
bonding density [4, 6]. When the surfactant ¢ d onto the stationary phase, it
ST

could increase thesstatio easesrof phase rigidity.

Consequently’ t 1 - : E‘,i rentiontaciors.d ?e‘- A HS Chollld De liproved. :.

Y

1.10
1.08
1.06
1.04

q 0.98
0.96
0.94

Temperature
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Figure 4.5 The plot of K values for four test solute probes versus temperatures:

(a)triphenylene, (b)benz[a]anthracene, (c)benzo[k]fluoranthene and
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(d)dibenz[a,c]anthracene  at  various temperature and surfactants; C2:
ethylammoniumchloride; C4, di: diethylamine hydrochloride; C4, n: butylamine; C6:

hexylamine; C8: octylamine and N: no surfactant.

Surfactant 7 \\% . e
1 1

[S—
—

s B NN
/@ @\

Butylamine

2
-7,

s

Hexylamine AT
Y | & .:. r
Octylamine 4 fﬁi‘a £ 4 1 1

eIl
S 7 -.._‘r-,_ 1

InFagure_4.5(a), (b),(c)and (d), to_compare’ iHe system with

surfactant and witk Sut system with surfactant

. The K es of PAHs were

gave the K value la "!J thasys C
improved at 0 °C and ifsigniﬁcantly changed at temperatures above 10 °C. Similar

=AU ITENINNNI
N rom our study, the hlgheri values were fo‘t]kained at low

temperatures, which were consistent®with the measured q* values. As we/have
A ik s LRt
plqse have less mobi ity so the surfactant molecules can penetrate between the Cjg
alkyl chains easier compared to the higher temperatures resulting in high gq* values.
Therefore, it led to in higher magnitude of interaction between stationary phase and

solutes (higher retention factors). On the other hand, the alkyl chains bonded on the
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stationary phase have more mobility at high temperatures. Therefore, a lower amount
of surfactants was adsorbed onto the stationary phase, so we observed a decrease of
the K value of PAHs with increasing temperatures which is consistant with observed
q* values. At the higher temperatures, as reported in section 4.2.1, there is no

significant change of q* value at temperatures above 20 °C for any surfactants.

Surprisingly, at 4 ' K~ 7 € increased again, though all
surfactant gave the similar q value for -40 °C) as show in Figure
4.2. This indicated tha orbed surfactant on-the stationary phase retained the
solute more. Similar #

by the following the
(4.2)

(4.3)

m( is the retention equilibrium

— G Ryie ﬂ%fwmﬁ; -

retention e 111br1um constant (K) ‘;wrease with 1ncreasmg of AG’, when the

NRTANTTINANRT TMYTaY

Retention factors obtained from using ethylammoniumchloride as the
rigidity inducer were higher than the diethylamine hydrochloride, butylamine,

hexylamine and octylamine. Because ethylammoniumchloride molecules are the



51

smallest, they can be adsorbed on the stationary phase more easily when compared to
longer molecules (discussed in section 4.2.2). We suggested that the longer alkyl
chain length possesses greater steric effect, therefore less amount can be adsorbed

onto the stationary phase resulted in smaller magnitude in the change of morphology

rigidity.

432 Concentratio

on the differences
in partitioning of se ciWeen' ihe stationary phase and the mobile phase. The
compound partitions ingo the stationa hase more than i the mobile phase so it

interacts more strongly stationary phases Therefore, the compound would be

ncrease the stationary

e
phase and the interaction be : fa d stationar .\\ resﬁlting in the longer
st engt mobile phase, which

1.12 -
1.10 -
1.08 - -
1.06 - T

K 1.04 - —a+— B[a]A

—— B[k]F
—— DJ[a,c]A

02 A
Lo == v |
09 i a i ] B | il -
0. , ‘ |
094, s - " |
0.00 | 28.35| 51.76 ? 94| 53.15 53& 65.88 | q* value (mmo]/L)
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106 ] 10 OC
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—— B[k]F
0.98 - SAYU T : —— DJa,c]A]
0.96 | h N . "
0.94 - —
R — * yal I/L
0.00 ﬁ 45.82 . q* value (mmol/L)
, SR e g s Concentration
. (mM)
1.02
1.01 A
1.00 - =T
K 0.99 - —— BJa]A
0.98 —— B[k]F
0.97 - —*— D[a,c]A
O _|
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| Concentration
(mM)
~—a=xT
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Figure 4.6 The effeyof ethylammoniumchloride concentration; J the mobile phase
on retention arameter four PAHs at 0, 1‘.&5 30 and 40 °C, T: triphenylene,

o CLRE | B 3 PR 3 P
dibenz[a,c hracene [CEReS Dash line indicated the surfactant concentration g1V1ng

%i"iﬁ’il“%wnim URNINYIAY

The relationship between of surfactant concentration and retention
factors was found to be similar for all surfactants. Herein, we chose

ethylammoniumchloride solute probe as an example for discussion. The results from
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Figure 4.6, show that at temperature below 30 °C the retention factors of all PAHs
slightly decreased for low surfactant concentration range (1- 3mM). This result,
implied that the a lower of surfactant could be adsorbed onto the stationary phase
(smaller g* values), so the increase in the rigidity of stationary phase was insignificant

compare to the increases in the elution strength of mobile phase. Also, the interactions

an those between solute and

777

“))ncentration range.

At high eoncentration, the!( value was drastically increased with

increasing of concent

between the solute and mobile

stationary phase, so the K value )

of surfactant was ads@

higher than those b

surfactant were above

the decrease in the q* value -ee;nﬁ'ﬁfe* = gh temperature at the same
..-Jé"'" 1."-7""7 JE -
concentration (as show in Fquie’::ﬁ;%i'@ ‘high” temperature, a lower amount of

surfactant could dsorbed onto the stationars

ﬂﬂﬁa@%ﬂ%%gﬂiﬂﬂ‘ﬁ

The selectivity factor (&) of a separatlgls defined as a rwn of

TRTRINTIRANTINGTRY

oc= E (2.2)
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The detailed temperature effect on the selectivity of four PAHs has been

investigated and the results are summarized in Figure 4.7 (a) and (b).
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1.210 - (@)
1.190 - 2
& —=—C4, di
= 1170 - +gz’“
m
3 +C8
1.150 - BN
1.130 -
1.110 -
1.210 -
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1.190 - e
1.180 - = C4, di
[ i C4,n
S 1170 e
% 1.160 - ——C8
o 'Y, DJa,c]A
< 1.150 1 [2.c] N
(@)
s 1.14
1.130

QW] Mﬂiﬂi"%ﬂ‘%ﬂ’)ﬂﬂ'} ﬁrtl
9

Figure 4.7 Temperature dependence of the selectivity factors between (a) B[a]A/T
and (b) DJ[a,c]A/B[k]F with surfactants. C2: ethylammoniumchloride; C4, di:
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diethylamine hydrochloride; C4, n: butylamine; C6: hexylamine; C8: octylamine and

N: no surfactant.

For each type  of @ surfactants, the  selectivity  of
benz[a]anthracene/triphenylene (a0 Bla]A/T) increased with the decrease of
temperatures. As previous studies, the decrease i femperature would increase the
selectivity of the shape selectivity structural isomer {6, 10-12]. This result could be
explained by at low temperaturé the stationary phase have less mobility so the
surfactant molecules should'be able to penetrate between the C;g alkyl chains easier
compared to the higher temperatures resultefi in increasc in the rigidity of stationary
phase. However, at temperagure above 10 °C, there were insignificantly differences in
selectivity observed between two systems w1th and without the surfactant added. It
means that the incr€asing'in figidity by adsllorp“qon of surfactant might not be an

important factor as much as the temperature effect.

Surprisingly, at g*eC ethylammonlumchlonde gave a significant
increase in the selectivity toward benz[a]anthraécne and triphenylene compounds to
the values obtained from the other surfactants as_sfhdw in Figure 4.7 (a). This result
could be explained base on the size of ethylammqmumchlorlde which is smallest then
it can be adsorbed, on the statlonary phase more eas1ly when compare to longer
molecule (larger gX-vailue)-so-the-bondmg-density-of-stattonaty phase increased

resulted in larger K'value and larger selectivity of benz[a]anthracenc/ triphenylene.

From Figure 4.7 (b), the relations between selectivity factors of
dibenz[a,c]anthracene/benzofk|fluoranthrene and* temperatures was obtained. In
general, the carbon atom of dibenz[a,c]anthracene (L/B=1:238, C,3H4) more than of
benzo[k]fluoranthrene(L/B= 1.474, CyoH)>), thus dibenz[a,c]anthracene will be eluted
after benzo[k]fluoranthrene. However, at low temperature, the stationary phases
posses trans conformation more than gauche conformation. Spaces between ‘bonded
alkyl chains on the stationary phase are viewed as a slot into which the solute
molecules can penetrate. The benzo[k]fluoranthrene (L/B= 1.474) is more planar and

is able to fit between chains deeper than at high temperature. Therefore
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benzo[k]fluoranthrene were retained longer resulted in the decrease of selectivity

towards dibenz[a,c]anthracene and benzo[k]fluoranthrene.

However, when comparing the system with surfactant and without

surfactant, ~ the  selectivity — of  dibenz[a,c]anthracene/benzo[k]fluoranthene

insignificantly changed when density of stati hase was enhanced. Because the
effect of temperature for these compou \ds b t to their retentions than the

improvement of stationary phase rigidi selectivity of column).

“modified with SmM

In
ethylammonuimchlori : v ‘ 8 : lona y phase for selectivity of
benz[a]anthracene/triphe fears tha \ eric C18 modified
with  5mM ] ._ oetter selectivity ~ of
benz[a]anthracene/triph _ p c ' § ’\ ase. This result as

show in Table 4.5

F Fa -

Table 4.5 Show the selectivi ;..:ﬁ'Er z[a]an :/triphenylene for monomeric

e e
|

modified with SmM ethylammonu 12? oride a meric Cg stationary phase at
- S 7 7

10 °C polymeric Ci8 s

m——

s

{
Selectivity of 1) AT at 10°C

“THNESNEN Ny N g

r‘

Type of sta EI—-I ary phase

polymeric C;s stationary phase ¢




4.4.2 Concentration of surfactants
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Figure 4.8 Plot of sel&t&r of four PAHs vétstus surfactant concentration for all
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From Figure 4.8, the selectivity of PAHs obtained from the added

surfactant system were larger than the system without surfactant added. Which
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implied the adsorbed surfactant can enhance the shape selectivity due to the increase
in the bonding density of stationary phase [6, 12, 28]. However, the selectivity

dramatically changed with the increase in surfactant concentrations.

At 0 °C, ethylammoniumchloride gave the clear relation of the
?ti ity factors of PAHs were increase

surfactant concentration and selectivi

rease in q* values (increase

with increasing surfactant co

phase. When the surfactan Acentration ing efft  inereasing the elution
strength of mobile pha \ 1 e the rigidi ry phase resulted in

(4.4)

Where I\‘lﬂe average number '0f theoretical plates, o is selectivity
e TR RS AR

From Equation 4.4, to oktaln the better regutlon the large Val” of a

TWTANTTIT N1 IVIE A 8

From the experiments, the added surfactant system can improve the
resolution of PAHs. Observing the q* value and the resolution, the conditions giving
the best resolution for PAHs and the highest g* value were different. This might be

the result of the loss of separation efficiency (N). As shown in equation 4.4, R, relates
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to retention factor (K’), selectivity (o) and efficiency (N). When the surfactant
adsorbed onto the stationary phase it could increase the phase density and retention
factors. However the solutes retained in column for a longer time (higher k), peak
width of a solute became wider (smaller N). The resolution depending on this

parameter opposite effects as we observed in our study. The similar result was found

in previous work [44].

ywn in Table 4.5 to

improve the separatio IXHUTe ‘_ eth flavo 1c and 6-me oxyflavone).

Table 4.6 Concentration of s sed for plotting the

L
plot in Figure 4.10 ~ '

Surfactant & &

Ethylammonuimchlc ,(ie

) ettt |-
Dieth