CHAPTER 11

THEORY AND LITERATURE SURVEY
2.1 Boron doped diamond thin film electrode

Diamond exhibits several important properties such as high thermal conductivity,

extreme hardness, chemical inertness rrosion resistance. Each carbon atom of
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Recently, chemical vapor deposition (CVD) techniques (Figure 2.1) have
afforded the possibility to produce synthetic diamond thin films. Generally, CVD
techniques can be classified into three groups: plasma-assisted CVD, hot filament-

assisted CVD, and combustion flames, as well as combination of these. The plasma-
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plasmas used in this technique are (a) the DC plasma, (b) the RF plasma, (c) the
microwave plasma, (d) the electron cyclotron resonance microwave plasma, and (e)
the high-pressure plasma. The role of the plasma is to generate atomic hydrogen and
to produce the appropriate carbon precursors for the growth of diamond. Hydrogen
incorporation occurs during the film preparation since the presence of atomic
hydrogen in the plasma is riecessary to promote diamond formation. It was used to
grow on a variety of metal and nonmetal substrates e. 8. ¢-BN, Ni, Cu, Si, Ta, Mo, W

and glassy carbon. Diamond is one of the nature’s best insulating materials. In order

to obtain conductive diamond film - dor electrochemical studies, the material must be
doped. Boron is most commoly e the resulting films are either p-
type semiconductors or ‘have semi roperties, depending on the
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film reactor [24]

It has been observed that boron doped diamond thin film posses several unique
electrochemical properties. First. diamond electrodes exhibit a lower and more stable
background current in both voltammetric and amperomeltric detection compared to

glassy carbon electrodes (Figure2.2). Enhancement of S/B ratios [40] and long term
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response stability of several aqueous-based redox analytes were also obtained. Second,
diamond provides a wide working potential window in aqueous media (2.5-3 V) due
- to its large overpotentials for oxygen and particularly. hydrogen evolutions. This
property may allow the detection of redox analytes with more positive and negative
standard reduction potentials. Third, the diamond surface is resistant to severe
morphological damage and corrosion during anodic fluoride, acidic chloride and
alkaline media [2, 41]. Fourth, diamond exhibits a quasi-reversible transfer kinetic for
redox analytes such as Fe(CN)s>/ Fe(CN)s", Ru(NHs)s2"/ Ru(NH3)s** and IrCls%/
IrCls>. Moreover, it was found th lar molecules can be adsorbed on the
diamond surface. Swain and ¢

Current (uA)

Diamond

slassy earbon and boron-doped
dlamnd thm film electrodes i m 0.1 M KCL [40]
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propertie§ [13, 36, 43] . and upon deposition onto a given electrode, its
electrochemical capability can be greatly increased. Platinum has been
electrolytically deposited on diamond surfaces and then examined with various
techniques [43-45]. The P{ deposit has been found to be quite stable on the

polycrystalline diamond surface during potential cycling. more so than on
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conventional carbon or graphite substrates itself, particularly at highly positive

potentials, at which graphitic carbon undergoes irreversible oxidation.

Other metals that have been studied include copper [46] and nickel [43].
These metals are of interest due to their electrocatalytic activity for glucose oxidation.
The copper was deposited electrochemically, whereas the nickel was deposited via ion
implantation. The behavior of these metals in the form of nanoparticles on diamond is

highly attractive in terms of glucose determination, because the current for glucose

oxidation is increased dramatical x‘ff//increasing the background current

substantially.
J
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ond electrodes could be

roblems associated with

graphitic materials in ter ilify. ‘ that there is essentially no
“underpotential deposition ot ¢ ial diamond [43]surfaces under
_ -carbon-containing grain
boundaries [47]. Pleskov.ét.ali . _' chu  the 15 negligible Li intercalation

into diamond nanoparticl s Wever., a work does suggests that
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One of the Sst metal oxides ex
|

substrate was ruthe 10in—dtoxide—{SU—St{—Ttis m 1§ important both for

electrochemical capaCI'l‘ and elect - licatiGns  (chlorine evolution).
Another example is coglt hydrous oxide, which has catalvtic activity for oxygen
evolution [52]. Asvary t. ‘ﬁ : qf : ium oxide (V,05)
has also been s@oﬂ gp :ﬂ‘ﬁln aﬂd m E]J—jorganic gas-phase
reaction [54]. ¢
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2.2 High Performance Liquid Chromatography (HPLC) [55-58]

ically on a diamond

Liquid Chromatography (LC) is an analytical technique that is used to separate a
mixture in solution into individual components. The separation relies on the use of
two different “phases” or “immiscible layers”. one of which is held stationary while

the other moves over it. Liquid chromatography is the generic name used to describe



9
any chromatographic procedure in which the mobile phase is liquid. High
performance liquid chromatography (HPLC) is the term used to describe liquid

chromatography in which the liquid mobile phase is mechanically pumped through a
column that contains the stationary phase.

Figure2.3 shows the five most widely used types of high performance liquid
chromatography. These include: (1) partition or liquid-liquid chromatography; (2)
adsorption or liquid solid chromatography: (3) ion-exchange chromatography, and

two types of size-exclusion chr which are (4) gel-permeation

chromatography; and (5) gel-fi

10!

Molecular weight

Figure2.3 Application of liquid chromatography [55]

Partition chromatography can be subdivided into liquid-liquid and liquid

bonded-phase chromatography. The difference between the two lies in the method by
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which the stationary phase is held on the support particles of the packing with liquid-
liquid, retention is by physical adsorption, while with bonded-phase, covalent bonds
are involved. Early partition chromatography was exclusively liquid-liquid; now
however, bonded-phase packing predominate because of their greater stability, with

liquid-liguid packing being relegated to certain special applications.

Adsorption chromatography is based on adsorption of analyte species on a
surface of solid stationary phase. The analyte competes with the mobile phase for sites
on the solid surface. The analytes intéra ith the stationary phase according to
premise “like likes like™ polat solute ‘ U e’ Tetai longest by polar stationary

phase and nonpolar solu ' olar stationary phases. In

opposite change opp
therefore occurs as a r

charged, solid stationary p an li any solute that can acquire a
charge in solution.

Size-exclusion atography (SEC) is base 2 siéving principle. In SEC
the stationary phase

>

articles-are manufactured wit nge of pore sizes. Then,
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the stationary phase be .‘ €S
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instrument;

om sieving action, the solute
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preparatiéns often include steps to remove dissolved gases and dust from the liquids.

bile phase

Degassers may consist of a vacuum pumping system, a distillation system, a device
for heating and stirring or a system for sparging. in which the dissolved gases, are
swept out of solution by fine bubbles of an inert gas that is not soluble in the mobile

phase.



2)  Pumping system

The requirements for liquid chromatography pumps include (1) the generation
of pressures up to 6000 psi, (2) pulse-free output, (3) flow rate ranging from 0.1 to 10
ml/min, (4) flow reproducibilities of 0.5% or better, and (5) resistance to corrosion

There are 2 types of HPLC pumps:

1. Mechanical pumps

There are 2 types V mﬁw—dnven syringe type and a
reciprocating pump. Thes odue e delwery and flow rate is readily

controlled. Reciprocatin : idely use sually consisted of small

pump is simple, i .r._-; ------ I puis se-free. The lim /ent capacity and pressure
i :

output are major disadv '| d pe_m on solvent viscosity. In
addition, they are not angtable to gradient elutlon
5 Smplemﬂil&lﬂ WEJW‘?WEJ’]ﬂ‘ﬁ
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is based oh sampling loops. The devices are often an integral part of modern liquid
chromatography equipment and have interchangeable loop. The loops provide a

choice of sample sizes ranging from 5 to 500 pl.



13
4)  Column

Liquid chromatography columns are usually constructed from stainless steel
tubing. Most columns range in length from 10 to 30 cm and have inside diameter of 4
to 10 mm. The column packing typically have particle size of 5 or 10 um and oﬁen
contain 40,000 to 60,000 plates/m. The most common packing for liquid
chromatography is silica with highly uniform diameters. The particles are coated with
thin organic films that chemically or physically bonded to the surface. Other packing

materials include alumina particles, er partlcles and 1on-exchange resins.

5) Detector

The final compone

detector available. In thi V-visible detector, and

electrochemical detector —

\1-\ﬁ [here are wide ranges of

1.  UV-visible detecto

The basic UV-visib " WOrks, by ‘measuring the difference in
5 ;
intensity between an incoming bea e same signal attenuated according
-

L £ i
to the concentration and absc 5 power of the a Ihe two basic configurations

of UV-visible detectof Gethe-fixed-waveten totiode array (PDA). The
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diagram of both types o ‘ V-
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Figure 2.5 Top: Sghe / \ UV visible detector: (A)
source; (B) monochromator: e using lens; \ \

[ - (E) focusing lens: (F)
photodiode. Bottom: Schemat otocﬁ'd ay dete

A) source; (B) focusing

element; (C) flow cell: (D) di %f}"e Lm' ypical grating): (E) photodiode
P G

The fixed-wavelength ¢ ’ - * i andgslits to focus the source
beam on the flow ce ?:""’: ----------------- ontp the diode. The basis
resolution is achieved thioug omators and filters. A source

monochromator is uséd to select the wavelength of the source output. A

e

The same nncnples apply fof the PDA sdetector exce f/there is no
monoch@w nl'laea ﬂ i mggd w/‘]’% w Elaqg %lcell The
transmitted light passes through a dispersive object (e.g. prism) that spreads the light
into different wavelength regions. Photodiodes of specific width are placed along the
spreading light curve. Each diode corresponds to specific band of radiation
determination by its width. PDA detectors are powerful tool for the analyst. They not

only are excellent in quantitation of the analyte but also can generate an absorbance-
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vs.-wavelength curve for each analyte, and thus can be used to confirm an analyte’s
identity.

2. Electrochemical detector

Electrochemical detectors of several types are currently available from the
instrument manufacturers. These devices are based upon amperometry, polarography,
coulometry, and conductometry.

' | ‘ yet not been exploited to the
extent of optical detectors, ié's, In many instances, of high
sensitivity, simplicity, co | Luapplicability. A variety of
HPLC/electrochemical d selis ha een described in the literature and several

s 1to5 pL. A useful modifica -:n-‘,-' thisce hich is available commercially,
_,..:"_';.-P"' T -':‘_I" —
includes two working’ﬁlectrodes, which (ﬁrhf' in s€ries or in parallel. The
|I -
former configuration, p'-,,—-----r-—---:— C TTows firs 1€ electrode and then over

the second, requires thﬁlhe 2rsible ﬁjdation (or reduction) at

e second electrode then operates as a cathode (or an anode)
. [

to determine th ti 6 I - t en be operated at
different poten(EI agje ﬂﬁﬂnﬂlﬂﬁeﬂtm which often gives
an indication of ;e'lak purity. Alternativel , one electrt eﬁﬂa cathode
ot GO o BV b bl o ) bl Bl

oxidants dnd reductants.

the upstream electrode.
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Voltammetry co ytical methods in which
information about the an urement of current as a
function of applied potential. nt of a current that develops
in an electrochemical cell under Nplete concentration of polarization
of working electrode. In thep ' 2ducible or oxidizable)
species, a current wi -__ | becomes sufficiently

negative or positive £ t to lj g result is called a

voltammogram. The po e tlal excitation signal is imposed .o an electrochemical cell
containing an el g m n signals used in
voltammetry arﬁj{j jﬁﬂﬂ ﬂ:]nﬁ: tation signal is a
linear scan sho in Figure 2.7a. Thegpotential applied to the cell ofithis excitation

s SRR o G L Vo e b

Figure 2.7b and 2.7c. The current responses of the pulse type are measured at various

times during the lifetime of these pulses.

Voltammetry is widely used for the fundamental studies of oxidation and
reduction processes in various media, adsorption process on electrode surfaces, and

electron transfer mechanisms at electrode surfaces. In the mid-1960s, several major
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modifications of classical voltammetric techniques were developed that enhanced the

sensitivity and selectivity of the method.

Name o Waveform voltammetry

(2)

®)

(c)

L 5
Figure 2.7 Typ1cal on J or voltammetry [55]
£ ?',a-'

-
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2.3.2  Cyclic volta

<
Cyclic voltamrEry 1s the most widely used ﬂchnique for acquiring

qualitative information dbomt electrochem ﬁ power of cyclic
voltammetry feﬂ %&’ Qll?fl ﬂ)m \ﬁ Ejﬁe a ﬁnformation on the

thermodynamlcs { redox processes, gon the kmeu of heterogeneous electron-

transferiy RIA cﬁﬁ mv%j ﬁq.’g Wﬁt'} a»o%les Cyclic

volt 1rsl experiment performed in an electroanalytical study. In

particular, it offers a rapid location of redox potentials of the electroactive species,

and convenient evaluation of the effect of media upon the redox process.

Cyclic voltammetry consists of scanning linearly the potential of a stationary

working electrode (in an unstirred solution) using a triangular potential waveform
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(Figure 2.8a). The triangular waveform produces the forward and then the reverse
scan. Depending on the information sought. single or multiple cycles can be used.
During the potential sweep. the potentiostat measures the current resulting from
applied potential. The resulting plot of current versus potential (i-E plot) is termed a
cyclic  voltammogram (Figure 2.8b). The significant parameters in cyclic
voltammogram are the cathodic peak potential (E,.), the anodic peak potential (E,,),
the cathodic peak current (i), and the anodic peak current (ip). The cyclic

voltammogram is a complicated, time-dependent function of a large number of
physical and chemical parameters. 1
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and (b) a cyclic voltammogram [56]
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2.3.3 Amperometry |55, 60-63]

Amperometry is used in this technique one of the controlled-potential
electrochemical techniques. A simple potential-time waveform is shown in Figure 2.9.
It is normally carried out in stirred or flowing solutions or at working electrode. The
potential of a chosen working electrode with respect to a reference electrode is set at a
fixed potential to detect the change in current response. At this potential, the

electroactive species undergo an oxidation or reduction at the electrode. The

“i.

mperometry [55]

AN SNy

In 1975, th&oncept of flow injeetion analysis (ELA) was introddcéd by Ruzicka

ot N T T b i o e sl s a movin

stream offja suitable carrier solution. The zone of injected sample is formed in a

Figure 2.9

narrow tube and then transported toward a detector. In order to propel the carrier
solution through a narrow tube. a pump is used as a propelling device. The analyte of
interest is then detected and the detector response such as absorbance. electrode

potential or current is recorded as it continuously changes due to the movement of the

analyte sample through the flow cell.
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The schematic diagram below (Figure 2.10) groups the FIA process into three
stages to help visualize how the FIA performs a method or analysis.

. Sampli :
L Sampling ] — Pri?cislir:;gg ] [E— L Detector

' ( UV-Vis

L

' K Dil.ut.ion Electrochem
5 Mass Spec
Carrier IR
Stream Fluorescence
) pH
VMed) quc nan 1

-~ .' : Sensors
ey —

ELAT L NS N

-
Py -

Figure 2.10 Schemfatigdiae eneric des tion of FIA [64]

The first step is sagipling ed into the flowing carrier

steam. This step is geners jection value. The second

stage 1s called sample processir . Fhe-purpos; is step is to transform the analyte

Vi

signal which is used for-q
used in FIA.

The FIA ﬁnu dﬁdﬂgﬂﬂiﬂﬂrﬂhﬂj analytical results,

The simplest FIAqnanifold is the single-line FIA manifold. In this case, the sample

solution’rfiEubl S Raisel friaspbctiTo e vy delf i et form. The

example of the single-line FIA manifold is shown in Figure 2.11

arge mriely of detectors can be
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Figure 2.12 At any-instant in time. the current in an LCEC experiment reflects

the rat€ of conversion of reactant (R) to p'r_cp)duct (O) [65]

2.5 Sample Preparation [66]

Sdmple preparation isja technigue used 16 clean-up a sample before analyzing it
and/or to ‘concentrate a sample to improv

e its detection. In carry out this process
properly, three critical criterias must be concerned, namely:

22



Sample Concentration

Frequently, the component of interest is present in level too low a for detection.

Sample preparation can make the component to become concentrated to an adequate
level for measurement.

Contaminations

The presence of interfering nts can mask the analysis of the

component of interest. Sample € excess contaminants to yield

clean, informative chromat

2.5.1 Volatile Samples

L.

There are many p : les. These include gas-

pace (HS) analysis, purge and trap.

25 L.qu.dﬂn‘l.lsﬂ’.l VIW]?WMﬂ‘i
QAR AT WRI YL D

to volatiléjcompounds or solids, because dissolution or an extraction step may not be

solid adsorption, heads

involved. Often, dilution in a compatible solvent is all that is required. The major
considerations for liquid samples are the matrix interferences, the concentration of

analytes, and compatibility with the analytical technique.
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25.2.1 Liquid-Liquid Extraction (LLE)

Liquid - liquid extraction is a separation process that takes advantage of the
relative solubilities of solutes in immiscible solvents. The solute dissolves more
readily and becomes more concentrated in the solvent in which it has a higher
solubility. A partial separation occurs when a number of solutes have different
relative solubilities in the two solvents used.

2522 Dilution ’Iy/
Sample is dilut olve mpatlble with analytical

measurement technique t verload or to be in linear

range of detector or spec ompatible with analytical

measurement technique: g for HPLC mobile phase

Liquid is removed b gating 10spheric pressure with flowing air
or inert gas or under vacuum. Cau - snould B taken in that the samples must not

be overheated or evaparated Def

ormed under inert gas
such as nitrogen. The Vf Y11 in Figure 2.13

Setf-Cleaning Rotary Evaporator
Dry Vacuum System

Figure 2.13 Instrument of evaporator | 66|
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2.5.2.4 Distillation

Sample is heated to boiling point of solvent and volatile analytes are
concentrated in vapor phase. condensed, and collected; steam distillation involves
boiling with-water or purging with steam and collecting distillate. Mainly for samples
that can be volatilized; sample can decompose if heated too high: vacuum distillation

can be used for nonvolatile compounds. The instrument of distillation as shown in
Figure 2.14

U

:
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i
4
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2528 Centrifugationl'j
R AT o e
decanted. Qua:%l;lti ¥ Vi 1 g:y] o be sometimes presents

practical problem: ultracentrifuge norn‘ajly not used#for simpl ﬁr{ﬁ removal.
ensap ST B o 11
9
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or a superecritical fluid.

the solid, or they may re € Sece n-solid ase. Once equilibrium has

centrifugation or a similar process ¥ analytes are adsorbed on the solid

phase, they can then S appropriate solvent.
\

If the components of interest-re n h 1€\ can by recovered via

Figure 2.16 Instrument of Solid Phase Extraction [66]
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2.5.2.6.1 Mechanisms of SPE
There are three mechanisms of separation and isolation in SPE.

(1) Reversed Phase

This mechanism involves the partitioning of organic solutes from a

polar mobile phase, such as water, i lpar stationary phase, such as the C-18

sorbent (Figure 2.17). The m is a nonpolar interaction, called
Vander Waals, dispersion p'tio@iﬁoning mechanism is a
low-energy process (5 80" Kcal/mol |for.ion_e3 2) and is analogous to a
molecule being removed ater i a lig \\ ‘:Qus‘:\ ion. The difference being
that the organic phase iss€henic \&\‘\ IThe mechanism is called

reversed phase because it was thg # - Where the stationary phase
was polar and the mobile pha D \ te that is adsorbed on the

stationary phase is due to'the/att, ctiy arbon-hydrogen bonds in

the analyte and the functighal f E ase. To elute the analytes

from a reversed phase SPE 5&:#3;- is used. Many types of functional
group of stationary phase in thls mode are €96, Cs, Cis, cyclohexyl and phenyl

groups.

ﬂ'lJEl’J“flﬂVlﬁwmﬂ‘i
Q‘W’W&Nﬂiﬁu AN Y
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Figure 2.17 Reversed-pha lioctvlphthalate in SPE [66]

(2) Normal Phase

Normal-ph —————————————————————— r ¥ie by a polar surface. It
is called “normal™ beca ‘ df'separation (prior to 1960) that
was done by classical liquid chromatography. The mechanism of isolation is a polar

interaction, suc ; o I o leyir 1 T-T interactions,
and induced dlﬂﬂﬁmmﬁmﬁ;ﬂlmjhe sorption of the
functional groups of the solute to the‘polar sites of¥the packing m versus the
solubiliﬂow;;ﬂ\ﬁ ﬂ @m&wa guﬁ Hnﬁfgjby normal

phase is 4 low to moderately strong interaction (Figure2.18). Figure2.18 shows the
sorption of a nitrobenzene molecule to the surface of a silica-bonded cvanopropyl

sorbent. The mechanism of sorption is through hydrogen bonding of the cyano group

through the amino groups of the nitroaminobenzene analyte.
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The types of nonbonded phases used for normal-phase SPE are silica,

alumina, and magnesium silicate (Florisil). The most popular phase is silica. Several
bonded phases may also be used for normal-phase SPE. including aminopropyl,
cyanopropyl, and propyldiol. Water is not used in the mobile phase in normal-phase
SPE because it will sorb to the active sites of the sorbent and reduce the interaction
between analyte and sorbent Typically, normal-phase SPE is used as a clean-up
procedure for organic extracts of water, soil, food, or other materials. Normal-phase

SPE is also used for the isolation of analytes from organic liquids, such as oils.

Hydrogen bonding
between aromatic
analyte and the
cyano surface.

Figure 2.18 Normal-phase Hamism in SPE thesorption of nitrobenzene. [66]

This mecha.mm involves the 1on exchange olﬂ charged organic solute
from either a polar or nénpelar solvent ont@.the oaposnel\ charged ion-exchange

ot 1 AR 41 B o L . i

solutes may be Bffectiv ely removed g;om polar solvents including v Ib}ter as well as

“PRARININ I AN

Sorbets are termed strong cation or anion exchangers if they have a
permanent fixed charge, either positive or negative, respectively. In the case of the
strong cation-exchange site. a sulfonic-acid functional group is present with a proton
as its counter ion. When another cation enters the vicinity of the cation-exchange site,

there is a competition or exchanging of ions that depends on the selectivity of the



30
cation for the site and the number or mass of cations that are competing for the site.
Thus, the analyte to be concentrated must compete for sorption sites with other
cations in the sample. The mechanism is similar for anions, except that the strong
anion site is a quaternary nitrogen atom with chloride as the most common counter
ion (Figure 2.19). The example in Figure 2.18 shows the anion exchange of 2, 4-D, an
anionic herbicide, onto a strong anion-exchange resin. The resin is in its chloride form

and exchanges one chloride ion for the single negative charge on a 2, 4-D molecule.

In order to retain the ana ion exchange, the pH of the sample

ctional groups on the bonded
phases are charged. Other specic hav charge as the analyte may

Y
¥ u,‘
/i N, I
By ' L) 4 _CHZ—O
wedn: v cl
—Si—0  @H,CH,CH, -
—— Ci
far 2. 4-D. [66]

25.2.6.2  Steps of SPm

3
Figure 2.2OHGWﬁ%%W$W%%ﬂ§PE % shiowed in
AMIANTUUNIINYIAY
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Condition Apply Interference Analyte
sorbent sample and analytce clution clution

1 2 3 4

Step I (SPE Tube or Disl

(i 50 .
The type silica and nonpol; é i 11a usually are conditioned with a

water-miscible organic solvent-such a5 metl owed by water or an aqueous
buffer. Methanol wets the surfac - O the sorbent and penetrates bonded alkyl phases,

allowing water to wet'the , 1mes a pre-conditioning
i1s solvent is- sually the same as the

elution solvent, and is usédeto remove anv impurities oiﬁﬁiﬁ tube that could
0 luiti

interfere with tﬂnusﬁan’amw @Oﬂslm&
RARTRIAINI U INYIAY

The sample is tranfered to the tube or reservoir, using a volumetric pipette or

: | i
solvent is used before ']u e methanol step.

solvent.

micropipette. The sample must be in a form that is compatible with SPE. The sample
volume can range from microliters to liters. When excessive volumes of aqueous
solutions are extracted. reversed phase silica packings gradually lose the solvent layer

acquired through the conditioning process. This reduces extraction efficiency and
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sample recovery. For samples >250 mL, small amounts of water-miscible solvents (up
to 10%) are added to maintain proper wetting of reversed phase packings. Maximum
sample capacity is specific to each application and the conditions used. An analyte
breakthrough is tested using the following technique in case recoveries are low or
irreproducible. Two conditioned SPE tubes of the same packing are attached together
using an adapter. The sample is passed through both tubes. Each tube is detached and
eluted separately. If the analyte is found in the extract of the bottom tube, the sample
volume is too great or the weight is too small, resulting in analyte breakthrough. The
PH, salt concentration, and/or organ{ s l’v ntent of the solution are adjusted to
enhance retention of appropu&{e W the packing, and elution or
recipitation of unwanted oemmgs Sisxxple:ﬁ;lbred or centrifuged prior to

extraction to avoid cloggm ube frits or the"SPE.disk. The sample solution is
slowly passed through my{ de

The flow rate can affect thé'r ‘ f rta compoﬁnqii Generally, the flow rate
tubes, S mL/min for other SPE

1sing eith uum or positive pressure.

should not exceed 2 mL/

L B 5 :
tubes, and may be up t e flow is best, when time is not

a factor. &

If compounds of interest are" réfaine;f on e p _%Twanted and unretained

' Cusiny e s hich the sample was
dissolved, or another sobuti , ill not ren de compounds Usually no
more than a tube volum'Jof wash solutlon 1s needed, or 5- 10 mL for SPE disks. The
packing is was aﬁ‘ ﬁ ﬁg ith solutions that
are stronger th ﬁlﬂl WTEJ dﬁ :Ej:jm ve compounds of
interest. A typlca':}‘lsolutlon may contaih less organig=or inorganic saftthan the final
eluent. Ql%q tﬁd& ﬁ Téj m % % ’}’g)% g q a ﬂf solvents

differing sufficiently in polarity from the final eluent may be useful wash solutions.

About one tube volume of the sample solvent is used to remove any residual, desired

components from the tube, or 5-10 mL to remove the material from a disk in case
compounds of interest are not retained on the packing. This rinse serves as the elution

step to complete the extraction process in this case.



33
Step IV (Eluting the Compounds of Interest)

The packing is rinsed with a small volume (typically 200 pL to 2 mL depending
on the tube size, or 5-10 mL depending on the disk size) of a solution that removes
compounds of interest, but leaves behind any impurities not removed in the wash step.
The eluate is collected and further prepared. Two small aliquots generally elute
compounds of interest more efficiently than one larger aliquot. Recovery of analytes

is best when each aliquot remains in contact with the tube packing or disk for 20

‘f’f s in this step are beneficial.

seconds to 1 minute. Slow or drop-wi

2.5.3 Soild Samples :
p §

’—v _
When a samp/

complicated. There are 1wy

solubilized, or only a p ' d s alyte must be selectively

removed. If the soild

t formulation, the only
e solvent that will totally

sample matrix is insoluble

RN T
as filtration, Soxhlet 3tractlon ﬁxﬁef'c‘ntf&ﬁl

or solid-liquid extrac

I
2.6 Literature surve;

Tetracycllﬂ Mﬂﬂm Ealmm iﬂcﬂ ;Lﬂ jdntlblotlcs that are

active against bot gram-positive and gram-negative bacteria, as well &are especially
effectlvagﬁr%vaa@ ﬂ@nm w%e@%%)gu’qva ﬂause of a

broad spéctrum antibiotic, commercial av allability and low price, the use of
tetracyclines is rising in veterinary and aquaculture. From these applications, they are
considered as the broad-spectrum antibiotic drugs. There are four compounds

(Tetracycline, Oxvteracycline. Chlortetracycline and Doxycycline) as shown in Figure
221



shrimp farming. For detec

consuming and non-specific. The and spec@ analytical methods for

identification and quantltalt‘;on of tetracyclmes are required. High performance liquid

chromatograph,FTnu:E Wﬁﬂﬁ"ﬁﬁq ﬂ ‘j
RS T gy

tetracyclm%s Some drawbacks of these detection methods are complication of
derivatization procedure, long time analysis, and experience. Electrochemical
methods are very attractive alternatives because they are simple, fast and low cost.
One of the electrochemical methods generally used as detector in HPLC system is

amperometric detection.
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Various methods have been proposed for the determination of tetracyclines.

In 1988, Sabharwal, et al. [39] determined tetracyclinie hydrochloride in the
presence of anhydrotetracycline by differential pulse polarography.The results
obtained with this method are in close agreement with those from the

spectrophotometric absorbance ratio method.

In 1995, Oungpipat et al. [36] reported that the flow injection analysis with
amperometry could be used to det

ines by electrocatalytic oxidation at a

nickel-modified glassy carbon € on of the modified electrode is

carried out by simple depes
| —
electrode. The detection is_based On

nto the glassy carbon-based
odic current generated by

the catalytic oxidation ¢ e electrode through the

formation of a high-valeg

In 1996, Tanase
mercury electrode by altg

reduction on dropping

) of tetracycline.

In 1997, Gong and Zha

i iy

modified B-cyclodextrin basedq'ﬁm ‘ n ethyl substituted B-cyclodextrin
_",l I_..l".-l",-' - = -

based fluorosensor ,“ﬁs prepared for ﬂlé ?ie ermi letracyclines in clinical

samples. The propd:

biological samples harci:t

metal ions which can ¢omplex with Tetracycline and enhance its fluorescence. They

il B i i’IEl mm T S i o
successfully te n ples (urine and
pharmaceutical preparatlons)

ARIAATU NN Y

In 2002, Ohnishi et al. [43] reported the determination of glucose by using

es were caused by some

Nickel-implanted boron-doped diamond electrodes. This electrode exhibited excellent
electrochemical stability with low background current even after ultrasonic treatment,

indicating the strong bonding of nickel with carbon.
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It can clearly be seen from the above that a great deal of methods have been

developed for the detection of tetracyclines. However, these techniques alone are not

applicable to matrix-prone samples such as food, animal tissues as well as

environmental samples due 1o its lack of selectivity. To overcome this problem, the

chromatographic methods are commonly used to remove any interfering species prior
to the detection as illustrated by the following.

In 1985, Oka et al. used current standard method for the extraction of

tetracyclines from animal tissues. Isolatior etracyclines from various tissues was
followed by homogenization of sample in the hiesence of extracting solvent. Then the
Supernatant is put through a-s &6 remove interferences while

keeping the target tetracyclines*There i enor iety of extraction methods
for tetracycline analysis_ e ‘ one > methods is the use of

aqueous solutions containifip ghels _ : 1e binding of tetracyclines

......

H.:iz‘g_
chromatography. Although ampe?@;mc <
. .!r_‘l'l_p‘.il;'f"!fl_-;'::' o - . .
eposmoﬁ"ﬁf' detection prody rities on the electrode

major drawback is th

il
-

surface.

] 0
In 2000, Oka et aJ [69] reported the chromatographic analysis of tetracycline

antibiotics in fi waﬁﬂﬁ%{wlﬂmﬂ chromatography
capillary elect 15, high-pe e Miqui romat gphy, and sample

preparation inclu%'!ng extraction and clean up procedures of tetracyclifies, therefore,

have k) S5 B Tt W odisdolblof o) e, e

shrimp, et§.

In 2003, Naidong et al. [70] used TLC densitometry with fluorescence
detection for the assav and purity control of tetracycline. chlortetracycline and

oxytetracycline in animal feed and premixes. Several methods for the detection of
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tetracyclines on a TLC plate, flucrescence detection, UV detection and fast atom

bombardment mass spectrometry (FAB-MS) |71, 72] have been reported.

The detection of tetracyclines using capillary (CE) have been described.[73, 74]
Compared with HPLC, the CE offers many advantages such as the use of much less
organic solvent, short run time for separation, high efficiency, etc. In 1996, J.J Pesek
et al. [73] described the separations of various tetracycline mixtures by high-

performance  capillary electrophoresis (HPCE) and a new form of
electrochromatography (CEC) was. ce

And in 1997, Tjomnelund et al. [74]

ing laser-induced fluorescence

and ion-exchange solid porya St 1ion: \ reversed-phase systems,
ati ection of tetracyclines in
ent. A variety of buffers in
mobile phase systems have bg - 6] he separation of tetracyclines,

such as EDTA, phosphate, cxtrf? = ’d, imidazole buffer and glycine
buffer. :

In 2003, Cinquina-¢ e-array detection for the

;jlines in bovine milk and tissues@; using Cg column with
60:25:15 of 0.01 itr idjv t detection at 365
nm. The methoﬁ' sﬁlmm El dT ﬂ jecle in compliance
with requlrementl!"lset by draft SANCO#1805/2000 Eurepean Decisionf./

AWIANNITUNAIINYIAEY

In 2Q03, Palaharn et al. [38] reported the use of pulsed amperometric detection

determination of tetra

(PAD) at a gold electrode for the detection of tetracycline and applied to a flow
injection system. In 2004, Loetanantawong et al. [77] reported the use amperometric

detection at ruthenium cyanide- modified glassy carbon electrode for the detection of

tetracyclines in shrimp sample.
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In 2005, Anderson et al. [75] reported the determination of tetracycline residues

in shrimp and whole milk by using Cs column with 75:15:10 of 0.1% formic acid:
acetonitrile: methanol and ultraviolet detection at 370 nm. Several detection methods
for HPLC have been described for the detection of tetracyclines, for example:

ultraviolet (UV), fluorescence, electrochemistry, mass spectrometry.

In this study, Ni-DIA electrode was used in a FIA with amperometric

detection for the determination of tetracycline in commercially available capsules. In

real samples.

ﬂ‘lJEI’J‘VIEWIﬁWEI’]ﬂ‘i
ammnituumwmaﬂ
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