CHAPTER I

INTRODUCTION

Quantitative determination of aminq acids usually involves
separation by liquid chromatographx and various detection systems. A
number of these are available commeécially : these include refractive
index, UV absorptien;  fluorescence and electrochemical detection(l).
Spectrophotometric _détection with ninhydrin is widely used (2), but
other methods have'also develoéLd, such as fluorimetric detection with
an o~phthalaldehyde'(0PA) réggeﬁg;(3—4). The main disadvantage of the
detection system ig asSociated ;1tﬁ the post—column volume introduced

d

by the reaction coil. ThiS“can,fif‘éxcessive, lead to peak broadening

and subsequent loss in neéélutich}ffymich is especially noticeable for
#J 4 e gt J‘_i
rapidly eluting peaks. Another widely used approach is pre-column
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derivatization of amino acids, whereupon the /derivatives are separated

o

by reversed—phése high performance liqui&“'chromatography (HPLC).
Commonly wused are derivatives with phenylthiohydéntion (PTH) (5-8),
1,4-dinitrophenol( DNP) (9), olrNyN’=dimethylaminonaphthalene-5-sulphonyl
(Dné)(lO—lZ) and OPA(13-15). These derivatives can be detected by UV

absorbance (PTH,DNP)" o’ fluorinietric (Dnsj OPA) | measurement .

There have been reported on the selective detection methods
for underivatized amino acids such as potentiometry with a
copper—selective electrode has been used as a potentiometric detector
for amino acids in HPIC. A copper(II) solution was added after column

and the loss of copper (II) activity caused by the complexation




reaction was taken as a measure for the amino acid concentration in
the column effluent(I). Potentiometric detection of amino acids in
HPLC is élso possible with copper wire and tubular electrode(16). The
main disadvantage of these potentiometric measurements is the fact
that, according to theory, the calibration curves are inherently
non-linear. Only when a large excess of copper (II) ions is added to
the solution,the electrode response can be expected to be proportional
to the concentration of amino acia.i‘gpwever, in this case the changes
in electrode potential will be small. For direct quantitative
measurements, an amperonetric method would be preferable. Amperometric
detection of amigo gcids was ;tudied by Kok, et al. (17). Their study

.

was mainly on kingt&cé reacfioﬁ;ét the copper rotating disc electrode.
; a

In this  ppesent studleEhe behaviour of an amperometric
detector with coppeér €lectrode égég;ds amino acids was investigated in
batch system and flow ihjectigéi?}stem. The application of this
electrode to be a detector for Hﬁiclﬁas also examined. Before the aims
of this thegiq'aremdescrtbedmin“noreM"detéii, introduction to amino
acids, voltammetry and amperometry, the flgw injection analysis and

HPLC are reveiwed with some of the theoritical aspects and detection

method used.
1. V™ Introduction to Amino |Acids

Proteins are essential components of all living cells. During
hydrolysis, proteins break down into amino acids. The significance of
amino acids is no limited to their being components of proteins but,
in metabolism, they undergo many other reactions and supply precursor

for other endogeneous substances (e.g. hemoglobin of blood) (18).




Amino acids are the substances that possess two characteristic
functional groups: the amino group(-NH ) and the carboxyl group
(—COOH). All amino acids that occur aszcomponents of proteins have
their amino group in o-position to the carboxyl group, namely a—amino
acids. The o-amino acids are the most significant in the biological
world, since they are the fundamental units from which proteins are

constructed. The general formulg of an o—amino acid 1is shown in

Figure 1.1(a)
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Figure 1.1 “deneral fé?ﬁﬁla for o—amino acids
(a) un-ionized form', (b) zwitter ion form
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The acidic carboxyl group of amino acid can lose a proton by
dissociation and the basic amino group can pick up a proton. If both
groups are.idnizéd, ithelresult 48 the (Ydipolar<ion" or "zwitter ion",
meaning hybrid ion as shown in Figure 1.1 (b) (19).

+
All amino acids contdin —COOH &and —NH3 groups 'that can ionize

in aqueous solution, which dependent on pH of the solution The acid-

base behaviour of the amino acid is shown below
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The zwitter ion form of amino acid has no net charge. The pH
Yy
at which a molecule has no net chafge:;s called its isoelectric point,

and is denoted by pi« ~

Investigations" of the kineties of complexation reaction of
i .L

labile metal wifhéﬂ@ino agidsihave become apparent that the zwitter
ion is a remarﬁaply:ﬁnfgabtizé form and that, as a result, the

reaction of the mé%a}’ipns with the anioniec form of the ligand can be
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studied at pH’s significéntly JFg&ond pI of the ligand(20). Next, a

more comprehensive inttoduction about complexation between metal atom

dgd o
d oo a

and amino acid is given. = - =

The amiho acid has two donor at@ms;f“N and O, and may co—
ordinate to a metal atom, thus acting as metal chelating reagents. The
combinations ,of acidic.and,amino groups,gives-rise to salts which are

chelated cempounds,

R-—TH-——-T==O

NH O

y‘/

n\\

e

2
O0=C——-CH—R

where M represents a divalent metal(21).




Amino acids form very stable complexes with copper(II) ions,
the stability constants being of the order of 108for the 1:1 complexes
and 1015for the 1:2 complexes(20). Under suitable conditions, the
forward reaction rates can be very high, where as the reverse reaction
will obviously be slow, so that the complexation may be regarded as an

instantaneous, irreversible reaction.

1.2 DC Voltammetry

7
DC voltammetry may be defined generally as the measurement of

current-voltage relationshipsnat an electrode immersed in a solution

4 i
containing electroactive spgcies: The potential is applied to working

-

electrode with slﬁh,VO}tage~scan‘rate. When voltage scan to positive
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direction, this process isfcaligd anodic voltammetry and oxidation
reaction is occurred at.wbrkingkéléctrode. On the contrary, reduction
A XM

reaction is occurred wjth voltage;gpan to negative direction to give
cathodic voltammetry. Cutrent :;;éﬁ; electrode reactions will be
limited by maés_iransfangjﬂnuﬁ:mnmss_mi;é;gfer modes are normally
encountered: .;;gration, convection and di?%usion. Mass transfer by
migration is a_;esult of the force exerts gn charged particlgs by an
electric (ifield. Migration effects|in laboratory-scale voltammetry
serve no useful purpose. Iﬁ presence of a large excess of background
or suppbrting electrolyte, migration of electroactive material is
minimized to an extent where it can be neglected. Convection
essentially means stirring of electroactive material to the electrode.
It arises from thermal, mechanical, or other disturbances of the
electrode surface. Mass transport by convection is important in

voltammetry. Processes in stirred solution depend largely on forced

convection. Diffusion is perhaps the most widely studied means of mass




transport.In fact, the object of many voltammetric studies is to have
only diffusion in the operative process. Diffusion exists whenever
concentration differences are established. Since a concentration
gradiant develops as soon as electrolysis is initiated, diffusion play

a part in every practical electrode reaction (22).

From the application of Fick’s law to the electrolysis problem
the equation for diffusion leads to the relation (23)
4 1/2
7= nEA (. D/Tt™) C 1.1
where i is the eleetrolysis di%fusion current (in pA) flowing at time

t(s) from the start of thérexﬁéfiment, n is the number of electrons

involved in the elgctfode'feactioﬁ; F is the Faraday constant (96487 C

. =2
per equivalent),A is the area (em ) of the electrode, D is the Fick’s
VipeE by )
diffusion coefficieat (¢fis ), @nd € is the bulk concentration of
T -1

the electroactive speciés {mmol 1 ).
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1.3 Amperome =

Amperometry is the technique that measured'current~time curves
at constant potential.;  Theconstant, petential is fixed at high enough
voltage sonthat the complete electrode reaction can be obtained. This
fixed peperating potentiall cancbe rchosen from the~DC) voltammogram at

the voltage where the current has its limiting value (22).

Amino acids do not produce a reduction wave at the working
electrode unless a reducible group is present, e.g.,the iodine in
thyroxine, amino acid in the aromatic species and their derivatives.

Therefore the voltammetric technique is not wuseful for direct




determination of all amino acids. Amino acids can be determined
indirectly by forming a metal complex and then determining this
complex(24). The most commonly used complex is the copper complex
which is formed by adding the amino acid to a solution of copper (II)
ion. However the half-wave potentials of these various comlexes do

not appear to differ significantly.

Hernandez Mandez, et al.(éﬁ)'and Hui and Huber(26) had studied
the anodic oxidation  of awino acids-at dropping copper amalgam
electrode and nickeloxide electrode respectively. From these methods
the peak height was proportiokal to the concentration of amino acid
being determined. . 2 ¥
Indirect ﬁethod for thé{éetermination of complexing agent was

studied with a lead /lea& ﬂioxidé;eiectrode by Yoshimura(27). It has
il X S ol o

been shown that the metal electrﬁah@"passivated" with an oxide layer

can respond to complexing“agentsifBEeause the current flowing through
the lead dipxide-—electpode—mat a-- fixéd potential increased
proportionally = with  the concentration of complexing agent,

amperometric determination of this concentration was possible.

Electrochemical and x-ray photo=electron spectroscopic studies
have. shown _that _when -a coppenelectrode is .anodized in a buffer
solution, different layers of copper oxide (or hydroxide) are formed
(28,29). First, a layer of copper(I) oxide is deposited on the copper
surface; its thickness does not depend on the potential. The layer is
extremely insoluble and is reduced only at fairly negative potentials.
Because such potentials were not normally applied here, the copper

electrode in use can be regarded as covered with an "innert" layer of




copper(1I) éxide. In the more positive potential region studied, only
copper(II) ions are formed and these can diffuse through the copper(I)
oxide layer. The solubility of copper(II) ions in weakly acidic or
alkaline buffers is limited. Therefore, if the electrode potential is
increased, the copper(II) concentration at the electrode surface will
increase only upto a certain value. The current at this stage is
called background current. If fhere is amino acid in the solution,
it will form complex with cggper(II) ion to give more solubility of
copper(II) ion tham that wﬁen the amino acid is absent. Thus the
current will befincréased frér the background current and it will be

proportional to amino acid{conéqptration.
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1.4 Flow System 4 & [0 |
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The basic technLque uéﬁd in eontinuously flow procedures is
that a sample squtLOn 1s aspimated into a continuously flowing
reagent stream and subsequently ;andlyzed 1n a flow through detector.
Continuous flUﬂ&aaalys&s—eea—be—dtv&dedrintd’two developed techniques:
Segmented Flow Analys1s(SFA) and Flow InJectlon Analysis(FIA). The
simpliest form of flow manifold for each continuous flow system is
illustrated in Figure 1.2; |together with modified techniques called

bubble-gating and rapid-flow for comparison.

Segmented flow analysis was originally invented by Skeggs in
1957(30), is characterized by air-segmented flowing stream with
operation at steady state signal condition. The original flow system
by Skeggs can be represented as shown in Figure 1.2 A. The purpose of
segmentation is to minimize longitudinal sample dispersion in the

flowing stream. The air introduced in the system is debubbled Jjust




prior to a flow through detector. Improved sampling rates in segmented
flow analysis were obtained by a technique of gated-flow analysis(GFA)
(31-34). The basic flow diagram of the technique can be represented as
shown in Figure 1.2 B. The idea of the technique is to eliminate
sample—interection caused by the debubbling system in Figure 1.2 A.
Hence the bubbled stream was allowed to pass directly through the flow
cell in gated flow, and the :signal caused by the bubble was

eliminated, e.g., by a comparator -€ystem (35).
J

A more Trecent .development in continuous flow analysis was
introduced by Ruzicka and coﬁworker (36-41). Unlike segmented flow
systems, a sample Solution’ is introduced by a discrete injection into
a continuously flowing. non-seg%;nied stream. Thus air segmentation is
not required in this system andlggtb non-steady state operation. The

so—called flow-injection énalysié@FIA) can be represented as shown in

il - W 4 -_IJJ
Figure 1.2 C. In this étudy, FIA:ﬂiil be employed as a flow system to

.l

improve the effect of the uncertaln electrode response that can be

occurred in batch system.

The lasf- technique in continuous flow analysis, rapid flow
analysis(RFA), is @ characterized by 'a rapid flow velocity, and the
concept cam be represented by the flow manifold as shown in Figure
1.2°Dt "The flowing stream is non-segmented except “for intersample air
bubbles, and therefore the debubbling system is required. Both
internal bore diameter and length of sample flow path must be

minimized in this flow system.

A more comprehensive discussion on FIA in this study, is given

in the following section.
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Figure 1.2. Simple automated flow analysis systems.
(A): Segmented flow analysis (SFA)
(B): Gated-flow analysis (GFA)
(C): Flow-injection analysis (FIA)

(D): Rapid flow analysis (RFA)
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1.4.1 Flow Injection Analysis (FIA)

Ruzicka and Hansen(36) and Stewart,et al.(42) reported
a new concept of continuous flow analysis. They termed it flow
injection analysis (FIA) which was based on injection of a liquid
sample into a continuous, flowing, unsegmented reagent stream. The
purpose of sample injection is to 1nsert a discrete volume of sample
into a continuously moving carrlé? stream in such a way that the
movement of the stream is not disturbed. The volume of sample need not
be known accurately, but it must be introduced into the carrier

stream preciselyy s0/ that both the volume and the length of the
sample zone canf“be repréducéalwith great precision from sample to

sample. Since any, 1mprecislon in ‘the residence time will be reflected

ol

in the readout, h1gh1y reproducibie timing is essential. The signal is

read on the transieat peéE rafher than on the flat peak. In early

.f

work, samples were 1nJected w1thfh,syr1nge through a septum(36) or a

ot 2

flap valve(43)% Later developments 1nc1ude§;rotary valves with bores

as sample conta{hers and various forms of lebﬁ valves of the type used

in liquid chromatographic system(44-46). Thus the epecial feature of
FIA system is the absence)of) air-segmentation, < the sample injection,
the contrelled dispersion after injection, and the reproducible

timing:

In 1970, a similar concept was also introduced by Nagy, et al.
(47). A sample solution was injected into a non-segmented stream of an
electrolyte with a silicon-rubber based graphite electrode as a

detector.
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The theoretical basis, techniques, applications, and trends
occurring in FIA have been extensively described by Ruzicka and
Hansen(44-48). According to the publication of Betteridge’s review(43)
on FIA, the system has received steadily increasing recognition. A
monograph(49), several reviews(50-56), and more than 400 papers(56)

have been published on FIA.

FIA has been considérealﬁas a hybrid of SFA and high
performance liquid chromatography(HPLC)(50). The success of the method
stems from the use of flow controlled sample dispersion for mixing of
sample and reagengf* }t allowslhlgh sampling rates with almost instant
availability of the analytlca}-readout due to short dwell times. In

addition Ru21cka anﬂ Hﬂnsen(a4) point out that the most important
L

feature of the tgchnlque may well be the concept of controlled

dispersion. The d1spgr51on aiF dé%zned in FIA (48) as the ratio of the
RSt i

concentration of sample solutléﬁ_before and after the dispersion

.j"’.m._'J__

process has taken place (equatlon 1:2)

L,

. )
I max L ;
=0 10 = const-H/H ; 1.2

L

where D is the dispersion. Clis the original of the injected sample
solution (mol L_l), Cmax iss+ concentration of sample solution at peak
maxfmum’ (mol L—l),Hcis peak height recordéd with flow cell filled with
solution of concentration, C (mm) and H is peak height at time equals

mean resident time(s)

The actual flow conditions obtained in FIA have been the
subject of a number of investigations. While it was originally thought

that turbulent flow occurred(36-37), it was subsequently determined
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that FIA operates only in laminar flow regions(43,48,50). In laminar
flow the dispersion takes place by convection, diffusion or both(48),
and the signal recorded is a response of the detector to the sample
zone reflecting both dispersion and chemical reactions in the flow

system(43).

The dispersion of the sample occurring in a §tream is partly
by 1longitudinal dispersion and ﬁértly by radial dispersion. Thus the
extent of dispersion “has been shown to be dependent on certain
experiment flow pérameters including the 1length and diameter of
the tubing, flow ;réte, samﬁ@e size, dwell time and diffusion
coefficient(43).bedngitudinall*diffusion is affected by the flow
pattern, where"fgg";adiplr dﬁ%fusion is always important in narrow
tubes, and it may evenﬂpe theféa@or mechanism for dispersion at low

flow rates(57). R vdia

=3 F

Sas '_ 4

“'h_

Generally, mggy_{laborgﬁargr_instruments can be employed as

detectors inuflbw injection systems provided Ihat the instruments can

be equipped wiég-flow through cells. A wide;;;nge of detection methods
have been sucééssfully used in FIA inclﬂding fiame photometry(58-
61), AAS(B2-64), ICP(65), spectrophotometry (66<69), fluorometry (70),
chemiluminescence (71-72), potentiometry(73), polarography/voltammetry
(74=75), and, ‘ASV(76). These detection methods are commonly coupled
with'strip chart recorders, and analytical results are calculated from

sample peak heights or areas via calibration curves.
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1.5 High Performance Liquid Chromatography

The classical liquid chromatographic method employed a glass
tube with a diameter of 10 to 50 mm to hold a 50 to 500 cm column of
solid particles of the stationary phase. To assure resonable flow
rates, the particles of the solid were kept larger than 150-200 um in
diameter. Ordinarily, the head of 1iquid above the packing sufficed to
force the mobile phase down the céiZMh, Flow rate were, at best a few
tenths of a milliliter per minute; thusy separations tended to be time
consuming(77).

\

Early inffhe‘history o% ;iquid chromatography, it was realized
that large inefeasés ig coIﬁm? efficiency could be expected to
accompany decrease§ in ihé parfiqie size of packings. It was not until
thg late 19608, ,hbweve;{;:thaézgég technology of producing and using
packings with pértiC1e1diameters;§é?§mall as 10 uym was developed. This
technology required sephisticateé:fﬁstruments that contrasted markedly
with the simyI§~deviees—empleyed—in"eiassiéﬁ; liquid chromatography.
The name hi;ﬁ‘:performance liquid chromééograpby(HPLC) is often
employed to diétinguish these .newer procédures from the classical

methods, " which"| still ~find _considerable use for preparative

purposes(77).

By HPLC the separation efficiency is greatly enhanced at low
particle diameters. Reasonable flow rates with packings consisting of
such particles can only be realized, however, by pumping at high
pressure. The high pressure that must be applied to the mobile 1liquid
to force it through the column at a satisfactory rate can be obtained

by a pump. As a consequence, the equipment required for HPLC is
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considerably more elaborate than the simple gravity-fed column used in

classical liquid chromatography(77).

Liquid chromatogaphy now embraces a variety of processes which
are based on differential distributions of the sample components
between two phases. Then the common features of the types of liquid

chromatography will be discussed in the following sections.

.',:

1.56.1 Types of Liquid Chromatography
-
Several type  of LC are distinguished by their
predominant mechanism of separétion e.g. ion—exchange chromatography,
exclusion chromatagraphy,'“adéoPption chromatograhpy and partition

chromatography(78) . 4 3 4

Ion*exehaégéAchréﬁéfégraphy is based on the affinity of
ions in solution for”oppp;;tely céggged ions on the stationary phase.
For exclusion chromatogrephy, é;%brned to as gel-permeation or gel-
filtration chrématngrapb&;__ihe"stathnunnL%mﬁse should be chemically
inert. Exclu§;;n chromatography involves séf;ctivety diffusing solute

molecules into'-and out of mobile—phase filled pores in a three-

dimentional network, which -may bel a gel or porous inorganic solid.

Adsorption, chromatography, often.referred to as liquid-
solid chromatography(LSC), ‘is based on interactions bétween the solute
and fixed actived sites on the solid adsorbent used as the stationary
phase. In partition chromatography, also referred to as liquid-liquid
chromatography(LLC), the solute molecules distribute themselves
between two immiscible liquid phases, the stationary phase and the

mobile phase, according to their relative solubilities. Partition

012831

110299208,
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chromatography is termed "normal phase" if the stationary phase is
more polar than the mobile phase and "reversed phase" if the mobile
phase is more polar than the stationary phase. Often, the stationary
phase is chemically bonded to the support material rather than
mechanically applied to it. This is referred to as bonded-phase

chromatography(BPC).

In reversed phese . chromatography the selectivity
achieved is significantly different from that achieved with either LSC
or normal phase LLC..Jn this technique the most polar components elute
first. Therefore #the elutioﬁ order is generally related to the

increasing hydrophebie natufe ofﬁtﬁé solute.

i
| #

A,

Wlnspear and 0aks(13) end Kim(5) used reversed phase
HPIC to analyse @ amino acxds hy, spectrophotometer detectors. Some

applications of this method were thg determination of amino acids in

—

plasma and other biolegical meteriﬁl(ﬂ,?Q—BO) and the determination of
amino acid in hnman-se?umuaad~blood forAdtaghos1s of inborn errors of

metabolism(10).

Loscombe et ;al.(1) ,and, ; Alexander ,et al.(16) used
reversed phase HPLC to analyse amino acids by potentiometric detectors
with.copper, donzselective | electrode and - copper ~tubular electrode,
respectively. The copper tubular electrode has been applied to the

analysis of urine and intravenous amino acid preparation(16).
1.5.2 Detection Methods in HPLC

Two types of IC detectors are in use: the bulk

property or selective detectors. Bulk property detectors measure a
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change in some overall physical properties of the mobile phase plus
solute. The solute property detectors are sensitive only to the
solute(81). Thus specific detection system must be employed, depending

upon the nature of the sample.

The most common detector for HPLC are based upon
absorption of ultraviolet or visible radiation. The former usually
employ the 254 and 280 nm line;‘frbp a mercury source; at these
wavelengths many important classes of compounds absorb(77). To be more
generally useful in témms of selectivity, a spectrophotometer, with
its continuously variable waveﬁength, is desirable, even though there

will be some loss of Sensifiﬁiéii A number of spectrophotometers are

available with.;the necésearys condensing optics to give a narrow

intense beam of rediatian. Ehey provide an additional degree of

selectivity not possessed by efﬁer IC detectors, in being able to
45 _n“

discriminate between varlons comgnnents of the column effluent(82).

o - * i-'*-. = gy,
e : _"J g

The__secnnd__mnst__nzdely__nsed ILC detector is the

-

differential refractometer. This device contlnuously the difference in
refractive’ inde#(HI) between a reference mobile phase and the mobile
phase containing the sample as it elutes from the column. Since this
is a bulk property and thus it will be a general detector, it responds

to all solutés under the proper operating condition(81).

A detector related to UV absortion is based on
fluorescense measurements following excitation with the 254 nm line of
mercury arc. This highly selective and sensitive detector is
especially important in biochemical applications. However the

possibility of quenching by other solution components or by dissolved
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oxygen must always be aware of (81).

Yet another technique for identifying and measuring
column eluate is by a reaction detector. The liquid stream from the
column is mixed continuously with a substance that will react with the
expected species to form an absorbing or fluorescing product. The
combined flow is then passed through an appropriate optical detector
(82). Joseph and Davies(3) and K;ﬁes) used the application of this
principle for the determination of pfotein and amino acids by UV
absorption and fluerescence detectorsl In their works reversed phase
HPIC with ODS(ogfadecyl sllaﬁe) column was used to separated amino

acids. After chrqnatograph1c sqgaratlon, amino acids were reacted with

the reagent to give der1Vat1ve§ fhat were responded by UV detector or

FRdd 44
; d

fluorometric detec@cr.

A !f;

Many electro = ;;_ﬁc1b1e and electro — oxidizable
substances have been detected ih CSIumn effluents by polarography
(83). Amperome%fit—dm qt fixed potential, has
been most w1de1y used over the past several years: for applications
involving the trace analysis wof organic components in complex
biological media(84:86). The active region of most amperometric
detector consists either of a tubular-electrode orisa thin—layer cell.
Some apélicayions of this method were the determination of trace
amounts of tyrosine metabolites in tissue samples (esp.brain)(87)

and body fluid(88-89).

Some compounds are not intrinsically electrochemically
active within currently useful potential range such as amino acids,

with the exception of tryptophan, tyrosine and cysteine(90). Usually
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amino acids after chromatographic separation react with OPA reagent to
give OPA-amino acids that can be determined by fluoremetric
detector(3-4). From the structure of OPA-amino acids contains an
isoindole grouping(91), which has the same electrochemical activity
as indoles (such as tryptophan), therefore OPA derivatives can be

detected electrochemically(3).

Another method _to>ﬁdetect amino acids is indirect
electrochemical detector. In' this- detection system a solid-state
copper ion selective eleetrode is used as potentiometric detector in a
flow through cell’fé monitor&the loss of free copper ion activity

after the post—chrOmatograbhié~Feaction between an eluted ligand such
as amino acids and an added copbeﬁ ion solution(1l).

In this thesis ieverqea phase HPLC was used to separate
i -lk "Jd“l‘d‘_

mixture of standard amino acids éhég?he amperometric detector with the

—

anodized copper electrode was eﬁﬁ}b&ed as an indirect electrochemical

detector for the column eluate ELf

1.6 Aims of The Thesis

The' aims - of this -thesis' were-to study characteristics of
an anodized <copper electrode as_ amperometric detector for
detenminétion of amino. acids .in /both _statie  and' flowing solution.
Although electrodes are used most widely for analysis in static
solution, they can also be used as detectors in fléw system at
construction of a suitable flow through cell. The flow system that

used for the study in flow analysis is FIA.
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Firstly, in static solution, the suitable conditions such as
buffer solution, stirred speed and choice of fixed oﬁerating potential
for amperometry were investigated. The ratio of copper(II)-amino acid
was determined to confirm that the reaction is fast and thus this
detection method can be applied for amino acid analysis. After that
the characteristics of copper electrode including linear range,

sensitivity, reproducibility and detection limit, were determined.

Secondly, . the suitable conditions such as flow rate and tube
length, for amperometrie detector in FIA were examined. Characteris—
tics of this detéotbr in FIA -here performed on sensitivity, linear
range, reprodué#pility and deiéétion limit, and the results were then

= _—

compared with thosé in static leﬁtion.

Finally, ‘applicéﬁion ;épd& was performed on the use of this
flow through cell deieqtor‘as thé{agtector of HPLC for qualitative and

quantitative analysis of amino aéidé._
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