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CHAPTER ONE INTRODUCTION

CHROMATOGRAPHY
1.1 CHROMATOGRAPHIC SEPARATION TECHNIQUE:

Chromatography is primarily a separation techniques a method of chemical analysis
and processing that is rapidly replacing some efrttore traditional techniques of sample

identification and purificatio’. Chromatography techniques are divided up accgrin

the physical states of the two participating ph&3e¥vhen applied to the collection of

pure materials, it is called preparative chromapby. The aim is to extract as muct
material in as pure as state as possible, two diagraphic variants are used:
a) Batch or conventional liquid chromatography (Eigja).

b) Continuous liquid chromatography (Fig.1.1b).

HMobile phase

Mowving bed

Sample

&
*>

phase

Fig. (1.1) Batch (a) and continuous (b) liquid chromatography
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In batch chromatography one phase mdwesnjobile phase) and the other remain
stationary. In continuous chromatography the cotigeal stationary phase is moved
counter currently in a "moving bed" against the i@lphase. If the two immiscible
phases in a partitioning system are not held siatibut move relative to one another
through a tube or column, the analytes will beiedrwith the moving phase through the

column®. However, they will be partly retained dependingtbeir interaction with the

second static phase, and even small differencéseirdistribution cofficients will cause
the components to be separated (Fig?.2)

i w L L 7 AR A

Injector

s

a =
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Mobile

phase
flow

—Column
packed
with -
stationary ooo

phase o
_]'-"‘ I_.
Detector
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Injection component componeant

[e‘li

Detector signal

Fig. (1.2) Chromatographic separation on a column. (a) Introduction of the sample. (b) Elution of
unretained components at column void volume. (c) Elution of more weakly retained compound. (d)

Elution of more strongly retained component. (€) Chromatogram recorded by detector at end of
the column.
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By adjusting the flow-rate of the bed and the mmlpihase, one can enrich and separatejja
component or even a group of component in one tire®r the other. This type of
chromatography, where the appartus used is nornfatihly specialized, has been
reviewed®®. Therefore, and because continuous liquid chrograghy is the province of

the chemical engineer, continuous chromatograpbyatuded here.

1.2 HISTORY OF CHROMATOGRAPHY:

Chromatography was discovered and named in 190diblyael Tswett, a Russian
botanist, when he was attempting to separate abltgaf pigments (chlorophyll) by
passing a solution containing them through coluackpd with adsorbent chalk particles.
The individual chlorophyll passed down the columrdifferent rates and was separate
from each other. The separated pigments were afistipguished as colored bands henc
the term comes from, chrom (color) + graphy (wginThe next major development was

that of liquid-liquid (partition) chromatographyl(C) by Martin and Syng® in 1941.

Instead of only a solid adsorbent they used aaostaty liquid phase spread over the
surface of the adsorbent and immiscible with théitegphase. The sample component:
partitioned themselves between the two liquid phasecording to their solubilities.

For this work, Martin and Synge received Nobel ®rizchemistry in 1952.

In the early days of column chromatography, rekalentification of small quantities of

separated substances was difficult, so paper chogramhy (PC) was developed. In this
"planar" technique, separations are achieved oetshaf filter paper, mainly through

partition.
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Appreciation of the full advantages of planar chabography then led to thin-layer
chromatography (TLC), in which separations areiedrout on thin layer of adsorbent
supported on plates of glass or some other rigitd nah.

TLC gained popularity after the classiorkvby Stahl” in 1958 standardizing the

techniques and materials used.

To aid or enhance the separation of ionic compoinyd3C or TLC, an electric field can
be applied across the paper or plate. The resuldigniques are referred to as paper ¢
thin-layer electrophoresis, respectively.

Martin and Jame? first described GC, in 1952 and has become the saghisticated
and widely used of all chromatographic methodsti@aarly for mixtures of gases or for
volatile liquids and solids. Separation times inmatter of minutes have become
commonplace even very complex mixtures. The contiminaf high resolution, speed of
analysis, and sensitive detection have made GQitameotechnique used in almost every
chemical laboratory. High-performance liquid chreoggaphy (HPLC) is rapidly
becoming as widely used as gas chromatographysaofien the preferred technique for

the rapid separation of non-volatile or thermaihgtable sampl€8.
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1.3MODES OF CHROMATOGRAPHY

The term "chromatography" has also camadlude a number of related separatiol
techniques using similar equipment but based oferéifit physical concepts. These
include size exclusion chromatography (SEC) basethe molecular size differences of
the analytes and ion-exchange chromatography (lE@hich the separation depends or

the interactions between ionized groups on theytgmland the stationary phase; thes}

techniques will be briefly included as appropri&te

The stationary phase can be either a solid, ajuadispread as a thin film on the walls of
the column or over an inert support.

The mobile phase can be either a gas, a liquid,supercritical fluid and is often termed
the "eluent” if the analytes are carried(or elubed pf the column system before detectior
3)

This basic concept has developed into a wide rasiganalytical chromatographic
methods broadly based into two main groups depgnainwhether the mobile phase is ¢
gas or a liquid (Table 1-1).
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Table (1-1): Methods of chromatography.

Moblle Statlonary Chromatographrc
phase phase Method Abbrevlatlo

Gas-Liquid chromatography -
Bonded LIC]UI Gas- quwd chromatography
Gas-Solid chromatography -

quwd—quurd chromatography -
Liquid Liquid
Droplet counter-current chromatograj y DCC

ngh performance liquid chromatogra
Bonded quwd HPLC
(reversed phase)

Thin-layer chromatography

Supercritical
fluid Bonded liquid Supercritical fluid chromatography SFC

E- Hrgh performance liquid chromatogray HPLC
Solid

The distribution and retention of an analyte inhaoatographic separation may resul
from adsorption onto a solid stationary phase and/@artition process between gas

and/or liquid phas®.
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Figure (1.3) shows a complete clasdifica scheme of the different
chromatographic techniques. It includes the mogiufar techniques; gas and liquid
chromatography (GC and LC). The classification showat only the physical states of the
two phases but also the configuration of chromatpigic bed, there are two popular
configurations for the bed, a column and a plangase®”.

In column chromatography; the stationgimase is held in a narrow tube througt

which the mobile phase is forced under gravity atemal pressure (pump). The

stationary phase in planar chromatography is sup@an flat plate or in the interstices of
paper. Here the mobile phase moves through theséay phase by capillary action or
under the influence of gravit}.
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Figure (1.3) Classification of Chromatography Techniques™?.

Supercritical fluid

iquid solid liquid solid  liqui

Adsorbent Mol sieve Adsorbent Bonded Mol sieve Ion exchange
resin

Column Column Plane Plane Column Column  Col

Name Gasliquid Gassolid  Supercritical fluid Liquid liquid ~ Thin layer Liquid solid Bonded phase Size lon exchange
(GLC)  (GSC) (SFC) (LLC) (TLC)  (LSC) (BPC)  exclusion (IEC)
Paper (SEC)
(PC)
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1.4 BASIS OF THE SEPARATION PROCESS:

Chromatographic separation process is dase the difference in the surface
interaction of the analyte and eluent moleculed. d% consider a separation of a two
component mixture dissolved in the eluent. Assuh tomponenfA has the same
interaction with the adsorbent surface as an eJaga componer® has strong excessive
interaction. Being injected in to the column, thesenponents will be forced through by
eluent flow. Molecules of the componehtwill interact with the adsorbent surface anc
retard on it by the same way as an eluent moleculbsis, as an average result.
componentA will move through the column with the same speedraeluent. Molecules
of the componenB being adsorbed on the surface (due to their strexcessive
interactions) will sit on it much longer. Thuswiill move through the column slower than
the eluent flow’*?.

1.5 GAS-LIQUID CHROMATOGRAPHY:

Gas-liquid chromatography (GLC) has foundespread application in many areas

of chemical analysis and a wide range of compouwads be examined®. Gas-liquid

chromatographic equipment was commercially avaldBland the rapid development of
modern-day gas-liquid chromatography as a widegdu®utine analytical method was
under way. The separation is carried out usingse@as mobile phase, which transport:
the analyte through a column containing the ligsidtionary phas&®. Although this

chromatographic technique had preceded Gf)Cit has always been very limited in its
application and even now it is not widely used. Téention of the analyte depends or

the degree of its interaction with the liquid phasd its volatility.
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The column can be heated, typically within thegex0-308c, to increase the volatility
of the sample and reduce retention tifM&s
In general, GC can be used to analyzedti®land thermally stable samples, an(

this is not alimitation imposed on L€). As an analytical technique, GLC is very simplg

to operate and is capable of high resolution, $iglec and sensitivity™”. This was

followed by the introduction by Lovelock of the argionisatiof® and electron affinity

detectors®®,

1.6 LIQUID CHROMATOGRAPHY:

The separation of sample components ag plass down the column is due tg
differential distribution of the sample componefstween liquid mobile phase and
stationary phase®. There are two types of LC, classical and high greténce liquid
chromatography (HPLC).

Classical LC use a large column (~ 50x 2patked with stationary phase of largsg
particles size (50-250um in diameter) sample vohlimethe milliliters range are often
common. The mobile phase is generally gravity-fedba flow rate, because the deep
pores of the packing limits mass transfer, theyamaltimes are usually in order of hourg
@8 Liquid chromatography techniques can be usedhieidetermination of ionic species
as well as other compounf8. However, HPLC uses high pressure to force solve
through closed columns containing very fine stargnphase particles that give high
resolution separations. The HPLC system consistsiiheent delivery system, a sample
injection valve, a column, a detector, and datagseing device or a computer to contro
the system and display results. Some systems ie@uadoven for temperature control of

the column.
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The HPLC uses stainless steel or plastuenwo that are 5-30 cm in length, with an
inner diameter of 1-5 mm. The typical particaleegpacked in an HPLC column are in the
rang of 3-10um to increase resolution afforded bgréasing the particle size. HPLC
requires pressure of ~ 7-40 Mpa (1000-6000 pouncig)i to attain flow rates of ~0.5-5
mli/min ®?. These components and other factors that give qhality of a high
performance chromatographic separation. The chgraphic efficiency is usually
expressed by the number of theoretical p(atewnhich is related to the retention of the
solute(tr) compared with the width of its peak at base (We).

N=16 (tri/Wb)?
The efficiency parametéd is useful when comparing chromatographic separatimder
different conditions and is related to the hightigglent to theoretical plates, [HETP], H

by:

WhereL is the length of the columf®. The efficiency of separation in HPLC is highe

due to the large number of mass transfer equilii@ined with small values &f. This
resulted from using small particle size of theistary phase as describe by Van-Deemtdq
and others™). Resolution(Rs) is the efficiency of a chromatographic systendéfines
the degree of separation between two adjacent [f&aks

Rs= 1/2 (tr2-tR1/W2+W1)
Where tr2 and trl are the retention times and vll\Ve& are the widths of the peaks at the
base line, of peaks 1 and 2, respectively. Theetargsolution is better the separation
Resolution may also be described by three termsiezity, selectivity, and capacity
factors as shown in the equation befdw

Rs= 1/4 (N)Y2 [(a-1)/ a] [K2/(1+ K2)

Where(a) selectivity, andK>2) capacity factor.
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The small particle size represent a good comprotmeseeen efficiency, pressure drop

analyses time, and reproducibility of packing. HPISCnot limited in application by

component volatility or thermal stability as in Giis makes it the method of choice fo
the analyses of most known samples including potgmpolar, ionic, and thermally
unstable material.

Choice of stationary phase and proper control ottreposition of mobile phase can lead
to better separation and high column efficiency.hédt advantages of liquid

chromatography methods in that many detectors #mat used in HPLC are non-

destructive, thus facilitating sample recovery praliding the opportunity for subsequent
spectro-analytical and other studi&4 HPLC has been used for analysis of wide varie§/
of pharmaceutical products, body fluid, and envinental sample$®.

1.7 HIGH PERFORMANCE LIQUID CHROMATOGRAPHY:

HPLC and its various techniques has been the domaorgsnic chemistry for
along time. It has been recognized for twenty fpears that HPLC can equally well be
utilized to separate inorganic compouffsit has even turned out that separations, whigh
were definitely unfeasible before, can easily beaéd now using HPLC techniques. Thq
natural limitations of HPLC applicability will be {id also in the field of inorganic
chemistry of cours&”. That means that only those compounds are ametalLC
investigations which are soluble in a solvent baiampatible with HPLC columns. It is a

" high performance" process that is the resultechhological advances in synthesis o

very small stationary phase particles which areraall as 2unf® ,Instrumentation, in

addition to the manufacturing of reliable solvealivkery pumps, which can deliver 0.001-

5mL/min with very high precision [(-2,+2)%] and @instant high pressure ranging fro
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1-39.2Mpa®®. There are two distinctly different classes ofubt compounds in

inorganic chemistry.
First, there are ions(-anions as well casions-) which in general are easil
dissolved in aqueous solutions.

Second, there are molecular compoundstwéuie soluble in organic solveffta

Accordingly, two different branches of HPLC have eomito use in inorganic chemistry.
For the separation of ions in aqueous solutiontélcnique of ion chromatography (IC)
has been developed. The non dissociated molecolapaunds can be separated i
reversed-phase systems using the well-known boradled silica phased and mostly
organic eluents like methanol or acetonitrile (RP2€)In a few cases also normal-phasg

LC on silica or alumina has been used.

1.8 APPLICATION OF HIGH — PERFORMANCE LIQUID
CHROMATOGRAPHY:

Virtually all compounds which will diss@vn an aqueous or organic solvent can b

separated and quantified by HPLC, with a sensitidggendent on their ease of detectio

As these criteria include almost all non-polymemd non-gaseous compounds of interegjt

in present-day chemistry, a detailed list of amglims would be virtually limitlesé.

A bibliography of sources of application methodsering the main chemical typ&%
Generally, HPLC has been most widely agabln areas where GLC is unsuitable

in particular the separation of relatively polar mwvolatile compounds. The most

important groups of analytes are pharmaceutical poomd, including penicillins,

tetracyclines, barbiturates, opium alkaloids andyr@ther major drug group’.
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HPLC has also found application in thedgtof agrochemicals, although for the
more volatile organohalogen and organophosphorectitides and herbicides, the hig
sensitivity and selectivity of the electron captutkeermionic and flame photometric
detectors has meant that GLC is often still pretgffe
In addition, the need for the positive identificatiof pesticides and pollutants in comple
matrices, will require the combination of high-riedmn separation and a sophisticateq
detector provided by open-tubular GC-f#%

HPLC has proved especially useful for gseparation of many biological samples
naturally occurring compounds, including carbohyesalipids and vitamins as well as
pollutants, food additives, food colors and preatves®®.

In recent years, there has been particular intereshe application of HPLC in the
reversed-phase mod€&, with wide-pore column materials and hydrophobi
chromatography for the separation and isolatiomiopolymers, proteins and peptides

with the retention of biological activif§.

HPLC can also be applied to the analy$isnorganic complexes or chelates,

organometallic compounds and simple anions andrsity.

By scaling up the size of columns and pumps, HLPChsanarried out preparatively on
the milligram to kilogram scale.

Eluents used in normal-phase chromatography caallysbe readily removed but the
aqueous-organic eluents used in reversed-phasenatography normally have to be

separated from the analyte by freeze-dryirg
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1.9 MODES OF LIQUID CHROMATOGRAPHY AND OPERATION
OF HIGH-PERFORMANSE LIQUID CHROMATOGRAPHY

Liquid chromatography can be classifiatbimany classes based on the type df
stationary phase interaction with sample componasatsvell as with the mobile phase.

Among these modes are adsorption, partition, iahiarge and ion pair chromatograph

in addition to other special modes of separdffdn Instrumental liquid chromatography

Is characterized by the use of online detectioriesys controlled eluent flow rate and
defined eluent compositidiy.

The aim is to increase, compared to calwn thin-layer chromatography, the
efficiency of separation and the reproducibilitydaaccuracy of retentions and peak areds
in order to achieve quantitative and qualitativpasation. Because a wide range o
separation modes can be used, high-performancal Icfuomatography (HPLC) is an
extremely versatile technique and can be used terdae virtually any non-gaseous
analyte, as long as it is soluble in an organimorganic solvent. It is this versatility that
has made it one of the most important techniquedlable to the analytes and is the

reason for its rapid growth since the late 19%s

One of the greatest advantages of HPLt@asthe separation can be carried out bfy
making use of a wide range of different interacidmetween the analyte and th
chromatographic system. The two principal modesnarenal-phase and reversed-phasf
liquid chromatography but the same instrumentdffgnwith different column packing
and eluents, can also be used for separations lmmssze exclusion and ion exchange
chromatography. Although the descriptions, norntege and reversed-phase are widely
used and are useful guides to the operation ofricplar HPLC separation, they are

approximat ions and in reality the situation is emoomplex.
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More than one mechanism may be in opmrait the same time, A single colum

may be used for different primary modes by changegsolvent*?. Most silica columns,
even after being coated with an alkyl-bonded pheasi still possess some free acidic
silanol groups on their surface and will interaathwbasic analytes by a mixture of ion-

exchange and reversed-phase chromatography. Theatep of ionisable analytes may,

thus be effected by parameters, such as pH and strength, that have little effect on
non-ionised analytes. Because the silica matrihefstationary phase has a definite porg
size, high-molecular-weight analytes may suffed@sion from some pores and a from of
size exclusion chromatography can be superimposetieseparatiofi®. Simple theory
of bonded-phase separations regards the columnligai@liquid partition system and
this adequately describes much of the analyte behadowever, the bonded phase is
rigidly held and has a defined depth, and thus eerdetailed treatment of the mechanis
of retention must also include consideration of ldyering of the stationary and mobile
phase. On the other hand, silica columns are destias adsorption chromatography b
some mobile-phase constituents can caot the sugademake it behave in a similar
manner to a liquid phase. The selection of the gmpmte method for a particular analysi
is therefore complex and the experience of theaipecan be an important factt?.
Separation modes can be chosen for acplart application depends on the

properties of analyte to be separated, and can pbeniaed by choosing different

combination of mobile phase and stationary phagenas“""
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1.9.1 NORMAL PHASE (ADSORPTION) CHROMATOGRAPHY:

This mode of separation was the firstohvgred form of liquid chromatography or
liquid-solid chromatography (LSC). The basis formal phase separation is the selectivlf
adsorption of the polar sample components to thigeaadsorbent sites on the surface o
the stationary phase. Adsorption chromatography been performed on hydrophilic
adsorbents such as silica and alumina with nonpolaroderately polar solveritg.

It involves no partition of the sample solute i Stationary phas®). Therefore, careful
adjustment of the polarity of the mobile phase $table activity of the polar sites is
needed for reproducible separatith The solute is adsorbed when the attraction forc
between the solvent and the solute, and the sobseatthe stationary phase. Attractio
forces are hydrogen bonding, van der waals, acié-lBad complexation interactiofi&
The effectiveness of separation depends upon agispnvhich should have large surfacq
area of uniform sizg?.

Normal phase is used in the conventisaise to mean system in which thg

stationary phase is more polar than the mobileghas

Bonded phase appears to be slowly replacing traditisolid silica and alumina as
adsorbents in normal-phase LC, although silica @ochina still find wide spread use.

Functional studies of liquid-solid adsorption chedography LSC continued to app&&r
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1.9. 1 REVERSED PHASE (PARTITION) CHROMATOGRAPHY:

The interaction and separation in pamitchromatography (reversed phase modg)
are based on non-polar stationary phase. The i@btesitan analyte depends on the degre:
to which it is partitioned into liquid organic dtatary phase and determined by the
hydrophobic interactions of analyte with a relalyyeolar mobile phasé®.

The liquid stationary phase is bonded chemicallyatoinert solid surface. The main
advantage of this bonded stationary phase is ii® @tability which can not be easily
removed or lost during u§®.

Reversed bonded phase chromatography (RBC) involveld@vely non polar stationary
phase that is used in conjugation with polar mopliase to separate a wide verity of lesf
polar solute§”. Two fundamental types of stationary phase aré;ube most common
being non-polar groups bonded on silica. The mdignoused are the organic groups
—CHs, C8Hi7, and—CisHsz. Of these the 18-Carbon chain (the octadecyl grasiphe
most common, the abbreviation ODS and &e used for this type of stationary phasq|.
The second type of stationary phase solid supped €or reversed phase chromatographjy/
Is composed of organic polymer beads. A typicalypar is a resin composed of
polystyrene cross-linked with divinyl benzene.

Reversed phase is quite popular sincpd¢h&s in reversed phase separation tendflo
be narrow and symmetrical and the adsorption /s@gdion equilibrium reactions tend to
be fast®®. The functional groups that are usually used qsdi stationary phase may be
aliphatic or aromatic hydrocarbon, amino, cyano, éxchange groups such as sulfoni

acid and quaternary ammonium derivatives. Thesaclatd functional groups to the

support play an important role in separation of gansomponents®.
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1.9. Il ION EXCHANGE CHROMATOGRAPHY:

lon chromatography (IC) has been rapighpleyed in a wide application range
including environmental analysis since 1975 whemlSet al. published f*. Since it has
made a remarkable development in these years,\itb@asaid that ion chromatograph
has established a solid base for a method to amaharganic ions. There are man

different ways of determining ions qualitativelydaguantitatively.

There are many important fields of applicationitwr chromatography such as:

1. the routine investigation of aqueous system sisatirinking water, rivers, effluents and
rain water.

2. the analysis of ions in chemical product, foasmetics, pharmaceutical.

3. ultratrace analysis such as in the semi-condactd power industry.

lon chromatography can be used for the analysianafns, cations, organic acids ang

amines plus analytes such as carbohydrates.

eluent pump injector column | detector

Fig. (1.4) Unsuppression in lon Chromatography System

The above schematic in fig.(1.4) represents a npp®ssed ion chromatography syste
The sample is introduced on-to the system via gokalaop on the injector.
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When in the inject position the sample is pumpetb dhe column by the eluent and th
sample ions are then attracted to the chargeads#ati phase of the column. The chargef
eluent elutes the retained ions which then go tjinothe detector (which is most

commonly conductivity) and are depicted as peaka ohromatograrf.

The different modes of chromatography (anion exgkarcation exchange and ion
exclusion) simply relate to the different typesofumns used to achieve the separation ¢f

the ions. The eluent used depends on the colunenagg also the mode of detection.

Modern ion exchange chromatography begiim a report by Small, Steven and
Bauman®®, where they described a way to combine an ion @g& chromatographic
separation with simultaneous conductometric detactor the determination of anions
including chloride, sulfate, nitrate, and phosphate# cation including sodium,

ammonium, potassium and calciliil

Inorganic cations and anions cannot be separateeMeysed-phase chromatography usinjy
lon suppression or ion-pair chromatography but tteay be separated using ion-exchangy
chromatography.

lon exchange chromatography (IC) is based on aistiedtric chemical reaction between
lons in a solution and the oppositly charges grdupstional groups on the column resin
In the simplest case in cation chromatography theseulfonic acid groups or carboxylic

acid groups (such as maleic acid) and in anionmhtography quaternary ammoniu

groups®. Some of the common types functional groups usedion exchange

chromatography are listed in table (1-2).
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Table (1-2): Types of functional groups commonly used in lon Exchange
chromatography.

CATION EXCHANGERS ANION EXCHANGERS

Sulfonic acid -S@ H" Quaternary amine -N(CH8)OH

Carboxylic acid -COOH" Quaternary amine -N(CHZEtOH)" OH
Phosphoric acid POH" Tertiary amine —~NH(CH:" OH
Phosphonic acid HPOH" Secondary amine —I\lszHs)z+OH
Phenolic -OH"

Arsonic -HAsQ H*

Selenonic -SeOH"

There is avariety of cation columns available, hesvethe modern ones contain
carboxylic acid functional groups. A large numbéapplications for silica-gel-based ion
exchangers exi§?. These columns allow simultaneous separation lafliainetals and

alkaline earths plus the separation of transitiomatal and heavy metal ions is alsc

possible. Small amines can also be analysed usitigncexchange columffa

The eluents used for non-suppressed cation exchanegeeak acids with a complexing
agent such as dipicolinic acid, the concentratiowtoch can effect the elution of calcium

and heavy metals such as iron, zinc and c&balt
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Anion exchange chromatography froms #rgdst group of IC methods mainly
because there are few alternatives with such soiglisensitivity or selectivity. The two
forms are anion exchanged with or without suppogsand of these two methods are th
most widely used. Eluents for suppressed chensstieied to be either carbonate based ¢
hydroxide®®.

Anion exchangers in Otdr CI form are treated similarly using an appropriat
counter ion to liberate the Okbr CI, which then titrated with standard acid or*Ag

(56)

respectively Weak acid and base ion exchangers have capadclisds are pH

dependent. The high selectivity fof Fn a weak acid exchanger and @i a weak base

ion exchanger, which is due to association, isaesible for pH dependent®.

eluent pump injector column suppressor conductivity /,
detector /

Fig. (1.5) Suppression in lon Chromatography

Often, a device called a suppressor is used apldégd between the column and detectq
as shown above Fig. (1.5).

When suppression is used the detectdmest certainly conductivity. The greatest

achievement of suppression is to increase thetsstysof the anion, however at the same
time the background conductivity of the eluent isagly reduced. The same suppressqr
units can also be used to increase the sensit¥ioyganic acids. The suppressor used ifj
anion chromatography is simply a cation exchangel its job is to remove cation and

replace them with an .
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lon exclusion chromatography (IEC) is mpinsed for the separation of weak acid
or base&’. The greatest importance of (IEC) is for the arialgd weak acids such as

carboxylic acid, carbohydrates, phenols or amindsac

Although this method was also popular for ionizedamic compounds during the earl
days of HPLC, because the ion-exchange stationaaggshthen available were based of
relatively soft polymers, the separations werefioeit and most of these analytes ar¢
now examined by ion-pair chromatography.

Subsequently, advances in polymerization methogas kad to more rigid ion-exchange

column materials but these have not yet proved lpoju general use.

Most ion-exchange chromatography is a specialiged, gprimarily of interest to the
transition-metal inorganic chemist. However, inengicyears the analytical separation o
many common anions and cations has been revolatioby the introduction of "ion
chromatography" based on the technology of HPLC pgent and offering similar
resolution and speed of analysis.
There has also been a limited but useful applinatb silica gel as an ion-exchange
column for the separation of basic drug compounds.

lon exchange chromatography has been eapftr the separation of variety of
charged organic and biochemical systems, includinggs, serums, vitamins and
pharmaceutical preparation as well as inorganistoh
The key element was their development of a delater known as suppressor column tg

lower the background conductometric signal resgltmom the liquid ionic mobile phase

while enhancing the conductometric signal from gresibns®”, which is illustrates in Fig
(1.6).
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Fig.(1.6) (a) Configuration of ion chromatography with ion-exchange separation column and

conductometric detector. (b) lon chromatography suppressor fibre exchanging hydrogen ions for

soduim ions during an anion separ ation. The halideions remain asthe mineral acids.
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1.10 DETECTION SYSTEM:

The detectors in HPLC are employed to casily monitor the column eluent. The
detector signal is generally amplified and procdgsea potentiometric recorder to obtai
a permanent signal record with time of the analiystse from of a chromatografi?.

A wide variety of HPLC detectors have beeweloped with high sensitivity and
universal detection requirements. The HPLC detedansbe generally classified as eithe

responsive to a change in the property of the raophase, when a solute (sampl¢

component) is present or to a property of the dcmiate itself®®.

The detectors used in HPLC are reflectivéex (RI), UV visible Fluorescence,
Conductivity and Electrochemical as well as othgshenated detectof¥. However the
most common detectors used for the detection ofci@pecies are UV-VIS and
conductivity detectors.

1.10. | ELECTRICAL CONDUCTIVITY DETECTOR:

Electrical conductivity is a universabperty of all ionic solutions the conductivity
Is proportional to the concentration of the analyte

The measurement of the resistance of an ionicisalutising an alternative voltage to

eliminate spurious effects due to electrode padddion can be used as a detectio
principle, for ionic species. One of the potenéidi/antages of such a detector is the vely
small dead volum&. When used with buffer solutions detection linsitin the low ppm
rangé®?.The use of conductivity was first supported in 9y Gjered et .al®®®.

The combination of the conductivity detector witbniexchange chromatographic

columns has led to a technique called "ion chrogragahy ", which has known a rapid

development since his first presentation by Sntaflé>.
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In order to suppress the overwhelming conductigitthe background eluent electrolyte,
Small et.al.introducé®®, between the ion-exchange separation column arel
conductivity cell, an ion-exchange suppressor colwith opposite charge groups, i.e. a
anion-exchange suppressor column for cation separand vicversa.

In this system a pH adjustment of the iheophase was found necessary to ensu

reproducible chromatographic performaf The eluent is thus neutralized and the

conductivity of the eluate ions can be conveniemtgasured.

The suppressor column increases the analysis tmahéh& bond broadening and may give
some undesired effects (ion-exclusion, reactioh witme ions).

The suppressor column may be in two designs showvig (1.7)

Fig. (1.7): The design of suppressor column for ion chromatography (A) a hollow fiber. (B) a

sandwich.
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It has to be replaced or regenerated a&téew analysis are performed but thig

operation can be done automatically in modern umsénts. Alternatively, an ion-

exchange hollow fiber may be used for eluent nisatibri®”. The technique has been

applied to organic as well as inorganic ions.

In order to detect a small analyte signal it isessary to employ an eluent which gives
relatively low conductancé®®®)

The fast and recent development of ion analysis witonductivity detector has led some
manufactures, who, for patent reasons, cannot decla suppressor column in thei
instruments, to develop conductivity meters witliconic background suppression.
This technique, however, cannot be applied to gtyoconducting eluents and gives
higher detection limits i.e. poorer sensitivity nhthe previous one.

Conductance detection may give positive or negapeaks depending on eluent
concentration and pH.
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1.10. Il UV- VIS DETECTOR:

UV-VIS detection may be employed in eithke direct or indirect mode. This
detector is functioning as a solute-specific deteand may be used for compounds thg:

exhibit absorption in the UV-visible region. Detect of some ions is not generally

applicable except at very low wavelength such &t@h®”.

Many inorganic cations and anions do not have faamt absorption in UV-VIS range of
the spectrum; therefore direct detection can naidesl. However there are cases whe
the ions can be detected directly by their UV ditedn the (185-220) nm rand®.

Cochrane and Hillmafi® have reported the separation of nitrate and @itais
examples of ions that can be detected as 205 nowial their separation. Other ions
that can be determined at 205 nm are acetate, ferieomide, iodate, iodide, bromate
and thiocyanate. Direct UV detection is difficulb@n separation encountered one of thig
species is UV transparent

The UV-VIS detector may also be usednnmalirect mode. Conductivity detection
was 5 to 16 times more sensitive than indirect pimetry for all analytes. Small and
Miller " reported this approach, as a detection techniquédohic species. Indirect
photometric detection (IPD), in which transparestnple ions were eluted with a hight-
absorbing ion. The elution of sample ions was oleeias troughs in a high absorbanc
background.
The indirect photometric detection (IPD) technicaleo known as indirect photometric
chromatography (IPC) makes use of conventional HRjiipenent with UV detectors for
the analysis of transparent ionic species. The lmgihase in IEC-IPD should have the
ability of displacing the analyte ions from thet&taary phase and selectively separatin

them(?,
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The eluent in (IPD) should possess several charsiitesuch as ion exchange capability

ion-exchange selectivity and a large molar abseitpti’®. The most common (IPD)

mobile phases used for anion separation are bemzpathalate, sulfobenzoate ang
salicylate "> ™) The eluents have showed good separation prdiilesnany analyte
anions with reasonably low detection limits . However, the elution of analyte ions
will be determined by the effective charge of theeat, which in turn is dependent upo
the pH of the mobile phase. Precise control of riiabile phase pH was found to be
important to ensure reproducible elution and réentimes’* "’ In this technique, the
ion exchange column is first equilibrated with tlght absorbing eluent preferably at &
very low concentration. The resultant high backgmwabsorbance signal is offsetted

electronically. A decrease in the background signalbserved as the non-UV absorbing
analyte ion is eluted from the colurfr "*) Negative analyte peaks are obtained instedd

of the conventional positive peaks, as shown in @i@).

Conventional UV detection— Absorbance ' Transmimiance J

100% 0%
::> Eluent gives
increase in

absorbance

Flow Photo
ce" digde

- Sample absorbance > sluent absorbance Posilive pasks

Absorbance Transmitiance
100% 0%

Eluent gives [
| — O decrease in
absorbance
Flow Photo

. :a“ ﬁiﬂﬂi

| Eluent absorbance ;m absarbance

i _ Negative peaks
Fig. (1.8): Comparison between Conventional and Indirect Photometric Chromatography.
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The measured signal in IPD is the difference betmibe base-line signal and the signa

when the analyte elutes. The observed sighahay expressed as:

S=CsE€s+ (Ce-Cs) €e-Ce€e =CH(€S-€E) ---------- (1-6)
Where Cs and €concentrations of the sample and eluent ionsemsely. €s and €are
the molar absorptivities for the sample and eluens, respectively. Since the molar
absorptivity of the sample ions assumed zero,X) pecomes:
This relationship reveals that the response will High with a large eluent molar
absorptivity. However, the response alone is ngufficient measure of performance;
noise should be consider as well. The base-linsenm®lated to the background signal
which controlled by the eluent concentration:

Noise (N) a Cg ------------

This relationship shows that a small signal camsestng a very dilute eluent with large
molar absorptivity’ ™

The signal —to noise ratio (S/N) in (IPD) is projpamal to the analyte ion concentration
and detector noise. In practice, very low eluemtcemtrations would result in extremely,

large retention volumes for the anions, and atlithging conditions analyte ions would

not be displaced by eluent ions from the ion-exgeafi* ’"
Maki and Danielsof® ) have used sodium naphthalenetrisulfonate as mobfle
phase in anion exchanger chromatography with IP€ctiet.

This mobile phase showed particular promise forg@earation and detection of MO

Br, NO:, SCN, and I in less than 18 min. With detection limit 0.4-1fog all anions.
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Changing the mobile phase to naphtholdisulfonateahag/ied the separation of the sams
anions with detection limit of 0.2-10ng and separatime of 8 minutes. Comparison
between indirect UV and direct conductivity detenti for anion exchange
chromatography using naphthalene mono-, di-andulfenate as mobile phase for the
separation of the several anions using anion exgghaolum has been reported recentl

®9 These three eluents required no pH adjustmefit détection limit for chloride 0.04

ng and 0.1 ng with conductivity and indirect phottm respectivel{f.

Michio Z. ® has used the eluent 0.7 M sulfosalicylic acid amming 5x1F M
chlorophosfonazo Ill as a color-forming reagent separate Magnesium, Calcium,
Strontium and Barium. The separation ions after ipgsthrough a cation-exchange
column were detected directly by a spectrophotamdstector.

This mobile phase showed particular promise forseiygaration and detection of Mg, Ca
Sr and Ba in less than 15 min. With detection |i2a80 ng for all cations. The separatio
and determination of alkaline earth metals havenbek great interest in analytical
chemistry, because these metals exist widely inreaénd occur together in significant
amounts. They seem to play an important role irfithd of biology.

Small and Steven&? have used the eluent 1.25%1M copper sulfate, which absorbs
UV at 216 nm for displacing ions to separation oflism, Potassium, Calcium and
Magnesium. This separation was achieved usingia@gumn technique where in two
columns of equal length but containing resins &kdent specific capacities connected i
series and appropriately switched with IPC detectidhis mobile phase showed
particular promise for the separation and deteatioNa’, K*, Mg and C&% in less than

10 min.
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Kazutoku, O.8¥has used of a pure silica gel (pia Seed 5S- 60;Siljthesized by the

hydrolysis of pure tetratraetoxysilane [Si(OfCHHs)s], as a cation-exchange stationar

phase in ion chromatography for common- and divatations (LT, Na", NHs", K*, Mg

and C&%. Using aromatic monoamines at pH 5.0 as eluehtspia Seed 5S-60-SIL,
silica gel acted as an advanced cation-exchangersiey phase for these mono- anc
divalent cations. Excellent simultaneous separatéord highly sensitive indirect-
photometric detection at 275 nm for these catioasevachieved on a Pia Seed 5S-60-Sl|.
column (150 x 4.6mm i.d.) in 20 min with 0.75 mMdynine [4-(2-aminoethyl) phenol]-
0.25 mM oxalic acid at pH 5.0 containing 1.5 mM d&8wn-6 (1, 4, 7, 10, 13, 16-
hexaoxacyclooctadecane) as the eluent. Using dilxedic acid (0.2 mM oxalic acid) as
the eluent, the Pia Seed 5S-60-SIL silica gel bé&dtaved as an advanced cation-exchange
stationary phase for these mono- and divalent mstixcellent simultaneous separatio
and highly sensitive indirect-conductimetric dei@ctfor these cations were also achieve
on the column in 20 min with 0.2 mM oxalic acid @ 3.6 containing 1.5 mM

18-crown-6 as the eluent
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1.12 THE AIM OF THIS WORK:

Aim of this work is to analyse a variefycations ranging from small singly chargeo

ones to large, doubly charged and tripply charggm: t(Li", Ba™, Fe? and F&) by

unsuppressed conductivity detection and compared mdirect photometric detection
(IPD) using 4-aminodiphenylammonium chloride asealu This eluent have a good ion
exchange capability as well as a large molar alsdgpto allow the use of very dilute

mobile phase concentration.
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2.1 INSTRUMENTS AND EQUIPMENTS:

Shimadzu (Kyoto, Japan) used in this work as tigh lperformance liquid
chromatograph was in the department of chemistnAlatNahrain University, which
consisted of a system controller model SCL-10 A¥pnductivity Detector model CDD-
10 Avp, a liquid delivery pump model LC-10 AVp, &ghsser model DGU-RA and
Rheodyne manual injector model 3298 (USA) equippwéd 10ul sample loop . The
HPLC system has been interfaced with computéa Shimadzu Class-VP5
chromatography data system program supplide bymhbeaufacturer; Epson LQ-300
printer model P852A (Japan). The other one wafiegnGhemistry Unit at AL-Nahrain
University for Medicine, Shimadzu (Kyoto, Japan)iethconsisted of a system Fraction
controller model FRC-10A, Diode array detector mdaeD-M 10AVP, a liquid delivery
pump model LC-8AVP, a degasser model DGU- 12AVPtoAmjector SIL-10AVP,
equipped with 10ul sample loop. The HPLC systdras been interfaced with
computer via Shimadzu Class-VP5 chromatographg sigstem program supplide by
the manufacturer; Canon LBP 810 printer model (Japan).

Orion expandable ion analyzer model EA 940 (USA)igoed with printer and glass
combination electrode were used to measure thef it solution.

Shimadzu UV-Visible spectro photometer model UV-QA&XC (Kyoto, Japan). The UV-
Visible system has been interfaced with computaravBhimadzu UV-probe data system
program. Cation exchange column from Dionex lon PAPLC-CS3 column
(4(@.d) mm x 250 mm, S/N 3583, P/N 037024).
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2.2 CHEMICALS:

The following materials and chemicals were usetthigs work:

Chemicals Formula Companies

4-aminodiphenylamine (C6H7)2N3 Fluka

Lithium bromide LiBr Flaka

Barium chloride BaCl2 Fluka

Anhydrousferrous sulfate FeSo4 BDH

Ferric sulfate pentahydrate [Fe2(S04)3.5H20] | BDH

Dimethelysulfoxide C2H5S02 Fluka

Hydrochloric acid HCI BDH

Sodium hydroxide NaOH BDH

2.3 PREPARATION OF MOBILE PHASE:

All  olutions and dilutions were prepared using deiahizevater
(resistivity ~ 18M).
-1x10° M of 4-aminodiphenylamine stok solution was prepgaby adding 0.029g of
4-aminodiphenylamine to 250 ml volumetric flask agitlited to mark with deionized
water and mix thoroughly in sonicator for 1 houd@* M was prepared by diluting 0.1
ml of 1x10° M 4-aminodiphenylamine stock solution and addingn(f pure DMSO
the pH of solution was adjusted by adding 0.1 Mrbygtloric acid to reach pH 5.80, then
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the volume was completed to 1L with deionized wat8luent was degassed under
vacuum for 20 min.

2.4 SAMPLE PREPARATION:

Stock solutions of 100 ppm of each cationg,(Ba"?, F€? and F&®) were prepared,

by dissolving the appropriate amounts of the eawly#e in the same mobile phase in
100 ml volumetric flask according to the amounsseld in table (2-1) and dilute to the
mark with deionized water. Store each volumetrasHklin a refrigerator. Other standard
solutions were prepared by subsequent dilutionamfkssolutions.

The solvent used to prepare these solutions waallyghe same as the mobile phase
employed for their separation. Mixtures of threenmre of the above analyte were also
prepared by mixing the appropirate volumes of tbekssolutions.

Table (2-1): Weight of compound required to prepare 100 ppm in 100 ml mobile phase.

Cation Compound (9)

Li*  Lithium (LiBr) 0.1251
Bd“ [ Barium (BaCi) 0.0152
Fe* [l Ferrous (FeS£) 0.0272

Fe° | Ferric [Fe(SO)3].5H-0 0.0433
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2.5 ANALYSIS OF SAMPLE:

All prepared standard solutions and tngixtures have been chromatographically

analyzed on the cation exchange column with 4-adipi@nylammonium chloride at pH

5.80 as Eluent at optimum flow rate 1 ml/min withvisible and conductivity

detectors.
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1.3 MOBILE PHASE OPTIMIZATION:

The eluent in unsuppressed conductivity detectrnathods as mentioned before,
should possess several characteristics such asxwrange capability, chromatographic
selectivity, and large molar absorptivity.

Since most of the aromatic weak acid (or base)s dadtve very low conductivity;
therefore, they can be used to elute inorganioeat(or anions) and detected directly

because of having large conductivity than the dluen

4- aminodiphenylamine, [@E17)2N3], was chosen as eluent in this study.
4-aminodiphenylamine has a basicity constantsafue 6x10"* mol/L. From this value
indicate about the basicity of compound is a weageb therefore, arylamines are much
weaker bases than ammonia and alkyl amines bechursereasing the delocalization of

arylamines which is responsible for the weak basici

The UV-Visible spectrum  from 200-700 nm orf 1x10'M
4-aminodiphenylammonium chloride at pH 5.80 is shaw Fig.(3-1). The spectrum

showed maximum absorbance at 3425 nm with molasorghvities of
7.44x10L/mol.cm. Therefore the absorbance at 342.5 nmbesh used as detection
wavelength in this work.
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Fig.(3-1): The UV Spectrum for 1x10'M 4-aminodiphenylammonium chloride solution at pH 580

The pH of 1x10M 4-aminodiphenylammonium chloride was changed fbta 11. The
absorbance of each solution was measured at 342.58 plot of the absorbance versus

the pH of 4-aminodiphenylammonium chloride is showfig.(3-2).

Absorbance

12 10

TR I e

Fig.(3-2): The absorbance of 4-aminodiphenylammonim chloride at 342.5 nm versus pH values
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The solubility of 4-aminodiphenylammonium chlorides very low at high pH
values, in addition, the absorbance which was lothen that at low pH due to the
formula of the association and dissociation thie compound , which involved a

combination of 4-aminodiphenylamine and hydrodblacid.

Optimum flow rate was measured by analyzing orta@fons which is (Fé) at different

flow rate ranging from (0.125-2.00) ml/min and cddéting theH value for each run
using the equation(1-2). A plot bf versus flow rate has given a minimdirat flow rate
of near 1.0 ml/min as shown in Fig. (3-3).

HETP(cm)

15 1

Flow Rate(min)

Fig.(3-3): Plot of Theoretical Plate Height (H) vesus flow rate using Dioex lon Pac CS3 column (4
(i.d) mm x 250 mm) with 1x10’ M 4-aminodiphenylammonium chloride as eluent and % ppm Iron
ion as analyte.
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The effect of eluent concentration on the capafaigtor was measured for several
cations. TheK values were obtained using computer program segdy the HPLC
instrument. The result are listed in table (3-1heJe values were also plotted versug
eluent concentration as shown in Fig.(3-4). Theacdyp factor which is related to the

retention time, regards as a function of eluenteairation as given by equatith

Log K = constant- (Y/X) log {E}-----(3-1)
Where E” is the eluent concentratioly, and X are the change of eluent and analyte
respectively.
The constant represefits

Constant=(1/X) log KCe + (Y/X) log C—-log R

WhereK % is the selectivity coefficienC is the capacity of the resin and &es the

phase volume ratio at certain analysis conditions.

As shown in table (3-1) a high concentration ofeal) the capacity factor ranged
from (0.86 -1.20) compared to that of lower concaimin, which ranged from
(1.87 -4.48).

However, the differences iK™ were relatively small at larger concentration than
1x10" M as indicated from the column selectivity, origiy called the separation factor
a-values of these analytes. The separation fdadas defined as the ratio of the capacity

factors of two adjusted peaks and calculating lyguthis eq.(3-2):
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In addition at large concentrations it were diffido separate them due to overlapping

peaks because of their short retention times.

Consequently, we choose 1¥1M as optimum eluent concentration, although itegav
relatively large retention times with capacity factanged from (1.617 -2.55).

These range values Kf were considered as reasonable values.

While, at low concentration (1xf) M the retention time of cations were longer and

peak broadening started to be pronounced such*as Fe

It is clear from the table (3-1) that the*Eanalyte can be detected at high concentratiof}
of eluent while the retention time decreased.

In general, when the concentration of eluent isdased, the retention time of analyte is

decreased.
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Table(3-1): Some chromatographic parameters obreatiising Dionex lon Pac CS3 column (4 (i.d) mm x2i60)

with different eluent concentration

Retention time (tR), Capacity factoK] and Separation factord)

at different eluent concentration (M)

I S S R
B N N A I
I I I s A

N s O A
Nl I Al I
N N s O A I
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It is obvious that the inclination ¢ values versus the eluent concentration which ga
nagative values for all cations because these &aligse very close to each other, so th

separation of cations was very difficult as showirig. (3-4).

Capadty Factor

1.2 0.3 05 . 0.4
Ehuent Conc. X10 " (M)

7
7

Fig. (3-4): Capacity Factors of some Cations usingonductivity Detector.
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The chromatographic parameters for several catiere measured using the optimum

conditon obtained from above experiments, which rewe 1x10" M
4-aminodiphenylammonium chloride solution at pHOBa8 eluent, flow rate 1ml/min and
UV detection at 342.5 nm.

The peak shapes of the analyzed cations were sdraedistortion and the baseline was
up-drifting using 1x10 M eluent concentration as shown in Fig.(3-5). This been

noticed with other eluent concentration (largecovdr).

Fig.(3-5): Chromatogram of 0.1 ppm F&’ using Dionex lon Pac CS3 column (4 (i.d)mmx250mm)
with eluent concentration 1x10'M 4-aminodiphenylammonium chloride at pH 5.80, FlowRate

1ml/min, Sample loop 10 pL using unsuppressed condiivity detector.
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In order to improve the peak shape of the analgztidn and to gate a stable baseline a
organic modifier was examined, namely dimethyl sxidle (DMSO), and study its
effects on the capacity factors and peak shapes.effect of adding organic solvent to
the eluent on the capacity fac(et ) of cations wastudied using 1xI0M

4- aminodiphenylammonium chloride concentratiopt5.80 .

The results are listed in table (3-2). These valwese also plotted versus the
(DMSO percentage) in mobile phase as shown in(Bi§).

Table (3-2): Capacity factor (K") of Cations usingDionex lon Pac CS3 Column (4(i.d) mm x 250
mm), eluent 1x10’ M 4- aminodiphenylammonium chloride at pH 5.80 withdifferent percentage
of Dimethyl sulfoxide in the mobile phase.

EEE

Capacity Factor (k') and separation Facted(at pH 5.8 in
different presence of DMSO pentage
IONS
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The DMSO content has been found to affect thentete times of studied cation.

In 1% of DMSO, the retentions of the separated was small so as the capacity factor
(K') (1.42 - 2.70) for all analyzed cations compaed 1.87 — 3.26 ) at 5% DMSO in
1x10’M 4-aminodiphenylammonium chloride at pH 5.80 asveh in Fig. (3-6) and
summarized in table (3-2). This can be explainedthsy relative decrease in ionic
strength of the eluent as the percentage of DM3@ease and more decreasing in the
polarity of the eluent. This increase K& was good enough to obtain a baseline
separation for most of the analyzed cations.

However, the peak shapes as well as the baselintbeofinalyzed peakes were well
enhanced as shown in Fig. (3-7).

Consequently, we found that the addition of 5% DM®Me added to mobile phase
provides good separation of the analyzed ionspagih this was on the expense of the
longer retention timet£). No attempt was made to use higher percentag@M80 due

to column manufacture recommendation, which mag saglling of the column packing

material. Based on the above experiments, we haveseoch 1x13 M

4-aminodiphenylammonium chloride solution in 5% DM&t pH 5.80, flow rate 1

ml/min for un-suppressed conductivity detection.
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Z 7 2

3.5

3

] = 4 3 ,
/ Dimethylsulfoxide FPercentage %o
Fig.(36) Effect of organic Solvent on the Retertins of

4-aminodiphenylammonium chloride as eluent.

BB

Optector 0
Fa-+10.1FPPM

(1]

Fig. (3-7): Chromatogram of 0.1 ppm F&, conditions were the same as in Fig. (3-6), exceysing
5% DMSO.
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3-2 CHROMATOGRAPHIC ANALYSIS:

Some singly and doubly charged cations at diffiereancentrations were
chromatographically analyzed at least three timiéls Bionex lon Pac CS3 column, with
optimized mobile phase eluent. The analyzed catlemge given relatively sharp and
symmetrical peaks as well as good detector respdingeretention times for all analyzed
cations were repproducible. THRSD in tr were ranged from (0.099-0.825) % with an
average of (0.435) %. TH€ anda values gave the same results since it is closddyead
to thetr of the analyzed ions. The large differences betvibe retention times of these
cations have produced good resolution between #akgpas shown in table (3-3).
Consequently; the possibility of separating thes®rs in mixture has been achieved.

Table (3-3): Retention times, resolutions and peaksymmetries at 10 % for some cations using

Dionex lon Pac CS3 column (4(i.d) mm x 250 mm), edat 1x10" M 4-aminodiphenylammonium

chloride at pH 5.80 in 5% DMSO, using unsuppresseconductivity detector.

Retention Resolution , R Peak Asymmetry
time, & at 10%
(min.)

R I
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The peaks asymmetries for the chromatograptegmns were ranged from
(1.11-1.41). The resolutidRs ranged from (0.98-1.24) with an average valueL@10)
as listed in table (3-3). Mixtures of some catiomere chromatographed using the
optimized conditions are shown in Fig. (3-8) aned}3In conductivity, positive position
peaks were produced in this work because of theilengihase has a very low
conductance than the sample cations. We have sifficailties in separating the studied

cations especially the first two were overlappiraguwred, although partial overlapping

separation of F& from F&? was obtained. This may be due to the large condiies of

these cations, which caused overlapping peaksaassim Figs. (3-8) and (3-9).

time (min_]

Fig.(3-8): Chromatogram of a mixture of fourcations{(1) 0.5ppm Li*},(2) 1.5ppm B&2(3) 2ppm
Fe, (4) 2.5 ppm F& (4) }, using Dionex lon Pac CS3 column (4(i.d) mm 250 mm) with eluent
concentration 1x10° M 4-aminodiphenylammonium chloride at pH 5.80 in 3% DMSO , flow rate

1ml/min, Sample loop 10uL using unsuppressed condiinty detector.
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- time [Imm.]

Fig.(3-9): Chromatogram of a Mixture of three catians {(1) 1.5ppm B&?(2) 2ppm Fé?(3) 2.5ppm

Fe" } using the same conditions as in Fig.(3-8).

However, the separation of other cations possiblegh as the case in the
separation of mixture containing BeFe™ and Li"* as shown in Fig.(3-10). Symmetrical
peaks were obtained, although they were relativelgader which explained the

diffuculty in separation of more sample components.
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L}

'4.PEI .5_;'_|

v time {min.]

Fig.(3-10): Chromatogram of a mixture of three catns {(1) 0.5ppm L{,(2) 2ppm F€?, (3) 2.5ppm

Fe"}, using the same conditions as in Fig.(3-8).
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3.3 QUANTITATIVE ANALYSIS:

Different concentrations of each analyte catidm®matographed at least 3 times
and the peak area was measured and averaged foc@acentration. The average pea
area of each concentration was plotted versus tbaicentration.

Linear calibration curves were obtained for alalgned cations from at least 10
ppm down to the detection limit of each cation. [€a§8-4) lists the linear least square
equations for the analyte calibration lines.

The correlation coefficients were ranged from 992-0.9998). The detection
limits were ranged from [0.025-0.10] ppm. The slomdues showed relatively high
values which ranged from (0.0098-0.1342) with aerage value for the four cations of
(0.058525) as shown in table (3-4). Calibration swf cations studied in this work were
plotted as shown in Fig. (3-11) using unsuppressaeductivity detection.

Table (3-4): Linear Equation, Regression (R) and Qtection Limit for the analyzed cations using
Dionex lon Pac CS3 column (4(i.d) mm x 250 mm), efut 1x10" M 4-aminodiphenylammonium
chloride at pH 5.80 in 5% DMSO flow rate 1 ml/min, sample loop 10uL using unsuppressed

conductivity detector.

Linear equation Regressionf Detection

R limit (ppm)

”
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Calibration Curve of Li

y = 0.0098x + 0.155
R?=0.9991

Calibration Curve of Ba

y =0.0218x +0.1339
R%=0.9995

8 6 4

Conc. (ppm)

Calibration Curve of Fe(ll)

y =0.1342x +0.1683
R?=0.9998

8 6 4

Conc. (ppm)

Calibration Curve of Fe(lll)

8 6 4
Conc.(ppm)

W o

y =0.0683x + 0.174 |
R? =0.9998

6 4

Conc.(ppm)

10

Fig (3.11): Calibration Curve for four cations, atthe same conditions as in Fig. (3.8)
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Prepared standard mixture solutions of the analyzgihns were injected for at least 3
times under the same condition and their conceotratere calculated by measuring the
peak area of each ion and using their respectiegatiequations.

The recovery were ranged from (88.40 — 96.20) % waih average of 93.1075 % as
shown in table (3-5).

Table (3-5) : Recoveries for the analyzed cationsing unsuppressed conductivity detector.

Concentration Concentration

injected found (calculated) %

(ppm) (ppm) recovery

Using the linear equation for each ion.
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3.4 INDIRECT PHOTOMETRIC DETECTION STUDY:

The same eluent with the optimum conditions anith WD detection wavelength

at 342.5 nm, was used to separate cations sudth‘asRa?, Fe”and F&%) which did not

absorb or give any signal at this wavelength., éftge, they can be used to eluent
inorganic cations and detected indirectly becatgsbese cations danhave absorbance
at 342.5 nm, while 4-aminodiphenylammonium chlorgdere higher absorbance at this
wavelength.

Different concentrations of each analyte cationsewehromatographed at least 3 time
and each peak area was measured and averagedticcaeentration. The average peak
area of concentration was plotted versus their @oination.

Calibration curvs were obtained are shown in FiglABusinglPD at 342.5 nm.
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Calibration CurvesfLi” Calibratip Curve of Ba*2
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Fig. (3.12) Calibration Curve for four cations, ushg the same conditions as in Fig. (3.8). Using IPD

at 342.5instead of unsuppressed Conductivity Detemt
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Linear calibration curves were obtained for all lgp@d cations from at least 10 ppm
down to the detection limit of each cation.

Table (3-6) lists the linear least square equationghe analyte calibration lines. The
correlation coefficients were ranged {0.9990-0.999%he detection limits were ranged
from [0.02-0.05] ppm. The slop showed relativelyghivalues (compared to un-
suppressed conductivity detection method) whiclyednfrom (0.0181-0.0204) with an
average for the four cations of (0.019325) asdigtetable (3-6).

Table (3-6) : Linear Equation, Regression (R) and Btection Limit for the analyzed cations using
Dionex lon Pac CS3 column (4(i.d) mm x 250 mm), edat 1x10° M 4-aminodiphenylammonium

chloride at pH 5.80 in 5% DMSO, flow rate 1 ml/min,sample loop 10uL using Indirect Detection
Wavelength at 342.5 nm.

Linear equation Regression Detection

limit (ppm)

Prepare standard mixture solutions of the analyadns by IPD were injected for at
least 3 times with same condition and their conegioh were calculated as described

earlier using their IPD respective linear equations
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The recovery were ranged from (95.00-97.60) % waiitaverage of 95.975 % as listed in
table (3-7).

Table (3-7) : Recoveries for the analyzed cationssing IPD method wavelength at 342.5 nm.

Concentration Concentration

injected found (calculated) %

(ppm) (ppm) recovery

7.6D

6.30

(6]

5.3

" Using the linear equation for each ion.

A comparision between UV-Visible and unsuppressaadactivity detections showed

that the slope values for the four cations withdrativity detection were less than that
using IPC detection, which indicates a greater seitgifor IPD.

The detection limit values were also higher thathvaonductivity. The recovery were

lower with conductivity detection. This can be rdittited to the influence of changing in
temperature during analysis and from day to daytarttie boarder peaks obtained with

conductivity compared to that of IPC method.
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Mixture of cations were chromatographed using ¢ipgimized conditions are
shown in figures {(3-13)-(3-15)}. As mentioned befoin IPC, negative position peaks
would be produced with this technique and that vileeecase in this work. This indicate
that these peaks were for cations that displacedsities on the stationary phased tha
have been occupied by the flowing eluent givingeardase in the base-line absorbance
which has been offset prior analysis.
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Fig. (3.13): Chromatogram of a mixture of four catbns {(1) 0.5ppm Li", (2) 1.5ppm B&2 (3)

2ppm Fe?, (4) 2.5 ppm Fé& 1}, using Dionex lon Pac CS3 column (4(i.d) mm x5 mm) with
eluent concentration 1x10 M 4-aminodiphenylammonium chloride at pH 5.80 in 8% DMSO ,

flow rate 1ml/min, Sample loop 10uL using Indirectphotometric detection at 342.5 nm.
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Fig.(3-14): Chromatogram of a mixture of three catns {(1) 1.5ppm B&, (2) 2ppm F&?(3)
2.5ppm Fé*} using the same conditions as in Fig.(3-13).
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L 2 i A il A il Al At A A A A LA A A A

Fig.(3-15): Chromatogram of a mixture of three catns {(1) 0.5ppm L%, (2) 2ppm Fé&? (3)
2.5ppm Fe3} using the same conditions as in Fig.(3-13).
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The figures {(3.13), (3.14) and (3.15)} represem separation of three cations which
have given symmetrical peaks (except foiFavith good resolution in less than 4

minutes.

The peak asymmetryies for the chromatographic atiere ranged from (1.30-1.54).
The RSD in# were ranged from (0.075-0.723)% with an averag® 851) %.

The resolutin Rs ranged from (1.20-1.60) with aerage value of (1.41).

Table(3-8) lists some of the chromatographic pataredor the analyzed cation.

Table (3-8): Retention times, resolutions and peaksymmetries at 10 % for some cations using
Dionex lon Pac CS3 column (4(i.d) mm x 250 mm), etut 1x10" M 4-aminodiphenylammonium
chloride at pH 5.80 in 5% DMSO, using UV-Visibledetector.

Retention Peak Asymmetry
time, & at 10%
(min.)
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3.5 CONCLUSION:

For both unsuppressed conductivity and indireattgmetric detection, the ion
exchange eluent play an important role in both g¢hparation and detection of UV-
transparent ionic species. It is found that in IB@ eluent have provided a simple
chromatographic method for the analysis of dividm@c species using conventional
HPLC equipment with UV detector.

4-aminodiphenylammonium chloride eluent was used the separation and
detection of the small singly charged, multi chagend triply charged of common and

transition inorganic cations, such as*{LBa’ Fe? and F&%) with capacity factorsK)

ranged from (1.70-2.44) using single cation exclkeargplumn. The peaks were
symmetrically shaped and well resolved with an agervalue of Rs (1.076). The RSD in
tr was averaged (0.435) %. The average recovery 9&d1) % , with unsuppressed
conductivity detection. But IPD has given peak syetmnranged from (1.30-154) , and
the average value of Rs (1.41). The RSDkiaveraged avalue of 0.351 % . The averag
recovery was (96.00) % .

Quntitative chromatographic analysis of four aagsiowas performed using
conductivity and UV detection at 342.5 nm. Bothed#rs have given a linear calibration
curves from their detection limits to at least Ifhp A mixture of four cations (L,
Ba'?, F€? and Fé&%) have been base-line separated using IPD techniquess than 4

minutes.
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3.6 SUGGESTION FOR FUTURE WORK:

We suggest the following for future work:
1.Using other cation exchanger column from différppliers for comparison.

2.Use gradient elution which is possible with IPDt not with conductivity.

3.Separate large and multi charged inorganic alsaselrganic cations in amixture
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SUMMARY

Cation exchange chromatography with both unsugpresconductivit
detection and indirect photometric detection (IPiwdes were used for the separa

and detection of inorganic cations. Salt of weagebdiphenylamine has been use a
an eluent for several cations both with unsuppressaductivity detection and IP :
4-aminodiphenylammonium  chloride  possess ion  exghan capability,
chromatographic selectivity and large molar absaitpt

4-aminodiphenylammonium chloride showed a good romiatographig
performance toward the analysis of the cationsh{wh, Barium, Iron Il and Iron 111 ]
using conventional HPLC equipment with either caoitity or indirect UV
detectors. The analysis of these cations usingQ(i 1) 4-aminodiphenylammoniu
chloride at pH 5.80 in 5% DMSO, with Dionex lon P@83 Column, and 1ml/mi
flow rate was achieved with unsuppressed colummwctivity and IPD at 342.5 n
detection. Chromatogram of a separation mixturestaioing four cations (Lj
Ba?,Fe? and F&%) and other mixture have given well separated peslsg |IPD
technique. The capacity factor K for the analyrations were ranged from (1.
2.44), peak symmetries was ranged from (1.11-1at) resolution with an averag

value of (1.310) was optained. The average RSDtfavas 0.435%. The average

|
recovery was 93.1075 % and the average relativee percentage was 6.77 % w

unsuppressed conductivity detection . However,qu$iD, the peak symmetry }
ranged from(1.30-1.54), and an average value aflugs of 1.41 which indicate H
good chromatographic performance. The RSDriavieraged 0.351 %. The avers
value of recovery was 95.975 %.

Calibration curve for all analyzed cations weresér from their detection limj
to at least 10 ppm. The correlation coefficientstfee linear calibration curve we
ranged from (0.9991, 0.9998) with both detectiahieques. The detection limit '

ranged from (0.025, 0.1) ppm for unsuppressed adiwily detection compared tp
(0.02, 0.05) ppm for IPD.
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