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Chapter One INTRODUCTION

CHROMATOGRAPHY
1.1 DEFINITION OF CHROMATOGRAPHY:

Chromatography is a method of chemical analysis pnodessing that is
rapidly replacing some of the more traditional t@ghies of sample identification
and purification”. Chromatography is the general name given to tegoads by
which two or more compounds in a mixture are phatgicseparated themselves by
distributing between two phases: 1) a stationagsphwhich can be a solid or a
liquid, supported on a solid; and 2) a mobile phaster a liquid in which case
the technique is called liquid chromatography (dC)Lor a gas called gas
chromatography, (or GC) which flows continuouslyotigh the stationary phase.
The separation of individual components resultsarily from differences in their
affinity for the stationary phag®. A sample mixture is introduced into the mobile
phase of a chromatograph that carries it to the loéa column, which is the heart
of the separation system. Because all compound® thfferent molecular
properties (e.g., polarity, molecular size, boilpmnt), separation of the individual
components in the mixture occurs and they eluteftbe end of the column at
different intervals. By monitoring the eluting cooymds with a suitable detector,
qualitative and quantitative analysis can be adudeor purified compounds are
recovered. Separation is; therefore, based on differencesigration rates

among the sample componefits

1.2 HISTORY OF CHROMATOGRAPHY:

Chromatography was discovered and named in 190diblyael Tswett, a
Russian botanist, when he was attempting to separalored leaf pigments
(chlorophyll) by passing a solution containing th#mough column packed with
adsorbent chalk particles. The individual chlordpbgssed down the column at

different rates and was separated from each other.
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The separated pigments were easily distinguishedlased bands hence the term
comes from, chrom (color) + graphy (writing).

The next major development was that of liquid-lajui(partition)
chromatography (LLC) by Martin and Syn{féin 1941. Instead of only a solid
adsorbent they used a stationary liquid phase dpos&r the surface of the
adsorbent and immiscible with the mobile phase. Haenple components
partitioned themselves between the two liquid pbasecording to their
solubilities. For this work, Martin and Synge rees Nobel Prize in chemistry in
1952.

In the early days of column chromatography, reakdentification of small
qguantities of separated substances was diffiouipagper chromatography (PC) was
developed. In this "planar" technique, separatemsachieved on sheets of filter
paper, mainly through partition. Appreciation oktlfull advantages of planar
chromatography then led to thin-layer chromatogyapfiLC), in which
separations are carried out on thin layer of adsdrsupported on plates of glass
or some other rigid material. TLC gained populasyer the classic work by
Stahf? in 1958 standardizing the techniques and mateunigsl. To aid or enhance
the separation of ionic compounds by PC or TLCelactric field can be applied
across the paper or plate. The resulting technigueseferred to as paper or thin-
layer electrophoresis, respectively.

Martin and JaméR first described GC, in 1952 and has become thet mos
sophisticated and widely used of all chromatographethods, particularly for
mixtures of gases or for volatile liquids and ssli@eparation time in a matter of
minutes have become commonplace even very complextunes. The
combination of high resolution, speed of analysisgd sensitive detection have

made GC a routine technique used in almost evasgndal laboratory.
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High-performance liquid chromatography (HPLC) ipidly becoming as widely
used as gas chromatography and is often the pedféachnique for the rapid
separation of non-volatile or thermally unstablegtes®.

Table (1-1) shows a complete classification schéhe.classification scheme lists
not only the states of the two phases but also dbefiguration of the
chromatographic bed. There are two popular condigoms for the bed, a column

and a planar surfac®
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Table (1-1) Classification of Chromatography Techrdques®

Mobile Gas Supercritical fluid Liquid
Phase /\
Stationary liquid solid liquid solid  liquid solid
Phase /\ ﬂ\
Adsorbent Mol stev Adsorbent Bedd Mol sieve lon exchange
resin
Configuration
Column  Column Column Column Plane Pla@®lumn Column Column Column
Name Gas liquid as solid &aptical fluid Liquid liquid Thin layerLiquid solid Bonded phase Size lonfetme
(GLC) (GSC) (SFC) (LLC) (TLC  (LSC) (BPC) exclusion (IEC)
Paper (SEC)
(PC)
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1.3 BAS SOF THE SEPARATION PROCESS:

Chromatographic separation process based on tfeatite in the surface
interactions of the analyte and eluent molecule$.us consider a separation of a
two-component mixture dissolved in the eluent. Assuhat compone®t has the
same interaction with the adsorbent surface asleng and componer has
strong excessive interaction. Being injected ihedolumn, these components will
be forced through by eluent flow. Molecules of doenponen® will interact with
the adsorbent surface and retard on it by the saayeas an eluent molecules.
Thus, as an average result, comporfentill move through the column with the
same speed as an eluent. Molecules of the comp&héeing adsorbed on the
surface (due to their strong excessive interactiosissit on it much longer. Thus,

it will move through the column slower than theezitiflow®

1.4. GAS CHROMATOGRAPHY:

In (GC), the sample is injected and vaporized ¢if @ gas) into the head of
the chromatographic column. Elution is brought abloy the flow of an inert
gaseous mobile phase (carrier ddsJhe separation mechanism in GC involved
two kinds of interactions, one between the solut#enules themselves and the
other between the solute and the stationary pH4s&’he most important
parameters for separation of sample componentsharaeature of the stationary
phase and column temperatffe In general, GC can be used to analyze volatile
and thermally stable samples, and this is not atdtran imposed on liquid

chromatographyy’.
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1.5 LIQUID CHROMATOGRAPHY:

The separation of sample components as they pags the column is due

to differential distribution of the sample compoteehetween liquid mobile phase
and stationary pha$®. There are two types of LC, classical and higliquerance
liquid chromatography (HPLC).

Classical LC use a large column (~ 50x 2cm) packitd stationary phase
of large particles size (50-250um in diameter) danwoelumes in the millilitres
range are often common. The mobile phase is génayavity-fed at low flow
rate, because the deep pores of the packing Imasss transfer, the analysis times
are usually in order of houf8. Liquid chromatography techniques can be used for
the determination of ionic species as well as otwnpounds'®. However,
HPLC uses high pressure to force solvent throughed columns containing very
fine stationary phase particles that give high lkggin separations .The HPLC
systems consist of a solvent delivery system, gpkamjection valve, a column, a
detector, and data processing device or a compateontrol the system and
display results. Some systems include an oven domperature control of the
column

The HPLC uses stainless steel or plastic columaisaite 5-30 cm in length,
with an inner diameter of 1-5 mm. The typical paeisize packed in an HPLC
columns are in the rang of 3-10um to increase wéisol afforded by decreasing
the particle size. HPLC requires pressure of ~ T#@& (1000-6000 pounds/infdh
to attain flow rates of ~0.5-5ml/mii”.These components and other factors that
give the quality of a high performance chromatofgrapseparation. The
chromatographic efficiency is usually expressedngynumber of theoretical plate
(N) which is related to the retention of the solutg ¢compared with the width of
its peak at base lin&\(,).

N=16 {/Wy) 2 -----mmmmm- (1-1)
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The efficiency parameté¥ is useful when comparing chromatographic separatio
under different conditions and is related to theighie equivalent to
theoretical plates, [HETP], H by:

WhereL is the length of the colunftf. The efficiency of separation in HPLC is
higher due to the large number of mass transfeilieqa obtained with small
values ofH. This resulted from using small particle sizeldd stationary phase as
describe by Van-Deemter and othé&fs Resolution () is the efficiency of a
chromatographic system; it defines the degree jpdrs¢ion between twadjacent
peaks?.

Rs= 2 (tro-tr/ Wt W) ---mmmmmmmmmmmaeeee (1-3)
Wheretg, andtr; are the retention times amid; and W, are the widths of the
peaks at the base line, of peaks 1 and 2, respfctivhe larger resolution is better
the separation. Resolution may also be describedhlse terms, efficiency,
selectivity, and capacity factors as shown in tpeagion below?

Rs = 1/4 (N)™ [(0-1)] [(K 2)/1+ K] - (1-4)
Where @) selectivity, andK,) capacity factor.
The small particle sizes represent a good compmbesween efficiency, pressure
drop, analyses time, and reproducibility of packimtPLC is not limited in
application by component volatility or thermal sty as in GC, this makes it the
method of choice for the analyses of most knownpdesnincluding polymers,
polar, ionic, and thermally unstable material. Cleaf stationary phase and proper
control of the composition of mobile phase can leabetter separation and high
column efficiency. Other advantages of liquid chadbography methods in that
many detectors that are used in HPLC are non-d#steu thus facilitating sample
recovery and providing the opportunity for subsedspectro-analytical and other
studies™®. HPLC has been used for analysis of wide variétplmrmaceutical

products, body fluid, and environmental sam@&s
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1.6 MODESOF LC:

Liquid chromatography can be classified into maksses based on the
type of stationary phase interaction with samplmponents as well as with the
mobile phase. Among these modes are adsorptiotitignarion exchange and ion
pair chromatography in addition to other specialde® of separatioft®
Separation modes can be chosen for a particulalicappn depends on the
properties of analyte to be separated, and carptmiaed by choosing different

combination of mobile phase and stationary phagenais*°.

1.6.1 NORMAL PHASE (ADSORPTION) CHROMATOGRAPHY:

This mode of separation was the first discoveredmfoof liquid

chromatography or liquid-solid chromatography (LSQ)is type of separations is
usually called normal phase mode. The basis fomabphase separation is the
selective adsorption of the polar sample compontentbe active adsorbent sites
on the surface of the stationary phase. Adsorptbromatography has been
performed on hydrophilic adsorbents such as sdivé alumina with nonpolar to
moderately polar solvent&

It involves no partition of the sample solute ie #tationary phas&” Therefore,
careful adjustment of the polarity of the mobileapl for stable activity of the
polar sites is needed for reproducible separ&fidine solute is adsorbed when the
attraction forces between the solvent and the splahd the solvent and the
stationary phase. Attraction forces are hydrogerdbuy, van der Waals, acid-base
and complexation interactio®). The effectiveness of separation depends upon
adsorbent, which should have large surface areaitdrm size'*?).

Normal phase is used in the conventional sensedannsystem in which the
stationary phase is more polar than the mobile g@hBended phase appear to be

slowly replacing traditional solid silica and aluraias adsorbents in normal-phase
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LC, although silica and alumina still find wide epd use. Functional studies of
liquid-solid adsorption chromatography LSC contitite appeaf’.

1.6. 11 REVERSED PHASE (PARTITION) CHROMATOGRAPHY:

The interaction and separation in partition chragedphy (reversed phase
mode) are based on non-polar stationary phase. rétamtion of an analyte
depends on the degree to which it is partitiondd imquid organic stationary
phase and determined by the hydrophobic interastidranalyte with a relatively
polar mobile phasé®.

Partition chromatography is usually carried outhwitquid stationary phase.
The liquid stationary phase is bonded chemicallartoinert solid surface. The
main advantage of this bonded stationary phads guite stability which can not
be easily removed or lost during (e

Reversed bonded phase chromatography (RBC) invadveelatively non polar
stationary phase that is used in conjugation wilaipmobile phase to separate a
wide verity of less polar soluté?. Two fundamental types of stationary phase are
used; the most common being non-polar groups boodesllica. The most often
used are the organic groups —KsH,7, and —GgH3,. Of these the 18-Carbon
chain (the octadecyl group) is the most commonatiieviation ODS and,gare
used for this type of stationary phase. The sedgpd of stationary phase solid
support used for reversed phase chromatographynmgased of organic polymer
beads. A typical polymer is a resin composed ofysigtene cross-linked with

divinyl benzene.
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Reversed phase is quite popular since the pealevarsed phase separation tend
to be narrow and symmetrical and the adsorptiomadsorption equilibrium
reactions tend to be fa$. The functional groups that are usually used @sdi
stationary phase may be aliphatic or aromatic hyahlmon, amino, cyano, ion
exchange groups such as sulfonic acid and quajearamonium derivatives.
These attached functional groups to the suppory @la important role in
separation of sample componefits

1.6. 111 TON EXCHANGE CHROMATOGRAPHY:

lon exchange chromatography (IEC) is an electastaéthod for separation
of ionic species based on their differential mignaton an ion exchange column
@Y The column contains the stationary phase, oftetalslyi modified silica or
resin particales. The most commonly used resionrexchange chromatography is
the styrene/divinylboenzene copolymer. Functionabugs are placed on the
benzene rings to provide the ion exchange sitegeding on the type of ions that
are available for exchange on the resin (R), tloegas may be called cation or
anion exchange chromatogragf® The mechanism of interaction of the solutes
with the stationary phase determines the classificaof the mode of liquid
chromatography. In ion chromatography the basteraction is ionic. The
stationary phase is charged due to fixed aniomsitbons, which are neutralized by
counter ions of the corresponding opposite charfjee counter ions can be
exchanged by other ions either from the mobile phasfrom the sample, hence
the name ion-exchange chromatograffly lon exchange reactions are usually
reversible; the ion exchange process can be describ terms of equilibria
equationd®?,

10
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Figure (1-1) illustrates the principle of retentiby exchange of anions in anion-
exchange chromatography and equation (1-5) descitilas equilibrium.

ION EXCHANGE
INSIDE A PORE IN THE STATIONARY PHASE
SAMPLE IONS IN

P - COUNTER 1085 OUT
_. - MOBILE PHASE
Far ADDITIVES
1. INJECTION — T

2. ADSORPTION: c =
DISPLACEMENT OF _

COUNTER 1ONS
3. ELUTION

Figure (1-1) The principle of retention by exchange of anions in anion-

exchange chromatography.

The functional groups on the stationary phase saréae fixed positively charged
species (M). At equilibrium these positively charged functad groups are
neutralized by the counter ions from the runnindgileophase (G. In the second
and the third steps, the anionic sample compon@)senter the column and
distribute between the stationary and the mobikesph by displacing the counter
ions, and being displaced by the mobile phasebac& and forth.

11
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The distribution equilibrium is determined by th@mgpetition between the sample
components and the anions of the mobile phase enclfarged sites of the
stationary phase. The electroneutrality of theitsmh must be maintained during
the ion-exchange process; therefore, the exchangfeichiometric so that a single
monovalent anion Adisplaces a single monovalent counter ion The process of
cation retention is similar, however, the statignainase is negatively charged and
the counter ions are positively chargéd. The terms stronge or weak ion
exchanger refer to the acid/base strength of thetional groups. Sulfonic acid, R-
SO3 H', and carboxylic acid, R-CO®", functional groups, are considered as
strong and weak cation exchangers, respectivelijelie quaternary ammonium
group, R-N (CH3)3 CI, and the tertiary group, R-N(CH2CH3)2HCI, are
considered as srong and weak anion exchangergctesgy “?. lon-exchangers
are characterized both by the nature of the maged as a support and the nature
of the ionic functional groups on the surface.

Some of the common types functional groups usedidan exchange

chromatography are listed in table (1-2).

12
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Table (1-2): Types of functional groups commonly wd in ion Exchange

chromatography.

CATION EXCHANGERS ANION EXCHANGERS

Sulfonic acid -S@ H* Quaternary amine -N(CHZ)OH
Carboxylic acid -COOH" Quaternary amine-N(CHZEtOH)" OH
Phosphonic acid POH" Tertiary amine -NH(Ck)," O

H
Phosphinic acid HPOH" Secondary amine -N¥CHs)," OH

Phenolic -OH"

Arsonic -HAsQ H*

Cation-exchangers functional groups can functiorsash only when they are

ionized, therefore they are classified into stromgd and weak acid types
accordingly. The strong acidic functional groupe #@nized over a wide pH
range, in contrast to the weak acidic functionaugs, which are ionized over a
limited pH range. Sulfonic acid exchangers ar@rgjracid types, whilst the
remaining cation-exchangers’ functional groups abl€ (1-2) are weak. The weak
acidic functional group requires the use of pH Pkighthan its pKa.

Similarly, anion-exchangers are classified as sgfroand weak base
exchangers. Quaternary amine functional groups fsirong anion-exchangers,
whilst less substituted amines form weak base exgdra. The strong base will be
positively charged over a wide pH range, therefoiebe able to function as an

anion-exchanger, in contrast to the weak anion-&xgérs.

13
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A weak anion-exchangers Resin-NH2 for example, irequoH sufficiently low
enough to protonate the amine group into Resin-NH3Aost of the ion-
chromatography separations, using silica or poljgnen exchangers perform on
strong anion-exchanger (SAX) or strong cation ergleas (SCX). The types of
matrixes used as support for stationary phase®nnchromatography can be
divided to three: silica-based, synthetic orgaratymers and hydrous oxid&g.

In the stationary phase, the ions are immobilized i& travels through column in
the mobile phase. The separation of analyte ioments upon the differential
affinities of a functional group for different agted ions. The relative affinities of
analyte ions for the stationary phase are knowthasselectivity. Selectivity is
optimized by many parameters including type of fioral group of the stationary
phase, and concentration and characteristics anelions®?. The first two
parameters determined by the design of the ion agh column and usually
optimized for anions, or cations. The other paransetan be adjusted by the

analysis.

The variable number of functional group sites ie #gtationary phase is
known as the capacity and it is usually expresseiti@ number of equivalents per
gram of resin. A higher capacity results in longeention of the analyte ion. It is
independent of selectivity; “capacity can be inesghor decreased without altering
selectivity” ® andis determined by taking a weighted amount of théona
exchanger in the Horm, replacing the Hwith standard alkali metal, and titrating
the librated H with standard base. Anion exchangers in CI form are treated
similarly using an appropriate counter ion to ldterthe OHor CI, which then
titrated with standard acid or Agrespectively®®. Weak acid and base ion

exchangers have capacities that are pH dependent.

14
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The high selectivity for Hon a weak acid exchanger and @4 a weak-base ion
exchanger, which is due to association, is resptmr the pH dependente

lon exchange chromatography has been applied ®iséparation of variety of
charged organic and biochemical systems includiugs] amino acids, vitamins
as well as inorganic ions.

The classical application of IEC concentrated Hgawn the separation of
inorganic ions, particularly closely related elensein the lanthanide and actinide
series, as well as other radioisotopes. Modern éghrtiiques can be adapted to
these separations, with important advantages imstesf automation, increase

analyses speed, and important assay precf§ion

1.7 DETECTION SYSTEM:
The detectors in HPLC are employed to continuounsbnitor the column

eluent. The detector signal is generally amplibad processed to a potentiometric
recorder to obtain a permanent signal record witie tof the analysis in the form
of a chromatograrf?”.

A wide variety of HPLC detectors have been devetbgwith high sensitivity
and universal detection requirements. The HPLC afiete can be generally
classified as either responsive to a change inptbperty of the mobile phase,
when a solute (sample component) is present orpimgerty of the actual solute
itself ®®. These include UV-Visible spectrometer, Refraciivdex, Conductivity,
Fluorescence and Electrochemical detectttsHowever, the detectors used for

the detection of ionic species are Conductivity,-\igible detectors and other.
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1.7.1 CONDUCTIVITY DETECTOR:

Electrical conductivity is a universal property & ionic solutions. The

conductivity is proportional to the concentratiorf the analyte after a
chromatographic system equilibrates with the elughe magnitude of the
response is proportional to the difference in catalce of the analyte. In order to
detect a small analyte signal it is necessary tpleynan eluent which gives a
relatively low conductance® 3% This system consists of suppressed and
unsuppressed conductivity detection.

The suppressed conductivity detection is basedhenuse of a two columns
arrangement followed by a conductivity detectoreTirst column serves to
separate the ions of interest, while the seconghr&ssor column, is another ion
exchange column of different functional groups, ethiacts to neutralize the
charge of the eluent ions. Although there are wfié designs for such columns,
these columns are packed with small polymer bdaasthese beads carry acidic
protons (H) on their surface of polymé&P. The suppressor column is, therefore,
used to lower the high eluent conductance, in otdesuppress the background
signal. The suppressor column becomes exhausteéte inourse of normal usage
and must be periodically generated or replaced.

The use of a suppressor column is not without @mBleventually the resin
becomes exhausted and needs to be regenerateth, izlmconvenient. Also, the
slightly ionized carbonic acid produces a smalltcarous base line conductance
signal, so that the vacancy peak from the sametion is detected and produces
a negative peak that can interfere with other daaiuting at that time .The use of
a second column also results in some zone broaglesiinvhich decreases the over

all efficiency of the analysis.
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The suppressor column may be in two designs:
A. a hollow fiber.
B. a sandwich.

The two designs are shown in Fig. (1-2)

(A) (B)

Figure (1-2): The design of suppressor column for ion chromatography:

(A) hollow fiber and (B) membrane sandwich.

The first problem has been involved using contirgjdlowing suppressor streams
that contact the chromatographic stream througbrays membrane.

The hollow-fiber ion exchange tubing packed witagtic beads to decrease
the internal volume and zone spreading has beat{{s®"

In anion analysis the agueous sodium hydroxide tsedute anions, such
as chloride, and nitrate, from a strong anion igokange column .The resulting
eluent, containing sodium, chloride, nitrate andirbxide ions, which passed
through a cation ion- exchange column (suppressionm) in the acid (H form.

The sodium ions were replaced by protons, conwgttie hydroxide ions to
virtually un-ionized water but leaving the chloridaed nitrate ions as the strongly
ionized mineral acid®.

17



Chapter One INTRODUCTION

(eluenty NaOH + HR ——> HOH+Ra
NaCl + HR —  H+CI+RNa
Na'NO; + H'R R H + NO; +R'Na’

The solutions of sodium carbonate or bicarbonaewlere used as the eluent, they
would be converted into the weakly ionized carb@ui and the conductivity also
effectively suppressed. The carbonate and bicatboiwas ,both of which are
basic ,combine chemically with the protons on theymer surface forming
carbonic acid which ,being unstable in aqueousuti®ol decomposes to carbon
dioxide gas and water in this way the carbonatelacarbonate ions are removed
from the solutior®?.
HCO; + H'

[HoCOy] H,O +CO,

CO242H ——»[H,CO] ———» H,0+CO

In unsuppressed IC, the second column is not {isddletection is not as good
because the eluting ions maintain a large backglatithe detector at all times.
Very good performance is still possible when sgecsuting (with low
conductance) or low concentrations are used. Hpsesents an indirect detection
mode because the eluting ion is displaced (chatgeamge) by the analyte ions as
they elute. Conductivity is normally not considetede an indirect detector even
though it does function in that mode in single-cofulC. Sensitivity transfer in the
indirect mode has been demonstrated with goodtes&uf®)

The signal in this simple method is proportionatie difference of the equivalent

conductivities of the sample and the eluting ions.

18



Chapter One INTRODUCTION

The sensitivity depends on the background conditiwhich is the total
conductivity of the eluent. Many investigations Bdween undertaken to achieve
high sensitivity detection by the selection of agprate eluent materials for
unsuppresser ion chromatography. Typical examples the used o0fis, 37)
salicylate®® *®as eluent in anion chromatography. Salicylateshasong eluting
ability, which leads to a low level of backgrour@hductivity.

Gjerdeet al. ®9 s the first who used direct conductivity detentio (1979). A
dilute solution of a carboxylic acid salt such asioate, phthalate in (20%) M
range were used as the eluent along with a lowaitgpan exchange column for
direct conductivity detection of common inorganidams at low ppm levels. In
this system a pH adjustment of the mobile phase faasd necessary to ensure
reproducible chromatographic performances.

Gjerde and Frit*> “? found that the sensitivity of conductivity detectiwas
increased when weak acid eluent, such as benzai; aten used in anion
chromatography. This effect was attributed to thdt ©f the acid dissociation
equilibrium in the separation column. However, theseline is likely to drift
because of the high background conductivity.

In this system, both positive and negative anghgaks were produced depending
on the equivalent conductance of the analyte compisrand the pH of the mobile
phase, which determined the ionic form of the aedty *> One characteristic of
the unsuppressed IC with conductivity detectiothesappearance of the injection

peak; this is due to the displacement of the eligrs by the injected iont& **)
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1.7.11 UV-VISIBLE DETECTOR:
This detector is functioning as a solspecific detector and may be used for

component that exhibit absorption in the UV-Visilbgion. Detection of some
ions is not generally applicable except at very Woave length such at 215rfr.
Many inorganic cations and anions do not have faamt absorption in UV-VIS
range of the spectrum; therefore direct detectem ot be used. However there
are cases where the ions can be detected diregttheir UV detection in the
(185-220) nm rang@&®

Cochrane and Hillmafi” have reported the separation of nitrate and nitrite
as examples of ions that can be detected as 20%lfowing their separation.
Other ions that can be determined at 205 nm atatacéormate, bromide, iodate,
iodide, bromate, and thiocyanate .Direct UV detetis difficult when separation
encountered one of the species is UV transparent.

The UV/VIS detector may also be used mirdirect mode. Small and
Miller “® reported this approach, as a detection technigueichic species.
Indirect photometric detection (IPD), in which tsparent sample ions were eluted
with a light-absorbing ion. The elution of samplas was observed as troughs in a
high absorbance background.

The indirect photometric detection (IPD) technigakso known as indirect
photometric chromatography (IPC) makes use of coinmeal HPLC equipment
with UV detectors for the analysis of transparemic species. The Mobile phases
in IEC-IPD should have the ability of displacingetlanalyte ions from the
stationary phase and selectively separating th&nThe eluent in (IPD) should
possess several characteristic such as ion excheagability, ion-exchange
selectivity and a large molar absorptivi§). The most common (IPD) mobile
phases used for anion separation are benzoatealgieth sulfobenzoate and

salicylate®® °)
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These eluents have showed good separation prédilesany analyte anions with
reasonably low detection limit¥ °®. However, the elution of analyte ions will be
determined by the effective charge of the eluehickvin turn is dependent upon
the pH of the mobile phase. Precise control ofrtiodile phase pH was found to
be important to ensure reproducible elution aneéntn times“" > In this
technique, the ion exchange column is first eqraléd with the light absorbing
eluent preferably at a very low concentration. Tresultant high background
absorbance signal is offsetted electronically. Ardase in the background signal
is observed as the non-UV absorbing analyte iceiuited from the columi® V)
Negative analyte peaks are obtained instead ofdhgentional positive peaks, as
shown Fig. (1-3).

Absorbance . Tramsmittance

Conventional UV detection—
. 100% 0%

Eluent gives
L—:\) increase in

Photo' absorbance

Flow '
cell diode

-Sample absarbance > eluent absorbance Positive peaks

Absorbance Transmittance
0%

Indirect UV detection— 100%

Eluent gives
decrease in

diode

Eluent absorbance > sample absarbance 100%
Negative peaks

Fig.(1-3): Comparison between Conventional and Indirect Photometric
Chromatography.
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The measured signal in IPD is the difference betwtbe base-line signal and the
signal when the analyte elutes. The observed si§nalay expressed as:

Szt (Ce-Cs) €-Ce€:=Cs (€s - €) ---------- (1-6)
Where Cs and £concentrations of the sample and eluent ionsecsely. € and
€ are the molar absorptivities for the sample anerm ions, respectively. Since
the molar absorptivity of the sample ions assuned,2q. (1-6) becomes:

&CsE - (1-7)
This relationship reveals that the response wilhlggh with a large eluent molar
absorptivity. However, the response alone is notsudficient measure of
performance; noise should be
consider as well. The base-line noise related & lhckground signal, which
controlled by the eluent concentration:

Noise (MCg ------------ (1-8)
It follows from equations (1-7) and (1-8) that thignal-to-noise ratio (S/N) is
equal to:

SINt CsCg/ Cg  ----------- (1-9)
This relationship shows that a small signal camseseng a very dilute eluent with
large molar absorptivit{® >%)
The signal -to noise ratio (S/N) in (IPD) is propanal to the analyte ion
concentration and inversely proportional to theeetuconcentration and detector
noise. In practice, very low eluent concentratiarmaild result in extremely large
retention volumes for the anions, and at the Imgittonditions analyte ions would
not be displaced by eluent ions from the ion-exgeai®>°.

Maki and Danielsor®® °” have used sodium naphthalenetrisulfonate as

mobile phase in anion exchanger chromatography Withdetection.
This mobile phase showed particular promise fordbparation and detection of
NO,~, Br", NO;~, SCV/, SCN-, and I- in less than 18 min. with detectiionit

0.4-1 ng for all anions.
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Changing the mobile phase to naphtholdisulfonate dlmwed the separation of
the same anions with detection limit of 0.2-10ng aaparation time of 8 minutes.
Comparison between indirect UV and direct conduigtivletection for anion
exchange chromatography using naphthalene monanditri-sulfonate as mobile
phase for the separation of the several aniongyumnmon exchange column has
been reported recentl§?). These three eluents required no pH adjustment with
detection limit for chloride 0.04 ng and 0.I ng kviconductivity and indirect
photometry respectivel§®.

Michio Z. ®® has used the eluent 0.7 M sulfosalicylic acid ciming 5x10° M
chlorophosfonazo Il as a color-forming reagenséparate Magnesium, Calcium,
Strontium and Barium. The separating ions aftersipgs through a cation-
exchange column were detected directly by a spatbopetric detector.

This mobile phase showed particular promise fordbparation and detection of
Mg*?, Ca? Si? and B&? in less than 15 min. with detection limit 2-50 fay all
cations. The separation and determination of alkaéarth metals have been of
great interest in analytical chemistry, becaussdhuaetals exist widely in nature
and occur together in significant amounts. Theyrs&eplay an important role in
the field of biology.

Small and Steven$®® have used the eluent 1.25%1M copper sulfate, which
absorbs UV at 216 nm for displacing ions to sepamadf Sodium, Potassium,
Calcium and Magnesium. This separation was achiexadg a split column
technique where in two columns of equal lengthdmritaining resins of different
specific capacities connected in series and apwtety switched with IPC
detection. This mobile phase showed particular genfor the separation and
detection of N§ K*, Mg*? and C&% in less than 10 min.
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Kazutoku, O.®" has used of a pure silica gel (Pia Seed 5S-60-Siirjthesized
by the hydrolysis of pure teratraetoxysilane [SIEQCHG;),], as a cation-
exchange stationary phase in ion chromatographgdommon mono- and divalent
cations (Lf, Na', NH,", K*, Mg** and C&"). Using aromatic monoamines at pH
5.0 as eluents, the Pia Seed 5S-60-SIL, silica aygbd as an advanced
cation-exchange stationary phase for these monb-daralent cations. Excellent
simultaneous separation and highly sensitive icthplotometric detection
at 275 nm for these cations were achieved on aSerd 5S-60-SIL column
(150 x 4.6mm i.d.) in 20 min with 0.75 mM tyramiffe(2-aminoethyl) phenol]-
0.25 mM oxalic acid at pH 5.0 containing 1.5 mM d8wn-6
(1, 4,7, 10, 13, 16-hexaoxacyclooctadecane) asltlent. Using dilute oxalic acid
(0.2 mM oxalic acid) as the eluent, the Pia See®®SIL silica gel also behaved
as an advanced cation-exchange stationary phasthdse mono- and divalent
cations. Excellent simultaneous separation and hhigbensitive indirect-
conductimetric detection for these cations were alshieved on the column in 20
min with 0.2 mM oxalic acid at pH 3.6 containingpInM 18-crown-6 as the

eluent.
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1.8 THE AIM OF THIS WORK:

Aim of this work is to analyses a variety of casoranging from small

singly charged ones to large and doubly charged tyi’, Na', K*, Mg™ and

Ca®) by indirect photometric detection (IPD) and comguawith unsuppressed
conductivity detection using diphenylammonium clderas eluent. This eluent
have a good ion exchange capability as well asge lmnolar absorptivity to allow

the use of very dilute mobile phase concentration.
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Chapter Two EXPERIMENTAL PART

2.11NSTRUMENTS AND EQUIPMENTS:

Two high performance liquid chromatograph were usetthis work one of

them was in the department of chemistry at AL-Nahtdniversity, Shimadzu
(Kyoto, Japan) which consisted of a system comrothodel SCL-10 AVP,
Conductivity detector model CDD-10AVP, a liquid sery pump model LC-
10AVP, a degasser model DGU-RA and Rheodyne manjeadtor model 3298
(USA), equipped with 10ul sample loop. The HPLCteys has been interfaced
with computer via a Shimadzu class-VP5 chromatdgragata system program
supplied by the manufacture; Epson LQ-300 printedeh P852A (Japan). The
other one was in the Chemistry Unit at AL-Nahrainiwérsity for Medicine,
Shimadzu (Kyoto, Japan) which consisted of a sydtemation controller model
FRC-10A, Diode array detector model SPD-M 10AVRjgaiid delivery pump
model LC-8AVP, a degasser model DGU-12AVP, Autceatpr SIL-10AVP,
equipped with 10ul sample loop. The HPLC system Ibesn interfaced with
computer via a Shimadzu class-VP5 chromatographtya dgstem program
supplied by the manufacture; Canon LBP 810 printer model (Japan).

Orion expandable ion analyzer model EA 940 equipwéd printer and glass
combination electrode were used to measure the plthe solution (USA).
Shimadzu UV-Visible spectro photometer model UV-A &% (Kyoto, Japan). The
UV-Visible system has been interfaced with compwiara Shimadzu UV-probe
data system program. Cation exchange column froomé& ion PAC HPLC-CS3
column (4 (i.d) mmx 250 mm, S/N 3583, P/N 037024).
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22CHEMICALS:

The chemicals were used in this work; include diptiamine, lithium

chloride, sodium chloride, potassium chloride, nesgymm dichloride, calcium
dichloride, methanol (analar), hydrochloric aciddism hydroxide. The above

chemicals and reagent were obtained either frorkaFtw BDH companies.

2.3 PREPARATION OF MOBILE PHASE:

All solutions and dilutions were prepared using odeied water
(resistivity ~ 18 M2).
A 1x10° M of diphenylamine stock solution was preparedadging 0.0423g of

diphenylamine to 250 ml volumetric flask containiagpout 5 ml of 0.1 M
hydrochloric acid and diluted to mark with deiordagater and mix thoroughly in
sonicator for 2 hour . A 1x10M was prepared by diluting 0.1 ml of 1x1M
diphenylamine stock solution and adding 60 ml ofepmethanol the pH of
solution was adjusted by adding 0.1 M sodium hydi® to reach pH 4.90, then
the volume was completed to 1 L with deionized wdtuent was degassed under

vacuum for 15 min.

2.4 SAMPLE PREPARATION:
Stock solutions of 1000 ppm of each cations’( N&', K, Mg and C#&)

were prepared, by dissolving the appropriate ansohtthe each analyte in the
same mobile phase in 100 ml volumetric flask acogrdo the amounts listed in

table (2-1) and dilute to the mark with deionizeatev. Store each volumetric flask
in a refrigerator. Other standard solutions weeppred by subsequent dilution of
stock solutions. The solvent used to prepare teekgions was usually the same
as the mobile phase employed for their separaifioxtures of four or more of the

above analyte were also prepared by mixing thegp@te volumes of the stock

solutions.
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Table (2-1): Weight of compound required to prepare 100 ml of a 1000 mg/L

standard solution.

_ Weight
Cation Compound (
g

Li* | Lithium (LiCl) 0.6108

Na" | Sodium (NaCl) W

K* [ Potassum (KCI) W

*2 I Magnesium (MgCl,.6H,0) W
ﬂ Calcium (CaCl,.2H,0)

25ANALYSIS OF SAMPLE:

All  prepared standard solutions and their mixturégve been

chromatographically analyzed on the cation exchangelumn with
diphenylammonium chloride at pH 4.90 as Eluentminaum flow rate 1 ml/min

with UV-Visible and conductivity detectors.
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