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precautions and chemical purity requirements.

2. Runthe Production Test Chromatogram asa system check. See Section 4.2, “ Sample
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3. See Section 4, “Example Applications’ for example applications.

4. See“Column Care” for column cleanup and long-term storage recommendation
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SECTIONI-INTRODUCTION

TheOmniPac PCX-500analytical column(P/N 042191) wasdevel opedtogreatly expand thesel ectivity avail abletochromatographers.
TheOmniPac PCX-500allowstheanal ytical chemist to utilizeionexchange, ionsuppression, ion pair, and reversed phasetechniques
onthesamecolumn. Thesetechniquescan beperformedina most any conceivablecombination, either simultaneously or inseries.

TheOmniPac PCX-500 utilizesamulti-phase col umn packing to combineion exchangeand reversed phasemechanismsinasingle
packing. Thecolumn packing of the Omni Pac PCX-500 consistsof ahighly cross-linked macroporous(high surfacearea) corewith
aneutral hydrophobicinternal surface. The ethylvinylbenzene/divinylbenzene polymeric coreisproduced inamanner sothat the
corehasareactiveexterior surfacetowhichapolymericcoll oid can beattached. Thispolymericcolloid, intheformof latex particles,
is functionalized to create acidic sulfonate groups, the cation exchange sites. The active cation exchange latex is permanently
anchored to the macroporous core of the column packing with an anchor latex.

Since the support material is polymer-based, ionic eluentsin the pH range of 0—14 can be used to affect selectivity and convert
molecular species into ionic compounds. However, to efficiently elute ions such as alkyl and aryl amines, it is necessary to add
organic solventsto the ionic eluent to prevent the organic analytes from being adsorbed by the ion exchange phase. The highly
cross-linked polymeric macroporous substrate allows the use of common HPLC solvents as eluent modifiers in multimode
separations.

Thismanual assumesthat you arefamiliar withtheinstall ationand operation of thel on Chromatograph (1C). If you do not understand
the operation of your system, take thetimeto familiarize yourself with the various system component manual s before beginning
an analysis.

The OmniPac PCX-500 analytical column has10-32 PEEK endfittings. If your chromatograph isnot outfitted with PEEK tubing,
itwill be necessary to make one or more Tefzel® liquid line connectionswith a10-32 PEEK bolt and ferrulefitting on oneend and
al/4-28 ThermoFlarefitting on the other end. See“ Dionex Liquid LineFittings’ for instructionson assembling these end fittings.
For any problemsthat have been encountered in shipping or that are not covered by the appropriate Installation Instructions and
Troubleshooting Guides, additional support can be obtained through any of the Dionex Regional Offices listed in “Dionex
WorldwideOffices.”

Table 1
OmniPac PCX-500 Packing Specifications

Column Particle Substrate Latex Latex Column Functional Hydrophobicity
Diameter X-Linking Diameter X-Linking Capacity Group
pm % nm % peq/column
PCX-500 Analytica Column 8.5 55 200 5 120 Sulfonic Acid Hydrophilic
(4 x 250 mm)
PCX-500 Guard Column 8.5 55 200 5 24 Sulfonic Acid Hydrophilic
(4 x 50 mm)
Table 2

OmniPac PCX-500 Operating Parameters

Column Typical Back Pressure Standard Maximum
psi (MPa) Flow Rate Flow Rate
mL/min mL/min
OmniPac PCX-500 Analytical Column (4-mm) < 2,500 (17.23) 1.0 3.0
OmniPac PCX-500 Guard Column (4-mm) < 800 (5.51) 1.0 3.0
OmniPac PCX-500 Column + Guard < 3,300 (22.74) 1.0 3.0

Alwaysremember that assistanceis available for any problem that may be encountered during the shipment or operation
of Dionex instrumentation and columns through the Dionex North America Technical Call Center at 1-800-DIONEX-
0 (1-800-346-6390) or through any of the Dionex Offices listed in, “Dionex Worldwide Offices.”
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SECTION2-INSTALLATION

Themajority of theapplicationsdevel oped for the OmniPac PCX-500 analytical columnuseUV/Visor electrochemical detection.
Additional system requirements for those applications that are best performed using suppressed conductivity detection are
discussed below in 2.3 through 2.6.

2.1 HPLC Compatibility

The OmniPac PCX-500analytical column canberun onaDionex gradient |on Chromatograph. PEEK (polyetheretherketone) has
excellent chemical resistanceto most organic and inorganic liquids. However, concentrated sulfuric acid, concentrated nitric acid
and methylene chloride will attack PEEK. Tetrahydrofuran at concentrations greater than 10% is not compatible with OmniPac
Columns.

2.2 Guard Columns
AnOmniPac PCX-500Guard Column (P/N 042195) can beused withthe Omni Pac PCX -500 analytical column. Retentiontimeswill
increase by approximately 20% whenaguard columnisplacedin-lineprior totheanal ytical column. A guardisplaced prior tothe

analytical column to prevent sample contaminants from eluting onto the analytical column. Itiseasier to clean or replace aguard
columnthanitisananalytical column.

2.3 System Requirements for Suppressed Conductivity

Thefollowing systemrequirementsarefor thoseapplicationsdevel oped for the OmniPac PCX-500 analytical columnthat arebest
performed using suppressed conductivity detection.

2.4 Installing the IonPac® Cation Trap Column (CTC-1)

When performing ion exchange applications that involve a gradient and suppressed conductivity, alonPac Cation Trap Column
(CTC-1, P/N 040192) should beinstalledinstead of aGradient Mixer betweenthegradient pumpandtheinjectionvalve. TheCTC-1
isfilled with high capacity cation exchange resin and hel ps to minimize the baseline change due to cationic contaminantsin the

eluent as the ionic concentration of the eluent isincreased during a gradient analysis.

When used properly the CTC-1will minimizebaselineshiftsduring thegradient analysi sby preventing tracecationic contaminants
from entering the eluent stream.

A. TheCTC-1lisinstalled between the Gradient Pump Module and the injection valve.

B. Connectthegradient pumpdirectly tothe CTC-1. Connect awastelinetothe CTC-1 outlet and direct thelineto awaste
container.

C. RinsetheCTC-1with30mL of a10 X concentrate of the strongest eluent that will be used during the gradient analysis
at theflow rate used inthe application (e.g., 2 mL/min for 15 minutes).

D. After flushing the CTC-1 with eluent, connect the CTC-1 to the eluent line that is connected to the injection valve.

E Thebackground conductivity of your system should be between 2 uSto 5 uS. The baseline shift should be no greater
than 3 uS during the gradient ramp. If the baseline shifts are greater than 3 uS, the CTC-1 should be flushed using the
initial operating conditions. At the end of each operating day, the CTC-1 should be rinsed of any impurities that may
have accumulated onto the CTC-1.

F.  Flushthe CTC-1with 30 mL of a2X to 3X concentrate of the strongest eluent used in the gradient.

G Priortothenext day useof thechromatographicsystem, flushthe CTC-1with 30 mL of thestrongest el uent of thegradient
program.
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2.5 MicroMembrane™ Suppressor Requirements

When performing applicationsthat require suppressed conductivity detection, aCation MicroMembrane Suppressor (CMMSIII,
P/N 056750) must beused. The CMMSI 11 iscompletely compatiblewithionic eluentsthat contain organic solvents. Thismanual
assumesthat you arefamiliar withtheinstallation and operation of the CMMSII1. If youarenot, takethetimeto review the Product
Manual for the CMMS 11 before beginning an analysis.

2.6 Using the AutoRegen™ Accessory and Eluents with Solvents

Tominimizethebaseline shift when performing an analysisthat requiresagradient, ahighregenerant flow rate (10-15mL/min) is
required. To save regenerant preparation time and reduce regenerant consumption and waste, Dionex recommends using an
AutoRegen Accessory (P/N 039594).

When using an AutoRegen A ccessory equipped with an AutoRegen Cation Regenerant Cartridgeand the Cation MicroMembrane
Suppressor (CMMSIII), itisnecessary toreplacetheregenerant onaregular basis. How oftentheregenerant isreplaced will depend
on the application and the concentration of the solvent in the eluent. Minimally, the regenerant should be replaced once aweek.
It is not necessary to change the AutoRegen Cation Regenerant Cartridge until it is completely expended.

The Cation MicroMembrane Suppressor (CMMSI11) continuously exchangesall of the eluent counter anionsfor hydroxideions
in the regenerant solution before the eluent stream enters the Conductivity Detector (suppressed conductivity detection). These
eluent counter anions are exchanged out of the regenerant solution and replaced with hydroxide ions by the AutoRegen Cation
Regenerant Cartridge. Thelevel of anionsother than hydroxidein theregenerant solutionisvery low until the AutoRegen Cation
Regenerant Cartridgeexpires.

Solvents in the eluent continuously diffuse through the membrane in the Cation MicroMembrane Suppressor from the eluent
channel into the regenerant stream and build up in the regenerant solution. However, the solvent isnot removed from therecycled
regenerant by the AutoRegen Cation Regenerant Cartridgeand continuesto accumul ateintherecycling regenerant solution stream.
Eventually the concentration of the solvent in the recycled regenerant can cause the background conductivity to increase which
can result in anoisy background. Solvent has no effect on the cartridge lifetime. Theionic strength of the eluent determines the
lifetime of the AutoRegen Cation Regenerant Cartridge.

CAUTION
When the solventis acetonitrile, the AutoRegen Accessory with the Cation AutoRegen Regenerant Cartridge canbe
used buttheregenerantshould notbe recycled through the Cation MicroMembrane Suppressor (CMMS III) because
acetonitrilebreakdown products resulting from prolonged exposure to the strong basein the AutoRegen Accessory can
affectsystem performance.

When replacing the recycled regenerant, the first 250 mL of the regenerant should be pumped to waste before recycling of the
regenerantisstarted. Utilizing AutoRegen A ccessory inthismanner will allow theuseof highregenerant flow rateswiththeminimum
of consumption and waste.
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SECTION 3-OPERATIONS
3.1 Chemicals Required

Obtaining reliable, consistent and accurate results requires eluents that are free of ionic and spectrophotometric impurities.
Chemicals, sol ventsand dei oni zed water used to preparetheel uentsmust beof thehighest purity available. Dionex cannot guarantee
proper column performance when the quality of the chemicals, solvents or water used to prepare el uents has been compromised.

3.1.1 Inorganic Chemicals

Reagent grade inorganic chemicals should always be used to prepareionic eluents. Whenever possible, inorganic chemical sthat
meet or surpassthe latest American Chemical Society standard for purity (the universally accepted standard for reagents) should
be used. These inorganic chemicalswill detail the purity by having an actual lot analysis on each label.

3.1.2 Solvents

Sincethe solventsused with OmniPac PCX-500 anal ytical column are added to aqueousionic eluentsto enhancetheion exchange
process, the solvents used must be free of ionic impurities. However, since most manufacturers of solvents do not test for ionic
impurities, it isimportant that the highest grade of solventsbe used. Currently, several manufacturersare making ultrahigh purity
solventsthat are compatiblewith HPL C and spectrophotometric applications. These ultrahigh purity solventswill usually ensure
that your chromatography is not affected by ionic impuritiesin your solvent. Currently at Dionex, we have obtained consistent
resultsusing High Purity Solventsmanufactured by Burdick and Jackson, and Optima Sol ventsmanufactured by Fisher Scientific.

3.1.3 Deionized Water

Thedeionized water used to prepare el uentsshould be Typel Reagent Grade Water with aspecific resistance of 18.2 megohm-cm.
Thedeionized water should befreeof ionizedimpurities, organics, microorganismsand particulatematter larger than 0.2 gm. Bottled
HPL C-Grade Water should not be used since most bottled water contains an unacceptable level of ionic impurities. Finaly,
thoroughly degas all deionized water prior to preparing any eluents.

3.1.4 Regenerant for Suppressed Conductivity Applications

For those applications being performed with suppressed conductivity, use, Dionex Cation Regenerant Solution (TBAOH, 0.1 M
tetrabutylammonium hydroxide, P/N 039602) to ensure maximum system performance. If you are not using the AutoRegen®
Accessory (P/N 039594) equipped with an AutoRegen Cation Regenerant Cartridge (P/N 039563), prepare several liters of the
regenerant.

3.2 Column Preparation

The OmniPac PCX-500 analytical column is tested to ensure that the column will perform ion exchange and reversed phase
chromatography simultaneously. The OmniPac PCX-500isshippedin 0.1 M KCI/0.05M HCI/32% acetonitrile.

Prior tousingthe OmniPac PCX-500analytical columnfor thefirsttimeor after long term storage, thecolumn shoul d beconditioned
using the following gradient program. Direct the column effluent to waste.

CAUTION
The OmniPac PCX-500 Analytical and Guard Columns require a minimum of 1% solventin the eluent to ensure that
the column packing is properly wetted and to maintain the integrity of the packed column.

When changing the eluentsolvent type or the nature of theionic strength in the eluent a 10 minute (or longer) gradient
from the old eluent to the new eluent mustbe performed.
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Low Pressure Limit = 300
High Pressure Limit = 3,000

Eluent 1: 95% Acetonitrile/Deionized Water

Eluent 2. 0.5M HCI/1.0 M KCl/1% Acetonitrile in Deionized Water

Eluent 3. 1% Acetonitrile/Deionized Water

Eluent 4: None

Time Flow %1 %2 %3 %4
(min) (mL/min)

0.0 1.0 0 0 100 0
15.0 1.0 0 0 100 0
30.0 1.0 0 10 20 0
40.0 1.0 0 10 20 0
45.0 1.0 20 10 0 0
60.0 1.0 20 10 0 0

TheOmniPac PCX-500analytical columnisthenequilibrated with eluent for approximately 30 minutesprior touse. Thecolumnis
fully equilibrated when two consecutive injections of the standard produce chromatograms with identical retention times.

3.3 Sample Injection

For most applications, al0pL to25uL injectionloopwill besufficient. Generally, do notinject morethan 10 nanomolesof any one
analyte onto the column. Injecting larger volumes of samples can result in overloading the column which can affect the detection
linearity and column efficiency.

Whenever practical, the chemical matrix of the sample should be matched with that of the eluent. Matching the sample matrix to
theeluent will minimizebaselineupsetsduetorefractiveindex and pH differencesbetweenthesampleand theel uent. WWhen matrix
matching, always run ablank to ensure that no impurities are added to your sample.

3.4 Column Selection

The OmniPac PCX-500 analytical columnisapellicular cation exchange columnwith arelatively high degree of hydrophobicity.
ThecolumnispH stablefrom 0to 14 andissolvent compatible. The OmniPac PCX-500 analytical column can perform separations
based either cation exchange and reversed phase mechanisms or on a combination of both.

Beforestartingananalysis, look at thestructuresof theana ytestofirst determineif they can beionized toformcations. TheOmniPac
PCX-500 analytical column should be chosen when it isdetermined that cation exchangethat isenhanced with reverse phasewill
be the major mechanisms for the separation of the sample analytes.

Oftenaseparation can beachieved by taking advantage of thehydrophobic differencesof thesampleanalytes. If thesamplecontains
cationsand neutral moleculeswith asignificant range of hydrophobic character, the OmniPac PCX-500 anal ytical column should
be chosen for application development.

ThelonPac CS12A analytical column (P/N 046073) shouldbechosenfor separationsof inorganic Group | & Group |1 cationswhen
using agqueous eluents without solvents.

3.5 Selection of Detection Method

3.5.1 Absorbance Detection

After selecting the analytical column, determine the mode of detection. To do this, look at the structures of the sample analytes.
Dueto the nature of the eluent systemswhich can be used with the OmniPac PCX-500 analytical columns, the simplest detection

modeisUV/Visibledetection. Determineif theanalytesabsorb UV or Visiblelight. If they do, find thewavelength at an acidic pH
wherethe maximum absorbance occurs.
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3.5.2 Electrochemical Detection

If theanalytesdo not absorb UV or visiblelight, or if they have alow extinction coefficient, the pul sed el ectrochemical detection
(PED) should be considered. PED is used to detect alcohals, carbohydrates, aldehydes, sugar acohols, monosaccharides,
oligosaccharides, glycols, amino acids, amines and sulfur-containing compounds. When using an acidic eluent and PED with a
gold working electrode for amine detection, post-column addition of base is necessary (final pH at the detector must be around
13). Post-column base addition is not necessary for PED of thiols, including aminothiols.

3.5.3 Conductivity and Other Detection Methods

Other detection methods that can be used with the OmniPac PCX-500 analytical column include conductivity and fluorescence
detection. For conductivity detection, check the specific conductance of the analyte or experimentally determineif theanalyteis
conductive enough to give the desired limit of detection. If the compound is polyvalent, it will probably require unsuppressible
amountsof acidtoeluteit fromtheanal ytical column soasuppressibledivalent cationsuchasDL -2,3diaminopropionicacid (DAP,
P/N 039602) must beused. Refer tothe Cation MicroM embrane Suppressor (CMM S 11) Product Manual (Document No. 031728)
for details on using eluents that contain DAP. Eluting cations stronger than hydrogen, such as sodium and potassium, cannot be
used inthe el uent with suppressed conductivity detection asthe background will betoo high and detection limitswill dramatically
increase.

3.5.4 Multiple Detectors Used in Series

Because the OmniPac PCX-500 analytical column can separate such alarge variety of analytesthrough cation exchange and/or
reversed phase, thetimerequired for analysisof many sasmplematricescan besignificantly reduced by using theanal ytical column
with two detectorsin series. For example, one might need to simultaneously analyze compoundsthat absorbinthe UV along with
compoundsthat do not absorb inthe UV but that can be el ectrochemically oxidized. Inthiscase, aUV/Visible Detector might be
connected in series with an electrochemical detector.

3.6 Eluent Systems
3.6.1 Solvents in Eluent Systems

CAUTION
The OmniPac PCX-500 Analytical and Guard Columns require a minimum of 1% solventin the eluent to ensure that
the column packing is properly wetted and to maintain the integrity of the packed column.

When changing the eluentsolvent type or the nature of theionic strength in the eluent, a 10 minute (or longer) gradient
from the old eluent to the new eluent mustbe performed.

Since the porous core has an electrostatically neutral hydrophobic internal surface, it is essential that the OmniPac PCX-500
analytical columnisoperated so that any aqueous el uent being pumped through the column has minimally 1% organic solvent in
aqueous eluents. The 1% organic solvent in the eluent will ensure that the hydrophobic surface of the substrate is* wetted” and
maximum column performanceismaintained. The OmniPac PCX-500anal ytical column packing canwithstandall commonHPLC
solventsin aconcentration range of 1% to 100%. In order to ensurethis, it isadvisableto have at least 1% organic solvent in the
deionized water eluent bottle. This precaution can prevent loss of column performance due to mistakes in setting eluent
proportioning which otherwise might result in pumping pure aqueous eluents over the column for long periods of time.

Thetwo most common solventsareacetonitrileand methanol. Acetonitrileisastronger solvent than methanol, and isthereversed
phaseel uent solvent of choicefor usewiththe OmniPac PCX-500anal ytical columns. Acetonitrilehaslower UV absorptionat useful
wavel engthsthan many other solvents. Itiselectrochemically clean, producinglow pul sed el ectrochemical detection backgrounds,
and does not interfere with the pulsed electrochemical detection of the species of interest.

Acetonitrile plays several roles as an eluent component.

A. It servesto elute analytes with reversed phase retention mechanisms.
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B. It canbeadded to swell the cation exchange latex which lowersthe charge density in thelatex and thus can change the
cation exchange selectivity.

C. Astheconcentration of the acetonitrilein theeluent isincreased, lesswater isavailableto hydrate the sample analytes
which often changes the cation exchange selectivity observed in the separation.

The OmniPac PCX-500 analytical column can be used with any suppressibleionic eluent that does not exceed the capacity of the
Cation MicroMembrane Suppressor (CMMSI11). Even when performing ion exchange applicationsthat do not normally require
solvent, at least 1% organic solvent must be maintained in the eluent being used to maintain column packing integrity.

Observed system back pressureswill depend on the type of solvent used in the eluent, the concentration of that solvent, theionic
strength of the eluent and the flow rate. The system back pressure, which is very dependent on eluent viscosity, will vary asthe
composition of water-methanol andwater-acetonitrilemixturechanges. Thepractical columnoperational back pressurelimit of the
OmniPac PCX-500Analytical and Guard Columnsis5000 psi. Therefore, any variation of el uent formul ationswhose contributions
to the back pressure total less than 5000 psi can be used.

Gradient applicationsutilizing solvent gradientsarebest performed when organi c sol ventschosen for useintheel uentsare premixed
with the aqueous components of the eluent to facilitate optimum mixing by the gradient pump. This precaution will improve the
reproducibility of therequired solvent gradient rampfor your chromatography. For example, if youwant torunagradient from 10%
solvent to 90% solvent, make the following eluents:

Eluent A: 10% solvent/90% water
Eluent B: 90% sol vent/10% water

By programming the gradient pump properly, you can change from 100% Eluent A to 100% Eluent B in aprescribed time.

All water usedfor theformulation of all eluentsincluding thosewith sol ventsshould haveaspecificresistance of 18.2 megohm-cm
and bethoroughly degassed beforeformul atingtheel uent. Inorder to avoidincompl etemixing of solventswithwater and excessive
pressure fronts traveling down the column due to the high viscosities of mixing neat solvents with other solvents or with water,
never use eluent protocolsthat call for the on-line dilution of neat solvents with other neat solvents, or pure deionized water, by
the pump. Premixing solvent containing aqueous eluents will also prevent outgassing and refractive index problems commonly
associated with mixing neat solvents and water with proportioning valves. For these reasons, the practical range of solventsin
aqueous eluents used in gradient applicationsis from 1% to 95% solvent.

CAUTION
In gradient methods thatinclude salts, always be careful to determine the maximum aqueous salt/solvent concentration
before running the gradient to prevent precipitation of the saltin the system during the gradient run.

The salt solubility under the desired eluent solvent concentration can be empirically determined by making small
samples of gradually increasing levels of saltin the solvent containing eluent and observing when precipitation occurs.

3.6.2 Acids in Eluent Systems

For analyteswhich are weak bases, such asamines, that can be separated by cation exchange based on the differencein their pKa
values, the mobile phase should be kept at least 2 pH units below the pKa values of the analytes to ensure that they are fully
protonated. Additional amountsof acidintheeluent will el uteana ytesretained onthe Omni Pac PCX-500anal ytical columnby cation
exchange. Weakly acidic analytes, such as organic acids, can be protonated to suppress their ionization by the addition of acid
to the eluent so that they are retained on the OmniPac PCX-500 analytical column by adsorption. They can then be eluted by the
addition of areversed phase solvent to the eluent.

Acidscommonly usedin OmniPac PCX-500 eluentsarehydrochloricacid (HCI) and perchloricacid (HCIO,). Bothacidshavelow
UV absorbanceat theabsorbance maximaof commonanalytes. If thesystemisto beused with the pul sed el ectrochemi cal detection
equipped with agold working el ectrode, then perchloric acid should be chosen asthe acid component in the eluent. The chloride
inthehydrochloric acidisstrongly adsorbed ontothegold el ectrode and after ashort timewill [imit theanal ytes' response. Inmost
other cases, hydrochloric acid should be used to simplify the retention mechanism as it will avoid the introduction of more
hydrophobic complexing anionsin the eluent.
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3.6.3 Salts in Eluent Systems

When the concentration of acid intheeluent isnot high enough to el ute sampl e anal ytes retained on OmniPac PCX-500 anal ytical
column by cation exchange, when two analytes coel ute or when peak el ution efficiency might beimproved, salts can be added to
the eluent. Cation exchange selectivity of sulfonate cation exchange sites is dependent to a great extent on the hydration of the
eluting cations. The effective hydration of the common cations used to el ute sample analytesisin thedecreasing order of H* > Li*
>Na'" > K*. Compared to packing with carboxylic acid exchange sites, the sulfoni c acid exchange sitesare not well hydrated. Less
hydrated cations are better able to enter the more hydrophobic stationary phase than more highly hydrated cations which prefer
topartitionintoagueousel uents. Conversely, whentheel uting cationintheel uentishighly hydrated, theel ution of morehydrophilic
analyteswill takeplacefirst.

Saltsthat arecommonly used with the OmniPac PCX-500 analytical columnincludeLiCl, NaCl, KCl, sodium acetate and sodium
perchlorate. Asexplained above, lithiumwill beamoreefficient el uting cationfor morehydrophilic anal ytes, whil e potassiumwill
be amore efficient eluting cation for more hydrophobic compounds.

Beforeactually proportioningthesaltinthegradient pump, it isadvisableto check onthesalt’ ssolubility under thedesired sol vent
concentration. For arough guide, the solubility limitsin 54% acetonitrile for the salts are asfollows:

>0.2M HCI 04MLiCl 0.3M NaCl 0.3MKCI
>0.8M NaClO,
0.1MNaSO,
0.2 M sodium acetate

3.6.4 Ion Pair Complexes in Eluent Systems

The counterion of the eluting eluent cation (the eluent anion) can also have an effect on resolving sample analytes. This occurs
by changing thesol ubility parametersof thesampleanalytecation by makinganion pair complex withit and theeluent anion. Highly
hydrated salts such as sodium acetate can enhance salting-out effects and change the selectivity of the column stationary phase.
Depending onthe particular ion pair complex, additional changesin selectivity may takeplaceif thepH or theionic strength of the
eluent is changed.

Perchlorate anionsin the eluent can al so cause some analyte cationsto formion pairs. Since perchlorate anionstend to formion
pairswithincreased hydrophobicity comparedtothefreeanal ytecations., theeffect of thision pair complexisusually seenasanayte
cations moving toward longer retention times. The two most common categories of cationsthat will ion pair with the perchlorate
anion are monovalent cations with low hydration energy and surface active analytes.

Remember that if pul sed el ectrochemi cal detection (PED) withagold working el ectrodeissel ected, thentheel uent should bemade
with perchloric acid and aperchlorate salt. Hydrochloric acid can affect the gold el ectrode. Thechlorideisstrongly adsorbed onto
the gold working el ectrode making the electrochemistry of the analytes of interest unreliable.

lon pair reagents, such as hexane sulfonic acid are commonly used in applications for the separation of small cations using
suppressed conductivity as the detection method. lon pair reagents are usually used at concentrations of 2 to 10 mM depending
on theion pair reagent. At higher concentrationsion pair reagents may give high background conductivity.

3.6.5 Preliminary Eluent Systems

Before selecting the eluent system, select the appropriate detector (see Section 3.5, “ Selection of Detection Method”). Start with
thefollowinginitial conditions:

A. Theeluent flow rate should be 1.0 mL/minute.
B. Thehigh pressure limit on the gradient pump should be set at 3,500 psi.

C. Prepareindividual eluent bottles containing
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1 90% solvent in deionized water

2. Acidin deionized water with 5% solvent

3. Sdtindeionized water with 1% solvent

4. Deionized water with 5% solvent

Using thegradient pump, proportion different amountsfrom each eluent bottleto devel op the eluent system or gradient whichwill
accomplish the desired separation using the OmniPac PCX-500 analytical column.

If UV/Visible detection is selected, then the four eluent bottles should contain:

A.

B.

C

D.

0.5HCI indeionized water with 1% solvent

1M NaCl in deionized water with 1% solvent

90% A cetonitrilein Deionized water

Deionized water with 5% acetonitrile.

If pulsed electrochemical detection (PED) is selected, the eluent system and the post column reagent might consist of:

A.

B.

0.5M HCIQ, indeionized water with 1% acetonitrile
1M NaClO, indeionized water with 1% acetonitrile
90% acetonitrilein deionized water

1% acetonitrilein deionized water

Post column addition of 0.3 M sodium hydroxide at 1 mL/min. isnecessary when using the gold working el ectrodefor
the detection of amines. The post column addition of sodium hydroxide is not required for the detection of thiols.

If conductivity detection is selected, then the eluent system should consist of:

A.

B.

0.5M HCl indeionized water with 1% acetonitrile

90% acetonitrilein deionized water

5% acetonitrilein deionized water

4mM DAPIindeionized water with 1% acetonitrile.

CAUTION

Cation exchange and solvent exchange gradients can be run simultaneously to take advantage of the multi-phase
character of the OmniPac PCX-500 analytical column. When designing wide concentration gradients it is very
important that the solubility of the salts and acids in the particular solventbeing used are not exceeded. Before actually
proportioning the eluents through the gradient pump, check the solubility information given above for rough estimates.
Itisalso vise to determine experimentally in a test tube the salt and acid solubility limits under your chosen eluent system
conditions.

For a“starter gradient,” study the exampl e applications chromatograms and conditions shown below. If your analytes resemble
any of the group of compounds chromatographed with the OmniPac PCX-500 analytical column, use the gradient conditionsfor
the particular application of interest. Check to make surefirst that the eluent system is compatible with the detection system you
wish to use.
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If your sampleanalytesdo not particul arly resemble any of the example applications shown bel ow, you may want to start with the
following suggested gradients:

A. Whenusing UV/Visible detection:
50mM HCl with0.1t00.3M NaCl and 10%to 60% acetonitrilein 10 minutes. Hold at theupper end until all peaksel ute.

B. When using PED detection:
50mM HCIO,with0.1t00.3M NaClO, and 10%to 60% acetonitrilein 10 minutes. Hold at the upper end until all peaks
elute. Post-column addition of 0.3 M NaOH.

C. When using conductivity detection:
10 mM to 50 mM HCI with 10% to 60% acetonitrileand 1 mM to 5 mM DAPin 10 minutes. Hold at the upper end until
all peakselute.

3.6.6 Eluent System Development Process

If initial attemptsat developing apreliminary eluent system asdescribed in Section 4.3.5, “ Preliminary Eluent Systems,” havenot
yielded compl eteresolution of all of the desired sample analytes, proceed with the following eluent system devel opment process.
Start the eluent system development process by ramping only one component of the mobile phase at a time so that the
chromatographic behavior of the analytes and matrix components can be clearly understood. Neutral compounds will be eluted
by asolvent gradient only. Cationic analyteswill be eluted by a cation exchange gradient in which the acid or salt concentrations
of the eluent are changed. The eluent can then be modified so that weak base ionization can be either enhanced or suppressed.
Study the structural features of the analytes so that different separation strategies can be devel oped and then verified by actual
chromatography. Resolution is proportional to the selectivity and elution efficiency. Sensitivity is directly dependent on peak
elutionefficiency.

Peak elution efficiency isimproved asthe slope of the gradient ismade steeper. Thisisaccomplished by reducing theoverall time
of thegradient or by increasing the el uent concentrations at the end of the gradient. Gradients should be designed so that all peaks
elute within the time of the gradient. Peaks which elute within the gradient will have better efficiency than those which do not.
Remember that thereis usually between 2 and 3 minutes of delay time between changing the gradient at the pump and observing
the effect of the change by the detector.

Acidisoften used in the eluent systemsto set the pH in auseful range for the separation problem at hand. Many applications can
berunat afixed pH with varying salt level s but they can then require aslong as5 to 10 minutesto equilibrateto theinitia starting
conditions after the end of the gradient. 1on exchange gradients equilibrate faster to theinitial starting conditions after the end of
therunif theratio of counterionsintheel uent remainsconstant throughout thegradient. A pplicationsthat separate sampleanalytes
based on differencesin their pKavalues often require pH gradient ramps.

The best peak efficiencies are obtained when the eluting ions are as similar as possible to the sample analyteions. lonic strength
or concentration gradients allow the elution of ions of widely different charge. Higher solvent concentrations have the effect of
lowering the charge density in the latex due to swelling, and thus cations of higher valence will elute earlier.

CAUTION
The OmniPac PCX-500 Analytical and Guard Columns require aminimum of 1% solvent in the eluent to ensure that
the column packing is properly wetted and to maintain the integrity of the packed column.

‘When changing the eluent solvent type or the nature of the ionic strength in the eluent, a 10 minute (or longer) gradient
from the old eluent to the new eluent must be performed.

Always check the salt solubility in the solvent/aqueous mixtures outside of the system before actually modifying the
eluentsystem.
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3.7 Application Development Troubleshooting Guide

Thepurposeof theApplication Devel opment Troubleshooting Guideisto hel pyou solveproblemsthat may arisewhiledevel oping
methods for use with the OmniPac PCX-500 analytical column. For more information on problems that originate with the lon
Chromatograph (1C), the detectors or the Cation MicroM embrane Suppressor (CMMSIII), refer to the Troubleshooting Guidein
theappropriateset of Installation Instructions. If you cannot solvethe problem onyour own, call the Dionex Regional officenearest
you (see“Dionex Worldwide offices”) for assistance.

3.7.1 Peaks that Elute in the Void Volume
A. Makesurethe system hardwareisfunctioning properly by chromatographing awell-characterized application.

B. If you are proportioning concentrated eluent components with the gradient pump to form aweak eluent for theinitial
eluent in agradient ramp, mix the eluent components for the weak eluent in one eluent reservoir and use the Gradient
pump to pump this eluent isocratically through the analytical column. An example of such an eluent system is 5%
acetonitrile/10 mM acid with no salt. Make surethe columniswell equilibrated with thisweak eluent before obtaining
a“final” chromatogram of the analyte of interest. The columnisfully equilibrated when successiveinjections of atest
standard containing the analytes of interest reproducible retention times.

C. Study thestructure of the analyte and find its pKavalue. If the analyte can be protonated, make sure that the pH of the
eluentisat|east 2 pH unitsbelow theanalyte' spKavalue. Thiswill ensurethat theanalytewill befully protonated and
retained onthecolumn by cationexchange. If theanal yteisalready fully protonated, further lowering the pH of theel uent
may el utetheanalyte of f the column even morerapidly with theincreased concentration of hydroniumion. Inthiscase,
lowering the acid concentration may prove beneficial.

D. If theanalyte still elutesin the void volume after varying the amount of acid in the eluent, the analyte is not a cation
and therefore can not be retai ned on the column by cation exchange. At the sametime, theanalyteisnot being retained
by adsorption because of the very low- amount of solvent in the eluent. It probably istoo hydrophilic and a different
column may have to be used.

3.7.2 Peaks that Do Not Elute or Have Very Long Elution Times

A. Makesurethe sample analytetype and concentration is detectablein the eluent being used. Dilute atest sample of the
analyte in the eluent and inject it directly into the detector.

B. Assuming that the sample analyte isretained by the column, the eluent system must be modified. Study the structure
of the analyte and find its pKato determineif it is a cation under the eluent pH being used.

1 If the sample analyte is not a cation, then it is being retained on the OmniPac PCX-500 analytical column by
adsorption. The acid component in the eluent serves no purpose and can be removed from the eluent.

la Prepareanisocratic eluent with the highest practical amount of solvent init taking care not to precipitate any salts
that may be present. If thereisno changein theretention time of the sample analyte, prepare anew eluent withthe
same amount of solvent and half of the salt.

1.b. If thereis no changein the retention time of the sample analyte, prepare anew eluent with no salt in it so that the
solvent concentration can be increased to over 90%.

1lc. If thesampleanalyte still hasalong retention time, change the type of solvent used in the eluent to a solvent with
moreeluting power. When sel ecting solventsfor inclusionin the eluent make surethat the eluent iswater miscible
and compatible with PEEK tubing at the temperature and pressure being used.

2 If thesample analyteisacation, then it is being retained on the OmniPac PCX-500 analytical column by cation
exchange. Usinganisocratic el uent, increasetheioni c strength until thesampleanal yte el utesrapidly of f thecolumn.
Prepare anisocratic eluent with the highest practical amount of saltinit taking care not to precipitate any salt due
to the solvent that may be present.
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2.a If thereisno changeintheretention time of the sample analyte, prepare anew eluent with the same amount of salt
solvent and half of the solvent.

2.b. If thereisno changeintheretention timeof the sampleanal yte, prepareanew eluent with the minimum 1% solvent
in it so that the salt concentration can be increased.

The above steps assumed that if the sample analyte was a cation that it was monovalent. Sometimes a polyvalent cation can be
very strongly ion exchanged onto the analytical column. Inthiscasethe pH can beraised somewhat to partially deprotonate some
cationic sites on the sample analyte and effectively lower itstotal positive charge. If the sample analyteis till retained too long
on the column, then change the type and concentration of the eluting cation in the eluent. Remember that like ionswill elute the
sampleanalytewiththehighest efficiency. A morehydrophobic el uting cationlike potassium can el uteamorehydrophobicanal yte
cation better than a hydrophilic eluting cation.

3.7.3 Poor Peak Symmetry or Efficiency

A.

Determinethat the systemisfunctioning properly by running astandard applicationwhichyou know givesgood analyte
separation and peak shapes with the OmniPac PCX-500 analytical column under the same detection mode.

The sample analyte concentration may betoo high. A small peak does not necessarily mean that the analyteis present
in low concentration. The particular analyte of concern might have alow extinction coefficient at the particular UV
wavel ength being used. Eventhoughthepeak heightissmall, the concentration might belargeenoughtobeoverloading
the column. Dilutethe sampleto seeif peak shapeimproves. Find the UV maximum of theat the pH of theeluent. Y ou
may haveto use adifferent detection system if detection is the problem.

Theremay besamplematrix interferences. The poor peak shape might actually be caused by acomponent inthesample
whichisonly partially resolved from the sample analyte of interest.

When the pH of the sample is very different from the eluent pH, the analyte peak can show poor symmetry and/or
efficiency. Dilutethesamplewith theinitial eluent.

Thegradient ramp may need to be modified. Remember that peak efficiency increases asthe slope of thegradient ramp
isincreased. The slope of the gradient ramp isincreased by increasing the over all concentration change per unit time.

The eluent components may need to be changed. Remember that “likeions” elute the sample analyte with the highest
efficiency. A more hydrophobic el uting cation like potassium can el ute amore hydrophobic anal yte cation better than
ahydrophilic eluting cation.

3.7.4 Co-Elution of Sample Peaks

A.

Verify that the system is functioning properly by checking the efficiency of sample analytesin awell characterized
separation (see Section 4, “Example Applications’) using the same detection mode.

Modify the gradient or eluent components.

1 Lower the concentration of the mobile phase component which is the strongest eluent component by 20%.
Remember that the reversed phase and the cation exchange retention mechanisms operate independently on the
OmniPac PCX-500analytical column. Neutral analytesareel uted differently than cationic anal ytes. Oftenthey can
be separated by adjusting the eluent components appropriately.

2 Cationic analytes of higher valence respond moreto increasesin the eluting salt than cations of lower valence so
that the separation of cationic analytes of different valenceis easily accomplished by reducing the eluting cation
concentration until resolution occurs.




OmniPac PCX-500 Manual Document No. 034292-06 Page 16 of 34

3. Changetheeluting cation used in the eluent. For example, the elution order of norephedrine and methylephedrine
canbereversed depending onwhether lithium or potassium areused astheel uting cationintheel uent system (which
also containsacetonitrileand acid). Norephedrineislesshydrophobicthan themethyl- substituted methyl ephedrine.
Potassiumwhichisamorehydrophobic cationthanlithium, will el utethemorehydrophobic methylephedrinemore
efficiently than lithium. Methylephedrine elutes before norephedrine when the eluting cation in the eluent is
potassium. Conversely, if lithiumistheeluting cationintheel uent, norephedrinewill el ute beforemethylephedrine.

4. Finally, consider changing the eluting cation counterion (anion) in the eluent which may be causing retention by
formingion pairswiththe sampleanalytecation. Perchloricacid (anion pairing reagent) might bechosentoreplace
hydrochloric acid in the eluent or sodium acetate might be chosen to replace sodium chloride (see Section 3.6.4,
“lon Pair Complexesin Eluent Systems”).
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SECTION4-EXAMPLE APPLICATIONS
4.1 Introduction

TheOmniPac PCX-500analytical columnexpandsthesel ectivity control availabletotheanal ytical chemist by allowingabroadrange
of separation techniques to be used with a single column. lon exchange, ion pair, reversed phase and ion suppression can be
performed on the OmniPac PCX-500. These techniques can be performed in any combination, either simultaneously or in series.
Itispossibleto perform either ion exchange gradientsor reversed phase gradients simultaneously or in serieswith both separation
modes acting independently in order to achieve the desired separation.

4.1.1 OmniPac PCX-500 Key Operating Parameters

Maximum Operating Pressure: 5,000psi
Organic Solvent Concentration: 1t0100%
Eluent pH Range: Oto14
Maximum Eluent Flow Rate: 3.0mL/min
lon Pair Reagent Concentration: Upto30.0mM

IMPORTANT
The OmniPac PCX-500 must always be operated so that at least 1% organic solvent is maintained in the eluent.

Maintaining 1% organic solvent in the eluent ensures that the highly cross-linked hydrophobic coreis “wetted” and maximum
column performanceismaintained.
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4.2 Production Test Chromatogram

The OmniPac PCX-500 analytical column istested as described hereto ensure proper performance in both theion exchange and
adsorption retention modes. Theretention of pyridine, retained by cation exchange and benzyl alcohol, retained by adsorption are
reported on the column Certificate of Performance received with the column. The chromatogram in Figure 1, “ Production Test
Chromatogram,” isan example of thetest chromatogram.

Column: OmniPac PCX-500 analytical column
Eluent: 50 mM HCI
100 mM KCl
32% Acetonitrile

Flow Rate: 1.0 mL/min
Detection: Absorbance at 220 nm, 0.02 AUFS
Injection Volume: 10 pL
Storage Solution: Eluent

0.01800

Analyte mg/L
1. Pyridine 8.0
0.015%0 2. Phenylethylamine 5.0
3. Benzyl alcohol 8.0
0.01300
£.35
001950
A
0.00800
458
b !
3.08

0.00%00

0.00050

'am IITIIlll||llTlIllll‘lTTllillllll||l||lliill‘rlil|i!llllllill[Tlllll!lllllllll‘l]’1—|

0.0 100 200 3.00 400 5.00 §.00 .00 8.00
Minutes
Figure 1

Production Test Chromatogram
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4.3 Gradient Separation of Amines and Inorganic Cations

Sample Loop Volume: 10 pL
Guard Column: OmniPac PCX-500 Guard Column
Analytical Column: OmniPac PCX-500 analytical column
Eluent 1: 200 mM HCI
Eluent 2: 95% ACN/Deionized Water
Eluent 3: Deionized Water (having a specific resistance of 18.2 megohm-cm)
Eluent 4: 20 mM DAP
Eluent Flow Rate: 1.0 mL/Min
MMS Suppressor: Cation MicroMembrane Suppressor, CMMS |11
MMS Regenerant: 0.1 M Tetrabutylammonium hydroxide
Expected Background
Conductivity: 2-4uS
Expected System Operating
Back Pressure: 1,600-2,200 psi
Gradient Program:
Analyte mg/L
Time (min) %1 %2 %3 %4 L Lithium 10
2. Sodium 5.0
3. Ammonium 5.0
0.0 2 5 88 5 4. Potassium 5.0
15.0 2 5 88 5 5. Methylamine 5.0
15.5 2 5 88 5 6. Trimethylamine 5.0
40.5 40 15 0 45 7. Diethylamine 10.0
40.6 2 5 88 5 8. Triethylamine 10.0
9. Tetraethylamine 10.0
10. Pyrrolidine 10.0
11. Piperidine 10.0
12. Cyclohexylamine 15.0
13. Magnesium 5.0
14. Calcium 10.0
5000
ooy
000
500
13
2000 14
2800
nS 2w i2 ‘l
2000 1 ‘s 10 ]
1500 3 11 f
6 9
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1000 l Ih
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w i)
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o 5.00 1o.o0 iser 2900 2.0
Minutes

Figure 2
Gradient Separation of Amines and Inorganic Cations
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4.4 Sulfonamide Antibacterials

Sample Loop Volume: 25 pL
Analytical Column: OmniPac PCX-500 analytical column
Eluent 1: 60 mM HCIO,
Eluent 2: 400 mM NaCH,O,
Eluent 3: 90% ACN/Deionized Water (having a specific resistance of 18.2 megohm-cm)
Eluent 4: 5% ACN/Deionized Water
Eluent Flow Rate: 1.0 mL/Min
Detection: UV at 254 nm
Gradient Program:
Time (min) %l %2 %3 %4 Comments
0.0 18 5 30 47
0.1 18 5 30 47 Injection
0.2 18 5 30 47
5.0 18 26 56 0
7.0 18 26 56 0
7.1 18 5 30 47
Q Analyte
I 1. Sulfanilic Acid
2. Sulfanilamide
3. Sulfathiazole
4. Sulfamethizole + Sulfadiazine
5. Sulfamerazine
6. Sulfamethazine
7. Sulfisoxazole
8.  Sulfamethoxazole+ Trimethoprim
2 9. Sulfadimethoxine
" ]
| 8
I 4% 7 |
3 , *’
J J l
qu S
S L L S O O
| I R
8.00 400
MINUTES
Figure 3

Sulfonamide Antibacterials
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4.5 Water Soluble Vitamins
Sample Loop Volume: 25 pL
Analytical Column: OmniPac PCX-500 analytical column
Eluent 1: 600 mM HCIO,
Eluent 2: 1,000 mM NaClIO,
Eluent 3: 90% ACN/Deionized Water (having a specific resistance of 18.2 megohm-cm)
Eluent 4: 5% ACN/Deionized Water
Eluent Flow Rate: 1.0 mL/Min
Detection: UV a 254 nm
Gradient Program:
Time (min) %1 %2 %3 %4 Comments
0.0 5 5 5 85
0.1 5 5 5 85 Injection
0.2 5 5 5 85
5.0 5 6 30 59
5.1 5 15 80 0
10.1 5 5 5 85
1
i Analyte
i 1. Ascorbic Acid
2. Pantothenic Acid
3. Carnitine
4. Riboflavin
5. Biotin
6. Pyridoxine
7. PABA
8. Adenine
9. Folic Acid
10. Thiamine
11. Pyrridoxamine
I
i 6 4
5 7
i p ' 9 11
| |
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0.00 5.00 10.046
MINUTES

Figure 4
Water Soluble Vitamins
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4.6 N-Containing Aromatic Compounds

4.6.1 Structures of the N-Containing Aromatic Compounds

1. Orotic Adid T

pKa 196

2. 4-Hydroxybenzamide wo—{ Yoo

3. Luminol @

La 2]
4, p-Aminophenol ’
pKa &5 103 ’

934 o

5. p-Aminobenzoic Acid

pKa 24

6. Pyridine
pKa 52

7. Aniline
pKa 446

8. p-Anisidine
pKa 53

485

&
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5
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[
9. p-Toluidine (l\:]
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"

10.2.2-Bipyridine ¢ 3 )

11. Benzoic Acid @
pka 42

.

12. Naphthylamine O:j
pKa 40(1-,39;2-,4.1)

pKa 85

-
14. p-Phenylenediamine @
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15. p-Nitroaniline
pKa 10
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16. 1-Benzylpiperazine un' u-ﬂh-o.—

Figure 5

Structures of the N-Containing Aromatic Compounds
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4.6.2 Chromatography of the N-Containing Aromatic Compounds

Sample Loop Volume: 25 L

Analytical Column: OmniPac PCX-500 analytical column

Eluent 1: 500 mM HCI

Eluent 2: 1,000 mM NaCl

Eluent 3: 90% ACN/Deionized Water (having a specific resistance of 18.2 megohm-cm)
Eluent 4: 5% ACN/Deionized Water

Eluent Flow Rate: 1.0 mL/Min

Detection: UV a 254 nm

Gradient Program:

Time (min) %1 %2 %3 %4 Comments

0.0 10 10 30 50
0.1 10 10 30 50 Injection
0.2 10 10 30 50
4.0 10 45 45 0
7.0 10 0 90 0
11.0 10 0 90 0
11.1 10 10 30 50

Analyte
Orotic acid
4-Hydroxybenzamide
Luminol Impurity
Luminol
Pyridine
p-Aminobenzoic acid
2,2'-Bipyridine
p-Phenylenediamine
Naphthylamine
I 10. Nitrobenzoic acid

11. Tribenzylamine
12. p-Nitroaniline
2 10 17 13. 2,4-Dinitroaniline

1 , 14. Dibenzylamine

12

e £

©ONODUTAWNE

s S
=

15. N-Methyl-N-nitrosoaniline
16. 4-Chloro-2-nitroaniline
17. 2,6-Dichloro-4-nitroaniline

—
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Figure 6
N-Containing Aromatic Compounds
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4.6.3 Selectivity Changes Obtained by Changing the Eluting Cation

Thefollowing two chromatograms demonstrate the sel ectivity changesthat occur when the el uting cationinthe eluent ischanged
fromsodium (seeFigure6, “ N-Containing Aromatic Compounds”) tolithium and thento potassium. Theoperating conditionsused
arethesameasthosein Section4.6.2, “ Chromatography of theN-Containing Aromatic Compounds.” Thesampleanalytesareal so
the same except for the addition of 18, Benzoic acid.
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Selectivity Changes Obtained by Changing the Eluting Cation

Analyte

Orotic acid
4-Hydroxybenzamide
Luminol Impurity
Luminol

Pyridine
p-Aminobenzoic acid
2,2'-Bipyridine
p-Phenylenediamine
Naphthylamine

. Nitrobenzoic acid

. Tribenzylamine

. p-Nitroaniline

. 2,4-Dinitroaniline

. Dibenzylamine

. N-Methyl-N-nitrosoaniline
. 4-Chloro-2-nitroaniline

. 2,6-Dichloro-4-nitroaniline
. Benzoic acid
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4.6.4 Selectivity Changes Obtained by Changing the Counterion of the Eluting Cation (Eluent Anion)

Thefollowing two chromatograms demonstrate the sel ectivity changesthat occur when the counterion of the eluting cationinthe
eluentischangedfromchlorideto perchlorate. Theoperating conditionsused arethesameasthosein Section4.6.2, “ Chromatography
of the N-Containing Aromatic Compounds.” The sample analytes are also the same except for the addition of 18, Benzoic acid.

Chloride system 12 18

Analyte

Orotic acid

4-Hydroxybenzamide

Luminol Impurity

Luminol

Pyridine

p-Aminobenzoic acid

2,2'-Bipyridine

p-Phenylenediamine

Naphthylamine

10. Nitrobenzoic acid

11. Tribenzylamine

12. p-Nitroaniline

13. 2,4-Dinitroaniline

14. Dibenzylamine

0.06 5.00 10.00 15.00 15. N-Methyl-N-nitrosoaniline
16. 4-Chloro-2-nitroaniline
17. 2,6-Dichloro-4-nitroaniline
18. Benzoic acid
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Perchlorate system
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Selectivity Changes Obtained by Changing the Counterion of the Eluting Cation
(The Eluent Anion)
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4.7 Biological Stains and Dyes

4.7.1 Structures of Selected Biological Stains and Dyes
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Figure 9
Structures of Selected Biological Stains and Dyes
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4.7.2 Chromatography of Biological Stains and Dyes

Sample Loop Volume: 25 L

Analytical Column: OmniPac PCX-500 analytical column

Eluent 1: 600 mM HCIO,

Eluent 2: 1,000 mM NaClO,

Eluent 3: 90% ACN/Deionized Water (having a specific resistance of 18.2 megohm-cm)
Eluent 4: 5% ACN/Deionized Water

Eluent Flow Rate: 1.0 mL/Min

Detection: UV a 254 nm

Gradient Program:

Time (min) %1 %2 %3 %4 Comments
0.0 2 10 30 58
0.1 2 10 30 58 Injection
0.2 2 10 30 58
4.0 2 15 40 43
6.0 2 38 60 0
10.0 2 38 60 0
10.1 2 8 90 0
15.0 2 8 90 0 Analyte
15.1 2 10 30 58 1. Indigo Carmine
2. Orange G
3. Tropaeolin 0
1 4. Orange 1
5. Alizarin Red S
6. Orangell
7. ChromeAzurol S
8. Bromocresol purple
9. Thymol Blue
10. Acid Blue 11310
11. Fluorescein
12. Methyl Green
16 13. Methylene Blue
3 5 14. Acridine
15. Nile Blue
l I 16. RhodamineB
17. Malachite Green
6
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Figure 10

Biological Stains and Dyes
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SECTIONS-TROUBLESHOOTING GUIDE

Thepurposeof the Troubleshooting Guideisto hel pyou solve operating problemsthat may ari sewhileusing the OmniPac PCX-500
analytical column. For moreinformation on problemsthat originatewiththel on Chromatograph (1C), thedetectorsor thesuppressor,
refer to the Troubleshooting Guidein the appropriate set of Installation Instructions. If you cannot solvethe problem onyour own,
call the Dionex Regional Office nearest you.

5.1 High Back Pressure

Total system back pressurewhen- using the OmniPac PCX-500analytical columnat 1.0 mL/minshould belessthan 2500 psi. If the
back pressureishigher than 3000 psi, it isadvisableto find out what is causing the high pressure. The system should be used with
anin-linefilter for the eluents. Make sure you have onein place and that it is not contaminated.

A. Makesurethat thepumpissetto 1.0 mL/min. Higher flow rateswill cause higher pressure. M easurethe pump flow rate
after the analytical column with a stopwatch and graduated cylinder if necessary.

B. Find out what part of the system is causing the high back pressure. It could be a piece of tubing that has plugged or
whosewallsare collapsed, aninjection valvewith aplugged port, acolumn with parti cul ates plugging the bed support,
aplugged in-line filter, the suppressor or the detector.

Tofind out which part of the chromatographi c systemiscausing the problem, disconnect the pump eluent linefromthe
injection valve and turn the pump on. Watch the pressure; it should not exceed 50 psi. Continue adding components
(injection valve, column, suppressor, detector) one by one, while watching the pressure. The pressure should increase
up toamaximum of 2500 psi whenthe columnisconnected. Thesuppressor will add upto 100 psi. No other components
should add more than 100 psi of pressure. Refer to the appropriate manual for cleanup or replacement of the problem
component.

C. If thecolumnisthe causeof high back pressure, itsinlet bed support may be contaminated. To change the bed support,
follow the instructions below using one of the two spare bed supports included in the ShipKit.

1 Disconnect the column from the system.
2 Using two open-end wrenches, carefully unscrew the inlet (top) column end fitting.

3. Turntheend fitting over and tap it against a bench top or other hard, flat surface to remove the bed support and
seal assembly. Discard the old assembly.

4. Place a new bed support assembly (P/N 042955) which consists of a seal washer (P/N 042956), and a frit
(P/N 041375) intotheendfitting (P/N 052809). Usetheend of thecolumnto careful ly push thebed support assembly
into the end fitting.

5. Screw the end fitting back onto the column. Tighten it fingertight, then an additional 1/4 turn (25inx Ib). Tighten
further only if leaks are observed.

6. Reconnect the column to the system and resume operation.
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5.2 High Background or Noise When Using Conductivity Detection

In aproperly working system, the background conductivity level for the standard eluent system is shown below:

ELUENT EXPECTEDBACKGROUNDCONDUCTIVITY

40mM HCI/5%ACN/4mM DAP 2-5uS

Thebackground conductivity typically increasesbetween 2 and 5 pSwhenrunning agradient asdescribedin Section 4.3, “ Gradient
Separation of Amines and Inorganic Cations.”

A.

B.

Make sure that the eluents and the regenerant are made correctly.

Make sure that the eluents are made from chemicals with the recommended purity (see Section 3.1, “Chemicals
Required”).

Make sure that the deionized water used to prepare the reagents has a specific resistance of 18.2 megohm-cm.

For applications using suppressed conductivity detection, the standard system configuration includes replacing the
Gradient Mixer thatisnormally positioned after the pump and infront of theinjection valvewithaCation Trap Column
(CTC-1, P/N 040192). Most of the applicationsusing UV detection do not requiretheinstallation of aCTC-1.

1 Isthe CTC-1 installed before the injection valve? If it is not and you are doing an application with suppressed
conductivity detection, install oneasdirectedin Section 2.4, “ Installing thel onPac Cation Trap Column (CTC-1),”
and watch the background conductivity. If the background conductivity is now low, thismeansthat the CTC-1is
trapping contaminants from the eluent. The eluents probably have too many impurities (see items A—C above).

2 IftheCTC-1lisalready installed, removeit. | sthebackground conductivity still high?1f thebackground conductivity
decreases, the CTC-1 is the source of the high background conductivity.

Connect the gradient pump directly to the CTC-1. Connect awaste lineto the CTC-1 outlet and direct thelineto
awaste container.

Rinsethe CTC-1with30mL of a10 X concentrateof thestrongest el uent that will beused duringthegradientanalysis
at theflow rate used inthe application (e.g., 1 mL/min for 30 minutes).

After flushing the CTC-1 with eluent, connect the CTC-1to the eluent linethat isconnected to theinjection valve.

Remove the OmniPac PCX-500 analytical column from the system. I s the background conductivity still high? If the
column isthe cause of the high background conductivity, clean the column asinstructed in “ Column Care.”

To eliminate the hardware asthe source of the high background conductivity, bypassthe MicroMembrane Suppressor
and pump deionized water through the system. The background conductivity should belessthan 2 uS. If itisnot, check
the detector/conductivity cell by injecting deionized water directly into it.

If the above items have been checked and the problem persists, the suppressor is probably causing the problem.

1. Checktheregenerant flow rate at the REGEN OUT Port of the MicroM embrane Suppressor. Thisflow should be
greater or equal to 10 mL/min.

2. Check theeluent flow rate. It should be 1.0 mL/min.
3. Prepare fresh regenerant solution. Bypass the Cation AutoRegen Regenerant Cartridge (if you are using the

AutoRegen Accessory). If the background conductivity is high, you probably need to clean or replace your
MicroMembrane Suppressor. Refer to the MicroMembrane Suppressor Manual for instructions.
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4

If you are using an AutoRegen Accessory, connect the regenerant to the AutoRegen Regenerant Cartridge. Pump
approximately 250 mL of regenerant through the Anion AutoRegen Cartridge to waste before recycling the
regenerant back to the regenerant reservoir. If the background conductivity is now high, you probably need to
replacethe Cation AutoRegen Regenerant Cartridge (P/N 039564). Refer to the AutoRegen Cartridge Manual for
Instructions.

5.3 Poor Peak Resolution

Poor peak resolution can be due to:

A. Lossof ColumnEfficiency

1

Check to seeif headspace has developed in the column (e.g., dueto improper use of the column such as using the
columnwithout 1 % organi ¢ solvent in the eluent or submitting it to high pressures). Removethe column’ stop end
fitting (see Section 5.1, “High Back Pressure,” Step C). If theresin doesnot fill the column body all theway to the
top, it means that the resin bed has collapsed, creating a headspace. The column must be replaced.

Extra-column effects can result in sampl e band dispersion, making the peaks el ution less efficient. Make sureyou
areusing tubing with an I D of no greater than 0.012 inch, inall cases, between theinjection valve and the detector
cell inlet, and that the tubing lengths are as short as possible. Check for leaks.

B. Shorter Retention Times ( peaks elute too fast, compromising resol ution)

1

2

3

Check to seeif eluent flow rateisfaster than 1.0 mL/min. Check the eluent flow rate after the column.

Check to seeif theeluent composition and concentrationiscorrect. An eluent that istoo strong will makethe peaks
elute sooner. Prepare fresh eluent. If you are using agradient pump to proportion the eluent componentsfrom two
or three different eluent reservoirs, the resulting eluent composition might not be accurate enough for this
application. Use one reservoir containing the correct eluent composition to seeiif thisisthe problem.

Column contamination canlead to alossof column capacity becauseall of the cation exchangesiteswill nolonger
beavailablefor thesampleions. Polyval ent cations might be concentrating onthecolumn. Refer to APPENDI X B,
Column Care, for recommended column cleanup procedures.

Possiblesourcesof column contaminationareimpuritiesinchemical sandinthedeionized water used. Beespecially
careful tomakesurethat therecommended chemical sareused. Thedei onized water should haveaspecificresistance
of 18.2megohm-cm.

C. Diluting the eluent will improve peak resolution, but will also increasethe analytes' retentiontimes. If a10% dilution
of the eluent is not sufficient to obtain the desired peak resolution, or if the resulting increase in retention timesis
unacceptabl e, clean the column (see* Column Care”).

After cleaning thecolumn, reinstall itinthe system, and let it equilibrate with eluent for about 30 minutes. The column
is equilibrated when consecutive injections of the standard give reproducible retention times. The original column
capacity should be restored by this treatment, since the contaminants should be eluted from the column.

D. If poor resolutionsand efficienciesareobserved for thevery early el uting peaksnear the systemvoid volume compared
to the later eluting peaks, check thefollowing:

1

Improper eluent EI concentration may betheproblem. Remaketheeluent. Makesurethat theall chemical smeet the
purity requirements described in Section 3, “ Operations.”

Columnoverloading may bethe problem. Reducetheamount of sampleionsbeinginjected ontothecolumnby either
diluting the sample or injecting asmaller volume onto the column.
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3. Improperly swept out volumesanywhereinthe system prior to theanal ytical column may bethe problem. Seeitem
A above.

4. Sluggish operation of theinjection valve may be the problem. Check the air pressure and make sure there are no
gasleaks or partially plugged port faces. Refer to the valve manual for instructions.

5.4 Spurious Peaks

A. Runthegradient programwithout making aninjection. Examinethebaseline. If you seespuriouspeaks, thecolumn may
be contaminated.

If the samples contain an appreciable level of polyvalent ions and the column is used with a weak eluent system,
polyvalent cations may be contaminating the column. The retention times for the analytes will then decrease and
spurious, inefficient peaks can show up at unexpected times. Clean the column asindicated in “ Column Care.” Using
the recommended eluent will ensure that strongly retained polyvalent cations are eluted before the next injection.

B. Runthegradient program again, thistime switching theinjection valvebut not injecting sampleor standard (make sure
that the sampleloop contains either deionized water or eluent). If you see abaseline upset, especially at the beginning
of the chromatogram, it is probably dueto the injection valve.

When an injection valve is actuated, the possibility of creating a baseline disturbance exists. This baseline upset can
show up asapeak of varying size and shape. It will happen when the injection valve needsto be cleaned or retorqued
(see system manual). Check to see that there are no restrictions in the tubing connected to the valve. Also check the
valveport facesfor blockage and replacethemisnecessary. Refer to the VValve Manual for troubleshooting and service
procedures. Small baseline disturbances at the beginning or at the end of the chromatogram can be overlooked aslong
asthey do not interfere with the quantitation of the peaks of interest.

If baselinedisturbances still occur after the valve has been cleaned, reassembl ed and torqued (see manual), replacethe
valvewithaDionex Microlnjection Vaveasrequired.




OmniPac® PCX-500
Analytical (4 x 250 mm)
Product No. 042191

Serial No. : 1930 Pressure (PSI) : 2250 Date : 3/6/00 9:31:57 AM
1930 Eluent: 50 mM HCI
7.00x1073¢ 100 mM KCI
3 32% CH,CN
6.00x1031 3
\ .
5.00x10%F Flow Rate: 1.0 mL/min
4.00x10°34
Detection: Absorbance at 220 nm, 0.02 AUFS
3.00x10%4
Zoox1031 Injection Volume: 10 UL
-3
1.00x10 Storage Solution: Eluent
2.33x107101
-1.00x10°3F
-2.00x103¢
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Minutes

Peak Information : Found Components

Peak Retention Name (mg/l) Efficiency = Asymmetry Resolution
No. Time (10%)

1 320 Pyridine 8.0 4986 15 6.15

2 478  Phenethylamine 5.0 3273 16 4.75

3 6.55 Benzyl alcohol 8.0 4014 14 n/a

File Name : CA\APEAKNET\DATA\EXAMPLES\42191 PCX-500 4MM_006.DXD
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APPENDIX B - COLUMN CARE

B.1 Recommended Operation Pressures

Operating a column above its recommended pressure limit can cause irreversible loss of column performance. The maximum
recommended operating pressurefor the Omni Pac PCX-500 analytical columnis5,000 psi.

B.2 Column Storage Solution
Thecolumnisshipped in 100 mM K Cl/5% mM HC1/32% ACN storage sol ution.
Preparetheel uent described onthe Certificateof Performance, install thecolumninthechromatography modul eandtest thecolumn
performance under the conditionsdescribed in the on the Certificate of Performance. L et the column equilibrate with eluent for a
few minutes. Equilibration is complete when consecutive injections of the standard give reproducible retention times.
B.3 Column Storage
Thecolumn’ sstoragesol ution should beel uent. I f thecolumnwill not beused for oneweek or more, prepareit for long-termstorage.
Pump the column down usi ng the base-sol ubl e/organi c contami nants gradient program described bel ow. Flush the columnfor 10
minuteswith 100 mM K CI/50 mM HC1/32% ACN. Cap both ends securely, using the plugs supplied with the column.
B.4 Column Cleanup

CAUTION

The OmniPac PCX-500 Analytical and Guard Columns require a minimum of 1% solventin the eluent to ensure that

the column packing is properly wetted and to maintain the integrity of the packed column.

When changing the eluent solvent type or the nature of theionic strength in the eluent, a 10 minute (or longer) gradient

from the old eluent to the new eluent mustbe performed.

B.4.1 Polyvalent Anions and Acid-Soluble Contaminants

A. Preparea500mL solutionof 1M HCI/0.1M KCl/5% CH_0H.

B. Disconnecttheanalytical columnfromtheinjectionvalveandtheMicroMembranesuppressor. Disconnect the Gradient
Mixer or the CTC-1fromthegradient pump. Connect the OmniPac PCX-500 analytical columndirectly tothegradient
pump. Direct the effluent from the analytical column directly to waste.

C.  Setthepumpflowrateto 1.0 mL/min.

D. RunalOminutegradient fromthe current eluent tothe 1 M HCI/0.1 M KCI/5% CH,OH cleanup solution.

E  Pump1M HCI/0.1M KCI/5% CH_,OH sol ution through the column for 30-60 minutes.

F. Runa 10 minute gradient from the cleanup solution back to the current eluent.

NOTE
Nitric acid should not be used instead of hydrochloric acid since nitric acid will not efficiently remove iron contaminants.

G Pump 5% CH,OH through the columnfor 15 minutes.
H. Reconnect the suppressor to the analytical column.

I.  Equilibratethe columnwith eluent before resuming normal operation.
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B.4.2 Base-Soluble and Organic Contaminants
A. Disconnect the suppressor from the analytical column. Direct the analytical column outlet lineto waste.

B. Setthepump flow rateto 1 mL/min. Usethefollowing gradient program to remove anionic and organi c contaminants
fromthe OmniPac PCX-500anal ytical column.

Eluent 1: DI Water Eluent 2: 90% A cetonitrile
Eluent 3: 100 mM NaOH Eluent 4: Current eluent

Eluent Flow Rate: 1.0mL/min

Time %1 %2 %3 % 4 Comments
(min)
00 0 0 0 100
100 % 5 40 0
250 0 5 b 0
350 0 5 b 0
400 0 50 50 0
500 0 50 50 0
55.0 % 5 0 0 Hold for 5 minutes
65.0 0 0 0 100

C. Reconnect the suppressor to the analytical column.
D. Equilibratethe columnwith eluent before resuming normal operation.

NOTE
Itis not necessary to use sodium hydroxide and acetonitrile in the above cleanup procedure. You may find it more
beneficial, depending on you sample matrix, to use a different ionic eluent such as sodium chloride and a different solvent
such asisopropylalcohol.




