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Safety and Special Notices

Make sure youfollow the precautionary statements presented in this guide. The safety and other
special noticesappearin boxes.

Safety and special notices include the following:

>

Indicates a potentially hazardous situation which, if not avoided, could resultin death or
seriousinjury.
SAFETY

>

Indicates a potentially hazardous situation which, if not avoided, could result in damage

to equipment.
WARNING

Indicates a potentially hazardous situation which, if not avoided, may result in minor or
moderate injury. Also used to identify a situation or practice that may seriously damage
CAUTION the instrument, but will not causeinjury.

> B

Indicates information of general interest.

Z
O
=
m

Highlights information necessary to prevent damage to software, loss of data, or invalid
IMPORTANT test results; or might contain information that is critical for optimal performance of the
system.

Tip Highlights helpful information thatcan make a taskeasier.
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1 —=Introduction

1. Introduction
1.1 Capillary CarboPac PA20

The Capillary CarboPac PA20 0.4 x 150 mm column has been developed for use with the capillary format of the Dionex
ICS-6000 system. It gives fast, efficient separations of monosaccharides with good spacing of monosaccharides. The
Capillary CarboPac PA20works bestin combination with the eluentgenerator (EG) and the continuously regenerated
anion trap column (CR-ATC). The instructions for assembling the capillary system with capillary CarboPac PA20
column set, EG and CR-ATC can be foundin the ICS-6000 SystemManual.

The Capillary CarboPac PA20 columns are packed with a hydrophobic, polymeric, pellicular anion exchange resin
stable overthe range of pH 0-14. This unique pH-stability of the packing material allows the use of eluent compositions
that are conducive to anodic oxidation of carbohydrates at gold electrodes.

Resin Characteristics:

Particle Size: 6.0 um

Pore Size: microporous (<10A)

Cross-linking: 55%

lon exchange capacity: 1.16 peq per 0.4 x 150 mm column

Latex Characteristics:

Functional Group: difunctional quaternary ammoniumion
Latex Diameter: 130 nm

Latex Cross-linking:5.2%

Typical Operating Parameters:

pHrange:0-14

Temperature Limit: 4-60°C

Pressure Limit: 3500 psi

Organic Solvent Limit: 100% compatible

Typicaleluents: High purity water (18 megohm-cm), potassiumhydroxide fromEG

1.2 CarboPac PA20 Anion Exchange Column Set

Part Number  Product Description

072072  Capillary CarboPac PA20 Analytical Column, 0.4x 150 mm
072073  Capillary CarboPac PA20 Guard Column, 0.4 x 35-mm
047078  BorateTrap,4-mm

1.3 Capillary CarboPac PA20 Guard Column

A guard column is usually placed before the analytical column to prevent sample contaminants fromeluting ontothe
analytical column. Theaddition of the guardto the analytical column also increases the column capacity by about 20%,
which translates into an increase of about 20% in the retention times forisocratic runs. Ifa guard is addedto a system
running a gradient method that was initially developed for just an analytical column, the gradientschedules should be
increased by about 20%, to ensure similar resolution betweenthe eluting peaks.
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1 —=Introduction

1.4 Borate Trap

Borate can affect peak symmetry of some monosaccharides, evenwhen present in a low part-per-billion concentration
range. Borate is oneofthe first ions to break through a water deionization system. Its presencein the water thatis used
to make up eluents for carbohydrate analysis can cause a significant loss of peak efficiency, especially for mannose
and reduced monosaccharides. The BorateTrap (Item# 047078) is used immediately before the injection valve and
servesto remove borate fromthe eluent just before chromatography.

Column: CarboPac™ PA20

Eluent: 10 mM NaOH, 10 ng/mL borate
FlowRate:  0.008 mL/min

Detector: Pulsed amperometry, gold electrode

90_ 2
Peaks
, 1. Fucose
Without Borate Trap g g;alactosam_ine
. Glucoseamine
4. Galactose
1 5. Glucose
nC 5 6. Mannose
4
6
B | |
0 5 10
100 2
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= T T

0 5 10
Minutes

Figurel
Effect of Borate and the BorateTrap™ on Monosaccharide Peak Symmetry
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2 - SystemRequirements

2. System Requirements

The DionexCapillary Carbohydratesystemshould be configured to comply with the following key requirements:

Waterforpreparingthe eluentis kept under heliumornitrogenat all times

Use of KOH eluents froma compatible eluentgenerator

Accurateand precise flow rates at 0.001to 0.1 mL/min

pH/Ag/AgClor PdH reference electrode

Programmable pulsed amperometric waveforms with frequencies of 1 Hz or higher

Minimized contributionto thebackground signal by contaminants fromthe systemand reagents
Constant temperature control of the guard column, separation column and detection cell.

Use of CR ATCand Degasser modules as a part of the DIONEX RFIC system

O N WD E

2.1 Capillary Carbohydrate System (Without Columns)

2.1.1 System Components and Description
The following systemcomponents are recommended for carbohydrate analysis.

1.  ASautosamplerwith sample tray cooling

2. DP module (ICS-6000) configuredfor capillary flow rate range

3. EG module (ICS-6000) with EGC, and CRATC

4. DC module (ICS-6000) configuredwith IC-Cube.

5. ICS-6000 IC Cube consisting of Suppressor Bypass, Eluent Degasser, injector with internal sample loop (0.4
pL) injector, column oven

Capillary electrochemical cell with a gold electrode, PdH or Ag/AgCl reference electrode

EO1 Eluent organizers

~No

2.2 System Requirements

The carbohydrate separations with the Capillary CarboPac PA20 columns are optimized for use with 1CS-6000

Capillary HPIC™ System. The key issue is thatthe pump should be configured for capillary flowrate range. All of
the surfaces in contact with eluent and samples are metal-free.

Tubing anywhere between the injection valve and detector should be<0.003 in I.D. PEEK tubing. Minimize the length
ofall liquid lines, but especially that of thetubing between the column and the detector cell. The use of larger diameter
and/orlongertubingwill decrease separation efficiency.

Each of the possible configurations offers multiple sampling option; however, a consistently reproducible quantitation
and an absence of disturbing artifacts are achieved best using the “full loop” mode and in conjunction with a 0.4 pL.
internal loop ofthe injector valve. Good reproducibility of retention times requires the use of temperature control.
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Data
H20 Management
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Electrolytic :
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Sample Injector Detector
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Figure 2
Block Diagramof a Capillary Reagent-Free™ Ion Chromatography System
with Electrochemical Detection
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2 - SystemRequirements

2.3 Gold Working Electrodes

Carbohydrates separated by high pH anion exchange chromatography are detected by pulsed electrochemical detection
and the signalis reported in Coulombs (C). Electrochemical detection is used to measure the currentor chargeresulting
from oxidation or reduction of analyte molecules at the surface of a working electrode. During oxidation reactions
electrons are transferred frommolecules of electroactive analytes, such as carbohydrates, to the working electrodein
the amperometry cell. Detection is sensitive and highly selective for electroactive species, since many potentially
interfering species cannotbeoxidized or reduced, and are notdetected. Whena single potential is applied to the working
electrode, the detection method is DC amperometry. Pulsed amperometry and integrated amperometry employ a
repeating sequence of potentials. Pulsed electrochemical detection at a gold working electrode is a re producible and
sensitive method for the detection of all carbohydrates of molecular weight up to ten-thousand.

Although carbohydrates can be oxidized at a gold working electrode, some products of the oxidation reaction poison
the surface of the electrode, inhibiting further analyte oxidation. By repeatedly pulsing between optimized high positive
and negative potentials, a stable and active electrode surface can be maintained. However, the gold working electrode
is very slowly consumed during this process and will eventually need to be replaced. Occasionally the electrode may
be ‘poisoned’ by other contaminants, resulting in a significantly reduced response. W hen this occurs, theactive surface
of conventional (non disposable) electrodes can be renewed. However, this can be a tedious and time-consuming
process.

The Dionex disposable gold electrodes (Item # 060139 for 6, Item # 060216 for 4 packages of 6) make electrode
reconditioning by polishing and other methods unnecessary. They are less expensive and can thus be replaced more
often than the conventional electrodes. The more frequent replacement of working electrodes renders electrochemical
detection more predictable and reproducible. The disposable electrodes also make easier any troubleshooting of
electrochemical detection problems. Thegold hydroxide (AuOH) catalyzed mode of oxidation of carbohydrates differs
from the gold oxide catalyzed oxidation of amino acids at higher potentials. Although both gold electrodes can be
mounted in the same ED50 detection cell, and thus in principle it is feasible to converta gold electrode fromone node
of detection to another, in practice this may require an extensive period oftime and is thus not recommended. The Au
electrodes for carbohydrate analysis have been tested forand are guaranteed to work for carbohydrate analyses.

Dionex Technical Note 21

You MUST USE the quadruplewaveform (Waveform A) with disposableelectrodes. Waveform B

and Waveform C CANNOT BE USED with Disposable Electrodes. Waveforms B and C willstrip
WARNING  the gold surface ofthe disposable electrode within 24 hours.

Thermo Scientific ProductManual for CarboPac PA20 Capillary Columns Page 12 of 40
065362-03 For Research Use Only. Not for use in diagnostic procedures.



2 - SystemRequirements

2.4 Electrochemical Capillary Cell and Electrodes

Part Number  Product Description

061749 Conventional gold working electrode

045972 Cell gasket for conventional gold working electrode
066480 Disposable gold electrodes on PTFE (6-packs)

060139 Disposable gold electrodes on Polyester (6-pack)

072161 Cell gasket for use with PN060139 at capillary flow rates
072044 Capillary electrochemical detection cell

074221 PEEK inlet capillary ID 0.0025” for PN 072044

061879 pH-Ag/AgClreference electrode

072162 Gasket for use with pH/Ag/AgClreference electrode at capillary flow rates
072075 Pd/Hreference electrode

072214 Gasket for the PdH reference electrode

2.5 System Start-up

Configure the systemwith the AS autosampler onthe left, the DCmodule in the middle and the pump ontheright. EG
Module should be placed ontop of the pump. Nitrogen or heliumshould be delivered to the eluent organizer with about
5-6 psiat each bottle. Makeall fluidic and electrical connections, butdonotinstall the column yet. Instead install some
backpressure tubing, suchas a length 0f0.0025" 1.D tubing between the injectorand detector cell inlet. Minimize the
numberofunions and the length of all the liquid lines. Tubing between the injection valve and the detector, on either
side of the column, should be 0.0025" ID PEEK tubing. The use of larger tubing will decrease separation efficiency.
Verify that the modulesare communicating.

2.5.1 System Rinse

1. DO NOT installthe Capillary CarboPac PA20 column before confirming thatthe background <30nC.
If experiencing a higher backgroundrinsethe systemwith 2 M NaOH.

2. Prepareasolutionof2M NaOHto rinse each bottle, by diluting 104 mL of 50% sodiumhydroxideto 1L
with deionized water.

3. Placethe 2 N NaOH in apre-rinsed bottle and placethe eluent line in it. Withdrawat least 40 mL ofsodium
hydroxide fromthe line into waste, usinga priming flow rate.

4. Closethesolventdraw-off valveandleave the pump runningat 0.05ml/min for 15 minutes.

5. Make sure thatall surfaces come into contact with the sodiumhydroxide; rotate the injector valve.

6. Repeatthe processwith 18 megohm-cmwater.

Thermo Scientific ProductManual for CarboPac PA20 Capillary Columns Page 13 of 40

065362-03 For Research Use Only. Not for use in diagnostic procedures.



3 - Operation

3. Operation

3.1 CarboPac PA20 Column Operational Parameters

pHrange:pH=0-14

Temperature limit: 60°C

Pressurelimit: 3,500 psi

Organic Solvent Limit: 100% Acetonitrile, methanol, acetone, if required for cleaning

Typical Eluents: High purity water (18 megohm-cm), potassiumhydroxide fromthe Eluent Generator

3.1.1 The MostImportantRules

ALWAYS...

e usededicated glassware and disposable glass or plastic ware for volume adjustments.

e keep yourwaterblanketed with heliumor nitrogen. Use newfiltered water if left unblanketed for more than 30
minutes.

o use0.4 pL loop size; larger loopswill cause loss of resolution.

NEVER...
gotothe next step ofthe installationifthe previous step has failed.
start an installationwith any ofthe checklist items below missing.
use ‘communal’ filtration units or filters made ofunknown or unsuitable (cellulose d erivatives, polysulfone)
materials.

e use MeOH orotherorganic solventsasrinse fluid in the autosampler. Use only water, replaced daily. NEVER
run above 60 °C or 3,200 psi.

3.1.2 Initial Check List
The following items MUST be available in your lab. The absence of any of these may compromise your analysis.

1. Laboratory water unit delivering 18.2 megohm-cmwater at the installationsite.

2. Vacuumpump available for use with the vacuumfiltration units.

3. Inertgas cylinder (heliumor nitrogen) with a regulator valve (forexample,a 0-200 psigauge onthe low
pressure side) andthe appropriate size adaptors plus tubing.

4. Mixture of 6 carbohydrates standard.
5. Sterile-packed 10mL and 25 mL disposable pipets and suitable pipeting bulbs or pumps.
6. Disposable, plastic (PE) large-size (at least 20mL) syringe for priming the pump.
7. Plasticeluent bottles.
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3 - Operation

3.2 Purity Requirements for Chemicals

Obtaining reliable, reproducible and accurate results requires eluents that are free from impurities and prepared only
from the chemicals recommended below. DIONEX cannot guarantee proper column performance when alternate
suppliers of chemicals or lower purity water are utilized.

3.2.1 Deionized Water

The deionized water used to feed the Eluent Generator should be Type | reagentgrade water with a specific resistance
of 18 megohm-cm. The water should be free fromionized impurities, organics, microorganisms and particulate matter
larger than 0.2 um. The availability of UV treatment as a part of the water purification unit is recommended. Follow
the manufacturer’s instructions regarding the replacementofion exchangeand adsorbent cartridges. All filters used for
water purification must be free from electrochemically active surfactants. Expanding their period of use beyond the
recommended time may lead to bacterial contamination and as a result, a laborious cleanup may be required. Use of
contaminated water for eluents can lead to highbackgroundsignals and gradientartifacts.

3.2.2 Potassium Hydroxide
Use DionexCapillary Format of KOH Eluent Generator Cartridge installed with CR ATC in the EG5000 module.

3.3 Preparation of Eluents and Standards

A Always sanitize the entire analyzer with 2M NaOH prior to initial start-up (see Section 2.5.2) and after
idle periods.

NOTE

Obtaining reliable, consistent and accurate results requires eluents that are free of ionic and electrochemically active
impurities. Chemicals and deionized water used to prepare eluents mustbe of the highest purity available. Maintaining
low trace impurities and low particle levels in eluents also helps to protect your ion exchange columns and system
components. DIONEX cannot guarantee proper column performance when the quality of the chemicals, solvents and
water used to prepareeluents is substandard.

3.3.1 Deionized Water

Vacuum degas the water by placing the eluent reservoir in a sonicator and drawing a vacuum on the filled reservoir
with a vacuum pump. Vacuum degas the reservoir for 5-10 minutes while sonicating. Cap each bottle and minimize
the length of time the bottle is opened to the atmosphere. Vacuum filtration through 0.2 um Nylon filters is a good
alternative to vacuum degassing under sonication and is sufficient in the majority of cases. On-line degassing is
available in the DP gradient pumpingsystems.

3.3.2 Eluent: Potassium Hydroxide

The first step in the preparation of potassium hydroxide eluent is to degas an aliquot (typically 1000 mL) of the
deionized water, as described above. In the second step, start the pump flow and verify that the water is exiting from
the Eluent Generator exit tubing. In the third step, select anappropriate KOH concentration (usually 10mM) in the EG
paneland verify that the eluentis exiting fromthe CR ATCoutlet tubing, thenturn onthe CRATC in the Chromeleon
eluent generator panel.
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3 - Operation

3.4 Standard Mixture of SixMonosaccharides

The Dionex MonoStandard, Mix of Six, Item # 043162 contains 100 nmol each of L-fucose, D-galactosamine, D-
glucosamine, D-galactose, D-glucose and D-mannose. Dilute the standard by adding 1.0 mL DI water to the vial
containing the monosaccharide standard. The concentration of each of the monosaccharides will then be 100 uM. Take
a 100 uL aliquot of the diluted standard andadd 900 uL. of waterto make a 10 uM solution. Inject 0.4 uL volumes to
compare with the column test chromatogram, when installing a new column or troubleshooting a separation.

3.5 Sample Preparation

The CarboPac columns are strong anion exchangers. Thus, the sample matrix precautions applicable to ion exchange
chromatography apply to these columns. High salt concentrations in the samples should be avoided where possible.
Special care should be taken with samples containing high concentrations of anions, which are strong eluents for the
CarboPac columns (e.g. chloride, carbonate, phosphate, etc.). Avoid extremes of sample pH (especially extremely acid
samples). The presence of anionic detergents (e.g. SDS) in samples should be avoided entirely. Nonionic or cationic
detergents may be acceptable in low concentrations.

When using pulsed amperometric detection, beware of high concentrations of electrochemically-active components
(e.g. TRIS buffer, alcohols, and other hydroxylated compounds). Small amounts of organic solvents in the sample will
not harm the column, although the organics may interfere with the chromatography or detection of the analytes of
interest.

Sample matrices in glycoprotein analysis can be greatly simplified by performing a Western blot and selectively
removing the carbohydrates from the PVDF membrane-bound proteins. Please ask for DIONEX Technical Note 30,
“Monosaccharide and Oligosaccharide Analysis of Glycoproteins Electrotransferred onto Polyvinylidene Fluoride
(PVDF) Membranes,” orretrieve it from our website at www.dionex.com.

3.6 Introduction to the Detection Methods

The carbohydrate oxidationat gold electrodes is made possible by a rapid sequence of potentials (waveform) adjusted
between the working electrode (gold) and the reference electrode (Ag/AgCl). Resulting currents are measured by
integration during a short time interval of the detection waveform. The standard, recommended carbohydrate
waveforms are shown in Table 1.

Table 1
Carbohydrate Quadruple Waweform
Time (s) Ag/AgCl reference | PdH potential for Integration
potential (mV) 10 mM KOH (mV)
0 100 950
0.2 100 950 Start
04 100 950 End
041 -2000 -1150
0.42 -2000 -1150
0.43 600 1450
0.44 -100 750
0.5 -100 750

A Do not polisha new goldelectrode prior to use.
NOTE NEVER POLISH the disposable gold electrodes.
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Refer to “Section 5 — Troubleshooting Guide” of this manual for an overview of reconditioning techniques for
conventional gold working electrodes.

The reference electrodeforthe ED is eithera combination pH-Ag/AgCl electrode or a PdH electrode. For carb ohydrate
analysis, theformerelectrodeis used in the Ag mode. Always verify thecorrect selection of reference electrode is nmade
in the programfile and on the Chromeleon ED panel priorto turningthecell voltage on.

Always have available at leastone unused “known good” pH-Ag/AgClreferenceelectrode. If stored in saturated KCl,
areference electrode canbekeptfor years with its reference potential virtually unchanged. In contrast, the pH-Ag/AgCl
reference electrodes mounted inside the electrochemical cell and exposed to flowing potassium or sodium hydroxide
have only a limited lifetime of approximately 3 to 6 months. As a result of prolonged exposure to alkaline solutions,
the 0-1-M KClI solution inside the reference electrode gradually becomes alkaline and the silver chloride layeron the
Ag wire immersed into that solution either dissolves or convertsto a mixture of silver oxide and silver hydroxide. As
that happens, the reference potential shifts and becomes increasingly unstable. Shifting reference potential is
experienced by the user either as an unusually high background oras a decrease in signal response. A combination of
both effects is also possible.

The PdH electrode does not undergo any change during a prolonged exposure to alkaline conditions. However, its
potential can change slightly during a longer storage outside of the detection cell.

A Never leave pH-Ag/AgCl electrode referenceelectrode inside a disconnected electrochemical cell.
CAUTION

A pH-Ag/AgClelectrode referenceelectrode canbe irreversibly damaged by drying out. This happens most frequently
by leaving the reference electrode inside a disconnected electrochemical cell. Always remove the pH-Ag/AgC
electrode reference cell fromthe electrochemical cell, when the systemis not in proper use (i.e. cellinlet and outletare
not plugged or connected toa flowing eluent). After removal fromthe electrochemical cell, keep thereference electrode
immersed in 3M KCI solution (224 g KCI/L) at all times.

3.7 Column Start-Up Requirements

Followthe instructions in section 2.5when starting up a new system. Before installing the column, filter a fresh aliquot
of ultrapure water and transfer it into an eluent container blanketed by inert gas. Pump 40 mL ofwater into the waste
at priming flow rate. Stop the flow, and complete the tubing connections from the pump to the eluent generator, CR
ATC, IC-Cube, detector celland to waste. Follow the instructions in the 1CS-6000 manual in making the connections.
Close the priming valve, start the pump, select 10 mM KOH concentrationin the eluentgenerator panel. Do not install
the capillary column yet. Performthe following background check.

3.7.1 Verification of System Cleanliness
This sectionis performed using the conditions of the chromatogramin Figure 3.

Make sure that:
1. Thecellisnotyeton.
2. Thepumpis pumping at 0.008 mL/min and the EGis setat12 mM KOH.
3. A length 0f 0.0025” ID tubing is installed between the injector and detector cell to generate ~1000psi
backpressure.
4. Thecolumnis not yetinstalled.

Confirmthat the pH reading onthe Chromeleon EC Detector or Home panelis between 11.3and 12.00 (only with pH-
Ag/AdgClreference electrode). With the pH within this range, specify a reference electrode, turn on the cellusing the
appropriate quadruple waveformin Table 1 (Section 3.6) and begin monitoring the background signal fromthe control
panelforat least 30 minutes. Confirmthat the baseline is <30nC. If the background >30nCor the pHis out ofrange,
see the “Troubleshooting”section at theend of this manual.
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3.7.2 Installation ofthe Capillary CarboPac PA20 Column
Install the CarboPac PA20 column set only after the initial systemtest (3.7.1) determines a background level within

the specified range. A premature installation ona contaminated systemwill cause delays during column equilibration.
The following procedureshould be followed after any long termcolumn storage (>1 week).

Remove the 0.0025” tubing fromthe injectorto the detectorand install the Capillary CarboPac PA20
column set, but donot connect it to the cell; instead send the effluentfromthe colu mn straight to waste at

first. The Capillary CarboPacPA20 columnsareshippedin 10 mM KOH.

To prepare the column for optimumperformance, the CarboPac PA20 must be washed for 2hours at 0.010
mL/min using 200mM KOH. Have the column outletconnected to the inlet tubing of the Suppressor
Bypass module inthe IC Cube.

Following the wash, equilibrate the column at 10mM KOH for 15 — 25 minutes.

Next, switch yourinjectionvalveto LOAD (the loop now contains eluentequivalentto the initial
conditions) and then connectthe column to thecell.

Reconnect thedetectioncell outlet to theinlet tubing ofthe Suppressor Bypass.

When using 10 mM KOH, column washing with 100mM KOH for 5-10 minutes betweenanalyses is
recommended to remove carbonate. Withoutsuchstep, carbonate may accumulate on the column causinga
gradualreduction ofretentiontimes. Forexample, a typical elution programfor the sixmonosaccharide
standardat a flow rate of 0.008 ml/min consists of 12min at 10 mM KOH, 5 min at 100 mM KOH and 10
min of re equilibration in 10mM KOH. A high accumulation of carbonate indicated by significantly shorter
retention times can be corrected by a 2-hourrinse with 200mM KOH at 0.010 mL/min.
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4. Example Applications

The CarboPac columns have been designed for isocratic or gradient separation utilizing potassiumor sodiumhydroxide
eluents up to a concentration of 1M. Analyte separation is highly dependent on hydroxide concentration in HPAEC.
Many separations require only an isocratic separation. However, some groups of analytes will require a step or gradient
elution. Retention of carbohydrates can be varied with eluent concentration, in some cases changing the elution order
as the sodiumhydroxide concentration increases.

Depending upon your system, you may have to make small adjustments to your gradient conditions or operating
temperature to achieve resolution of allanalytes.

41 Runtime Optimization

The CarboPac PA20has been designedto give good resolution betweenthe components in the Monostandard Mixof
Six monosaccharides under a variety of potassiumhydroxide conditions. These conditions can be optimized depending
upon the goal of the separation. The higher the potassiumhydroxide concentration, the faster the peaks will be eluted
but the less the resolution between the peaks. This phenomenonis illustrated in the chromatograms below. It is
important to remember that despitethefact that the peaks are separatedisocratically, at low hydroxide concentration it
is still necessary to regenerate the column in order to remove carbonate buildup which will shorten the peak retention
times overtime.

Column: CarboPac PA 20(0.40 x 150 mm)

Temperature: 30 °C

Eluent: 8, 12, 16,0r 20 mM KOH (12 min) /100 mM
KOH (5 min) / 10 mM KOH (15 min) (EG)

Flow Rate: 8 uL/min

Injection Volume : 0.40 pL

Detection Method: PAD (Carbohydrate Quadruple Waveform)

Reference Electrode: PdH

Electrode: Au

Gasket Thickness: 1 mil

Sample: Standard (10 uM)
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100

80 1

60

40 1

20 1

Peaks:

1. Fucose

2. Galactosamine
20 mM KOH 3. Glucosamine
4, Galactose

5. Glucose

16 MM KOH 6. Mannose

12 mM KOH

8 mM KOH

0 T T T T T T T T
0 20 30 32
Minutes
Figure 3
Runtime Optimization: Six Monosaccharides
Table 2
Analytical performance: separation of monosaccharides using the capillary CarboPac PA20 column
Linear Range Correlation
LOD (uM) (uM) Coefficienct
Fuc 0.024 0.024 — 50 0.9958
GalN 0.018 0.018 — 25 0.9998
GIcN 0.029 0.029 — 25 0.9949
Gal 0.054 0.054 — 25 0.9964
Gla 0.056 0.056 — 50 0.9986
Man 0.068 0.068 — 50 0.9956
A LOD: Limit of Detectionas 3x of noise, Injection Volume: 0.4 L.
NOTE
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4.2 Common Monosaccharides from Mammalian Glycoproteins

Many mammalian proteins have carbohydrates attached to them. In many cases, the presence of the carbohydrate
controls the biological activity of the protein or the rate at which it is cleared from the system. For example, certain
glycosylated forms of tissue plasminogen activator (tPA) have more enzymatic activity than others. Erythropoeitin
shows complexeffects if the protein is deglycosylated or the glycosylation is altered. Failure of secretion from the
body, decreased stability and decreased biological activity occurs if multiple glycosylation sites are eliminated.
Desialylation and/or less branched oligosaccharides give increased activity in vitro, but decreased activity in vivo. Thus
protein glycosylationis importantto many scientists, including those making recombinant protein for therapeutic use.

The following conditions should be used for guidance. These conditions may be modified, as necessary, to suit your
particular application needs.

Column:
Temperature:
Eluent:

Flow Rate:
Injection Volume:

Detection Method:

Electrode:
Reference:

Gasket Thickness:

Sample:

Thermo Scientific
065362-03

CarboPac PA 20(0.40 x 150 mm)

30°C

12 mM KOH (25 min)/ 100 mM KOH (15 min) / 12 mM KOH (20 min) (EG)
9 uL/min

0.40 pL

PAD (Carbohydrate Quadruple Waveform)

Disposable Au

PdH

1 mil

Fetuin hydrolysate

140 T3 Peaks:

. Fucose

. Galactosamine
. Glucosamine

. Galactose

. Glucose

. Mannose

. Unknown

OO0 wWNE

Standard

Minutes

Figure4
Monosaccharides in Fetuin Hydrolysate
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4.3 Carbohydratesin Foods

Sodium or potassium hydroxide eluents with concentrations in the range of 10-100 mM are typically used for the
separation of monosaccharides, although for monosaccharides that are important in dietary fiber analysis, the eluent
may be weaker. For all of these isocratic runs, it is important to regenerate the column using a step gradient to about
180 mM at the end of the run, to remove more strongly retained sample matrixcomponents and ensure stable run tires.

Occasionally, it may be necessary to use an extremely weak eluent oreven water. Forexample, coffee sugars canbe
separated and detected with 3mM KOH with sufficient sensitivity.

The following conditions should be used as guidance. These may be modified, as necessary, to suit your particular
application needs.

Column: CarboPac PA 20(0.40 x 150 mm)

Temperature: 30 °C

Eluent: 3 mM KOH (45 min) / 100 MM KOH (5 min) / 3mM KOH (20 min) (EG)

Flow Rate: 9 uL/min

Injection Volume : 0.40 pL

Detection Method: PAD (Carbohydrate Quadruple Waveform)

Reference Electrode: PdH

Electrode: Au

Gasket Thickness: 1 mil

Sample: Standards 1and 2 (10 uM) / Coffee (1:1000 dilution)
Peaks:
1. Mannitol
2. Galactosamine
3. Arabinose
4. Galactose
5. Glucose
6. Sucrose
7. Xylose
8. Mannose
9. Fructose
10. Ribose
*. Unknown

Figure5
Separation of Coffee Sugars
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Column: CarboPac PA 20(0.40 x 150 mm)
Temperature: 30 °C
Eluent: 10 mM KOH (20 min) / 100 mM (5 min) / 10 mM KOH (20 min) (EG)
Flow Rate: 9 ulL/min
Injection Volume : 0.40 pL
Detection Method: PAD (Carbohydrate Quadruple Waveform)
Reference Electrode: PdH
Electrode: Au
Gasket Thickness: 1 mil
Sample: Wine sample (1:500 dilution)/ Standard (10 uM)
Peaks:
1. Unknown
2. Sorbitol
/ 3. Mannitol
4. Trehalose
5. Galactosamine
I 6. Arabinose
7. Galactose
8. Glucose
9. Unknown
10. Fructose
11-12. Unknown
_§\ 13. Proline
[
Figure 6
Wine Sample and Standard
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Column: CarboPac PA 20(0.40 x 150 mm)
Temperature: 30 °C
Eluent: 50 mM KOH (EG)
Flow Rate: 10 pl/min
Injection Volume : 0.40 pL
Detection Method: PAD (Carbohydrate Quadruple Waveform)
Reference Electrode: PdH
Electrode: Au
Gasket Thickness: 1 mil
Sample: Juice samples (1:5000 dilution)/ Standard (20 uM)
120 Peaks:
1 Standard 1. Glucose
1 2. Fructose
2 K 3. Sucrose
- \F—\
2
] 1 Cranberry/Raspberry
Juice
nC -
3
1 .
Orange Juice
) 2
] 3
20
0 5 10
Minutes
Figure7
Juice Samples and Standard
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Column: CarboPac PA 20(0.40 x 150 mm)
Temperature: 30 °C
Eluent: 52 mM KOH (EG)
Flow Rate: 8 uL/min
Injection Volume: 0.40 pL
Detection Method: PAD (Carbohydrate Quadruple Waveform)
Reference Electrode: PdH
Electrode: Au
Gasket Thickness: 1 mil
Sample: Standards (10 uM)
150 Peaks:
1 1. Xylitol
4 2. Sorbitol
3. Trehalose
: 4. Arabinose
Mixture 5. Glucose
] I Trehalose 6. Fructose
‘“\ : 7. Sucrose
I\ Xylitol 8. Lactose
nC
A Lactose
—
h A Sucrose
Jk Glucose
N Fructose
0 L L L A L L L B B B B
0 5 10 15
Minutes
Figure8
Sugar Alcohols, Mono- and Disaccharides which are Usually Analyzed in Dietary Fiber
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Column:
Temperature:
Eluent:

Flow Rate:
Injection Volume:
Detection Method:
Electrode:
Reference:

Gasket Thickness:
Sample:

Thermo Scientific
065362-03

CarboPac PA 20(0.40 x 150 mm)
30°C

50 mM KOH (EG)

9 uL/min
0.40 pL

PAD (Carbohydrate Quadruple Waveform)

Disposable Au

PdH

1 mil

Sample (10,000 dilution)/ Standard (50 M)

350

300

250

200

nC

150

100

50

Syrup

Standard

15

Minutes

Figure9
Chocolate Syrup
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Peaks:

1. Glucose
2. Fructose
3. Sucrose
4. Unknown
5. Lactose
6. Unknown
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Column: CarboPac PA 20(0.40 x 150 mm)
Temperature: 30 °C
Eluent: 50 mM KOH (EG)
Flow Rate: 9 uL/min
Injection Volume : 0.40 pL
Detection Method: PAD (Carbohydrate Quadruple Waveform)
Electrode: Disposable Au
Reference: PdH
Gasket Thickness: 1 mil
Sample: Sample (10,000 dilution)/ Standard (50 uM)
220 1 Peaks:
1. Glucose
2. Fructose
3. Sucrose
4. Unknown
5. Lactose
2 6. Unknown
nC
34 Ketchup 6
] 2 3
1
5
WJJ Standard
O T T T T T T T T
0 5 10 15 20 25
Minutes
Figure 10
Ketchup
Thermo Scientific ProductManual for CarboPac PA20 Capillary Columns Page 27 of 40

065362-03 For Research Use Only. Not for use in diagnostic procedures.



4 - Example Applications

4.4 Carbohydrates in Bio- and Pharmaceutical Products and Processes

The United States Food and Drug Administration (FDA) and the regulatory agencies in other countries require that
pharmaceutical products be tested for composition to verify their identity, strength, quality and purity. Recently,
attention has been given to inactive ingredients as well as active ingredients. Many of the ingredients are non-
chromophoric and cannot be visualized by absorbance detection. However, carbohydrates, glycols, sugar alcohols and
sulfur-containing compounds canbe oxidized and therefore detected by amperometric detection.

Another area of great interest to the pharmaceutical chemist is the optimization of fermentation broths. If the conect
nutrients and amino acids for a given culture are determined, and monitored, so that the correct concentrations are
always maintained, then the culture has the best chance of producing the optimumyield. The CarboPac PA20can be
used on-line to monitor fermentation broths and cell cultures. Alternatively, if there is more interest in monitoring the
amino acid content, thenthe AminoPac PA10 (Item# 055406) should be considered for direct detection, on-line.

The following conditions should be used as guidance. These may be modified, as necessary, to suit your particular
application needs.

Column: CarboPac PA 20(0.40 x 150 mm)
Temperature: 30 °C
Eluent: 7 mM KOH (35 min) / 100 mM KOH (5 min) / 7 mM KOH (20 min) (EG)
Flow Rate: 9 pL/min
Injection Volume : 0.40 pL
Detection Method: PAD (Carbohydrate Quadruple Waveform)
Electrode: Disposable Au
Reference: PdH
Gasket Thickness: 1 mil
Sample: Standard (10 uM) / Spiked Sample (10,000 dilution spiked with 1 uM Sucand Fru) /
Sample (10,000 dilution)
Peaks:
1. Glucose
2. Sucrose
] 3. Fructose
i 4-6. Unknown
/
I
Figurell
Cell Culture Medium: Yeast Extract-Peptone-Dextrose (YPD)
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Column:
Temperature:
Eluent:

Flow Rate:

Injection Volume :
Detection Method:

Electrode:
Reference:

Gasket Thickness:

Sample:
HM)

Thermo Scientific
065362-03

CarboPac PA 20(0.40 x 150 mm)

30 °C

10 mM KOH (12 min) / 100 mM KOH (5 min) / 10 mM KOH (20 min) (EG)

8 pL/min

0.40 pL

PAD (Carbohydrate Quadruple Waveform)

Disposable Au

PdH

1 mil

Sample (10,000 dilution)/ Standard (Glc, Suc and Fru: 10 uM)/ Standard (Sorbitol: 10

300 5

Peaks:
1. Unknown
2. Sorbitol
3. Glucose
4. Unknown
5. Sucrose
| 3 6. Fructose
nC |
Pain Reliever
Standard: Carbohydrates 8 ° 6
b
Standard: Sorbitol
0] T T T T T
0 2 4 6 8 10 12
Minutes
Figure12
Pediatric Pain Reliever and Standards
ProductManualfor CarboPac PA20 Capillary Columns Page 29 of 40

For Research Use Only. Not for use in diagnostic procedures.



5 -Troubleshooting

5. Troubleshooting

Problems such as sample contamination, imprecision during sample transfer, problems during peptide or protein
hydrolysis, may be related to specific experimental protocols.

Make sure to follow the rules from Section 3.1.1, “The Most Important Rules,” and to recheck all of the items from
Section 3.1.2, “Initial Check List.”

5.1 High Background

While it may be possible to obtain reasonable performance even with elevated levels of detection background according
to some requirements, high background frequently brings about an increased size of gradient artifacts and can be
accompanied by a presence of ghost peaks. Detection sensitivity may also change suddenly when the detection
backgroundis too high.

A background of >30 nCwith 10 mM potassiumhydroxide at 0.008 mL/min and 30°C using the quadruple waveform
shown in Table 1indicates oneofthe following possibilities:

5.1.1 Incorrect detection parameters

Verify that “Ag” or“PdH” is specified in Chromeleon EC Detector panel. Check all values of waveformin the program
against those in Table 1, “Carbohydrate Quadruple Waveforms,” in Section 3.6. Make sure the correct waveform for
the selected referencemode is being applied. If the pHreading in 10 mM KOH is above 13.2replace the pH/Ag/AgCl
reference electrode. The pH/Ag/AgCl reference electrode should be calibrated only once during the initial installation
if the pHreadoutis to be usedas an indication of reference potential shift.

5.1.2 Compromised working electrode surface

Briefly install a new working electrode and check the background as above, If the reading remains > 30 nC, remove
the newelectrodewithin 30 minutes and continuetesting for column or systemcontamination. Otherwise continue with
yourworkwith the newelectrodeinstalled.

5.1.3 Column contamination

Remove the column set fromthe system first and replace it with a length of 0.0025” ID PEEK tubing, generating a
pressure drop between 1000 and 2000 psi. If the background reading improves after the column is removed from the
system, go to section5.3.

5.1.4 Water contamination

Prepare eluents usinga freshly filtered aliquotof water, investigate the source of contamination in the original aligout
of water.

5.1.5 System contamination
If the background remains high even with fresh water and without the column, carry out the 2 M sodium hydroxide
rinse described in section 5.5.
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5.2 Decreased Detection Sensitivity

Always confirmthe loss of response by performing at least one injection of the 0.4 pL of 10 uM monosaccharide
standard mix as illustrated in Figure 3(8 mM KOH). This is to make sure that a decreased level of responseis notbeing
causedby systemproblems discussed in Section 5.4.2.

Any decrease in detection sensitivity means that the working electrode surface has been affected. The operator should
installa newworking electrode. Spare gold working electrodes should always be available in order to avoid unnecessary
delays.

IMPORTANT
Never install anew electrode without an aggressive system cleanup(Section 5.6, “EDTA Cleanup”)

Exceptions to this rule are describedbelow.

Exception:

If pH/Ag/AgCl reference electrode is installed, check the pH reading in 10 mM KOH. The pH/Ag/AgCl reference
electrode should be calibrated only once during the initial installation if the pH readout is to be used as an indication
of reference potential shift. If the value is >13.2, install a new pH/Ag/AgCl electrode and then install a new gold
working electrode. The systemcleanup is not necessary. The decrease in sensitivity was caused by a gold -oxide-
buildup on the electrode surface. This was because the reference potential was too high. The non-disposable gold
working electrode canbe reconditioned by the repair polishing described in Section 5.7.1, “Mechanical Polishing.”

Afterinstalling anewworking electrode (with or withoutthe complete systemcleanup), confirmthe normal detection
sensitivity. Carry out the monosaccharide injection test illustrated in Figure 2. Should the response be still too low
(peak area of glucose < 0.7 nC min for 0.4 pL injections of 10 uM standard), immediately remove the new working
electrode fromthe system.

5.3 Column Problems

The guard column protects the main column notonly fromcontamination but also fromexcessive pressure fluctuations
causedby the instrumentor by operator errors. Have the guard column installed at all times, disconnectit only during
some ofthe testing described in this section, orwhen priming the pump to prevent accidental over pressure.

The column setis causingthe high background if the background reading decreases afterthe column is replaced by a
section of PEEK tubing, as described in Section 5.1 item 3, “Column Contamination.”

5.3.1 Column Set Causing High Background
If the column has been determined to be the cause ofthe high background, as described above, replace the column.

5.3.2 Peak Efficiency and Resolution are Decreasing

Always have aspare guard available.
Peak deformations may sometimes be caused by sample matrix.

1. Runa standard separation with the Guard column removed fromthe system. Install a new Guard column

shouldthe separationimprove with the old Guard removed. It is quite common to replace the Guard column

severaltimes duringthe lifetime ofan analytical column.

Verify that only the0.0025" I.D. tubing is installed for all connections between injector and detector.

3. Checkfor properinstallation of ferrules on all PEEK tubing startingwith the injector outlet and all other
connectors to the detection cell inlet. Check the quality of cutsat the end ofeachtubing.

N

4. Checktemperature settings in your method and/or actual temperature in your column oven.
5. Thecolumn may be overloaded. Try to inject a smalleramount of yoursample or dilute thesample more.
6. Ifall of theabove doesnotlead to an improved separation, the resin bed of the main column has been
damaged andthe main column must be replaced.
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54 System Problems

5.4.1 High Detection Background Caused by the System

1. Verify the problemis neitherthe detector (see Section 5.1 item 1, “Incorrect detection parameter” and item
2, “Compromised working electrode surface”) northe column (see Section 5.1 item 3, “Column
Contamination”) related.

2.  Withinjector, column and detector cellinstalled (cell voltage off) carry outthe 2M NaOH wash as described
in Section 5.5, “SodiumHydroxide Cleanup.”

3. Prepare anewaliquot of filtered waterand transfer it into arinsed out, inert gas blanketed eluentbottle.

4. Rinseeluent lines with the freshly filtered water (at least 40 mL by priming speed

5.4.2 No Peaks, Poor Peak Area Reproducibility or Too Small Peak Areas
1. Checkthe position andfilling levels of sample vials in the autosampler.
2. Checkinjectorneedle-height setting.
3. Checkinjection port transfer volume calibration
4. Checkvalues of injection parameters (AS injection volume, sequenceinjectionvo lume, syringe speed).
5. Service the injection valve (and diverter valve if using sequential injection for two channels). Check for
leaks, Tefzel fragments, or sediments inside thevalve.

5.4.3 Large Baseline Dip in the Chromatogram
A large baseline dip appearing between 17 and 19 minutes when theguard column is installed is usually caused by

oxygen in the sample injected. The ‘oxygendip’ is normaland can be reduced in magnitude with higher KOH
concentrationin the eluent.

5.4.4 Incorrector Variable Retention Times
1. Checkthe operational parameters ofyour CRATC.
2. Prime the pump if necessary.
3. Measure the flow rate by weighing out theeluent collected during exactly sixty minutes of flow. Recalibrate
the pump if necessary.
4. There-equilibrationperiod at the endof the programwith a 100-200 mM KOH rinse is too short.
5. Samples containing high salt content (>50 mM) will decrease theretention times.

5.4.5 Unidentified Peaks Appear Alongside the Expected Analyte Peaks

During the 100-200 mM KOH rinse, a number of small peaks may appear. These peaks are usually due to trace
contaminants in the water supply. The contaminants accumulate on the column during the isocratic section of the
chromatogramandare released, frequently as irregular baseline deformations or sharp spikes, with the increasing eluent
strength. Some trace contaminants can co-elute with monosaccharides, compromising accuracy of quantitation at lower
concentrations.

If extraneous peaks are observed even after the water supply is excluded as a possible cause, clean theautosampler
lines and sample loop. Theautosampler should be cleaned using the following protocol:

Disconnectthe column and detector cell from the autosampler.

Set the pump to 100% deionized water.

Place the following solutions in the autosampler and inject in sequence:

1M NaOH
Deionized water
IPA

Deionized water
1M HCI
Deionized water

oA~ wWNE
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5.5 Sodium Hydroxide Cleanup

The sodiumhydroxide (2 M) rinse used to decrease column or system-related elevated background is essentially
identicalto the rinse performed during an installation ofa new system, Section 2.5.1, “SystemRinse.” Following the
rinse, checkthe backgroundagainwhile pumping the 10 mM potassiumhydroxide and repeatthe rinse at leastonce if
necessary. Leave the old gold working electrode in place during the first and second checking of the detection
background. Use a new or reconditioned electrode only if the background remains high even after the second rinse.
Should the newelectrode also produce a reading of >30nC, remove it from the systemwithin 30 minutes, rinse it with
water and reinstall the old electrode. In case the repeated rinse does not lower the background, performthe EDTA
cleanup described in Section 5.6, “EDTA Cleanup.” Then try the background with the old electrode first and if
necessary only briefly with the new electrode again. In casethe newelectrode delivers <30 nC, leave it in the system
and if non-disposable electrodes are used, recondition the old electrode using the chemical cleanup described in Section
5.7.3.

5.6 EDTA Cleanup

1. InstallnewPump Seals

2. Wash Systemwith 6.5 mM (2.4 g/L) Na2EDTA (must be disodiumEDTA) MW 372 g/mol

Remove the column.

Remove gold electrode fromthe cell, close the cellagain usingan empty holder block over a gasket.
Restore liquid connection between injector valve and detection cell (column has beenremoved)
Empty the contents of eluent container, rinse it with 1 L of 18megohmwaterand discard the water.
Filter 1 L of 18megohmwater through 0.2 pm Nylon filter.

®o0 oW

A Do not use any other filter material than Nylon for eluent filtration.
NOTE

f.  Transferfiltered water into eluent container. Pump at least 30 mL of water into pump wasteat priming
flow rate.

g. Stopthe pump.Close the priming valve. Pump at least 50 mL of water from eluent container through
the systeminto detector waste at 1 mL/min.

h. Toward the end of the waterrinse, turnthe injectionvalve at least 3 times.

i. PreparelL of 6.5 mM Na;EDTA and filterit througha 0.2 um Nylon filter. Discard water from eluent
containerand replace it by the filtered aliquotof6.5mM EDTA.

j. Pumpatleast 30 mL of EDTA into pump wasteat priming flow rate.

k. Stopthe pump. Close the priming valve. Pump (L mL/min) at least 100 mL of EDTA from eluent
container through the systeminto detector waste.

. Towardthe end ofthe EDTA rinse, turn the injectionvalveat least 3times.

m. Carry outstepsd to h again. Rinse the system (column remains outofthe system) with the initial eluent
composition (10mM KOH).

n. Re-installthe capillary column set and usingtherate 0f 0.010 mL pump forat least 10 minutes fromthe
column to waste.

0. Opentheworking electrodeside ofthe cell, remove the gasket andrinsethe sealing surface with 18
megohmwater.

p. Reassemble cellwith anewdisposable electrode anda new 1 mil PTFE gasket
g. Reconnectthedetectioncellto the capillary column and performthe separation illustrated in Figure 3(
8 mM KOH). Repeat cleanup and installa new column if the peak area forglucose is <0.7 nC min.
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5.7 Reconditioning of Gold Electrodes

IMPORTANT
The following procedures apply onlyto non-disposable gold working electrodes.
Do not recondition disposable electrodes.

5.7.1 Mechanical Polishing

1. Polish with coarse polishingcompound (Item# 36319) for 10 minutes with as much strength as you can
sustain.

2. Apply severalmL of waterto a fresh polishing pad (Item# 36121) and ‘polish’ for one minute. This
step removes the coarse polishing powder particles imbedded in the gold material.

3. Polishwith fine polishing compound (Iltem# 36318) for at least 10 minutes. Use a fresh piece of
polishing cloth.

4. Apply severalmL of water to another piece of fresh polishing clothand ‘polish’ for Iminute. This step
removes the fine polishing powder particles imbedded in the gold material.

5. Reassemble the ED cell and apply an appropriate Table 1 waveformunder initial conditions. If
necessary, wait forat least 2 hours for the response tostabilize. In many cases, it is useful to wait
overnight. Repeat the entire polishing procedure until the background drops below 30nC, or 10 uM
glucoseresponse increases above 0.7 nC min underthe conditions shown in Figure 3 (8 mM KOH)

5.7.2 Sanding of Receded Gold Working Electrodes

IMPORTANT
Thisentire procedureshouldbe used only for seriouslydamaged or receded non-disposable gold working
electrodes. Do not sand disposable gold electrodes.

1. Sanding offofthe gold electrodes is always done with a subsequentcoarseand fine polishing as

describedabove.

The only reason to sand offan electrode is to make the gold electrode flushwith the KEL-F surface.

3. Useafresh 600-grit sand paper. Make sure thatthe KEL-F surface remains planar. If the surface is not
planar, the ED cell will leak. The cell gasket will not have the required uniformseal around the entire
flow path inside the assembled cell.

4. Sand for less than 1 minute (continuous sanding only to bringthe KEL-Fto the same levelas gold),
rinse off the powder residue with deionized water. Polish therinsed electrode ona clean polishing pad
(Item# 36121) with deionized waterto remove last traces of the powder residue. Rinse the water again.

no

5.7.3 Chemical Reconditioning of Gold Working Electrodes

The chemical method of reconditioning removes chemical contamination from the non-disposable working
electrode surface andrestores the electrode performance. Disposable electrodes should simply be replaced. If
the electrode has been passivated by excessive gold oxide formation (see, for example, section 5.2
“Exception”, high reference potential), the chemical cleaning will not restore the electrode performance.

A Wear gloves and safety glasses whenever handling chromicacidsolutions.
SAFETY
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A. Preparation of Chromic Acid
Dissolve/suspend 1g of sodiumchromatein 1 mL of waterina 100 mL glass beaker, slowly add 10 mL of
concentrated sulfuric acid with constantstirring. Store the solutionin a suitable glass vessel.

A Chromicacidiscorrosive and carcinogenic.
Followall usual precautions and proper disposal procedures.
WARNING

B. ReconditioningofElectrodes

A Before, during and after the reconditioning, avoid any skin contact with the gold electrodes.
NOTE

Put the working electrode ona clean filter resting ona horizontal surface. Using a fresh glass transfer pipet, apply
one or two droplets of chromic acid to the electrode surface. The chromic acid should form a hemisphere
(approximately 2-3 mm in diameter) covering the entire gold surface and surrounding polymeric material. Leave
the reagent in place for 10 minutes. Rinse the chromic acid off with DI water, then rinse the entire electrode with
water again and dry it with a clean airflow.

5.8 Failed pH/Ag/AgCl Reference Electrode

Thefirst indication that a pH/Ag/AgClreference electrode has failed is a pH readoutoutside of the expec ted range of
pH 12-13. A reference electrode can be irreversibly damaged by drying out. This happens most frequently by leaving
the reference electrode inside a disconnected ED. Always remove the reference electrode when the systemis not in
properuse(i.e.cell inletand out let are not plugged or connected to a flowing eluent). After removal fromthe ED cell,
keep the pH/Ag/AgCl referenceelectrode immersed in 3M KCl solution (224 g KCI/L) at all times. The PdH electrode
is stored dry.

With a “known good” reference electrode it is possible to carry out one of the following checks of the reference
electrode being used in the ED cell:

A. Immerse the “known good” referenceelectrode and the tested electrode into the same 0.1 M KCl solution. Using
a voltmeter, measure the potential between the two electrodes. Use the contact number 1 of the blue reference
electrode connector (ICS-3000 or ICS-6000) for the measurement. Discard and replace any tested electrode that
differs by more than 30 mV from the “known good” Ag/AgClreference.

B. Simply replace the electrode youwish to check with a “known good” reference electrode inside the ED50. Apply
the voltage to the cell. Discontinue using the checked electrode if insertion of the “known good” electrode
decreasedthe background from> 30 nC to <30 nC.

Immediately remove the “known good” electrode and store it properly. This referencing procedure will
work as long asyou do not leave your “known good” electrode inside the ED cellfor more than a few

NOTE minutes atatime and storeit properly (immersedin 3 M KCl) inthe intervening periods of time.
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6.

Good Practices for Successful
HPAE-PAD

6.1 Good Practices

=

w

Always use aguardcolumn

Keep tubing lengths to a minimum and change tubing fromthe injector to the column, between columns, and
to the detectorat least once a year.

Change the autosampler needle every 6 monthsto a year.

Regularly test the autosampler to ensure that it is functioning properly (see TN40, “Glycoprotein
Monosaccharide Analysis Using High-Performance Anion-Exchange Chromatography with Pulsed
Amperometric Detection (HPAE-PAD),” foran example)

Develop allnew methods with waveform A, the quadruple waveform(see TN21, “Optimal Settings for Puled
Electrochemical Detection of Carbohydrates Using the DionexElectrochemical Detector.”).

Establish a systemsuitability standard, such as the mixture of 6 monosaccharides used by Dionexfor the test
chromatogram.

Change the referenceelectrodeevery 3months and be sureto calibrateit at initial installation.
Disconnectthe column fromthe cellwhen cleaning thecolumn

Controlthe column and celltemperatureat 30°C.

0 Calibrate the pump flow rate every three months and repair (pump seals, check valves) as necessary.

6.2 System Parametersto Monitor

When your systemhas beeninstalled and optimized, note thevalues of the following parameters. These values can be
checked periodically to ensurethatthe systemis still functioning optimally.

1
2.

3.
4.

Shy

Systembackpressure should not exceed 3300 psi.

System background under your running conditions. This value is typically 20-35 nC using the quadruple
waveform.

Baseline noise for 1L minute intervals, should be <60 pC peak-to-peak.

The pH reading ofthe pH/Ag/AgClreference electrode should be between 11 and 12.5 for 10 mM KOH. If
there is no reading, thereference electrode has failed.

Mannose asymmetry should belessthan 1.2, typically. Ifit is greaterthan 1.2, then the probable source of the
problem is the water source. This can be confirmed by installing a BorateTrap to see if the asymmetry
improves

Reproducibility of peak areas under conditions of Figure 3 (8 mM KOH) should be <3% RSD (n=10).
Reproducibility of retention times under conditions of Figure 3( 8 mM KOH) should be <0.2% (n=10).

6.3 Shutting Down an HPAE-PAD System

1. Itis not necessary to shut down capillary systems for short periods of time. The flow can be maintained for
weeks at a time without refilling the eluent bottles. The turning off cell voltage is recommended during the
periods of inactivity, however. It will extend the useful life ofthe working electrode.

2. Forlong-term,fill the column with strongeluent, remove fromthe systemand plugtheends.

3. Remove the reference electrode and put it in its container with a saturated KCl solution (see the detector
manual for more information). PdH reference electrodes are stored dry.

4. Pump water through the system (each channel used). This can be done at 2 mL/min when no column is in-
line. Flush the autosampler.
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6 —Good Practicesfor Successful HPAE-PAD

6.4 Restartingan HPAE-PAD System

1.

N

ISSECAIE N

Pump waterat 0.1 mL/min (no column in-line) througheacheluent channel, or withdraw at least 20 mL from
each line using a priming flow rate.

Replace the water with the appropriate eluentand pump the eluentthrougheachline at 0.1 mL/min to replace
the waterin the lines, or withdraw at least 20mL from each line using a priming flow rate.

Installthe column, washwith strong eluent at 0.01 mL/min for 30 minutes into waste

Reinstall the reference electrode.

Flush the autosampler, make sure the flushline is free of air bubbles.

Run the systemwith strongeluent and evaluate the background.
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7. PAD Positive Compounds Versus

Hydroxide Concentrations

Thermo Scientific

065362-03

Retention Times (min)

Analyte 10mM 50 mM 100 mM 250 mM
Glycerol 1.14 1.15 1.17 1.15
Erythritol 1.24 1.24 1.25 1.22
Arabitol 1.51 1.48 1.46 1.38
Methanol 1.59 1.58 1.61 1.61
Galactitol 1.69 1.65 1.61 1.48
Ribitol 171 1.67 1.61 1.48
Sorbitol 1.74 1.67 1.62 1.47
Trehalose 2.23 2 1.87 1.62
Fucose 3.23 2.29 1.9 1.46
Maltitol 4.82 3.86 3.17 2.25
2-Deoxy-D-Glucose 531 3.43 2.59 18
Galactosamine 5.84 3.19 2.33 1.62
Rhamnose 6.03 3 2.19 157
Arabinose 7 3.86 2.73 1.83
Glucosamine 7.16 3.49 2.46 1.67
Galactose 8.95 483 3.34 2.03
Glucose 9.93 4.88 3.3 2.05
Mannose 114 4.86 3.18 1.97
Sucrose 11.45 791 5.59 3.25
Xylose 11.67 5.26 3.45 2.08
Fructose 13.29 5.78 3.64 2.2
Ribose 15.37 6.36 4,01 2.33
Oxygen Dip 17.9 18.18 N/A 18.1
Raffinose 22.04 13.84 9.06 4.45
Alpha-Lactose 225 9.42 5.55 2.78
Cellobiose 43.65 15.45 8.53 3.74
Melibiose N/A 6.83 4.3 2.32
Turanose N/A 14.77 7.95 3.57
Gentiobiose N/A 14.79 8.56 3.69
Palatinose N/A 15.65 8.66 3.85
Maltose > 60 27.54 13.86 5.13
Maltotriose > 60 > 60 50.89 12.93
Maltotetraose > 60 > 60 > 60 34.65
Maltopentaose > 60 > 60 > 60 > 60
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8. HPAE-PAD Carbohydrate Resources

None of these resources specifically use the CarboPac PA20; however, the following Technical Notes, Application
Notes and articles can be usedto determine starting conditions for separations on the CarboPac PA20. The CarboPac
PA20 is designed tohaveshorter run times and higher efficiencies.

8.1 Basic HPAE-PAD Resources

1. Dionex Technical Note 20, “Analysis of Carbohydrates by High Performance Anion Exchange
Chromatography with Pulsed Amperometric Detection (HPAE-PAD)”

2. Dionex Technical Note 21, “Optimal Settings for Pulsed Electrochemical Detection of Carb ohydrates Using
the DionexElectrochemical Detector”

3. Rocklin R.D., etal. (1998), Anal.Chem., 70, 1498-1505 (Quadruple waveform)

8.2 HPAE-PAD Monosaccharide Resources

Dionex Technical Notes 30, 40, 53

Dionex Application Notes 117,122

ApplicationUpdate 125

Weitzhandler, M., et al. (1996) Anal.Biochem.,241,128-134

Weitzhandler M., et al (1996) Anal.Biochem.,241,135-136

Hanko V. and RohrerJ., (2000), Anal.Biochem.,283,192-199 (Fermentation Broths)
RohrerJ., (2000), Anal.Biochem.,283,3-9 (sialic acids)

RohrerJ., etal. (1998), Glycobiology, 8, 35-43 (sialic acids)

N OR~WDNE
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9. Column Care

9.1 Recommended Operation Pressures

Operating a column above its recommended pressure limit can cause irreversible loss of column performance. The
maximum recommended operating pressure for Dionex Capillary CarboPac PA20column is 5,000 psi(34.47 MPa).

9.2 Column Start-Up

The Dionex Capillary CarboPac columns are shipped using 10mM potassium hydroxide (see QAR) as the storage
solution. Use DionexEGC-500 KOH cartridge to generate theeluentemployed in the Quality Assurance Report (QAR).
Install the column in the chromatography module and direct the column effluent to waste for 60 minutes, and then
connect to the ED cell. It is recommended to clean the column for 1to 2 hours with 200mM KOH at 0.008mL/min to
ensure good chromatography without baseline artifacts. Test the column performance under the conditions described
in the QAR. Continue making injections of the test standard until consecutive injections of the standard give
reproducible retention times. Equilibration is complete whenconsecutive injections of the standard give reproducible
retention times.

When making any tubing connections (column installation, replacing tubingetc), it is
IMPORTANT recommended to make these connections with the pump turned off. Thiswill avoid any
slippageofthe ferrule under high pressure conditions.

9.3 Column Storage

Forshort-termstorage (< 1 week), the QAR Eluent is acceptable, for long-termstorage (> 1 week), employ the storage
solution (18mM NaOH) described on the QAR. Flush the column for a minimum of 10 minutes with the storage
solution. Cap bothendssecurely, usingthe plugs supplied with the column.

9.4 Dionex Capillary CarboPac PA20 Column Cleanup

The DionexCapillary CarboPac PA20 can be readily cleaned by rinsing the column with ~60 column volumes of 200
mM KOH. More stubborn contamination problems may necessitate a thorough column cleaning. Use the following
stepsto thoroughly clean the DionexCapillary CarboPac PA20; use 0.008 mL/min to avoid over-pressurization of the
column:

When cleaningan analytical columnand a guardcolumninseries, ensure thatthe guard

columnis placedafter the analytical columninthe eluent flowpath. Otherwise,

contaminants that have accumulated on the guard column elute onto the analytical
CAUTION column causingirreversible damage. Ifindoubt, clean each column separately.

A. Cleanthe Dionex Capillary CarboPac PA20 column with 1M KOH or NaOH for at least two hours.

B. Reconnect column to the cell and equilibrate the column with the desired initial conditions; test the columrm
performance using the QAR standard and eluent.
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