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SECTION 1 - INTRODUCTION

The lonPac Cryptand A1 (3 x 150 mm) is an adjustable capacity anion-exchange column. The Cryptand A1 column is a new
advancement in Dionex resin technology which allows column capacity control by changing the cation component of the
hydroxide eluent. The lonPac Cryptand A1 column uses a unique resin technology based on a cryptand molecule, covalently
attached to amacroporous, styrene divinylbenzene resin asillustrated in Figure 1. A cryptand is abi-cyclic compound capable
of complexing metal cations such as sodium, lithium or potassium. In the presence of meta cations, the cryptand molecule
generates a positively charged anion-exchange site.

The Cryptand A1 column uses lithium, sodium or potassium hydroxide eluents with each eluent producing a different column
capacity range. The capacity of the column isrelated to the binding constant of the complexed cation for the cryptand functional
group. The higher the binding constant, the higher the capacity resulting from the higher number of ion-exchange sites created.
Table lisatableof binding constantsfor variouscations. Ascan be seen, lithium hasavery low binding constant, and hencevery
few ion-exchange sitesare generated resulting in near zero capacity. Potassium, however, hasavery high binding constant which
givesavery high capacity. Sodium gives an intermediate capacity, resulting from abinding constant between that of lithium and
potassium. The capacity of the columnisalso related to the concentration of the eluent cation, low concentration resulting inlow
capacity and high concentration resulting in higher capacity.

Sodium hydroxide and lithium hydroxide can be used individually or together in capacity gradients for most inorganic anion
separations. For applications such as the separation of quinate, glycolate, acetate, and formate, increased retention isrequired.
For this application, a potassium hydroxide eluent (binding constant ~ 5.4) can be used.

Table 1
Binding Constants for 2,2,2 Cryptand

Cation Log K
Li* ~1.0
Cs' <2.0
Na 3.9
Rb* 4.35
cat 4.4
NH," 45
K* 5.4
S 8.0
Ba? 9.5
cu? 6.8

Ag’ 9.6
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1.1 Advantages of Using Capacity Gradients

What isacapacity gradient? A capacity gradient startswith the columnin oneformand at some point during therun, astep change
toadifferent cation changesthe capacity of the column during therun. Anexampleof acapacity gradient startsarun using sodium
hydroxide asthe starting eluent. The columnwill exhibit anintermediate capacity aslong asthe sodium cation ispassingthrough
the column. A step changeto lithium hydroxide, for example, will resultin agradual changein the column capacity to avery low
capacity. Theresult isshorter run timesand peak focusing. “ Capacity gradients’ are the recommended mode of operation for the
Cryptand A1 column. Shorter run times and improved peak focusing can be achieved using capacity gradients. Typicaly, the
gradient startswith an initial eluent of 10 mM sodium hydroxide, producing a moderate capacity anion-exchange surface. The
columnisconverted to alow capacity anion exchange surface with astep changeto 10 mM lithium hydroxide at 0.1 minutes. For
cryptand columns, capacity gradients can be used to dramatically shorten run times, rather than using an eluent concentration
gradient, whichisused with conventional anion exchange columns. In addition, the Cryptand A1 can be used in the conventional
mode with an eluent concentration gradient.

-
CE)

Covalent attachment to stationary phase

A
=
<N\ M+ N

M+: Li, Na, K,Rb, Cs, St, etc.

* Cryptand
¢— Cryptand

VTNV

17141

Figure 1
Cryptand Resin Structure Using 2,2,2 Cryptand Monomer
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Table 2
Cryptand Column Specifications
Column Particle Substrate* Column Functional Hydrophobicity
Diameter X-linking Capacity Group
pm % peq/column
Cryptand A1 5.0 55 85 Cryptand Variable
3 x 150 mm (eluent dependent)
Cryptand G1 5.0 55 17 Cryptand Variable
3x 30 mm (eluent dependent)
* macroporous (100 A) divinylbenzene/ethylvinylbenzene polymer
Table 3
Cryptand Operating Parameters
Standard Maximum
Column Typical Back Pressure Flow Rate Flow Rate
psi (MPa) mL/min mL/min
Cryptand A1 3-mm Analytical < 1,500 (10.34) 0.5 15
Cryptand G1 3-mm Guard < 350 (3.08) 0.5 15
Cryptand A1 + Cryptand G1 < 1,850 (13.42) 0.5 15

Alwaysremember that assistanceisavailablefor any problem that may be encountered during the shipment or operation
of Dionex instrumentation and columnsthrough 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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SECTION 2 - ION CHROMATOGRAPHY SYSTEM

CONDITION

3-mm System

Eluent Flow Rate

Typically
0.5 mL/min

Self-Regenerating Suppressor

ASRS-ULTRA (2-mm)
(PIN 053947)

MicroMembrane Suppressor

AMMS 111 (2-mm)
(PIN 057751)

Atlas Suppressor

AAES
(PIN 056116)

NOTE

Do not operate suppressors over 40°C. If an application requires a higher
temperature, place the suppressor outside the chromatographic oven.

Regenerant Flow Rate Typicaly
3-8mL/min

Injection Loop Typicaly
5-25uL

System Void Volume

Eliminate switching valves, couplers and the
Gradient Mixer since an ATC-3 will be
installed (See Section 3.2, “Installing the
Anion Trap Column for Eluent Step Change
or Gradient Operation.”)

Pumps

Use the GS50/GP50/GP40/1P25/1P20 in
Microbore Configuration with a Microbore
GM-4 (2-mm) Gradient Mixer.

No External Gradient Mixer is required for the
GS50/GP50/GP40 Pump when performing
gradient analysis.

The GPM-2 can be used for 2-mm isocratic
chromatography at flow rates of 0.5 mL/min
or greater but cannot be used for 2-mm
gradient chromatography.
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CONDITION 3-mm System
Detectors AD20/AD25 Cdl (6-mm, 7.5 uL, P/N
046423) (10-mm, 9 uL, P/N 049393)
VDM-2 Cdll
(3-mm, 2.0 pL, P/N 043120) (6-mm, 10 pL,
P/N 043113)
CD20, CD25, CD25A, ED40, EDSO0, or
ED50A Conductivity Cell with DS3 (P/N
044130) or Conductivity Cell with shield
(P/N 044132)
CDM-2/CDM-3 Cdll (P/N 042770)
Replace the TS-1 with theTS-2 (P/N 043117)
on the CDM-2 or the CDM-3. The TS-2 has
been optimized for 2-mm operation. Do not
usethe TS-2 or the TS-1 with the
ED40/ED50/ED50A or the
CD20/CD25/CD25A.
Ensure 30-40 ps back pressure after the cell.
Table 4
Tubing Back Pressures
Color Dionex 1D ID cm Volume Back Back Back
P/N inches mL/ft pressure  pressure pressure
Psi/ftat 1 Psi/fftat 0.25 Psi/cmat1
mL/min mL/min mL/min
Green 044777 0.030 0.076 0.137 0.086 0.021 0.003
Orange 042855 0.020 0.051 0.061 0.435 0.109 0.015
Blue 049714 0.013 0.033 0.026 2.437 0.609 0.081
Black 042690 0.010 0.025 0.015 6.960 1.740 0.232
Red 044221 0.005 0.013 0.004 111.360 27.840 3.712
Yellow 049715 0.003 0.008 0.001 859.259 214.815 28.642
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SECTION 3 - INSTALLATION

3.1 System Requirements

3.1.1 System Requirements for 3-mm Operation

TheCryptand A1 3-mm Guard and Analytical Columnsaredesigned to berun ontheDionex |on Chromatographsequipped with
amicrobore pump and suppressed conductivity detection. For analyses at flow rates below 0.5 mL/min and gradient analyses,
amicrobore gradient pump (1/16" pistons) must be employed.

See Section 2, “3-mm lon Chromatography System,” for 3-mm system detector, cell and thermal stabilizer requirements.

3.2 Installing the Anion Trap Column for Eluent Step Change or Gradient Operation

An lonPac Anion Trap Column (ATC-3 (2-mm), P/N 059661 or ATC-3 (4-mm) P/N 059660) should be installed between the
Gradient Pump and the injection valve. Remove the high pressure Gradient Mixer, if present. The ATC-3 isfilled with high
capacity anion exchange resin which helps to minimize the baseline shift caused by increasing carbonate contaminant levelsin
the eluent as the ionic concentration of the eluent is increased over the course of the gradient analysis.

The Cryptand A1 3-mm can be used with either ATC-3 column. Using the ATC-3 (4-mm), resultsin aslightly longer delay time
for step changes or gradients due to adlightly higher void volume than the ATC-3 (2-mm). The 4-mm ATC-3 hasthe advantage
however of lasting longer before regeneration is required since it has alarger volume of resin relative to the 2-mm ATC-3.

As suggested in the ATC-3 manual, regenerate the ATC-3 with 100 mL of 2 M sodium hydroxide. Then, rinse with 20 mL of
eluent into a waste beaker prior to use. For details of regenerating the ATC-3 coloumn, refer to the ATC-3 Product Manual
(Document No. 032697).

3.3 The Injection Loop
3.3.1 The 3-mm System Injection Loop, 5 pL

For most applicationsona3-mm analytical system, a5 L injection loop issufficient. Generally, you should not inject morethan
atotal of 25 nanomoles of all analytes onto a3-mm analytical column. Injecting larger number of moles of analyte can result in
overloading the column which can affect the detection linearity. For low concentrations of analytes, larger injection loops can
beused toincrease sensitivity. The Cryptand A1 3-mm requiresamicrobore HPL C system configuration. Keep all tubing lengths
between modul es, columns, suppressors, etc., to aminimum. Thiswill ensure peak efficiencies are optimum. Use either 0.010"
(black) or 0.005" (red) tubing to minimize systemvoid volume. Notethat for the 0.005" PEEK tubing, the volume per unit length
i50.322 pL/in, or 0.127 pL/cm. For the 0.010" PEEK tubing, the volume is 1.287 pL/in or 0.507 pL/cm.

3.4 Cryptand G1 Guard Column

A Cryptand A1 Guard Column is normally used with the Cryptand A1 Analytical Column. Retention times will increase by
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approximately 20% when aguard columnisplaced in-lineprior to theanalytical column. A guardisplaced prior to theanalytical
columnto prevent sample contaminantsfrom el uting onto the analytical column. The guard column should be cleaned or replaced
on aregular basis. Replacing the Cryptand G1 Guard Column at thefirst sign of peak efficiency loss or decreased retention time
will prolong the life of the Cryptand A1 Analytical Column.

3.5 Eluent Storage
Cryptand A1 columns are designed to be used with lithium, sodium, or potassium hydroxide eluent systems. Storage under a

helium atmosphere ensures contamination free operation and proper pump performance (nitrogen can be used if eluents do not
contain solvents).

CAUTION
DO NOT USE GLASS BOTTLES for either stock solution bottles or eluent bottles! Base slowly dissolves glass,
releasing impurities that adversely effect the Cryptand A1 column performance.

It is also very important to use the recommended sources for all eluents. See section 5.2, “Eluent Preparation, ”
for all recommended sources.

3.6 Suppressor Requirements

3.6.1 Anion Self-Regenerating Suppressor Requirements

An Anion Self-Regenerating Suppressor should be used for applications that require suppressed conductivity detection. The
ASRS® iscompatiblewith solvent containing el uentsand aqueousionic el uents of all concentrationswith which the systemsand

columns are compatible. Aqueous ionic eluents can be used in all ASRS ULTRA modes of operation.

NOTE
Use the AutoSuppression External Water Mode for eluents containing solvents.

If you are installing a Cryptand A1 3-mm Analytical Column, use an ASRS ULTRA (2-mm, P/N 053947). Use a
current setting consistent with the recommendations of the Anion Self-Regenerating Suppressor, “Installation.”

For detailed information on the operation of the Anion Self-Regenerating Suppressor, see Document No. 031367, the “Product
Manual for the Anion Self-Regenerating Suppressor ULTRA, the ASRSULTRA.”

3.6.2 Anion Atlas Electrolytic Suppressor Requirements

An Atlas® Anion Electrolytic Suppressor (AAES) may be used instead of an ASRS ULTRA for applications that require
suppressed conductivity detection. The AAES™ (P/N 056116) can be used for 3-mm lonPac Cryptand A1 applications using
eluents up to 25 peg/min.

For detailed information on the operation of the Atlas Anion Electrolytic Suppressor, see Document No. 031770, the “ Product
Manual for the Atlas Anion Electrolytic Suppressor.”
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3.6.3 Anion MicroMembrane Suppressor Requirements

An Anion MicroMembrane Suppressor AMMS® 111 2-mm (P/N 056571) may be used instead of an ASRSULTRA (2-mm). It
is compatible with all solvents and concentrations with which the systems and columns are compatible.

For detailed information on the operation of the Anion MicroMembrane Suppressor, see Document No. 031727, the “Product
Manual for the Anion MicroMembrane Suppressor I11.”

3.6.4 Using AutoRegen® with the ASRS ULTRA or the AMMS III in the Chemical Suppression Mode

To save regenerant preparation time and reduce regenerant consumption and waste, Dionex recommends using an AutoRegen®
Accessory (P/N 039594). For more detailed information on the use of the AutoRegen Accessory see the AutoRegen Accessory
manual (Document No. 032853). For more detailed information on the use of AutoRegen Regenerant Cartridges, seethe* Product
Manual for the AutoRegen Regenerant Cartridge Refills’ (Document No. 032852).
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SECTION 4 - OPERATION

4.1 General Operating Conditions

Sample Volume: 5uL Loop

Column: Cryptand A1 3-mm Analytical Column + Cryptand G1 3-mm Guard Column

Test Chromatogram Eluent: 15 mM NaOH

Eluent Flow Rate: 0.5 mL/min

Temperature: 35°C

SRS Suppressor: Anion Self-Regenerating Suppressor, ASRS ULTRA (2-mm) in either
External Water Mode or AutoSuppression Recycle Mode

or AES Suppressor: Anion Atlas Electrolytic Suppressor, AAES
if eluent suppression required islessthan 25 peg/min.

or MM S Suppressor: Anion MicroMembrane Suppressor, AMMS 111 (2-mm)

MMS Regenerant: 50 mN H,SO, and the Regenerant Flow Rateis 3 - 8 mL/min.

Expected Background

Conductivity: 2-3uS
Storage Solution: Eluent

4.2 Cryptand Al Operation Precautions

CAUTIONS
Filter and Degas Eluents
Filter Samples
Eluent pH between 0 and 14
Sample pH between 0 and 14
1.5 mL/min Maximum Flow Rate for 3-mm Columns
Maximum Operating Pressure = 3,000 psi (20.68 MPa)

4.3 Chemical Purity Requirements

Obtaining reliable, consistent and accurate results requires eluents that are free of ionic impurities. Chemicals, solvents and
deionized water used to prepare eluents must be of the highest purity available. Low trace impurities and low particle levelsin
eluents also help 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 prepare el uents has been compromised.

4.3.1 Inorganic Chemicals

Reagent Gradeinorganic chemical s should always be used to prepareionic el uents. Whenever possible, inorganic chemical sthat
meet or surpass the latest American Chemical Society standard for purity should be used.

4.3.2 Deionized Water

The deionized water used to prepare el uents should be Type | Reagent Grade Water with a specific resistance of 18.2 megohm-
cm. Thedeionized water should befreeof ionized impurities, organics, microorganismsand parti cul ate matter larger than 0.2 um.
Bottled HPL C-Grade Water (with the exception of Burdick & Jackson) should not be used since most bottled water contains an
unacceptable level of ionic impurities.
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4.4 Eluent Preparation

NOTE
Dionex Strongly Recommends that you use the following sources for all hydroxides used in eluent preparation:

Lithium Hydroxide
Aldrich, Lithium Hydroxide monohydrate, 99.95%, 50g (P/N: 25,427-4)

Sodium Hydroxide:
Fisher Chemicals, Sodium Hydroxide Solution, 50% w/w, 500 mL (P/N SS254-500)

Potassium Hydroxide:
Fisher Chemicals, Potassium Hydroxide, 45% w/w, 500 mL (P/N SP236-500)

4.4.1 Hydroxide Eluent Preparation
Weight Method

When formulating eluents from 50% sodium hydroxide, or from 45% potassium hydroxide, Dionex suggests
that you use a balance to weigh the required amount.

Example: To make 1 L of 15 mM NaOH use 1.20 g of 50% sodium hydroxide:

For 15 mM: 0.015 moale/L x 40.01 g/mole =1.20gdilutedto 1L
50%

Volume Method

Although it is more difficult to make precise carbonate-free eluents for gradient analysis volumetrically, you
may choose to use the following formula to determine the correct volume of 50% sodium hydroxide to be diluted.
g=dvr

Where: g = weight of sodium hydroxide required (g)
d = density of the concentrated solution (g/mL)
v = volume of the 50% sodium hydroxide required (mL)
r = % concentration of the concentrated solution

Example: To make 1 L of 15 mM NaOH, use 0.79 mL of 50% sodium hydroxide:
(asused in Section 5.3, “Production Test Chromatogram”)

For 15 mM: 0.015 mole/L x 40.01 g/mole =0.79 mL dilutedto 1 L
0.50 x 1.53 g/mL

* This density applies to 50% NaOH. If the concentration of the NaOH solution is significantly different from 50%, the upper (weight method) calculation should be used instead.

Hydroxide Eluents

Dilute the amount of hydroxide specified in Table5, “ Preparation of Standard Cryptand A1 Eluents’ with degassed,
deionized water (having a specific resistance of 18.2 megohm-cm) to afinal volume of 1,000 mL using avolumetric
flask. Avoid theintroduction of carbon dioxidefromtheair into thealiquot of 50% (w/w) NaOH or the deionized water
being used to make the eluent. Do not shake the 50% (w/w) NaOH or pipette the required aliquot from the top of the
solution where sodium carbonate may have formed.
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Table 5
Preparation of Standard Cryptand A1l Eluents

Eluent 50% (w/w) 45% 100% (solid)
Concentration NaOH* KOH** LiOH-H,0
(mM) g (mL) g (mL) g
10 0.80 (0.52) 1.25(0.83) 0.42
15 1.20 (0.79) 1.87 (0.79) 0.63
25 2.00 (1.3 3.12 (2.06) 1.05
50 4.00 (2.62) 6.23 (4.12) 2.10
100 8.00 (5.24) 12.47 (8.23) 4.20
200 16.00 (10.48) 24.93 (16.47 8.40
*d=1.526g/mL **d=1.514g/mL
FwW=40.00 FW=56.10 FW=41.96

4.5 Solvents

Solvents can be added to theionic eluentsused with Cryptand A 1 columnsto modify theion exchange processor improve sample
solubility. The solvents used must befree of ionicimpurities. However, since most manufacturers of solventsdo not test for ionic
impurities, it isimportant that the highest grade of solvents available be used. Currently, several manufacturers are making ultra
high purity solvents that are compatible for HPL C and spectrophotometric applications. These ultra high purity solvents will
usually ensurethat your chromatography isnot affected by ionicimpuritiesinthe solvent. At Dionex, we have obtained consi stent
results using High Purity Solvents manufactured by Burdick and Jackson and Optima® Solvents by Fisher Scientific.

When using asolvent in an ionic eluent, column generated back pressures will depend on the solvent used, concentration of the
solvent, theionic strength of the eluent and the flow rate used. The column back pressure will vary as the composition of water-
methanol and water-acetonitrile mixturevaries. Thepractical back pressurelimit for the Cryptand A1 columnsis4,000 psi (27.57
MPa).

The Cryptand A1 can withstand common HPL C solvents in a concentration range of 0 - 100%. Solvents and water should be
premixed in concentrations which allow proper mixing by the gradient pump and to minimize outgassing. Ensurethat all of the
inorganic chemicals are soluble in the highest solvent concentration to be used during the analysis.

Table 6
HPLC Solvents for Use with Cryptand A1 Columns

Solvent Maximum Operating Concentration
Acetonitrile 100%
Methanol 100%
2-Propanol 100%
Tetrahydrofuran 20%*

*Higher concentration may only be used for limited duration applications such as column clean up at pressures < 2000 psi.

CAUTION
The Anion Self-Regenerating Anion Suppressor (ASRS ULTRA) and Anion Atlas Electrolytic Suppressor (AAES)
must be operated in the AutoSuppression External Water Mode when using eluents containing solvents.
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4.5.1 Making Eluents Containing Solvents

When mixing solvents with water, remember to mix solvent with water on avolumeto volumebasis. If a procedure requires an
eluent of 90% acetonitrile, prepare the eluent by adding 900 mL of acetonitrile to an eluent reservoir. Then add 100 mL of
deionized water or eluent concentrate to the acetonitrile in the reservoir. Using this procedure to mix solvents with water will
ensure that a consistent true volume/volume eluent is obtained. Premixing water with solvent will minimize the possibility of
outgassing.

NOTE
When purging or degassing eluents containing solvents, do not purge or degas the eluent excessively since it is
possible that a volatile solvent can be “boiled” off from the solution.

Always degas and store all eluents in glass or plastic eluent bottles pressurized with helium. Only helium can be
used to purge and degas ionic eluents containing solvents, since nitrogen is soluble in solvent containing eluents.

Acetonitrile (ACN) hydrolyzes to ammonia and acetate when left exposed to basic solutions. To prevent eluent
contamination from acetonitrile hydrolysis, always add acetonitrile to basic aqueous eluents by proportioning the
acetonitrile into the basic eluent with the gradient pump. Keep the acetonitrile in a separate eluent bottle
containing only acetonitrile and water. Never add the acetonitrile directly to the basic carbonate or hydroxide
eluent bottle.

4.6 Regenerant Preparation for AMMS III

The Anion MicroMembrane Suppressor |11 (AMMS 111) requires the use of aregenerant solution. If you are using the AMMS
[11 instead of the Anion Self-Regenerating Suppressor UL TRA (ASRSUL TRA) see Document No. 031727, the* Product Manual
for the Anion MicroMembrane Suppressor I11.”
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SECTION S5 - EXAMPLE APPLICATIONS

5.1 Recommendations for Optimum Performance

The chromatograms in this section were obtained using columns that reproduced the Production Test
Chromatogram (see Section 5.2, “Production Test Chromatograms”) on optimized Ion Chromatographs (see
Section 3, “Installation”). Different systems will differ slightly in performance due to slight differences in column
sets, system void volumes, liquid sweep-out times of different components and laboratory temperatures.

The Cryptand Al is designed for the determination of polyvalent anions including polyphosphates and polysulfonates. In
any type of gradient elution system it isimportant to use eluents that produce a minimum shift in baseline conductivity during
therun, aswell asafast equilibration timefrom onerunto the next. Because sodium, lithium, or potassium hydroxideisconverted
towater inthe suppressor, they arethebest choicesfor eluents. Aslong asthe capacity of the suppressor isnot exceeded, theeluent
hydroxide concentration has little effect on background conductivity. For example, agradient run could begin at 10 mM NaOH
and end at 100 mM NaOH, with only aresulting 1 to 3 pStotal baseline change.

Ensure that your system is properly configured.
Itisvery important that applicationsrun on 3-mm columns utilize the proper pump configuration (see Section 2, “The
3-mm lon Chromatography System”) and have all system void volumes minimized. Fluctuations in operating
temperature can affect the retention time and resolution of analytes and should be controlled.

Ensure that adequate equilibration time is allowed between runs.

If downward shift in baselineis observed during the isocratic section of the chromatogram, increase the equilibration
time.

Ensure that all of the eluents have been made from high purity reagents and deionized water.

All water used in the preparation of eluents should be degassed, deionized water. For chemical purity requirements
see Section 4.3, “Chemical Purity Requirements.”

Install an Anion Trap Column, ATC-3 (2-mm).

See Section 3.2 of “Product Manual for the Anion Trap Column.” Install the ATC-3 Trap Column to minimize the
baseline shift and to improve retention time reproducibility of analytes when doing gradient chromatography and to
keep baseline shift to a minimum. (Refer to the ATC-3 column cleanup protocol in Section 6.2.2, “A Contaminated
Trap Column.”)

Use a guard column to protect the analytical column.

If column performance deteriorates and it is determined that the guard and analytical columns have been fouled, refer
to the column cleanup protocols in section 6.2.3, “Column Care.”

NOTE
Carbon dioxide readily dissolves in dilute basic solutions, forming carbonate. Carbonate contamination of eluents
can effect the retention times of the anions being analyzed. Eluents should be maintained under an inert helium
atmosphere to avoid carbonate contamination.
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5.2 Production Test Chromatogram

Isocratic elution of anions on the Cryptand A1 Analytical Column has been optimized utilizing a sodium hydroxide eluent. By
using thiseluent, mono- and divalent anions can beisocratically separated and quantitated in asingleinjection. The Cryptand A1
Analytical Column should always be used with the Cryptand G1 Guard Column. To guarantee that al Cryptand A1 Analytical
Columnsmeet high quality and reproducible performance specification standards, all columns undergo thefollowing production
control test. The Cryptand A1 column should be operated at elevated temperature to ensure reproducibl e retention times.

Sample Volume: 5pL Loop

Column: Cryptand A1 3-mm Analytical Column

Trap Column: ATC-3 (2-mm)

Test Chromatogram Eluent: 15 mM NaOH

Eluent Flow Rate: 0.5 mL/min

Temperature: 35°C

SRS Suppressor: Anion Self-Regenerating Suppressor, ASRS ULTRA (2-mm)

or MMS Suppressor:

AutoSuppression Recycle Mode
Anion MicroMembrane Suppressor, AMMS 11 (2-mm)

MMS Regnenerant: 50 mN H,SO, and the Regenerant Flow Rateis 3 - 8 mL/min
or AES Suppressor: Anion Atlas Electrolytic Suppressor, AAES
Expected Background
Conductivity: 2-3uS
Storage Solution: Eluent
12.0 +
5 Peaks mg/L
| 1. Fluoride 2
2. Chloride 3
7.6 - 3. Nitrite 5
4. Bromide 5
5. Nitrate 10
HS 4 6 6. Sulfate 5
| 7. Phosphate 5
3.2 + 7
-1.2 t |
0 5 10 15
Minutes
Figure 3

Production Test Chromatogram
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5.3 Capacity Dependence Versus Cation Form

The capacity of the Cryptand based stationary phase is determined by the cation with which it is complexed. Thisfigure shows
acomparison of theeffect on capacity when using different cationic eluents. 70mM eluent concentration wasusedinthisexample.
Potassium hydroxide providesthe highest capacity and sodium provides moderate capacity. L ithium providesal most no capacity
asis observed in the bottom chromatogram. The lower the binding constant, the lower the capacity.

Sample Volume: 5pL Loop
Trap Column: ATC-3 (2-mm)
Column: Cryptand A1 3-mm Analytical Column

Test Chromatogram Eluent:

See Chromatogram, 30 mM each

Eluent Flow Rate: 0.5 mL/min
Temperature: 35°C
SRS Suppressor: Anion Self-Regenerating Suppressor, ASRS ULTRA (2-mm)

or MM S Suppressor:

External Water Mode
Anion MicroMembrane Suppressor , AMMS 11 (2-mm)

MMS Regnenerant: 50 mN H,SO, and the Regenerant Flow Rateis 3 - 8 mL/min
or AES Suppressor Anion Atlas Electrolytic Suppressor, AAES

Expected Background Conductivity: 2-3uS

Storage Solution: Eluent

12

KOH Log K=5.4

Analyte mg/L
1. Fluoride 20
2. Chloride 3.0
uS 3. Nitrite 5.0
4. Sulfate 5.0
5. Nitrate 10.0

uS

NaOH Log K=3.9

LiOH Log K< 1.0

5 10
Minutes

Figure 4
Capacity Dependence vs Cation Form
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5.4 Capacity Gradient

“Capacity gradients’ arethe recommended mode of operation for the Cryptand A1 column. Shorter runtimesand improved peak
focusing can be achieved using capacity gradients. The gradient starts with an initial eluent of 10 mM sodium hydroxide,
producing amoderate capacity anion-exchange surface. The column is converted to alow capacity anion exchange surface with
astep changeto 10 mM lithium hydroxide at 0.1 minutes. For cryptand columns, capacity gradients can be used to dramatically
shorten run times, rather than using an eluent concentration gradient, which is used with conventional anion exchange columns.
In addition, the Crypand A1 can be used in the conventional mode with an eluent concentration gradient.

Using capacity gradients allows control of the capacity of the column during the run to control efficiency and method run time.
This chromatograph illustrates the use of a capacity gradient for the determination of inorganic anions and polarizable anions.
Thisseparation can be accomplishedinlessthan 10 minuteswith excellent separati on of the common anionsalong with excellent
peak shape for the hydrophobic anionsincluding iodide, thiocyanate, thiosulfate, and perchlorate. By using acapacity gradient,
highly retained anions can be eluted at low eluent concentrations, thus providing lower noise and improved detection limits.

Column: Cryptand A1 3-mm Analytical Column Peaks

Trap Column: ATC-3 (2-mm) 1. Fluoride m§/L
Eluent: 10 mM NaOH, step at 0.1 min. to 20 mM LiOH 2. Chloride 3
Flow Rate: 0.5 mL/min. 3. Nitrite 5
Inj. Volume: 5L 4. Bromide 10
Temperature: 35°C 2' g'fl:ie 12
Detection: Suppressed Conductivity 7: Thiosjl fate 10
SRS Suppressor: Anion Self-Regenerating Suppressor, ASRS ULTRA (2-mm) 8. Phosphate 15

Recycle Mode 9. lodide 10
or AES Suppressor: Anion Atlas Electrolytic Suppressor, AAES 10. Thiocyanate 10
or MMS Suppressor: Anion MicroMembrane Suppressor, AMMS 111 (2-mm) 11. Perchlorate 15
MMS Regnenerant: 50 mN H,SO,

12071

18

-12

Minutes

Figure S5
Capacity Gradient
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5.5 Isocratic vs. Capacity Gradients

This figure shows a comparison of isocratic eluents vs. capacity gradients. Capacity gradients are the recommended mode of
operation for the Cryptand A1 column. In the top chromatogram, a 10 mM sodium hydroxide eluent is used to separate the
common inorganic anions. The bottom chromatogram demonstrates the use of a capacity gradient. The gradient starts with an
initial eluent of 10 mM sodium hydroxide, producing a moderate capacity anion-exchange surface. The column is converted to
alow capacity anion exchange surface with a step change to 10 mM lithium hydroxide at 0.1 minutes. Using capacity gradients
allows control of the capacity of the column during the run to control efficiency and method run time. For Cryptand columns,
capacity gradients can be used to dramatically shorten run times, rather than using an eluent concentration gradient, whichisused
with conventional anion exchange columns. In addition, the Cryptand A1 can be used in the conventional mode with an eluent
concentration gradient. By using ahigh capacity gradient, highly retained anions can be eluted at low eluent concentrations, thus
providing lower noise and improved detection limits.

Column: Cryptand A1 3-mm Analytical Column
Trap Column: ATC-3 (2-mm)
Eluent: A) 10 MM NaOH
B) 10 mM NaOH, step at 0.1 min
to 10 mM LiOH
Flow Rate: 0.5 mL/min. Peaks mg/L
Inj. Volume: 5puL ; ('i'#lo”_ze g
Temperature: 35°C y N't(')tr Ide s
Detection: Suppressed Conductivity 1 BII' orrln?d o 10
SRS Suppressor: Anion Self-Regenerating Suppressor, ASRS ULTRA (2-mm) 5 Nitrate 10
External Water Mode 6. Sulfate 5
or AES Suppressor: Anion Atlas Electrolytic Suppressor, AAES 7. Phosphate 15
or MM Suppressor: Anion MicroMembrane Suppressor, AMMS 11 (2-mm)
MMS Regnenerant: 50 mN H,SO,
11 ~
Isocratic
1
us 6
7
'l T T 1
0 5 10 15
13 A
5
’ Capacity Gradient

uS

'1 1 I
0 5 10

Minutes

Figure 6
Isocratic vs. Capacity Gradients
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5.6 Effect Of Expended ATC-3

How do you know when its time to regenerate the ATC-3? The example below illustrates the baseline you will see when your
ATC-3isbeginning to expend. Note the hump appearing underneath the peaks at three to six minutes. Asthe ATC-3 gets closer
and closer to being compl etely expended, thishumpwill continuetoincreasein size. Assoon asyou beginto seethisphenomenon,
regeneratethe ATC-3. Regeneratethe ATC-3 by running 100 mL of 2 M NaOH at 2 mL/minthrough the ATC-3 with the effluent
goingtowaste. Beforeusing again, runat least 10 mL of eluent through thecolumntorinseout theexcessNaOH. Afterinstallation,
you will seeaninitial high background that will decrease down to normal in approximately 15 minutes.

NOTE
If you are running isocratically with a nearly expended ATC-3 you will not see a hump, but rather an increasing
background with time. If this occurs, regenerate the ATC-3.

Column: Cryptand A1 3-mm Analytical Column
Trap Column: ATC-3 (2-mm)
Eluent: 10 mM NaOH, step at 0.1 min. to 20 mM LiOH
Flow Rate: 0.5 mL/min. Peaks el
Inj. Volume: 5uL 1 Fluoride g
Temperature: 35°C 2 Chloride 3
Detection: Suppressed Conductivity 3. Nitrite 5
SRS Suppressor: Anion Self-Regenerating Suppressor, ASRS ULTRA (2-mm) 4. Bromide 10
Recycle Mode 5. Nitrate 10
or AES Suppressor: Anion Atlas Electrolytic Suppressor, AAES 6. Sulfate 5
or MMS Suppressor: Anion MicroMembrane Suppressor, AMMS 11 (2-mm) ;' x;oaﬂ;aée 1(5)
MMS Regnenerant: 50 mN H,SO, 5 logem o
10. Thiocyanate 10
11. Perchlorate 15
120
5
6
76 | 12 4 8
3
uS
9 10
32 1 7 11
-1.2 ; ; .
0 4 8 12
Minutes
Figure 7

Effect of Expended ATC-3
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5.7 Chromic Acid Plating Bath

Thisexampl e showsthe determination of organic additivesinachromic acid plating bath. The sample containsover 30% chromic
acid, 14% iron, and other anions at high concentration. The organic additives, methane disulfonic acid (MDSA) and ethane
disulfonicacid (EDSA), can easily be separated with the Cryptand A1 column. With most quaternary ammonium anion exchange
columns, these two peaks are not resolved. With the Cryptand A1 column, using adelayed capacity gradient, the two peaks can
easily be separated. A contaminant, present within methanesulfonic acid, isalso well separated. Note also they arewell resolved
from the huge chromic acid peak.

Column: Cryptand A1 3-mm Analytical Column
Trap Column: ATC-3 (2-mm)
Eluent: 25 mM NaOH, step at 2.1 min. to 25 mM LiOH
Flow Rate: 0.5 mL/min.
Inj. Volume: 5uL
Temperature: 30°C
Detection: Suppressed Conductivity
SRS Suppressor: Anion Self-Regenerating Suppressor, ASRS ULTRA (2-mm)
Recycle Mode
or AES Suppressor: Anion Atlas Electrolytic Suppressor, AAES
or MM S Suppressor: Anion MicroMembrane Suppressor, AMMS I11 (2-mm)
MMS Regnenerant: 50 mN H,SO,
Peaks
1. MSA
2. SO,
3. Cr0o,
4. MDSA
3 5. unknown
200 + 6. EDSA
2
uS
9.0
1
4 6
5
-2.0 T T 1 ]
5 10
Minutes
Figure 8

Chromic Acid Plating Bath
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lonPac Cryptand A1

5.8 Polyphosphate Application

Capacity gradientsallow theanalysisof polyval ent samplessuch as polyphosphatesusing rel atively low concentrationsof maobile
phases. In this application, normally a gradient up to approximately 200 mM hydroxide would be required to elute the
polyphosphates. With the Cryptand A1 column, polyphosphates can be separated in a shorter time using only 50 mM hydroxide.
Therunstartswith NaOH andthen stepsto LiOH. Asthecapacity of thecolumn decreases thepolyval entsel utewithout increasing
the eluent strength.

Column: Cryptand A1 3-mm Analytical Column + Cryptand G1 3-mm Guard Column
Trap Column ATC-3 (2-mm)
Eluent: 50 mM NaOH step at 0.1 minutes to 50 mM LiOH
Eluent Flow Rate: 0.5 mL/min
Inj. Volume: 5uL
Temperature: 30°C
Detection: Suppressed Conductivity
SRS Suppressor: Anion Self-Regenerating Suppressor, ASRS ULTRA (2-mm)
Recycle Mode
or AES Suppressor: Anion Atlas Electrolytic Suppressor, AAES
or MM Suppressor: Anion MicroMembrane Suppressor, AMMS 11 (2-mm)
MMS Regnenerant: 50 mN H,SO,
85
2
3
|
| Sample
Polyphosphoric Acid 0.1%
5
\
HS 41+
1
\
-4 t
0 3 6 9 12
Minutes
Figure 9

Polyphosphate Application
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5.9 Polyvinylsulfonic Acid Application

This example shows the separation of polyvinylsulfonic oligomers. The high molecular weight oligomers elute in less than 20
minutes. With quaternary ammonium functionalized anion exchange columns, these oligomerswould not elute even with ahigh
hydroxide concentration gradient.

Column: Cryptand A1 3-mm Analytical Column
Trap Column ATC-3 (2-mm)
Eluent: 10 mM NaOH step at 0.1 min. to 20 mM LiOH
Eluent Flow Rate: 0.5 mL/min
Inj. Volume: 5uL
Temperature: 35°C
Detection: Suppressed Conductivity
SRS Suppressor: Anion Self-Regenerating Suppressor, ASRS ULTRA (2-mm)
Recycle Mode
or AES Suppressor: Anion Atlas Electrolytic Suppressor, AAES
or MM Suppressor: Anion MicroMembrane Suppressor, AMMS 11 (2-mm)
MMS Regnenerant: 50 mN H,SO,
Sample
Polyvinylsulfonic Acid  0.005%
29T Peaks
7.-16. Polyvinylsulfonate oligomers
18}

1.2

Figure 10
Polyvinylsulfonic Acid Application
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SECTION 6 - TROUBLESHOOTING GUIDE

The purpose of the Troubleshooting Guide is to help you solve operating problems that may arise while using Cryptand A1
columns. For more information on problemsthat originate with the lon Chromatograph (1C), refer to the Troubleshooting Guide
inthe appropriate operator’ smanual. If you cannot solve the problem on your own, contact the Dionex North America Technical
Call Center at 1-800-DIONEX-0 (1-800-346-6390) or the nearest Dionex Office (see, “Dionex Worldwide Offices’).

Table 7

CRYPTAND A1/G1 Troubleshooting Summary

Observation Cause Action Reference Section

High Back Pressure Unknown Isolate Blocked Component 6.1.1
Plugged Column Inlet  Replace Inlet Bed Support 6.1.2
Bed Support
Other System Unplug, Replace Component Manual
Components

High Background Contaminated Eluents ~ Remake Eluents Check 6.2,6.2.1

Conductivity Chemical Source
Contaminated Clean Column 6.2.2, 6.2.3
Columns
Contaminated Clean Suppressor 6.2.4, Component Manual
Suppressor
Contaminated Clean Component Component Manual
Hardware

Poor Resolution Poor Efficiency Dueto  Replumb System 6.3.1.A, Component Manual
Large System Void
Volumes

Short Retention Times

Poor Front End
Resolution

Spurious Peaks

Column Headspace
Column Overloading
Flow Rate Too Fast

Conc. Incorrect
Eluents

Column
Contamination

Conc. Incorrect
Eluents

Column Overloading

Sluggish Injection
Vave

Large System Void
Volumes

Sample Contaminated

Sluggish Injection
Vave

Replace Column
Reduce Sample Size
Recalibrate Pump
Remake Eluents

Clean Column
Remake Eluents

Reduce Sample Size
Service Valve

Replumb System

Pretreat Samples
Service Valve

6.3.1.B
6.3.3.B
6.3.2.A
6.3.2.B

6.3.2.C,6.3.2D
6.3.3A

6.3.3.B,3.3.1,3.3.2
6.3.3.C, Component Manual

6.3.3.D, Component Manual

6.3.4.A, 6.3.4.B,
6.3.3.C, Component Manual
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6.1 High Back Pressure

6.1.1 Finding the Source of High System Pressure

Total system pressurefor the 3-mm Cryptand A1 Guard Column plusthe 3-mm Cryptand A1 Analytical Columnwhen using the
test chromatogram conditions should be equal or less than 2,000 psi.

If the system pressureishigher than 2,000 psi for 3-mm system, it isadvisabl eto determinethe cause of the high system pressure.
Thesystem should be operated with aHigh-Pressure In-Line Filter (P/N 044105) whichispositioned between the Gradient Pump
pressure transducer and the injection valve. Make sure you have one in place and that it is not contaminated.

A. Make sure that the pump is set to the correct eluent flow rate. Higher than recommended eluent flow rates will
cause higher pressure. Measure the pump flow rate if necessary with a stop watch and graduated cylinder.

B. Determine which part of the system is causing the high pressure. High pressure could be due to a plugged tubing
or tubing with collapsed walls, an injection valve with a clogged port, a column with particulates clogging the bed
support, a clogged High-Pressure In-Line Filter, the Suppressor or the detector cell.

To determinewhich part of the chromatographic system is causing the problem, disconnect the pump eluent linefrom
the injection valve and turn the pump on. Watch the pressure; it should not exceed 50 psi. Continue adding system
components (injection valve and detector) one by one, while monitoring the system pressure. The pressure should
increase up to amaximum when the Guard and Analytical columnsare connected (see Table7,“ Typical Cryptand A1/
G1 Operating Back Pressures”).

The Anion Self-Regenerating Suppressor UL TRA should add < 100 psi (0.69 MPa). No other components should add
morethan 100 psi (0.69 MPa) of pressure. Refer to the appropriate manual for cleanup or replacement of the problem

component.
Table 8
Typical Cryptand A1/G1 Operating Back Pressures
Column Typical Back Pressure Flow Rate
psi (MPa) mL/min
Cryptand A1 3-mm Analytical < 1,500 (10.34) 0.5
Cryptand G1 3-mm Guard < 350 (3.08) 0.5

Cryptand A1 + Cryptand G1 3-mm columns < 1,850 (13.42) 0.5
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6.1.2 Replacing Column Bed Support Assemblies

If the column inlet bed support is determined to be the cause of the high back pressure, it should be replaced. To changetheinlet
bed support assembly, refer to the following instructions, using one of the two spareinlet bed support assembliesincluded inthe
Ship Kit.

A. Disconnect the column from the system.
B. Carefully unscrew the inlet (top) column fitting. Use two open-end wrenches.

C. Remove the bed support. Turnthe end fitting over and tap it against abenchtop or other hard, flat surface to remove
the bed support and seal assembly. If the bed support must be pried out of the end fitting, use a sharp pointed object
such as apair of tweezers, but be careful that you DO NOT SCRATCH THE WALLS OF THE END FITTING.
Discard the old bed support assembly.

D. Place a new bed support assembly into the end fitting. Make sure that the end of the column tubeis clean and free
of any particulate matter so that it will properly seal against the bed support assembly. Use the end of the column to
carefully start the bed support assembly into the end fitting.

Cryptand A1
3-mm Columns

Part (P/N)
Analytical Column 059898
Guard Column 059900
Bed Support Assembly 056823
End Fitting 052809

CAUTION

If the column tube end is not clean when inserted into the end fitting, particulate matter may obstruct a proper
seal between the end of the column tube and the bed support assembly. If this is the case, additional tightening may
not seal the column but instead damage the column tube or the end fitting.

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

F. Reconnect the column to the system and resume operation.
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6.2 High Background Or Noise

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

ELUENT EXPECTED BACKGROUND CONDUCTIVITY
10 mM Hydroxide 2-3uS
50 mM Hydroxide 2-5uS

NOTE

Lithium hydroxide tends to contain more carbonate than sodium hydroxide, and sodium hydroxide more than
potassium hydroxide. So, depending on which hydroxide eluent system you use, you will see slight differences in
the background depending on the cation counter ion.

6.2.1 Preparation of Eluents

A. Make sure that the eluents and the regenerant are made correctly.
B. Make sure that the eluents are made from chemicals with the recommended purity.

C. Make sure that the deionized water used to prepare the reagents has a specific resistance of 18.2 megohm-cm.
6.2.2 A Contaminated Trap Column

The ATC-3 needs to be regenerated periodically. Y ou will know when thisis the case when you see one of two things. When
runninginisocratic mode, you will beginto see higher and higher background conductivity. If you arerunning capacity gradients,
youwill seeanincreasing, large hump in the middle of therun. The magnitude of thishump will simply continueto increase with
eachinjection. Thisisthe carbonate from the eluent coming through the expended ATC-3. Regeneratethe ATC-3 by running 100
mL of 2.0 M NaOH through the ATC-3. Immediately, rinse with 20 mL of eluent prior to use.

High background may be caused by contamination of the AT C-3with carbonate or other anionsfromthe eluent. Cleanthe ATC-3
with 100 mL of 2.0 M NaOH. Rinse the ATC-3 immediately with 20 mL of eluent into a beaker prior to use.

6.2.3 A Contaminated Guard or Analytical Column

Removethe Cryptand G1 Guard and Cryptand A1 Analytical Columnsfromthesystem. I f thebackground conductivity decreases,
the column(s) is (are) the cause of the high background conductivity. Clean or replace the Cryptand G1 at thefirst sign of column
performance degradation (compared to your original installation chromatogram or to the original test chromatogram) to eliminate
downtime. Clean the column(s) as instructed in, “Column Cleanup” (See “ Column Care”).

6.2.4 Contaminated Hardware
To eliminate the hardware as the source of the high background conductivity, bypass the columns and the Anion Self-
Regenerating Suppressor. Pump deionized water with a specific resistance of 18.2 megohm-cm through the system. The
background conductivity should be less than 2 uS. If it is not, check the detector/conductivity cell calibration by injecting
deionized water directly into it. See the appropriate detector manual for details.
6.2.5 A Contaminated Suppressor
The Anion Self-Regenerating Suppressor (ASRS ULTRA) Cleanup
This section describes routine cleanup procedures for the Anion Self-Regenerating Suppressors (ASRSULTRA) in

the case of contamination. Consult the Troubleshooting Guide (see Section 4, “Troubleshooting Guide”) to first
determine that the system is operating properly. If the ASRS ULTRA is determined to be the source of higher than
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normal back pressure, higher than anticipated conductivity, decreased suppression capacity or decreased sensitivity,
cleaning the membrane may restore the performance of the system. Use the following procedures to clean the
membrane.

Metal Contaminants or Precipitates

NOTE

The suppressor voltage is a good indicator of the resistance across the suppressor. Higher resistance may indicate
contamination of the suppressor. For more information regarding monitoring the voltage, see Document No.
031814-02, “Removal of Iron Contamination from Electrolytic Suppressors.”

A.

B.

Turn off the SRS Control unit.

Disconnect the analytical (and guard) column(s) from the injection valve and the ASRS ULTRA. Refer to the
specific analytical column Product Manual for column cleanup procedures.

If you arerunninginthe AutoSuppression External Water Mode, turn off the external water and disconnect the
external water line from the ASRS ULTRA REGEN IN port.

Disconnect theliquid linefromthe ASRSULTRA ELUENT OUT port to thecell at the cell fitting and reconnect
it to the REGEN IN port.

Connect atemporary line from the priming block or the low-pressure tee on the isocratic or gradient pump to a
container withasolution of 0.2 M oxalic acid. Pump thissolution throughthe ASRS-ULTRA (2-mm) at 0.25-0.50
mL/min for 30 minutes.

NOTE

Bypassing internal pump manifolds when temporarily pumping high concentration cleaning solutions significantly
reduces the time required to reequilibrate the system to low concentration eluents.

Flush the ASRS ULTRA with deionized water for 10 minutes.
Perform steps A - D of the procedure in Section 4.1, “Small Analyte Peak Areas.”

Turnonthe SRS Control unit for the AutoSuppression Recycle or External Water Modes of operation. Ensure
that the SRS Control unit is off for the Chemical Suppression Mode of operation.

Flush the ASRS ULTRA with eluent for 10 minutes.

Reinstall theanalytical (and guard) column(s). Begin pumping eluent through the system at the flow raterequired
for your analysis and equilibrate the system.

The Anion MicroMembrane Suppressor (AMMS) Cleanup

Thissection describesroutine cleanup proceduresfor the Anion MicroM embrane Suppressors (AMMSIII) inthecase
of contamination. Consult the Troubleshooting Guide (see Section 4, “ Troubleshooting Guide”) to first determinethat
the system isoperating properly. If the AMMSI11 isdetermined to be the source of higher than normal back pressure,
higher than anticipated conductivity, decreased suppression capacity or decreased sensitivity, cleaning the membrane
may restore the performance of the system. Use the following procedures to clean the membrane.
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Metal Contaminants or Precipitates

NOTE

The suppressor voltage is a good indicator of the resistance across the suppressor. Higher resistance may indicate
contamination of the suppressor. For more information regarding monitoring the voltage, see Document No.
031814-02, “Removal of Iron Contamination from Electrolytic Suppressors.”

A.

B.

Turn off the SRS Control unit.

Disconnect the analytical (and guard) column(s) from theinjection valveand the AMMSI11. Refer to the specific
analytical column Product Manual for column cleanup procedures.

If you arerunninginthe AutoSuppression External Water Mode, turn off the external water and disconnect the
external water line from the AMMS 111 REGEN IN port.

Disconnect theliquid line from the AMMS 1l ELUENT OUT port to the cell at the cell fitting and reconnect it
to the REGEN IN port.

Connect atemporary line from the priming block or the low-pressure tee on the isocratic or gradient pump to a
container with a solution of 0.2 M oxalic acid. Pump this solution through the AMMS I11 (2-mm) at 0.25-0.50
mL/min for 30 minutes.

NOTE

Bypassing internal pump manifolds when temporarily pumping high concentration cleaning solutions significantly
reduces the time required to reequilibrate the system to low concentration eluents.

Flush the AMMS 11 with deionized water for 10 minutes.
Perform steps A - D of the procedure in Section 4.1, “Small Analyte Peak Areas.”

Turnonthe SRS Control unit for the AutoSuppression Recycle or External Water Modes of operation. Ensure
that the SRS Control unit is off for the Chemical Suppression Mode of operation.

Flush the AMMS |11 with eluent for 10 minutes.

Reinstall theanalytical (and guard) column(s). Begin pumping eluent through the system at the flow raterequired
for your analysis and equilibrate the system.

The Anion Atlas Electrolytic Suppressor (AAES) Cleanup

Metal Contaminants or Precipitates

A.

B.

Turn off the power to the AAES.

Disconnect the analytical (and guard) column(s) from the injection valve and the AAES. Refer to the specific
analytical column Product Manual for column cleanup procedures.

If you arerunninginthe AutoSuppression External Water Mode, turn off the external water and disconnect the
external water line from the AAES REGEN IN port.

Disconnect theliquidlinefromthe AAESELUENT OUT port to the cell at the cell fitting and reconnect it to the
REGEN IN port.

Connect atemporary line from the priming block or the low-pressure tee on the isocratic or gradient pump to a
container with a solution of 0.5 M oxalic acid. Pass 60 mL of this solution through the AAES using the Trap




lonPac Cryptand A1 Document No. 031852-03 Page 31 of 33

Column / Suppressor Clean-up Kit (P/N 059649) or pump this solution through the AAES at 2.0 mL/min for 30
minutes.

NOTE
Bypassing internal pump manifolds when temporarily pumping high concentration cleaning solutions significantly
reduces the time required to re-equilibrate the system to low concentration eluents.

F. Flush the AAES with deionized water at 2 mL/min for 30 minutes.

G. Reinstall the AAES according to proceduresin Section 4.2.1, “ Eluent and Regenerant Flow Path Connectionsin
the AutoSuppression Recycle Mode Operation” or Section 4.3.1, “Eluent Flow Path Connections in the
AutoSuppression External Water Mode Operation” and resume operation.

Organic Contaminants
A. Turn off the power to the AAES.

B. Disconnect the analytical (and guard) column(s) from the injection valve and the AAES. Refer to the specific
analytical column Product Manual for column cleanup procedures.

C. Ifyouarerunninginthe AutoSuppression External Water Mode, turn off the external water and disconnect the
external water linefrom the AAES REGEN [N port. If you are running in the AutoSuppression Recycle Mode,
proceed to D.

D. Disconnecttheliquidlinefromthe AAESELUENT OUT port to the cell at the cell fitting and reconnect it to the
REGEN IN port.

E. Connect atemporary line from the priming block or the low-pressure tee on the isocratic or gradient pump to a
container with asolution of freshly prepared 10% 1.0 M H,SO,/90% acetonitrile. H,SO,/acetonitrile solutions are
not stable during long term storage so this cleanup solution must be made immediately before each column
cleanup. Alternatively, it can be proportioned from 1 bottle containing 1.0 M H,SO, and another bottle containing
100% acetonitrile. Pass 60 mL of this solution through the AAES using the Trap Column / Suppressor Clean-up
Kit (P/N 059649) or pump this solution through the AAES at 1.0 mL/min for 60 minutes.

NOTE
Bypassing internal pump manifolds when temporarily pumping high concentration cleaning solutions significantly
reduces the time required to re-equilibrate the system to low concentration eluents.

F. Flush the AAES with deionized water at 2 mL/min for 30 minutes.

G. Reinstall the AAES according to proceduresin Section 4.2.1, “ Eluent and Regenerant Flow Path Connectionsin
the AutoSuppression Recycle Mode Operation” or Section 4.3.1, “Eluent Flow Path Connections in the
AutoSuppression External Water Mode Operation” and resume operation.

6.3 Poor Peak Resolution
Poor peak resolution can be due to any or all of the following factors.
6.3.1 Loss of Column Efficiency
A. Check to see if headspace has developed in the guard or analytical column. Thisisusually due to improper use
of the column such as submitting it to high pressures. Remove the column’s top end fitting (see Section 6.1.2,

“Replacing Column Bed Support Assemblies”). If theresin doesnot fill the column body all theway tothetop, it means
that the resin bed has collapsed, creating a headspace. The column must be replaced.
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B.

Extra-column effects can result in sample band dispersion, making the peaks' elution less efficient. Make sure
you areusing PEEK tubingwith ani.d. of no greater than 0.010" for 4-mm systemsor no greater than 0.005" for 3-mm
and 2-mm systems to make all eluent liquid line connections between the injection valve and the detector cell inlet.
Cut the tubing lengths as short as possible. Check for leaks.

6.3.2 Poor Resolution Due to Shortened Retention Times

Even with adequate system and column efficiency, resolution of peaks will be compromised if analytes elute too fast.

A.

Check the flow rate. Seeif the eluent flow rate is equivalent to the flow rate specified by the analytical protocol.
Measure the eluent flow rate after the column using a stopwatch and a balance to weigh the collected amount.

Check to see if the eluent compositions and concentrations are correct. Aneluent that istoo concentrated will cause
the peaksto elute faster. Prepare fresh eluent. If you are using agradient pump to proportion the eluent, components
from two or three different eluent reservoirs, the resulting eluent composition may not be accurate enough for the
application. Use one reservoir containing the correct eluent composition to seeif thisisthe problem. This may be a
problem when one of the proportioned eluents is less than 5%.

Column contamination can lead to a loss of column capacity. Thisis because all of the anion exchange sites will
no longer be availablefor the sampleions. For example, polyvalent anionsfrom the sample or metals may concentrate
on the column. Refer to, “Column Cleanup” (see “Column Care”), for recommended column cleanup procedures.

Possibl e sources of column contamination are impuritiesin chemicals and in the deionized water used for eluents or
components of the sample matrix. Be especially careful to make sure that the recommended chemicals are used. The
deionized water should have a specific resistance of 18.2 megohm-cm.

Diluting the eluent will improve peak resolution, but will also increase the analytes’ retention times. If a10%
dilution of theeluentisnot sufficient to obtain the desired peak resolution, or if theresulting increasein retentiontimes
is unacceptable, clean the column (see, “Column Cleanup” in “ Column Care”).

After cleaning the column, reinstall it in the system and let it equilibrate with eluent for about 30 minutes. No water
wash isnecessary. The columnisequilibrated when consecutiveinjections of the standard give reproducibl e retention
times. Theoriginal column capacity should berestored by thistreatment, since the contaminants should be eluted from
the column. If you need assistance in solving resolution problems, contact the Dionex North America Technical Call
Center at 1-800-DIONEX-0 (1-800-346-6390) or the nearest Dionex Office (see, “Dionex Worldwide Offices’).

6.3.3 Loss of Front End Resolution

If poor resolution or efficiency isobserved for the peaks el uting near the system void volume compared to the | ater eluting peaks,
check the following:

A.

Improper eluent concentration may be the problem. Remake the eluent as required for your application. Ensure
that the water and chemicals used are of the required purity.

Column overloading may be the problem. Reduce the amount of sample ions being injected onto the analytical
column by either diluting the sample or injecting a smaller volume onto the column.

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

Improperly swept out volumes anywhere in the system prior to the guard and analytical columns may be the
problem. Swap components, oneat atime, inthe system prior totheanal ytical column and test for front-end resolution
after every system change.
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6.3.4 Spurious Peaks

A. The columns may be contaminated. If the samples contain an appreciable level of polyvalent ions and the column
isused with aweak eluent system, the retention times for the analytes will then decrease and be spurious, inefficient
(broad) peaksthat can show up at unexpected times. Clean the columnasindicatedin“ Column Cleanup” (see* Column
Care’).

If you need assistance in determining the best way to clean strongly retained solutes in your specific sample matrix
from the Cryptand A1 columns, contact the North America Technical Call Center at 1-800-DIONEX-0 (1-800-346-
6390) or the nearest Dionex Office (see, “ Dionex Worldwide Offices”).

B. Theinjection valve may need maintenance. \When aninjectionvalveisactuated, thepossibility of creating abaseline
disturbance exists. This baseline upset can show up as a peak of varying size and shape. This will occur when the
injection valve needs to be cleaned or retorqued (see valve manual). Check to see that there are no restrictionsin the
tubing connected to the valve. Also check the valve port faces for blockage and replace them if necessary. Refer to
the Valve Manual for troubleshooting and service procedures. Small baseline disturbances at the beginning or at the
end of the chromatogram can be overlooked as long as they do not interfere with the quantification of the peaks of
interest.
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COLUMN CARE

Recommended Operation Pressures

Operating a column above its recommended pressure limit can cause irreversible loss of column performance. The maximum
recommended operating pressurefor Cryptand A1 columnis 3,000 psi (20.68 MPa).

Column Start-Up
The column is shipped using the column test eluent as the storage solution.

Prepare the eluent shown on the test chromatogram, install the column in the chromatography module and test the column
performance under the conditions described in the test chromatogram. Continue making injections of the test standard until
consecutive injections of the standard give reproducible retention times. Equilibration is complete when consecutive injections
of the standard give reproducible retention times.

Column Storage

For both short-term and long-term storage, use columntest el uent for the column storage sol ution. Flush the column for aminimum
of 10 minutes with the storage solution (eluent). Plug both ends securely, using the plugs supplied with the column.

Column Cleanup

The following column cleanup protocols have been divided into three general isocratic protocols to remove polyvalent anions,
metals, or organic contaminants.

Always ensure that the cleanup protocol used does not switch between eluents which may create high pressure eluent interface
zonesinthe column. High pressure zones can disrupt the uniformity of the packing of the column bed andirreversibly damagethe
performance of the column. High pressure zonesin the column can be created by pumping successive el uentsthrough the column
that arenot miscible, that have el uent componentsinoneel uent that will precipitate out intheother el uent or by using anacid el uent
followed by abase el uent which may createaneutralization pressure band. The precipitation of the saltsin solvents during column
rinses can result in very high pressure zones. High viscosity mixing zones can be created between two eluents having solvents
with avery high energy of mixing.

When in doubt, alwaysinclude short column rinse steps to reduce the solvent content of the eluent to < 5% levels and theionic
strength of the eluent to < 50 mM levelsto avoid creating high pressure zones in the column that may disrupt the uniformity of
the column packing.

Choosing the Appropriate Cleanup Solution
A. Concentrated lithium hydroxide solutions suchasal00mM LiOH issufficient toremovepol yva ent anion contamination.
B. Metal contamination often resultsinasymmetric peak shapesand/or variableanalyterecoveries. For example,iron or
aluminum contamination often resultsin tailing of sulfate and phosphate. Aluminum contamination can alsoresultin

low fluoride and phosphate recoveries.

Concentrated acid solutionssuchas0.1to 1M HCl removeavariety of metals. If after acid treatment, thechromatography
still suggests metal contamination, treatment with chelating acids such as0.2 M oxalic acid isrecommended.

C. Organic solvent solutions can be used if the contamination is nonionic and hydrophobic. The degree of nonpolar
character of the solvent should be increased as the degree of hydrophobicity of the contamination within the range of
acceptable solventslisted in Table 4, HPLC Solventsfor Use with Cryptand A1 Columns.
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D. Regardlessofthe cleanup solution chosen, use the following cleanup procedure in, “Column Cleanup Procedure,”
tocleanthe Cryptand A1 and G1.

Column Cleanup Procedure

A. Prepare a 500 mL solution of the appropriate cleanup solution using the guidelinesin, “ Choosing the Appropriate
Cleanup Solution.”

B. Disconnect the suppressor fromthe Cryptand A1 Analytical Column. If your systemis configured with both aguard
columnand an analytical column, movetheguard after theanalytical columnintheeluent flow path. Double check that
the eluent flows in the direction designated on each of the column labels.

CAUTION

When cleaningananalytical columnandaguard columninseries, ensurethat theguard columnisplaced after theanal ytical

columnintheel uent flow path. Contaminantsthat have accumul ated on theguard column can beel uted onto theanal ytical

column and irreversibly damageit. If in doubt, clean each column separately.

C. Setthe pump flow rate to 0.5 mL/min for a Cryptand A1 3-mm Analytical or Guard Column.

D. Pump the cleanup solution through the column for atleast 60 minutes.

E Rinsethecolumnwith eluent for 5 minutes.

F.  Reconnect the suppressor to the Cryptand A1 Analytical Column and place the guard column in line between the
injection valve and the analytical column if your system was originally configured with aguard column.

G Equilibrate the column(s) with eluent for at east 60 minutesbeforeresuming normal operation.

H. Inthecaseof metal contamination, if contaminationlevelsarevery high and the above cleanup doesnot restorecolumn
performance, runthe columnovernight at 0.4 mL/minwith 0.2 M oxalic acid.
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