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Working with Ion Exchange 
Silica Phases
Ion Exchange Phases are useful for the purification and the 
separation of charged molecules. For this purpose, SiliCycle 
offers various products with positively or negatively 
charged functional groups bounded to silica gel. These 
phases are available in bulk (SiliaBond®), in pre-packed flash 
cartridges (either irregular SiliaSep™ or 
spherical SiliaSep™ PREMIUM), in HPLC columns 
(SiliaChrom® Plus) and in SPE cartridges (SiliaPrep™) to help 
customers achieve their separation goals.

about our chromatographic phases in our brochure 
“Solutions for Purification and Chromatography”.LEARN MORE

SiliaBond®

https://www.silicycle.com/resource-center/brochures/solutions-for-purification-chromatography-bropur
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In Ion Exchange Chromatography (IEC), both the silica support and the analytes must be ionized so that when charged molecules 
pass through, they bind to the oppositely charged sites in the stationary phase thereby separating based on their ionic charge. 
If the stationary phase (aka the packing material) is positively charged, only anionic analytes will be retained (these phases are 
called WAX – Weak Anion Exchanger & SAX – Strong Anion Exchanger). Inversely, if the stationary phase is negatively charged, 
then only cationic analytes will be retained (these phases are called WCX – Weak Cation Exchanger & SCX – Strong Cation 
Exchanger). Therefore, the mobile phase’s pH (between 2 and 10) is of crucial importance and needs to be chosen carefully to 
ensure that both functions are charged:

To reiterate, only molecules with opposite charges as compared to the sorbent will be retained. The release of these molecules will 
then be achieved by disrupting the ionic bond between the analytes and the stationary phase.

The first technique is to increase the affinity between the analytes and the mobile phase. For example, a buffer solution having the 
same charge as the stationary phase (i.e., a negatively charged buffer with a negatively charged stationary phase) can be used 
as the eluent to compete with the silica’s charged sites. Once the buffer is chosen, one can either use a solution containing a high 
concentration of ions (to elute all the molecules at once) or set up a gradient and progressively increase the ionic concentration to 
release the various analytes retained on the gel one after another, according to the strength of their electrostatic interactions. This 
could be achieved by using two different buffer solutions, one with a low ionic strength and the second with a higher ionic strength.

Another technique consists of neutralizing the charge of either the retained molecules or the stationary phase itself, by changing 
the pH of the eluent.  Many charged molecules are pH sensitive, therefore changing the pH will change their charge. Lowering 
the pH will neutralize weak & ionized acidic compounds while increasing the pH will neutralize weak & charged basic ones.  Once 
again, a buffer solution with a very low or a very high pH will elute all the retained analytes at once while a pH gradient will release 
them progressively. Molecules are released when the mobile phase’s pH will reach their isoelectric point.
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WAX / WAX-2: Strong Acidic Analytes, pKa < 5
Sulfonic Acids: RSO3H, Phosphonic Acids: RPO(OH)2,

Strong Carboxylic Acids (Dichloroacetic Acid,
Trichloroacetic Acid, Trifluoroacetic Acid, Oxalic Acid)

SAX / SAX-2: Weak Acidic Analytes, pKa 3 - 7
Carboxylic Acids: RCOOH, Phenolic Acids

SCX / SCX-2: Weak Basic Analytes, pKa 6 - 11
Primary Amines: RNH2 and Secondary Amines: R2NH

WCX: Strong Basic Analytes, pKa > 8
Tertiary Amines: R3N and Quaternary Amines: R4N+
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SiliaBond Amine, a Weak Anion Exchanger (WAX), has a pKa of 9.8. When the pH is ≤ 7.8, it becomes protonated and thus 
positively charged, retaining only anionic analytes. Hence, strong acidic analytes that may be too strongly retained on SAX phases 
(such as sulfonic acids, phosphoric acids, strong carboxylic acids, etc.) can be purified in IEC mode. 
► See Appn_SB009-0 to learn more about this phase.

SiliaBond Triethylamine (WAX-2) has a pKa of 10.5 and is positively charged at a pH below 8.5. This phase is preferred over SAX 
when performing catch and release purification of compounds bearing a permanent negative charge, such as salts of sulfonic 
acids. Using SAX in this case could make the release of the compound of interest difficult (but not necessarily impossible) due to 
the strong interaction between the two strong ions.

Si NH2 Si N

SiliaBond Amine (WAX) (R52030B) & Triethylamine (WAX-2) (R76530B)

WAX WAX-2

https://www.silicycle.com/resource-center/application-notes/working-with-amine-wax-silica-phase
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SiliaBond TMA Chloride is a Strong Anion Exchanger (SAX) permanently charged, meaning it is pH independant. This phase is 
commonly used for the extraction of weak anions (such as carboxylic acids) that may not bind strongly enough to weaker anion 
exchangers. It is a useful phase for the analysis of acidic drugs and analgesics, biomolecules (peptides and proteins) and water-
soluble vitamins (vitamins B and C).

SiliaBond TMA Acetate (SAX-2) is also a Strong Anion Exchanger, but with a more easily exchangeable counter-ion (more than 
the chloride ion). It is useful for the extraction of compounds with a pKa < 5, such as carboxylic acids. This phase can be used in 
organic chemistry applications to selectively purify acidic compounds or remove acidic impurities from reaction mixtures. 
► See Appn_SP002-0 to learn more about this phase.

An important thing to know about SAX phases is that they are always paired with a counter-ion to neutralize the quaternary amine 
charge. Counter-ions have different selectivities and some of them are more easily removed from the silica gel by the analyte. 
Thus, it is crucial to choose a phase paired with a counter-ion less selective than the analyte. The relative selectivity of standard 
counter-ions, compared to the hydroxyl ion OH- (lowest selectivity), are presented in the figure below:

SiliaBond Tosic Acid (SCX) (R60530B) & Propylsulfonic Acid (SCX-2) (R51230B)

SiliaBond TMA Chloride (SAX) (R66530B) & TMA Acetate (SAX-2) (R66430B)

Due to their very low pKa (< 1), SiliaBond Tosic Acid and Propylsulfonic Acid are Strong Cation Exchangers (SCX) since they 
maintain a negative charge throughout the pH scale. These phases are commonly used for catch and release purification of 
weak cations (for example basic drugs and analgesics), analysis of basic biomolecules (peptides and proteins) and water-soluble 
vitamins (basic vitamins B and C).
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SiliaBond Carboxylic Acid is a Weak Cation Exchanger (WCX) with a pKa of 4.8. A pH of 2.8 or below is needed to neutralize the 
phase and easily elute strong cationic analytes (that could only be neutralized themselves at extreme basic conditions). This phase 
is commonly used for the extraction of strong basic species, which would bind too strongly to strong cation exchangers.

SiliaSep or SiliaSep PREMIUM

For an easier use of these phases, SiliaSep (irregular) and SiliaSep PREMIUM (spherical) flash cartridges pre-packed with any of 
the IEC phases described above could be an option.

These cartridges are designed and typically used for a single (1-injection) purification run to get the highest purification 
performance and the lowest solvent consumption. However, it is sometimes possible to develop and validate a cleaning process 
that meets FDA requirements using a pre-packed flash cartridge for multiple runs.1 If you desire to reuse your ion exchange phase 
cartridge, the recommended storage procedure is as follows:

1. Avoid drying out the column after first use. Turn off the air purge on instrument.

2. Wash the column with an intermediate solvent if run solvents are immiscible with storage solvents.

3. Remove all organic modifiers or strong organic solvents by regenerating the column with: 
 
WAX columns: minimally 3 column volumes of 80 % methanol or acetonitrile in water or 100 % isopropanol. 
 
SAX columns: minimally 10 column volumes of 5 % NH4OH in methanol. 
 
SCX columns: minimally 10 column volumes of 1 M acetic acid in methanol. Then, flush with minimally 10 column   
   volumes of 80 % methanol in water or 100 % isopropanol. 
 
WCX columns: minimally 3 column volumes of an aqueous solution of 90/10 water/methanol or 90/10 water/acetonitrile.  
   Then, flush the column with minimally 10 column volumes of a solution of formic acid in methanol   
   followed by 10 column volumes of 100 % methanol or acetonitrile.

4. Store the column in flush solvent with end caps in place.

SiliaChrom HPLC columns

Although it is also possible to use a small flash cartridge to determine the elution conditions, an HPLC column (filled with the same 
phase planned for use in the purification) seems to be the optimal choice. Various SiliaChrom Plus IEC are offered by SiliCycle: 
WAX (HPL-S520*), SAX (HPL-S665*) & SCX (HPL S900*), available in 3, 5 and 10 μm particle sizes.

1  SiliCycle does not guarantee any flash cartridge for multiple injections. Cleaning & validation processes are the client’s responsibility.

SiliaBond Carboxylic Acid (WCX) (R70030B)

Si OH
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SiliaPrep SPE cartridges

All ion exchange phases described in this note easily pack into various sizes of SPE cartridges to suit your purification needs.  
The general protocols below may possibly be used as a starting point to develop a new SPE method with IEC phases:

Strong Anion Exchangers (SAX)

Extraction of weak acids (pKa 3 - 5)

CONDITIONING STEP 1 x CV(1) of methanol

LOADING STEP Aqueous sample, pH adjusted at 7.0 - 8.0

WASHING STEP 1 x CV of methanol
(elution of basic & neutral compounds)

ELUTION STEP 1 x CV of 2 - 5 % HCO2H in methanol
(elution of weak acidic compounds)

Strong Cation Exchangers (SCX)

Extraction of weak bases (pKa 7 - 9)

CONDITIONING STEP 1 x CV of methanol

EQUILIBRATION STEP 1 x CV of water

LOADING STEP Aqueous sample, pH adjusted at 3.0 - 4.0

WASHING STEP 1 1 x CV of water

WASHING STEP 2 1 x CV of methanol
(elution of acidic & neutral compounds)

ELUTION STEP 1 x CV of 2 - 5 % NH4OH(2) in methanol
(elution of weak basic compounds)

Weak Anion Exchangers (WAX)

Extraction of strong acids (pKa < 3)

CONDITIONING STEP 1 x CV of methanol

EQUILIBRATION STEP 1 x CV of water

LOADING STEP Aqueous sample, pH adjusted at 4.0 - 5.0

WASHING STEP 1 1 x CV of water

WASHING STEP 2 1 x CV of methanol 
(elution of basic & neutral compounds)

ELUTION STEP 1 x CV of 2 - 5 % NH4OH(2) in methanol
(elution of strong acidic compounds)

Weak Cation Exchangers (WCX)

Extraction of strong bases (pKa > 9)

CONDITIONING STEP 1 x CV of methanol

EQUILIBRATION STEP 1 x CV of water

LOADING STEP Aqueous sample, pH adjusted at 8.0

WASHING STEP 1 1 x CV of water

WASHING STEP 2 1 x CV of methanol
(elution of acidic & neutral compounds)

ELUTION STEP 1 x CV of 2 - 5 % HCO2H in methanol
(elution of strong basic compounds)

Notes:
(1) Abbreviation used: CV = Column Volume
(2) You can also use NH3 (7M) in methanol.
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