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about SiliaPrep SPE cartridges in our brochure 
“Solutions For Sample Preparation.”LEARN MORE

™

SiliaPrep SAX-2 nec (TMA 
Acetate) SPE Cartridges
Silica-based SAX (Strong Anion Exchange) sorbents are 
usually paired with a high selectivity chloride counter-ion 
which offers reduced retention of acidic drugs compared 
to sorbents paired with counter-ions of lower selectivity 
such as the acetate one. Consequently, users traditionally 
perform themselves the exchange of counter-ion prior to 
sample loading. This process can be time consuming and 
may actually lead to an incomplete exchange. As a result, 
SiliCycle has developed SiliaPrep SAX-2 (TMA Acetate): 
SPE cartridges packed with a strong anion exchange sorbent 
paired with a low selectivity acetate counter-ion.

This Application Note highlights the properties of this sorbent 
and reveals a series of applications using this phase in SPE 
format, to easily separate weak acids from strong ones.

https://www.silicycle.com/resource-center/brochures/solutions-for-sample-preparation-brosam
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Ion Exchange Phases
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 is of crucial importance and needs to be chosen carefully to ensure that both functions are charged:

Product Description
Strong anion exchangers (SAX) are quaternary amines sorbents and retain a permanent positive charge across the pH range. They 
have been widely used in both chromatography and SPE to selectively bind acidic drugs, analgesics, biomolecules and water-soluble 
vitamins (vitamins B and C). In particular, weakly acidic compounds with pKa between 3 and 7 (such as carboxylic acids) can be 
effectively extracted by these sorbents while they may not bind strongly enough to weaker anion exchangers (primary or secondary 
amines).

SAX phases 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 than others 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.

SiliaPrep SAX-2 (TMA Acetate) is a strong anion 
exchange sorbent with a low selectivity acetate counter-
ion already in place. The acetate counter-ion is more 
easily displaced during the chromatographic process 
than the chloride one. Therefore, this sorbent better 
retains acidic compounds and can be used in organic 
chemistry applications to selectively purify acidic 
compounds or remove acidic impurities from reaction 
mixtures.
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Figure 1: Relative selectivity of standard counter-ions, compared to the lowest 
selectivity hydroxyl ion OH-
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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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Applications

Catch and Release of Acidic Compounds
To highlight the retention efficiency of acidic compounds (such as carboxylic acids, phenols or thiophenols) using SiliaPrep SAX-2 (TMA 
Acetate), a variety of commercially available compounds were subjected to “catch and release” SPE experiments.

Catch and Release of Acidic Compounds (continued on next page)

pka Compound Structure
Recovery (%)

1 mmol 2 mmol

(-6) 4-nitrobenzene-1-
sulfonic acid 1001 1001

2.1 Anthranilic acid 1001 991

3.0 Salicylic acid 881 831

3.1 Phenoxyacetic acid 1001 1001

4.2 Benzoic acid 100 100

4.3 Phenylacetic acid 100 100

4.4 Cinnamic acid 100 100

Experimental Conditions

Cartridges used: SiliaPrep SAX-2 (TMA Acetate) 12 mL / 2 g 
                             (SPE-R66430B-12U)

Sample: solutions containing 1 and 2 mmol of acidic compounds in methanol

Conditioning step: 12 mL of methanol 

Loading step: samples were slowly aspirated through the cartridges

Washing step: 12 mL of methanol, to remove any non-acidic impurities (if any)

Elution step: acids were released using 12 mL of a 2 % solution of acetic acid in                                                   
         methanol, solvents were then evaporated

Recoveries: see the Table 1 below

Table 1: Catch and release of acidic compounds
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pKa-based Separation of Acids
Following the catch and release results above, the next step was to investigate if it would be possible to effectively separate a solution 
with three acids, each with a different pKa.

Experimental Conditions

Cartridges used: SiliaPrep SAX-2 (TMA Acetate) 12 mL / 2 g (SPE-R66430B-12U)

Sample: a solution containing equimolar quantities of phenol, benzoic acid and salicylic acid in methanol

Conditioning step: methanol

Loading step: sample was slowly aspirated through the cartridges

Washing step: methanol, isolation of clean phenol

Elution step 1: 2 % solution of acetic acid in methanol, isolation of clean benzoic acid

Elution step 2: 2 % solution of HCl in acetonitrile, isolation of clean salicylic acid

Recoveries: all yields were above 90 % as indicated in the Table 2 below.

Recovery of Phenol, Benzoic Acid and Salicylic Acid

Compound pKa Initial Amount (mg / mmol) Isolated Amount (mg) Recovery (%)

Salicylic acid 3.0 103 / 0.75 102 99

Benzoic acid 4.2 92 / 0.75 88 96

Phenol 10.0 70 / 0.75 65 93

Table 2: Recovery of phenol, benzoic acid and salicylic acid

1 Difficult to release from the sorbent. A solution of 1 % solution of HCl in acetonitrile was required to 
successfully release the acids.
2 Not well retained due to its similarity with acetic acid.
3 Not retained due to their weaker tendency of releasing their acidic proton by comparison with acetic acid.

Catch and Release of Acidic Compounds

pka Compound Structure
Recovery (%)

1 mmol 2 mmol

4.4 Adipic acid 99 91

4.9 4-aminobenzoic acid 90 83

4.9 Heptanoic acid 432 362

6.6 - 7.0 Thiophenol and 
4-nitrophenol 03 N/A3
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Purification Following Ester Hydrolysis
Ester hydrolysis always results in two products: carboxylic acid and alcohol. In the example below only pure carboxylic acid was desired 
as end-product, so the benzyl alcohol contaminant was removed by SPE. 

Experimental Conditions

Cartridges used: SiliaPrep SAX-2 (TMA Acetate) 12 mL / 2 g (SPE-R66430B-12U)

Conditioning step: methanol

Loading step: sample was slowly aspirated through the cartridges

Washing step: acetonitrile, easy removal of by-product benzyl alcohol

Elution step: 2 % solution of HCl in acetonitrile

Recovery: isolation of clean carboxylic acid with a 90 % yield

 

1 mmol
1N

30 min, 22°C

Purification Following Epoxidation Reaction
Epoxidation reactions using MCPBA (meta-chloroperoxybenzoic acid) usually result in products contaminated with 3-chlorobenzoic 
acid, which can sometimes be difficult to remove. Sodium sulfite can be used to remove excess reagent and most of this 
3-chlorobenzoic acid contaminant, but remaining residues can be removed by SPE. 

Experimental Conditions

Cartridges used: SiliaPrep SAX-2 (TMA Acetate) 12 mL / 2 g (SPE-R66430B-12U)

Conditioning step: methanol

Loading step: sample was extracted with dichloromethane, evaporated, dissolved in methanol then slowly aspirated through the       
           cartridges

Elution step: methanol

Recovery: isolation of clean epoxide product (88 % yield), free of 3-chlorobenzoic acid contaminant (retained on the SPE cartridge)
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