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Solid Phase Extraction – Why and How?
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Offline Options for Sample Matrix Removal

More specific                      ←               Instrument separation and detection specificity ← Less specific

Less specific                                 → Sample preparation specificity                →                                  More specific

Sample Preparation 
Technique

Interference 
Removed

Filtration Supported Liquid 
Extractions (SLE) 

Protein Precipitation 
and Filtration QuEChERS

Protein Precipitation, 
Filtration and
Lipid Removal

Solid Phase 
Extraction

Lipids No No No Yes Yes Yes

Oligomeric 
Surfactants No No No No Yes Yes

Particulates Yes Some Yes Yes Yes Yes

Pigments No Some No Yes No Yes

Polar Organic Acids No Yes No Yes No Yes

Proteins No Yes Yes Yes Yes Yes

Salts No Yes No No No Yes

Suggested Agilent 
Product

Captiva syringe filters
Captiva filter vials Chem Elut S Captiva ND

Bond Elut QuEChERS
with d-EMR-Lipid and 

other dispersive
Captiva EMR-Lipid

Bond Elut Silica 
and Polymeric 

SPE
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Solid Phase Extraction – Why?

• To remove matrix interferences, such as proteins, lipids, pigments, and salts
• To increase the concentration of analytes
• To do a solvent exchange
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What Happens During Solid Phase Extraction?
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Solid Phase Extraction – How?
SPE workflow

• Sample pretreatment
• Condition and equilibrate
• Load
• Wash
• Elute
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Selecting the Right SPE – How?
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Do Your Research

• You may not need to start from scratch. Use existing methods as the starting point for your 
method development

• Does any LC chromatographic data exist on the analytes? 
• Carefully examine the molecular structure of the analyte, its solubility, and other tendencies
• Consider physical state of the sample, the matrix
• Consider the analysis technique and its appropriate sample solvent; if derivatization is 

needed, for example
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Analyte Considerations

• Is the analyte nonpolar or polar (C, H, N, O)?
• Does the analyte contain any ionic groups?
• Is the analyte a small molecule or a large molecule?
• Is the analyte unstable in acid or base?
• What is the logP and pKa of the analyte?
• What is the approximate concentration of the analyte in sample?
• Any likelihood of the analyte undergoing nonspecific binding to glassware or plastic?
• Detection limit of the analytical system for the analyte
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Matrix Considerations

• What is the sample matrix, is it polar, nonpolar?
• What are the major interferences in the matrix?
• What are the differences between interferences and analyte?
• Is any sample pretreatment such as pH adjustment necessary?
• Is the matrix viscose, does it need dilution?
• Is an internal standard required?
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Sample Considerations

• Sample volume
• The number of samples to be processed
• If sample is solid, how do you process it and extract it?
• Cost per sample/sample processing time/number of steps/simplicity
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SPE Extraction Mechanisms

• Hydrophobic interaction
• Polar interaction
• Ion Exchange
• Mixed mode (hydrophobic + ion exchange)
• Other: covalent
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SPE Sorbents

Silica based
• More than 40 phases and selectivities

• Application-specific phases 

• Wide range of published applications

• Method development/optimization 
may be required

Sorbents
• Nonpolar

• Polar

• Cation exchange

• Anion exchange

• Mixed mode

• Covalent

• Specialty sorbents

Polymer based
• Simple generic methods

• Less method optimization 
required

• Faster flow

• Higher capacity

• Greater pH range
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Bond Elut SPE

Nonpolar
C18, C8, C2, C1

C18 variations in carbon load and 
endcapping

EnvirElut
CH – cyclohexyl
CN-E – endcapped cyanopropyl
PH – phenyl
Plexa, PPL, ENV, LMS, Focus,
Nexus

Polar
PSA - primary and secondary amine
NH2 - aminopropyl
DEA - diethylaminopropyl
Diol - diol
SI - silica
CN - nonendcapped cyanopropyl

Cation Exchange
SCX – benzenesulfonic acid
PRS – propylsulfonic acid
CBA – carboxylic acid
Nexus WCX

Anion Exchange
SAX – quaternary amine
PSA – primary and secondary amine
NH2 – aminopropyl
DEA – diethylaminopropyl

Mixed Mode IEX/Nonpolar
Certify – SCX/C8
Certify II – SAX/C8
Plexa PCX
Plexa PAX
PFAS WAX

Alumina – aluminum oxide
Florisil – magnesium-silica
Carbon S – synthetic carbon
Carbon
Carbon/NH2

Specialty Phases
Lipid Extraction
AccuCAT
Atrazine
Mycotoxin

Bond Elut SPE – Available Phases

Covalent
PBA – phenylboronic acid

Silica/Polymeric
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Capacity and Void Volume of Sorbent Packed Bed

<2.5 mg/5 mg

<5 mg/10 mg

50 mg   100 mg   200 mg    500 mg      1000 mg            5 g                          10 g
125 µL   250 µL   500 µL     1 mL            2 mL               10 mL                      20 mL

Capacity

Sorbent mass

<10 mg/20 mgSilica/Polymeric

Void volume

<25 mg/50 mg

< 50mg/100 mg

<250 mg/500 mg

<500 mg/1000 mg

Keep in mind that capacity does not distinguish between analyte and interference

Wash volume: at least 2 times the void volume

Elution volume: 2 to 5 times the void volume
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SPE Formats

• Open top cartridge
• Luer top cartridge (Bond Elut Jr)
• 96-well plate (round/square well)
• VersaPlate
• Pipette tip (OMIX)
• Bulk sorbent (Bondesil)
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SPE Processing

Vacuum manifolds
• Vac Elut 12

• Vac Elut 20

• Vac Elut SPS 24

• 96-well manifold 

• VersaPlate manifold

Positive pressure manifolds
• PPM-48, for cartridges

• PPM-96, for well plates

Manual processing for cartridges
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Developing SPE Methods and Troubleshooting
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Developing SPE Methods and Troubleshooting

• Nonpolar
• Ion exchange
• Mixed mode
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Nonpolar SPE

Compounds with nonpolar functional groups are extracted from polar solutions using nonpolar 
sorbents (C18, C8, CH, PH, CN-E).
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Nonpolar SPE
General extraction procedure

Condition/Equilibrate
2x reservoir volume of methanol then water/buffer

Apply vacuum/positive pressure
Do not dry

Sample load
Apply vacuum/positive pressure

Dry

.

Sample pretreatment
pH adjustment to neutralize analytes (if needed)
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Wash
>2x void volume water, buffer, or weak solvent mix

Apply vacuum/positive pressure
Dry

Elute
2 to 5x void volume of elution solvent 

Typical elution solvents: methanol (neutral, acidic, or basic), acetonitrile, acetone, ethyl acetate
Collect

Dry



Nonpolar SPE

Which elution solvent to use?

10 bottle optimization

Goal: highest analyte recovery with the least number of interferences 
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Why is Sorbent Conditioning Important?

Phase collapse 
minimizes analyte 
interaction

October 4, 2022 Tips for Developing Successful Solid Phase Extraction Methods         DE3799825624



Nonpolar SPE Example Method
Bond Elut PPL, excellent for extraction of polar analytes in drinking water 

Load
Install the reservoir to the SPE cartridge, and load 200 mL of water sample from the pretreatment.

Wash 
Wash with 10 mL water and, at the end, dry for 5 minutes with gentle vacuum.

Elute 1
Elute with 6 mL 0.5% FA in 1:1 MeOH/ACN and apply vacuum for 10 minutes at the end to dry the sorbent. 

Condition/Equilibrate
6 mL methanol

6 mL water

Elute 2
Elute with 6 mL 1% NH3•H2O in 1:1 MeOH/ACN and apply vacuum to drain the cartridge until there is no 

visible liquid left. Mix the eluents from the two steps.

Dry and reconstitute
Dry the eluent under N2 in 35 °C water bath and reconstitute with 2 mL 10:90 MeOH/H2O. 

LC/MS/MS analysis
Transfer the reconstituted sample to LC vails and inject for instrumentation analysis. 

Bond Elut PPL, polymeric 
SPE, 500 mg, 6 mL, 

p/n: 2255001

Method for 39 PPCPs in 
drinking water
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Nonpolar SPE Example Method
Bond Elut Plexa, an easy method for a wide range of analytes in drinking water

Single SPE method for extraction of PAHs, chloropesticides, and triazines

Step Method

1. Prerinse cartridge with 6 mL EtOAc, followed by 6 mL DCM
2. Condition with 10 mL MeOH 
3. Condition with 10 mL H2O 
4. Load 800 mL water sample
5. Dry sorbent with air for 10 minutes
6. Soak and collect 2.5 mL fraction using ethyl acetate    
7. Collect 1 mL fraction using ethyl acetate 
8. Soak and collect 2.5 mL fraction using dichloromethane                
9. Collect 1 mL fraction using dichloromethane

Bond Elut Plexa polymeric SPE, 200 mg, 6 mL, p/n: 12109206

Collect with slow 
flow, 5 mL/min
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List of Analytes Extracted from Drinking Water on Plexa

Desispropylatrazine
Desethylatrazine
Cianazine
Simazine
Atrazine
Terbutrine
Propazine
Tertbutylazine

Chloropesticides Triazines

Benzo(a)anthracene 
Benzo(b)fluoranthene 
Benzo(k)fluoranthene 
Benzo(a)pyrene 
Dibenzo(a,h)anthracene
Benzo(ghi)perylene
Indeno(1,2,3-cd)pyrene
Chrysene

PAHs

With Bond Elut Plexa, all three compound classes can be extracted using a single 
cartridge with a single SPE method.

Analyzed by  
• HPLC-FL/UV for PAHs
• GC/MS for chloroPesticides
• LC/MS/MS for triazines
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Nonpolar SPE
Troubleshooting

Low recovery

Where is the analyte? 
Analyze the effluent of each step (load, wash, and elution).
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Nonpolar SPE
Troubleshooting

Low recovery
Symptom: The effluent from the sample load step contains the analyte.
Cause: Inadequate retention
Solution:
• Make the analyte as neutral and hydrophobic as possible by pH adjustment of the sample

• Make the matrix as polar as possible

• Make sure that during conditioning/equilibration, the sorbent stays wet

• Reduce the flow rate, as retention is sometimes improved at lower flow rates. A typical flow rate 
during sample load is 2 to 4 mL/min.
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Nonpolar SPE
Troubleshooting

Low recovery
Symptom: The effluent from the wash step contains the analyte.
Cause: Wash solvent is too strong 
Solution:
• Use a wash solvent like the pretreated sample solvent, with the same pH.

• If the wash solvent is a mix, use separate wash steps with each solvent to see which solvent is 
eluting the analyte. Then, use a less nonpolar solvent for that step. 
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Nonpolar SPE
Troubleshooting

Low recovery
Symptom: The effluent from the elution step does not contains >90% of the analyte
Cause: Elution is not complete
Solution:
• Make sure the analyte is soluble in the selected elution solvent.

• Make sure that the cartridge is dried after the wash and elution steps

• Try soaking the sorbent with elution solvent. 

• Apply the elution solvent in 2 to 3 smaller aliquots. 

• Try a stronger elution solvent, or a combination of strong elution solvents

• If none of the above works, try using a less hydrophobic sorbent 

A:  2 x 100 µL aliquots
B:  1 x 200 µL aliquot
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Nonpolar SPE
Troubleshooting

Dirty extracts
Symptom: Dirty extracts
Cause: Insufficient cleanup
Solution:
• Increase the organic ratio in the wash solvent or try a multistep wash approach

• Reduce the strength of the elution solvent

• Your current sorbent may be too universal. Use a more selective sorbent.

• Try stacking different sorbents or use a mixed-mode sorbent

• Prerinse the cartridge with the elution solvent
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Nonpolar SPE
Troubleshooting

Variable recovery
Symptom: Irreproducible results
Cause: Partially effective SPE method
Solution:
• Try a larger elution volume

• Make sure the sorbent is properly conditioned/equilibrated, and kept wet before sample load

• Try a stronger elution solvent or various buffer/solvent combinations

• Make sure the analyte is completely neutralized during sample pretreatment

• Lipids in the sample can reduce the retention capacity of the sorbent. Use a larger sorbent bed.
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Ion Exchange SPE

Analytes with ionic groups may be extracted from low-ionic strength aqueous solutions using a 
sorbent that has the opposite charge. 

Bond Elut SCX
Bonded phase: benzene sulfonic acid
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Ion Exchange SPE

Strong ion: the ionic group is always charged. Changing the pH will not affect the charged 
state, for example, quaternary amine and sulfonates

Weak ion: the ionic group can be charged or neutral. Changing the pH will affect the charged 
state, for example, primary, secondary, tertiary amines, and carboxylic groups

Retention: when sorbent and analyte are oppositely charged
Elution: when one or both sorbent and analyte are neutral

Please note: 

• Analytes with strong ions can be extracted on a weak ion exchanger. They will strongly retain on a 
strong ion exchanger and will not elute from it.

• Analytes with weak ions can be extracted on a weak ion exchanger or a strong ion exchanger. 
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Ion Exchange SPE
Important considerations for Ion Exchange

Ensure analyte and sorbent are oppositely ionized
• Sample pretreatment for weak acids: pH = pKa + 2

• Sample pretreatment for weak bases: pH = pKa – 2 

Ionic strength
• Low for retention

• High for elution

Flow rate
• Slow flow
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Example: Retention of a Weak Base on SCX Sorbent 

50% charged

50% neutral

At pH 9.4 (equal to pKa of analyte), only 50% of the analyte is positively charged and will be retained on 
Bond Elut SCX.

Bond Elut SCX
(always negatively charged)

Weak cationic analyte, pKa 9.4

When sample pH is the same as the pKa of the analyte
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Example: Retention of a Weak Base on SCX Sorbent 

100% charged

At pH 7.4 (2 units below the pKa of the analyte), 100% of the analyte will be positively charged and 
retained on Bond Elut SCX.

Bond Elut SCX
(always negatively charged)

Weak cationic analyte, pKa 9.4

When sample pH is 2 pH units below the pKa of the analyte
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Example: Elution of a Weak Base from a SCX Sorbent 

100% neutral

If the pH is 11.4 (2 units above the pKa of the analyte), 100% of the analyte will be neutral and elute 
from Bond Elut SCX.

Bond Elut SCX
(always negatively charged)

Weak cationic analyte, pKa 9.4

pH of the elution solvent is 2 pH units above the pKa of the analyte
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Ion Exchange SPE
General extraction procedure

Condition/Equilibrate
2x reservoir volume of methanol then water/buffer with the same pH as the sample

Apply vacuum/positive pressure
Do not dry

Sample load
Apply vacuum/positive pressure, flow rate <4 mL/min

Dry

.

Sample pretreatment
pH adjustment to ionize analytes (if needed)

Dilute sample to reduce ionic strength (if needed)
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Wash
>2x void volume buffer with the same pH as the sample to maintain electrostatic retention

Apply vacuum/positive pressure
Dry

Elute
2 to 5x void volume of elution solvent, flow rate <4 mL/min

Typical: buffer (pH that neutralizes the analytes), high ionic strength buffer, buffer with higher selectivity ion
Collect

Dry



Ion Exchange SPE
Troubleshooting

Low recovery
• Inadequate retention: adjust sample pH so that both the analyte and sorbent are fully charged 

with opposite charges. 
• Inadequate capacity: try a larger sorbent mass
• Sample solvent is too high in ionic strength: dilute the sample with water or desalt the sample 
• Flow rate is too fast: during sample load and elution, reduce the flow rate to ensure enough contact 

time for the ion exchange to occur.

• Add some organic solvent to the elution solvent to overcome secondary interactions with the 
sorbent.

• If the analyte cannot be completely eluted from a strong ion exchange sorbent, try a weak ion 
exchange sorbent.
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Mixed Mode SPE

Polymer based
• Bond Elut Plexa PCX: PSDVB + SCX (benzene sulfonic acid)

• Bond Elut Plexa PAX: PSDVB + SAX (quaternary amine)

Silica based
• Bond Elut Certify (SCX + C8)*

• Bond Elut Certify II (SAX + C8)*

*For SPE methods on Bond Elut Certify and Certify II, see Certify Methods Manual: 
https://www.agilent.com/cs/library/Brochures/Bond%20Elut%20Certify%20MethodsManual.pdf
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https://www.agilent.com/cs/library/Brochures/Bond%20Elut%20Certify%20MethodsManual.pdf


Mixed Mode SPE
General extraction procedure

Condition/Equilibrate
2x reservoir volume of methanol then buffer with the same pH as the sample

Apply vacuum/positive pressure
Do not dry

Sample load
Apply vacuum/positive pressure, flow rate <4 mL/min

Dry

.

Sample pretreatment
pH adjustment to ionize analytes (if needed)
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Wash
>2x void volume aqueous solvent with the same pH as the sample to maintain electrostatic retention

Apply vacuum/positive pressure
Dry

Elute 
2 to 5x void volume of elution solvent, flow rate <4 mL/min 

Typical: Mix of organic and buffer (pH that neutralizes the analytes)
Collect

Dry

See Appendix for 
generic methods of Bond 
Elut Plexa PCX, Plexa
PAX, and Plexa



Mixed Mode SPE Example Method 
Bond Elut Plexa PCX, fractionation of acidic/neutrals and weak bases

Conditioning and equilibration of polymer-based strong anion exchange 
SPE cartridge with 3 mL methanol and 3 mL water

Load 2 mL 5 ppb standard solution (in 2% FA solution),  
wash with 2% FA solution

Elute 1: 2 mL 1:1 MeOH/ACN

Dry the sample and reconstitute with 1:1 MeOH:H2O. 
Then inject 1 μL to LC/TQ for quantitation

Elute 2: 1 mL 5% NH4OH/MeOH, twice  

Target: acidic or neutral targets
Interaction: hydrophobic interaction

Target: weak bases and zwitterions
Interaction: ion exchange with benzene sulphonic acid 
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Bond Elut Plexa PCX, 60 mg, 3 mL, p/n: 12108603



Mixed-Mode SPE Example Method
Bond Elut Plexa PAX, fractionation of basic/neutrals and weak acids

Conditioning and equilibration of polymer-based strong anion exchange SPE 
cartridge with 3 mL methanol and 3 mL water

Load 2 mL 5 ppb standard solution (in 25 mM pH 6.9 NH4Ac buffer ),  
wash with 3 mL 25 mM pH 6.9 NH4Ac buffer

Elute 1: 2 mL 1:1 MeOH/ACN  

Dry the sample and reconstitute with 1:1 MeOH:H2O. 
Then inject 1 μL to LC/TQ for quantitation

Elute 2: 1 mL 5% FA/MeOH, twice  

Target: basic or neutral targets.
Interaction: hydrophobic interaction.

Target: weak acids and zwitterion.
Interaction: ion exchange with quaternary amine. 
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Bond Elut Plexa PAX, 60 mg, 3 mL, p/n: 12107603



Mixed-Mode SPE Example Method
Bond Elut PFAS WAX, extraction of PFAS in drinking water (EPA method 533)

Extraction procedure
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Bond Elut PFAS WAX, 500 mg, 6 mL, 30/pk, p/n: 5610-2152

Application note: 5994-4960EN

https://www.agilent.com/cs/library/applications/an-bond-elut-pfas-wax-spe-5994-4960en-agilent.pdf
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What’s New?
Recently introduced Agilent sample preparation products
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Bond Elut Lipid Extraction SPE

Method guide for 1 mL cartridge: 5994-1627EN

Method guide for 96-well plate: 5994-1690EN

• Great alternative to liquid-liquid extraction for extraction of lipidomic samples

• Provides better reproducibility and streamlined sample preparation for lipid analysis

• Requires smaller volumes of precious sample compared to liquid-liquid extraction 
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https://www.agilent.com/cs/library/usermanuals/public/method-guide-1-ml-cartridge-bond-elut-5994-1627en-agilent.pdf
https://www.agilent.com/cs/library/usermanuals/public/method-guide-96-well-plate-bond-elut-5994-1690en-agilent.pdf


Bond Elut PFAS WAX SPE

Bond Elut PFAS WAX brochure: 5994-4996EN
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https://www.agilent.com/cs/library/brochures/brochure-bond-elut-pfas-wax-spe-cartridge-5994-4996en-agilent.pdf


Carbon S

• Advanced hybrid carbon material with optimized carbon content and pore structure

• Great for removing pigments from highly pigmented food and environmental samples

• Superior results to GCB-based products, it does not cause loss of planar pesticides like GCB.

• Simplified workflow and improved recovery

• Offered in variety of formats:
• Quechers, dSPE mixes
• Bond Elut SPE, packed cartridges
• Captiva EMR filtration cartridges with carbon S
• Bulk powder

Product pages on agilent.com
• Captiva EMR | Agilent
• QuEChERS Dispersive Kits | Agilent
• Bond Elut Carbon S and Carbon S/NH2 | Agilent
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See appendix for part numbers of Carbon S products

https://www.agilent.com/en/product/sample-preparation/filtration/captiva-emr
https://www.agilent.com/en/product/sample-preparation/quechers-kits-standards/dispersive-kits
https://www.agilent.com/en/product/sample-preparation/solid-phase-extraction-spe/bond-elut-carbon-s-carbon-s-nh2


Carbon S
Captiva EMR with Carbon S, selection guide
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Captiva EMR | Agilent

https://www.agilent.com/en/product/sample-preparation/filtration/captiva-emr


Carbon S
Captiva EMR with Carbon S, simplified passthrough workflow for pesticides
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See appendix for part numbers of Carbon S products



Captiva Filter Vials – Now Available in Preslit Version Too

Captiva Filter Vial flyer: 5994-0567EN
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https://www.agilent.com/cs/library/flyers/public/flyer-captiva-filter-vials-5994-0567EN-us-agilent.pdf


Disposable Syringes – More Choices

• Agilent offers five different sizes of disposable syringes: 20 mL, 10 mL, 5 mL, 2 mL, and 1 mL.

• Disposable syringes are available in nonsterile and sterile individually packaged options.

• Choose from Luer lock or Luer slip options to best suit your laboratory's needs.

Disposable syringe part numbers
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https://www.agilent.com/en/product/sample-preparation/filtration/disposable-syringes
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Summary
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Summary

Approach SPE method development systematically

• Do your research, get to know the properties of target analytes and samples

• Investigate the analysis technique, solvent compatibility, detection limit

• Narrow down choices of SPE sorbent, formats, and processing equipment

• When troubleshooting, change one parameter at a time

• Ask for help: 

• spp-support@agilent.com

• 800-227-9770, option 3, then option 3, then option 3
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mailto:spp-support@agilent.com


Contact Agilent Chemistries and Supplies Technical Support
1-800-227-9770 option 3, option 3:
Option 1 for GC and GC/MS columns and supplies
Option 2 for LC and LC/MS columns and supplies
Option 3 for sample preparation
Option 4 for spectroscopy supplies
Option 5 for chemical standards
Option 6 for former Prozyme products
Available in the U.S. and Canada, 8–5 all time zones
gc-column-support@agilent.com
lc-column-support@agilent.com
spp-support@agilent.com
spectro-supplies-support@agilent.com
chem-standards-support@agilent.com
advancebio.glycan@agilent.com
Web chat: Product pages of agilent.com
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Thank You!
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Appendix
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Generic Methods, Bond Elut Plexa, Plexa PAX, and Plexa PCX
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Generic Methods, Bond Elut Plexa, Plexa PAX, and Plexa PCX

Volumes stated for all the above methods are for a 30 mg, 1 mL SPE format device.
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Generic Methods, Bond Elut Plexa, Plexa PAX, and Plexa PCX

Troubleshooting for plasma samples 
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Ion Exchange SPE
Relative selectivity of common counterions 
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Carbon S products
Part numbers
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Carbon S products
Part numbers
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Carbon S products
Part numbers
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Carbon S products
Part numbers
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Disposable Syringes
Part numbers
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