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INTRODUCTION
Speed and resolution are two competing performance factors in conven-
tional chromatography separations using porous media. One property is 
often achieved by sacrificing the other one. This problem is exacerbated 
in separation of large biomolecules such as proteins. Proteins are large in 
size with low diffusivity which results in high resistance of mass transfer 
during separation since protein has to diffuse in and out of the pores 
in conventional media. Peaks are severely broadened during protein 
separation when speed is increased due to this mass transfer problem.  

A solution for this problem is the new generation of separation media: 
monolithic structure. Monoliths contain a network of large separa-
tion pores where the protein mass transfer is achieved primarily by 
convective flow instead of diffusion during separation. The highly 
improved mass transfer at high-flow velocity in monoliths removes the 
peak broadening problem in conventional porous separation media. 
High-speed separation can be achieved without sacrificing resolution. 
Therefore, monoliths offer high-resolution and high-speed separations 
similar to well constructed non-porous media. 

In addition, monoliths have surface morphology similar to porous media 
which provides the comparable retentativity and binding capacity.  
It offers the “best of both worlds” in chromatography of biomolecules.

OBJECTIVES
•	 Characterize the morphology and pore structure of the ProSwift™ 

monoliths
•	 Investigate the liquid chromatography properties of ProSwift  

monoliths 
•	 Develop applications for proteomic research and oligonucleotide 

separations
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MONOLITH MORPHOLOGY AND POROSITY

Figure 1. SEM of Monoliths
Through Pores
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Figure 2. (A) Pore Size Distribution and (B) Column Backpressures 
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• The backpressures of ProSwift columns are significantly lower 
 than columns packed with beads. This enables much faster separation.
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MANUFACTURING PROCESS AND REPRODUCIBILITY

Liquid Chromatography Properties of Monoliths

Figure 3. Manufacturing Process (A) and High Batch-to-Batch Reproducibility (B)

• Column efficiency of the monolith base support is controlled by a one-step polymerization process
• The simplicity of a one-step process results in highly reproducible products  
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 • Retention time of Trypsin Inhibitor RSD < 1%  
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Figure 4. High Resolution and High Speed
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Figure 5. Excellent Run-to-Run Stability
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Figure 6. High Dynamic Loading Capacity:
Monolith vs. Leading Oligonucleotide Analysis Column 

• 10 times higher loading capacity than the leading 
 oligonucleotide analysis column
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Figure 7. Separation of IgG from BSA
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• Large flow through channels 
 result in high resolving 
 power for large proteins
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Figure 8. Separation of Snake Venom Proteins/Peptides

•  Uniquely engineered pore size 
 allows separation of samples with 
 a wide molecular weight range
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Figure 9. Separation of Oligonucleotides Derivatives from Their Parents

•  Unique WAX surface morphology and functionalities allow high 
 selectivities of oligonucleotide separation
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Figure 10. 1-D Separation with ProSwift WAX-1 S Column (A) and 
2-D Separation with ProSwift RP-2 H Column (B)

Gradient: SWIFT WAX (4.6 × 50 mm)
 0–0.5 M NaCl 
 in 0.01 M Tris.HCl 
 (pH 7.6) 
 in 10 min at 1 mL/min

Gradient: 0–80% MeCN/H2O 
 with 0.1% TFA 
 in 3 min at 5 mL/min

• High resolution of 1-D ion-exchange separation
• High throughput and high resolution analysis in 2-D separation
• Combination of ProSwift ion-exchanger with reversed-phase media enable resolution 
 of a complex mixture with 5–10 times higher throughput than conventional media.
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APPLICATIONS ON-LINE 2-D SEPARATION OF CRUDE  
PANCREATIN

CONCLUSION
Characteristics of Polymeric Monolithic Columns
  	 • High resolution
  	 •	High flow velocity and low backpressure
 	 •	High-capacity
 	 •	Highly reproducibility
 	 •	Much more chemically stable than silica-based media 

Applications
 	 •	High throughput, high resolution separation of proteins, peptides, 	

	 and oligonucleotides		
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