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Equilibrate Load

01 What RPC does 

Reversed-phase chromatography uses a nonpolar stationary phase and a polar, predominantly aqueous 

mobile phase. The term "reversed-phase" is historically grounded: it inverts the polarity arrangement of 

classical normal-phase chromatography, in which the stationary phase is polar and the mobile phase is 

relatively nonpolar. In reversed-phase, analytes are retained through hydrophobic interaction with the 

stationary phase and are released by increasing the concentration of an organic solvent in the mobile 

phase.



The stationary phase is typically a silica support with covalently bonded alkyl chains. C18 (octadecyl) and 

C8 (octyl) phases are the most widely used; phenyl, biphenyl, pentafluorophenyl, and polymeric stationary 

phases provide alternative selectivities. The choice of bonded phase significantly influences retention and 

resolution: different phase chemistries interact differently with the same analyte, particularly for 

structurally similar species.



RPC provides exceptionally high resolving power for hydrophobic analytes and is the dominant mode for 

peptide separation and peptide mapping. It is also applied to intact proteins and protein variants for 

analytical characterisation. However, the operating conditions that produce strong reversed-phase 

retention, specifically high concentrations of organic solvent often combined with low pH and ion-pairing 

agents, can unfold proteins and disrupt biological activity. Reversed-phase chromatography should 

therefore not be selected as a general-purpose protein purification tool. Its strengths are most fully realized 

in applications where high resolution is the priority and where partial or complete denaturation of the 

target is acceptable or irrelevant.

02 The purification process

A typical reversed-phase process is:

Wash
 Increase organic 

solvent concentration 
to elute

 Collect 

fractions

Reequilibrate

The column is equilibrated with a predominantly aqueous mobile phase, typically containing a small 

percentage of organic solvent and an acidic modifier. Analytes interact with the hydrophobic stationary 

phase upon loading: more hydrophobic species interact more strongly and are retained longer; less 

hydrophobic species interact weakly and elute early or pass through.
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Elution is driven by an increasing organic solvent gradient. As the organic fraction rises, the hydrophobic 

interaction between analyte and stationary phase becomes thermodynamically less favourable relative 

to partitioning into the mobile phase, and the analyte elutes. The gradient slope controls resolution: 

shallower gradients produce better resolution between closely related species but extend run time; 

steeper gradients are faster but may co-elute similar compounds.



Acetonitrile is the most widely used organic solvent in analytical and preparative RPC, particularly for 

peptides and LC-MS applications, because of its low viscosity and UV transparency. Methanol and 

isopropanol are used in specific applications. Mobile-phase additives such as formic acid, trifluoroacetic 

acid (TFA), and ammonium bicarbonate control the ionisation state of analytes and affect peak shape 

and retention. For LC-MS workflows, volatile additives are strongly preferred because nonvolatile 

components suppress ionisation and contaminate the mass spectrometer source.



Column chemistry and mobile phase function as a coupled system. Switching from C18 to a phenyl 

phase, for example, can alter elution order and resolve previously co-eluting species without changing 

the gradient profile. Method development should treat these as two interacting parameters rather than 

optimizing solvent gradient alone.



Temperature is an underutilised variable in RPC. Elevated column temperature reduces mobile-phase 

viscosity, improves mass transfer, and can shift selectivity for some analyte pairs. For thermally stable 

analytes, temperature optimisation can provide resolution benefits that gradient adjustment alone does 

not.



03 Applications and method development

Reversed-phase chromatography is the foundational mode for peptide purification and peptide 

mapping. In peptide mapping, a protein is enzymatically or chemically digested to generate a defined set 

of peptides; RPC resolves these peptides with sufficient precision to detect single amino acid 

modifications, sequence variants, oxidation sites, and glycopeptides. The sensitivity and reproducibility 

of modern C18 RPC columns, combined with mass spectrometric detection, make this workflow the 

standard approach for protein characterisation in biopharmaceutical development.



For intact proteins, RPC is used analytically to resolve protein variants, assess drug-to-antibody ratio in 

antibody–drug conjugates, and separate protein isoforms. The high organic solvent conditions that make 

this resolution possible also limit the mode to applications in which the protein can tolerate denaturation 

or where re-folding after purification is feasible and validated.



For preparative peptide purification, RPC is often the only practical mode because peptides frequently 

lack the charge differences required for IEX and the defined size differences required for SEC. The 

combination of high loading capacity on modern preparative C18 columns and the ability to resolve 

diastereomers, sequence-scrambled impurities, and deletion sequences makes RPC the standard for 

synthetic peptide manufacturing.
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Key method development variables include:


Stationary-phase chemistry and pore size: 300 Å pores are generally recommended for peptides above 

approximately 5 kDa and for intact proteins.


Organic solvent identity and gradient profile.


Mobile-phase pH and additive: acidic conditions (pH 2–3) are standard for peptides; near-neutral pH 

may suit LC-MS applications where ion pairing should be minimised.


Temperature.


Flow rate and particle size: sub-2-μm particles provide higher efficiency at higher flow rates in UHPLC 

systems.


Sample solvent composition and loading volume: the sample must be compatible with the initial 

mobile-phase conditions to avoid precipitation or peak distortion.


Detection method and its requirements for mobile-phase composition.



Retention in RPC is sensitive to small changes in solvent composition. Gradient accuracy and mobile-

phase preparation are therefore more critical to reproducibility in RPC than in most other chromatographic 

modes. System dwell volume, defined as the volume between the gradient mixer and the column inlet, 

affects the exact gradient the column sees and must be accounted for when transferring methods 

between instruments.

04 Strengths, limitations, applications

Strengths Limitations

Exceptional resolving power — for peptides, small 

molecules, and analytical protein separations.



Wide choice  — of bonded stationary-phase chemistries 

with meaningfully different selectivities.



Compatibility — with UV and, with appropriate volatile 

mobile phases, mass spectrometric detection.



Solvents — organic solvents and acidic conditions can 

disrupt native protein structure and eliminate biological 

activity. Not appropriate for purification of proteins that 

must retain native conformation or function.



Infrastructure — preparative-scale solvent handling and 

disposal require dedicated infrastructure.



Retention — is sensitive to solvent composition, gradient 

accuracy, and temperature, all of which must be tightly 

controlled for reproducibility.



Screening is a prerequisite — retention cannot be reliably 

predicted from one or two molecular properties.



MS detection — nonvolatile mobile-phase additives are 

incompatible with mass spectrometric detection.



Best-fit applications

Choose reversed-phase chromatography when high resolution under hydrophobic retention conditions is 

the priority: for peptide purification, peptide mapping, analytical protein characterization, or preparative 

separations of compounds for which denaturation is acceptable. For the purification of native, biologically 

active proteins, first evaluate whether affinity, IEX, HIC, or SEC can achieve the required separation under 

conditions compatible with protein stability.
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